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• We analyse the use of atypical resources 
in 4 low-input cattle farming systems in 
Western Europe.

• There is a wide range of atypical re
sources that can be used in livestock 
farming for animal feed and/or bedding.

• These atypical resources can make a 
significant contribution to the N meta
bolism and self-sufficiency of cattle 
systems.

• These resources contribute to biodiver
sity preservation and can help livestock 
farming systems adapt to global 
changes.
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A B S T R A C T

CONTEXT: In the efforts to optimize their production processes and yields, livestock systems overlook less 
productive on-farm areas and resources. Given the challenges of feed self-sufficiency, climate change mitigation 
and adaptation, and biodiversity conservation, it makes sense to revalue these resources to support agroeco
logical transition in livestock systems.
OBJECTIVE: This paper introduces the concept of ‘atypical resources’, defined as plant resources that are part of 
the farm environment but are not conventionally used. The aim is to explore their nature, access, use and po
tential contribution to the performance of livestock systems.
METHODS: The study examines four unique and under-researched cattle farming systems (dairy or beef) using 
atypical resources in Western France through comprehensive analysis, and assessment of nitrogen metabolism.
RESULTS AND CONCLUSIONS: Our results show a rich diversity of atypical resources such as abandoned land, 
hedgerow slopes, woody leaves, ditch bottoms and marsh reeds. These resources, coming from the farms 
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themselves or their surroundings, are used for animal feed and/or bedding. The contribution of atypical re
sources in the nitrogen metabolism of the system ranges from almost 0 % to 12 %, while their contribution to 
animal feed varies for almost 0 % to 29 %. In addition, the management practices and grassland-based farming 
systems associated with these resources may limit N waste, preserve habitats and enhance biodiversity.
SIGNIFICANCE: This article examines an under-explored but critical issue that is essential to address the current 
challenges of livestock systems in Western Europe. We advocate for further research to generate knowledge and 
methods that harness the multiple services provided by atypical resources, thereby facilitating agroecological 
transition and addressing spatial management challenges.

1. Introduction

Since the second half of the 20th century, progressive specialization 
of agriculture in Western Europe has gradually disconnected crop and 
livestock farming (Billen et al., 2014). The specialized agriculture model 
relies heavily on the use of chemical inputs, fossil fuels and import of 
protein feed (Cordell and White, 2011; Pinsard, 2022). Climate change 
challenges agricultural systems, both in terms of mitigation (Arneth 
et al., 2019) and adaptation, while ensuring global food security 
(Barbieri et al., 2022; Benoit and Mottet, 2023; Lee et al., 2023). Some 
livestock systems (grass-based or crop-livestock) are widely recognized 
by the scientific community as relevant models for the agroecological 
transition (Altieri et al., 2012; Therond et al., 2017). However, these 
livestock systems, based on utilizing grassland and semi-natural areas, 
are particularly vulnerable to climate change. Eisler et al. (2014) pro
posed various strategies for adapting livestock systems, including the 
use of resources derived from the local environment of farms. This type 
of resources is already used for ruminant farming in various ‘pastoral’ 
regions with strong pedoclimatic constraints (Jouven et al., 2010). 
Conversely, these spaces, considered unsuitable in the productivist 
paradigm, have been either artificialized or abandoned by farmers and 
thus ignored by agricultural research and development. Indeed, there is 
little mention of these resources in specialized livestock regions across 
much of Western Europe, where the majority of fodder comes from 
temporary grasslands or dedicated annual feed crops (maize, cereals, 
legumes). However, the perspectives of agroecological transition of 
these systems (Sijpestijn et al., 2022; Tomich et al., 2011) raise the 
opportunity for developing pastoral practices to use resources that are 
part of the natural environment (trees, hedgerows, moors, marshes, etc.) 
of farms. Currently, this environment is generally managed indepen
dently of production systems and is perceived as unproductive (or even 
counterproductive) in the intensification and optimization paradigm. 
While much research focuses on how livestock practices can adapt to 
climate change, these resources and associated farming practices are 
generally excluded from agronomy or animal science research. Conse
quently, we have limited understanding of their characteristics and how 
farmers use them (Girard and Alavoine-Mornas, 2014).

