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M. Boval1 and V. Angeon2

Key words: grassland, multifunctional, ecological intensification, agroe-
cology, tropics, ecosystem services

Introduction

The challenge to increase food production has become more urgent than 
ever, with the emerging consensus that the world will have approximately 9 
billion people to feed by about 2050 (Roberts, 2011; Guillou and Matheron, 
2012). Predictions of future food demand differ, but even the most optimistic 
scenarios require increases in food production of at least 50% by 2050 (Lal et 
al., 2013; Gill et al., 2010). Food demands will both augment and shift in the 
coming decades, with a strong growth in consumption of animal products in 
countries of the South (120% between 1980 and 2005), compared with that in 
the North (+7.6% for the same period, FAO, 2012). These changes are occurring 
not merely because of population growth, but also because economic growth 
increases consumer purchasing power, especially for meats and standardizes 
consumption patterns (Horlings and Marsden, 2011). Growing urbanization 
encourages people to adopt new diets, and climate change variations and events 
are threatening both land and water resources (Pretty et al., 2010), in addition 
to 17 billion animals using substantial amounts of natural resources (Herrero 
et al., 2013). 

To follow food production, there has already been an expansion of 9.6% in 
the world’s agricultural area over the last 50 years, in both arable land, permanent 
crops and permanent meadows and pastures (O’Mara, 2012). However, since 
1991, the total area has been stationary, and with discrepancies among various 
countries of the world. While in developed countries the agricultural land area 
decreased by more than 34% between 1995 and 2007 (including pastures and 
permanent cropland), developing countries saw increases of nearly 17.1% (Gi-
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bbs et al., 2010). According to the FAO (2009) projection, global agricultural 
areas are likely to expand substantially, by about 280 Mha by 2030. However, 
there is a consensus that increasing yields on existing agricultural land without 
further expansion is a key component of food security. (Wirsenius et al., 2010). 

In the 1960s a ‘Green Revolution’ has previously allowed an impressive 
conventional growth of agricultural production, to ensure human food. During 
the post-war reconstruction, total production and yields were strongly increased 
through the manipulation of the environment by various means: mechaniza-
tion, synthetic chemical inputs, genetic engineering, and monoculture. This 
approach was economically coherent and emphasized the productive function 
of agriculture. Therefore, compared with 1961, food consumption has increa-
sed by 25% per capita in proportion, but with significant variations among the 
continents (FAO, 2009). But this productivist model supported by the economic 
viewpoint has induced serious adverse side effects on the environment, with 
a “boomerang effect” on future food production (Delgado, 2003; Fedoroff et 
al., 2010). The myth of the efficiency of this paradigm model has been largely 
discussed and questioned (Altieri et al., 2012). It appears therefore a need to 
promote a sustainable management of all kind of natural resources. In tropical 
areas, this objective fully concern the existing land and grasslands, as well as 
intact forests cleared for grazing (Gibbs et al. 2010). 

The general interest for sustainable development gained currency in the 
90’s with its institutionalization through the Rio Earth Summit in 1992. This 
new turn promoted sustainable development through collective action but also 
posited the consistency of local scale to define usage rules for natural resources 
(Angeon and Caron, 2009). This specific moment has accelerated the recog-
nition of sustainable development in different sectors including agriculture. It 
enacted the great transformation of agriculture by contrast with the dark sides 
of the productivist model.

The institutionalization of sustainable development in the 1990s created 
a window of opportunity for a growing recognition of the other functions of 
agriculture, both social and environmental which were till then presented as 
externalities. This sustainable footprint of agriculture legitimized the concept 
of multifunctionality (Perraud, 2003 ; Caron et al., 2008) which relies on the 
reconciliation of the conflicting interest between the three classical pillars: 
economic (production of food and non-food goods and services), environmental 
(preservation of natural resources) and social (revitalization of rural areas, trans-
mission of natural heritage, aesthetic landscapes). Nevertheless, the difficulty 
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was precisely to make multifunctional agriculture operational by internalizing 
the externalities provided by the activity. Among the issues raised is the ques-
tion of how to promote the diverse functions of agriculture by answering how 
to pay for them? This requires new policies not focused only on the economic 
production objective but likely to support the overall functions of agriculture. 

This gap is intended to be filled with the notion of ecosystem services. 
Popularized with the Millennium Ecosystem Assessment Report (MEA, 2005), 
ecosystem services design the services provided by agriculture. A service is 
an immaterial but intentional production. It is therefore associated to a value 
and a price. The process of an effective recognition of the services offered by 
agriculture necessitate to precisely identify them, evaluate their contribution to 
human well-being and to pay the providers of these services for them. .

In this paper, considering tropical grasslands, we wonder about the ways 
to promote their different functions by supporting the production of ecosystem 
services. Tropical grasslands represent major natural resources from which 
sustainable exploitation is still feasible without any expansion of agricultural 
land. Such an ambition is possible through appropriate ecological intensification 
processes, the enhancement of local knowledge which constitutes a potential 
sink of innovations. In that way, the sustainable management of grasslands may 
fully contribute to the agroecological transition which is of first importance in 
these areas deeply affected by global changes.

1. Tropical Grasslands, a major natural and multifunctional 
biome

1.1. Grasslands are the basis of various farming systems

Grasslands are the basis of pastoral faming systems and represent 26% 
of the land on the planet; around 47% and 36% of total grasslands are respec-
tively still semi-natural or marginal (Bouwman et al., 2005; van Asselen and 
Verburg, 2012), mainly in the tropics and developing countries. This suggests 
that intensification may be possible with no further expansion of agricultural 
land (FAO, 2012). 

Grasslands are associated with different farming system types and pro-
ducts; they may be non-arable areas, or integrated with crops in arable lands, 



The multifunctional roles of tropical grasslands22

with a low dependence on external inputs (i.e., fossil energy). Hence different 
products can be obtained at lower cost, with a real improvement of the quality 
of products that result from the use of grassland, and the perception of “natural” 
products, which many consumers are willing to pay for (Gracia et al., 2011). 
Grasslands are able to make use of solar radiation all year round, and support 
livestock, which can alleviate seasonal food shortage and contribute to food 
security. 

Grasslands represent very flexible agroecosystems, which can help hou-
seholds forestall inequalities in access to food and other products. The world 
today produces sufficient food to feed its population, but there still remain 
more than one billion people suffering from food insecurity and malnutrition 
(Pretty et al., 2010). Moreover, in a more forward looking perspective, one of 
the major challenges of the 21st century will be to feed an increasing population 
with declining resources. Given their importance in terms of area and their 
geographical diversity, grasslands can allow different approaches to intensifica-
tion for different contexts. Whereas extensive pastoral systems occupy regions 
where agricultural production is generally marginal, integrated crop-livestock 
systems are associated with high population density regions (Herrero et al., 
2009; Tarawali et al., 2011). All these systems, based on the utilization of 
grazing areas, can be improved differently depending on local environmental 
and economic resources, needs and constraints. Grasslands can be used with 
cattle, sheep and goats, or horses, raised alone or in combination (Dennis et 
al., 2012; d’Alexis et al., 2013), with ranging intensiveness, partly indoors, and 
with grazing periods of ranging duration. 

