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FOREWORD BY CHRISTIAN DUPRAZ
Twenty years after…
The European Agroforestry Conference has been organized every second year since 2012 by the
European Agroforestry Federation. It is a major scientific forum for those involved in agroforest ry
research, extension and application in Europe. We are very pleased to welcome all delegates to the
third European Agroforestry Conference in Montpellier (23-25 May 2016), after Bruxelles (Belgium) in
October 2012 and Cottbus (Germany) in June 2014.
Montpellier is a special place for agroforestry in Europe. It is one of the most ancient university towns
in Europe, where one of the world’s first botanical gardens was established in 1593. The Institut de
Botanique provided some of the pioneers in tropical agroforestry research and two agricultural
research and development institutes involved in agroforestry are present in Montpellier: INRA focusing
mostly on temperate regions, and CIRAD devoted to tropical aspects.
Twenty years ago, in June 1997, a workshop on agroforestry took place in Montpellier, and was
probably the first ever in Europe. This workshop was entitled “Agroforestry for Sustainable Land-Use –
fundamental research and modelling, with an emphasis on temperate and Mediterranean applications”
and gathered 80 oral and poster presentations. By that time, climate change was not on the agenda,
and agro-ecology was still unnamed. Alley cropping agroforestry was a real obstacle course in France
and in most of Europe: farmers were denied the right to grow crops between trees as they lose the
Common Agriculture Policy grants by doing so. Fortunately, times they are changing… and this
conference will be the right time to assess twenty years of progress.

The same trees 20 years after: the harvester did not grow… but the knowledge about agroforestry
practices did!

The European Agroforestry Conferences alternate with the North-American Agroforestry Conferences,
allowing a fruitful exchange of delegates. We are honored to welcome this year a strong northAmerican delegation, as well as participants from 19 European countries and 9 non European
countries. We must admit that AFTA, the North American Agroforestry Association, got going first:
their conferences started in 1989, and the 17 th AFTA Conference is scheduled in 2017 in Blacksburg,
Virginia.

9

Agroforestry is science, agriculture, ecology. But agroforestry is also culture, wisdom, and may be fun
or art. Some participants of the 1997 event may recall the nice evening at the Restinclières Castle,
after a long field day visit, where we enjoyed a concert by “Une anche passe”. This year you may also
have a memorable surprise at the Restinclières castle. Be prepared for music tuned with trees.
Twenty years after, the trees have grown, the policies have changed, more and more farmers are
involved, and even the “man on the street” may have heard about agroforestry. Is that enough to call it
an Agroforestry renaissance? Lets us now open the debate and celebrate twenty years of agroforestry
in the making in Europe.
Christian Dupraz
President of the Organizing Committee, former President of EURAF (2011-2014)

FOREWORD BY ROSA MOSQUERA-LOSADA
Agroforestry is considered nowadays as a sustainable form of land management that is being
promoted by different global institutions like FAO and its Global Alliance Smart Climate Agriculture to
mitigate and adaptate to Climate change. The European Commission through the protection of
landscape features, greening and Rural Development Programs is promoting the essential presence
of woody vegetation across Europe, but in a way that is difficult to recognize by farmers. AGROFE and
AGFORWARD projects are both demonstrating the important value of Agroforestry at European level,
which together with EURAF are pushing European Commission to include measures enhancing
Agroforestry. However, there is a need of a European Agroforestry Strategy that recognizes the
drawbacks of Agroforestry to be implemented at European level. This strategy s hould include the main
mechanisms to show farmers how to implement it and at the same time to get funded for the important
ecosystem services that they provide when implementing agroforestry. AGFORWARD project has
identified the main agroforestry practices in Europe, highlighting silvopasture, but showing the
importance that others forms of agroforestry have to play like homegardens with multipurpose trees, or
the adequate improvement of fallow lands where woody vegetation can enhance the levels of organic
matter in the soil if adequately managed. AGFORWARD also shows the lack of information of the real
implementation of agroforestry practices like forest farming, in spite of the important productive and
ecosystem benefits it provides. EURAF through the participation in the different civil dialogue groups
(CAP, Direct Payments and Greening, Forestry and Cork, Organic Farming, Arable, Environment and
Climate Change and Rural Development) has included and promoted agroforestry within the European
Agenda. The role of Agroforestry has been also enhanced in the Groups of experts of European
Structural and Investments funds and as part of the European Network for Rural Development and its
derived groups: innovation, evaluation and CLLD/LEADER. EURAF is pleased to announce that
Agroforestry will be discussed as part of a focus group of the European Innovation Partnership, so,
apply and join the group. This book represents the lastest findings on agroforestry in Europe,
integrating the participation of researchers but also policy makers and farmers and farmers'
associations. It was a pleasure for EURAF to integrate all this needed knowledge to be disseminated
at European levels. On behalf of EURAF, I wish all of you a successful meeting and invite you to
strengthen agroforestry within the different European Union countries when you go back home.
Rosa Mosquera-LOSADA
President of EURAF

Acknowledgements
EURAF would like to thank the support given by many partners to organize this event. The Conference
has been made possible thanks to the financial assistance by INRA and the French Ministry of
Agriculture. The Conference was also supported by CIRAD, the AGFORWARD European research
project, the Conseil Départemental de l'Hérault, The Fondation de France, the French Agroforestry
Association (AFAF) and Montpellier Supagro.

10

SESSION DEVELOPMENT OF
AGROFORESTRY IN EUROPE (AND BEYOND):
FARMERS’ PERCEPTIONS, BARRIERS AND
INCENTIVES

11

3rd European Agroforestry Conference – Montpellier, 23-25 May 2016
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DRIVERS OF SWISS AGROFORESTRY IT’S NOT ALL
ABOUT MONEY
Sereke F1*, Graves AR2, Herzog F3
* Correspondence author: firesenai.sereke@bfh.ch
(1) School of Agricultural, Forest and Food Sciences, Zollikofen, Switzerland. (2) Natural Resources Management
Institute, Cranfield University, UK. (3) Agroscope, Institute of Sustainability Science, Zürich, Switzerland.

Introduction
Agroforestry has a long history in Switzerland and it was widespread until the 1950s. Since
then, 80% of the fruit trees were felled in the agricultural landscapes, to make way for modern
agriculture. Today, as in other countries (Smith, 2010), efforts are being made to convince
farmers to restore multifunctional farm trees. In Switzerland, direct payments for farmland trees
have tripled since the 1990s, but modern farmers are still not convinced. Hence, the hypothesis
of this study is that there may be non-monetary barriers (i.e. opportunities for development)
towards maintaining or adopting agroforestry. A transdisciplinary case study was conducted, to
explore the following research questions: How productive and profitable is agroforestry in
Switzerland? What are the key drivers of farmers’ behavior towards practicing agroforestry?
Material and methods
First, an exploratory survey of farmers’ innovations in Switzerland was conducted together with
a literature review and expert consultation. Based on the survey, 14 representative agroforestry
practices were identified, centered around walnut (Juglans hybr.) and wild cherry (Prunus
avium) on crop- and grassland. Bio-economic simulations of long-term yields were conducted
with the Yield-SAFE model (van der Werf et al. 2007); followed by an assessment of profitability
using the Farm-SAFE model (Graves et al. 2007). The method and detailed results of this part
of the study were published in Sereke et al. (2015a). To understand the drivers of farmers’
behavior we developed a semi-quantitative and open-ended questionnaire, and interviewed 50
farmers. The questionnaire was prepared using psychological variables according to the Theory
of Planned Behavior (Ajzen, 1985), as well as variables related to ecosystem services
according to McAdam et al. (2009). More details of this part of the study were published in
Sereke et al. (2015b).
Results & discussion
Productivity: Of the 14 simulated agroforestry options, 12 had land equivalent ratios (LERs)
greater than 1 (0.95–1.30), indicating that the trees and intercrops of most of the agroforestry
options were more productive when grown together than separately. The LER was
systematically higher for the cherry systems, timber options, and high tree densities (Sereke et
al. 2015a).

Figure 1: Land equivalent ratio (LER) for the wild cherry and walnut based agroforestry
practices. For the tree-crop combinations timber-arable (TA), fruit-arable (FA), timber-grassland
(TG) and fruit-grassland (FG) with 40/70 trees/ha. Source: Sereke et al. (2015a)
Profitability: 68 % of the 56 financial scenarios for the agroforestry practices, particularly those
linked to innovative marketing of fruit or receiving payments for ecosystem services, were found
to be more profitable than the business as usual reference systems (Sereke et al. 2015a).
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However, if farmers want to benefit from high ecological direct-payments (45 SFr tree −1) they
must be willing to participate in the agro-ecological programs. But this motivation, seems not to
be very high (Table 1).
Drivers of farmers’ behaviour: In the following assessment (Table 1), adopters and nonadopters were studied separately, to identify variables that motivate (scores > 4) or discourage
(scores < 4) adoption (Sereke et al. 2015b).
Almost half of the 50 farmers (24 “non-adopters”) were clear in their intention not to engage in
agroforestry (average score of 2.0); their score significantly differed from a score of 4.9 by
adopters (p<001).
Both adopters and non-adopters were convinced that agroforestry is not productive compared
to monoculture. Their evaluation contrasts with recent scientific evidence from Switzerland
(Figure 1) and other temperate regions of Europe (Graves et al., 2007).
Non-adopters attributed signiﬁcantly lower scores to perceived behavioural control (confidence
to manage agroforestry).
Most farmers did not share the view that agroforestry can provide key ecological regulation
services. This is again in contrast to scientific assessments, for example regarding climate
regulation or soil and groundwater protection (Montagnini and Nair, 2004; Palma et al., 2007).
With regard to motivations for adoption, most farmers gave highest scores to habitat ecosystem
services, both for their livestock as well as for wildlife.
Most farmers did not expect agroforestry to be a profitable activity. This may be explained by
the current low fruit prices in Switzerland. Most farmers also did not view payments for
ecosystem services as a motivation: “Ecological grants are only for lazy farmers, we want to
produce food”.
Our findings indicate that rather than just increasing direct-payments, restoring the market for
fruits could motivate farmers to plant trees. The results also identified opposing views between
science and real world practice.
Table 1: Variables motivating or discouraging adoption: Intention, attitude, perceived
behavioural control, ecosystem services and economic benefits. Source: Sereke et al. (2015b)

Intention
Attitude (Productivity)
Perceived behavioral control
Ecosystem services:
Production
Regulation
Soil

Habitat
Cultural landscape
Economic motivations:

Adopters
M
SD
4.9 0.7
3.0 0.7
3.8 1.2

4.5
3.7
Water
3.3
Climate
3.1
Shelter
5.0
Biodiversity 5.0
4.7

1.2
1.4
1.3
1.5
1.0
0.8
0.8

Non-adopters
M
SD
2.0***
0.7
2.0***
0.7
2.4***
1.3

All Farmers
M
SD
3.5
1.6
2.5
1.0
3.2
1.3

3.9
3.4
3.2
3.0
4.5
4.5
3.8**

4.2
3.6
3.3
3.1
4.8
4.8
4.3

1.5
1.2
1.2
1.3
1.3
1.2
1.4

1.4
1.3
1.2
1.4
1.2
1.0
1.2

Profitability of tree products
3.0 1.2
2.3*
1.3
2.6
1.3
Payments for ecosystem services
3.6 1.4
3.2
1.2
3.4
1.3
Farmers were asked whether they plan to engage in agroforestry (intention), about their attitudes (here the
example of productivity), and their perceived behavioural control (confidence to manage agroforestry).
Farmers were also asked whether the listed ecosystem services and economic variables represent
potential motivations to practice agroforestry. Mean scores and standard deviations across samples:
Farmers all (n=50), adopters (n=26) and non-adopters (n=24). Mean comparisons were made for all data,
only statistical signiﬁcances are indicated (2 sample T test). The scoring range is from 1 (I totally
disagree/very low) to 6 (I totally agree/very high). * p < 0.05, ** p < 0.01, ***p < 0.001

Non-adopters’ behaviour seemed to be more oriented towards meeting the expectation of their
conventional farming colleagues, rather than towards meeting the expectations of society.
Farmers resisting adoption concluded that practising agroforestry would not have a positive
impact on their reputation (Table 2).
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Table 2: Subjective norms about practicing agroforestry. Source: Sereke et al. (2015b)
Subjective norms

Adopters

Non- adopters

All Farmers

M
SD
M
SD
M
SD
Agroforestry would be approved by:
Fellow farmers
3.0
1.0
2.3*
0.9
2.7
1.0
Extension officers
3.8
0.8
3.1*
1.0
3.5
1.0
Scientists
4.2
1.0
3.5*
1.0
3.9
1.1
Policymakers
4.7
1.0
4.3
1.1
4.5
1.1
Swiss public
4.9
0.8
4.9
0.7
4.9
0.8
Environmentalists
5.6
0.7
5.6
0.8
5.6
0.8
Effect on reputation
4.4
1.1
3.5**
1.2
3.9
1.2
Which stakeholder do you expect to approve adoption? Would adoption have a positive effect on your
reputation? Mean scores and standard deviations across samples: Farmers all (n=50), adopters (n=26)
and non-adopters (n=24). Mean comparisons were made for all data, only statistical significances are
indicated (2 sample T test). The scoring range is from 1 (I totally disagree/very low) to 6 (I totally
agree/very high). * p < 0.05, ** p < 0.01, ***p < 0.001

The reputation off ecological innovations can be improved through a fair coverage of the wide
range of ecosystem services provided by agro-ecosystems, in farmer education and relevant
media. More platforms for exchange could reduce the gap between different interest groups and
facilitate collaborative landscape improvements. The rise of organic farming in Europe is an
example of successful transdisciplinary collaboration (Aeberhard and Rist, 2009). With regard to
participatory and holistic sustainability assessment, scientific tools such as the RISE method
can be applied (Thalmann and Grenz, 2012).
Conclusion
The case study identified social, economic and technical barriers towards maintaining or
adopting agroforestry in Switzerland. i) Reputational risk, for example, was one of the key nonmonetary obstacles identified. ii) The results also indicate that better price for fruits would
motivate farmers to plant trees more than direct-payments. iii) A lack of information amongst
farmer, and opposing views between farmer and researcher were observed, with respect to
novel and productive agroforestry systems, which can be managed with modern machinery .
Observable field trials and farmer-led joint research can facilitate the co-production of
knowledge, and address uncertainties in terms of managing modern agroforestry practices.
Involving the perspectives of local stakeholders is critical in any research and policy making
process, towards the co-development of shared solutions. More fundamental and applied
research is needed, as the results of this study were based on interviews with only 50 farmers.
It would also be interesting to explore whether similar patterns of (modern) farmers’ behavior
can be observed in other countries.
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Introduction
An accurate and objective estimate on the extent of agroforestry in Europe is critical for the
development of supporting policies. Although agroforestry practices are widespread in some
parts of Europe, it is hard to find reliable data on the extent of agroforestry. The CORINE land
cover classification (European Environment Agency, 1995) contains land cover data for Europe
and includes the land cover class “agroforestry”. Nevertheless, it is obvious from previous
studies that agroforestry is practiced on a much wider scale than estimated by the CORINE
database. A recent literature study summarising the currently available data sources estimated
that agroforestry is practiced in Europe at least on an area of 10.6 million hectares equivalent to
6.5% of the utilized agricultural area (den Herder et al. 2015a) which is considerably more than
the 3.3 million hectares as estimated by CORINE. However, even though literature studies are
useful to understand the context, these data are derived in different ways in different countries
which makes it difficult to derive reliable estimates. For this reason, a more harmonized and
uniform pan-European estimate is needed. In this assessment, we try to answer the question:
How much agroforestry is there in Europe and where is it?
Material and methods
In this assessment, we defined agroforestry as the deliberate combination of trees and shrubs
with crops and/or livestock on the same land unit (Nair 1993; Leakey 1996). Agroforestry can be
classified in different ways, for example on the basis of components, products, agro-ecological
zones, and socio-economic groupings (Nair 1993; Sinclair 1999; McAdam et al. 2009). In this
assessment, agroforestry systems have been grouped into three categories based on their
components. These components are: trees, crops, or livestock (Burgess at al. 2015). Based on
these components, we classified agroforestry into three main types of agroforestry systems:
arable agroforestry, livestock agroforestry and high value tree agroforestry (Burgess et al. 2015;
den Herder et al. 2015a). Based on the distribution of these three main types of agroforestry, we
then defined certain areas of high natural and cultural value which can include agroforestry of
any of the three main categories.
Agroforestry areas were mapped using LUCAS Land Use and Land Cover data (Eurostat 2015).
During the LUCAS 2012 survey, a sample of 270 000 points was visited by field surveyors,
producing a quasi-regular grid with on average a LUCAS sample point in every block of 4 km x
4 km. LUCAS uses a double land cover classification system for land covers with multiple
layers, such as for instance agroforestry systems. By identifying certain combinations of prima ry
and secondary land cover and/or land management it is possible to identify agroforestry points
and stratify them in the three different systems studied in this assessment (Table 1).
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Table 1 Criteria used for identifying arable, livestock, high value tree (grazed and intercropped)
and all agroforestry systems. LC1 = primary land cover, LC2 = secondary land cover.
Land cover / Arable
Livestock
High
value
tree All
variablea
agroforestry
agroforestry
agroforestry
agroforestry
Intercropped
Grazed
Crops
LC2
LC2
LC2
(LUCAS
class
B11B54)
Permanent
LC1
LC1
LC1
LC1
LC1
crops (B71B84)
Woodland
LC1
LC1
LC1
(C10-C33)
Shrubland
LC1
LC1
LC1
with sparse
tree
cover
(D10)
Grassland
LC1
LC1
with sparse
tree
cover
(E10)
Land
Signs
of
Signs
of Signs
of
management
grazing
grazing
grazing
a
See Eurostat (2012) for more detailed information on the LUCAS land cover classification.
Areas with a high likelihood of containing high natural and cultural value agroforestry were
identified by a cluster analysis. The analysis was used to indicate in which areas agroforestry
practices would occur in clusters, and these were assumed to be an indication for a high natural
or cultural value. Clusters of agroforestry points could indicate that for example wood pastures
are relatively well-connected in a particular area or that they would cover larger areas. We can
assume that large extents of wood pastures or wood pastures with a low level of fragmentation
are more likely to have a high natural value compared to single isolated or fragmented patches.
In addition, many of the remaining high cultural value agroforestry practices are a legacy of past
traditional land use. Clusters of agroforestry points would indicate areas where these mostly
traditional practices possibly having a high cultural value still exist.
Results
According to our estimate using the LUCAS database the total area under agroforestry in the
EU 27 is about 15.4 million ha which is equivalent to about 3.6% of the territorial area or 8.8% of
the utilised agricultural area (Fig. 1). This estimate is considerably higher than the previous
estimate by den Herder et al. (2015a) who suggested that agroforestry occupies at least 10.6
million ha representing about 6.5% of the utilised agricultural area in Europe. Of our three
studied systems, livestock agroforestry covers about 15.1 million ha which is by far the largest
area. High value tree agroforestry and arable agroforestry cover 1.0 and 0.3 million ha
respectively.
Spain (5.6 million ha), France (1.6 million ha), Greece (1.6 million ha), Italy (1.4 million ha),
Portugal (1.2 million ha) and Romania (0.9 million ha) have the largest absolute extent of
agroforestry. However, if we would look at the extent of agroforestry in relation to the utilised
agricultural area (UAA), countries like Cyprus (40% of UAA), Portugal (32% of UAA) and
Greece (31% of UAA) have the largest percentage of agroforestry cover.
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Fig. 1 Extent and distribution of agroforestry in Europe
A hot spot analysis revealed that a high abundance of agroforestry areas can be found in south,
central and north-east Portugal, south-west, central and parts of north Spain, south of France,
Sardinia, south and central Italy, central and north-east Greece, south and central Bulgaria, and
central Romania (Fig. 2). It is likely that high natural and cultural value agroforestry is still
relatively widespread in these areas.

Fig. 2 Agroforestry hot spots in Europe. Hot spot areas (dark blue) are represented by a high
density of points which were defined as “agroforestry” in the LUCAS database
Discussion
The higher estimate for the agroforestry area using the LUCAS data (15.4 million ha) than the
literature review (10.6 million ha) (den Herder et al. 2015a) can be partly explained by the
addition of data for Romania (1.76 million ha) and Bulgaria (1.39 million ha), plus higher
estimates for Spain (+1.8 million ha), France (+1.0 million ha) and Italy (+0.4 million ha). To
verify the results, LUCAS estimates were compared with results from national inventories (den
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Herder et al. 2015b). For Spain and Portugal a straight comparison among LUCAS estimates
and estimates based on different national surveys yielded surprisingly similar values. When the
LUCAS estimates for Spain were compared with a more detailed analysis of national inventories
(den Herder et al. 2015b), the higher estimate for agroforestry in Spain of about 5.6 million ha
from LUCAS, rather than the 3.84 million ha from the literature study, seems valid. The higher
estimate for Spain is primarily a result of including silvopastoral systems in addition to the
dehesa.
The current estimate of the extent of agroforestry in Europe was difficult to undertake.
Considering the fact that agroforestry covers a considerable part of the agricultural land in the
EU (up to about 8.8% of the UAA), agroforestry deserves a more prominent place in EU
statistical reporting. In addition, it stresses the need that statistical reporting could be improved.
This would not be too difficult to implement. For example, identifying agroforestry areas using
Eurostat’s LUCAS database could be made easier and more straightforward by introducing a
few simple changes in data collection, taking advantage of the experience in national forest
inventories in southern European countries.
Most likely there is still some error in the extent of agroforestry, but since the data were
collected and analysed in a uniform manner it is now possible to make comparisons between
countries and identify regions in Europe where agroforestry is already widely practiced and
areas where there would be opportunities for practicing agroforestry at a larger scale or
introducing novel practices. A more uniform reporting method (for example a more uniform
(LPIS) Land Parcel Identification System) would make it easier to give more precise estimates
on the extent of agroforestry in Europe and changes in its extent. This would help to give
agroforestry a more prominent place on European policy agendas and provide decision makers
with more reliable information on the extent of agroforestry and its changes. Without reliable
and up-to-date information on the extent agroforestry area and its changes over time, it will be
very hard to plan and evaluate the effectiveness of measures promoting this sustainable land
use practice.
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Introduction
The Common Agricultural Policy (CAP) recognized that the establishment of agroforestry (AF)
systems should be encouraged because of their high ecological and social value (EU Reg.
1698/2005). Traditional AF systems are still present in Europe, especially in Mediterranean
countries (Mosquera-Losada et al. 2012). During the last decade, innovative practices have
been investigated (Dupraz et al. 2005) in order to demonstrate both the profitability (Graves et
al. 2007) and the environmental sustainability (Palma et al. 2007) of AF systems.
Within the FP7 European research project AGFORWARD – www.agforward.eu - the
Participatory Research and Development Network (PRDN) methodology has been applied to
different typologies of AF systems across Europe. The PRDN is a research method that strongly
involves stakeholders (SHs) and, in this case, it was aimed to better understand and further
develop the functioning of AF systems enabling research activities to respond to problems and
opportunities as identified by local SHs.
In Italy the PRDN was implemented to assess perceptions of three AF systems, including
grazing, each representative of the rural environments in particular regions:
i) High Natural and Cultural Value Agroforestry Systems, in Sardinia region, with a focus on
scattered oaks mixed with permanent or temporary pastures or intercropped with cereals and/or
fodder crops;
ii) Agroforestry for High Value Systems, in Umbria region, with a focus on olive orchards
intercropped with wild asparagus and grazed by poultry;
iii) Agroforestry for Livestock Farmers, in Veneto region, with a focus on organic free-range pigs
combined with short-rotation coppice with poplar and willow growing for biomass production.
This paper shows the main findings emerging from the use of the PRDN methodology in these
case studies.
Material and methods
Three workshops (WS) were organized between June and September 2014, in Sardinia,
Umbria and Veneto with 13, 13 and 22 participants, respectively. In each WS, SHs included
representatives of: a) farmers who have already experienced AF systems or farmers willing to
start a new AF project; b) professional associations, farm advisors, local policy makers; and c)
AGFORWARD researchers.
In the first phase of each WS, participants were invited to talk about their experience and
knowledge and to reflect upon the challenges and issues of current AF systems and practices in
order to bring information about their opinions and priorities (qualitative data). Then, SHs were
invited to fill a questionnaire in which several issues concerning benefits and constraints of AF
systems were reported. The list of issues was grouped in the following categories: produc tion
(animal health and welfare, qualitative and quantitative productions of crops, animal and trees,
etc.), management (mechanization, complexity of work, management cost, etc.), environment
(biodiversity conservation, climate mitigation, landscape value, etc.) and socio-economy
(income diversity, market opportunity, subside and grant eligibility, etc.). WS participants were
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asked to rank each issue with positive or negative score from 1 to 10 according to their
perceptions of how AF performs on each issue (quantitative data).
Data analysis
The key issues and challenges identified by SHs were analyzed as qualitative data to highlight
the research topics to be addressed, and quantitative data was added by analyzing the
responses to the questionnaire. As regards to the latter, the level of importance of an issue was
expressed as Very Important (VI) when the score ranged between 1 and 4, Important (I) (5 -7),
Less Important (LI) (8-10), and Not Important (NO) when no answer was given. Different
weights were assigned to each score: VI = 4; I = 3; LI = 2: NO = 1
The frequency of answers per each score class was calculated as well as the total score
obtained from the sum of the frequency multiplied by the value of the relative score class. This
analysis was performed in order to assess: i) the differences among the positive and negative
total scores by categories of AF issues calculated in relation to the total number of participants
(Kruskall-Wallis test, P ≤ 0.1); ii) the differences among the positive and negative total scores by
categories of issues calculated for each SH group, 24 farmers, 17 policy-makers, 7 researchers
(Kruskall-Wallis test, P ≤ 0.05); iii) the difference among the positive and negative scores related
to each issue within the group (χ2 test, P ≤ 0.1).
Results
Key issues and challenges
According to the SHs, AF systems with grazing need to be further investigated to optimize the
interactions among animals, pasture characteristics and trees species. Pastures should
comprise a wide variety of palatable species, of both legumes and grasses, to guarantee a
balanced and high quality feed for different animal species and physiological status (piglets,
sows, chickens, lambs, sheep, etc.).
SHs claimed that appropriate management strategies such as stocking rate have to be modified
to match the available resources, thus guaranteeing pasture quality, production and
persistence. Tree varieties, tree spacing and density need to be modulated to allow both the
natural regeneration of the woody species and the long-term pasture maintenance. SHs
emphasized the need to adopt measures to control the negative impact of wild fauna on
grazing animals. They felt that extensive management of silvopastoral systems produces highquality products which meet consumers’ demand, but that these systems have higher
management costs, requiring a higher sale price than products from conventional agriculture
(i.e. intensive livestock farming). SHs would thus appreciate labelling strategies to certify the AF
origin of the products and, in turn, to justify the higher price. For small-scale farms, the
development of local slaughtering and meat processing facilities would retain the value added
close to the farm. Improvement of the local supply chain should consider the market channels
used for smallholder production, the marketing problems faced by farmers and the opportunities
to improve the quality and quantity of AF products.
SHs highlighted the need to implement communication tools (such as technical papers,
seminars, demonstrative events, etc.) to share and increase knowledge on the adoption and
management of AF systems. Farmers expressed the need for assistance in field-trials,
complaining that the bureaucratic complexity of the CAP discourages them from applying for the
grants available to establish new AF systems within the Rural Development Programmes of
Italian Regions that implemented the measure 8.2 for the establishment of AF systems
(Basilicata, Marche, Puglia, Umbria and Veneto).
Stakeholders’ perceptions of AF systems
The positive and negative SHs’ perceptions related to the four categories of issues (production,
management, environment, socio-economy) are reported in Table 1. Positive and negative
perceptions significantly differed only for the management category. The positive and negative
perceptions of AF category issues (production, management, environment, socio-economy)
were not statistically different among the three SHs groups (farmers, policy makers and
researchers). When the positive and negative perceptions of the groups were analyzed within
each issue category, significant differences were found for some AF issues.
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Table 1. Differences between the positive and negative perceptions of SHs on AF issues by
macro- categories (Kruskall-Walls test, P≤ 0,1)
Positive perceptions
Negative perceptions
2
Category of issues
Sum of weighted Sum of weighted
χ
scores
scores
Production
82.3
64.8
0.111
Management
57.7
85.2
0.009
Environment
68.3
56.0
0.122
Socio-economy
59.7
58.9
0.986
Regarding the positive perceptions (Table 2), farmers assigned higher scores to crop and
pasture quality and business opportunities connected to the product diversification, while
researchers assigned higher scores to the production of timber, wood and other goods, the
conservation of biodiversity and wildlife habitat, the possible marketing premium related to AF
products and the possibility to get subsides and grants within the EU CAP. Policy makers
showed an intermediate perception concerning these issues.
Table 2. Weighted scores attributed by farmers, policy makers and researchers
perceptions of AF issues (test χ2, P≤0.1)
Policy
Farmers
Researchers
makers
Weighted
Weighted
Weighted
Issues
P
score
score
score
Crop or pasture
2.21
2.00
1.71
0.0863
quality/food safety
Timber/wood/fruit/nut
1.63
2.00
3.00
0.0212
production
Biodiversity
and
1.58
2.53
2.86
0.0900
wildlife habitat
Marketing premium
1.13
1.41
1.71
0.0591
Subsidy and grant
0.08
1.06
1.14
0.0185
eligibility
Business
1.92
1.00
1.00
0.0860
opportunities

on the positive

Weighted
average
1.97
2.21
2.32
1.42
0.76
1.31

Regarding the negative perceptions (Table 3), farmers perceived the loss of stock by predation
and mechanization as the main negative aspects; policy makers highlighted the negative impact
of management costs while researchers perceived the tree regeneration as the most relevant
constraint.
Table 3. Weighted scores attributed by farmers, policy makers and researchers on the negative
perceptions of AF issues (test χ2, P≤0.1).
Policy
Farmers
Researchers
makers
Issues

Weighted
score

Weighted
score

Weighted
score

P

Weighted
average

Animal health and
welfare

1.87

1.53

1.86

0.0544

1.75

Losses by predation

2.42

1.41

1.14

<0.001

1.66

Timber/wood/fruit/nut
quality

1.04

1.12

1.43

<0.001

1.19

Management costs

1.50

2.71

1.43

0.0059

1.88

Mechanisation

2.29

1.76

1.14

0.0647

1.73

Tree
regeneration/survival

1.91

2.53

3.29

0.0229

2.58

Market risk

1.79

1.71

1.86

0.0543

1.78
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Discussion
The key issues and challenges perceived by the SHs participating at the WS can be
summarized as follows:
the need to improve management skills, focusing on optimizing synergies among the
components of the systems and increasing qualitative and quantitative productivity of the
systems;
the need to enhance the economic value of AF products, through the identification of viable and
marketable AF products and the implementation of a value chain for AF products;
the need to raise SHs’ awareness of AF systems by communication and sharing of knowledge
among SHs and educational training for farmers, students and professionals.
In relation to the SHs’ perceptions of positive and negative aspects of AF systems, the study
highlighted that SHs consider AF systems as multifunctional systems able to guarantee both
qualitative and quantitative production of various goods, respecting the environment, especially
the biodiversity conservation.
Nevertheless, some constraints such as the higher management costs and the mechanization
problems, in comparison to conventional agriculture systems, still negatively affect farmers ’
willingness to adopt AF systems.
Moreover, differences, among the three WSs, which were not analyzed at this stage, will need
to be further detected.
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Introduction
European agroforestry systems of High Nature and Cultural Value (HNCV) are used for multiple
purposes which generate woody products, non-woody plant products, high-quality foods,
livestock and game products, recreational or cultural services. In addition, HNCV agroforestry
supplies us with important ecosystems services such as biodiversity maintenance, carbon
sequestration, soil fertilization, microclimate amelioration, and control of atmospheric
contamination and control of soil erosion (Wallace, 2007). The capacity of these systems to
sustain multiple functions and products has been emphasized in recent decades as new needs
and challenges have emerged in modern society. These systems allow the exploitation of
conventional forest functions and products together with a diverse array of new uses (e.g.
bioenergy) that increase economic profitability or reduce uncertainty in land use.
However, most of these HNCV agroforestry systems are currently facing both environmental
and economic threats that might compromise their long-term persistence. Changes in the
technological and socio-economic conditions and common agricultural trends and policies are
imposing a loss of traditional empirical knowledge, a continuous decrease of profitability of
these systems and their products, what is leading them to two divergent trends, intensification
and extensification or abandonment, that compromise their long-term persistence (Asner et al.,
2004). Intensification has resulted in a shift from the traditional farming systems with very low
external inputs to a much more simplified system involving intensive management techniques,
with partial substitution of extensive, low-intensity grazing for semi-intensive management
regimes, and decreasing diversity of land uses (Plieninger and Wilbrand 2001). The increment
of livestock rate or grazing pressure, progressive soil degradation, tree populations at the end of
their life expectancy due to a prolonged lack of tree regeneration, and loss of habitat and
biological diversity has been denounced (Moreno and Pulido 2009). Extensification results in
woody encroachment of agroforestry systems in many parts of the world (Eldridge et al., 2011;
Archer 2010), and notably in Mediterranean countries (Pereira et al., 2004; Mazzoleni et al.,
2004) with important changes on their functioning and productivity.
This work aims to identify the bottle-necks for the conservation and promotion of HNCV
agroforestry systems in Europe, and to search in collaboration with stakeholders potential
innovations that guarantee the long-term ecological and economical persistence of these
systems.
Methods
This work is done in the frame of the European project AGFORWARD (www.agforward.eu),that
works with ten agroforestry systems of high nature and cultural value located in the main
European biogeographical regions (Table 1). In each of the ten case studies, a stakeholder
group is involved, including , for example, farmers, breeders, foresters, landowners,
representatives of regional and national associations, agricultural services companies,
extension services, nature-related NGOs, local action groups, policy makers and scientists. The
objectives for the stakeholder groups were:
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i.
to identify main constraints and challenges for the promotion/conservation of
agroforestry systems of high nature and cultural value,
ii.
to propose management innovations to improve the productivity, sustainability,
marketing of the products, governance of HNCV agroforestry systems,
iii.
to identify ongoing innovation practices initiated by participants and organisations,
iv.
to establish a network of sites to test the proposed innovations. Ideally the network
should include both experimental and demonstration sites to test scientific hypothesis at the
former and to evaluate the feasibility and profitability of proposed innovations at the latter, and
v.
to organize and participate in dissemination activities including field visits.
Each stakeholder group held at least one meeting with an open discussion on the main
concerns and challenges for the respective agroforestry system. At each meeting, stakeholders
also completed a standard questionnaire which sought to rank their assessment of the positive
and negative issues associated with the agroforestry system being considered.
Results
The main challenges identified by the stakeholder groups can be grouped under nine topics:
farm profitability, system design and management, tree protection and regeneration, pasture
quality and fodder autonomy, grazing schemes and cost-efficient herding, animal production,
nature conservation, extension, and policy and governance. Table 1 gives details of the main
concerns expressed for each of the ten case studies.
Table 1: List of the high nature and cultural value agroforestry systems (mostly wood pastures),
with indication of the respective partner.
The most popular innovations claimed by stakeholders are provided in Table 2. They include:

Mediterranean

Bioregion

Country

System

Main concerns

Portugal

Montado: grazed open oak
woodlands
Dehesa:
grazed
and
intercropped oak woodlands
Grazed oak woodlands in
Sardinia
Grazed
valonia
oak
woodlands
Bocage
agroforestry
in
Brittany
(hedgerows
integrated with grassland
and arable land)
Wood pasture and parkland

Possible
negative
consequences
of
shrub
encroachment of woodlands on cork yield and quality
Low profitability, marked seasonality of fodder
resources and deficient tree regeneration
The lack of forage availability and quality

Spain
Italy
Greece

Atlantic

France

UK

Pan- Continental
onian

Romania

Germany
Hungary

Boreal

Sweden

Grazed wood pastures and
grasslands with ancient nonproductive
trees
in
Transylvania
Flood plain meadows with
tree hedgerows
Grazed wood pastures and
grasslands with ancient nonproductive trees
Wood pastures and grazed
forests devoted to reindeer
husbandry

Oak regeneration and poor pasture understory
yield/quality
Decrease of hedgerow density and their reduced
importance in farming management and ecological
services
Re-instituting tree management, balancing the
prevention of infilling with natural regeneration
Conservation of veteran non-productive trees and of
tree species diversity.
Need of economically and socially viable strategies to
increase tree regeneration
Hedgerows abandonment
Lack of interest of farmers for trees
Infilling of abandoned wood-pastures, and lack of
public awareness of their nature and cultural values
Adaptation of forest operations to reindeer husbandry

Valuing traditional and new marketable products: branding strategies to communicate to
consumers the high quality and low (or positive) ecological footprint of wood-pasture products.
Integrating grazing livestock with tree layer conservation and regeneration: cost-efficient
protectors for tree regeneration, included virtual fencing and GPS-based devices, and
management practices compatible with tree regeneration.
More efficient use of local forage resources to increase the fodder autonomy of the farms.
Adaptation of policy measures for extensive and multipurpose wood-pasture systems.
Public acknowledgment of the cultural value and the ecosystem services provided by woodpastures.
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Table 2. List of identified innovations which can be tested
Innovation
to
be
tested
System
design/management:
refers to conservation of
specific elements, as
native species, veteran
trees, reintroduction of
formely used species,
hedges and windbreaks
conservation
and/or
rejuvenation
Tree
regeneration:
cost-efficient protection
of regenerate
Livestock
management:
costefficient
herding,
optimisation of fodder
resources use, and
halting
system
degradation
Fodder resources

New products

Conservation

Governance

Specific experimental work
Shift from single model of novel hedgerow to modular models and
progressive management techniques. Rebuilding connections
between hedgerows and scattered farms across the landscape.
Combining crop rotation management, pasture management and 3
dimensional design and management of hedgerows to avoid soil
erosion.
Renewing encroach-abandoned wood pastures
Effect of different understory management options on cork
growth/calibre and cork quality
Seeding combined with dead branch/wood, mulches (e.g., Ramial
Chipped Wood), thorny and/or nursery shrubs
Artificial thorny protectors
Mix of specied for ”auto-protection
Viability and cost-effectiveness of “invisible fencing”
GPS collar, equipped or not with negative-stimuli devices
Holistic or grazing (intensive fast-rotational grazing) to improve soil
and pasture quality and protect tree regeneration
Effects of grazing exclusion on the vegetation structure, biodiversity
and wildfire
Selection of species/varieties of legume pastures adapted to
shade and tree competition
Selection of double-cropped winter-forages (e.g. Triticale) adapted
to shade and tree competition
Questionnaire to assess the willingness to pay a premium price for
different AF products (e.g. acorn-derived products) and services
(e.g., biodiversity, historical/aesthetic landscapes).
Questionnaire to identify mechanisms to promote efficient marketing
of AF products (e.g. human consumption of acorns in different
products)
Ramial wood chips and other organic mulch
Adoption of optimal livestock species in wood-pastures to halt soil
degradation and to reinforce biodiversity
Testing the openness of local communities to value/protect ancient
trees on WP
Favouring the design (and diffusion) of a model of cooperative (e.g.
skills and machines pool) for re-developing HNCV agroforestry

Conclusions
Explicit long-term strategies should be designed and specific policies implemented to promote
management practices that ensure the conservation of agroforestry systems of high nature and
cultural vale and reinforce their economic, social and ecological roles. However, better
knowledge is still required to convince landowners, administration and policy-makers. For
instance, studies focusing on the conditions under which net balance of trees is positive
(facilitation) or negative (competition) for pasture understory are still needed. Similarly, guidance
on the optimal tree density for such agroforestry systems under different uses and ecological
constraints (i.e., water shortage) is still required. The analysis of consequences and
opportunities of woody encroachment of extensive semi-natural pastoral systems and
landscapes also deserve more attention. Woody encroachment could be favorable for tree
regeneration, but it is doubtful whether shrub encroachment would keep stand functioning (e.g.,
hydric and nutritional tree status, biodiversity) and profitability (e.g. livestock carrying capacity).
Pasture production, tree growth and/or fruit production and tree regeneration need be analyzed
taking into account the complexity of the canopy-understory interactions. Moreover, there is a
complete lack of systematic and detailed knowledge on the extent and constraints of most of
these systems. No official data or maps are available on these multilayered systems, resulting in
an information failure that precludes the elaboration of specific proposals for management and
policy to face current threats.
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Summarizing, through the integration of traditional and scientific knowledge we still need (i) the
elaboration of innovative techniques for the long term production of timber and non-timber
agroforestry products; (ii) An integrated analysis of economic and environmental values to
incorporate recreational and ecosystem values in public policy; (iii) modeling and predictive
tools to create integrated systems of support for decision making; (iv) the elaboration of policy
proposals to reinforce the public environmental goods and services provided by agroforestry of
high nature and cultural value; and (v) the development of effective institutions and governance
structures to help value and manage silvopastoral systems.
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Introduction
At the moment, several policies and programs have the goal to maintain and enhance
biodiversity in the Dutch rural landscape. This is for instance the case for the recent Common
Agricultural Policy (CAP 2014-2020) (European Commission 2010), the new system for agrienvironmental schemes (ANLb 2016) (van Dam 2015) and realization of the National Nature
Network (NNN or EHS) (IPO 2015). Agroforestry -defined as “the practice of deliberately
integrating woody vegetation (trees or shrubs) with crop and/or livestock production systems to
benefit from the resulting ecological and economic interactions” (Den Herder et al. 2014;
Mosquera-Losada et al. 2009)- has the potential to contribute to more biodiversity on farms
(Jose 2009). Despite the above mentioned policy instruments, further development or
introduction of agroforestry progresses slowly in The Netherlands. In this article we present
several reasons why, from a farmers’ point of view, planting trees in the Dutch rural landscape is
unattractive at this moment. Furthermore, we suggest possible solutions that enable further
development of agroforestry in the country.
Material and methods
During the designing and planning phase of agroforestry projects in The Netherlands,
we encountered several problems regarding existing regulations and schemes. The bottlenecks
were inventoried and are mentioned below. Secondly, as part of the Agforward project, farmers
perspectives on agroforestry were inventoried. Dutch farmers already active with agroforestry
(12) and farmers which have the ambition to plant trees (4) were interviewed. Additionally, other
stakeholders were consulted, like rural developments organisations (3), organisations of the
agricultural sector (2) nature organisations (2) and researchers (3). All persons were asked to
come forward with possible solutions to overcome the bottlenecks for agroforestry. Additionally,
literature was collected to cross-check the statements of the interviewed persons (displayed
below).
Results
The main reason for farmers to find the planting of trees unattractive is the strict division
in land use between ‘nature’ or ‘forest’ and ‘agriculture’. Most trees species are categorized by
CAP as ‘nature’ and not as a ‘agricultural crop’ (except for poplars, willows for SRC and fruit
trees). When a farmer plants more than one single row of 20 trees or 1000 m2 of trees, the
trees are protected by the Dutch Forest Law (BIJ12 2015). The Dutch Forest Law prescribes
that once landscape elements and trees are planted, they cannot be removed without a special
permit and one is obliged to do replanting of the removed trees. Then there is the issue of
allotment of the used land. When trees are planted there is a risk that the land use classification
changes from ‘agriculture’ to ‘nature’. Land classified as ‘agriculture’ has a 2.5 to 3 times higher
economic value than land classified as ‘nature’ (CBS, PBL & Wageningen UR, 2006). In other
words, planting trees may cause a devaluation of land value and reduced premiums per hectare
farmers receive. Several cases have been reported recently, where farmers had to complain to
the authorities because of a change of land use classification due to the presence of trees or
hedgerows on farmland. If farmers realize woody vegetation in the framework of the NNN, they
are offered grants to compensate the land devaluation or compensation land (ground-for-ground
principle) (IPO 2015). Farmers give this often a second thought, as the compensation comes
with the obligation that the allotment change from ‘agriculture’ to ‘nature’ is permanent.
Management is strictly regulated, even the choice of tree species and tree varieties are
prescribed. In other cases where cultural historic, protected trees or shrubs are already present
on agricultural land, the land has a lower economic value, only because of the presence of
woody vegetation (VNC 2016).
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Since the first of January 2016 a new system for agri-environmental schemes has been
introduced in The Netherlands. The maintenance of trees or hedgerows for the realization of
high nature farmland is subsidized, only if the farm is located in a pinpointed area where the
effectiveness of nature development for reaching Natura 2000 goals is estimated to be high (for
instance near a nature reserve). This means that individual farmers, that are willing to introduce
and maintain trees on rural land, fall by the wayside, because the land is not located in the right
place. In some parts of the country local regulations can be a bottleneck for agroforestry. In
some parts, planting trees is not permitted at all, because of specific cultural landscape values
or because of ancient windmill rights. In these areas even the planting of coppices is prohibited.
Then there is a technical problem with the yearly crop specification for farmers (RVO 2015). The
system is not open to multifunctional land use. As farmers have to report planted crops on field
level yearly, this will be a recurring problem when they use agroforestry practices . Last but not
least, farmers are also reluctant to realize natural elements, because of the possible
appearance of red-list species on their farm. Rare species are protected and permits for
building, farm extension etc. is depending on the non-existing of red-list species. The creation of
natural biotopes can therefore become a bottleneck for further development of the farm in a
later stage.
Discussion
At the moment existing regulations cause a division between the two land use types
‘agriculture’ and ‘nature’, which makes it unattractive for farmers to integrate trees in the Dutch
rural landscape. Probably, this tension exists in many European countries, but in The
Netherlands –with relatively fertile soils, a high demand for land and a dense population- this
tension is extremely present.
In general, grant schemes and regulations for trees and landscape elements are only designed
for the protection of ‘nature’ and are not designed for farmers that want to integrate trees in the
farming system and implement agroforestry systems on landscape, farm or field level. The
differences in economic value of the land use types ‘agriculture’ and ‘nature’, make it even more
unattractive for farmers to plant trees. In areas where cultural historical landscape elements on
agricultural soils are still present, we see that trees or hedgerows are (partly) maintained on
landscape scale only, if additional funding is available for instance from agri-environmental
schemes.
To overcome these bottlenecks, we should focus on integration of the two land use types,
instead of segregation. We state that there is a need for an integral vision that includes trees
and landscape elements as being part of the agro-ecosystem. With this integral vision, policies
and regulations can be developed that make it more attractive for farmers to use agroforestry
practices. For the development of agroforestry, we therefore need a different classification
system of land use, with more flexible elements. In the past we had the arrangement of
‘temporary forests’ (Jansen 2004). This gave farmers the opportunity to change the land use
type for a certain period into nature. We cannot speak of real integration of trees within the
farming system, but at least this temporary settlement included some flexibility. An extension of
this arrangement, or a same kind of temporary settlement, may create the necessary room for
experimenting with agroforestry in The Netherlands. Another beneficial development would be,
if agroforestry would be classified and acknowledged as one of the greening measures for
ecological focus areas for the CAP, like it is the case in Belgium (Vlaamse Overheid 2016).
This, together with ambitious farmers that are willing to experiment, the gap between agriculture
and trees can be filled and trees may in time be acknowledged as functional elements on field,
farm and landscape level.
Acknowledgements
This research is part of the Agforward project, which receives funding from the
European Union Framework Programme for research; technological development and
demonstration under grant agreement no 613520.

29

3rd European Agroforestry Conference – Montpellier, 23-25 May 2016
Development of agroforestry in Europe (and beyond): farmers’ perceptions, barriers and
incentives (oral)
References:
BIJ12 (2015) Boswet, found on 15th of February 2016.
http://www.portaalnatuurenlandschap.nl/themas/natuurwetgeving/nederlandse-wetten-regelingen/boswet/
CBS, PBL, Wageningen UR (2006). Grondprijzen voor verschillende natuurbestemmingen (indicator 1304, versie 03, 13
januari 2006). www.compendiumvoordeleefomgeving.nl. CBS, Den Haag; Planbureau voor de Leefomgeving,
Den Haag/Bilthoven en Wageningen UR, Wageningen.
European Commission (2010) The CAP towards 2020. Meeting the food, natural resources and territorial challenges of
the future, communication from the Commission to the European Parliament, the Council, the European
economic and social committee and the committee of regions. 18th of November 2010, Brussels
Den Herder M, Burgess P, Mosquera-Losada MR, Herzog F, Hartel T, Upson M, Viholainen I, Rosati A (2014)
Preliminary stratification and quantification of agroforestry in Europe. Milestone 1 Agforward project
http://www.agforward.eu
IPO (2015) Natuur in de provincie: één jaar natuurpact in uitvoering. Den Haag, The Netherlands
Jansen PAG (2004) Van tijdelijk naar permanent bos. Probos, Stichting Bos en Hout, Wageningen, The Netherlands
Jose S (2009) Agroforestry for ecosystem services and environmental benefits: an overview. Agroforestry Systems 67:
1-10
Mosquera-Losada, M.R., McAdam J., Romero-Franco, R., Santiago-Freijanes, J.J and Riguero-Rodríquez A (2009).
Definitions and components of agroforestry practices in Europe. In: Rigueiro-Rodríguez, A., McAdam, J.,
Mosquera-Losado, M. (eds) Agroforestry in Europe: current status and future prospects. Springer Science +
Business Media B.V., Dordrecht, p. 3-19.
RVO (2015) Toelichting bij de Gecombineerder opgave 2015. Rijksdienst voor Ondernemend Neder land, Den Haag,
The Netherlands
Van Dam M (2015) Nieuw stelsel agrarisch natuur- en landschapsbeheer. Letter of the state secretary of Economic
Affairs to the Head of the Second Chamber, 30th of November 2015, Directoraat generaal Agro en Natuur,
Directie Natuur en Biodiversiteit, Den Haag, The Netherlands
Vlaamse Overheid (2016) Ecologisch Aandachtsgebied, found on 11 th of April 2016.
http://lv.vlaanderen.be/nl/subsidies/perceelsgebonden/vergroeningspremie/ecologisch-aandachtsgebied
VNC (2016) personal communication by Vereniging Nederlands Cultuurlandschap, Beek Ubbergen, The Netherlands

30

3rd European Agroforestry Conference – Montpellier, 23-25 May 2016
Development of agroforestry in Europe (and beyond): farmers’ perceptions, barriers and
incentives (oral)

CHARACTERS IMPLEMENTING AGROFORESTRY
PRACTICES IN VIRGINIA, USA: CHALLENGES AND
PATHS FORWARD
Fike JH1*, Munsell JF2, Downing A3, Mize TA4, Daniel JB5, Johnson JW 1, Teutsch CD7
* Correpondence author: jfike@vt.edu
(1)Crop and Soil Environmental Sciences, Virginia Tech, Blacksburg, VA 24061 USA (2)Forest Resources and
Environmental Conservation, Virginia Tech, Blacksburg, VA 24061 USA (3)Northern District Forester, Virginia
Cooperative Extension, Madison, VA 22727 USA (4)Fauquier County and Virginia Cooperative Extension, Warrenton,
VA 20186 USA (5)Natural Resources Conservation Service, Farmville, VA 23901 USA (6)Southern Piedmont
Agricultural Research and Extension Center, Virginia Tech, Blackstone, VA 23824 USA

Introduction
Challenges of meeting sustainability and production metrics have sparked greater interest in
robust, “conservative” cropping systems. Agroforestry aligns well with these goals, offering
opportunities to improve resource management, increase output and diversity, provide multiple
conservation services, generate additional short- and long-term economic returns, and enhance
aesthetic appeal of farmlands.
Agroforestry principles can be used to design farming systems that more closely mimic natural
ecosystems. This approach is holistic: interactions among multiple components are used to
boost overall productivity rather than eliminating interactions to support production of individual
components. I.e., agroforestry increases productivity through increasing complexity.
Integrating trees, crops and/or livestock is considerably more management intensive than
conventional agriculture. Knowledge and layout of system components and planning for farm
activities are required to avoid labor shortages and potential between land use conflicts
(Workman et al., 2003). Herein is a paradox for agroforestry: those same features – diversity
and complexity – which create the benefits of agroforestry also are attributes that challenge
producers and limit adoption.
Barriers to adoption:
Lack of familiarity is a key hurdle to adopting agroforestry. “Agroforestry” as a term likely
has little recognition with producers within agricultural sectors. However, conservation-centered
practices such as windbreaks and shelterbelts are well known in the USA and riparian buffers
have also become important conservation practices to address stream impairment.
In contrast, silvopasture and alley cropping are much less familiar to producers. Less
than 0.2% of farms utilize these practices in the southeastern USA (USDA, 2012) and historical
precedent may work against their acceptance. For many farmers, adding trees is anathema to
their history and heritage of land clearing. For agents and technical service providers (TSPs),
thinning timber stands to support animal production is equally unsettling, given their history of
encouraging farmers to fence livestock from forests.
Limited data on system productivity and economics, few guidelines for establishment
and maintenance, and the small number of experienced producers and professionals who can
provide expertise serve as significant barriers to advancing these practices (Mize 2014).
Training and demonstration sites also are essential for promoting these systems (USDA 0211)
and was painfully evident when staff affiliated with the USDA’s National Agroforestry Center
sought a site to visit within close proximity of Washington, D.C. but none could be identified.
Initial agroforestry research efforts in Virginia, USA:
The trans-disciplinary nature of agroforestry lends itself to collaborative, team-based
efforts. In Virginia, our multi-agency collaborations involve members of academia, federal and
state agencies, non-governmental organizations and producer partners. As a team we have
coordinated efforts and pooled resources to create better opportunities for training, attract
funding for research and demonstration, and promote agroforestry practices more broadly.
This collaborative philosophy also is evident in the advice we give producers. “Build a
team” is our first recommendation for novice practitioners, particularly those looking to engage
in more intensive practices such as silvopasture and alley cropping. No individual producer or
TSP will likely have sufficient expertise on all components of agroforestry systems. The support
of a multi-disciplinary team will likely be essential for the success of most new agroforesters.
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Agroforestry efforts and progress at Virginia Tech began in 1995 when two faculty
members and a USDA scientist installed a small research and demonstration site. Outputs from
this project synch with the establishment and growth of the trees (Bendfeldt et al., 2001;
Buergler et al., 2005; 2006; DeBruyne et al., 2011; Fannon-Osborne, 2012; Johnson et al.,
2012; 2013). Site visits initially were not linked to active extension and outreach efforts. As
such, the research likely was viewed primarily as an academic exercise by most observers,
including by the students working at the site. It is telling that one graduate student expressed
surprise and pleasure upon seeing a “real life” effort to put similar systems in place on farm –
even when that farm was in South Africa.
Challenges of using a single, remote research and teaching site as a means of
promoting agroforestry are self-evident. Dedicated extension programs and demonstration sites
are essential for pushing these systems forward and this has become central to our efforts in
Virginia. We conclude here with information on current programming.
Paths forward – developing programs and guiding adoption strategies:
All forms of agroforestry are suited to Virginia, but our efforts largely have focused on
riparian buffers, forest farming, and silvopastures (described below). Windbreaks often are
planted but receive little management and alley cropping systems are just beginning to be
explored.
Riparian buffers and other conservation practices offer an easy entry point for
agroforestry adoption. They are familiar to agents, TSPs, and producers and designed to
address or prevent environmental problems. However, market development and credits to
reward landowners for adopting these practices could increase their utilization (Trozzo et al.,
2014ab). In Virginia, it is difficult for traders to generate credits from agroforestry practices
because they have not been evaluated for use in water quality markets under existing
regulations. A broad, diverse taskforce was formed to develop recommendations and tools for
generating and selling nutrient credits from agroforestry in the Bay watershed. Taskforce teams
currently are determining how to assign nutrient value to an agroforestry offset credit and will
develop guidelines on how to generate and sell these credits within the current nutrient trading
program. In a related effort, nutrient flows from agroforestry research and private farm sites are
being monitored; data gathered will be used to assign monetary values to the agroforestry offset
credits. Monetizing these ecosystem services should support greater adoption.
Forest farming education has historically been minimal, but growing landowner interest
is driving greater outreach and education. Our efforts largely focus on production of medicinal,
edible, decorative and handicraft crops, especially American ginseng (Panax quinquefolius).
Uneconomical prices associated with wild harvest markets and wide product quality and
availability have limited the value of other potential crops (Burkhart and Jacobson 2009; Vaughn
et al., 2013). However, forest farming education and networking has increased farmer numbers
and grown markets. Through the Appalachian Beginning Forest Farmer Coalition Virginia Tech
provides technical, administrative, market sales, and state regulatory training and support
related to production using forest grown verification, organic production, and best handling and
processing practices. This is helping meet the demands of a growing consumer base interested
in medicinal product origin, quality, and sustainability. These premium products are improving
the financial equation for a growing network of Appalachian forest farmers and has important
value for a region dominated by private forests and limited resource communities. With low
startup costs, modest acreage requirements, and emerging price premiums, forest farming is an
intuitive agroforestry strategy that contributes to Appalachian economic in transition.
Silvopastures have potential for broad adoption but these practices largely are unknown
in Virginia. Agents and TSPs often demonstrate awareness of these systems but limited
knowledge about implementation and management. Further, encouraging adoption is difficult
without better information on profitability. Our initial efforts to promote silvopastures began with
“Train the trainer” sessions. National and local experts gave classroom and on-site instruction
that provided opportunity to learn, share concerns, and debate merits and challenges of
silvopastures. Three months after training respondents indicated the program had increased
their knowledge and helped them recognize silvopasture feasibility and over 60% had
subsequently discussed silvopastures with producers and training sessions are on-going. Four
new widely distributed research and demonstration sites have been developed in the past three
years with internal and external funding, demonstrating both thinning and planting
implementation strategies.
Shade for animals likely will be the strongest appeal of silvopastures to producers, even
though rates of return from trees can be greater than from livestock. Ironically, the buffer strips
and stream fencing used to reduce livestock impacts on surface waters may increase
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silvopasture adoption. Once excluded from streams, animals often have no access to shade
and silvopastures may be seen as a way to deal with this animal welfare issue.
Growth of agroforestry programs in Virginia leaves us optimistic about future outcomes.
Opportunities to work with state and federal agencies and influence priorities have helped
support programs and adoption. E.g., Virginia recently adopted silvopasture as a conservation
practice and producers in the state are beginning to utilize cost share to implement this practice.
Although the pace of change is slow at times we take a long view – which is essential when one
manages trees.
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Introduction
Dehesas (SW of Spain) are agroforestry and pastoral systems traditionally used by livestock.
These systems stand out for their high environmental and socio-economic value, where
livestock plays an essential role in their maintenance and conservation.
In parallel, the beef meat sector in Spain represents 5.8% of Final Agricultural Production and
15.3% of the Final Livestock Production. The number of organic beef cattle farms is 2,901, of
which 1,845 correspond to the dehesa area, with a total of 106,599 ha (MAGRAMA, 2012).
Dehesas present optimal conditions for the development of organic production due to the ease
of conversion of traditional extensive systems to the agro-ecological model (Horrillo et al.,
2016). However, the adaptation to these systems is not the same for all livestock species and
farming systems. Likewise, its impact is not considered in the same way by all the stakeholders.
In this context, this paper analyzes the differences between the various stakeholders on the
vision they have in relation to the economic and environmental benefits of organic farms,
particularly in the case in beef cattle in dehesa agroforestry systems. To this aim we used a
Delphi analysis with a panel of experts in organic livestock production on rangelands. The
experts were selected from public Institutions, farming, research bodies, agricultural
Organizations and companies in the sector.
Delphi forecasting has been recently applied in various fields, such as forest management
(Edwards et al., 2011). This methodology has also been lately applied in agricultural systems,
for example in the analysis of animal monitoring technologies (Busse et al., 2015), in the
modeling of systems supporting farm management (Tanure et al., 2013), or in the assessment
of ecosystem services provided by agro-systems (Rositano and Ferraro, 2014).
Material and methods
The Delphi method has been used as a way to generate predictions in uncertain environments ,
where one cannot resort to techniques that use objective data (Landeta and Barrutia, 2011).
The Delphi method is traditionally based on the use of a representative panel of experts who
evaluate different issues by means of a questionnaire. The experts are requested to indicate
likelihood of occurrence or their agreement/disagreement with the statements shown. Selected
experts should not communicate among each other, and their opinions are obtained either by
mail, telephone or through internet tools.
To design the questionnaire used in this work, the starting point were in-depth interviews
conducted with four experts in extensive livestock systems and organic production. These
interviews, along with previous experience of the research team and a deep literature review
allowed generating the first version of the questionnaire. Subsequently, the questionnaire
underwent a first review by the experts and the research team.
According to other research using Delphi, a 5-point Likert scale was used in all questions in
order to assess the degree of agreement or disagreement of the panelists (Kirezieva et al.,
2015). The scale used in our questionnaire was the following: -2 (strong disagreement or very
unlikely occurrence), -1 (disagreement or unlikely occurrence), 0 (indifference), +1 (agreement
or likely occurrence) and +2 (strong agreement or very likely occurrence). This scale was
selected as we considered that it would allow the panelists to express more easily their points of
view with respect to the different issues raised.
The selection of experts is considered one of the aspects that most influence the quality of
Delphi studies (Almansa and Martínez-Paz, 2011) and therefore special care was paid to this
phase. In this research, panelists were required to show a sound knowledge of extensive and
organic traditional cattle production in SW Spain. The final names were obtained by internal
conference within the research team, subsequently making personal contact with each of the 47
selected experts in order to explain the objectives and principles of the research and obtain a
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commitment to participate. Despite this previous contact, the final valid answers obtained were
39, whose answers have been grouped together according to their affiliation (Government
officials, Livestock farmers, Researchers, Livestock associations) in order to study if there were
significant differences in their responses to the questions posed.
The development of the panel was based on the online tool Google Forms
(www.docs.google.com), in which the responses from the panelists were collected. The
questionnaire involved the most relevant aspects for the future of organic beef farms in dehesa
systems, with questions about the evolution of this productive system, the marketing of its
production and the positive and negative effects that the CAP and its agrienvironmental
measures may have.
Results
Benefits for the environment
Some environmental aspects were analyzed in order to detect the possible benefits that could
be obtained with the transition from the conventional beef production model to the organic one
in dehesa farms.
Figure 1 shows the differences between the different groups of experts. It clearly shows that the
panel members belonging to the Government and Research centers believe that the conversion
of farms to organic will lead to improved rangeland systems and will generate benefits for the
environment. However, the group of farmers disagrees about several aspects, denying that the
switch to an organic production system will enhance biodiversity and native genotypes or that it
will conserve trees and vegetation cover. The associations show the more critical view,
disagreeing on the improvement of environmental aspects in pastures that the conversion to
organic could bring.

Improvement in biodiversity
and native breeds

2
1
0

Improvement in agricultural
practices

Preservation of tree and bush
cover

-1
-2

Better rationalization of use
of pasture

Governm. Off

Soil improvement

Liv. Farmers

Research

Liv. Associat.

Figure 1: Benefits from switching to the organic model: average rating per stakeholder group.

Stocking rates and native breeds
Other aspects in which the experts have not agreed were on the effect that the conversion to
organic could have on native breeds and on the stocking rates. Although an increase of native
cattle could be expected based on its better adaptation to the environment, this fact was not
supported by all the stakeholders. The same happened regarding the evolution of stocking
rates, were a reduction of its levels could come from the change to the organic model (Figure
2).
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As it can be appreciated in Figure 2, researchers and experts in the Administration are the ones
who consider most feasible both facts, in contrast with farmers and associations with a positive
response but close to the central axis.

Increase local breeds

Lower stoking rate
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Liv. Associat.
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Research

Liv. Farmers

2
Governm. Off

Figure 2: Stocking rates and native breeds: average rating per stakeholder group
Incomeimprovement and cooperativism
Regarding the likelihood of an improvement in income distribution, Figure 3 shows that groups
of associations and farmers are largely at odds with the statement that the introduction of the
organic model in extensive beef cattle farms will improve farmers’ income and will promote
associationism. These points of view are sharply in contrast with those expressed by
participants from Government and Research centers.
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Figure 3: Income improvement and cooperativism: average rating per stakeholder group neque.
Discussion
In this study, differences between stakeholders in relation to environmental and economic
aspects have been found. Government officials and researchers are optimistic regarding the
potential benefits for the environment of organic farming. Conversely, livestock associations
doubt whether there will be benefits from the conversion of agroforestry systems to the organic
production model. It was also noted that those participants from Research centers and Public
administration believe that organic farms will promote an increase in the percentage of local
breeds and a reduction of the stocking rates.
On the other side, from the point of view of the economic management of the farms, it was
observed that farmers and their associations disagree about the positive effect that the organic
production model could generate regarding the potential improvement of incomes and the
promotion of associationism.
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Introduction
The Multifunctional Perennial Cropping systems (MPCs) research project surveyed cropland
landowners to explore how their socio-demographics and attitudes influence their willingness to
implement new perennial cropping systems, specifically on marginal cropland. The land considered
marginal, poor yield and high environmental degradation, for conventional Corn Belt agriculture but
suitable for supporting perennial production is opportunity land for MPCs. MPCs are designed to be
an agroforestry-esque system that includes a perennial production system that also improves the
sustainability of agriculture through conservation and rural development.
An appropriate target for implementation efforts could be small or medium sized farms . Based on
the U.S. Department of Agriculture 2012 Census, small farms of less than 180 acres make up 20%
of agricultural land area and 85% of the number of farms in the U.S. In addition, small farms are the
recipients of most of the conservation program payments from U.S. government (Hoppe et al.
2010). The addition of a production component can elevate the conservation acreages to be
multifunctional perennial cropping systems with economic, social, and environmental benefits
(Alavalapati et al. 2004; Rosset and Martínez-Torres 2012; Liebman et al. 2013). Due to the large
number of small farms and their contribution to rural communities, targeted efforts for implementing
new agriculture land-use strategies can benefit both the environmental and rural development goals
in a new MPCs agricultural paradigm.
Agroforestry and technology adoption theory (Trozzo et al. 2014, Venkatesh et al. 2003) have been
used to test models of landowner interest in productive riparian buffers. Using an agroforestry
interest framework by Pattanayak et al. 2003, key variables were identified that could predict
interest in agroforestry adoption. The planting experience of the landowners and their perceived risk
of the system influenced their degree of interest (Trozzo et al. 2014). Thus measuring the adoption
potential of marginal cropland would rely on the status of the farm management decision maker,
whether an absentee landowner, owner operator, or tenant farmer (Daloğlu et al. 2014).
The study area for the MPCs project was the Upper Sangamon River Watershed (USRW) located in
Central Illinois. This project worked in conjunction with additional research projects at the University
of Illinois at Urbana-Champaign, including studies on the specific benefits of agroforestry systems in
the U.S. Corn Belt. To address the low adoption of agroforestry-esque systems, the MPCs project
aimed to explore landowner characteristics and attitudes to classify into groups of landowner
typologies, and to identify the highest potential adopters.
Material and methods
A farmer survey was developed following the guidelines set in Dillman 2009 for mixed-mode mail
and online surveys. Survey materials were mailed out to landowners in the study region within
Central Illinois: the Upper Sangamon River Watershed (USRW). Farmers were given the option to
complete the survey online (surveymonkey.com). Two focus group meetings were held after the
initial analysis of the survey data to fill in gaps.
The survey included questions regarding demographic information, valuation of ecosystems
services, and motivators for adopting new cropping systems, including Likert scale questions
(Dunlap et al. 2000; Villamil et al. 2012). The demogra phic questions mirrored the Agricultural
Census 2012 format so the results could be compared to the general agricultural population. As
demonstrated in other studies, tenancy is an important factor influencing implementation
of perennial systems. The most common classification of lease arrangements are cash rent (the
tenant pays the landlord a cash sum for the rights to use the land and farm resources) and crop
share (the tenant pays the landowner a percentage of harvested crops and the landowner pays a
portion of the costs).
Exploration of the survey data and summary statistics were calculated using the “R” Statistics
programme. Focus groups were held following initial analysis of the survey data to provide a more
in-depth discussion of adoption preferences and barriers with landowners and other agricultural
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stakeholders. Multivariate statistical procedures were employed to determine landowner typologies
for agroforestry adoption interest using Hierarchical Cluster Analysis (HCA) and discriminant
analysis.
Results
Our sample included 99 surveys that were returned and met all criteria for statistical use.
Demographic characteristics of the sample population show similar trends to those seen in the 2012
Census of Agriculture (USDA NASS 2012). The operator landowners in the response group
reported smaller acreage farms. In terms of land tenancy, 36.2% respondents rent out over 90% of
their cropland (n=94), indicative of absentee landowners. There was a high rate of renting and
leasing acres in the study region with the majority of the landowners not being the farm operator.
Potential land conversion to MPCs
Of the respondents, 62.5% stated they have some degree of marginal land (n=96). They reported
an average of 32.2 acres (SD= 72.9, n=56) of marginal land, with a range of 0.5 -500 acres. The
most popular use for marginal land was to have it enrolled in conservation programs, an average of
40 acres (SD= 72.2, n=20) and ranging from 2-250 acres in CRP. Over half of respondents, 65.5%
(n=58), would convert their marginal acres to MPCs. Respondents that did not report marginal
acres were still likely to give their preferences for MPCs systems (n=84) (Figure 1).
Figure 1. The Likert scale questions asked for the likelihood a respondent would participate in the given MPCS system
(n=84). On the Likert Scale, 1 = not applicable, 2= definitely would not participate, 3= maybe would not participate, 4= maybe
would participate, 5= definitely would participate. The frequency of importance rankings of the interest of respondents in
adopting varying types of perennial cropping systems: hay or forage crop, bioenergy crops such as switchgrass, tree/shrub
nut crops such as hazelnut, tree/shrub fruit crops such as currants, forestry for timber, orchards, and woody floral crops.