This paper introduces the concept of ‘atypical resource’, which we 
define as the set of plant resources that are part of farms environment 
(including surroundings). The term ‘atypical’ is a relative concept, as 
atypicality can refer either to the nature of the resources themselves or 
to current practices in a given area (or a given period), which may be 
common to other ones.

This study aims to (i) explore the nature of several atypical plant 
resources in the context of livestock production in Western Europe, (ii) 
understand their various uses, and (iii) quantify their contribution to 
performances of livestock systems using a system metabolism approach 
based on nitrogen flows. It is based on four farming systems already 
using atypical resources and therefore not representative of the domi
nant livestock systems in Western Europe.

2. Material and methods

2.1. Description of the four studied farms

This study is based on two commercial farms and two INRAE 
experimental farms implementing a system experiment (Meynard et al., 
2012). Two farms manage a dairy herd: Trévarn farm located in Brittany 
(73 ha of permanent grassland, 74 crossbred Holstein x New Zealand 
cows; hereafter referred to as “Dairy 1”), and the OasYs experimental 
farm (“Dairy 2”) located in the Poitou (61 ha of temporary grassland, 30 
ha of annual forage crops, 72 crossbred Holstein x Scandinavian Red x 
Jersey dairy cows). The other two farms are located in marshland areas 
of the Atlantic coast and manage a local-breed suckler herd called 
“Maraîchine”: La Barge farm (147 ha of permanent grassland, 10 ha of 
alfalfa, 50 adult cows; “Suckler 1”) and the Transi’marsh experimental 
farm on INRAE Saint-Laurent-de-la-Prée (100 ha of permanent grass
land, 60 ha of crops, 45 adult cows; “Suckler 2”). Dairy 2 operates at low 
input levels, and the other three farms are organic (Mondière et al., 
2024; Novak et al., 2022). Dairy 1 and Suckler 1 are grass-based systems 
and have long integrated atypical resources into their management 
system (Glinec, 2019). Dairy 2 and Suckler 2 are crop-livestock systems 
on which the introduction of atypical resources remains relatively 
marginal but structures the research project strategies (Durant et al., 
2020, 2021; Mesbahi et al., 2022).

These farms were chosen because they use different kinds of local 
botanical resources, allowing us to explore a range of resources and 
farming practices associated. Farms are also not representative of the 
dominant systems, as (i) they have little if any dependence on inputs 
(mineral fertilizers, fodder), (ii) their production process depends on the 
use of atypical resources and (iii) the genetic make-up of the animals has 
been adapted to the specific nature of the resources used (whether dairy 
or suckling). We acknowledge that the relatively generic scope of this 
work comes not so much from the sample studied but from (i) the di
versity of atypical resources, farming practices, and associated perfor
mances covered, and (ii) the issues and challenges that livestock systems 
face.

2.2. Combining different approaches to analyse the systems

2.2.1. Participatory observation to ‘understand’ how farms operate and 
how farmers use atypical resources

We used participant observation (Perrin, 2021) to analyse livestock 
practices, particularly those related to the nature and usage of atypical 
resources. This method of immersion in farms’ daily life and interaction 
with the farm managers (over a one-week period per farm) enabled us to 
collect the elements necessary to understand their management pro
cesses and farmers’ motivations. One of the main advantages of partic
ipatory observation is its ability to alternate between formal periods of 
inquiry (1 to 2 h per day) and informal understanding within the daily 
life of the farm (Perrin, 2021). Participant observation aimed to gather 
information on: farmers’ motivation to use atypical resources, nature 
and use of these atypical resources, their production system to conduct a 
functional analysis of agricultural operations (Moulin et al., 2001) and 
finally, quantitative data to analyse the metabolism of each system.
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2.2.2. System metabolism analysis on farm management and the role of 
atypical resources

We conducted a system metabolism analysis using a common con
ceptual model (Fig. A in Appendix 1) for each farm in 2022, in order to 
quantify the systems’ performances and especially the role of atypical 
resources. All material flows are expressed in nitrogen (N) as N is widely 
used to analyse the metabolism of agricultural systems (Garnier et al., 
2016; Stark et al., 2016; Steinmetz et al., 2021; Tedesco et al., 2017) and 
it is one of the main limiting factors in extensive systems such as those 
studied here (Barbieri et al., 2021; Morais et al., 2021).