1.2. Grasslands have other functions than those related to animal 
production

Global estimates are that grazing land accounts for about one fourth of 
potential carbon (C) sequestration in world soils and removes the equivalent 
of 20% of the carbon dioxide released annually into the earth’s atmosphere 
from global deforestation and land-use changes (Follet and Reed, 2010). Tro-
pical grasslands represent a storage pool of carbon (C), almost twice that of 
temperate grasslands, mostly sequestered in the soil and a more stable form of 
storage than the aerial components of forests (Soussana et al., 2010). According 
to Bagchi and Ritchie (2010), stocking rate and impacts of livestock on vege-
tation composition are equally important in influencing soil C sequestration 
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in grazing ecosystems. The management of grassland, N fertilization, manure 
management and grazing pressure are therefore determining in ensuring this 
C storage (Batlle-Bayer et al., 2010; McSherry and Ritchie, 2013; West et al., 
2010), and must be considered in intensifying grasslands for animal production. 
Currently, further information is still needed on tropical grasslands in order to 
meet appropriate management options. 

Grasslands are also important havens of biodiversity, especially in tropical 
regions, where they are the source of about 50% of all plant species, although 
they represent only 7% of the land surface (Bond and Parr, 2010). However, 
this biodiversity is seriously threatened by anthropogenic factors including land 
clearance, introduction of exotic species or invasion, soil cultivation, fertilizer 
application and altered fire management (Prober and Smith, 2009). Livestock 
particularly, as the largest user of grasslands, increases pressure on this ecosys-
tem while being a tool to maintain biodiversity of open landscape (Derner et al., 
2009), contributing to aesthetic value and leisure amenity, and even allowing 
rapid structural regeneration of land (Metera et al., 2010; Maczkowiack et al., 
2012). However, there is still a need for comprehensive research to support the 
development of agro-environmental schemes to protect grassland biocenoses; 
this will require management tools that operate on an appropriate scale (Boval 
and Dixon, 2012).

In addition, good use of grasslands must be fostered, as they contribute 
directly to the livelihoods of over 800 million people (Herrero et al., 2013), 
while providing income and meeting the socio-cultural needs of many modest 
smallholders, and being an essential way to retain population in some areas. It 
has been estimated that about 70% of the 1.3 billion people around the world 
in “extreme poverty” survive on livestock grazing (FAO, 2009). The statistics 
also often underestimate the contribution of livestock to regional or national 
economic development, since they often disregard many non-food livestock 
outputs (McDermott et al., 2010). These latter are quite often more important 
and varied in developing economies than in developed ones and constitute an 
important component of the agricultural economy (Herrero et al., 2013). Lives-
tock reared on grasslands also contribute to the well-being of the breeder, and 
play a crucial role in social protection for the poor to cope with uncertainties 
and constraints, such as crop failures and other disasters (FAO, 2014). Livestock 
also are used for ploughing and transport, provide a local supply of manure, and 
are of cultural importance for many communities, where cattle are the foun-
dation of many religious rituals (e.g., Godfray et al., 2010; Pretty et al., 2010). 
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Therefore, in addition to provide livestock products with a market value, 
grasslands have other roles, in compliance with sustainable development ob-
jectives, which need to be highlighted for better management of this particular 
biome.

2. How to promote the multi-functionality of grasslands?

The importance of this natural biome, the range of fundamental resources 
it provides and the current global change context (FAO, 2014), highlight how 
a sustainable use of grasslands is crucial. The international organizations re-
commendations to boost progress toward “smart agriculture” (FAO, 2010), the 
growing societal awareness reinforced by the media require strong changes in 
agricultural practices. The need to increase global agricultural production and 
simultaneously to care over the preservation of natural resources may result in 
valuing the services offered by the environment in the agricultural production 
function. Numerous studies come to the idea that an increase in agricultural 
output must exclusively result from ecological intensification (IAASTD, 2009; 
De Schutter, 2011; Altieri et al., 2012), the conventional and productivist model 
having reached its limits. 

Ecological intensification designs the sustainable use of natural processes 
through the amplification of ecological interactions and biological regulations 
(Jackson et al. 2010; Doré et al., 2011; Chave et al. 2014). Though there exists 
a debatable consensus around the notion of ecological intensification - Bonny 
(2011) shows the difficulty to stabilize the definition of the concept – it is recog-
nized that ecological intensification carries out the modernization of agriculture 
(Griffon, 2010; Horlings and Mardsen, 2011; Duru et al., 2014). 

2.1. By deciding an appropriate ecological intensification 

According to Duru et al. (2014), two forms of ecological modernization 
of agriculture exist (thereafter ecologization of agriculture): the “weak” versus 
“strong ecologization of agriculture”. Both of them intend to reduce the main 
negative environmental impacts. 

The weak form, first form of intensification, is a “low ecological mo-
dernization of agriculture”. It is based on increasing the efficiency of inputs 
(water, for example), recycling of waste or by-products of a subsystem for 
another (Kuisma et al., 2012) by setting implement good agricultural practices 
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(Ingram, 2008) or technology under precision farming (Rains et al., 2011). It 
can also match it with new technology transfer as easy to ̀ organic inputs (Singh 
et al., 2011) and genetically modified organisms (GMOs). Compared to the 
norms and routines implemented in the conventional production model, the 
weak ecologization implies few changes in the implementation of agricultural 
practices. These changes are limited to the implementation of “good practices” 
that intend to improve the efficiency of chemicals and/or reduce their use by 
alternative practices such as their substitution by biological inputs. They rely 
on incremental innovations.

The strong ecologization, second form of intensification, is really the op-
posite of a productivist based model and corresponds to a “profound ecological 
modernization of agriculture”. It is based on biodiversity providing ecosystem 
services. For example, in addition to the recycling of resources principles and 
of control of flows, it is question to use the biodiversity, in order to produce 
“input service” to support the production (via the availability of water, main-
taining fertility, control of pest and disease...), and the regulation of flows 
(water quality, regulation of biogeochemical cycles...) (Rouxet, 2008; Duru et 
al., 2014). Strong ecologization requires a paradigm shift and relies on radical 
innovations. It imposes to “deeply revise farming system, resources management 
at territory/landscape level, and the agrifood chain” (Duru et al. 2014, p. 85). 
In addition to the recycling of resources principles and of control of flows, it is 
question to use the biodiversity, in order to produce “input service” to support 
the production (via the availability of water, maintaining fertility, control of 
pest and disease...), and the regulation of flows (water quality, regulation of 
biogeochemical cycles...) (Rouxet, 2008; Duru et al., 2015). 

In matter of ecologization of agriculture, agroecological transition may be 
considered as a privileged pathway. But we have to keep in mind that both the 
weak and the strong processes coexist in the ongoing agroecological transition 
(Angeon and Chave, 2014). 