Multivariate Analysis
Hierarchical Cluster Analysis (HCA) was used to classify the respondents into landowner typologies
for the purpose of identifying high potential adopters. The selection of number of clusters is based
on reducing to the fewest number while maintaining homogeneity within using Ward’s method.
Criteria used in this were an R Squared >0.80 and a low magnitude of change in the be tween
cluster sum of squares relative to later cluster joins (Figure 2).
The R squared criteria was met at 6 clusters. The 0.80 guideline was met at 7 clusters. The
reduction from 7 to 6 clusters resulted in a very low reduction in the R squared (0.01) and the
largest jump in BSS observed up until that point in the Cluster Analysis 31.43). The next change in
magnitude occurred at the reduction from 5 to 4 clusters. With all the criteria considered, 6 clusters
suggested satisfactory homogeneity within the clusters in terms of classifying landowner types.
With the farmer typologies classified (Table 1), discriminant analysis used the response variables to
model whether or not a respondent was a high or low potential adopter. The error rate for
misclassification was found using cross validation. The discriminant function correctly classified
potential adopters 88.46% of the time and correctly classified non-potential adopters 69% of the
time. Stepwise selection was used to find the best variables for creating the discriminant function to
discriminate whether a respondent is a potential adopter. The significance level for entry was 0.3
and the significance level for staying was 0.15. The most important characteristics about a
respondent were: how they valued the conservation of plant diversity, their future involvement in
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farm management decisions, whether farming was a primary or secondary occupation, and their
interest in harvesting land under conservation program contracts.
Table 1: Typologies of Farmers in the study area

Figure 2: Dendrogram of the cluster analysis solution showing individual cases
grouped hierarchically into six clusters, with three levels of adoption potential. Green is high, yellow
is medium, red is low potential.
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Discussion
The focus group and the survey free response questions provided additional information for the
interpretation of the landowner typology clusters. There is interest in MPCs and they were believed
to have potential given several caveats. One, there needs to be developed markets and
infrastructure to support the production of MPCs crops. In the survey data, the motivation and
incentives most important to respondents were the existence of an established market for the
perennial products and tax exemption. Secondly, the HCA showed that high potential adopters of
MPCs are young and educated landowners. Efforts should be focused on identifying this labor force
willing to learn and manage MPC systems. Participants in the focus group concluded that educating
and involving the next generation of farmers could be a solution.
Overall, survey respondents were not interested in working with neighbors or a product cooperative,
and the focus group highlighted issues with landowner-tenant relationships. However, the use of
perennial networks would greatly benefit the stability and viability of the product markets and
demand, so further work in this area is recommended.
The next step in this project is to identify marginal land suitable for MPCs in the USRW, taking into
account land characteristics and the socio-economic data collected from the survey. The RUSLE
soil loss equation will be implemented in ArcGIS software using spatial data layers pertaining to
land use, soil type, slope, and field size.
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Introduction
In the current EU energy and climate policy a greater utilization of renewable energy is targeted.
This is also likely to increase the demand for biomass resources as well. A significant proportion
of biomass comes from forests. Increase of forest areas can only be achieved through wooded
areas outside the forests. In Hungary, the use of buffer strips has a long and successful history,
so the extension of their application would be justified. This paper presents the evolution, main
characteristics and recent associated research and development activities on the Hungarian
shelterbelt system.
Material and methods
Forestation programs of Hungary between 1946-1990 appropriated wide range shelterbelt
establishments on agricultural areas. The ownership structure of socialization based on
production cooperatives and centralized governance, which made possible to (re)form
supportive cooperation of agriculture and forestry. In 1960 the length of the „field protecting”
forest-belts achieved 2,500 km, which included 1,000 km on the Small Plain. Subsequent
sources of 1975 mention 8.8-9.8 thousand hectares of extant shelterbelts for ”field and
meadow” protection (Keresztesi 1991, and Bán et al. 2001). The plan was to reach 30 -33
thousand ha of total green-belts by establishing 20 thousand hectares more of all windbreakkinds until 1990.
The Institute of Silviculture and Forest Protection is to survey the existing shelterbelt systems,
roadsides’ and related linear afforestations on the area of Győr-Moson-Sopron county and
Small Hungarian Plain. The analysis started on two territories: (i) with 17 ha belts on 12 km2
area (Sopronhorpács, spacious network, forest soils) and (ii) with 13 ha on 10 km2 land (Sarród,
dense network, organic meadow soils). These were established in an old style, but perfect
examples in good conditions to study.
Results
Nowadays approximately 11900 hectares shelterbelts can be found in Hungary from which
privately owned: 77%, state-owned: 18.4%, community owned 3.9% and the infinitesimally
(0.7%) in mixed owned.
As far as the tree structure, it is very different from the average tree structure of Hungarian
forest. The most important tree species are in the shelterbelts black locust (Robinia
pseudoacacia 50%), pedunculate (English) oak (Quercus robur 12%), Hungarian elm (Fraxinus
angustifolia ssp. pannonica 5%), red ash (Fraxinus pennsylvanica 5%) and the others are under
4% (Figure 1).
In the Hungarian silviculture system four systems are distinguishable: clearcutting system,
transition system, selection system and non-wood productive forest. In the case of transition
system, the goal is to reach the selection system. The selection system is a method in which
individuals of trees or groups of trees are harvested periodically and frequently. By the nonwood productive forest, the aim is to let natural processes taking their course. Felling is possible
only for scientific, protection or regeneration purposes. The distribution of silviculture systems of
Hungarian shelterbelts is shown in Table 1, and Table 2 shows the minimum and maximum
cutting age for important tree species grown in shelterbelts.
Table 1: The distribution of silviculture system of shelterbelts
Silviculture system
clearcutting
selection system
non-wood production forest
transition system
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4.27
67.4
9.84
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Table 2: Some tree species and their minimum and maximum cutting ages when grown in
shelterbelts
Tree species
Min. cutting age (year) Max.
cutting
age
(year)
European beech (Fagus sylvatica)
100
130
white polar (Populus alba)
18
no limited
grey aspen (Populous x canescens)
25
no limited
pedunculated oak (Quercus robur)
20
no limited
The cutting age in the shelterbelts is very different from the cutting age used in traditional forest
management. The reason is that the first function of the shelterbelts is the protection of soil
and/or agricultural land.
Southern
ash
1% common ash
6%

grey poplar Siberian elm
4%
1%
I-214 poplar
2%

Tree distribution of more than 100 ha
ash-leaf maple
1%

common alder
2%
pedunculate oak
12%

black locust
50%

Marilandica poplar
2%
Norway maple
1%
sycamore maple
1%
silver poplar
1%
Russian olive
black pine
3%
1%
othres non native
robusta poplar
poplars
3%
1%

red ash
5%

Turkey oak
1%

Figure 1: Tree distribution of trees which have occupied more than 100 ha
Since the structure and species composition of shelterbelts significantly different form that of
production forests, natural regeneration in shelterbelts is in many cases almost impossible.
Discussion
The changes in the composition of the examined individual shelterbelts and the networks built
up of them are originated in historical, land use and management events. The decades of
socialization and the time passed since the privatization of rural lands are also stamped the
development of linear forested establishments – such as windbreaks, shelterbelts, alleys or
hedgerows – on rural areas. On our research sites the main functions are protection of the soil
against deflation and protection of the road traffic against snow. Of course there are more
objectives – nature conservation, wildlife habitats and economic relations –, but the common
and most determinative objective is the sustainable structure which is the root of any
usefulness. Among others, our goal is to compare the planting plan (1953) with the shelterbelt’s
structure in 2002 and 2015. The results - experimental data on long-term development of
shelterbelts – will be adaptable input for structure design and in future rehabilitation of old forest
belt systems.
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Introduction
More than a million migrants and refugees crossed into Europe in 2015 and hundreds of
thousands more immigrated within Europe (Eurostat 2016). While these figures are driven by a
myriad of reasons, many are fleeing food insecurity only to end up in situations where they still lack
physical and economic access to sufficient, safe, and nutritious food that meets dietary needs and
preferences for an active and healthy life (FAO 1996). As these populations settle into the rural,
peri-urban, and urban areas that will become their homes there is potential for the latter two areas
to solidify into so-called “Food Deserts.” These are areas with “poor access to healthy and
affordable food which may contribute to social and spatial disparities in diet and diet -related health
outcomes” (Beaulac et al. 2009). As the definition implies, these areas are disproportionately more
likely to be located in low-income, predominately minority neighborhoods (Raja et al. 2008). This
paper focuses on the problems of food insecurity and potential food deserts for recent immigrants
settling in urban and peri-urban environments throughout Europe. Specifically, it examines how
food insecurity (and to a lesser degree some of its drivers) can be addressed through the lessons
learned from the dynamics of agroforestry adoption. The authors suggest borrowing tools used in
institutional analysis centered on agroforestry adoption in order to measure the potential
sustainability of newly forming or transplanted communities and matching these with GIS mapping
of existing Food System Pathways (FSP) in order to identify targets for food distribution and
agroforestry technology extension improvements. The goals of this process are to: prioritize targets
of rural sustainability and peri-urban production efforts and strengthen logistical connections
between these areas and urban centers. To this end, we will first explain how potential sustainability
can be measured using agroforestry adoption study methodologies. Next, using Nairobi as an
example, we will show how GIS mapping has been used in other contexts to identify food deserts
and FSP crossing the rural / urban divide. And finally we will note how agroforestry technologies
have been shown to sustainably address food insecurity while helping to reduce climate change.
Methods
Sociological Context of Sustainability Measurement - Despite numerous efforts over the
years to measure and integrate the ecological, economic, and social aspects of sustainability, a set
of universally acceptable standards for measuring sustainability does not exist. Agroforestry
systems (AFSs) are considered paradigms of sustainability, and in that sense can be used as
general markers of sustainability for a community. Moreover the science of agroforestry has
developed measures of sustainability for various components of AFS, but even these are faced with
difficulties when it comes to holistic quantification and comparison. In ecological terms, the best
criteria and indicators of AFS sustainability are ecosystem services. In terms of economic
sustainability, the principles and procedures of ecological economics and valuation of ecosystem
services are useful approaches. While both ecological and economic factors influence perceptions
of agroforestry systems, benefits from neither of these realms can be realized without some level of
adoption, a decision based primarily in the sociological sphere (Nair and Toth 2016). Measurement
of social sustainability, perhaps more challenging than measurement of the ecological and
economic components, entails assessment of such social factors as policy, culture, and other
socioeconomic indicators (i.e. the institutional environment). Policy is the best entry point for
stimulating change in an institutional environment (Place et al. 2012). Given that policy’s influence
resonates through the casual chain that affects the use of sustainable agriculture, it can be utilized
as an acceptable indicator of the potential for such use in a given community. This is because
smallholder farmers view the influential factors of sustainable agriculture through the lens of an
institutional environment, which policy helps to shape.
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Applying this approach relies on an understanding of the connections between previous
policy implementations and sustainability outcomes. This understanding can then be compared with
results of technology-adoption surveys and the functionality of schemes meant to incentivize use of
sustainable-agriculture, such as Payments for Ecosystem Services. A general sense of potential for
sustainability can be gained if, in addition to policy, the cultural and socioeconomic elements
described below are investigated properly, allowing for a summation of the manner in which drivers
of sustainable agriculture are perceived by a community (Table 1). Investigations of this nature are
carried out through surveys, the results of which can then be calibrated against the results of
biophysical-sustainability measurements in order to refine the process and produce a set of
acceptable parameters. Identifying institutional factors is not difficult. Culture, and the social
guidelines that define it, are easily ascertainable and for the most part well-defined for the majority
of societies. Likewise, determining a particular household’s socioeconomic status relies on
indicators such as income, assets, and political position that require only cursory investigation.
Moreover, even if policy is not clearly defined in writing, it can be ide ntified through the rules it
shapes and their effects. The difficulty lies in determining how these factors interact with one
another to influence the adoption of agroforestry and thus the environmental sustainability of an
agricultural setting. And this makes survey design and verification extremely important. Repetition
has helped hone the quantification of these factors, and most agroforestry -adoption surveys today
contain many of the same primary measures. Unfortunately, given the networked nature of these
influences, it is inappropriate to use them individually for sustainability-assessment purposes. The
existence of one factor (such as policy alone) may be ineffectual without the contributions of the
other factors. Appraisals must be done holistically.
Table 1: Summary of measures for estimating adoption potential of agroforestry systems (Nair and Toth 2016)
Inst. Env.
Parameter
Influence on sustainability
Measure/applicable
Technology dependent, can be positive or negative
Policy
Subsidies
Typically not represented
by stated policies but by
Direct positive relationship
Property rights
perceptions (good b/c
Policies increasing access create demand upturn
Markets
disconnect is common).
Schools, medical, roads, etc., increase adoption
Infrastructure
Often quantified on a
Teaching and supporting tech use has positive effect
Extension
Likert scale using ordinal
Direct positive relationship
Tech available
measures.
Direct positive relationship
Awareness
Type of input can have positive/negative effect
SocioAccess
Typically concrete, i.e.,
economic
not perception. Often
Often tied to soil quality; positive relationship
Property size
factors
quantified
through
Direct positive relationship
Land tenure
continuous
measures
Direction of relationship dependent on other factors
Income/wealth
denotable in intervals.
Mixed; predominately positive esp. w/ awareness
Education
This is good b/c it can
Inverse relationship
Age
highlight differences in
Mixes w/ factors like subsidy creating positive effect
Status
population outcomes.
If necessities met, value of gain often still positive
Culture
Wealth meaning
No “typical” method.
Abstract so difficult to
Stronger correlation with female household heads
Household roles
quantify but has real
Direct positive relationship
Communication
effects. Responses can
If
manager
/
owner
same
influence
is
positive
Marital residency
be through ordinal or
Family size
Often measure of available labor, positive relation
interval
measurement,
Risk tolerance
Direct positive relationship
making
comparison
Norm plasticity
Depends on other factors (e.g., policy)
across studies difficult.

R
11
1
3
2
9
5
2
13
13
7
15
7
11
2
6
12
8
12
4
10
14

Mapping Food Pathways and Food Insecurity - GIS allows for the integration of multiple
data sources, representation of geographic data in map form, and the application of various spatial
analytic techniques for proximity analysis (Chakraborty and Maantay 2011). Researchers have
begun to use GIS techniques to model food insecurity in developing regions (e.g. Liu et al. 2008).
The bulk of this research has focused on macro-level trends and only sparingly applied at the local
level (e.g. city, community, neighborhood, household) due to issues of cost and expertise. The lack
of data at this level makes large-scale models insufficient for use by local planners and
administrators tasked with making decisions regarding the allocation of scarce resources. Efforts
are under way to create high-quality, public-access shapefile layers for a number of major
developing cities. For example, the Center for Sustainable Urban Development at Columbia
University has completed extensive mapping of Nairobi, Kenya, including land use, roads and
transportation, and building density (CSUD, 2014). These data represent a solid starting point for
building a universal FSP geodatabase. Additional layers must be developed for each segment of
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the local food system (e.g. farms and production sites, processing and storage facilities,
transportation routes, and distribution points; Fig. 1C) in order to illustrate FSP impediments and
predict future hotspots for food insecurity. New FSP data for these layers can be collected using
primary sources (e.g. direct observation via global positioning system) or secondary sources (e.g.
remote sensing, aerial photography) where possible to reduce costs. Newly acquired data can be
easily imported into the GIS system as a GPS eXchange Format (GPX) file, and automatically
transformed into a shapefile layer using ArcGIS explorer tool (in ArcGIS 10.2) or equivalent,
producing x,y map coordinates for each pertinent feature along with associated attribute tables.
Once the entire dataset is accumulated into the geodatabase, FSP impediments can be mapped
spatially to provide graphical evidence of location-specific food insecurity.
Agroforestry and Food Insecurity - Agroforestry’s ability to address food insecurity and
climate change are well documented (e.g. Jat et al. 2016, FAO 2013, Jamnadass et al. 2013,
Tscharntke et al. 2012, Lal et al. 2007, and Nair et al. 2004). Equally important to the alleviation of
food deserts is agroforestry’s ability to promote nutritional security through varietal increases
resultant of: direct food, income, and fuelwood provision, as well as improvement in ecosystem
health (Dawson et al. 2013). Many agroforestry technologies are relevant to rural communities,
however, in peri-urban areas one agroforestry practice is particularly relevant: homegardens
(integrated tree – crop – animal production systems, often in small parcels of land surrounding
homesteads). Homegardens evolved over time under the influence of resource constraints including
population pressure and consequent reduction in available land and capital. Hailed as the epitome
of sustainability, these integrated systems have the potential to mitigate environmental problems
while providing economic gains, as well as food and nutritional security to owners. Food production
is the primary function of homegardens; shade-tolerant food crops that can be grown with relatively
less care and attention are the dominant species (Kumar and Nair 2006).
Discussion
By overlaying FSP maps with data collected from sustainability assessments of newly
forming communities, extension agents and policy makers can identify existing and potential areas
of food insecurity and where homegardens or other agroforestry technologies should be prioritized
(Fig. 1A&B). Aside from the direct benefits to rural producers (and the creation of pathways for their
products) this could help alleviate demand on currently overburdened producers while increasing
the availability of healthy organic food in urban and peri-urban areas. This occurs as the framework
targets optimal locations for enactment of peri-urban and rural agroforestry efforts by not only
showing potentially weak points in the value and provision chain but by identifying where extension
efforts would have the greatest likelihood of impact and success. For example, a rural community
with a high potential sustainability measurement that is reasonably distant from an e xisting FSP or
an expanding peri-urban area not near an existing FSP would be excellent targets for agroforestry
extension (specifically regarding homegardens in the case of the latter). Conversely this framework
allows determination of actual (vs. theoretical) FSP impediments for long-term planning, enabling
stakeholders to target geographic locations with the most serious FSP impediments (i.e. food
deserts) to maximize the potential of agroforestry initiatives. And, an additional benefit is that, this
system provides a natural platform for monitoring and evaluating programmatic success that can be
easily updated, calibrated, and utilized as a basis for implementation elsewhere.
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Introduction
Agroforestry Sweden (Agroforestry Sverige) is a national agroforestry association and was
formed the 27th of February 2016. The aim of the association is to promote the development
and spread of agroforestry in Sweden through national and international collaboration. The
association will have activities revolving around agroforestry in its many different forms and give
members a platform for sharing information and ideas for practical agroforestry. The association
was initiated by a group of people with a variety of backgrounds. Among the participants were
agroforestry farmers, researchers, a municipality representative and interested individuals, from
different parts of Sweden. The association's formation was preceded by two conferences about
agroforestry in Sweden, one in Stjärnsund 2014 followed by the agroforestry congress 2015 in
Gothenburg. A great interest for agroforestry was demonstrated during the conferences, and
one outcome was the resolution to create an agroforestry association.
This abstract intends to give a short overview of Swedish agroforestry systems, without
expecting to cover all existing systems. The country has a long history of agroforestry, but these
systems are being used to a lower extent today. The knowledge about strengths and difficulties
is still limited, especially with regards to new innovative agroforestry systems. The conditions in
Sweden are comparably harsh, with a short growing season and cold winters. This calls for
trees that can handle cold winters as well as cold spells during the rest of the year, reducing the
number of tree species that can be used in the systems.
Agroforestry Sweden hopes to contribute with increasing the knowledge about agroforestry in
Sweden. We hope to inspire to ideas concerning agroforestry and the development of methods
for agroforestry, including scientific research and development. In addition, members have
envisaged policy work regarding agroforestry systems. These subjects will surely take on more
concrete form with time, since the association is still very young. The association wishes to
exchange knowledge with agroforestry initiatives in other countries.
Traditional agroforestry systems
Silvo-pastoral systems
The extensive forest has traditionally been used for grazing of cattle, sheep and goats. While
forests were traditionally commonly owned and free ranged, meadows and crop fields close to
the houses were private and fenced off. Thus the hay was protected and was harvested and
saved for winter fodder, while the manure was used as a fertilizer on the crop fields. This
agroforestry system has had great economic importance. It was a prerequisite for the economy
in the farm households as it contributed with fodder and several other resources and services.
Trees and bushes were used for food, feed, fuel, wood and construction material. Charcoal,
potash and tar were also produced. Trees like oak (Quercus robur), hazel (Corylus avellana)
and beech (Fagus sylvatica) produced bark, leaves and nuts, and mushroom and berries were
important food products. The animal grazing had a considerable impact on the structure and
composition of the forests. Coppicing was a common way of producing leaves and branches for
winter fodder. Trees and bushes were cut close to the ground (30 cm or less), which triggered
the growth of a multitude of new shoots that could be harvested within a couple of years. A
similar method was pollarding, then trees were cut around 2 m from the ground level which
caused massive induction of lateral branches, which were regularly harvested at a maintained
height. These are today acknowledged for their cultural and biological values and maintenance
is supported by the EU. According to a database of Swedish meadow- and pastureland (TUVA),
which is based on national inventories run by the Swedish board of agriculture since 2002, there
is at least 58 000 of these trees in the country today, it is however rare that they are actually
used for fodder.
In northern parts of Sweden Sami people traditionally keep large herds of semi-domesticated
reindeer for meat production, with the reindeer grazing freely in mountainous and forested
areas. Wood from the forest is used as building material, fuel and for craftwork, and lichens on
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trees are grazed by the reindeer (Sami parliament of Sweden 2015). The right of keeping
reindeer this way is reserved for Sami people. The largescale herding and dependency of
reindeer started around the 17 th century. Reindeer are still kept this way, with a technical
development corresponding to the rest of the society. About 2 500 - 3 000 Sami people are
today dependent of reindeer for their income, out of the estimated 20 000 - 35 000 Sami people
in Sweden.
Summer farms
The system of summer farms (Figure 1a) was important for the agricultural expansion and
economy in the north of Sweden during 1500 to 1850. Cattle, sheep and goats were taken for
free grazing in mountainous areas and used for meat, milk, cheese and butter production.
Animals were moved to the farm in early summer and part of the farming family stayed on the
site during the summer. The work at the summer farms were often organized conjunctly in the
villages and young girls or women where employed for the activity. Today these activities are
appreciated mainly for their cultural and natural values, and the management is supported by
subsidies in CAP. The year 2014, 201 farms received this kind of support (Ann-Catrin Hedén
2014). According to the national association for summer farms, “Föreningen Sveriges
Fäbodbrukare” there are between 250 and 300 summer farms in Sweden.
Semi-natural pastures with bushes and trees
Semi-natural pastures with bushes and trees (Figure 1b) are agroforestry systems that due to
their contribution to natural values, for example biodiversity, are described as important to reach
the Swedish national environmental quality objectives such as; “A varied agricultural landscape”
and “A rich diversity of plant and animal life” (Swedish environmental protection agency 2015).
Maintenance of such systems are remunerated with EU-subsidies. There are some rules
regarding pastures in general which have a bearing on agroforestry. Until 2014, there were
restrictions on the number of trees that were allowed on the pastures to be eligible for support.
The reason was that Sweden earlier has been criticized for supporting areas with too many
trees. From 2015, the ground needs to be covered with vegetation with fodder value to be
defined as a pasture, and there are no set limitations on the number of trees allowed. This
definition can account for more variation in the Swedish pastures. However, the maintenance of
the pasture should not be tailored to benefit the growth of trees (identified for example by evenly
spread, straight trees of the same age), in which case the area will be defined as a forest and
not receive support (Swedish board of agriculture 2015). The usage of the definition of pasture
in different agroforestry systems is vague, but may limit possibilities of getting area -based
support.

Figure 1: Traditional Swedish agroforestry systems. a) Active summer farm. Especially in
northern parts of Sweden, it was common that part of the family and animals relocated to a
summer farm where the animals could graze freely in the forest. b) Semi-natural pasture with
bushes and trees.
More recent examples of agroforestry
Forest gardens are one type of agroforestry which aims at creating several layers of vegetation,
for effective use of light and utilization of the different characters of plant species (Figure 2a).
This type of agroforestry is also used in urban areas.
Energy forests of mainly Salix exist in Sweden today, and are used in agroforestry settings.
They can for example be planted in connection to natural islands in the field and in other ways
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incorporated in the landscape to increase biodiversity and perform other ecosystem services
(JTI 2014). Other examples of tree species used in agroforestry systems are hazel, walnut and
fruit trees. Silvo-arable systems (Figure 2b) are also tried out, but are, as much agroforestry
practice in the country, still in the trial phase.

Figure 2: More recent examples of agroforestry in Sweden. a) Forest garden with species like
apple, hazelnut, sea buckthorn and different herbs, part of a research project. b) Silvo-arable
system, farmer experiment in a larger project. One hectare of alley cropping in 4 rows. One row
with fruit trees, apples and pears, one with hazelnuts, one with saskatoon berries and one with
different varieties of sea buckthorn. So far, areas in between the rows are cultivated with annual
crops like grain. c) Silvo-pastoral system with pigs rooting in a newly cleared forest to promote
reforesting. d) Ecosystem based forestry.
The forest is still a potent resource for grazing. Large forested areas in Sweden give plenty
opportunities for keeping animals in conditions which allows more natural behaviour (Figure
2c). Animals like hen and pigs are also kept in other agroforestry systems than forests.
Ecosystem based forestry systems have the local vegetation type as role model and guideline
(Figure 2d). This gives them higher biodiversity than traditional production forestry, and
production of several wood types. Selective cutting of mature trees and natural rejuvenation of
the stand maintain the variety of natural habitats for both plants and animals. A diverse forest
with local tree species is more resilient to both pests and abiotic threats like high wind speeds
than a planted one layered monoculture.
There are few research projects going on in Sweden today, but we have the impression that
there is a growing interest for developing agroforestry systems. Many individuals are trying out
new systems and we hope that Agroforestry Sweden can create opportunities for sharing
experiences and improve the field together.
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Introduction
Hedges are the traditional boundary feature across much of lowland Northern Europe. The
abundance of hedgerows in landscapes otherwise dominated by agriculture makes them a vital
resource for biodiversity (Baudry et al., 2000), as well as providing a range of other ecosystem
services including the including regulation of water quality and quantity, buffering natural
habitats from agricultural inputs (Baudry et al., 2000), crop pest control (Ricci et al., 2009),
carbon sequestration (Falloon et al., 2004) and provisioning of food, fuel and fibre. The main
threat to hedges and the services that they provide are changes in management practices
related to agricultural intensification and a reduction in the perceived value of hedges to farmers
(Oreszczyn and Lane, 1999). Management for woodfuel provides a mechanism by which to
encourage the reintroduction of active management into farm hedgerows. However there are
concerns that provision of woodfuel may conflict with other ecosystem services that the
hedgerow network supports. Potential impacts include an alteration of the hedge microclimate,
changes in hedge structure, plant species composition and landscape connectivity. It is
expected that the introduction of coppice management cycles will tend to make hedgerow
systems more dynamic increasing the habitat heterogeneity within a landscape, with different
species and communities associated with different ages of re-growth and this may lead to an
increase in overall biodiversity. However there are likely to be some trade-offs, for example,
reduced connectivity between patches of semi-natural habitats for species that use the
hedgerows as corridors, such as dormice (Muscardinus avellanarius) have been found to be
gap adverse (Bright, 1998) and may be adversely affected by coppicing.
Aiming to address these concerns, the Organic Research Centre (ORC) has carried out trials at
two sites in southern England during winter 2014/15 (Chambers et al., 2015). The trials
examined the potential productivity of traditional boundary hedges in terms of woodfuel as well
as looking into the economics of different management strategies (Figure 1). Alongside these
trials an assessment of the impacts of hedge management for woodfuel on ecosystem services
was carried out, with a particular focus on biodiversity and carbon sequestration. A protocol to
measure the biodiversity impacts was developed (Crossland et al., 2015) and soil carbon stocks
were measured in paired coppiced and un-coppiced hedge plots (Crossland, 2015).

Figure 1: Hedgerow harvesting trials using
tree shears on a hazel hedgerow, UK
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Provision of fuel
The hedge trials focussed on coppicing and chipping as the management methods best suited
to woodfuel production (Wolton, 2012). A key knowledge gap when considering hedge
management for woodfuel is a lack of information on the potential productivity of a hedge over a
coppice cycle of 10 - 20 years. To address this prior to coppicing each hedge section, the
biomass was estimated and then after cutting the actual biomass was measured. This data was
used to calibrate and improve an existing tool to estimate the biomass available in hedgerows
(Wolton, 2014). Depending on hedge species, age and management history of the hedge
biomass production ranged from 40 kg to 120 kg per metre of hedge with taller, more mature,
hedges composed of lines of small trees giving the highest biomass per metre (Chambers et al.,
2015). The unit energy cost of hedgerow woodchip produced ranged from 1.4 to 3.9 pence per
kilowatt hour (p/kWh) depending on machine options and hedge type, and would seem
relatively favourable when compared to the cost of other woodfuels (3.43-5.21p/kWh), fossil
fuels (3.5-8.33p/kWh) and electricity (12p/kWh) (Forest Fuels, 2015). The trials were also
successful in proving that woodchip that meets industry standards (P16B and G30 grades under
BS EN and ÖNORM woodfuel standards respectively) can be produced from traditional
boundary hedgerows, which had been a concern of industry stakeholders. These trials
highlighted the fact that due to the limited volumes that can be sustainably harvested and the
bulky nature of hedge biomass, management of hedges for woodfuel is more suited to smaller
decentralised short chain energy production systems, ideally on-farm or for small district heating
schemes.
Carbon sequestration
The study of soil carbon stocks in paired coppiced and un-coppiced hedge plots revealed that
while un-coppiced hedges sequester larger quantities of carbon, total carbon savings are higher
when hedges are managed by coppicing (Crossland, 2015). This is mainly due to the
substitution of fossil fuels via the production of woodfuel. Although the results presented from
this small-scale, short-term study should be viewed as provisional, they present a useful starting
point for future enquiry, identifying the need for long-term chronological studies and data
collection on carbon sequestration processes specific to hedges. Collection of further empirical
data on the carbon sequestration potential of hedgerows will be needed to validate existing
estimates and models and to inform decisions not only at a farm management level but also for
wider policy.
Biodiversity
Management for woodfuel is likely to have both positive and negative impacts on the wildlife of
individual hedges and on biodiversity at a landscape scale. Biodiversity in British hedgerows
has been well studied and hedgerows have been found to offer multiple micro-habitats, food
sources, and ecological corridors for a diverse range of flora and fauna (Baudry et al., 2000;
Vickery et al., 2009). Given their significance in supporting biodiversity and ecosystem services,
if hedgerows are to be promoted as a source of woodfuel, any potential biodiversity impacts
need to be assessed. Alongside the practical trials a biodiversity protocol has been developed
by the Organic Research Centre (Crossland et al., 2015). This protocol provides a simple
methodology to assess the biodiversity status of a hedge network prior to changes in
management giving a baseline for comparison whilst also identifying hedges that are home to
key species with specific management requirements. The protocol is largely based on a set of
indicators selected to provide quantitative links between, for example, habitat quality or
structural diversity and biodiversity (Dauber et al., 2003). In order to make the results widely
relevant, the methodologies developed to measure each indicator were based on existing
surveys, for example, the DEFRA hedge survey (DEFRA, 2007) and the British Trust for
Ornithology’s breeding bird survey. The main indicators included in the protocol are; hedge
connectivity, hedge network density, the density of hedgerow trees, hedge structural diversity,
the percentage of hedges in favourable condition, and the percentage of hedges providing a
good food resource. After carrying out the survey these indicators are scored and the results
represented visually using a radar diagram (Figure 2). This gives an overall picture of the
biodiversity value of a hedge network and the relative value of individual hedges within the
network. Using data collected in the survey the protocol also identifies hedges suitable for
harvesting woodfuel as well as those in need of improvement and offers general management
recommendations based on different indicators. The protocol has however had relatively little
testing to date and represents just one approach to quantifying hedgerow biodiversity. There
are many other assessment methods and potential indicators which have not been included.
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Through future use, the protocol can be further developed and improvements made to the
indicators and how they are calculated and scored.