Technical N performances were studied on the basis of metabolic 
analysis through Ecological Network Analysis indicators (ENA - Latham, 
2006; Ulanowicz et al., 2009) and metrics conventionally used in 
agronomy (productivity, efficiency – Puech and Stark, 2023). Details are 
presented in Appendix 1. Indicators calculated give an account of: 

• System activity. This metric, derived from ENA, accounts for all the N 
circulating in the system.

• System self-sufficiency. Self-sufficiency is calculated on the basis of 
an indicator of the circularity of N flows from the ENA.

• Inputs. N inputs are broken down into three categories: inputs from 
(i) biological processes (symbiotic fixation) and atmospheric de
posits, (ii) mineral fertilization and (iii) purchases of organic matter, 
which in the situations studied consist almost exclusively of straw 
and feeds.

• Role of atypical resources. The influence of atypical resources on 
system functioning is assessed through two metrics: the proportion of 
atypical resources in the N metabolism of the systems (ARI - Atypical 
Resources Integration) and the proportion of atypical resources in 
animal feed (ARF - Atypical Resources for Feed).

• System productivity. Productivity is classically used in agronomy 
(Puech and Stark, 2023) to account for the production capacity of 
agricultural systems per agricultural area unit including atypical 
resources.

• Efficiency. Efficiency is calculated as metabolic N efficiency, i.e. the 
capacity of systems to produce in relation to system activity 
including flows associated with atypical resources. Metabolic effi
ciency is calculated as the sum of food output (milk, meat, grain) 
divided by system activity (Puech and Stark, 2023).

• Losses. N losses are a proxy for the environmental performance 
commonly used in agronomy.

3. Results

3.1. Atypical resources supply strategy

We identified three strategies (which can be combined) for charac
terizing atypical resources use. These strategies are based on both the 
nature of the atypical resources (botanical composition) and their 
location (within the farm or in its surrounding area). 

• The first strategy employed by farmers is to use spontaneous vege
tation present on their farm. These areas can be specifically managed 
(fenced off) to be used at specific periods. This strategy enables 
Suckler 1, and to a lesser extent Suckler 2, to take the most of the 
diversity of vegetations spontaneously growing in wetlands. These 
include hygrophilic meadows, characterized by prolonged immer
sion from winter to late spring, their more elevated ditch edges, 
which contain different vegetations depending on whether they are 
exposed to brackish water (e.g. Agrostis stolonifera, Glyceria fluitans) 
or fresh water (e.g. Phragmites australis, Phalaris arundinacea), and 
ditch bottoms featuring vegetations that is only accessible in summer 
or dry periods (e.g. Ludwigia peploides, Atriplex halimus). At Dairy 1, 
the vegetation of the hedgerow slopes is fully integrated into the 
grazing strategy. These hedgerow slopes are either protected to be 
exploited at a more ecologically-suitable season for plant growth, or 

grazed by animals according to the farmers’ needs. They are main
tained by manual clearing each year to preserve their ecological and 
forage functions. Finally, tree leaves (hedges, groves, or intra-plot 
agroforestry trees) constitute forage resources for the animals at 
Suckler 1, Dairy 1, and Dairy 2 farms.

• The second strategy is to use atypical resources located outside the 
farm, in its surrounding area. These resources are not exploited or 
have even been left abandoned by other actors. For example, cattle 
graze the edges of roads or along ditches or hedges (Suckler 1). 
Farmers mow unused reedbeds (Suckler 2) or low-productive natural 
meadows neglected by their neighbours (Dairy 1). These wet and 
sloping meadows of the Breton bocage are marginalized by dominant 
agricultural systems, because their strong natural constraints (slope, 
hydromorphy) make them difficult to artificialize.

• The third strategy is to crop atypical resources, as a voluntary, 
coherent and planned action. Woody fodder species constitute 
atypical resources for animals in Dairy 2, alongside temporary 
grasslands and dedicated annual fodder crops. Dairy 2 has planted a 
variety of woody plants (Novak et al., 2016, 2020), totalling 70 
species of trees, shrubs, or vines, that are mainly woody plants for 
forage, pruned as pollards, coppiced, or pleached for direct grazing 
by animals.