“Agroecology” laid the foundations of “how to sustainably ecologically 
intensify” agriculture. It thus sets out the basis for operating the agroecological 
transition. Agroecology is, defined as a way to protect natural resources, with 
guidelines to design and manage sustainable agroecosystems (Altieri 1989; 
Wezel et al. 2009). Agroecological principles are providing the scientific, 
methodological and technological basis for a new “agrarian revolution” worl-
dwide (Altieri et al., 2012). It ’is essential to consider it as a science as well 
as a practice that allow the intensification of this agroecosystem. The term of 
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agroecology is currently used with quite different meanings, as a science or as 
practices. Agroecology may also be a movement, as in Latin America or USA 
(Wezel et al. 2009). Thus, the term of agroecology is currently used with quite 
different meanings, as a science, a practice and a movement (Doré et al., 2011). 

Agroecology as a science, while it presents a large diversity of approaches 
and definitions in different countries of the world, one of the broadest provided 
(Francis et al. 2003) is “the integrative study of the ecology of the entire food 
systems, encompassing, ecological, economic and social dimensions”, or more 
simply “the ecology of food systems”. In that way, agriculture should be based 
on ecological processes that enhance carbon storage, biodiversity, leaching 
and others. Therefore agroecological intensification should improve biomass 
turnover, ensure favorable soil conditions for plant growth and minimize los-
ses, promote genetic diversification in time and space and enhance beneficial 
biological interactions and synergies between elements from biodiversity to 
highlight the processes and key ecological services (Wezel et al. 2009). In its 
strong form, ecological intensification must also be consistent with the social 
contexts and interests of producers and smallholders, including the analysis 
of their attitudes and practices. It is about emphasizing social processes that 
promote community participation and empowerment, and also the recognition 
and conservation of agricultural heritage (Altieri, 2011). This enables social 
cohesion by promoting a sense of pride and belonging (Koohafkan et al. 2012) 
and by modifying the relationship between men and their environment. 

Agroecological principles can help feed the world and provide a more 
radical move towards a new type of economy. Economic factors have become 
the predominant forces in the food system (Altieri 1989), while the relationship 
between intensification, natural resources management and socioeconomic 
development is complex. There is a need for not only rethinking market me-
chanisms and organizations but also for initiating a more innovative institu-
tional flexibility at different spatial scales that brings the farmers closer to the 
consumers (Abreu et al. 2012).

Considered as a practice, agroecology aims at enhancing the traditional or 
indigenous agriculture considered as reservoirs of knowledge (Altieri, 2002)., 
particularly in developing countries. It helps to make agriculture more envi-
ronmentally friendly (ecological, organic or alternative) and should help better 
ownership by producers (Wezel et al. 2009). Moreover, traditional practices 
and knowledge are an important crucible for innovation (Pretty et al., 2010), 
as they result from a collection of many precious observations and experien-
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ces over time. “The eye of the farmer” and the use of various sensors more or 
less complex may allow more appropriate local interventions and more fine 
adjustments. For instance the study of the widespread tethering traditional 
practice in the Caribbean but also spread in various other latitudes (Ghana, 
Ethiopia, Uganda, Sahel, India or North America,) has highlighted the various 
alternatives and benefits it provides beyond the negatives a-priori (Boval et al., 
2014). Therefore, it was revealed that the practice of tethering, well managed, 
can truly have a key role for animal production as it is very flexible and still 
contemporary concerning currently 90% of cattle holders and 60% of goat 
farmers (Alexandre et al., 2008; Gunia et al., 2010). Moreover this practice 
presents ecological and environmental benefits (use of natural small areas) as 
societal and economic perspectives (income for small holders, security linked 
to diversification). These different outputs intend to reinforce agroecology as 
a structural societal movement.

The principles of agroecology, thus introduced, appear particularly well 
suited to promote grasslands. Their multifunctionality can be then addressed 
adequately. 

2.2. By innovating, in order to promote natural grasslands and their 
multifunctionality

Many studies have been carried out on intensification of grasslands, mainly 
for animal production, and have been reviewed successively (Minson, 1990; 
Humphreys, 1991; Poppi, 1997, Lemaire, 2009). But the most studied strate-
gies are not necessarily innovative from an agroecological point of view. It is 
difficult to quantify the effectiveness of a given strategy for a specific context 
due to the wide range of conditions of the various studies published as well as 
the wide range of criteria used to assess those strategies.

Most of the studies carried out in grazing conditions had indeed the 
priority to increase the outputs of animal products by having as a reference 
the animal production in intensive conditions (i.e. stall-fed conditions) with a 
key objective to achieve the highest possible intakes of metabolizable energy 
(ME). But the financial costs (cost of buildings and concentrates, cost of labor 
for mowing and harvesting cultivated forages), or environmental costs (due to 
fertilization or soil compaction) have often been neglected. Also the qualities 
of the products have been rarely considered as well as their diversity. Yet some 
forms of animal production (leather, manure, and fine wool) do not require 
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necessarily high intakes of ME. By another way, grassland exploitation may 
contribute indeed to other services than the provisioning of animal products, 
which deserve to be better valued.

The most striking fact is that a recent quantitative analysis of the literature 
(Agastin et al., 2014), making better use of existing knowledge, showed that 
equivalent animal performances may be obtained whatever the feeding envi-
ronments (in stalls or at pasture) provided the complementation practices are 
the same. Indeed, the main factor that explains the differences often reported 
in the literature is the use of concentrates in stalls, which is rarely the case at 
pasture. By another way, it has been demonstrated that animal products obtained 
at pasture is of better quality, as recently reviewed (Reddy et al., 2015) showing 
among others, better ratios of polyunsaturated fatty acids when animals are 
finished at pasture.

Thus, the first fundamental step in order to be more innovative and better 
valorize grassland ecosystems is to change the thought patterns. This means con-
sidering other goals than mainly the individual animal performance, and highest 
intakes of ME, by being aware in considering various scales (the short-term vs 
long-term and sustainable performance) and various dimensions (integrating 
financial, labor and environmental costs), to support breeders.

Furthermore, the inclusion of relevant criteria for assessing a management 
strategy adapted to a given context is also essential (Boval and Dixon, 2012). 
Therefore the methodological work needs to further advance to facilitate the 
measurement of relevant criteria and providing tangible information in a given 
context. These methodological works must assist in the dissemination of simple, 
effective and measurable criteria to support rangeland managers in choosing 
their strategies. In this respect, the SPIR progress with portable devices, that 
allow now evaluation in situ situations, is to note (Liu et al., 2014).

Nevertheless, there are lock-in and path dependency that prevent new 
innovations trajectories (Vanloqueren and Barret, 2009). Promoting produc-
tion methods once launched are difficult to change. A simple way to improve 
animal performance may be for example the appropriate choice of the stage of 
regrowth of pasture, being equivalent to the frequency of grazing on a same 
site. This single elementary strategy, if well adapted to the local forage spe-
cies, can indeed really change the diet of grazing animals (Gulsen et al., 2004; 
Boval et al., 2007) and consequently the growth performance while enjoying 
the subsequent regrowth of the forage and the sustainability of the pasture and 
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of its supply function for livestock. It is a key elementary strategy to maintain 
a balance between the utilization and the short-term and long-term viability of 
the pasture (Laca, 2009).