Figure 2: An example radar diagram of the hedge survey indicator results.
Conclusions
A key conclusion from the ORC trials is that every hedge is different, and every hedge has to be
assessed and managed on its own merits. The biodiversity protocol provides a mechanism with
which to assess a hedge network prior to management in order to identify hedges suitable for
harvesting woodfuel, those with high biodiversity value, as well as those in need of
improvement. These trials demonstrate that managed correctly the use of traditional farm
boundary hedges for woodfuel can be both economically viable and beneficial not only in terms
of energy production, but also make sense environmentally, for example, in terms of improving
the long-term viability of hedges, connectivity in the landscape and carbon sequestration. The
next step is to investigate how to increase the quality of the woodchip from hedgerows and the
potential for other new products from the woodchip such as landscaping mulch; compost; or
livestock bedding. Starting in March 2016, ‘SustainFARM’ is a new EU funded project which will
look further into these other provisioning services as well as model the agronomic,
environmental and economic performance of these and other integrated food and non-food
production systems.
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Introduction
Although arable landscapes are positively valued by the society, intensified cropping and
livestock systems continue to predominate in western EU rural territories. The increase of farm
size, conversion/loss of non-crop features and simplification of crop rotations should maintain
the trend toward a reduction in landscape diversity associated to an impoverishment of plant
and animal communities, a soil and water quality loss due to pollutants transfer, an increase of
greenhouse gases and potentially a reduction of the agro-ecosystem’s capacity for carbon
sequestration (Stoate et al., 2001).
To overcome these issues, in 2012 France decided to set up a strategic programme for the
generalisation of “agro-ecology”. All farms are proposed to reach economic, social and
environmental performances all in one (MAAF, 2016). Innovative cropping/livestock systems are
thus expected and special attention is granted to agroforestry which is more than ever widely
considered, being even sometimes proposed as the unique solution enable to limit most of the
externalities from intensified agriculture.
However, the ecosystem services from agroforestry are not well known. When some are
studied, the use of references produced is limited to the sole cropping system, region and tree
species of the study area. That is why the appropriation of agroforestry usually remains
theoretical (practical use being possible but not without precautions and risks). References on
the potential advantages and limits of agroforestry are very frequently expected and questioned
within rural territories, by farmers or students. This is particularly the case of water operators
which have the duties and the financial capacities to propose to farmers the improvement of the
ecological status of their agricultural fields in order to locally contribute to the protection and/or
the recovering of the water quality. Very often,
[1] a range of agro-ecological infrastructures such as agricultural parcel (re)forestation (APF),
peripheral hedge (PHD), living slope fascine (LSF), mechanical slope fascine (MSF), Grasscovering conversion (GCC), intercalated agroforestry (AGF), short rotation coppice (SRC), inparcel grass strip (GST), in-parcel slope or ditch (SLO), pond (PON) and
[2] a range of agri-technical alternatives such as no-tillage technics (NOT), direct (undercover)
seeding (DIS) or even tillage direction change (TDC)
are proposed to farmers to compensate/replace their intensified practices. But alternatives’
adoption remains limited because farmers ignore or are skeptical of such alternatives and the
local farm advisory services often lack expertise.
The PREVALTERA project conduced in the Nord - Pas-de-Calais region (Grandgirard et al.,
2011) aimed to fill the needs of knowledge and expertise. Experts’ perception and knowledge
about the potential ecosystem services from agro-ecological and agro-technical alternatives
have been surveyed and analysed. Objectives are three: (i) to identify the main ecosystem
services to be related to the alternatives assessed, (ii) to propose a first cross -ranking of these
alternatives and (iii) to identify and rank the ecosystem potentials of the two main agroforestry
types questioned in France which are PHD and AGF.
Material
The clarification of experts’ perception was undertaken according to IMBE (2015). Experts’
panel has been constituted in regards to their technical/scientific specialty and to their local and
historical experience of agro-ecosystems functioning. Forty experts were initially contacted and
replied to the questionnaire testing their knowledge and expertise. At the end, 23 were selected
as being experts. Seven different experts’ categories were retained: forestry and wood sector
(n=3), agronomy (n=4), agroforestry (n=4), water (n=3), biodiversity (n=3), researchers in
agroecology (n=3) and soil (n= 3). Among them, 9 (40%) were national experts when 14
(60%) were local experts.
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The list of the 13 agro-ecological alternatives listed in introduction was then co-decided with the
local experts, and the PREVALTERA partners. They mainly deal with farmers and water
operators’ solutions.
A list of 15 ecosystem services was co-decided by the project partners and the 23 retained
experts; it meets the Common International Classification of Ecosystem Services (HainesYoung and Potschin, 2014):
- Provisioning services: Ramial chipped wood production (RCW), Industrial timber production
(ITP)
- Regulating services: Erosion limitation (ERO), Nitrate/Pesticide remediation (NPR), Water
runoff depth limitation (WRD), Windbreaking (WIB), Carbon sequestration (CSQ), Soil organic
content increase (SOC), Soil Water Reserve exhaustion (SWR), Crop nutrients competition
(CNP)
- Supporting services: Near-landscape structure diversification (LSD), near-landscape
ecological connectivity amelioration (LEC), Crops pests hosting (CPH), Weeds dissemination
(WED)
- Cultural services: Negative visual amenity (NVA).
The survey package consisted of (i) a visual presentation describing structurally/physically (but
not functionally) each one of the alternatives and (ii) a questionnaire combined with the user
guide. To avoid possible effects of the order to which “alternatives*ecosystem services”
combination was assessed, 3 differently questionnaires were used and randomly sent to
experts. Experts used a 7 (from 5 to -1) point scale to evaluate each potential
“alternatives*ecosystem services” combination.
To identify consensual perception of agro-ecologial alternatives, Generalized Procrustes
Analysis (GPA) was conducted. It was preferred since it solves problems typically encountered
with preference analysis such as variation among panelists and allows for optimal comparability
to obtain consensual judgment. Survey provided 23 configurations of the 13 alternatives* 15
ecosystem services combination. Mean and median values for each combination were used
respectively to rank alternatives and identify their potential class of effectiveness .
Results
In order to avoid indirect learning and biased judgment from experts, no training period was
carried out before sharing the questionnaire. Consequently, variation observed among experts
was high: the highest residue was obtained for LSF (186.8), the lowest for GCC (67.8) and a
residue of 143.4 for AGF (result not shown). Concerning experts, residues were between 90.6
and 38.9 but neither experts’ categories nor experts’ local and historical contextual experience
had effect on judgment (result not shown). In addition to this analysis, test of Rc consensus
indicated that the consensual configuration represents 74.1% of the original variance and that it
is not acquired by chance, authorizing interpretation of the consensual configuration.

Figure 1: ecosystem services projection according to the first 3 principal components of the
GPA scatter
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From the consensual configuration, the first 3 principal components of the GPA explained
81.7% of the variability, with 68.8% explained by the sole first axis (Figure 1). A following
Hierarching Ascending Classification allowed for grouping the ecosystem services into 6
different clusters respectively related to (a) soil functioning (CSQ, SOC, SWR, NPR), (b) pest
risks (WED, CPH), (c) ecological connectivity (LEC, LSD), (d) shade impacts (WIB, NVA), (e)
system productivity (ITP) and (f) crop yield interaction (CNP). By using the same
methodology, the alternatives were grouped into 3 different clusters (Figure 2): Cluster A for
alternatives with complete or partial surface conversion of the parcel (APF, SRC, GCC),
Cluster B for peripheral and/or internal linear alternatives such as PHD, LSF, SLO and AGF,
cluster C for agri-technical solutions (DIS, TDC, NOT) and non-living alternatives (PON, MSF).

Figure 2: The 3 alternatives clusters distribution resulting from the GPA consensual
configuration
The Table 1 shows that ranking and level of effectiveness of each alternative*ecosystem
service combination seems to not correspond fully to the alternatives tested. For weed
dissemination (WED), Crop pests hosting (CPH) and Crop nutrient competition (CNP), the level
of effectiveness does not exceed 3/5, while it reaches 5/5 for all other services. Both
agroforestry types considered (intercalated AGF and peripheral PHD) present a relatively good
level of effectiveness and as element of the “linear alternative B cluster”, they just tailgate the
three alternatives considered consensually as the best alternatives for addressing water quality
problems: APF, SRC and GCC.
Table 1- Ranking of the 13 agro-ecological alternatives for each ecosystem service retained
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Discussion
These results confirmed the potential interests of agroforestry for most of the ecosystem
challenges to be addressed. Firstly, it was pointed out that agroforestry is perceived as an
intermediary alternative for partial agricultural parcel improvement but not for its conversion and
land use change. Secondly, it was showed that despite the loss of production, alternatives
advocating agricultural parcel conversion are perceived as the best alternatives for addressing
water quality problems. Thirdly, results indicated that experts are (unconsciously) reducing
alternatives to a limited number of dimensions to be assessed which are questions that R&D
should tackle to ease agro-ecological alternatives and agroforestry adoption. They are also
expertise currently lacking in advisory boards and could have to be developed within dedicated
training cursus. Finally, high residues initially observed from experts and alternatives
configurations suggested that current knowledge regarding agroforestry services remains
insufficient. Consequently, these results participated to a first round and are asking for
complementary studies.
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Introduction
Agroforestry systems have spread over Europe during the past 20 years and have real potential
for sustainable food and timber production (Malézieux et al. 2009). Silvoarable systems mix
trees with conventional arable crops and can have a variety of layouts. The most frequent is a
combination of tree rows and crop alleys with spacings which allow easy access for agricultural
machinery (Malézieux et al. 2009). In this configuration, tree rows are not cultivated and are left
as grassy (and wild-flower) strips, which are of great interest for biodiversity and which provide
habitats for the predators of crop pests (Collins et al. 2002; Saska et al. 2007; Ranjha and Irmler
2014). Mature trees also modify the microclimate, shading the crops and the grassy strips, and
providing more diverse ecological niches (Chen et al. 1999; Batish 2008). Conservation
biocontrol is a key aspect of sustainable production, and a lot of studies demonstrate the
important contribution of generalist arthropod predators in regulating pests (Kromp 1999;
Snyder and Wise 1999; Jonsson et al. 2008). The impact of agricultural practice on soil
predators is well known for some taxa, like ground beetles (Holland and Luff 2000), but few data
are available on how their activities change through the day, or over the seasons.
Temperature and humidity are important factors driving the local density and/or activity
(“intensity-density”) of ground predators (Honek 2013; Saska et al. 2013; Buchholz et al. 2013)
and agroforestry practices may affect these parameters at a local scale (Batish 2008; Malézieux
et al. 2009). While some data are available for forest and open habitats (Tuf 2012), there is no
information on what happens in partially shaded crops. The ai m of this study is therefore to
assess how the main predators in shaded agroforestry systems are affected by microclimate
conditions in both crops and grassy strips. We hypothesized, firstly, that agroforestry and treemanagement will affect air temperature, and, secondly, that ground predators will behave
differently in sun and shade, and that this difference will depend on season (Willand and
McCravy 2006).
Materials and methods
Study site
Four treatment blocks were located on one farm (Vézénobres, Gard, France), with 3 treeshading treatments and one control without trees, but with crop alleys and grass-strips. Each
block was a square of 30*40 m, or 1200 m². The 3 agroforestry treatments comprised 4 rows of
3 trees, spaced by 10 meters from each other. The trees were 20 year old hybrid walnut
(Juglans nigra x regia). Three different shading treatments were imposed in February 2015,
with 3 level of pruning: decapitation (AF-), strong-pruning (AF+) and light-pruning (AF++).
Sampling
In each pruning-treatment block (except the control), two grass strips and two crop-habitats
(lettuce, tomatoes) were sampled for insects and other arthropods using 2 lines of 5 pitfalls
traps. The pitfall traps (diameter 8 cm, depth 11cm) were placed 5 m apart in each line. In total,
120 traps (3x4x10) were monitored every day during the sampling periods. The traps were filled
with soil and plant debris to give shelter to predators and to avoid predation or cannibalism.
There were collected 5 times a day, during 10 days in July and September, corresponding to
summer and autumn.
Microclimate measurement
Average air temperature was recorded with data logger sensors (Ibutton Hygrochron) placed at
2m and 1 m over the crops. Percent canopy openness was calculated using hemispherical
photographs, and analyzed with Gap Light Analyzer software (Cary Institute of Ecosystem
Studies)
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Statistical analysis
Stats were performed using R software (v 3.1.2). Differences in mean activity-density by season
and habitat were tested using ANOVA and statistical differences between means by season
were assessed with the Tukey HSD test. In addition, we focused on differences in the
proportion of activity (or daily-activity) by season for those species which were present in
sufficient numbers in the four treatments. ANOVA were performed to highlight temperature
differences between the four blocks. Although we calculated the temperature deviation from
each treatment to the control at each hour and period.
Results
Microclimate
Percent canopy openness was significantly affected by the pruning treatments in both seasons.
During the growing season, canopy openness reflects the intensity of tree pruning or pollarding
(Figure 1). Leaves appeared in mid-April, after the first canopy openness assessment, so
shading at that time is due to branches.

Figure 1: Percent canopy openness for each pruning-treatment at three times in 2015: April,
July and September (AF++ = light pruning, AF+ = strong pruning, AF- = decapitation).
Temperature was significantly affected by pruning and the effects differ between night and day.
Trees buffer maximum temperature during day, and minimum during night, especially when only
light pruning has taken place. Average deviation from the control temperatures are presented in
Figure 2.
July raw catches
2876 Arachnids and 750 ground beetles were caught during the summer sampling period.
Heavy pruning (AF+) had a significant positive effect on Pardosa hortensis (Arachnida,
Araneae) numbers (2236 catches) and negative on Pseudophonus rufipes (Coleoptera,
Carabidae) (629 catches) and Poecilus cupreus (Coleoptera, Carabidae) (89 catches).
Opilionids (626 individulas) were generally unaffected by treatments (Figure 3).
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Figure 2: Average temperature and deviation from control treatment in July (left column) and
September (right column). (AF++ = light pruning, AF+ = strong pruning, AF- = decapitation)

Figure 3: Average catches of predatory arthropods during activity sampling in July. (AF++ = light
pruning, AF+ = strong pruning, AF- = pollarding)
July circadian rhythms
P.rufipes was exclusively active during night and dusk in the four treatments. While it is
significantly more abundant in AF– and control compared to AF++ and AF+, no difference in
proportion was found between treatments and habitats at this period. Only one difference
occurred at dusk, with an increased activity in AF++ compared to AF+ and control only in lettuce
crop. Pardosa hortensis was mainly active during the day, and showed increased activity during
mid-day period (10-14 h) in AF++ and AF+ plot, while activity was significantly lower in the
control and AF- plots.
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September raw catches
1029 ground beetles were caught during the sampling period with 790 arachnids. Total arachnid
catches were lower in September than in July, especially for Pardosa hortensis (505 catches).
Space precludes presentation of data, but no difference in activity between treatments was
found for Pardosa hortensis. P. rufipes (860 catches) had a significantly higher activity-density
in AF+ and AF– plots but no difference was apparent between AF++ and the control.
September Circadian rhythm
In contrast to July, P. rufipes showed significantly more diurnal activity in September (periods
AM, mid-day and PM), but no difference was observed between treatments at any period. Night
activity varied between 50 % and 30 % following treatments.
P. Hortensis activity was not affected by treatment at this season, considering habitats together
or separately, with a dominant diurnal activity pattern.
Discussion
Our results show clear effects of agroforestry on air temperature during a drought episode in a
Mediterranean climate, and how tree management and architecture can be modified to
influence the microclimate. Trees provide a buffer effect, limiting warming during day and raising
crop temperatures at night. This effect is well known in forest ecosystems. In this study, we
quantified the effect of the trees on average temperatures, showing a difference of 1.5 °C can
be expected for 20% canopy-openness compared to the treeless control. Furthermore, we have
shown that the altered microclimates under trees can directly impact on ground fauna,
especially the wolf spider Pardosa hortensis which exhibits a different circadian rhythm in the
light and heavy pruning treatments compared to the control. We didn’t monitor ground
temperature for the different habitats but we would expect differences between grassy strips,
tomatoes and lettuce crops because of their different structures. The absence of statis tical
differences in daily-activity between treatments in the autumn (September) shows that trees
influence over ground fauna depends on the general climate and on species specific traits .
References:
Batish D (ed) (2008) Ecological basis of agroforestry. CRC Press, Boca Raton, FL
Buchholz S, Rolfsmeyer D, Schirmel J (2013) Simulating small-scale climate change effects-lessons from a short-term
field manipulation experiment on grassland arthropods: Simulating small-scale climate change effects. Insect
Sci 20:662–670. doi: 10.1111/j.1744-7917.2012.01556.x
Chen J, Saunders SC, Crow TR, et al (1999) Microclimate in Forest Ecosystem and Landscape Ecology Variations in
local climate can be used to monitor and compare the effects of different management regimes. BioScience
49:288–297.
Collins KL, Boatman ND, Wilcox A, et al (2002) Influence of beetle banks on cereal aphid predation in winter wheat.
Agric Ecosyst Environ 93:337–350.
Holland JM, Luff ML (2000) The Effects of Agricultural Practices on Carabidae in Temperate Agroecosystems. Integr
Pest Manag Rev 5:109–129. doi: 10.1023/A:1009619309424
Honek A (2013) The effect of temperature on the activity of Carabidae (Coleoptera) in a fallow field. EJE 94:97–104.
Jonsson M, Wratten SD, Landis DA, Gurr GM (2008) Recent advances in conservation biological control of arthropods
by arthropods. Biol Control 45:172–175. doi: 10.1016/j.biocontrol.2008.01.006
Kromp B (1999) Carabid beetles in sustainable agriculture: a review on pest control efficacy, cultivation impacts and
enhancement. Agric Ecosyst Environ 74:187–228.
Malézieux E, Crozat Y, Dupraz C, et al (2009) Mixing plant species in cropping systems: concepts, tools and models. A
review. Agron Sustain Dev 29:43–62. doi: 10.1051/agro:2007057
Ranjha MH, Irmler U (2014) Movement of carabids from grassy strips to crop land in organic agriculture. J Insect
Conserv 18:457–467. doi: 10.1007/s10841-014-9657-1
Saska P, van der Werf W, Hemerik L, et al (2013) Temperature effects on pitfall catches of epigeal arthropods: a model
and method for bias correction. J Appl Ecol 50:181–189. doi: 10.1111/1365-2664.12023
Saska P, Vodde M, Heijerman T, et al (2007) The significance of a grassy field boundary for the spatial distribution of
carabids within two cereal fields. Agric Ecosyst Environ 122:427–434. doi: 10.1016/j.agee.2007.02.013
Snyder WE, Wise DH (1999) Predator interference and the establishment of generalist predator populations for
biocontrol. Biol Control 15:283–292.
Tuf PD (2012) Does the diurnal activity pattern of carabid beetles depend on season, ground temperature and habitat?
Arch Biol Sci. doi: 10.2298/ABS1202721T.
Willand JE, McCravy KW (2006) Variation in diel activity of ground beetles (Coleoptera: Carabidea) associated with a
soybean field and coal mine remnant. Gt Lakes Entomol 39:141.

65

3rd European Agroforestry Conference – Montpellier, 23-25 May 2016
Environmental benefits of agroforestry (oral)

ARABLE WEEDS IN ALLEY CROPPING
AGROFORESTRY SYSTEMS – RESULTS OF A FIRST
YEAR SURVEY
Mézière D 1*, Boinot S1, de Waal L1, Cadet E2, Fried G3
* Correspondence author: delphine.meziere@supagro.inra.fr
(1) INRA, UMR1230 System, Montpellier, France (2) INRA, UMR1347 Agroécologie, Dijon, France (3) ANSES,
Laboratoire de santé des végétaux, Montferrier-sur-Lez, France

Introduction
Interest for agroforestry, i.e. association of trees and crops in the same fields, is growing
in Europe. Among the agroforestry systems, the alley-cropping systems combine parallel tree
rows and cropped alleys, which are large enough to allow mechanization. For these systems,
one of the issues addressed by French farmers concerns weed management (Cirou and
Hannachi, 2014; Wartelle 2014). Indeed, weeds could induce important yield losses (Oerke,
2006). Moreover since seeds can persist for a long while in the soil, a single bad weed control a
given year could have long-term repercussions (Barralis et al., 1988). In the alley cropping
agroforestry systems, one particularity is the presence of herbaceous vegetation on the strip of
the tree rows. In the manner of field boundaries, this vegetation could be a source of potential
weeds for the crops of the interrow if the species of the strip spread towards crop alleys
(Marshall, 1989; Marshall and Moonen, 2002). These uncropped strips take up a big part of the
field, as they are settled on 3 to 8% of the field area according to tree row spacing (about 13 to
30 m), which justifies the fear of farmers. Additionally the trees could modify the microclimatic
conditions of the field under the canopy (e.g. available light radiation for crops, temperature, soil
moisture). These modifications of environmental conditions, associated with the tree understory
at the edge of cropped alleys might thus result in a different effect of weeds on crops, both
because of different species and different competitive ability of weeds in agroforestry systems
compared to pure crop systems. To this day very few surveys have studied the impact of alley
cropping agroforestry system on weed communities (e.g. Burgess et al., 2003), and, to our
knowledge, none of them have been carried out on more than 10-years-old agroforestry
plantations. If the challenge of weed management is first the reduction of the harmfulness of
weeds towards crop, it is now well-established that weeds play a key-role for biodiversity
conservation (Petit et al., 2011). In order to design sustainable weed management options that
are adapted to agroforestry, it is first necessary to better know the weed communities in these
agroecosystems. Thus, the objectives of the present study were (i) to compare the arable weed
communities in agroforestry vs. pure crop control, in terms of species composition, richness,
and abundance, and (ii) to assess the effect of the distance to the under-tree vegetation on the
structure of weed communities within the crop alleys.
Material & Methods
Weed survey was carried out in 2015 in a mature 20-years-old experimental field of
INRA Montpellier. The cropping system carried out on the field has remained quite constant
during the past 20 years. Crop management is conventional and typical of the region, with a
pea/winter durum wheat/winter barley rotation. Tillage is superficial and mouldboard ploughing
is done every three years. This 6 ha field was cropped with winter barley in 2015. The field is
divided in two parts: a control part (TA), consisting of pure crop, and a medium-shaded
agroforestry system (AF), with 20 years-old hybrid walnut trees. In the AF system, alley crops
are 12 m width and the under-tree strips is 1 m width and composed of spontaneous vegetation,
mowed once every 5 or 6 years. Weeds were surveyed at 3 dates: (1) at the onset of vegetation
in spring but before tree budbreak (March), (2) one month after tree budbreak when leaves
were well developed (May), and (3) at the end of summer, two months after crop harvest
(September, no tillage was carried out during the summer). Species and specific abundance
were recorded within 1 m² quadrat plots placed regularly (at distances of 1.17 m) along three
transects that were perpendicular to the tree rows, resulting in 5 quadrats per alley and 1
quadrat per under-tree strip. Six alleys were studied. In the pure crop control, the same number
of quadrats were made along three transects we placed in the middle of the control part
(sufficient distance to avoid boundary effects of field margin or AF part on the control) in the
prolongation of the agroforestry transects. In total, 603 quadrats were studied in the 2
treatments for all the survey sessions. In each quadrat and for each session, the
photosynthetically active radiation was calculated from hemispherical photos taken in each
quadrats, which were analyzed with WINSCANOPY software (Figure 1).
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The comparison between agroforestry and pure crop control, as well as the effect of
distance to the under-tree vegetation strip, were analyzed with a generalized linear mixed model
(GLMM) (Onofri et al., 2010). The composition was analyzed through a Principal Coordinates
Analysis (PCoA) carried out on the Jaccard (presence/absence) similary index (Kenkel et al.,
2002)

Figure 1. Evolution of the Photosynthetically Active Radiation (PAR) received under the tree canopy in the crop
alleys compared to pure crop control situation.

Results
Pure crop control vs. agroforestry
The total number of weed species over all samples of a given field (system diversity)
was significantly higher in agroforestry (without accounting for the species present in the strip)
than in the pure crop field, with about 35 vs. 25 species per session respectively. At the quadrat
level (alpha diversity), the results show a similar number of species per quadrat in agroforestry
and pure crop control (about 5 to 6 species/m²) for the two spring sessions, but a significantly
higher diversity in agroforestry plots two months after crop harvest (about 8 species/m² in AF vs.
5 species/m² in the control, respectively). The same results were found when analyzing the
composition (i.e. assemblage of species within a quadrat): the frequent species were the same
and showed similar relative abundance in the communities in AF than in control plot for the two
spring sessions whereas quite different compositions (species and relative abundance per
species) were observed at the end of summer between AF and control plot (Figure 2). In terms
of abundance, there was significantly more individuals/m² in the pure crop control than in
agroforestry, except at the end of summer (Figure 2)

Figure 2. Specific and total abundances of flora at quadrat scale for the three sessions.
AF=agroforestry system, TA=pure crop control. BROST: Bromus sterilis, CIRAR: Cirsium arvense, CONAR:
Convolvulus arvensis, ERICA: Conyza canadiensis, SONOL: Sonchus oleraceus, LACSE: Lactuca serriola, POLAV:
Polygonum aviculare, POLCO: Fallopia convolvulus, PAPRH: Papaver rhoeas. Different letters above the bars indicate
significant difference between groups (α=1%, general linear mixed models performed for each session).
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Effect of under-tree vegetation strip on weed communities
Composition of vegetation was similar between pure crop control and crop alleys of the
AF system and differs from the composition of the AF strip vegetation (results of PCoA, not
shown here). About 33% of the species present in the strip were never found in the crop alleys
(22 species on 65 species observed in the entire agroforestry plot). For each of the spring
sessions, there were significantly more species in the crop alley quadrats that subtended the
strip (at 2.17 m in the crop alley from the middle of the strip), than in the other quadrats (4.34 m
and 6.51 m from the middle of the strip) (Figure 3). However we did not observe increased
weed abundance close to the herbaceous strips during these two spring sessions. On the
opposite, abundance at the end of summer (September) was significantly higher in the quadrats
places at 2.34 m from the strip than in the other ones.

Figure 3. Distribution of species richness at quadrat scale (1 m²) as a function of the position in the crop alley
(interrow) in the agroforestry part. Each boxplot is the distribution of the richness for 18 quadrats (6 alleys x 3
transects).

Our results were consistent with the observations of Marshall (1989) focused on the
impact of field margin vegetation on weed distribution in pure crop field, who showed a positive
effect of margin on species richness along the first meters of the field. In the single weed survey
in temperate AF we found (Burgess et al. 2003), the authors also showed a greater diversity of
weeds in agroforestry crops than in pure crops. However, they observed a greater cover of
weeds in the agroforestry alleys (spring survey) whilst our results showed the opposite.
Nonetheless their weed survey was made in fields where the strips were sown one year before
the monitoring, maybe due to more ruderal species in their fields than in ours (i.e. species able
to settle in disturbed habitat such as the young-sown strip or the arable crop alleys). In spring
when the crop is growing and is sensitive to weed competition, the total abundance of species
was lower in agroforestry system what was explained by the lower abundance of the most
frequent weed species in AF compared with TA (Papaver rhoeas, Fumaria officinalis, Fallopia
convolvulus, Polygonum aviculare). One hypothesis could be that these species, which are very
much adapted to arable crop conditions, might be a little triggered by the microclimatic
conditions of AF plot. At the end of the summer, which was warmer and drier in 2015 than
standard conditions in the region, the weed community in AF was composed of new species that
emerged after harvest and were likely to be favored by the conditions of AF. The higher
abundance close to the strip at the end of summer, which was not observed when crop were
growing (spring sessions), showed that the most diverse community close to the strip we
observed in spring might have been triggered by the competition with crops in spring (when
higher diversity but no higher abundance was observed). In summer, when there is no crop in
the field and as a consequence no competition with crops, more weed individuals could emerge
and grow. The increased number of species in AF plot could be a source of ecosystem
services, on condition that abundance, and above all biomass of weeds, does not increase too
much (as shown in this first year survey), to avoid higher crop:weed competition. Our results
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lead to the conclusion that the cropping system carried out in the experimental fields is efficient
to control weeds that developed in summer, not to have increased populations during crop
growth. However some of the common species of the alleys and the strips are potentially
difficult to manage (e.g. Galium aparine, Lolium rigidum, Papaver rhoeas). Thus weed
management should include considerations of the strip margins in order to avoid problematic
situations at long-term.
As for all studies on the effect of cropping systems on weed communities, the survey
need to be carried out th next year, to have results all along the crop rotation. Moreover, these
first results might be site-specific. Thus the survey will be completed by future surveys in
farmers’ fields to follow the study of the effect of the crop management and the strip
management (sown vs. spontaneous vegetation) to control weed harmfulness in agroforestry
(e.g. weed seed production, weed biomass and consequence in terms of yield losses,..) while
promoting their contribution for biodiversity (e.g. for seed-eating organisms).
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AGR'EAU: A FARMER-CENTERED GRASSROOTS
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Mechanised, input-rich intensive agriculture is largely responsible for the curses of land erosion,
soil degradation, biodiversity loss, water pollution, and the worsening impact of floods and
droughts – and suffers from their consequences. In the Adour-Garonne catchment basin of
south-western France, local farmer associations have been developing agroforestry systems to
tackle these challenges for over 20 years. Their approach has been economic as well as
environmental: the agroforestry systems they have selected, adapted and promoted increase
the yields not just of crops, but also provide fuelwood, timber, fibre, ramial chipped wood,
woodchip bedding for livestock and more.
The Agr'eau programme, a network of nearly 300 farms of all types and sizes across the
watershed, was launched in 2013 to build on these experiences. Agr’eau encourages its
farmers and research partners to develop and validate highly resilient systems together that
complement local agroforestry practices with no-till, cover crop farming practices. The result is a
multi-level form of agriculture that maximises the plant cover of the soil, both spatially and
temporally. Recorded benefits include:
- Enhanced soil biota – the “motor” of fertility – as well as above-ground biodiversity, including
pollinators and other beneficial crop organisms;
- More photosynthesis per unit of land area, and therefore more productivity;
- More economically resilient farmers thanks to newly diversified income sources (that have
been shown to create new economic activities locally);
- Optimised water cycle and enhanced quality of water bodies (both above and below ground);
- Higher carbon capture, in both soils and the tree biomass;
- Reduced input requirement, especially of pesticides and fertilizers due to greater ecological
resilience and of fossil fuels due to no-till farming.
At a landscape level, this approach is optimised by Assisted Natural Regeneration (ANR) of
trees in riparian zones, on field boundaries, on road verges and so on – in short, in most of the
numerous “lost spaces” that can easily be made more productive in terms of both resources and
ecosystem services.
These innovative agroforestry systems provide effective mitigation against daunting challenges
ranging from food security to energy production, climate change and ecosystem degradation.
There is an increasing need for farmers to adapt to environmental and economic shocks and to
transition to a more resilient form of farming. Such farming will always be more diversified and
will always seek to cleverly use ecosystem services to reduce costs and increase benefits. The
transition to this new kind of farming requires creativity and a capacity to innovate. But above
all, it demands a clear and subtle understanding of the farm and its environment. What Agr’eau
shows is that farmers who make the effort to engage in this continual improvement process find
that their patience is amply rewarded.
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Figure 1: Mechanised, input-rich intensive agriculture is largely responsible for the
curses of land erosion, soil degradation, biodiversity loss, water pollution, and the
worsening impact of floods and droughts – and suffers from their consequences.