3.2. Strategies for using atypical resources

Livestock farmers use these resources to provide a low-cost animal 
feed in time when ‘conventional’ resources are no longer available 
particularly during droughts, and/or for mulch in buildings, while pre
serving the habitats that support biodiversity on their farm or in their 
area. Three categories have been identified: 

• The first strategy involves integrating atypical resources into grazing 
schedule to optimize forage availability throughout the grazing 
season. Farmers describe this grazing practice as the most econom
ical, as it reduces mechanization costs.

This strategy is particularly well implemented at Suckler 1 (Fig. 1). In 
spring, animals graze only the highest permanent mesophilous meadows 
(non-flooded), while 11 ha of them and the elevated edges of hy
grophilous meadow plots are fenced off to defer grazing until mid- 
summer. Towards the end of spring, 40 ha of unfenced hygrophilous 
meadows are grazed. In summer, the green and palatable vegetation of 
dry ditches, ditch edges and plots edges make up 10 % of the ration, 
while the flowering-stage grass on deferred areas that were fenced off 
from grazing in spring provides the remaining 90 %. In autumn, the 
animals graze the regrowth of all the meadows, while the ditches re-fill 
with water. This rigorous strategy of rotation grazing is organized using 
mobile fences. At Dairy 2, the strategy is to graze the woody plants in the 
agroforestry system in summer or early autumn, when there is no more 

Fig. 1. Feeding sequences at Suckler 1 according to type of resources, avail
ability, accessibility and localization.
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grass in the pastures. Trees and shrubs, arranged in hedges or lines 
within the plots, are protected by electric fencing which is removed for 
grazing. Cows graze for a few half-days to limit damage to the trees, and 
often at night to take advantage of milder temperatures. The leaves of 
the woody plants then provide a grazing resource additional to annual 
summer grazing crops. 

• The second strategy is to use atypical resources mainly during the 
winter season. At Dairy 1, atypical hay (from abandoned grasslands) 
is distributed during winter to dry cows when they have lower 
physiological needs (Fig. 2). Feed trough waste, which represents 
about ¼ of the volume of this feed, is reused to mulch the cubicles. 
This is the only source of biomass used for bedding.

• The third strategy is to use atypical resources for animal bedding. At 
Suckler 2, farmers mow reedbeds approximately 10 to 20 km from 
the farm in September. These reed bales are distributed in Novem
ber–December, fulfilling about ¼ of the farm’s bedding re
quirements. Farmers prefer to spread the reed before the autumn 
calving season, because reed produces slightly more dust when 
mulched. Analyses have shown that reed manure has the same 
properties as cereal straw-based manure (Durant et al., 2020).

3.3. Atypical resources play a highly variable role in the N performance of 
the farms

The metabolic analysis shows a gradient of system activity (total 
amount of N supporting system activity by circulating) correlated with 
the stocking density of these systems (Table 1 and Appendix 2): Suckler 
1 presents the lowest level of activity while the Dairy 2 system has the 
highest. Suckler 2 and Dairy 1 have intermediate stocking densities and 
levels of activity. The low activity of beef systems (Suckler 2 and Suckler 
1) is largely explained by the pedo-climatic constraints of marsh areas 
(resulting in low productivity of permanent grasslands – 2.3 to 2.5 t DM. 
ha− 1 in 2022) and the lower physiological needs of these systems that do 
not produce milk, particularly in terms of N. The grasslands of the two 
dairy systems are more productive (5.6 t DM.ha− 1 for permanent 
grasslands at Dairy 1, 5.1 t DM.ha− 1 for temporary grasslands at Dairy 
2). Even atypical grasslands at Dairy 1, including wet ones are more 
productive, mainly due to rainfall during summer (3 t DM.ha− 1). More 
than 2/3 of system N self-sufficiency (from 66 to 81 %; Table 1) comes 
from crop/grasslands–livestock integration (i.e. internal flows). In all 
farms, N inputs are mainly provided by symbiotic fixation and atmo
spheric deposits (which provide 99 % of N inputs at Suckler 1 and Dairy 
1). Permanent meadows (including low-productive natural grasslands at 
Dairy 1) are poor in legumes, providing 20 (Suckler 1, Suckler 2) to 30 
kg N.ha− 1.yr− 1 (Dairy 1) by symbiotic fixation. Dairy 2 temporary 
meadows can contain more than 50 % clover and provide nearly 80 % of 
total N inputs (approx. 130 kg N.ha− 1.yr− 1). Purchases of straw for 
bedding account for 14 % of inputs at Suckler 2, while straw and 