Also by changing the combination of elementary strategies may be suffi-
cient to improve the overall efficiency of the management strategy implemen-
ted, for example, by changing the grazing period at one site and the grazing 
frequency (Boval and Dixon, 2012 )

Besides, already known practices can be revisited/modernized and be very 
effective. For instance mixed grazing can be considered as an illustration of a 
strong agroecological strategy to improve individual growth and per hectare, 
valuing complementarity of feeding behaviour among animal species and redu-
cing the impact of gastrointestinal parasites for small ruminants. Mixed grazing 
is a relatively old practice (Nolan and Connolly, 1977; Nicol, 1997). Until re-
cently, breeders, each with a small number of different species of animals, fed 
them regularly together. But with the development increase of the size of farms 
and the productive specialization that increasingly marked operating systems 
during the last half century, breeders began to graze separately the different 
livestock species. Some drifts specialized farming systems and the spread 
of supplementation with non-herbal food and deworming induced addition 
grassland degradation, the development of residual biomass used poorly and 
the emergence of parasites resistant to many chemical anthelmintics (Kaplan, 
2004). Mixed grazing systems then appeared as an appropriate strategy to in-
crease meat production on pasture and thus increase the growth performance 
of animals but also individually per hectare while reducing parasitism (Hoste 
et al., 2010, Jackson et al., 2009). For sheep, a meta-analysis of the literature 
highlighted individual weight gain of 15 g / animal / day, which varies depen-
ding on the physiological stages (lactating, pre- or post-weaning) and a 29% 
gain per hectare in mixed grazing compared to grazing of sheep alone (d’Alexis 
et al., 2013). For goats, an experiment during two years in tropical pastures 
revealed an individual gain of 14 g body weight / animal / day, and an overall 
gain per hectare doubled or even more if we consider the biomass presents 
better exploited in mixed pasture. For cattle driven mixed, the benefit is less 
clear, fluctuates between studies but individual growth is at least equivalent to 
that recorded for cattle grazing alone (d’Alexis et al., 2014). In addition to the 
interest for animal production this strategy promotes ecological diversification, 
the turnover of biomass reducing production costs and the use of conventional 
anthelmintic favorable for products of good quality without chemical residues. 
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Also the much known practice of composting, since centuries, has been 
used to maintain soil fertility and plant health while the mechanisms by which 
diseases are controlled by composts are just now being elucidated (Hoitink et 
al., 2004). But using this practice, involving the action of earthworms to obtain a 
vermicompost, may contribute to strong ecological intensification of grassland. 
Besides the fact that this practice makes it possible to achieve a proper recycling 
and recovery of various manure (Sierra et al., 2013), it improves the quality of 
organic soil, the nutrient bioavailability, and grassland biomass while having 
a nematophagous action, beneficial to a lesser gastrointestinal parasitism of 
small ruminants at pasture (d’Alexis et al., 2009). The biological and financial 
advantages of this practice in the longer term and their use to various grassland 
systems must be further quantified. Considering the important bright effects 
of strong ecological intensification processes, the main question to answer is 
how practically engage farmers so that this intensification is being effective?

3. Ecosystem services as supports for ecological 
intensification of grasslands

As evoked above, the implementation of the agroecological transition 
requires ecological intensification. It depends on the sustainable management 
of natural resources that enhances the multiple functions of agriculture. In this 
section, we analyze ecosystem services (ES) as key contributors that help to 
make operational the multifunctionality of agriculture through the amplifica-
tion of ecological intensification process. Assuming that the construction of 
multifunctional agroecosystems goes through the preservation and the develo-
pment of ES (Vereijken, 2002), it is worth shedding light on their identification 
especially for tropical grasslands. We will also discuss other related concerns 
like the question of their value and the payment for the benefits they generate.

3.1. ES: what is at stake?

The notion of ES was first introduced in the field of scientific ecology at the 
end of the 70’s. The term was mobilized to explain the different processes that 
intervene in the functioning of the ecosystems and to alert on the negative im-
pacts of human activities on these functioning. Since the 90’s, ES are becoming 
increasingly popular both in academic sciences and on the operational fronts 
(Fisher et al., 2009; Froger et al., 2012 ; Méral, 2012). They were placed on the 
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political agenda since the seminal contribution of the Millennium Ecosystem 
Assessment (MEA, 2005). The results from The economics of Ecosystems and 
Biodiversity (TEEB) report confirmed the growing international concerns for 
the value of nature with their presentation at the Conference of the Parties of the 
Convention on Biological Diversity (Nagoya, 2010). The Intergovernemental 
Platform on Biodiversity and Ecosystem Services (IPBES) established in 2012 
also reinforces this interest. It aims at demonstrating and assessing the values 
of nature and seeks to encourage policy-making that recognizes ES.

Combining economic and ecological approaches and necessitating sys-
temic reasoning to grasp the functioning of ecosystems and their interactions 
with human activities, many authors attempt to clarify the notion of ES. ES 
are more often defined as: “the terms and processes, through which natural 
ecosystems and the species that make them up sustain the human life” (Daily, 
1997), “the benefits derived human populations, directly or indirectly, from 
ecosystem functions” (Costanza et al., 1997) or “the benefits that people obtain 
from ecosystems” (MEA, 2005). ES thus design the ability of the ecosystems 
to provide goods and services on which human well-being depends. They 
describe the set of benefits derived by people from ecosystems that positively 
contribute to human well-being. 

Though their importance is recognized and their empirical identification 
is considered as necessary, ES raise numerous questions. 

It is to note that because the state of an ecosystem determines its ability 
to provide various ES, biodiversity is considered one of the main determinants 
of ES, even if knowledge of the interactions between biodiversity, ecological 
processes and SEs are still very incomplete (Cardinale et al., 2012). ES produced 
by agroecosystems rely on the enhancement of biodiversity which generates 
commodities and marketable outputs (i.e. the 4 Fs: Food, Feed, Fibers, Fuel) 
and non-commodity outputs (i.e. environmental benefits, landscape amenities 
and cultural heritages) that are not traded in organized markets. These multi-
-outputs may be joint goods or services (bundled goods or services) and some 
of the non-commodity outputs may exhibit the characteristics of externalities. 
For the latter, markets are inexistent or inefficient (they function with failures 
and are not able to send reliable price signals for such goods). Therefore, as 
asserted by the neoclassical welfare economics, the main challenge is to de-
termine the cost (in case of negative externalities) or the benefits (in case of 
positive externalities) provided by the production of these outputs. This consists 
in the internalization of externalities. 
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ES entail transactions between the providers and the beneficiaries of the 
services offered. The precise identification of the beneficiaries is crucial (Huang 
et al., 2015) but also the allocation of economic value to the provided services. 
There is benefit when « the point at which human welfare is directly affected 
and the point where other forms of capital (built, human, social) are likely to be 
needed, to realize the gain in welfare » (Fisher et al., 2009, p. 646). The value of 
the benefits depends upon their use and may be dependent on local or external 
market prices. This value depends on the satisfaction of the beneficiaries’ targets 
(Van Oudenhoven et al., 2012) knowing that these stakeholders are embedded 
in their social and cultural contexts (Sagoff, 2011).

Given that many ES are unique and irreplaceable, estimations of socioeco-
nomic benefits and costs of agriculture should incorporate their value (Costanza 
et al., 1997). Understanding the dynamics of ecological processes relative to ES 
is essential in orienting economic decisions. An especially challenging aspect of 
this process consists in the interpretation and the use of ecological information 
collected from one spatial-temporal scale to another. 