Figure 2: A well thought-out reintegration of trees and shrubs in the agricultural
landscape can help preserve and restore soil, water, and biodiversity as well as help
regulate the micro-climate all year round.
More information: www.agroforesterie.fr/agreau.php
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SUSTAINABILITY OF INTENSIVE CROPPING SYSTEMS
THROUGH SYMBIOTIC NITROGEN FIXATION IN
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Issues
In temperate areas, intensive timber plantations for energy purposes, such as short rotation
coppice (SRC), are currently criticized: they deplete the soils in nutrients, are not
environmentally friendly and are not competitive with herbaceous species (Alker et al. 2005).
However, they are an important asset to reach 20% of energy consumption from renewable
resources, objective set by the European Union for 2020 (European Biomass Association
2011). The combination of species capable of fixing nitrogen from the atmosphere to species of
economic interest may be a way to overcome many of the disadvantages of short rotation tree
plantations (Forrester et al. 2006, Epron et al. 2013). Actually, biological nitrogen fixation
reduces the financial and environmental costs of chemical fertilizers. The nitrogen-fixing species
can be woody (e.g. alder) or herbaceous (e.g. alfalfa) in agroforestry systems (Lundgren 1982,
Dupraz & Liagre 2011).
Mixture of nitrogen fixing and non-fixing tree species has been widely described in the south
hemisphere (see Forrester et al. 2006 for a review). Under temperate latitudes, a few studies
have been conducted in the eighties about the effect of alder mixture with various tree species.
Positive effects were observed on the growth of ashes, liquidambars, tulip trees, spruces, pines,
and Douglas-firs (Tarrant & Trappe 1971, Le Tacon et al. 1988). In contrast, the fertilizing effect
of the mixture of alder trees with a fast growing tree species such as poplar was less obvious:
either no effect was observed three years after planting (Teissier du Cros et al. 1984), or alder
trees were rapidly eliminated by poplar trees (Le Tacon, unpublished data). These contrasting
results emphasized the fact that the success of the mixture rely on site conditions. A fine
description of the ecophysiological interaction processes in the mixture, and how they
are affected by the environment, is necessary to understand how to tip the balance
toward positive interactions and so, to increase the production in the mixture.
Experimental design
Our experimental instrumented plantation associates nitrogen-fixing species (alder, alfalfa) to
species of economic interest (poplar, cereals) and is composed of (1) "forest" plots (pure
poplar, pure alder, mixture poplar / alder), (2) agricultural plots (pure cereals, pure alfalfa), and
(3) agroforestry plots (poplar / alfalfa mixture, alder / cereal mixture) in order to assess the
fertilizer effect of nitrogen-fixing species on non-fixers (Figure 1). Planted cereals were wheat
during the first two years, then triticale from the third year. The plantation is located on an
agricultural plot of the experimental farm of La Bouzule located in Amance, near Nancy, northeastern France. It has been installed during spring 2014 on an area of 5 ha, and is composed of
almost 3500 trees.
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Poplar monoculture

Alder monoculture

Poplar / Alfalfa mixture

Poplar / Alder mixture

Alder / cereal mixture

Cereal monoculture

Figure 1: Schema of the experimental plantation. Red dots are alder trees; blue dots are poplar
trees; green zones are covered with alfalfa; yellow zones are covered with cereals.
The plantation presents the triple function to be (i) an experimental research site, (ii) a site
used for student training, and (iii) a showcase for local farmers who have questions about
the technical feasibility of such systems. The plantation is an educational and experimental tool,
backbone of future ambitious projects implemented for the long term. The fact that such
plantation is all at once, (1) intensive (high tree planting density which should quickly lead to
interactions between species), (2) mixed with nitrogen fixing and non-fixing species, and (3)
agroforestry is the main originality of the trial. The ecophysiological functioning of such
innovative cropping systems is lacking behind in France and in Europe.
Objectives
The description of the ecophysiological processes of species interactions in the mixtures as
compared to the monocultures has been initiated in order to answer the following questions:
How species mixture affects carbon and nitrogen allocation and dynamic as compared to
monocultures? Is the facilitation effect, linked to nitrogen symbiotic fixation, overriding
negative interactions between species (competition), leading to an increased biomass
production in the mixture? Are interactions between species comparable in the case of
woody and herbaceous fixators?
Scientific hypotheses
More precisely, our hypotheses about species mixture effects are as follows (Figure 2). The
growth of the non-nitrogen-fixing species is stimulated by fixing species in the mixture (H1)
through an increase of the nitrogen stock in the soil (H2) resulting in increased leaf area and
photosynthetic assimilation of non-fixing species (H3). In forest plots, the intra-specific
competition is more intense than the interspecific competition (H4). This is due to both a canopy
stratification in the mixture allowing a better capture of the light resource (H5) and, similarly, to a
stratification of root systems in the mixture allowing a better capture of water and nutrients (H6).
The fraction of assimilated carbon allocated to the underground compartment is lower in the
mixture (H7). The aboveground production is improved in the mixture (H8). Consequently, the
ratio “Net Primary Production” / “Carbon flux to the underground compartment” increases in the
mixture.
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Figure 2: Schema illustrating the scientific hypotheses about species interaction effects in the
different mixture treatments as compared with the monocultures. H1 to H8 refer to hypotheses
numbers in the text.

180

140

180

120

160

Stem height (cm)

Stem height (cm)

160

Preliminary results
The plantation is still in an “installation” phase, but tree growth was monitored during the second
growing season (2015) and strong species and mixture effects are already observed (Figure 3).
Poplar trees are significantly taller than alder trees, except in the agroforestry treatment.
Competition with alfalfa affects very significantly the development of poplar trees. To a lesser
extent, alder trees also suffer from the competition with wheat. Poplar trees in monoculture are
the tallest. Heights of alder trees are not significantly different in monoculture and in mixture
with poplar. From the middle of June 2015 and for the rest of the growing season, a severe
drought has drastically slowed down the growth of all plants.
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Figure 3: Time course of stem heights during the 2015 growing season for the poplar and alder
trees in the monoculture, tree mixture, and agroforestry treatments (n = 60). The “species” and
“treatment” effects and their interaction were significant at P≤0.001***.
Discussion
To answer our hypotheses, growth and biomass production of woody and herbaceous species
will be evaluated (H1); nitrogen fixation will be estimated with isotopic methods ( 15N natural
abundance and enriched through labelling; H2); leaf gas exchanges will be measured (H3);
foliage architecture will be described (H5); root profiles will be established though soil pit and
root coring (H6); carbon and nitrogen compositions of above- and belowground biomass
samples will be determined (H7 and H8).
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Honey bees (Apis mellifera) gift us with valuable products (honey, royal jelly, propolis etc.) and
an invaluable ecosystem function, the pollination of the majority of our agricultural crops.
Unfortunately, shifting farming practices on a global scale are resulting in severe problems for
bee health and population.
The recent decline of pollinator species is among the most critical changes that our farming
landscapes have witnessed over the past 50 years. The loss of this ecosystem function is a
multi-causal phenomenon, linked to changes in agricultural practices. There has been a
movement away from diverse landscapes towards simpler; monoculture layouts reliant on
pesticides and other inputs. In a recent study (Garibaldi et al., 2016), woody species on and
around farmland were shown to improve bee abundance and diversity; the latter appearing as
the most yield-impacting variable. Awareness of this issue has begun to bring about change on
the farm scale. Across France, promising results are coming out of a few local collaborative
strategies that are using agroforestry to reconnect farmers with the bee-keeping sector.
Diversified agroforestry practices provide year-round benefits to both bees and agricultural
systems as a whole. The most advanced of these systems use multi-canopy layouts (trees and
shrubs) with a permanent, diverse, herbaceous soil cover (succession of staple crops and cover
crops along with reduced tillage practices). Having a broad range of species concentrated in a
single farming enterprise allows for quantity, diversity, and continuity (late winter to the end of
summer) of food resources to all types of bees. Pollen is available starting early in the year with
willow and hazel then ending it with chestnut and English ivy. Other species are a source of
nectar (including maple, acacia, mountain ash, blackthorn, quince, and elderberry), honeydew
(poplar, beech) or propolis (oak and certain conifers). Honey harvests have been shown to
almost double in some cases, when comparing the yields of beehives located in diversified
farming landscapes with those obtained in monoculture-like contexts.
Hence, diversified agroforestry systems can not only improve significantly the food sources for
wild bees and re-create diverse habitats for all kinds of pollinators, but they can also provide
sustainable options to agriculture a bee-keeping and reconnect both sectors.
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Figure 1: Having a broad range of species concentrated in a single farming enterprise allows for
quantity, diversity, and continuity (late winter to the end of summer) of food resources to all
types of bees.
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Introduction
Several hundred million trees nad shrubs have been planted throughout Polish agricultural land
during last 60 years, which opened wide research opportunities on ecosystem services they
provide and the best practices on structural and spatial features design for new plantings.
Woody belts and patches scattered among fields and small settlements, along roads, railways,
rivers and lakes proved to be a valuable tool to mitigate large-scale phenomena negatively
influencing natural environment, economic activities and human well-being. Such environmental
problems of modern agriculture include biodiversity loss, water erosion and contamination,
wind-induced soil erosion, excessive evapotranspiration and snow transport, as well as
insufficient crop pollination and natural pest resistance.
A broad, ecology oriented definition of woody patches outside forests, which was elaborated in
1982 to face the above findings and was adopted in Polish Nature Protection Act, goes "trees
and shrubs scattered in the agricultural landscape, growing in groups, rows, belts or as isolated
individuals, not forming forest communities, along with the ground they cover and other
components of vegetation".
Because different spatial and compositional structures of trees outside forests represent diverse
capabilities to mitigate environmental threats or deficits, practical classification of their main
features has been elaborated to ease proper design of new plantings. Compositional features
include 1) species compostion, calculated as percentage from specimen numbers, 2) vertical
structure, describing presence of separate crown layers - first and second tree floor, and/or
shrub understory, and 3) tree and shrub planting distances, which result in different crown
densities.
From spatial perspective, patches differ by unit area, shape, direction and type of management
or topography on surrounding land. Patch area is determined according to crown vertical
coverage of its woody vegetation, or - in special case of wild pollinators’ nesting places - as
area covered mainly by wild now-woody perennials. Distinct patch spatial forms set apart in
Polish conditions include: 1) singletons - dispersed in distances from nearest neighbour
exceeding 50 m for trees or 15 m for shrubs, on which mutual influence becomes negligible, 2)
small groups, with unit area 0.02-0.10 hectare, 3) large groups – irregularly shaped areas above
0.10 ha, but not capable to form autonomous forest interior, 4) lines – tree and/or shrub rows or
double-row avenues, 5) belts -elongated multirow shapes with maximum length being at least 5
larger than average witdh.
Geographical orientation of lines and belts matters much for future shadowing problems and
ability to mitigate winds on their most frequent directions. According to surrounding land type,
patches may be classified to agricultural land (arable, meadow, pasture), communication areas
(motor- and railways, or their accompanying small infrastructure), open water banks (rivers,
canals, lakes, ponds, drainage ditches), small industry objects (plants, excavation holes and
landfills), as well as local settlement and recreation areas.
Methods
Identification of most important environmental hazards, which negatively influence crop yields
and ecosystem stability in Polish agricultural landscapes, was compiled from results of research
projects conducted by Institute for Agricultural and Forest Environment in Poznań, Forest
Research Institute in Sękocin and Agricultural University in Lublin. Ecosystem services of
different woody structures within open landscape, related to their mitigating potential against
diverse environmental threats, were selected and analysed.
For each ecosystem service selected, basic guidelines on preferred spatial features, species
composition and vertical structure of woody patches were presented, which have been
suggested by other authors as result of long-term professional practice and research.
Discussion on mitigating efficiency loss was also presented for cases violating the these
guidelines.
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Results
Environmental hazards which trees outside forest may mitigate
Biodiversity loss on agricultural land is long-lasting and wide-recognized process. Rare reptile,
amphibian and other wild animal and plant species still inhabit fields in Poland as result of
weaker agriculture development under long lasting (until 1988) socialist economy. The more
homogenous becomes landscape of modern agriculture, the larger overall species loss and
larger animal species biomass fraction is formed by herbivorous pests, at cost of their predators
or parasites, which were able to keep pest outbreaks under control in former, more natural
environments. These useful animal species usually need uncultivated and vegetation-covered
patches, especially of elongated shape, to migrate, feed and nest. Starting from such safe and
rich refuges, small predatory mammals, birds, insects and fungi may control pest outbreaks on
nearby fields. The effective distance of such control depends on species, and usually does not
exceed 300 m. About 400 useful wild bee species and subspecies, which find most favourable
nesting conditions in warm soils on patches covered with scarce wild vegetation, are unique
pollinators of ca 60 species of seed crops, including rape for oil, legumes as secondary crops,
cultivated fruit plants etc., which cover 20% of cultivated area in Poland.
Water loss due to evapotranspiration and surface runoff has becomed a crucial factor limiting
agricultural production on sandy soils of Polish lowland. Maize and sugar beet, species lacking
access to spring water resources due to late seasonal growth, may suffer up to 50% yield
reduction until 2100 according to estimations made for future climate projections. Long drought
periods occur several times within each decade and are expected to become more frequent,
making farm management more risky and less effective. As evapotranspiration depends on
wind speed close to the ground, rows and belts of trees may be effectively used to decrease it
by ca. 70 mm, even taking into account their higher transpiration. This resulted in 5-15% crop
yield increment in some field experiments on cereals. The lenght of diminished wind speed zone
(at least by 10%) is proportional to tree barrier height h. It may reach up to 20h (500 m) in most
favourable conditions of barrier direction (perpendicular to prevailing wind direction), crown
density (moderate, 60-70% opacity counted from wind direction) and terrain topography (best
locations on plains or flat hill tops). Tree barriers protect soil water resources more effectively in
winters, counteracting soil deep freezing and blowing snow away from fields. Soils under wild
vegetation develop rich humus layer, which forces surface waters from storms or snow melting
to soak, thus stopping water runoff losses. If barrier effect is expected out of season, when
broadleaved species lack leaves and wind mitigating ability of crowns drops ca two-fold, wider
belt forms or evergreen species admixture should be preferred.
Wind soil erosion is another wind-caused problem on larger (>10 ha) fields of fine grained soils,
occuring mostly during winter frosts in absence of snow cover. Blowing away humus, top soil
layers and fertilizers decreases soil fertitility and water retention ability.
Water erosion appears on slopes in hilly or montainous regions and results in washing away
upper, usually humus-rich and most fertile soil layers. The erosion risk depends on slope factor
(usually starting from 6-10%), soil granulation (homogenous thin particles, as in loess soils,
ease erosion), and land management type, being most significant on arable lands, and
negligible on most areas of permanent grass cover. Water erosion occurs also on abandoned
excavation places and other wastelands of variable topography, which should be considered as
potential safe refuges of high biological value. On ravine and river banks, experiencing high
energy water erosion, trees and shrubs are needed to anchor grass cover with their deeper
roots.
Ground and open water contamination by fertilizers applied on fields is difficult to challenge due
to weak cultivated soil absorption capability. Wild vegetation on non-cultivated field margins
stops surface water runoff and uptakes dissolved nutrients. The mean water purifying
effectiveness of properly designed biological barriers exceeds 60%, and reaches outstanding
96% in case of nitrogen. This enables keeping high agricultural production while retaining
biologically rich environment with high level of ecosystem services.
Design and location guidelines for new plantings
Practical observations on tree barrier effects have given three general conclusions: 1) only large
barrier systems, multiplicated on areas of at least several square kilometeres, may mitigate
environmental threats in vast agricultural landscapes, 2) spatial orientation of barrier must be
adjusted to directional threats, as wind-induced erosion and evapotraspiration or gravitational
water runoff-induced erosion and contamination, and 3) old barriers gradually lose their wind
mitigating ability due to crown decomposition, which also makes management problems on
nearby fields or roads, and should be replaced by new ones. The suggested replacing age
varies from 40 years for poplars to 80-100 years for other tree species, except from oak, lime
and ash, usually featuring higher longevity.
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Wind-mitigating barriers will be most effective on distances of 12-18h, depending on water
deficit severity, which is of greater concern on sandy soils. Too dense barrier spacing may result
in crop production loss due to excessive shadowing or air humidity-induced crop pest infections.
Tree barrier intercepts wind energy best at angle between wind and barrier direction fitting in
60-120º range. To keep barrier mitigating potential at other wind angles, secondary barriers
should be added perpendicularly to main barriers. They may have more scarce spacing and
lower final height. Example schema of barrier system is given on Figure 1. The vertical structure
of main barriers should be composed of one high tree species of large, regular shape crown
and break-resistant trunk and root system, accompanied by shrub belt filling open space
beneath tree crowns and stopping nozzle effect. Crown leaf density (relative opacity from
horizontal perspective) depends on main season of expected mitigating acitivity: for summer
operations it should not exceed 60-70%, and may be higher for winter operating barriers, which
should also have more dense spacing and greater width. Both too high and too low crown
density will result in significant shortening of effective mitigating range. Barriers located near hill
tops would have greater wind mitigating effect than those established on slopes or in valleys.

Figure 1: Optimum spatial orientation and distances for tree barrier systems designed to
mitigate wind-induced evapotranspiration on crop fields
Woody areas designed to minimize water erosion should be located on upper parts of hills and
ravines, paralelly to terrain contour lines, and also on natural river banks. They should be
covered with grass vegetation and scarcely spaced trees and/or shrubs species giving low
shadow. Patches designed to minimize water contamination should be located paralelly to
banks of open water, preventing water with fertilizers from surface and in-depth leakage, which
occurs especially on slopes and in case no artificial embankments are build. The barrier
optimum width depends on land-use type: arable fields cause the greatest contamination risk
and shpuld result in the widest, up to 10 m non-cultivated grassy belts with loosely spaced
trees.
Patches and belts designed to enhance agricultural landscape’s biological richness and selfregulation ability should form net-shaped structure with base diameter ca 500 m. This net
should be biuld of continuous shrub layer and sparse trees of native species. The significant
share is expected of large size, old living trees, standing and fallen dead wood, as well as fruity
and thorny shrub species. Low density and moderate maximum height of trees are suggested
design rules to minimize adjacent field shadowing and enhance frutification. Open areas may be
left inside or on warm margins of larger patches in net nodes, to make feeding or nesting areas
for the game and thermophilous wild bees, spiders and other insects. Single trees may be left
inside larger net openings, as stepping stones for migrating birds and mammals.
A set of woody plant species and production cultivars was selected by interdisciplinary team to
enable species composition optimisation for new plantings in Poland. Applicability assessment
was made for ca 100 species, regarding three groups of issues: 1) site preferences - soil types,
light and water conditions, 2) expected tree functions, related to environment threats mitigation,
utility services and human well-being enhancement, and 3) preferred spatial forms and
locations. Figure 2 gives example screen of simple web service EKSPERT, which was
developed to ease information perception on suggested applicability class (full, conditional or
none).
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Conclusions
The above giudelines show multidimensional relationships among trees outside forest spatial
and structural features and their mitigation effectiveness against environmental factors
negatively influencing yield stability of agricultural crops.

Figure 2: Graphics and colours used to ease information perception on example screen of web
service aiding species selection for new woody patches establishment in agricultural landscape .
Data for species Silver birch Betula pendula. Green background and ‘+’ mark denotes full
apllicability for given criteria, orange and ‘:” – partial, red and ‘-‘ – no applicability. Polish tooltips
on criteria names available under cursor pointer on web page
Public financial support on environment protection in agriculture would have become more
effective, if any incentives directed on retaining and/or developing woody vegetation within
agricultural landscape were preceded by recognition of potential ecosystem services which they
might provide, and also by project of optimum spatial and structural features for new plantings.
Obligatory incorporation of such recognition activity in land-use planning regulations has being
postulated by Polish scientific society since 1980-ties.
Current European Union regulations on greening policy and agroforestry generally lack
promotion of structural and spatial features of such wooded field margins, except of water buffer
zones.
Future law developments should be directed on increasing large-scale mitigating efficiency of
trees outside forests, which would be followed by new profits from crop yield and its long-term
stabilization, as well as increased biological diversity and aesthetic values of agricultural
landscapes.
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Introduction
Intensive agricultural areas in Europe are confronted with environmental problems such as soil
loss by erosion (Tzilivakis et al., 2005), high nitrate concentrations in ground water caused by
intensive fertiliser use (Commission, 2013) or biodiversity losses (Tittensor et al., 2014).
Introducing trees in open landscape could mitigate these negative effects (Tscharntke et al.,
2011). In particular, combining agricultural land with trees as in in agroforestry systems may be
beneficial for farmland biodiversity and may improve soil fertility (Pumariño et al., 2015).
Furthermore, farmers’ can achieve higher productivity per area and a diversification of
production (crop & tree). All these mentioned benefits can be summarized as ecosystem
services (ES).
In the research project “AGFORWARD”, the focus is on ecosystem services of agroforestry
systems in Europe. ES can be categorized into regulating and maintenance, provisioning and
cultural services. Primarily the regulating services, such as disease regulation or pollination, are
closely related to biodiversity. One aim of the project is the assessment of biodiversity and
ecosystem services provided by agroforestry at the landscape scale.
Material and methods
ES strongly depend on spatial structures like land cover and land use. However, they are not
only linked to single plots, but mostly to landscape structures. Indicators such as landscape
diversity or biodiversity, which are composed of ecosystem diversity, species diversity and
genetic diversity, need to be evaluated at the landscape scale. For example, the moving
corridors of particular species groups such as pollinators or beneficial insects need to be
covered. Moreover, the different biographic conditions in Europe need to be taken into
consideration.
Therefore, in a first step, in each European biographic region - Mediterranean, Continental,
Atlantic and Boreal - typical agroforestry systems (AF) were listed. We distinguished between
“AF systems of high nature and cultural value”, “AF systems with high value tree”, “AF systems
for arable lands” and “AF systems for livestock” (Three workshops (WS) were organized
between June and September 2014, in Sardinia, Umbria and Veneto with 13, 13 and 22
participants, respectively. In each WS, SHs included representatives of: a) farmers who have
already experienced AF systems or farmers willing to start a new AF project; b) professional
associations, farm advisors, local policy makers; and c) AGFORWARD researchers.
In the first phase of each WS, participants were invited to talk about their experience and
knowledge and to reflect upon the challenges and issues of current AF systems and practices in
order to bring information about their opinions and priorities (qualitative data). Then, SHs were
invited to fill a questionnaire in which several issues concerning benefits and constraints of AF
systems were reported. The list of issues was grouped in the following categories: produc tion
(animal health and welfare, qualitative and quantitative productions of crops, animal and trees,
etc.), management (mechanization, complexity of work, management cost, etc.), environment
(biodiversity conservation, climate mitigation, landscape value, etc.) and socio-economy
(income diversity, market opportunity, subside and grant eligibility, etc.). WS participants were
asked to rank each issue with positive or negative score from 1 to 10 according to their
perceptions of how AF performs on each issue (quantitative data).
Data analysis
The key issues and challenges identified by SHs were analyzed as qualitative data to highlight
the research topics to be addressed, and quantitative data was added by analyzing the
responses to the questionnaire. As regards to the latter, the level of importance of an issue was
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expressed as Very Important (VI) when the score ranged between 1 and 4, Important (I) (5 -7),
Less Important (LI) (8-10), and Not Important (NO) when no answer was given. Different
weights were assigned to each score: VI = 4; I = 3; LI = 2: NO = 1
The frequency of answers per each score class was calculated as well as the total score
obtained from the sum of the frequency multiplied by the value of the relative score class. This
analysis was performed in order to assess: i) the differences among the positive and negative
total scores by categories of AF issues calculated in relation to the total number of participants
(Kruskall-Wallis test, P ≤ 0.1); ii) the differences among the positive and negative total scores by
categories of issues calculated for each SH group, 24 farmers, 17 policy-makers, 7 researchers
(Kruskall-Wallis test, P ≤ 0.05); iii) the difference among the positive and negative scores related
to each issue within the group (χ2 test, P ≤ 0.1).). Typical systems of AF with high value trees
are for example traditional fruit orchards in Switzerland, characteristic AF with livestock are
Dehesa in Spain.
Table 1: List of AGFORWARD social catchments
Biogeographical regions

Agroforestry
landscape type

Mediterranean

Continental

Atlantic

Boreal

AF systems of
high nature and
cultural value

Cork
Oak
Montado, Portugal

Wood
Romania

pasture,

Bocage,
France

Oak
wood
pastures,
Sweden

AF systems with
high value trees

Olive tree system,
Greece

Fruit
orchards,
Switzerland

Chestnut
soutos,
Spain

AF systems
arable lands

for

Intercrop
Spain

oaks,

Intensive
arable
system with trees/
woodlands,
Germany

Park land,
United
Kingdom

AF systems
livestock

for

Holm
Oak
Montado
(Dehesa), Spain

Wood
pastures,
Switzerland

In each case study region a group of several municipalities was defined as “socio-cultural
catchment” (Figure 1). In these catchments, landscape test sites (LTS) of one square kilometre
each, were selected. LTS represent three major land use types: “Agroforestry (AF)”, “Without
Agroforestry (Non-AF)” or if present “Forest (For)”. Each LTS type was replicated four times. For
each LTS habitats and trees were mapped, focusing on species, quality and structure. The
results of the mapping will build the basis for the computation of ecosystem services. The focus
will be on productivity and profitability of trees, crops and animals and on environmental issues
like carbon sequestration, nitrate cycle (especially nitrate losses), pollination and landscape
diversity.

Figure 2: Conceptual approach to scaling and agroforestry ecosystem service modelling in case
study regions. LTS: Landscape Test Site.
Productivity will be modelled by using Yield-SAFE (Graves et al., 2010; van der Werf et al.,
2007) and profitability by using Farm-SAFE (Graves et al., 2011). Yield-SAFE is a parameter–
sparse, process-based dynamic model for predicting growth and productivity of agroforestry
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systems. Farm-SAFE is an economic model to compare the net margin, the net present value
(NPV) and other indicators of arable, forestry and silvoarable systems. The pollination potential
will be based on the InVESTmodel (Lonsdorf et al., 2009). InVEST computes on the flowering
and nesting potential together with pollinator abundance the spatial pollination supply. The
landscape diversity will be based on Shannon’s Diversity index (Shannon, 1948).
The ES indicators will be compared on two levels - among the LTS types themselves and from
the perspective of defined scenarios in each case study region. At the level of the social
catchment, the ES indicators derived at the LTS will be related to the perception of ecosystem
service provisioning by farmers and by the population at large. This perception will be recorded
by means of interviews. Interviews will be conducted with a participatory GIS approach, where
users indicate the location in the social catchment where they obtain a particular service (Brown
and Fagerholm, 2015).
The analysis will reveal (i) differences in ES provision between different land use types, (ii)
whether there are trade-offs between different ecosystem services, e.g. profitability versus
nature values and (iii) whether the perception of the population of ES provisioning is congruent
with the ES indicators as evaluated from the modelling exercise.
In a second step, for every case study region will be evaluated possible alternatives to existing
agroforestry systems. Possible changes could be the removal of traditional systems, the
establishment of innovative forms of agroforestry systems or modifications of the system like
intensification of farming or livestock or structural alterations (Figure 2).

Figure 3: Future development of agroforestry systems – scenarios.
We will calculate different scenarios for each case study region and compare them to the
current state and estimated future developments.
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Introduction
In European agricultural landscapes, conventional farming is often described as a factor
incrementing soil erosion and affecting soil fertility. Temperate agroforestry practices are
believed to provide a number of ecosystem services and improve biodiversity (Quinkenstein et
al. 2009, Thevathasan et al. 2004, Tsonkova et al. 2012). However case studies are still rare
and the role of tree alleys on soil properties are not fully understood (Udawatta et al. 2014). Our
project investigates above and belowground interactions in crop/forest systems and changes in
soil structure and fertility due to tree alleys.
Material and methods
Eight field-sites with distinct pedoclimatic conditions were selected throughout France. On each
site, measurements were performed to assess the influence of the tree alley , the perennial
herbaceous plant cover associated to the alley, and the distance to trees, and the perennial
plant cover on soil aggregate stability (Le Bissonnais 1996), root biomass content, and organic
matter content (Figure 1). This sampling design allowed us to test drivers of soil structure at the
scale of the site and along a gradient of soil properties (Figure 2).
Results
At landscape level, we found that soil structure was mostly impacted by two main soil
parameters with contrasting effects: the silt content and soil organic matter content, respectively
decreasing and improving the soil aggregate stability (Figure 3). At site level, we showed that in
a number of temperate agroforests, the soil structure was mostly dependent on the presence of
the vegetation (Figure 4). Soil aggregate stability was greater along the tree alley because of
higher root density and litter cover, linked to higher soil organic matter content under perennial
vegetation. A specific effect of trees was also reported through a change in the proportion of
class diameters of roots, with more ‘coarse’ fine roots (>1mm of diameter), which was linked to
better aggregate stability. However the magnitude of the effects of vegetation was strongly
related to the pedological characteristics of the sites, with a higher beneficial influence in sites
mostly silty. The age of the agroforest and specific crop management are also important factors
determining the influence of tree alleys on soil properties.
Discussion
This study allows us to determine how litter and root biomass inputs from perennial plant
communities contribute to soil aggregate stability and soil organic matter increments in an
agroforest context. We particularly highlighted the importance of some global (soil texture and
organic matter) determining the influence of the tree alleys on soil structural stability. This
research provides stakeholders and agroforesters with data to determine optimal soil
management strategies using tree alleys to protect soils against hydric erosion and enhance
soil fertility.
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Figure 1: Representation of the systematic sampling in a site. In the crops zone, samples we re
pooled before analyses because of the high homogeneity of soil, whereas samples inside the
tree alley were analyzed individually.

Figure 2: Visualization of sites differences in soil properties. Globally, sites differed along the (i)
Component 1 (horizontal axis) in fertility (higher organic matter, nitrogen, CEC etc., for sites SJ
and PS), (ii) Component 2 (vertical axis) in textural characteristics (sites PS, VP richer in sands
and coarse silts).

Figure 3: Principal component analysis of soil and vegetation characteristics among the 8 field
sites. Sites are represented by dots. Abbreviations : Aggregate stability ‘MWD’, Cation
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Exchange Capacity ‘CEC’, Total Carbon content ‘Ctot’, Total nitrogen content ‘Ntot’, Root
biomass content ‘Root’. For interpretation: Silts are negatively correlated with MWD, while
variables linked to soil fertility are positively associated with MWD. Globally, vegetation
variables are also positively associated with MWD.

Figure 4: Comparison of the aggregate stability in crop-field (c) and tree alley (t), within the 8
sites. Asterisks indicate significant statistical differences between treatments (Mean
comparison: *, **, *** indicate respectively p<0.05, 0.01, p<0.001. ‘n.s.’ indicates non-significant
difference.
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Introduction
Temperate agroforestry systems offer a great potential for the control of pests by their natural
enemies, but we still do not understand how the spatial arrangement of crops, tree rows and
herbaceous strips and their management affect the processes involved in conservation
biological control. In particular, alley cropping systems present a regular arrangement of
herbaceous strips at the bottom of the trees that are often unexploited. They provide a
potentially very beneficial habitat to predatory arthropod communities that can be used to favor
biological control.
Carabid species are likely to make a differential use of their habitat, for example by using strips
as a refuge and reproductive habitat, whereas using crops as a habitat for foraging. The way
predators use space conditions their efficiency at capturing preys and has thus direct
implications for dynamics at the population level and biological control. Therefore, the question
as to how the spatial arrangement of agroforestry fields affects the utilization of space by
individual predators is key information towards a better understanding of biological control.
Another question that directly follows is how one should manage those strips? Is it better to
leave the vegetation to grow, to mow it, or manipulate it another way? The guidelines available
for agroforestry management are so far silent about these questions.
The work presented here aimed at characterizing how the spatial arrangement of agroforestry
systems, and in particular the presence of the herbaceous strip and its management, affects the
state-dependent dynamics of space use of the carabid beetle species Poecilus kugelanni.
Material and methods
We assessed how the presence of herbaceous strips and their management affected the spatial
distribution of the carabid beetle P. kugelanni by using a tightly-spaced pitfall trap design. Traps
were sampled every two hours over a 10 day period. Vegetation in the strip was either left to
grow or strips were used for storage of ramial chipped wood (RCW). The experiment was
performed in an agroforestry plot and a control plot, with herbaceous strips, but no tree. The
high spatial and temporal resolution of the design made it possible to characterize the variation
in activity-density induced by the daily movements of individual between crops and strips. We
also attempted to explain how individual decisions relating to space use was related to their
energetic requirements by quantifying their nutrient reserves (lipids, carbohydrates and
proteins) using colorimetric methods.
Results
The spatial arrangement of alley cropping systems affected the spatial distribution of P.
kugelanni as there were more beetles in herbaceous strips than in adjacent crops (Figure 1).
Beetle activity density was significantly higher in strips than in cultures in both the control plot
and the agroforestry plot with herbaceous strips. This suggests that the positive effect of the
strips on the activity-density of beetles can be ascribed to the presence of the herbaceous strips
per se and not the trees. Moreover, strip management had a large impact on the activity-density
of carabid beetles. Almost no beetles were found in RCW strips, whereas activity -density was
unaffected by strip management in adjacent crops
We did not detect any difference in individual energetic reserves, as a function of habitat (strip
vs culture) or as a function of strip management. These lack of differences can be explained by
frequent movements between strips and crops, as revealed by a spatio-temporal analysis of
activity-density at the within day scale.
.
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Figure 1: Number of catches per trap over the duration of the experiment as a function of the
distance to the strip. A: control plot with only herbaceous strips. B: agroforestry plot
(herbaceous strips plus trees). C: agroforestry plots with RCW strips.
Discussion
Overall these results point out that beetles make a dynamic use of the different habitats offered
in agroforestry systems. They are sensitive to differences in the habitats present in alley
cropping systems, strips and crops, and to the management of the strips, which affects their
foraging behaviour. It is well recognized that even subtle differences in the foraging strategies of
predators can have substantial consequences on the resulting dynamics at the population
levels. Thus, our results highlight that accommodating field design and management practices
carry a great potential for improving conservation biological control. In addition, the similarity of
our results with other works on field margins and beetle banks, which are much more studied,
implies that the rich knowledge drawn from these lines of research may be transferred to
agroforestry systems.
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Introduction
Agroforestry offers proven strategies as an environmentally benign and ecologically sustainable
land management practice to promote ecosystem services (Mosquera-Losada et al. 2009).
Although agroforestry surface in Europe is decreasing, it has traditionally been an important
element of European landscapes. Currently, agroforestry is practiced at least on an area of 25
million hectares in the European Union, which is equivalent to about 5.7% of the territorial area
and 14.2% of the utilized agricultural area (den Herder et al. 2015).
A key environmental benefit of agroforestry is the possibility to diversify agricultural landscapes
with trees and to increase overall biodiversity. The ecosystem services concept offers a
transformative lens for studying agroforestry (Daily 1997). An ecosystem service assessment
allows to capture the multifunctionality of agroforestry, which combines the provision of
agricultural and forestry products with non-commodity outputs, such as climate, water and soil
regulation, and recreational, aesthetic and cultural heritage values (MA 2006). The versatility of
the concept of ecosystem service has attracted much attention from researchers as a way to
assess agroforestry.
The current review produces a systematic and comprehensive evaluation of the knowledge field
through mapping the conducted studies and applied research approaches for ecosystem
services assessment around European agroforestry. The aim of this literature review is to
identify and catalogue the knowledge field and provide the first systematic synthesis of
ecosystem services research in relation to European agroforestry. The specific questions to
address include: (1) What agroforestry systems and ecosystem services have been studied in
Europe? (2) What approaches to ecosystem service assessment have been applied in
research? (3) How are agroforestry systems, ecosystem services and research approaches
interlinked?
Material and methods
We reviewed scientific publications from studies conducted in farmland or forest ecosystems in
Europe with various types of agroforestry management. Our review followed established guidelines for systematic review and systematic mapping (Pullin and Stewart 2006). Electronic
academic databases used in the search for relevant items comprised ISI Web of Science,
Scopus, CAB Abstracts (Ovid), BIOSIS Citation Index, and Geobase (Ovid).
Publication search combined three search strings in English with the following topic s: (1)
agroforestry and related definitions describing agroforestry systems, structures and practices,
(2) ecosystem services and related definitions such as the equivalent of environmental services,
and (3) Europe and specific countries.
The searches yielded a total of 286 references including journal articles, reports, books, book
chapters, and conference papers. From these we manually selected those studies which: (1)
address one or more agroforestry practices within the European biogeographical regions and
(2) provide assessment of biodiversity or one or more ecosystem services. Items were selected
through a three step filtering process during which, in the first instance, the inclusion criteria
were applied on title. Secondly, items remaining were filtered by abstract and, further, by
viewing remaining items at full text content. To characterize the context of agroforestry and
ecosystemservice assessment literature, each publication was classified according to
publication characteristics, study location and context, and characteristics of agroforestry
practice studied (Figure 1). Characterization of the studied variables was approached through
descriptive statistics. Cluster analysis was applied to identify typical clusters of studies
approaching ecosystem services and their assessment in similar ways.
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Figure 1: Objectives of the systematic mapping of ecosystem services assessments around
European agroforestry with related analytical stages
Results
The results show that ecosystem service assessment of European agroforestry is currently
focused on the spatially extensive wood pastures in the Mediterranean, Atlantic, and
Continental agricultural mosaic landscapes (Figure 2). A specific emphasis has been on
regulating, supporting, and provisioning services, such as provision of habitat and biodiversity,
food, climate regulation, fibre, and fuel, and the consideration of cultural services has been
largely limited to aesthetic value (Figure 3).
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Figure 2: Geographical distribution and the scale of the case study sites (n = 138, 13 sites
missing due to lack of data) addressed in the 71 publications: (A) geographical distribution and
scale of study areas, (B) number of publications and ecosystem service category per year, (C)
number of case study sites per country, and (D) distribution of case in the European
biogeographical regions.
There is a bias to biophysical and monetary research approaches. The majority of the studies
focus on quantitative methods and biophysical field measurements addressing the assessment
of only one or two services. Monetary approaches have been applied in less than one fifth of the
studies but form a distinctive group.