concentrates together represent 9 % of inputs at Dairy 2.
Atypical resources play a medium role (less than 5 %) in the total 

metabolism of the farms (ARI – Table 1), except at Suckler 1 where 
atypical resources account for 12 % of total system activity (Table 1). 
Atypical resources account for a significant proportion of the annual 
animal N intake (ARF – Table 1) at Suckler 1 and at Dairy 1: respectively 
29 %, mainly for summer grazing (hygrophilous and mesophilous 
meadows and ditches), and 11 %, for grazing and winter fodder (wet 
meadows). At Dairy 2 and Suckler 2, the use of these resources for an
imal feed through grazed woody plants or grazed reeds was negligible 
until 2022. It is also interesting to note that these atypical resources 
cover respectively 37 % and 80 % of litter requirements at Suckler 2 
(reedbeds) and Dairy 1 farms (refusals of hay from abandoned 
grasslands).

There is no causal relationship between the intensity of atypical re
sources use and performances metrics (system productivity and effi
ciency). Differences in performance can be mainly explained by 
production orientations. Studied dairy systems are more productive per 
unit area than suckler ones (Table 1). In terms of net metabolic pro
ductivity, dairy systems remain also 2 to 3 times more productive than 
suckler ones.

Concerning N losses, they were higher at Dairy 2 and Suckler 2 
systems than at the two others. These differences are mainly due to the 
presence of arable lands, where leaching losses are estimated at 38 and 
34 kg N.ha− 1 respectively, compared with an average of 7.5 kg N.ha− 1 

on permanent grasslands (Anglade thesis (2015)). Finally, in terms of 
metabolic efficiency (losses related to system activity), Suckler 2 is the 
least efficient.

4. Discussion

4.1. Methodological challenges to assess farming systems using atypical 
resources

The results of metabolic analysis of the four farms studied were 
consistent with recent studies on crop–livestock systems in temperate 
regions, especially in terms of the N metabolic indicators based on 
Ecological Network Analysis (TT, TST or ICR; Laurant et al., 2023; Puech 
and Stark, 2023; Steinmetz et al., 2021). However, this work highlights 
the need for further development of methodological indicators to assess 
farming systems for sustainability and agroecology transition. Indeed, 
the dominant farming systems are driven by productivity, which is 

Fig. 2. Feeding sequences at Dairy 1 according to type of resources, avail
ability, accessibility and localization.

Table 1 
Indicators of N metabolism of the four farms in 2022.

Cattle farms Dairy farms

Indicators Suckler 
1

Suckler 
2

Dairy 
1

Dairy 
2

System activity (total system N flows) 
(kgN.ha− 1)

111 181 251 534

Self-sufficiency (internal N cycling rate) 
(%)

71 72 81 66

N inputs from fixation + atmospheric 
depositions (kg N.ha− 1 and % of total 
N inputs)

30 
(99 %)

30 
(86 %)

44 
(99 
%)

141 
(87 
%)

N inputs from purchases of conventional 
straw and concentrates (kg N.ha− 1 

and % of total N inputs)

0.4 
(1 %)

4.9 
(14 %)

0.6 
(1 %)

14.4 
(9 %)

N input from mineral fertilization (kg N. 
ha− 1 and % of total N inputs)

0 
(0 %)

0 
(0 %)

0 
(0 %)

6.9 
(4 %)

Proportion of atypical resources in the N 
metabolism of the system (ARI) (%)

12 3 5 ≈ 0

Proportion of atypical resources in 
animal feed (ARF) (%)