As a result of the foregoing, the identification of ES allows integrating the 
economic value of ecosystems and intends to guide public and private actions 
in favor of ecosystems and biodiversity for life and human interests. Promoting 
ES, to enhance the awareness of citizens and decision makers about their value 
and the services they provide, when they are in good condition, is a way to 
maintain natural ecosystems in the heart of the concerns. Therefore, in order to 
promote ES, the benefits and observed costs should be identified considering the 
categories of actors, the concerned ecosystems, the local or global dimension 
of the ES assessed as well as their potential marketable value. The lighting 
of different ES and their possible evaluation on the more or less long term 
can then better inform about the gains and losses related to the policy options 
implemented for a better long-term adjustment. Also special attention should 
be paid to distinguishing between ES at different scales. Besides, the possible 
interactions between ES must be characterized and analyzed specifically.

3.2. ES for grasslands in the Tropics

Since the MEA (2005), ES are classified in four utilitarian functional 
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groups: (i) supporting (i.e. soil formation, nutrient cycling), (ii) provisioning 
(i.e. food, freshwater), (iii) regulating (i.e. climate and disturb regulation) and 
(iv) cultural (i.e. recreation, aesthetic). From these four categories of ES derive 
five well-being constituents (Figure 1).

Figure 1. MA (2005) distinguishes four major types of ecosystem services, which 
derive five “elements” that make up the well-being of humans

If we consider the activities related to an agricultural system based on the 
exploitation of grasslands, many services are offered, in addition to provisioning 
which often appear as the first objective of the farmer. 

Provisioning services are for instance meat productions which may be 
different according to the animal species considered and their rearing condi-
tions (alone or mixed). Provisioning services can also refer to milk, cheese 
and other products more or less transformed. For all these products a market 
value can be defined quite easily, and the identification of the service and its 
possible payment for the farmer appears fairly obvious. However in addition 
to the quantities of the various products, should be highlighted the value of the 
quality of these products. 

Numerous studies show the link between the quality of animal products 
and farming systems based on pasture (Reddy et al., 2015; Agastin et al., 2013). 
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These farming systems evoke for consumers the well-being of animals and 
consequently a healthy diet for themselves and their families. Publicity knows 
how to enhance this statement which should benefit more directly to producers. 
Other outputs as the manure need special attention. Indeed the services pro-
vided via compost or vermicompost for example, should be well determined, 
as they influence the value of the supply of manure. If compost may help for 
improve the organic matter of the soils, as well as interfere with nematode of 
crops (Arancon et al.,  2002; Foley et al.,  2014) or even for gastro-intestinal 
nematodes of animals grazing on grasslands (d’Alexis et al.,  2009), that implies 
a strong added value for the manure supply. Note that some products such as 
leather will have various uses depending on the local context, and therefore a 
different value. In temperate regions, if animal skins are mainly used for making 
coats, jackets or various other leather products, in the tropics, in the Caribbean 
for example, goat skins are primarily used in the manufacture of drums which 
have a very strong cultural role in the area. Thus even provisioning services, 
which seem obvious to promote at first sight, need to be properly assessed, and 
fit in local contexts. 

Beyond provisioning services, grasslands are also from an ecologically 
point of view ecosystems which have a strong link between herbivores and 
floral diversity (Gliessman, 2009). Therefore grasslands when well-managed, 
may provide ecological and regulating services, notably to maintain and restore 
biodiversity of the open landscape (Ma and Swinton 2011, Metera et al. 2013), 
for pollination and against erosion and leaching. The evaluation of the various 
regulating services and the process implemented should be studied, according 
to the various grazing ecosystems. Grasslands can also potentially offset a 
significant proportion of global greenhouse gases emissions and the extent of 
storage may be increased via appropriate strategies of management such as 
stocking rate and grazing pressure (Allard et al., 2007; Ammann et al., 2007; 
Soussana et al., 2013). Besides, animals are essential actor on regrowth of grass, 
contribute to improving the quality of the grassland, and act in soil erosion and 
the processes of infiltration and water retention (Gliessman et al., 2009). Thus, 
Koocheki and Gliessman (2005) consider the pastoral nomadism as a complex 
set of practices and knowledge which ensure the long-term maintenance of a 
sophisticated “triangle of sustainability” which includes plants, animals and 
people. The evaluation of different control services and processes implemented 
must be studied according to different grassland ecosystems concerned.

Beyond the regulating services, natural resources and landscapes may 
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provide numerous social, cultural, recreational, and aesthetic services which 
satisfy human needs and well-being and must be considered and valued (Ma 
and Swinton, 2011; Zhang et al., 2007). In this sense, most traditional agroe-
cosystems have remarkable characteristics regulated by strong cultural values 
and collective forms of social organization including customary institutions 
for agroecological management, normative arrangements for resource access 
and benefit sharing, value systems, rituals, etc. (Altieri, 2011). The livestock 
production systems based on grasslands therefore has great potential for social 
equity, the poverty alleviation, risk reduction and gender equality (Gliessman, 
2009) in compliance with the Millennium Development Goals Objectives and 
the post-2015 Development Agenda. 

This is precisely the case of the traditional practice of tethering in some 
tropical areas, as previously described above. This practice provides indeed 
income to a wide range of breeders (including pensioners, women and youth), 
via an efficient conversion of biomass into animal protein at low cost on any 
non-arable land. The animals, when they are well reared by this way, regu-
larly visited and watered, contribute in addition, to shape the landscape and 
maintain the state of local savannas. By driving individually the animals, the 
adjustments of stocking rate by the owner may prevent overgrazing (Boval et 
al., 2014). However for these services, though essential, determining a value in 
use is laborious and requires the establishment of evaluation methods involving 
various disciplines experts.

The production systems based on grasslands also enhance the short circuits 
reducing the cost of food distribution. The development of such local food chains 
seems to renewal the meaning of farm work, helps reinforce social links and 
reduce energy consumption (Mundler and Rumpus, 2012). 

Conclusion

While agriculture is a great contributor to most of the critical problems 
human societies faced nowadays (soil impoverishment, pollution, loss of 
biodiversity, emerging diseases, deterioration of health etc.), it can also play 
a major role in their resolution. Therefore, agriculture generates negative but 
also positive externalities. The focus on the positive externalities invites to 
operationalize the multifunctional facets of agriculture by the promotion of ES. 
This supposes that ES are likely to be identified, evaluated and paid for. This 
approach is of first importance for orienting policies and developing incentive 
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measures for a real appropriation of ES by farmers. More widely, this objective 
necessitates supporting a strong agroecological transition. This implies to aban-
don the ongoing production model (i) to achieve a more rational and efficient 
use of all natural resources, including the solicitation of natural regulations 
(climate, ecosystems) and resilience weather conditions for the territories, ii) 
to adopt a new economic and social rationale that renews ways to consume, 
to produce, to work and to live together. This goes through the redefinition 
of a societal pact that necessitates federating all the stakeholders around an 
agroecological project. It calls for the development of convenient tools and 
methods to develop radical innovations and more widely to collectively think 
and organize the agroecological transition in its strong form. This is of first 
importance especially in vulnerable areas like the Tropics in order to increase 
their long-run resilience. 