Figure 3: Frequency of the different ecosystem services appearing in the 71 publications and
their share (%) in ecosystem service categories.
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Discussion
Our results highlight gaps and biases in the ecosystem service research agenda within
agroforestry based on which we conclude that research should aim to diversify from the
biophysical and monetary approaches, towards a wider variety of approaches, especially sociocultural, and a wider coverage of ecosystem services. For regionsrich in agroforestry (such as
Mediterranean Europe) such assessments of biodiversity and ecosystem services may be
advanced towards long-term monitoring programs that would allow longitudinal studies.
Stronger consideration of stakeholder participation and introduction of spatially explicit mapping
are also important key actions. Identifyingservice trade-offs between land management
practices, assessing ecosystem services for particular actor groups, and analyzing bundles of
ecosystem services may be one important way towards understanding how different
stakeholders have access to and benefit from ecosystem services.
We make suggestions to advance the promise of ecosystem services provision from European
agroforestry in decision making including various actors, stakeholders, and institutions, with
strong links to policy processes, such as the EU Biodiversity Strategy and Common Agricultural
Policy.
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Introduction
The concept of agroforestry is rather new to Hungarian farmers and scientists. The Hungarian
National Agricultural Research and Innovation Centre’s (NARIC) Forest Research Institute (FRI)
Department of Plantation Forestry started to study agroforestry systems and constructed its first
trials in 2014. Since then further experiments have been set up and the institution has started to
spread the knowledge of agroforestry, its characteristics and specialities, through agricultural
and forestry forums and conferences, based on international literature, and examples (Keserű
2014). The aim is to establish trials across the whole country, to be able to study different sites
where profitable plantation forestry and agroforestry technologies can be tested under the
ecosystem of Hungary, providing models, and options to forestry and agriculture in marginal
areas.
Deflation is a serious problem in many arid areas of Hungary, as well as erosion in undulating
areas where the soil is temporarily uncovered due to conventional agriculture. There is about
700.000 ha arable lands and 100.000 ha grasslands in Hungary with low agroecological
potential, where production in the conventional way cannot be sustained (Borovics and
Gyuricza 2015).
One of the most effective ways to protect soil from deflation is the application of shelterbelts.
Shelterbelts are significant in domestic honey production too. Valuable bee pastures can be
established by choosing the species with good care, which provide pollens and nectar for bees
(Keresztesi 1975). Application of shelterbelts also affects to carbon fixing advantageously,
compared to the monoculture cultivation of plants.

Figure 1: Aerial photograph of the shelterbelt system in Földes, Hungary
This study focuses on representing a special shelterbelt system as a step towards reestablishing shelterbelts in Hungary which used to play an important role of the Hungarian
landscape in about the 1960’s (Gál and Káldy 1977). The topic is relevant to target the National
Forest Programme of Hungary that is to extend the forest cover from the current 21% to 27%
(NFCSO 2015). Moreover, agroforestry subsidies are soon to be issued by the government, as
part of Horizon 2020 that also encourages farmers to consider agroforestry land use systems
and invest in trees in the future.
In 1998 a proper agroforestry system was established in Földes by an organic farmer and
beekeeper, Zsigmond Bíró and the Forest Research Institute, although that time the concept of
agroforestry was forgotten in Hungary. The site has only recently gained attention after
recognizing its unique appearance in the landscape, its role to reduce several harmful effects of
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climate change, and because it’s particularly suitable to carry out agroforestry research in a
well-established ecosystem (Figure 1). Its investigation is only recently started. The farmer’s
motivation to establish the shelterbelt was to provide pasture for bees and to utilize the trees
within their multipurpose functions, such as living fence, wood for construction, fuel and the
farmer also highlights its aesthetic value (Figure 2).
Material and methods
The field study was carried out in a 5.1 ha organic agricultural field nearby Földes, where
previously sugar beet was produced. The field characteristics were shallow site, meadow
solonetz soil turning into steppe formation, with some periodic water effected area. The shape
of the field was rectangular, divided into 3 parcels (80m x 80m, 80m x 80m, 80m x 120m) by the
shelterbelt, so that the arable lands were surrounded with trees from all the 4 sides. The trees
were planted in 8 rows, inter-row spacing was 3 m and in-row spacing was 1 m, making up to
20 m each stripes, covering altogether 3 ha. At the outer edge of the shelterbelt a 5 m stripe
was left open field for maintenance, where lucerne was sowed.

Figure 2: Multipurpose trees and their aesthetic value in the shelterbelts of Földes (Photo: Rásó
J)
The trees were not planted with machinery but by hand, because of the size of the trees were
different according to the species. The trees were planted according to the Hungarian forestry
practice. The species used in the shelterbelt were chosen according to their significance to
apiculture, as follows: Hazelnut (Corylus avellana L.), Turkish hazel (Corylus colurna L.),
Cornelian cherry (Cornus mas L.), Hagberry (Padus avium L.), Judas tree (Cercis siliquastrum
L), Lily of the valley shrub (Deutzia spp.), False indigo (Amorpha fruticose L.), Staghorn sumac
(Rhus typhiana L.), Bee bee tree (Evodia hupehensis), Silver mapple (Acer saccharinum L.),
Common maple (Acer campestre L.), Tatarian maple (Acer tataricum L.), Wild pear (Pyrus
pyraster L. Burgsd), Common ash (Fraxinus excelsior L.), Russian olive (Elaeagnus angustifolia
L.), Spiny box-thorn (Lycium barbarum L.), Honey tree (Sophora japonica L. Schott), Siberian
elm (Ulmus pumila L. var. arborea cv. Puszta).
In the first two years, the rows were intercropped with maize to reduce windbreak, and under
drought conditions, the field was irrigated by water wagon. The in-rows were maintained by
manual hoeing. The maintenance was ceased after the canopy has closed. In the enclosed field
the farmer produces certified organic oiled pumpkin, spelled wheat, and zucchini for the market.
In the spring of 2016, a forest inventory (stand survey) was conducted. Dendrometric measures
were recorded such as diameter at breast hight (DBH) using Haglof caliper with Psion Organizer
II, and the hight of the trees and the hight of the canopies, using Vertex Forestor. Moreover, soil
samples were taken in the shelterbelt, 15 m (the hight of the highest tree) away from the
shelterbelt towards the middle of the enclosed field (assuming that the litter would positively
affect the organic matter content of the soil) and in the middle of the enclosed arable land. The
samples were taken to assess physical and chemical attributes from 0-30 cm suggesting that in
this time frame (17 years) the shelterbelt would only affect the top of the soil layers, and also the
roots of crops and tillage didn’t take place deeper than 30 cm.

95

3rd European Agroforestry Conference – Montpellier, 23-25 May 2016
Environmental benefits of agroforestry (poster)
Results
Based on dendrometric measures and visual observation, the ideal structure of the shelterbelt
has developed (Figure 3). The multilayer canopy, the dense and properly closed hedging
provides adequate protection against the wind’s negative effects. Various tree species were
present with different canopy height and structures, forming extensive surface to direct sunlight
to each individual tree compered to shelterbelts consisting of only a few species.

Figure 3: The structure and cross-section of the shelterbelt, indicating the dominating tree
species in each row, spring 2016.
As it was expected, the organic matter content was the highest under the forest land. However,
the values of the enclosed arable land shows that in the middle of the field the organic matter
content is higher than the values closer to the forest. In this paper, we present the map of the 0 10 cm layer, with the note that the other layers showed similar patterns (Figure 4).

Figure 4: Soil map of a portion of the shelterbelt and the enclosed arable land that shows the
changes of organic matter content of the top 0-10 cm layer of the soil
The shelterbelt provided habitat to numerous species, adding to its environmental value. A few
of the observed species during field works were: ground beetles (Carabidae), roe deer
(Capreolus capreolus G.) hare (Lepus europaeus P.) red fox (Vulpes vulpes L.) Red-footed
falcon (Falco vespertimus L.), european turtle dove (Streptopelia turtur L.), etc.
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Discussion
The value of the above discussed site has only been recognized recently, therefore further data
acquisition, studies and researches are needed. We assume that the abundant blooming
species in the shelterbelt with its increased surface exposed to full sun provides more flowers
and more intense blooming throughout the vegetation period, resulting in a high value bee
pasture serving increased amount of pollens and nectar.
We assume that the higher organic content of the soil in the middle of the field, compared to the
neighbouring area of the shelterbelt could be explained by the shelterbelt’s positive
predominating effect on the crops, that is higher productivity, thus more residue remains in the
soil. This was verbally confirmed by the farmer, who estimates that the yields are about 15%
higher in these enclosed fields, compared to the neighbouring fields of his own, where each
year he grows the same crops as in the sheltered fields, on a soil that is presumably holds
similar characteristics. This needs to be confirmed following further measurements and analysis.
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Introduction
Bioenergy crops are promising option for integrating fossil fuels and achieving European
environmental targets. Wooded systems like Short Rotation Forestry (SRF) in the plain areas,
counting agroforestry as well, start to be considered an opportunity for sustainable agricultural
development, because of the environmental benefits related to their use on agricultural lands.
One of this is to enhance water resources quality. Moreover, the EU has encouraged the use of
biogas to produce energy, and consequently there is a need of recycling digestate as fertilizer
with high content of inorganic nitrogen (Moller and Stinner, 2009). The nutrients intake by
spreading digestate can be an ecological and economical alternative to inorganic fertilizers,
allowing at the same time to improve soil fertility, increase the productivity and dispose of
livestock waste. However, the geographical concentration of livestock in areas with little or no
agricultural lands has led to manure management worries for fresh water and groundwater
(Oenema et al., 2007).
This research has highlighted the virtuous pairing of the bioenergy promotion (biogas and wood
energy sectors) and a correct management of digestate, with particular reference to the
opportunity they offer, if used correctly, to fertilize crops, SRF or agroforestry by enabling
improvement of agricultural soil processes. The experimentation was carried out in two SRF
plantations: one planted with Platanus hispanica characterized by highly permeable soils,
localized in the upper part of the drainage basin of the Venice Lagoon (called Tezze); and a
second one planted with Populus ibrida (clone BALDO) placed in the low plain and
characterized by low permeability (called Monastier).
The aims of this study are: 1) to measure nitrogen leaching in two quite diverse SRF plantations
fertilized with two different amount of digestate; 2) to assess the benefit of digested slurry
spread on SRF in terms of biomass growth.
Experimental sites
The two experimental sites are located in the North East of Italy: Tezze lays in the upper plain
within the main recharge area of the Venice Lagoon drainage basin and the second, called
Monastier, is located in the low plain.
Tezze is characterized by a loamy-skeletal, mixed, mesic soil. In the upper 90 cm the soil is a
mixture of coarse and fine sediment. The groundwater level fluctuates approximately between
15 and 19 m below ground level. The experimental site consists of monoculture plot (60x50 m)
of Platanus Hispanica (Mill ex Muench, a hybrid of Platanus orientalis x Platanus occidentalis),
planted with a distance between rows of 2.5 m and a distance within rows of 2.0 m (1532
trees/ha).
Monastier has a clay soil down to a depth of 120 cm, so the water flows are very slow except
during the dry season when soil fissures caused preferential flows. The planting system
(Populus X canadensis Mönch “Baldo clone”) had a density of 1125 trees per hectar.
In each of the two experimental sites, two theses with different amount of digested slurry from
biogas plant were tested (Three workshops (WS) were organized between June and September
2014, in Sardinia, Umbria and Veneto with 13, 13 and 22 participants, respectively. In each WS,
SHs included representatives of: a) farmers who have already experienced AF systems or
farmers willing to start a new AF project; b) professional associations, farm advisors, local policy
makers; and c) AGFORWARD researchers.
In the first phase of each WS, participants were invited to talk about their experience and
knowledge and to reflect upon the challenges and issues of current AF systems and practices in
order to bring information about their opinions and priorities (qualitative data). Then, SHs were
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invited to fill a questionnaire in which several issues concerning benefits and constraints of AF
systems were reported. The list of issues was grouped in the following categories: produc tion
(animal health and welfare, qualitative and quantitative productions of crops, animal and trees,
etc.), management (mechanization, complexity of work, management cost, etc.), environment
(biodiversity conservation, climate mitigation, landscape value, etc.) and socio-economy
(income diversity, market opportunity, subside and grant eligibility, etc.). WS participants were
asked to rank each issue with positive or negative score from 1 to 10 according to their
perceptions of how AF performs on each issue (quantitative data).
Data analysis
The key issues and challenges identified by SHs were analyzed as qualitative data to highlight
the research topics to be addressed, and quantitative data was added by analyzing the
responses to the questionnaire. As regards to the latter, the level of importance of an issue was
expressed as Very Important (VI) when the score ranged between 1 and 4, Important (I) (5 -7),
Less Important (LI) (8-10), and Not Important (NO) when no answer was given. Different
weights were assigned to each score: VI = 4; I = 3; LI = 2: NO = 1
The frequency of answers per each score class was calculated as well as the total score
obtained from the sum of the frequency multiplied by the value of the relative score class. This
analysis was performed in order to assess: i) the differences among the positive and negative
total scores by categories of AF issues calculated in relation to the total number of participants
(Kruskall-Wallis test, P ≤ 0.1); ii) the differences among the positive and negative total scores by
categories of issues calculated for each SH group, 24 farmers, 17 policy-makers, 7 researchers
(Kruskall-Wallis test, P ≤ 0.05); iii) the difference among the positive and negative scores related
to each issue within the group (χ2 test, P ≤ 0.1).).
Table 1: Experimental theses: the theoretical nitrogen amount to be spreaded in each thesis
and site, soil texture within the first 90 cm.
N spread
cod thesis
Kg ha-1
sand %
silt %
clay %
skeleton %
TEZZE SUL BRENTA - Platanus hispanica
TA0

0

TA1

170

TA2

250

50

34

16

abundant

MONASTIER- Populus X canadensis Mönch (clone Baldo)
MA0

0

MA1

170

MA2

340

0

8

92

absent

Methods
Measurements on nitrogen losses have been done over the four theses and two control plots for
three years, from November 2012 to October 2015. Water samples were collected at 30, 60 and
90 cm using tension lysimeters. Only in Monastier, the soil water samples were collected inside
the furrow (MA1in and MA2 in) and just outside of it (MA1ex and MA2ex) (see Figure 1).

Figure 1: sampling scheme to collect soil water samples in Monastier site.
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The soil water content, expressed as % of volumetric water, was registered every 30 minutes
through FDR Probes (Frequency Domain Reflectometry, spectrum SM 100 waterscout soil
moisture sensor) connected to a data logger (data-logging WatchDog 1000 Series Spectrum
Technologies) and placed at different soil depths (15, 30, 60 and 90 cm below the soil surface).
In the Tezze site, due to the consistent presence of cobble and the high soil permeability,
instead to bury the digestate in the soil it was sprinkled on the top, where the tiny superficial soil
skin was slightly moved. In this way the permanence on the surface is short but at the same
time the first layer, rich in fine sediment, is fully exploited. In Monastier the digestate was buried
within furrows, at about 20-25 cm depth.
Only in the Tezze site the daily balance of nitrogen leached have been calculated by multiplying
the daily volume of water deep seepage (at 90 cm) by the concentration measured during the
sampling date considered representative for that period.
To calculate the woody biomass and the nitrogen wood content the following formula was used:
Y = B0 + B1 XH + B2H
Y = total weight in kg of a single sucker
X = diameter at 1,30 cm
H = sucker height
B0, B1, B2 = numeric coefficients of the regression.
Results
Hydrology. As a consequence of the two site locations (high and low plain) and of the quite
different soil textures, the hydrology results strongly different in the two experimental sites. In all
the area of Tezze, there is a quite fast vertical infiltration rate (Ks) towards groundwater, but the
presence of significant content of fine sediment in the first 45 cm layer leads to a delay in the
percolation time. On the other hand the clay-loamy soil in Monastier acts like a sponge, during
the wet season it absorbes water increasing its volume while in the dry season due to
evapotranspiration processes, the soil water content is reduced so that several cracks may
form.
Nitrogen leaching. The hydrology has a strong influence on phyto-depuration processes. Such
differences in hydrology dynamics affect strongly the nitrogen processes and the resulting
nitrogen leaching. In the Tezze site, although a suitable method of digestate distribution was
applied, the nitrogen leaching was calculated to be about 36% and 37% in TA1 and TA2
rispectively. Differently in Monastier the digestate remained confined within the furrow where it
is used and transformed by plant uptake and microbial processes (Denitrification). This aspect
was confirmed by the very low nitrogen concentration measured at short distance (about 1m)
from the furrow where the digestate was burried ( Figure 1).
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Figure 2: Box plots of the total nitrogen measured during the whole research period. Tezze
theses are shown above. See below: in the Monastier site soil water collected inside the furrow
(MA1 in and MA2 in) and just outside of it (MA1ex and MA2ex). See the theses cod in table 1.
Woody biomass. In the Tezze site the total fresh woody biomass estimated after 7 years was
about 104 t/ha. Although the mean values showed some difference between the theses, control
plot included, was not possible to argue that digestate had a significan effect on the woody
biomass production, because the comparison between the theses, performed via T student test,
was not significant. Monastier at the end of the research was still at his early stage, 3 rd year, as
a consequence it was not possible to compare the theses to see the digestate effect, anyway
the fresh woody biomass estimated at the end of the study period ranged between 35 t/ha to 40
t/ha.

Conclusions
The results achieved have identified significant differences within the Venice Lagoon watershed
in both the functioning and effectiveness of these productive forested systems. Policy has to
interface with diversity and complexity of the territory in order to increase the effectiveness of
environmental measures. These differences have a strategic importance in landscape planning
and in the identification of suitable areas. It is important to focus efforts and financial incentives
on areas most at risk instead of spreading them all over the territory (see PSR, Greening etc.).
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Introduction
Agroforestry (AF) as a design including field crops and trees is largely studied with more than
22000 articles (period 1970-2015), referenced in WOS1, that contained the two keywords
“Agroforestry” and “Crop”. However, when adding the keyword “Breeding”, the number of
articles falls to less than 1700 (figure 1) and the entire majority concerns the breeding of the
trees. Very few concern field crops and if any, the main aim is the evaluation of some varieties
in AF systems (Singh et al., 2015; Mishra et al., 2010; Sirohi et al., 2012; Tiwari et al., 2012),
and not real breeding.
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Figure 1: number of publications in the Web Of Science
Farmers deplore that the crop varieties they grow are not adapted to their AF systems because
no selection is made under these conditions. There is an urgent need to breed for AF.
How the association tree-crop may modify the way of thinking plant improvement?
Referring to the Millennium Ecosystem Assessment, the main benefits of agroforestry concern
the four types of ecosystem services: (i) Supporting (nutrient cycling, soil formation, primary
production), (ii) Provisioning (food, wood and fiber), (iii) Regulating (climate regulation, flood
regulation, disease regulation, water purification) and (iv) Cultural services (aesthetic, spiritual,
educational, recreational) (MEA, 2005). When zooming on the ecosystem services offered by
the trees to the associated crops, Supporting and Regulating services have to be considered.
Regarding also the facilitation and competition effects on shoots and roots between tree and
crop, it may allow to elaborate an efficient breeding strategy, i.e to choose the relevant breeding
criteria and to rethink the way of breeding.
1- Breeding criteria for field crops associated to trees
 Shade tolerance
A great number of studies report that the tree shade, by reducing the photosynthetically active
radiation (PAR) intercepted by crops, leads to a decrease in yield. The reduction of PAR
increases with the time (22% lower during wheat ﬂowering, 56 % at maturity) (Li et al., 2008)
and the yield of cereal can decreased by more than 50% (Dufour et al., 2013). The varieties
proposed to farmers are all bred under full sun and therefore they are not the best adapted to
shade conditions. The first step to assess breeding criteria for shade tolerance is to determine if
it exists a genetic variability in the target crop for the following traits: (i) plant and leaf shape
that are able to capture more light, (ii) photoperiodic need, (iii) radiation use efficiency (RUE),
(vi) phenology. Theoretically, wheat yield potential could increase by genetically improving RUE
(Molero et al., 2015). And phenology of crop should also be studied to better match the period
of unshaded.
 Soil Nutrient contribution
Agroforestry Systems promote a permanent input of litter that increases the organic matter
content of the soil and therefore of the microbial community (Araujo et al., 2012). Besides the
contribution to soil organic matter from senesced roots, living roots release exudates. Root1
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induced changes to the chemical environment of the rhizosphere are crucial to the nutrient
acquisition of many plant species and include modifications to pH, reduction/oxidation
conditions, complexation of metals and enzyme activity (Hinsinger et al., 2003). Molecules
contained in tree root exudates influence the development of Arbuscular mycorrhizal fungi
(AMF). AMF constitute a key functional group that favors short-lived crops growth by improving
plant nutrition and protecting plants from stresses (Shukla et al., 2012).
Breeding strategies must take into account functional traits like the ability of some crop varieties
to increase their own AMF colonization when associated with trees. And it is therefore
necessary to analyze the potential genetic variability for root exudates that favor mycorrhization.
These traits have never or very few been studied in formal breeding, compared to nitrogen use
efficiency (NUE) that is currently one of the main aim in formal plant breeding program.
 Soil Water contribution
A fundamental hypothesis of agroforestry is that different plant forms such as trees and crops
occupy different soil strata with their root systems when grown in association. It leads to a
degree of complementarity in their use of soil resources and especially of water. For this
reason, rooting depth and the vertical distribution of root systems are of particular interest for
agroforestry. Response to root management must be regarded as a clear breeding aim. The
crops have to develop their root system when those of the trees are already established. So, it
could be interesting to look after varieties that have a shallower root system with relevant lateral
root spread in the topsoil. Parameters of root competitiveness, such as root length density,
mycorrhization and flexibility in response to water and nutrient patches in the soil, have to be
considered for predicting the outcome of interspecific root interactions (Schroth, 1999). These
traits must be combined with the usual WUE (Water use efficiency) trait in AF plant breeding
programs.
Several authors have emphasized the critical role of arbuscular mycorrhizal fungi (AMF) in
improving the ionic content and water parameters in hosts plants including sorghum (Augé et
al., 2015), and barley (Tao et al., 2014). A meta-analysis (Meddich, 2015) conducted on 460
studies shows that across all host and symbiont combinations under all soil moisture conditions,
AMF plants have shown 24 % higher stomatal conductance than nonmycorrhizal controls. This
influence has been even more pronounced under severe drought, with over four times the
promotion observed with ample water. Colonization by native AMF has produced the largest
promotion.
 Microclimate adaptation
Planted in alignment or in hedges, the trees can influence the components of microclimate at
different scales. Trees play on two essential elements: radiation and air flow. They contribute to
decrease daily amplitude of air (2.5 to 8°C) (Lott et al., 2009) and of soil temperature (5°C) (Van
Noordwijk et al., 2014) and to play a role of windbreak. Wind may stimulate photosynthesis and
increase yields in crop plants, while in different circumstances it retards growths or occasions
physical damage (Grace, 1977). It seems therefore relevant to screen the crop genetic diversity
under different situations of wind and temperature.
 Pests and Diseases resistance
Even though the effects of agroforestry on pest abundance and plant damage in annual
cropping systems are not well known, some studies provide examples of reduction in pests with
the use of AF (Girma, Rao, & Sithanantham 2000; Ogol et al., 1999). This can be explai n by
lower populations of specialist herbivores in AF systems that contained both host and non-host
plants, and by an increased abundance of predators, crop auxiliaries and parasitoids (Schroth
et al., 2000).
However, there are also instances where agroforestry has led to an increase in pest
abundance. High nutrient availability in AFS could lower carbon-nutrient ratios and also reduce
the plant defense systems. The effect of agroforestry on pests and diseases does not only
depend on crop type, but also on factors such as pest identity, microclimate, and the
microclimatic preferences of the pest (Schroth et al., 2000; Pumarino et al., 2015). Therefore
these traits must be evaluated in several situations.
 Weed competition
Shading by trees could contribute to weed control (Nestel and Altieri, 1992) as the improvement
in soil nutrient availability (Barrios et al., 1998; Sileshi et al., 2008). Allelopathic effects of litter
(including root) extracts and rhizospheric soil of agroforestry trees on the root growth of crops
and other tree species have often been detected under controlled conditions (Ramamoorthy
and Paliwal, 1993). But in the field it is still rather obscure as it is notoriously difficult to
distinguish from other, soil-root and root-root interactions. In some studies, higher weed
diversity has been shown to be associated with a higher proportion of insect-pollinated species
thereby extending food potential for other groups of organisms and creating a source of
complexity for the agro-ecosystem (Kuussaari et al., 2011; Tscharntke et al., 2011).
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Breeding for this trait means to firstly screen the germplasm/varieties of field crops for both
allelopathic potential and allelopathic response and to valorize it.

2- How to breed for Agroforestry?
Formal breeding methods were not always suitable to address the very large diversity of both
environmental conditions and end-users needs. This large diversity is frequently encountered in
AF Systems. Participatory plant breeding (PPB) methods represent alternatives aimed to
improve local adaptation breeding, to promote genetic diversity, to empower farmers and rural
communities. The term PPB refers to a set of breeding methods usually distinguished by the
objectives (functional or process approach), institutional context (farmer-led or formal-led),
forms of interaction between farmers and breeders (consultative, collaborative or collegial),
location of breeding (centralized or decentralized), and stage of farmer’s participation in the
breeding scheme (participatory varietal selection or participatory plant breeding). Few PPB
programs for AF are running at this time, but they are powerful to catch the diversity of the AF
systems and to share knowledges between all the participants (Tiwaria et al., 2009; Desclaux
and Nolot, 2014).
Conclusion
Most often, breeding for Agroforestry is only seen as breeding for shade. But this is a very
reducing way of thinking if only taking into account the constraints while ignoring the numerous
benefits of the trees.
A systemic approach should be largely more relevant than an analytic one, because interactions
are much greater in AF systems than in mono-cropping systems.
As a main difference with respect to conventional field crop breeding, breeding for AF obliges to
consider traits influencing agroecological structure and function as important as- or more
important than- the classical targeted traits such as yield or quality. Among these traits, shoots
traits (growth form, leaf shape, photosynthetic rate, displaced phenology, etc…) and roots traits
(shape, type of exudates, mycorrhization, etc..) must be highlighted. Some of them have even
been counter bred in formal breeding. AF contributes to change perception of plant
improvement towards an ecologic manner. Taking into account key concepts from community
ecology –namely niche differentiation, facilitation, competition - and translating these into a
breeding framework is necessary. Therefore, referring to the etymology, the term oikosbreeding
should be used for AF breeding, in order to emphasize that it’s necessary to take into account
habitat of plants and the whole ecosystem. So, what must be considered is not only ‘response’
traits i.e. how plant responses to environmental stimuli, but also ‘effect’ traits i.e. how plants
influence ecosystem function (Lavorel and Garnier, 2002). Moreover, the way of breeding mus t
change to integrate the great diversity of AF practices and outlets. Including farmers, collectors,
processors, consumers in a Participatory plant breeding program will lead to higher adapted
varieties to AF.
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Introduction
Monocropping has proved its high performance under optimized conditions such as the
provision of external resources. However these systems perform poorly when inputs are
reduced (Altieri et al. 2015). Agroforestry belongs to the multiple cropping paradigm using plant
interactions to increase or at least to maintain crop production with lower inputs and to enhance
ecological services (Gaba et al. 2015). It is mostly based on full intercropping or relay cropping
depending on if plants are grown together during their whole-growing cycle or a part of it,
respectively (Parrotta et al. 2015).
The focus of this paper is on how fruit-trees can be integrated in agroforestry systems (AFS) in
the temperate and Mediterranean zones. We will first show the contrasted situations between
the tropics and the temperate and Mediterranean zones. We will then present the main
biological and agronomic specificities of fruit-trees compared to annual crops and timber-trees.
We will conclude on the interest and challenges of AFS structured around timber- and fruittrees.
Fruit-trees are under-represented in agroforestry systems in the temperate and
Mediterranean zones
A majority of AFS are found in the tropics and sub-tropics where fruit-trees constitute an
important component of agroforestry systems (Nair 1991). In these contexts, the interactions
between the characteristics of AFS and the behavior of fruit-trees receive an increasing interest
for crops such as coffee (e.g., shade versus productivity; Cerdan et al. 2012) and cocoa (e.g.,
spatial structure and biodiversity versus productivity (Deheuvels et al. 2012) or pests and
diseases (Gidoin et al. 2014)).
In temperate Europe, fruit-trees have been traditionally cultivated in AFS known as “Joualles”
and “Verger haute tige” in France (Dupraz and Liagre 2011) or “streuobst” in Germany (Herzog
1998). These systems dated back from the 17 th century and reached their peak during the
1930s (Herzog 1998). Production was mostly oriented towards family consumption and the
possible surplus of fruit was sold to neighboring cities (Herzog 1998). It is likely between the two
world wars, along with a generalized specialization of all production systems in agriculture, that
the increasing demand for fruits entailed the disintegration of these fruit-tree-based AFS and
fruit hedges, and the emergence of orchard systems precursors of modern intensive orchards,
mechanized crop and fodder production (Herzog 1998). At the same time, traditional fruit-treebased AFS were considered as not profitable by the European Economic Community and 1998statistics indicated that these systems use of the whole agricultural land ranges from 0%
(Ireland) to 5.4% (Spain) mostly as silvopastoral systems (Herzog 1998; Nair 1991). The strong
reduction in the number of cultivars accompanied these evolutions. For example, in Germany, it
is estimated that the traditional streuobst systems hosted a high genetic diversity with ca. 1400
apple cultivars which were robusts and well adapted to the local pedoclimatic conditions
(Herzog 1998) whereas in the current monocropping system 52% of apple production is
covered by only five cultivars (Garming 2013).
Nowadays, a majority of research works developed on fruit-trees are based on monocropping
systems, with ca. 5% of all published articles dealing with fruit-trees in AFS and no significant
trend over the recent years (Figure 1). However, the economic and ecological interests of
traditional systems integrating agroforestry practices are documented on fruit-trees such as
walnut (e.g., Mary et al. 1998). In the same time, there is a growing interest for agroecological
orchards not only in terms of sustainability especially with regards to the control of pests and
diseases (Simon et al. 2015) but also in terms of economic efficiency (Duru et al. 2015). In this
context, there is a need to develop more fundamental and applied research on the design and
performances of temperate and Mediterranean AFS integrating fruit-trees.
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Figure 1: Annual frequency of published articles with topic “fruit-tree - AFS” (i.e., “fruit-tree”
combined with “agroforestry” or “agroecosystem” or “agrosystem” or “silvoarable system” or
“alley cropping system”) and with topic “fruit-tree” alone, from 2006 to 2015, in all document
types and all Web of Science (WOS) categories (access, January 2016).
Biological and horticultural specificities of fruit-trees
Growing fruit-trees in AFS requires taking into account three main aspects.
1) Genetics of the plant material - In the last decades, whatever the species, fruit-tree
breeding programs have poorly considered tree hardiness. As a consequence, available
cultivars in monocropping orchards are generally pest- and disease- susceptible and are
heavily sprayed with pesticides (e.g., apple, Parisi et al. 2014). This could be a bottleneck to
develop mix cropping with fruit-trees since pesticides are registered per pest and crop.
2) The fruit-tree as a composite entity - Contrary to timber-trees usually propagated by seeds
or cuttings, most temperate fruit-trees are planted as composite entities with the cultivar
bearing the desired fruits (most of the aerial part) grafted on a rootstock (root system). The
rootstock is used to control the intrinsic vigor of the tree, its growth habit and fruiting
precocity. It is also used to adapt the cultivar to unfavorable abiotic and biotic environmental
conditions. Although planting own-rooted fruit-tree cultivars, i.e., with more vigor, could be
interesting in contexts of competition for light and nutrients (e.g., apple, Maguylo and Lauri
2007), the genetic variability of both the cultivar and rootstock are efficient means to
precisely adapt the plant material to growing conditions.
3) Tree management - Once the tree is planted, training and pruning techniques are essential
to drive tree growth and fruiting year after year. These manipulations of tree architecture
have two objectives: to give a shape to the tree to optimize light interception in relation to
the planting design and to balance vegetative growth and fruiting to ensure regular fruit
production (e.g., apple, Lauri and Laurens 2005).
Integrating fruit-trees in temperate and Mediterranean agroforestry systems
In the AFS predominant in the temperate zone, plants are structured in two spatial strata with
timber-trees, nut-trees or fruit-trees in the upper stratum and herbaceous crops in the lower
stratum (e.g., apple trees combined with soybean and peanut; Gao et al. 2013).
We propose that, similarly to what is commonly observed in tropical AFS, an original timbertree-based AFS could be enriched with fruit-trees in an intermediate vertical stratum (Table 1).
However, developing 3(or more)-strata AFS structured around fruit-trees and timber- or nuttrees directly addresses how ecosystem services are managed, especially the hierarchy among
provisioning (fruit yield) and other ecosystem services such as regulation of pests and diseases.
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Table 1: AFS ideotypes integrating fruit-trees.