29 ≈ 0 11 ≈ 0

System N net productivity (kg N.ha− 1) 3.0 3.8 14.7 39.5
N metabolic efficiency (%) 2.7 2.1 5.8 7.4
N losses (kg N.ha− 1) 11.7 25.1 17.5 55.7
Metabolic N losses (%) 11 % 14 % 7 % 10 %
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assessed per unit of production, such as utilized area or number of an
imals (Van Der Werf et al., 2020). From this point of view, the two 
systems that use the most atypical resources are also the least productive 
per unit area (in relation to the type of production) and well below the 
productivity of the dominant systems in Western Europe. However, they 
are most efficient systems in terms of closing cycles with the lowest 
losses in relation to their activity. The challenge today is thus no longer 
to look at the absolute quantity of goods produced, but at the relative 
quantity produced compared to the amount of resources mobilized or 
exchanged to produce it. This notion of productive efficiency is 
becoming central to understanding the performance of agricultural 
systems (Benoit and Mottet, 2023; Nguyen-Ba et al., 2023; Van Der Werf 
et al., 2020) in terms of resource conservation. Our results suggest that 
the use of atypical resources is a factor in low environmental nitrogen 
losses at farm level. The atypical resources studied are roughages that 
are poor substitutes for conventional and high productive resources 
(cereals, maize) with high levels of input and environmental impact (e.g. 
Beaudoin et al., 2016 for groundwater quality). However, the use of 
these atypical resources is part of a systemic approach to agroecological 
transition (particularly with regard to the use of grassland in ruminant 
systems) that promotes a reduction in inputs, but also a maximization of 
the use of natural resources and a search for circularity in the use of 
resources (for example the use of by-products) to reduce inputs required 
for production (Dumont et al., 2013; Van Zanten et al., 2019) and a 
diversification of farming systems (Reckling et al., 2023), for which 
assessment methods and metrics are to be rethought (Magne et al., 
2024).

4.2. Atypical resources provide a diversity of ecosystem services

This notion of productive efficiency is all the more interesting given 
that agricultural systems include areas that deliver ecosystem services 
that are not limited only to supply services. In the example of the woody 
resources of Dairy 2, the trees provide not only fodder as seen through 
the prism of feed values. Some tree leaves may have an antioxidant and 
micronutrient composition that could potentially play a beneficial role 
in animal health (Maxin et al., 2024). Trees provide also shade for an
imal welfare during hot summer periods and may improve soil fertility 
through in-soil nutrient uptake (Koutika et al., 2022) and store carbon 
(Zellweger et al., 2022). Abandoned natural-valley meadows in Brittany 
(Dairy 1) or reedbeds in marshes (Suckler 1 and Suckler 2) also play an 
important role in carbon sequestration (Whitaker et al., 2015), while 
also shaping landscapes and providing environmental services simply by 
offering native habitats for many animal and plant species. At Suckler 1, 
atypical vegetations and their environments provide habitats for a 
unique and sometimes endangered fauna. These wet grasslands host 
breeding waders like the black-tailed godwit (Limosa limosa) or the 
common redshank (Tringa totanus), while reedbeds constitute specific 
habitats for the common reed warbler (Acrocephalus scirpaceus). 
Voluntary farmers can receive economic input by subscribing specific 
Agri-environment-climate measures called “AECM biodiversity” which 
involve payment for farming practices (delayed mowing/cattle grazing 
on grasslands) that are known to support the conservation of breeding 
waders. At Dairy 1, the vegetation of the hedgerow slopes represents 
nearly 50 % of the plant biodiversity of the farm (Glinec, 2016) and host 
rare species such as the aquatic ragwort (Jacobaea aquatica), or the 
white-toothed shrew (Crocidura leucodon). Preserving these resources in 
the landscape helps to maintain wild biodiversity, provided that farming 
practices respect their biological cycle to ensure renewal. This is the 
case, for example, with reeds used as an atypical fodder, as reeds 
struggle to tolerate frequent mowing (Hawke and José, 1996) or 
repeated spring grazing. Like many plant species with high ‘standing 
stock’ potential, reeds need time to build up the reserves that will be 
available later in the season. The challenge is therefore to adopt man
agement practices adapted to the biological cycle of both the reeds and 
reed-associated wildlife. Finally, these resources work well in extensive 

farming systems with robust and low production levels cows. Farmers 
can ensure their animals are environment-adaptable by choosing breeds 
that can thrive on coarse and less nutritious atypical forages. Suckler 1 
and Suckler 2 chose to raise a rustic local breed (Maraîchine). Dairy 1 
and Dairy 2 opted to crossbreed a purely dairy breed (Holstein) with 
breeds that are well adapted to grazing and have good reproductive 
ability (Scandinavian Red) and are also particularly tolerant to heat 
stress (Jersey). However, using atypical resources also requires planning 
to accommodate a learning period for both animals and farmers (Meuret 
and Provenza, 2015).