References

Abreu, L. S. et al. 2012. Relations between organic agriculture and agroecology: current 
challenges around the principles of agroecology. Desenvolvimento e Meio Ambiente 
26: 143-160.

Agastin, A. et al. 2013. Effects of feeding system and slaughter age on the growth 
and carcass characteristics of tropical-breed steers. Journal of Animal Science 91: 
3997-4006.

Agastin, A., D. Sauvant, M. Naves, and M. Boval. 2014. Influence of trough versus 
pasture feeding on average daily gain and carcass characteristics in ruminants: A meta-
analysis. Journal of Animal Science 92: 1173-1183.

Alexandre, G., S. Asselin de Beauville, E. Shitalou, and M. F. Zebus. 2008. An 
overview of the goat meat sector in Guadeloupe: conditions of production, consumer 
preferences, cultural functions and economic implications. Livestock Research for 
Rural Development 20.

Allard, V. et al. 2007. The role of grazing management for the net biome productivity 
and greenhouse gas budget (CO2, N2O and CH4) of semi-natural grassland. Agriculture, 
Ecosystems & Environment 121: 47-58.

Altieri, M. A. 1989. Agroecology - a new research and development paradigm for world 
agriculture. Agriculture Ecosystems & Environment 27: 37-46.

Altieri, M. A., and V. Manuel Toledo. 2011. The agroecological revolution in Latin 
America: rescuing nature, ensuring food sovereignty and empowering peasants. Journal 
of Peasant Studies 38: 587-612.

Altieri, M. A., F. R. Funes-Monzote, and P. Petersen. 2012. Agroecologically efficient 



37CONFOR 

agricultural systems for smallholder farmers: contributions to food sovereignty. 
Agronomy for Sustainable Development 32: 1-13.

Ammann, C., C. R. Flechard, J. Leifeld, A. Neftel, and J. Fuhrer. 2007. The carbon 
budget of newly established temperate grassland depends on management intensity. 
Agriculture, Ecosystems & Environment 121: 5-20.

Angeon, V., Caron, A. 2009. Quel rôle joue la proximité dans l’émergence et la pérennité 
de modes de gestion durable des ressources naturelles ?. Natures Sciences Sociétés. 
17: 361-372.

Angeon, V., Chave, M. 2014. Implementing the agroecological transition: weak or 
strong modernization of agriculture? Focus on the mycorrhiza supply chain in France, 
European Regional Science Association (ERSA) 54th congress, Regional development 
and globalization: Best practices, Saint Petersburg, Russia, 26th -29th August 2014.

Arancon, N. Q., C. A. Edwards, S. S. Lee, E. Yardim, and Bcpc. 2002. Management 
of plant parasitic nematode populations by use of vermicomposts.

Bagchi, S., and M. E. Ritchie. 2010. Introduced grazers can restrict potential soil carbon 
sequestration through impacts on plant community composition. Ecology Letters 13: 
959-968.

Batlle-Bayer, L., N. H. Batjes, and P. S. Bindraban. 2010. Changes in organic carbon 
stocks upon land use conversion in the Brazilian Cerrado: A review. Agriculture 
Ecosystems & Environment 137: 47-58.

Bond, W. J., and C. L. Parr. Beyond the forest edge: Ecology, diversity and conservation 
of the grassy biomes. Biological Conservation 143: 2395-2404.

Bonny, S. 2011. Ecologically intensive agriculture: Nature and challenges. Cahiers 
Agricultures 20: 451-462.

Bouwman, A. F., K. W. v. d. Hoek, B. Eickhout, and I. Soenario. 2005. Exploring 
changes in world ruminant production systems. Agricultural Systems 84: 121-153.

Boval M, Bellon S, Alexandre G, 2014. Agroecology and Grassland Intensification 
in the Caribbean In Sustainable Agriculture Reviews 14, Agroecology and Global 
Change, Series: Sustainable Agriculture Reviews, Vol. 14, Ozier-Lafontaine, Harry, 
Lesueur-Jannoyer, Magalie (Eds.)

Boval, M., H. Archimede, P. Cruz, and M. Duru. 2007. Intake and digestibility in heifers 
grazing a Dichanthium spp. dominated pasture, at 14 and 28 days of regrowth. Animal 
Feed Science and Technology 134: 18-31.

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

Cardinale, B. J. et al. 2012. Biodiversity loss and its impact on humanity. Nature 486: 
59-67.



The multifunctional roles of tropical grasslands38

Caron, P., Reig, E., Roep, D., Hediger, W., Le Cotty, T., Barthélemy, D., Hadynska, 
A., Hadynski, J., Oostindie, H. and Sabourin, E. 2008. Multifunctionality: epistemic 
diversity and concept oriented research clusters. International Journal of Agricultural 
Resources, Governance and Ecology, Vol. 7. N° 4/5, 2008.

Chave, M., Tchamitchian M., Ozier-Lafontaine H. 2014. Agro-ecological engineering to 
biocontrol soil pests for crop health. Sustainable Agriculture Reviews 15 - Agroecology 
and Global Change. Eds Ozier-Lafontaine, H., Lesueur-Jannoyer; M. 273-301. doi: 
10.1007/978-3-319-06016-3_8

Chevassus-au-Louis B, Génard M, Glaszmann JC, Habib R, Houllier F, Lancelot R, et 
al., 2009. L’intégration, art ou science ? Colloque international Inra-Cirad. «Partnerships, 
Innovation, Agriculture», Paris.

Costanza, R., d’Arge, R., de Groot, R., Farber, S., Grasso, M., Hannon, B., Limburg, 
K., Naeem, S., O’Neill, R. V., Paruelo, J., Raskin, R.G., Sutton, P., van den Belt, M., 
1997. The value of the world’s ecosystem services and natural capital. Nature 387, 
253–260. doi:10.1038/387253a0

d’Alexis S, Periacarpin F, Jackson F and Boval M. 2014. Mixed grazing systems of 
goats with cattle in tropical conditions: an alternative to improve animal production at 
pasture. Animal 8, 1282–1289.

Daily, L. G. 1997. Untitled. American Journal of Psychotherapy 51: 137-139.

d’Alexis, S., D. Sauvant, and M. Boval. 2013. Mixed grazing systems of sheep and 
cattle to improve liveweight gain: a quantitative review. The Journal of Agricultural 
Science (2014), 152, 655–666.

d’Alexis, S., G. Loranger-Merciris, M. Mahieu, and M. Boval. 2009. Influence of 
earthworms on development of the free-living stages of gastrointestinal nematodes in 
goat faeces. Veterinary Parasitology 163: 171-174.

de Schutter O, 2011. Agroécologie et droit à l’alimentation. Rapport Présenté à La 16ème 
Session Du Conseil Des Droits De l’Homme De l’ONU.New-York, Etats-Unis, ONU.

Delgado, C. L. 2003. Rising consumption of meat and milk in developing countries 
has created a new food revolution. Journal of Nutrition 133: 3907S-3910S.