Upper stratum
(10m
and
above)
Medium
(3 to 4.5m)

Lower
(up to 2m)

3 (or more) vertical strata
Timber-tree, nut-tree (walnut…)

2 vertical strata
-----------

Life-cycle
30 years or
more

Fruit-tree (possibly trellised in
row design)
In the timber-tree row
and/or
In the cropping alley
Cereals and associated rotation
Vegetables, annuals/perennial
grasses, Fruit bushes

Fruit-tree (possibly trellised in
row design)

15-25 years

Cereals and associated rotation
Vegetables, annuals/perennial
grasses, Fruit bushes

1 to 5 years

In such context, the interest but also the challenges of timber- and fruit-tree based AFS lie in
the following aspects:
1) Fruit production – Increasing plant diversity in an AFS increases competition for light. The
ability of fruit-trees to grow under the shade of timber- or nut-trees depends partly on the
phenology of all the species, and for a given species of the cultivar. Interactions between
the environment and the characteristics of the fruit-tree may not only affect fruit yield but
also the visual appearance of the fruit. Further, how the fruit-tree based AFS, compared to
the monocropping systems, affects the Land Equivalent Ratio (LER) but also labor
efficiency warrant more studies.
2) AFS microclimate and plant ecophysiology – In the Mediterranean area, fruit-trees may
be subjected to an excess of solar radiation during summer with known deleterious effects
on fruit quality and leaf functioning (photooxydative damage). In such micro-climatic
condition, the use of timber- or nut-trees for shade may be a good alternative to shade nets
that are commonly used in monocropping orchards.
3) Biocontrol of pests and diseases – Designing annual and perennial plant assemblages
can be a way to foster both bottom-up and top-down processes in the food web, as well as
barriers and dilution effects, to control pests and diseases and to decrease pesticide use
(Simon et al., 2015).
Ongoing and planned projects at INRA, France, in collaboration with other academic and
applied research organizations and growers aim to enhance the scientific knowledge of fruittree-based AFS, and further to improve the design of these systems and to evaluate their
productivity and economic viability. Apart from research investigations conducted on the aerial
(e.g., light) and the subterranean (e.g., water, nutrients) compartments of the various plants
under the paradigm of competition or facilitation (e.g., Moustakas et al. 2013), two main aspects
need to be considered. Firstly, although the vertical stratification of the trees, timber- or nuttrees and fruit-trees, is related to the architectural characteristics of the species (Table 1), their
horizontal distribution needs to be adapted to the growth patterns of the species (e.g.,
alternating rows of timber- and fruit-trees vs. planted in the same row). Secondly, the temporal
resolution of the AFS also has to be investigated whether all species are planted in the same
year or in consecutive years, possibly including a dynamic planting density scenario with the
removal of some trees depending on competitions among plants.
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Introduction
Modern agriculture faces many challenges. While the world’s demand for food is increasing
conventional farming has progressively become a threat to environment and human health
(Tilman and Clark 2015). Under this environmental crisis context, agroforestry is viewed as one
of the solutions to preserve soils, water table quality and biological diversity while diversifying
productions that are less dependent on chemical inputs (Dupraz and Liagre 2008). Introducing
trees into cultivated fields may also benefit to the crop (regarding microclimate, pest control,
etc.) but mature trees may also compete too strongly for light with the crop. Reducing tree
density may reduce this phenomenon but it may also reduce their beneficial impacts on the
crops.
Another solution is to pollard the trees. Pollarding is an age-old practice that emerged worldwide
from farmers good sense (Thomas 2000; Mansion 2010). It consists of periodically harvesting
the tree branches by pruning. It reduces tree shade on crops, provides habitats for an increased
biological diversity and allows a regular harvest of wood. However, these practices have been
poorly investigated scientifically. In particular, only few studies can be found regarding the
impact of pollarding on the physiological responses of the trees to these disturbance or more
specifically on wood production (Ferrini 2006).
On the one hand, the hypothesis of functional equilibrium within a plant (Poorter and Nagel
2000) predicts that pruned plants exhibit a strong re-growth of the pruned organs. As empirical
knowledge also suggests, it is expected that pruned trees exhibit an important vigour in their
regrowth period (Ferrini 2006) to restore the functional balance between above- and belowground plant organs. On the other hand, it has been shown that after pollarding a tree, the
secondary growth of its trunk tends to strongly decrease (Bernard et al. 2006; Ferrini 2006).
However, the relationship between the increased vigor of branch regrowth and the decreased
trunk growth as not been investigated.
In this study, we assessed the past growth of the trunk of pollarded ash trees (Fraxinus
excelsior L., 1753) in a sylvopastoral region of Western France using dendrochronology. We
also established an allometry between tree size, time since the last branch harvest and crown
growth. We then used the relationship between trunk and crown growth to propose pollarding
scenarios that could optimize wood production.
Material and methods
Study area
The sampling area is located in an embanked marshlands (called “Marais Poitevin”) of Western
France (46°30’–46°27’ North and 1°30’–1°35’ West). This wetland has been traditionally
managed as a sylvopastoral area with numerous pollarded trees mostly used to produce
firewood or fodder for livestock and to protect drainage channel banks. The most common
species in this wetland is ash tree (Fraxinus excelsior).
Data collection
We sampled 133 pollarded ash trees in 5 locations within the area. Two (orthogonal) radial
wood cores (at 1.30 m high) were extracted from each tree with an increment-borer. The wood
cores were dried, stuck on a wooden stick and sanded with successive finer grades of
sandpaper until growth rings were clearly visible (P240 to P600 grit) (Schweingruber 1988).
Tree ring widths were then measured with a Lintab version 5 measuring system and TSAPWin
(4.69e) software.
Crossdating samples is essential to identify missing or extra growth rings (Lebourgeois and
Merian 2010). This is usually done by identifying pointer years (i.e. extraordinary low growth
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reflecting a severe drought) used to synchronize growth series (Schweingruber et al. 1990).
However, as documented by Bernard et al. (2006) and Ferrini (2006), a strong decrease of
trunk growth following branch harvest was expected and actually observed in our samples (as
well as other microscopic anatomic markers). These markers were used to identify and date
branch harvest episodes but also as temporal markers for crossdating trees within each tree
hedge (being traditionally all cut at the same moment).
The age of tree crowns were estimated directly with an architectural method (Hallé et al., 1978)
for young crowns (up to 6 – 7 years) or measured from extra wood cores taken from the base of
a large branch for older crowns. Diameter at the base of all branches were all measured and 46
branches were samples, dried (30 days at 50°C) and weighted to develop an allometry. Crown
dry biomass could thus be estimated for every pollarded tree.
Analysis
We used linear regressions to model the relationships between tree biomass annual increment
(crown and trunk) and tree size (basal area and trunk height) as well as the time since last
branch harvest. These models were used to explore various crown harvest scenarios in order to
maximize wood production over a 100 years cycle of production. We explored a set of 40
pollarding scenarios. Equally spaced branch harvest episodes (within a given scenario) have
been explored through 15 scenarios (harvest intervals from 1 year to 15 years). The other 25
scenarios explored various mixtures of branch harvest interval length (long intervals followed by
shorter intervals).
Results
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The models revealed that after branch harvest crown growth is enhanced while trunk growth
shrinks. This significant trend reverses with time after branch harvest. It also revealed that tree
basal area had a significant impact on trunk and crown biomass growth (Figure 1). In particular,
crown biomass growth markedly increases with tree basal area.
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Figure 1: Simulated growth rates of a pollarded ash tree (Initial DBH = 10 cm and trunk height =
2 m). Grey lines reprensent pollarding episodes (every 10 years here).

The set of 40 simulations (Figure 2 only represents 15 scenarios, other are not shown here)
Figure revealed that depending on the harvest scenario tested in our analysis, trunk biomass
varies between 65.8 kg and 152 kg (coefficient of variation = 18.8%) while total harvested crown
biomass varies between 1140.7 kg and 1373 kg (coefficient of variation = 5.4%) after 100 years.
The first set of 15 simulations (equally spaced branch harvest, Figure ) shows that trunk
biomass after 100 years increases with branch harvest interval length. In the meantime, it
shows that crown biomass first decreases and then increases with branch harvest interval
length. Other scenarios mixing harvest interval length led to simulate higher branch biomass but
no clear trade-off appeared between trunk and branches production (result not shown here).
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Figure 2: Simulated trunk and crown biomass produced over 100 years under 15 different
branch harvest scenarios. Branch harvest intervals are egually spaced within each given
scenario. Numbers represent branch harvest interval length (in years) within a given sc enario.

Discussion
As expected, branches growth is enhanced and trunk growth shrinks after branch harvest.
However, we showed that branch production also depended on the trunk size. It appeared that
shortening time between branch harvest (that also reduces trunk growth) do not lead to
maximize branch production. Increasing branch harvest interval length actually allowed the tree
to increase its basal area that in turn increases branch production. As a conclusion, in order t o
increase biomass production, a compromise needs to be found between long intervals allowing
the trunk to get larger and short intervals that increase branch growth rate (given a certain trunk
basal area). It appeared that favoring long harvest intervals when the tree is young and
shortening these intervals when the tree is larger increases branch production.
Finally, we showed that several combinations of interval lengths between branch harvests could
lead to similar trunk biomass but different crown biomass (or the opposite). This flexibility thus
gives the possibility to the farmer to adapt its management practices to its current needs
(firewood, chipped branched wood) or to the fluctuations of wood markets. In addition, some
supplementary clues (not presented here) tend to reflect that in our samples branches may
have been harvested either in summer or in winter. A hypothesis to be tested is that while it is
common to pollard during winter, farmers may have chosen to pollard during summer to provide
fodder for livestock.
Further investigations are also still needed to better understand the tree reaction to such
practices, in particular if a tree can withstand short branch harvest intervals on the long term.
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Introduction
Alley cropping systems are one of the most common agroforestry applications around the world.
Simple and scalable, alley cropping systems integrate rows of woody crops with an ‘alley crop’
in the intervening ‘alleys’. The archetypal alley cropping system contains a single timberproducing tree species within the rows (e.g. walnut or poplar trees) and an herbaceous crop in
the alleys (e.g. wheat or hay). This setup allows the producer to focus on and continue to
mechanically harvest the alley crop while the timber crop matures over the long run. Despite the
effectiveness of alley cropping to date, two major gaps exist in the current research and
application of alley cropping systems, both of which show great promise in improving these
systems and should be a top priority for the agroforestry community.
The first gap is the diversification of the woody crop rows by leveraging multiple species and/or
multiple canopy layers within the rows. Despite the potential benefits of multispecies systems
being well documented (Malézieux et al. 2009, Piotto 2008), the typical alley cropping system
still contains monospecific, single-layer tree rows. In this scenario, the trees are spaced within
the row at a distance determined by mature canopy width (often 10-25 m), leaving a substantial
amount of unutilized space between trees within the rows. Additional crops utilized in this space
could add to the productivity of the system without interfering with either the primary tree crop or
the alley crop.
One of the simplest implementations of tree row diversification in alley cropping systems is
either via within-row diversification or between-row diversification of the existing canopy tree
layer. Within-row diversification would leverage a strong niche complementarity effect between
the two tree species. Between-row diversification would be preferred, however, if management
efficiency was much higher with monospecific rows (e.g. with some types of mechanical
harvesting). Further diversification approaches exist due to the three-dimensional nature of
woody systems. Rather than diversifying the original canopy tree layer, a diversi fied alley
cropping system can be implemented with the addition of an ‘undercrop’: an additional woody
crop that grows within the same row as the primary tree crop but occupies a lower canopy layer.
For example, planting shade-tolerant shrubs in between the canopy trees could increase the
space utilized, light captured, and yields obtained early in the succession of the system.
Diversity can be further increased by adding undercrops in other canopy layers or by adding
additional species to each undercrop layer.
The second gap is the utilization of food-producing fruit and nut trees rather than
timber/biomass species within the woody crop rows. Food-producing tree crops of all kinds have
longstanding global markets and have garnered increased investment in the US and Europe by
both industry and academia over the past two decades (Molnar et al. 2013). Beyond
specialty/niche markets, some woody crops even have potential as staple food crops. Chestnut
(Castanea sp.) and hazelnut (Corylus sp.), for example, could functionally replace maize (Zea
mays) and soybeans (Glycine max), respectively, as industrial sources of starch, oil, and protein
(e.g. Smith 1929, Benitez-Sánchez et al. 2003). Another important benefit of food-producing
tree crops compared to timber crops is that, once established, they produce marketable
products each year, thereby diversifying farmers’ revenue streams and potentially providing a
quicker return on establishment costs.
Here, we describe and discuss a new, large-scale field trial that aims to explore not only these
two major gaps in alley cropping research and application, but also the potential of combining
the two strategies. These two strategies have rarely been applied together and have almost
never been considered as viable options for temperate food production. Combining the separate
benefits of diversified woody rows and food-producing tree crops into diverse food-producing
alley cropping systems could create a transformative temperate agroforestry model.
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Study site
In May 2015, a new 12-hectare multi-layer alley cropping field trial was established in Urbana,
IL, USA at the University of Illinois at Urbana-Champaign (Figure 1). The trial contains four
replicate plots each of seven treatments, arranged in a randomized complete block design.
Each plot is approximately a 0.4 ha square containing eight tree rows spaced 9 m apart with an
alley crop of grass-clover hay. The site experiences a temperate, continental climate with a
mean annual temperature of 11˚C, an average of 18.5 days that reach greater than 32˚C, and
an average of 122 days that reach lower than 0˚C. Mean annual rainfall is 1050 mm, with mean
annual snowfall adding an additional 590 mm of equivalent rainfall. The dominant soil type at
the site is a silt loam to silty clay loam, with 0-2% slope across the site. The land-use history has
been conventional row-crop agriculture (recently, a maize-soybean rotation) for over 100 years,
making region-wide comparisons possible.

Figure 1: Site layout of the multi-layer alley cropping field trial at the University of Illinois at
Urbana-Champaign.
The main goal of the field trial is to explore the potential of and synergy between the alley
cropping strategies of (1) multispecies woody crop rows and (2) food-producing woody crops.
Consequently, the primary treatment variable in the trial is the composition and arrangement of
species within the woody crop rows. The four primary woody crops used in the trial are Chinese
chestnut (Castanea mollisima ‘Qing’), European hazelnut (Corylus avellana ‘Yamhill’), semidwarf apple (Malus domestica ‘Liberty’), and black currant (Ribes nigrum ‘Blackcomb’).
Chestnut and hazelnut were selected due to their functional similarity to maize and soybean,
apple because it is the most common fruit crop of the region, and black currant due to its
relatively high shade tolerance. The treatments are as follows:
Maize-soybean rotation – A ‘control’ treatment to compare the new agroforestry systems to the
dominant surrounding land-use.
Component monocultures of woody crops – Industry-standard monoculture plantations of the
four major component woody crops (Figure 2, treatments 2C, 2A, 2H, and 2U)
Simple two-species alley cropping – Alternating, mono-specific rows of chestnut and hazelnut
(Figure 2, treatment 3).
Addition of a single undercrop – The same as treatment 3, but with the addition of an undercrop
of black currant as a second canopy layer (Figure 2, treatment 4).
Double density canopy nut trees – The same as treatment 3, but with the canopy nut trees at
double density (Figure 2, treatment 5).
Addition of a second undercrop – The same as treatment 4, but with the addition of a second
undercrop of apple as a third canopy layer (Figure 2, treatment 6).
Hyper-diverse woody rows using native species – Serves as diversity extreme that mimics the
same alley cropping structure but has a species composition acceptable to most conservation
strategies. Utilizes the same structural composition (i.e. the density/arrangement of each
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canopy layer) as treatment 4, but includes 8 native fruit/nut-producing species: pecan (Carya
illinoinensis), American persimmon (Diospyros virginiana), American plum (Prunus americana),
pawpaw (Asimina triloba), saskatoon serviceberry (Amelanchier alnifolia), American hazelnut
(Corylus americana), American elderberry (Sambucus canadensis), and black chokeberry
(Aronia melanocarpa) (not illustrated in Figure 2).
In each of these treatments, within-row spacing of canopy nut trees follows regional
recommendations for monospecific plantations. Successive undercrop diversity was added only
within rows to maintain the productivity and manageability of the alley crop. All of the plants in
the field trial were installed over two days using a mechanical tree planter, and the 1 -m band of
tree rows was sprayed with pre-emergent herbicide to minimize weed pressure. Irrigation was
neither necessary nor used. Tree tubes were installed on the apple trees to protect them from
small mammals. The entire field site was enclosed in a simple three-wire, double-depth fence to
keep out deer. The hay alley crop was drilled in the spring prior to tree planting and mowed
regularly during the establishment year. In future years, the alley crop will be cut and removed
as hay, and the 1-m within row bands will continue to be kept free from weeds using herbicide.

Figure 2: Hypothetical three-dimensional geometry of experimental treatments at maturity.
Conclusion
The two major innovations that are the focus of this new field trial, multispecies woody crop
rows and food-producing woody crops, are significant existing gaps in temperate alley cropping
research and application in both the US and Europe. It is our aim that this new field trial will
provide a major opportunity to explore these strategies over the next 20+ years and will provide
significant results that are applicable across the temperate zone. Since the agroforestry
paradigm is much more widely accepted and implemented in Europe than it is in the US, we
look forward to developing strong collaborations with European agroforestry allies in the years
to come.
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Introduction, aims and objectives
AGFORWARD is a major European agroforestry research project co-funded by the European
Commission under its 7th Framework Programme. The four year project, which started in
January 2016, involves 26 partners from across Europe. The purpose of this short paper is to
describe the aim and the objectives of the project, and to describe some of the key
achievements during the first two years. A full progress report for the first 12 months is provided
by Burgess et al. (2015).
The overall aim of the project is to promote AGroFORrestry practices in Europe that Will
Advance Rural Development. Agroforestry is defined as the practice of deliberately integrating
woody vegetation (trees or shrubs) with crop and/or animal systems to benefit from the resulting
ecological and economic interactions. The project has four objectives which are addressed
through ten work packages (Figure 1):
1.
To understand the context and extent of agroforestry in Europe (work package 1).
2.
To identify, develop and field-test agroforestry innovations (work packages 2, 3, 4
and 5).
3.
To evaluate innovative agroforestry practices at field-, farm- and landscape scales
(work packages 6 and 7).
4.
To promote appropriate agroforestry through policy development and dissemination
(work packages 8 and 9).
There is also a project management activity (work-package 10).

Figure 1: Schematic diagram showing the key components of the AGFORWARD project
Objective 1: Context of agroforestry
In the first year, AGFORWARD produced a report on agroforestry in Mediterranean areas
bordering Europe (Pagella et al. 2014). A climate analogue approach was used to look at
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potential climates for four existing dehesa sites in Spain. The predicted climate in 2050 and
2080 for some of the dehesa sites was predicted to resemble the current climate in some areas
in Morocco.
During the second year two reports have been produced on the context and extent of European
agroforestry. The report by den Herder et al. (2015a) used existing literature to estimate an area
of agroforestry in Europe in excess of 6.5 million hectares. This has been followed a report,
primarily using the LUCAS Land Use and Coverage Area frame Survey dataset, to identify the
proportion of land combining the use of trees and farming. This analysis suggests an
agroforestry area of about 24 million ha equivalent to 5.7% of the land area of Europe (den
Herder et al., 2015b). This is a larger estimate than the initial literature review. The higher value
is a result of adding data for Romania (+1.76 million ha) and Bulgaria (+1.39 million ha), plus
higher estimates for Spain (+3.05 million ha), France (+2.12 million ha) and Italy (+1.34 million
ha). The higher estimate for Spain is supported by a review of national data and is primarily a
result of including silvopastoral systems in addition to the dehesa.
Objective 2: Identify, develop and field-test agroforestry innovations
The second objective of the project is to identify, develop, and field-test agroforestry innovations
and this is being achieved through four participatory research and development networks
(Figure 2). These networks focus on:
•
Existing agroforestry systems of high nature and cultural value such as the dehesa and
montado systems in Spain and Portugal, and other European wood-pastures (work-package 2).
•
The integration of grazing or intercropping in high value tree systems including olives,
fruit trees, and walnut and chestnut grown for high value timber (work-package 3).
•
The integration of trees in arable systems (work-package 4).
•
The integration of trees in livestock systems (work-package 5).

Figure 2: AGFORWARD focuses on identifying opportunities to benefit from integrating trees
with livestock and/or crops. The participative work-packages focus on different starting points.
During 2014, the AGFORWARD project established 42 stakeholder groups involving about 820
stakeholders with different agroforestry practices across 13 European countries. The facilitator
of each group has written an initial stakeholder report describing the agroforestry practice and
the key positive and negative aspects as perceived by farmers and other stakeholders. These
are all available on the AGFORWARD website: www.agforward.eu. The full analysis is still ongoing but it appears that the production, environmental, and societal benefits of agroforestry are
generally well recognised. The key negative issues often revolve around management,
administration, labour costs, and issues of complexity.
At the beginning of 2015, each of the four participative research and development networks
produced a list of innovations to be investigated during the remaining three years of the project
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(Moreno et al. 2015a; Pantera et al. 2015a, Mirck et al. 2015, Hermansen et al. 2015). Sharing
existing knowledge and tree regeneration and protection were recognised as priorities within
work-packages 2, 4 and 5. Livestock management (including the use of GPS and “invisible
fencing”) and securing a premium price for agroforestry products were also highlighted in workpackage 2. The use of sheep in apple orchards is the focus of three groups in work-package 3,
and has synergies with work-package 5. Work-package 3 also focused on the intercropping and
grazing of olive or citrus orchards in four groups. Weed management near trees was highlighted
in work-package 4, and system design and the nutritional value of woody vegetation were
highlighted issues in work-package 5.
During 2015, detailed research protocols were developed for each of the 40 stakeholder groups
and a synthesis of these were provided for each participative and development network
(Moreno et al. 2015b; Pantera et al. 2015b, Mirck and Burgess 2015, Hermansen 2015). During
early 2016, some of the initial results are being made available on-line and some of the results
are presented in these Conference proceedings.
Objective 3: Evaluate innovative agroforestry at field-, farm- and landscape-scales
Whilst some evaluation will be completed in the field, because tree responses can take years, if
not decades, we are also making use of bio-economic models. It is unlikely that a single model
can be used to evaluate all systems, and hence we are using a suite of models and
approaches. For the evaluation of the effect of agroforestry innovations at a field- and a farmscale (work-package 6) we are developing the Yield-SAFE, Farm-SAFE and Hi-sAFe models
used in a previous European agroforestry project. A climate database called “Clipick” for use in
the modelling work has been made available on the AGFORWARD website (Palma 2015), and
an on-line version of Yield-SAFE should be available in 2016.
The landscape-scale analysis (work-package 7) has completed a systematic literature review of
the effects of agroforestry on ecosystem services (Fagerholm et al 2016). To determine the
effects of agroforestry at a landscape scale, 12 sample sites have been identified comprising a
3 x 4 matrix across three agro-ecological zones (Mediterranean, Atlantic, and Continental) and
the agroforestry practices described in Figures 1 and 2. The experimental protocols were
piloted in Spain and in Switzerland during 2015, and are now being extended to the other sites.
Objective 4: Policy development and dissemination
Objective 4 of promoting agroforestry is focused on policy development (work-package 8) and
dissemination activities (work-package 9). A report evaluating agroforestry-related policies
within the 2007-2013 Common Agricultural Policy and the associated rural development
programmes should be available on the AGFORWARD website in early 2016. A key member of
the AGFORWARD consortium is the European Agroforestry Federation (EURAF). EURAF are
playing a key role in both promoting agroforestry within selected Civil Dialogue Groups of the
European Commission, but in supporting national agroforestry associations across Europe.
Dissemination has been a key focus of activity during the first 24 months of the project; it is not
something left to the final year. We hope that the AGFORWARD project website
(www.agforward.eu) is a particularly useful resource. The key webpages are available in 11
languages, and we hope to make Polish available soon. The website hosts an individual webpage for each of the 42 stakeholder groups, and a map of national agroforestry associations.
The news page of the website has been updated monthly. There is also an interactive on-line
European map including each agroforestry stakeholder group. The project also has its own
active Facebook page (https://www.facebook.com/AgforwardProject) and quarterly electronic
newsletters have also been circulated to 500 people across Europe with a demonstrated
interest in agroforestry.
Conclusions
During the first two years, we believe that the AGFORWARD project has created real regional
synergies between many farmers, landowners, researchers, and extension advisors to promote
agroforestry. We also believe that the project increasingly provides a resource for policy makers
and others to identify, encourage and promote the use of agroforestry in those areas where it
provides agricultural, environmental and societal benefits.
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HOW MUCH COMMERCIAL TIMBER IN YOUR PLOT,
HOW MUCH CARBON SEQUESTRATED IN THE TREES,
HOW MUCH LIGHT AVAILABLE FOR UNDERCROPS?
TERRESTRIAL LIDAR IS THE RIGHT TECHNOLOGY
FOR ADDRESSING THESE QUESTIONS
Dauzat J1*, Madelaine-Antin C1, Heurtebize J1, Lavalley C1 and Vincent G1
* Correspondence author: dauzat@cirad.fr
Affiliation: (1) AMAP/BIOS, CIRAD, Montpellier, France

Introduction
Accurate and detailed information is highly needed for evaluating and optimizing the
agroforestry systems that are inherently multifarious in terms of tree species, planting density
and types of undercrops. Yet, up to recently, there were quite few methods for characterizing
the 3D structure of such complex agro-systems. For instance the prime timber of a tree is
routinely estimated from manual measurements of its trunk diameter and height. But, besides
inaccuracies in these measurements, especially in case of crooked or knotty trees, the
estimation of branches and twigs biomass remains fairly coarse, despite they can be
commercialized as secondary timber products. The flaws of classical methods are even more
blatant when dealing with the assessment of the sequestrated carbon in the standing biomass.
On the other hand the methods that are classically used for quantifying the light available for
undercrops provide local information that can hardly be extended at plot scale. Direct
measurements require light sensors that are moved across the plot or set at fixed positions.
One difficulty then arises from the fact that measurements are sensitive to the sun position and
to the radiative conditions (e.g. sunny or cloudy), making it difficult to extend results to different
conditions. Alternatively indirect methods using the Plant Canopy Analyser (PCA) or
hemispherical photographs (HP) can provide information which is not dependent on the
radiative conditions. But a very dense sampling is needed for mapping the light over a plot.
Fortunately the recent advances in terrestrial lidar (Light Detection and Ranging) scanners
(TLS) together with the development of algorithms dedicated to the analysis of collected data
are now reshuffling the givens of the above questions. Several teams are developing algorithms
for rebuilding virtual trees from TLS data (e.g. Boudon et al., 2014; Côté et al., 2013) and
assessing their woody biomass. On the other hand, the lidar technology allows getting valuable
information about the density of foliage in a three-dimensional space. Subsequently this
information can be used to map the light available under the trees for any radiative condition.
The goal of this paper is to illustrate how lidar scanning can be used to address the abovementioned issues.
Material and methods
Experimental plot:
Lidar acquisitions were performed in an experimental agroforesty trial set at Vézénobres in
France (44°03' N; 04°08' E). The trial was planted with hybrid walnuts trees (Juglans regia x J.
nigra) in 1995 at low density (10m x 10m). On February 2015, three pruning treatments were
applied to the trees for studying their impact on vegetable cultivation: severe pruning in a pollard
style, medium pruning for getting more light over garden beds or minimal regular pruning of
lowest branches.
Lidar scanning:
Lidar1 scanners emit light pulses at very high frequency in known directions and measure the
distance of surfaces returning an echo when hit by a pulse. Given this information, the 3D
coordinates of each point generating an echo are recorded. Our acquisitions were performed
with a Riegl VZ400, able to collect up to 300 000 points/sec with an accuracy of 5mm at
distances of several hundred meters.
Fifty-six scans were first collected in September 2015 in order to get a full description of the
canopy that was then used for calculating the light transmitted to the undercrops. A coregistration process was then applied to merge the point clouds obtained from the different
scanning positions. To this aim, small “targets” (e.g. reflective balls or dis ks) were disseminated
in the field in such way that they were visible from the different positions. Thus, by recording the
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position of these targets, the scanner software can calculate the transformation matrices
needed to merge the point clouds (Figure 1).
Figure 1: Merging point clouds. In that
example darker points were obtained
by scanning the tree from the left side
and lighter ones were obtained from
an opposite point of view. The two
point clouds were merged automatically owing to reference targets
located around the tree.

Other scans were performed between January and March 2016 on 12 trees (4 trees per pruning
treatment) without leaves in order to get relevant information for rebuilding virtual trees and
estimating their woody volume. The sampling strategy was adapted in order to have three
spaced out points of view or more around each of the 12 selected trees.
Rebuilding virtual trees:
There are currently few available software programs dedicated to rebuilding trees from TLS
acquisitions (Hackenberg et al, 2015; Raumonen et al, 2013). “SimpleTree” is free software
available on the net (http://www.simpletree.uni-freiburg.de/). Illustrations given in result section
were obtained with this software.
Spatial distribution of foliage and calculation of light transmission under trees
The AMAPvox software (Vincent et al, 2015) was specifically developed for calculating the
density of foliage (Leaf Area Density; m2m-3) within a plot but, in contrast to methods used for
HP or PCA analyses, the calculations are performed in three-dimensional space and provide
the density of LAD/PAD in cubic cells (“voxels”). Then, given the local density of foliage
throughout the plot, the transmission of incident light can be simulated for different sun positions
and radiative conditions. Additionally, the software allows to simulate virtual hemis pherical
photographs (Figure 2) or virtual transmittance measurements of LAI2000/2200 PCA.
A

B

C

D

Figure 2: Lidar versus hemispherical photographs. A) Hemispherical photograph obtained using
a fish-eye lens. B) Hemispherical scan obtained with the Riegl VZ400 TLS. C) Hemispherical
photograph simulated from the voxelised leaf area density. D) Hemispherical photograph
simulated from the voxelised LAD at a non-sampled position 5m apart from the previous
position.
Results
Biomass and carbon:
Figure 3A shows the point cloud resulting from 4 crossed scans collected during winter. From
this point cloud an individual tree was isolated (Figure 3B). The zoom on a part of its crown
illustrates the quality of details that can be captured by TLS, each twig being clearly visible.
Once the tree of interest was isolated, the point cloud was segmented into a set of cylinders
fitted to trunk and branches segments. Finally, Figure 3D shows the virtual tree reconstructed
with SimpleTree software. Given that his virtual tree is composed of cylinders, the volume of
trunk and branches can be directly evaluated. Figure 4 shows the distribution of wood volume
according to the diameter of the cylinders.
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A

B

D
C

Figure 3: Processing TLS data. A) View of the point cloud obtained by combining three TLS
viewpoints; B) View of the point cloud after selecting one tree; C) Zoom on a part of the crown;
D) Virtual tree reconstructed from treatment of the point cloud with SimpleTree software. This
virtual tree is composed of cylinders which diameter has been fitted to the points.