4.3. Scaling up the use of atypical resources calls into question territorial 
management

Beyond the four case studies, the scaling up of atypical resources use 
raises questions about (i) the nature of atypical resources, (ii) the ter
ritorial management and (iii) the knowledge to be produced to support 
agroecological transitions. In this article, we defined atypical resources 
in relation to their context. The term ‘atypical’ is dated and located. Its 
subjectivity may be questioned, as it is defined in contrast to resources 
commonly used in agriculture and on which research and development 
organizations produce knowledge regarding their nature, technical 
practices and performances in agronomy or animal science. This quali
fier could have different applications and modalities in other contexts.

A recent report from the French Ministry of Agriculture points out 
that 20.000 ha of agricultural area is abandoned each year (“unused 
agricultural land or put to any agricultural, environmental, energy or hunting 
use” - Baduel et al., 2023) probably due to access issues, natural con
straints, or the decline of livestock farming. Some of these areas could 
likely be a source of atypical resources similar to the ‘abandoned 
meadows’ at Dairy 1 farm. The potential value of these areas for live
stock systems could well (re)emerge given the Intergovernmental Panel 
on Climate Change outlook for Western Europe (Lee et al., 2023), which 
projects a marked prevalence of summer droughts in the coming de
cades. Atypical resources (on or off-farm) may also confer the system a 
degree of adaptation to climate change: these areas can serve as ‘zones of 
flexibility’ by partially offsetting the shortage of regular fodder or straw, 
and also as self-sufficiency drivers.

This work therefore calls for atypical plant resources to be managed 
collectively at a regional scale in order to produce resources sustainably 
while preserving the essential role of these spaces in the preservation of 
endemic wild biodiversity, which often entail heritage preservation 
challenges (Zhao et al., 2024). However, while the availability of some 
resources seems limited in space and time (e.g. reedbeds in marshlands, 
abandoned wetland meadows), others resources, such as the agrofor
estry resources developed at Dairy 2, could experience larger-scale 
development. These resources may be adapted to a wide diversity of 
agricultural systems and provide a pathway enabling agricultural sys
tems to adapt to the challenges of agroecological transition (Altieri et al., 
2012; Gliessman, 2004) and climate change (Lee et al., 2023). However, 
the inertia of development due to the biology of these resources, the lack 
of current knowledge about their benefits (both for livestock systems 
and ecosystems) call for these resources to be put on the political, sci
entific, and agricultural agendas in order to bring about change in 
agrifood systems (Conti et al., 2021).

5. Conclusion

This study presents a diversity of atypical resources identified 
through four unique and non-representative cattle farming systems in 
Western France. This diversity is expressed both in terms of nature, 
origin and the use made of these resources. Atypical resources can 
represent a significant share of the N metabolism of a farm, especially for 
animal feed to periods of lack of available resources. There is no obvious 
causal link between the use of atypical resources and classical agro
nomic performance (productivity, efficiency) in the systems studied, 
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insofar as they are only part of coherent systems aimed at exploiting the 
complementarities between crops and livestock. Integrating atypical 
resources is part of systemic transition to agroecology with multiple 
expected benefits (biodiversity, N waste, climate change adaptation and 
mitigation). Metabolic approach helps to quantify the role that atypical 
resources can play, but needs to be complemented by other approaches 
to objectify all the services provided by these resources (animal health, 
biodiversity conservation, contribution to the beauty of the landscapes). 
Given the challenges tied to agroecological and climatic transitions, this 
work raises issues around (i) territorial management in the event of an 
extension of use of atypical resources, and (ii) the nature of the 
knowledge we need to gain to properly support their use.
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système laitier expérimental OasYs. Fourrages 242, 71–78 https://hal.inrae.fr/hal- 
03147342. 

Novak, S., Guyard, R., Chargelegue, F., Audebert, G., Foray, S., 2022. Nitrogen use 
efficiency and carbon footprint of an agroecological dairy system based on 
diversified resources. Grassland Sci. Europe 27, 683–685. https://hal.science/hal- 
03689465v1/document. 
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