Dennis, T. S., L. J. Unruh-Snyder, M. K. Neary, and T. D. Nennich. 2012. Effects of 
co-grazing dairy heifers with goats on animal performance, dry matter yield, and pasture 
forage composition. Journal of Animal Science 90: 4467-4477.

Derner, J. D., R. H. Hart, M. A. Smith, and J. W. Waggoner Jr. 2008. Long-term cattle 
gain responses to stocking rate and grazing systems in northern mixed-grass prairie. 
Livestock Science 117: 60-69.

Doré T, Makowski D, Malezieux E, Munier-Jolain N, Tchamitchian M, Tittonell P. 
2011. Facing up to the paradigm of ecological intensification in agronomy: Revisiting 
methods, concepts and knowledge. European Journal of Agronomy 34: 197-210.

Duru, M., M. Fares, and O. Therond. 2014. A conceptual framework for thinking now 



39CONFOR 

(and organising tomorrow) the agroecological transition at the level of the territory. 
Cahiers Agricultures 23: 84-95.

FAO. 2009. The state of food and agriculture 2009 : Livestock in the balance. State of 
Food and Agriculture: 166 pp.

FAO. 2010, Climate smart agriculture. Policies, practices and financing for food security, 
adaptation and mitigation, Rome.

FAO. 2012. Developing a Global Agenda of Action for Sustainable Livestock Sector 
Development, 2nd Multi-Stakeholder Platform meeting. State of Food and Agriculture: 
18 pp.

Fedoroff, N. V. et al. 2010. Radically Rethinking Agriculture for the 21st Century. 
Science 327: 833-834.

Fisher, G., and E. Jewkes. 2009. Nitrogen fertilisation of established grassland for milk 
and meat. In: Conference of the International Fertiliser Society, Cambridge, UK, 10th 
December 2009. p 1-31.

Foley, D., S. P. Marahatta, and J. H. Lau. 2014. Effects of vermicompost on beneficial 
nematodes, rhabditis spp. Journal of Nematology 46: 163-163.

Follett, R. F., and D. A. Reed. 2010. Soil Carbon Sequestration in Grazing Lands: 
Societal Benefits and Policy Implications. Rangeland Ecology & Management 63: 4-15.

Francis, C. Lieblein G, Gliessman S, Breland TA, Creamer N, Harwood L, Salomonsson 
L, Helenius J, Rickerl D, Salvador, R, Wiedenhoeft M, Simmons S, Allen P, Altieri, M, 
Flora, C and Poincelot R. 2003. Agroecology: The ecology of food systems. Journal 
of Sustainable Agriculture 22: 99-118.

Froger, G., P., Méral, J-F., Le Coq, O. Aznar, V. Boisvert, A. Caron, M. Antona, 2012. 
Regards croisés de l’économie des services écosystémiques et environnementaux. 
VertigO, vol. 12, 3, 21p.

Gibbs, H. K. et al. 2010. Tropical forests were the primary sources of new agricultural 
land in the 1980s and 1990s. Proceedings of the National Academy of Sciences of the 
United States of America 107: 16732-16737.

Gill, M., P. Smith, and J. M. Wilkinson. 2010. Mitigating climate change: the role of 
domestic livestock. Animal 4: 323-333.

Gliessman, S. (Editor), 2009. Agroecology: the ecology of sustainable food systems. 
Animals in Agroecosystems, Boca Raton, Florida, 269-285 pp.

Godfray, H. C. J. et al. 2010. Food Security: The Challenge of Feeding 9 Billion People. 
Science 327: 812-818.

Gracia, A., M. L. Loureiro, and R. M. Nayga. 2011. Valuing an EU Animal Welfare 
Label using Experimental Auctions. Agricultural Economics 42: 669-677.

Griffon, M. 2010. Pour des agricultures écologiquement intensives. Editions de l’Aube, 
Paris.



The multifunctional roles of tropical grasslands40

Guillou, M. Matheron, G. 2012, The world’s challenge. Feeding 9 billion people. Ed. 
Quae.

Gulsen, N., B. Coskun, H. D. Umucalilar, and H. Dural. 2004. Prediction of nutritive 
value of a native forage, Prangos uechritzii, using of in situ and in vitro measurements. 
Journal of Arid Environments 56: 167-179.

Gunia, M. et al. 2010. Production systems of Creole goat and their implications for a 
breeding programme. Animal 4: 2099-2105.

Haines-Young, R. 2009. Land use and biodiversity relationships. Land Use Policy 26: 
S178-S186.

Herrero et al., 2009; Herrero, M., P. K. Thornton, P. Gerber, and R. S. Reid. 2009. 
Livestock, livelihoods and the environment: understanding the trade-offs. Current 
Opinion in Environmental Sustainability 1: 111-120.

Herrero, M. et al. 2013. The roles of livestock in developing countries. Animal 7: 3-18.

Hochman, Z. et al. 2013. Prospects for ecological intensification of Australian 
agriculture. European Journal of Agronomy 44: 109-123.

Hoitink, H. A. J., B. B. M. Gardener, and S. A. Miller. 2008. Current knowledge on 
disease suppressive properties of composts.

Horlings, L. G., and T. K. Marsden. 2011. Towards the real green revolution? Exploring 
the conceptual dimensions of a new ecological modernisation of agriculture that could 
‘feed the world’. Global Environmental Change-Human and Policy Dimensions 21: 
441-452.

Hoste, H., S. Sotiraki, S. Y. Landau, F. Jackson, and I. Beveridge. 2010. Goat-Nematode 
interactions: think differently. Trends in Parasitology 26: 376-381.

Huang, J. et al. 2015. Comparative review of multifunctionality and ecosystem services 
in sustainable agriculture. Journal of Environmental Management 149: 138-147.

Humphreys, L. R. 1991. Tropical pasture utilisation. Cambridge University Press.

Ingram, J. 2008. Agronomist-farmer knowledge encounters: an analysis of knowledge 
exchange in the context of best management practices in England. Agriculture and 
Human Values 25: 405-418.

International Assessment of Agricultural Knowledge, Science and Technology 
for Development (IAASTD), 2009. Agriculture at a crossroads. Global Report. 
Whashington.

Jackson L, van Noordwijk M, Bengtsson J, Foster W, Lipper L, Pulleman M, et al. (2010) 
Biodiversity and agricultural sustainagility: from assessment to adaptive management. 
Current Opinion Environ Sustain 2(1): 80-87. doi:  10.1016/j.cosust.2010.02.007

Jackson, F., D. Bartley, Y. Bartley, and F. Kenyon. 2009. Worm control in sheep in the 
future. Small Ruminant Research 86: 40-45.



41CONFOR 

Kaplan, R. M. 2004. Drug resistance in nematodes of veterinary importance: a status 
report. Trends in Parasitology 20: 477-481.

Koocheki, A., and S. R. Gliessman. 2005. Pastoral nomadism, a sustainable system for 
grazing land management in arid areas. Journal of Sustainable Agriculture 25: 113-131.

Koohafkan, P., M. A. Altieri, and E. H. Gimenez. 2012. Green Agriculture: foundations 
for biodiverse, resilient and productive agricultural systems. International Journal of 
Agricultural Sustainability 10: 61-75.

Kuisma M, Kahiluoto H, Havukainen J, Lehtonen E, Luoranen M, Myllymaa T, 
2012. Understanding biorefining efficiency - The case of agrifood waste. Bioresource 
Technology 135 : 588-97.

Laca, E. A. 2009. New Approaches and Tools for Grazing Management. Rangeland 
Ecology & Management 62: 407-417.

Li, W. X., F. Li, G. L. Zhao, S. J. Tang, and X. Y. Liu. 2014. Non-Destructive and 
Fast Identification of Cotton-Polyester Blend Fabrics by the Portable Near-Infrared 
Spectrometer. Spectroscopy and Spectral Analysis 34: 3246-3252.

Ma, S., and S. M. Swinton. 2011. Valuation of ecosystem services from rural landscapes 
using agricultural land prices. Ecological Economics 70: 1649-1659.

Maczkowiack, R. I., C. S. Smith, G. J. Slaughter, D. R. Mulligan, and D. C. Cameron. 
2012. Grazing as a post-mining land use: A conceptual model of the risk factors. 
Agricultural Systems 109: 76-89.

McDermott, J. J., S. J. Staal, H. A. Freeman, M. Herrero, and J. A. Van de Steeg. 2010. 
Sustaining intensification of smallholder livestock systems in the tropics. Livestock 
Science 130: 95-109.

McSherry, M. E., and M. E. Ritchie. 2013. Effects of grazing on grassland soil carbon: 
a global review. Global Change Biology 19: 1347-1357.

Méral P., 2012. Le concept de services écosystèmique en économie : origine et tendances 
récentes. Natures Sciences et Sociétés. 20: 3-15.

Metera, E., T. Sakowski, K. Sloniewski, and B. Romanowicz. 2010. Grazing as a tool 
to maintain biodiversity of grassland - a review. Animal Science Papers and Reports 
28: 315-334.

Millennium Ecosystem Assessment (MEA), 2005, Ecosystems and human well-being: 
synthesis, Island Press, Washington DC.

Minson, D. J. 1990. Forage in Ruminant Nutrition. Academic Press, Inc San Diego, 
California.

Moore ML, Westley F (2011) Surmontable chasms: networks and social innovation 
for resilient systems. Ecology and Society, vol. 16, n°1, 13p.

Mundler, P., and L. Rumpus. 2012. The energy efficiency of local food systems: A 
comparison between different modes of distribution. Food Policy 37: 609-615.



The multifunctional roles of tropical grasslands42

Nolan, T., and J. Connolly. 1977. Mixed stocking by sheep and steers - a review. 
Herbage Abstracts 47: 367-374.

O’Mara, F. P. 2012. The role of grasslands in food security and climate change. Annals 
of Botany 110: 1263-1270.

Perraud, D., 2003. Les ambiguïtés de la multifonctionnalité de l’agriculture. Économie 
rurale, n°273-274: 45-60. doi : 10.3406/ecoru.2003.5387

Poppi DP, McLennan SR, Bediye S, de Vega A and Zorrilla-Rios J 1997. Forage quality: 
strategies for increasing nutritive value of forages. Proceedings of the 18th International 
Grassland Congress, Winnipeg, Manitoba, Canada, pp. 307–322.

Powers, J. S., M. D. Corre, T. E. Twine, and E. Veldkamp. 2011. Geographic bias of 
field observations of soil carbon stocks with tropical land-use changes precludes spatial 
extrapolation. Proceedings of the National Academy of Sciences of the United States 
of America 108: 6318-6322.

Pretty, J. et al. 2010. The top 100 questions of importance to the future of global 
agriculture. International Journal of Agricultural Sustainability 8: 219-236.

Prober, S. M., and F. P. Smith. 2009. Enhancing biodiversity persistence in intensively 
used agricultural landscapes: A synthesis of 30 years of research in the Western 
Australian wheatbelt. Agriculture Ecosystems & Environment 132: 173-191.

Rains, G. C., D. M. Olson, and W. J. Lewis. 2011. Redirecting technology to support 
sustainable farm management practices. Agricultural Systems 104: 365-370.

Reddy, B. V. et al. 2015. Beef quality traits of heifer in comparison with steer, bull and 
cow at various feeding environments. Animal Science Journal 86: 1-16.

Roberts, L. 2011. 9 Billion?. Science, 2011, vol. 333, no 6042, p. 540-543

Sagoff, M. 2011. The quantification and valuation of ecosystem services. Ecological 
Economics 70: 497-502.

Sierra, J., L. Desfontaines, J. Faverial, G. Loranger-Merciris, and M. Boval. 2013. 
Composting and vermicomposting of cattle manure and green wastes under tropical 
conditions: carbon and nutrient balances and end-product quality. Soil Research 51: 
142-151.

Singh, D. K., R. Strahan, N. Christodoulou, and S. Cawley. 2009. Validating economic 
and environmental sustainability of a short-term summer forage legume in dryland wheat 
cropping systems in south-west Queensland. Animal Production Science 49: 816-825.

Soussana, J. F., T. Tallec, and V. Blanfort. 2010. Mitigating the greenhouse gas balance 
of ruminant production systems through carbon sequestration in grasslands. Animal 
4: 334-350.

Tarawali, S., M. Herrero, K. Descheemaeker, E. Grings, and M. Bluemmel. 2011. 
Pathways for sustainable development of mixed crop livestock systems: Taking a 
livestock and pro-poor approach. Livestock Science 139: 11-21.



43CONFOR 

van Asselen, S., and P. H. Verburg. 2012. A Land System representation for global 
assessments and land-use modeling. Global Change Biology 18: 3125-3148.

van Oudenhoven, A. P. E., K. Petz, R. Alkemade, L. Hein, and R. S. de Groot. 2012. 
Framework for systematic indicator selection to assess effects of land management on 
ecosystem services. Ecol. Indic. 21: 110-122.

Vanloqueren, G., and P. V. Baret. 2009. How agricultural research systems shape a 
technological regime that develops genetic engineering but locks out agroecological 
innovations. Research Policy 38: 971-983.

Vereijken, P. H. 2002. Transition to multifunctional land use and agriculture. Netherlands 
Journal of Agricultural Science 50: 171-179.

Warner, K. D. 2007. The quality of sustainability: agroecological partnerships and the 
geographic branding of California winegrapes. Journal of Rural Studies 23: 142-155.

West, P. C. et al. 2010. Trading carbon for food: Global comparison of carbon stocks 
vs. crop yields on agricultural land. Proceedings of the National Academy of Sciences 
of the United States of America 107: 19645-19648.

Wezel, A. et al. 2009. Agroecology as a science, a movement and a practice. A review. 
Agronomy for Sustainable Development 29: 503-515.

Wirsenius, S., C. Azar, and G. Berndes. 2010. How much land is needed for global food 
production under scenarios of dietary changes and livestock productivity increases in 
2030? Agricultural Systems 103: 621-638.

Zhang, W., T. H. Ricketts, C. Kremen, K. Carney, and S. M. Swinton. 2007. Ecosystem 
services and dis-services to agriculture. Ecological Economics 64: 253-260.


	00
	01
	02
	03
	04
	05
	06
	07
	08
	09
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50