Figure 4: Example of wood volume
extraction performed by SimpleTree
Software. It can be seen that the trunk
volume represents about 0.45 m3.

Foliage density and light available for undercrops:
Figure 5A shows the result of the voxelisation procedure performed with voxel edges of 50cm.
A leaf area density is associated to each voxel. Given this information, the voxels porosity to
light can be calculated and maps of light transmitted at ground level can be readily generated
(Figure 5B).
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Figure 5: View of the plot voxelised with AMAPvox (A) and average light transmission rate at
ground level (B). The most irradiated spots (light grey) appear clearly in the pollard treatment
(centre) whereas the most shaded spots (dark grey) are located in the minimum pruning
treatment (right).
Discussion
Compared to forest plantation about which foresters gained knowledge over years, agroforestry
systems rarely benefit from passed experience in temperate countries, all the more due to the
wide diversity of designs and tree species. Characterizing these systems in terms of wood
biomass on the one hand and of shading cast on undercrops on the other hand is therefore very
useful for evaluating and rationalizing the systems and their management. Fortunately,
agroforestry systems are particularly well suited for performing lidar scanning because trees
spacing limit the occlusions (i.e. parts of the trees that are not viewed from any scanner
position).
TLS devices are still expensive (about 40-100 k€) but prices are decreasing while their
performances are increasing. Furthermore it is important to have a good grasp of the amount of
information that can be collected in a short time. For instance a few days may be sufficient for
collecting data covering large areas (one or several hectares, depending on the sampling
pattern chosen).
Algorithms for rebuilding trees from point clouds are not fully operational in all cases. They don’t
perform well on small branches and twigs. However allometric relationships can be used for
relating biomass of the smallest branches to the diameter of the branch bearing them (Ploton et
al, 2016). Furthermore algorithms are becoming increasingly efficient and it is expected that
software progress will allow processing routinely complex point clouds in the near future.
Rationalizing agroforestry practices starts from a better characterization of existing systems, in
particular in terms of light transmission. In this respect, the information obtained from lidar
scanning is unparalleled since it allows to map the light available for undercrops at different
times of the day, for different radiative conditions and latitude. It is possible to go even further in
so far as various virtual experiments can be performed. For instance, one can assess the gain
of light if some trees are removed or simply pruned. As a general conclusion, lidar scanning
could be a very useful tool for managing agroforestry systems!
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Introduction
Biochar has recently attained considerable importance in agriculture as a nutrient source for crops
and in environmental management. Consequently, the potential for land application of biochar is
being pursued vigorously. Large quantities of crop residues, tree biomass, wood debris, and other
forms of farm “wastes” and byproducts of agroforestry systems could be excellent feedstock for
biochar production. Further, the conversion of such bulky materials to biochar could reduce
excessive transportation costs if they were to be moved off-site.
Numerous reports are available on the beneficial effects of biochar application to soils, including
facilitation of nutrient supply (as a source) and availability, improvement of soil quality and waterholding capacity, and enhancement of soil carbon sequestration. For example, Kimetu et al. (2008)
reported that biochar addition to degraded soils doubled maize yields in Kenya, while Barrow (2012)
pointed out that biochar addition could rehabilitate degraded land, help prevent erosion, and/or
improve the habitat for conservation of wildlife. Biochar is also known to increase the water holding
capacity of soils, e.g., Mediterranean surface soils (Piccolo et al., 1996). This property of biochar
could be beneficial to farming in arid and semi-arid regions of the world.
Some negative impacts of biochar application have also been reported. These included soil
chemical changes (leaching losses of C and N), soil physical changes (soil aggregation, water
capacity and soil strength), changes in biota (increase in pathogenic microbes, reduction in
beneficial soil biota), and also negative impacts on gaseous emissions and agronomic yield
(Mukherjee and Lal, 2014). It is not clear, however, how many of these negative effects are due to
inherent soil properties and soil management.
Reports are also available on biochar research in Europe: see the European Biochar Research
Network’s map of biochar field trials and research projects (http://cost.europeanbiochar.org/en/ct/49-Map-of-Biochar-Field-Trials-and-Research-Projects).
A
recent
“Joint
International EU-COST and ANS e.V. Biochar Symposium” that was hosted by Hochschule
Geisenheim University in September 2015 brought together researchers, practitioners and
stakeholders from Europe and overseas for discussions on biochar use for “beneficial
environmental and agricultural purposes.”
From the agricultural sustainability standpoint, the soil amendment used should have minimal
negative environmental impacts and be economically advantageous. While phosphorus (P) is an
essential nutrient for plants, it is well-known that P addition in excess of plant requirements would
result in P loss from soils resulting in eutrophication of receiving waters. Therefore, addition of
biochar from a given feedstock and at the same rate of application to different soils would have
different environmental risks that would depend on the P retention property of the soil and the prior
P loading of the soil. Kloss et al. (2014) concluded from their greenhouse pot studies on temperate
soils that biochar application benefits on soil fertility and crop growth are dependent not only on the
biochar type and application rate, but also on the amended soil type.
With this background, we examine some aspects of land application of biochar in agroforestry
systems that should be taken into consideration.
Soil types: When biochar from particular feedstock is added to a soil at a given rate of application,
the P retention and release depends on: i) the soil type (Figure 1), and ii) the P loading history
(Figure 2). Addition of biochar to a soil with a higher clay content at a given loading rate, will result
in more P held by the soil compared to a sandy soil. Agroforestry practices are predominant in
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several parts of the world and they are on various soil types (Figure 1). Soil types within a given
location in Europe or elsewhere vary considerably and therefore biochar application, particularly to
sandy soils, should be added at rates based on plant P requirements, and on the existing P levels
in soils. Addition of biochar to an already P-impacted soil, reduces P release from the soil due to P
retention by the biochar (Figure 2).

Parklands, Ségoe, Mali
Dehesa, northern Spain
Homegarden, Kerala, India
(Alfisols)
(Alfisols)
(Inceptisols)
Sand:silt:clay = 27:59:14 mg 100 g-1 Sand:silt:clay = 61:15:24 mg 100 g-1 Sand:silt:clay = 86:7:7 mg 100 g-1

Silvopasture, Minas Gerais, Brazil
(Oxisols)
Sand:silt:clay = 14:75:11 mg 100 g-1

Silvopasture, Florida, USA
(Ultisols)
Sand:silt:clay = 94:2:4 mg 100 g-1

Figure 1: Soil profiles under some agroforestry systems i) Dehesa, northern Spain (Credit: D.
Howlett), (ii) Homegraden, Kerala, India (Credit: S. Saha), (iii) Parklands, Ségoe, Mali (Credit: A.
Takimoto), (iv) Silvopasture, Minas Gerais, Brazil (Credit: R. Tonucci) and (v) Silvopasture, Florida,
USA (Credit: S. Haile).
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Figure 2: Hardwood biochar (HWB) addition at 2% rate to: (i) a P-retentive soil in coffee plantation,
Kopa, India with previous inorganic P addition and (ii) a less P-retentive soil in Florida, USA with
previous manure-P loading.

Biochar feedstocks: Biochar characteristics vary considerable depending on the biochar feedstock,
e.g., wood-based biochar and manure-based biochars show substantial differences in P content.
For example, Dari (2015) found that biochar from a wood source had a total P content of 1900 mg
kg-1 of which 480 mg kg-1 was extractable by a Mehlich 3 solution (a soil test solution used in
several parts of the world) while a poultry litter biochar had a TP of 25,600 mg kg-1 of which 14,550
mg kg-1 was extractable by Mehich 3. It appears that the wood biochar would likely lose less P
when applied at the same rate of application as the poultry litter biochar. However, it is likely that
more wood based biochar will have to be added to get the same agronomic benefits as a lower rate
of poultry litter biochar addition.
Other Factors: An important consideration in biochar application is the need and availability of other
soil nutrients. Total Kjeldahl N, for example, was 1900 mg kg-1 for a hardwood biochar while it was
20,544 mg kg-1 for a poultry litter source (Dari, 2015). Other nutrients of interest including Mehlich 3
extractable K, Ca, Mg, Zn, Mn, Cu, Fe, Ni and Na were invariably higher in the poultry litter biochar
compared to the hardwood biochar.
Repeated biochar applications: When biochar is repeatedly added to a soil above plant P
requirements, residual P from previous applications along with additional P in subsequent
applications would build up in the soil and could be released when in contact with rain or irrigation
and mineralization is activated. Biochar is known to enhance P sorption that increases with increase
in biochar added to the soil, but the sorbed P might be loosely held and subject to desorption as
suggested by Xu et al. (2014). Similarly, there could be other negative effects as described
previously.
Additional research areas pertinent to Agroforestry Systems
P retention and loss for a given soil from manure (poultry, dairy, swine, etc.) vs. their respective
biochars. What are the benefits of adding biochar vs. their respective feedstock source?
P retention and loss from biosolids (also referred to as sewage sludge) vs. biochar from biosolids
feedstock. Sewage sludge is an important fertilizer source in Europe (Ferreiro-Domínguez et al.
(2016) and has been shown to enhance tree growth and pasture production in Galicia, Spain
(Mosquera-Losada et al., 2012).
Consider mixed feedstock sources that are available at different farms that would supply sufficient P
for crop uptake, keeping in mind plant-available N needs as well.
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Conclusions
Best management practices for a given biochar feedstock application need to be based on sitespecific assessments that account for soil characteristics as influenced by P loading history. Thus,
the effect of biochar addition for plant P availability would differ for soils with high P-fixation capacity
vs. soils with minimal P retention capacity where the likelihood of P loss from the soil could result in
eutrophication of receiving waters. Maintaining the moisture content at field capacity in a field after
biochar application to a high P retentive soil could assist in releasing P from the soil for plant
uptake.
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Introduction
If agroforestry systems combining fruit trees and annual crops are very well developed
and studied in tropical countries, they have been forgotten or, at least neglected, in France and
Europe for the last 40 years. Current trends and challenges in agriculture (land access issue,
need of periurban agricultural forms, use of functional biodiversity to face the necessary input
reduction, crop diversification…) lead some French small farmers to combine annual plants and
fruits within the same field, with the objective to increase their field performances and ensure
the multifunctionality of their systems. The number of such agroforestry systems has increased
significantly especially during the past few years.
Objectives and approach
The SMART project started in 2014 and aims to:
1. Identify and geolocalize these agroforestry farmers (Figure 1);
2. Better understand farmers’ motivations and choices;
3. Unravel the biological interactions between fruit trees and vegetables in farmer’s plots
4. Share and stimulate information among members of the network.
The SMART project is a co-operation of 16 partners located in three French regions.

Figure 1. Geolocalization of the fruit trees/vegetable agroforestry systems identified in France

First results and perspectives
An open online survey (http://doiop.com/inventaire_smart) has been carried out in 2013-2014,
and resulted in a typology of agroforestry systems with fruits. This survey is still undergoing, to
gather new initiatives. To date, about 150 different systems have been identified.

129

number of new tree/vegetable
agroforestry plots

3rd European Agroforestry Conference – Montpellier, 23-25 May 2016
Innovations in agroforestry (poster)

Figure 2. Evolution of the number of new agroforestry fields combining fruit trees and annual
crops in France
The most relevant systems have been selected for more complete interviews conducted in
2014, in order to select 40 farms in three contrasted regions of France (South-East, SouthWest, North-West) surveyed more intensively. Based on farmer interviews, the priorities of
farmers in terms of performance characterization concerned: (i) biodiversity, (ii) socio-economic
sustainability, (iii) interactions between trees and annual crops. To address these requests,
simple indicators have been discussed, shared or selected together with farmers in the very
beginning of 2015. The field booklet is available for download on the project web site
(www.agroforesterie.fr/smart).
To date, the contribution of the SMART project consisted in establishing link between farmers in
France, also with students, future farmers interested in agroforestry principles. For example
many reports (in French) of field trips organized in the frame of the SMART project are available
online (www.ad-mediterranee.org/RessourcesAgroforesterie). Different tools (design support tool, farm
descriptions, farmers testimonies...) will be built and published in 2016 and 2017, in order to
promote knowledge sharing and network activity. The collection of field data begun in 2015 and
will be pursued in 2016. We assume that the dynamics launched among farmers and other
stakeholders could be pursued after the end of the SMART project, scheduled for June 2017.
Simple assessment tools should then be displayed in a way that allows farmers to further
interact and keep track of each other's performances regarding agroforestry.

Testimonies of two fruit tree-vegetable agroforestry farmers involved in the SMART
project:
-

Odile Sarrazin

My agroforestry garden is located in Marseillan in the South of France (Herault) in a vineyard
landscape. The vegetable growing under the olive took place gradually since 2009, on a total
area of 0.72 ha. One person works at full time. At the beginning of the activity, trees were
already 10 years-old. The absence of electricity in the garden does not allow automatization of
irrigation which is a major constraint in the summer since the draining soil requires regular
watering. My main objective is to develop a low input and fossil energy system. For this, I use
natural resources that I found nearby (prunings, marine resources) for mulching and soilenrichment. The breeding-substrat I use mainly comes from home-made vermicompost. I
harvest my own farm seeds (tomato, pepper, eggplant, cucumber, lettuce, zucchini, chard,
beans, etc.). The grass strips are considered as a natural resource. In the middle of the strip,
vegetation is leaved high all the season. Only the borders are reduced with a Rotofil intervention
to allow walking for the harvest. In the next years, I consider to increase the cropped
biodiversity with other fruits than olives, berries and grapevines.
Strengths of my system: Little or no chemical treatments, reduced pressure of pests (voles,
rabbits, ants, snails), very few inputs, educational workshops, more pleasant working
environment
Weak points: Not enough cultivated area for long rotations, impossibility to mechanize, no
electricity, the profitability is insufficient…
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Figure 3: Picture of Odile Sarrazin’s system

-

Jérôme Dehondt (“Ferme des Petits Pas”)

The “Petits Pas” farm was created based on the principles of permaculture. The main activity of
the farm is organic and diversified vegetable gardening. Some of the fields are conducted in
agroforestry with fruit trees, which were planted in order to diversify the production. The farm
also produces berries, medicinal and aromatic plants, and cereal and fodder crops. The
objective is to produce on a little surface and with the wish to be as autonomous as possible.
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Introduction
Many positive examples on the uptake of agroforestry practices can be found all over Europe.
They mostly constitute practices such as different forms of alley cropping, silvoarable
agroforestry and short rotation practices such as for energy wood production. Beyond this there
is growing interest from practitioners, private land-owners, alternative agricultural movements
and eco-tourism initiatives in more complex forms of agroforestry such as forest gardens, food
forestry or successional agroforestry. Such systems that closely resemble natural ecosystems
offer possibilities of maintaining environmental functions and services (van Noordwijk and Ong,
1999). These promising approaches have so far been under-explored in Europe. Although
some authors have described complex agroforestry techniques for temperate climates (e.g.
Jacke and Toensmeier, 2005) and some practical examples of complex agroforestry exist in
Europe (e.g. Martin Crawford, Agroforestry Research Trust, UK), little published research is
available concerning European developments.
This paper summarizes the main principles of one specific complex agroforestry sy stem Successional Agroforestry (SAF) - which has been developed and successfully applied in the
tropics and discusses potential benefits of its application in temperate climates in Europe.
Complex agroforestry systems for Europe
In the literature on complex agroforestry systems, only few publications, for example on forest
gardens (Whitefield, 2002; Wiersum, 2004), forest farming (USDA, 1997), and Restoration
Agriculture (Shepard, 2013) explicitly focus on temperate climates.
A broader range of information exists on complex agroforestry in tropical contexts. Examples
include agroforestry mimics of natural ecosystems (Ewel, 1999), Analog Forestry (Senanayake,
2000), domestic forests (Michon et al., 2007), natural system analog agroforestry (Hart, 1980),
Taungya (Menzies, 1988), food forests (Hills, 1988), homegarden agroforestry (Nair, 2001) and
multistrata agroforestry systems (de Clerck and Negreros-Castillo, 2000).
All these systems have in common that they combine several productive layers (‘multi -strata’).
Some of the above mentioned approaches attempt to not only mimic the spatial stratification of
natural systems but also their temporal development in terms of species succession (Ewel,
1999; Hart, 1980). Arguably the most systematic approach for imitating natural ecosystems´
succession through complex agroforestry, Successional Agroforestry (SAF) strives for an active
and systematic acceleration of succession processes to create an agro-ecosystem with
structure, function and dynamics similar to the local natural ecosystem (Schulz, 2011). In the
following, SAF and its core principles will be briefly described.
Main principles of Successional Agroforestry (SAF)
SAF has been developed in Bahia, Brazil by farmer-researcher Ernst Götsch since the 1980s
(Götsch, 1994). Since then, hundreds of other farmers in Brazil, Bolivia and other tropical
countries have adopted the approach (Heid, 2011; Pokorny et al., 2010). SAF practice is based
on the following principles (Götsch, 1992; Götsch, 1994):
A main objective of SAF is to increase quantity (biomass) and quality (diversity) of life in the
system. Suitable species of mostly edible plants are planted in communities (‘consortia’) that
cover the whole sequence of natural succession (from pioneer species to primary forest
species). Each plant consortium prepares the biophysical conditions (e.g. soil fertility) for the
following plant community. Naturally occurring plants can help to overcome weak points in the
system.
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Two strategic interventions play important roles: Selective weeding consists of the removal of
plants that a) have reached maturity, b) are replaced by cultivated species or c) are not desired
(e.g. thorny plants). Pruning – the practice of cutting back mature plant parts and thinning out
crowns - has several beneficial effects: a) the rejuvenation of plants leads to accelerated growth
in the whole system, b) pruned material serves as mulch, protecting and fertilizing the soil and
c) light can reach lower levels of the system.
Each SAF must be adapted to its specific location. This requires a constant learning process
characterized by the observation and imitation of natural processes.
Potential benefits of SAF for European contexts
a) Benefits for small-scale farmers
While mechanization is currently being developed to allow for scaling up SAF, this form of
agroforestry generally requires a substantial amount of manual labour. On the other hand, SAF
requires few machines and is very area-efficient by combining several productive strata. Soil
fertility is built up using resources from within the system. A high diversity of cultivated and
spontaneously appearing species aims at increasing the resilience against pests and diseases.
These results in lower requirements of external inputs of fertilizers and pesticides compared to
conventional agricultural systems (Milz 2009, Schnattmann 2006, Schulz 2011). Hence, extra
earnings can result from high quality organic produce for markets of organic food, cosmetics
and phyto-medicine. These charcteristics make SAF an interesting option for farmers with
limited financial resources. According to Weckenbrock et al. 2016, there is much potential for
SAF in innovative agricultural contexts such as Community Supported Agriculture.
Another benefit of SAF is that the diversity of crops (and thus the reduced dependence on one
single produce) raises small-scale farmers’ resilience to price fluctuations, crop failures, etc.
(Schulz, 2011). Reducing production risks in this way is a well-known strategy used by farmers
in different parts of the world and recommended by many scientists (Altieri, 2004; Lin, 2011).
b) Benefits from a landscape / environmental perspective
The high potential of SAF for the rehabilitation of degraded areas and reforestation has been
documented in various studies (Milz, 2009; Peneireiro, 1999) and is also pointed out by Vieira et
al. (2009) and Schulz (2011).
As a highly biodiverse and densely vegetated system, SAF seems to be a suitable option in
particular for buffer zones around and migration corridors between conservation areas. Within
the European strategy of “Green Infrastructure” (Tzoulas et al., 2007) SAF could provide an
important component in multifunctional landscapes especially in environmentally vulnerable
zones. The significance of such zones and connections has in recent years received increasing
attention through concepts like the ecological matrix (Perfecto and Vandermeer, 2010).
Dense planting and cultivation in various layers make SAF an extremely area-efficient approach
in terms of land equivalent ratio (Schnatmann, 2006). This and the increased efficiency of SAF
in terms of short cycles of limited natural resources such as water and nutrients means that SAF
holds much promise for sustainable agricultural intensification.
Research gaps and future research needs for advancing complex agroforestry systems
There is a need for applied research, testing and developing SAF in different European
contexts. Systematic research is especially needed on critical success factors (such as suitable
species compositions), economic aspects and ecosystem services of complex temperate
agroforestry systems (soils, climate adaptation and mitigation, biodiversity and potential
contribution for green infrastructure, complex agroforests in cities (Clark and Nicholas, 2013).
The adoption of Successional Agroforestry can be advanced by the identification of
suitable and beneficial locations for SAF on a landscape level. Advances could also be made by
developing and offering information and training. As a very complex land-use system, SAF
offers good opportunities for a "dialogue of wisdoms" between farmers and ecologists (Altieri,
2004) and the study of topics such as questions of competition and cooperation in nature
(Corning, 1995; Margulis, 1998; Wiersum, 2004).
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Introduction
Modern agriculture is facing more and more challenges and has to reduce its environmental
footprint, including its global warming effects. As perennial systems, orchards are among
cropping systems that most depend on pesticides. New sustainable orchard designs have to be
proposed.
In the meantime, consumers are asking for a closer relationship with farmers and for safer
products. Periurban farming is a new emerging trend, and land access is another issue leading
to the necessity of agricultural intensification.
By increasing both within-field crop production and ecosystem services through crop diversity,
agroforestry is a promising way to address these challenges. However, agroforestry under
temperate climates is mainly focused on the association of forest trees and rotational cropping
systems. Agroforestry mixing fruit trees and annual crops (such as vegetables) could address
such issues in horticulture but has not been well documented. Therefore, the benefits of
planting fruit species in diversified systems are poorly studied, as the effect of neighbouring
crops on fruit trees health, and the global ecosystem balance.
One expected amenity of agroforestry is to increase biodiversity and natural pest control within
the plot. We made the hypothesis that introduction of annual crops in the perennial system can
lead to enhanced biocontrol and to input reduction, while developing other functions (organic
matter increase, soil fertility, etc.) and synergies between crops (shadow beneficial effects,
water limitation, etc.) or social amenities.
However, fruit trees have other characteristics and requirements than forest species (such as
height, pruning, crop protection) and their relevance in agroforestry needs to be better shown.
Can plot diversification lead to a higher resilience, and reduce trees' dependence on pesticides?
Is fruit trees (grafted on regular rootstocks) shadow significant enough to have a beneficial
effect, under various climatic conditions? How do fruit tree rootstocks behave in such
agrosystems? Can they help in reducing water and nutrients use and losses?
The aim of this paper is to investigate such questions through the analysis of the specificities of
two fruit agroforestry systems co-designed to answer different agronomic and economic
challenges.
It also shows how co-design may be a strong tool to share expertise and knowledge, and bring
innovation.
Additionally, evaluation tools for such complex agrosystems do not exist yet, though they could
be useful to support design (ex ante evaluation) or to better assess performance (ex post
evaluation).

Material and methods
Systems design
On two locations (Durette3/TAB 4) in Southern France (Rhone Valley, see figure 1), each one
with specific context and constraints (i.e. crops, rotation, market channels, economical
organization, cultivated surface...) but sharing the general aim to reduce pesticide use, the

3
4

http://www.grab.fr/durette
http://rhone-alpes.synagri.com/portail/parlons-plate-forme-tab
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partners of a 6-year project called Vertical, funded by the French Ministry of Agriculture, codesigned in 2012 and 2013 innovative fruit agroforestry systems under a participative approach.
The iterative design process as described by Pelzer et al. (2012) was used (figure 2).
Stakeholders (farmers invited, advisors, researchers) were brought together in both cases, for
long discussions on several scenarii that were proposed to them. Farmers were actively
involved in the process, as their expertise and know-how remained decisive in the selection of
final scenario to be experimented. This produced original orchard design and decisional
systems, as a deliverable of the Vertical project.
Meanwhile, models have been built to forecast the global production of fruits and vegetables in
such agroforestry systems, according to ratio between species, space dedicated to each. These
tables are helpful for design support.
Systems evaluation
Classical sustainability indicators have also been discussed and selected to (i) monitor and (ii)
assess the systems. Some specific biodiversity groups were monitored in the field following the
national program dedicated to ordinary biodiversity monitoring in arable land (called OAB 5) to
characterize the initial environmental situation.

TAB
Durette

Figure 1. Locations of TAB and Durette sites
process for
cropping systems

5

Figure

http://observatoire-agricole-biodiversite.fr/
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Results & discussion
Systems design
Co-design meetings were organized in 2012 and 2013 on both sites. They produced compromises as
most prospective and alternative designs did not fit farmers expectations, as these were not
reproducible. Intermediate designs, still innovative but closer to commercial feasibility had to be
discussed.
The systems were implemented in 2013 and 2014 (figure 4). Although the general objectives were the
same in the two sites, each location made specific choices according to their constraints and
organization frame (table 1).
Table 1 : Main characteristics and leverages used in each agroecological system
TAB platform
Durette
Starting date

2013

Trees : 2013
Vegetables/poultry : 2016

Marketing

Organic farming,
Long marketing channels

Organic
Short marketing channels

Economical organization

Experimental
people

Rotation crops

Cereals,
grain
crops High crop diversification (vegetables)
(rapeseed, maize, wheat, soybean, faba
beans)

Fruit system

Peach,
low-susceptible cultivar

All rosaceous species
Vigourous rootstocks
Low susceptible cultivars

Diversification

High stem timber trees

Animal introduction (chicken)
High stem timber trees

Agroecological infrastructures

Hedges,
strips,
rocks & wood piles

Cultural practices

Reduced fertilization
Adapted pruning
Long rotations
Organic plant protection when needed

Input strategy

Application according to decision rules

farm

with

farming,

employed 2 farmers with economical autonomy

nests

boxes,

flower

No input unless
No fungicides

strips,

needed

for

grass

key

Main re-design and diversification features were related to fruit tree planting at the TAB platform and
animal introduction/high-stem fruit trees at Durette. Decision rules were implemented in order to
manage the experimented systems in a proper way to reach the objectives of pesticide use reduction
and multiperformance.
Systems evaluation
The first years of experimentation already permit to outline the technical feasibility to grow alternating
rows of rotation crops and fruit trees (3-row peach trees alternating with 25 m-wide arable crop at the
TAB platform, 2-row fruit trees alternating with 10-m wide rotation crop at Durettte site). No detrimental
effect was yet noted either for the fruit trees or for the rotation crops, and fruit setting at the TAB
platform has started in the second year as in conventional peach orchards.
An ex ante assessment tool has been developed under a participatory approach, to stimulate the codesign of new performant plots, taking into account stakeholders priorities and expertise... Most
determining components of sustainability have been decided and weighed through concertation and
negociation (figure 3). This tool was useful to hierarchize and select most promising leverages.
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Figure 3. Partial overview of a multi-criteria assessment tool for agroforestry systems

This tool will be adapted to ex-post assessment, so that advisors but also farmers managing fruit
agroforestry systems can identify their main bottlenecks and assets. A link to the national bottom-up
network of commercial fruit agroforestry systems (called Smart6) could be achieved this way.
Performance criteria will be collected for a pluriannual assessment of the prototypes sustainability.
The approach and the experimented prototypes are innovative and promising. We need to carry on
studying the performances of both experimented fruit agroforestry systems in the following years, in
order to contribute to research on mix cropping for horticulture.

Figure 4: First TAB prototype (2013) associates peach trees with rapeseed and faba bean under rotation with other arable crops
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Introduction
The interest in urban agriculture is increasing in Stockholm as in many European and North
American cities (Viljoen and Bohn 2014). The most common forms are home gardens and
allotment garden that historically have been important for food security (Barthel et al 2013).
Recently, from 2009 and on, the new wave of urban agriculture has arrived in Stockholm too:
guerilla gardening, community gardening, gardening on abandoned public places like train trials,
urban bee hiving etc. The projects are often bottom up organized, and influenced by Do-ityourself and green movements, like permaculture and Transition Towns (McKay 2011).
One of the new gardening types is edible forest gardening, one form of agroforestry, which is
not well known in Sweden. There are at least 25 small edible forest gardens in Sweden and 4 of
them are located in Stockholm, the capital.
In the context of urban agriculture the question of whether cities are shrinking or expanding
matters, and Stockholm is expanding. In Stockholm County lives 2 million out of Sweden’s in
total 10 million inhabitants. Demands on housing are increasing and therefor there is a high
pressure on green areas. Conservation of green areas versus development is a hot topic with
conflicting interest groups (www.chamber.se). In dense cities green areas as parks are
becoming more important for human health and wellbeing (Hartig et al 2014). Another challenge
for cities is climate adaptation, and “green infrastructure” is considered a cheaper strategy than
technical solutions (www.lansstyrelsen.se).
Beyond the generation of ecosystem services like recreation, health and climate adaptation,
studies from tropical areas indicates that edible forest gardens has a positive effect on
ecosystem services like biodiversity, carbon sequestration, soil fertility and on water
management (Jose 2009).
The multifunctional benefits from urban agriculture in general are often underlined, but many
studies lack the details of environmental consequences of different gardening methods. Some
studies are framed as urban food forestry (Clark and Nicholas 2013) or as edible urban
landscapes (McLain 2012), but edible forest gardens are not discussed.
However, research on green areas in cities and research on edible forest gardens are
separate, but indicates that there are more potential synergies, if explored together. Therefore,
the focus in this study is on the potential synergies from edible forest gardens in urban areas in
temperate zones. This first attempt aims to study the 4 existing edible forest gardens in
Stockholm with the following questions; how have these edible forest garden been used so far?
And what are the benefits and constrains with these edible forests gardens?
Material and methods
The edible forest gardens in Stockholm are investigated by several study visits during 2011-15,
and by interviews with the key persons behind the gardens, such as the initiators and
managers. Some information is gathered by participatory observation in planting and community
events (in 3 out of 4 gardens). Material on green groups, gardening activism and planning
document for Stockholm municipality and County is based on documents in Swedish on
websites.
Results
“Kräppladammen” in Rågsved consists of 50 edible trees, 100 shrubs and some guilds
(Crawford 2010). It is located in a large public green recreational area between a block of flats
without gardens (low income area) and villas with gardens (high income area). The place could
be characterized of an edible landscape. Crops: 100+ species, fruit and nut trees, shrubs,
berries, some intercropped guilds with perennial vegetables, herbs and edible flowers. Made
and managed by volunteers in 2010 from a network of gardening activists “Tillväxt”, inspired by
permaculture and the Transitions Town movement (www.tillvaxt.org). The planted area is
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increasing while the maintenance group is shrinking. The crops are used by all in the local
community since harvesting is free. Signs encourage visitors to harvest, to participate in the
gardening or just visit. Study visits by researchers, children, green groups and the employees
from the municipality.
”Fisksätra area” Fisksätra is a suburb with many flats”social housing program” and is a low
income area, and have 50+ languages. There is one edible forest garden with intercropped,
edible perennials, guilds, size ~100-200 m2, located next to the public train station and an
edible public park, “Braxenparken”. ~1 hectar, next to the flats has been converted from a park
with non-edible ornamental perennials into an edible park. The fruit and nut trees are integrated
with areas programmed for playing and recreation. It´s created by a private housing company,
the municipality and a study group of green activist. There are many uncommon species for
Sweden (www.fisksatra.se). Braxenparken is used by residents and it´s managed by the
housing company. The edible forest garden is used by kindergartens, schools and managed by
volunteers. A social enterprise; a green house and a plant market with jobs for unemployed
youths are examples of spin offs from the volunteer activities, almost without any action or
support from the authorities.
”Bagisodlarnas Skogsträdgård” Bagarmossen is a suburb that until recently was an area with
many social problems, but is in the process of gentrification. An edible forest garden is located
in a public green area of total size 2000 m2, just next to the shopping area (Figure1). The
garden space has tables for picnic, possibilities for barbecue and a small stage for performance .
Crops: Fruit trees, shrubs, berries, some intercropped guilds whit perennial vegetables, herbs,
edible flowers (Crawford 2010). Made and used by and local residents in 2014
(www.bagisodlarna.se). The project is supported by the local authorities who asked for “citizen
initiatives” for community building and an edible forest garden was one of them. They provided
financial support for teachers, study groups, logging of trees, plants and soil. 50 people
participated in study groups on agroforestry and permaculture, among them the public park
manager.

Figure 1: Plantation of an edible forest garden by the garden association “Bagisodlarna” in Bagarmossen, Stockholm
spring 2014. Photo: Christina Schaffer

“Campus Stockholm University” This edible forest garden is located 3 km north by Stockholm
city centre at Stockholm University campus on a 1 hectar lawn next to the metro station where ~
70 000 students pass yearly. The garden is an applied part of an academic summer course on
Urban Gardening. The aim with course is not “hobby gardening”, but to address sustainability
issues like food security, urban ecology, climate change, resource use, public health and
participation. It is enabled by the visualization of a real garden based on agroforestry methods.
There are 100+ species: perennial fruit trees, berries and some intercropped guilds whit
perennial vegetables, herbs, edible flowers (Crawford 2010). Made by students and teachers at
the Urban Gardening course, during the summers of 2012-15. Most material like logs, compost,
soil are recycled from the area. The plants are financed by the housing company who are
responsible for maintenance of the green areas. Used by students and employees, and it´s
open for everyone to visit or harvest. Very few people live in the area. A maintenance working
group for the garden has been started. The garden has been very exposed in local media,
especially the applied gardening but also the environmental aspects of agroforestry methods.
Study visits from the U.S., the U.K., guided tours for students and employees are organised
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yearly. The garden is used by other agroforestry study groups, and student green groups. It is
unclear if the summer course will continue. There are many people in the Facebook group, but
few of them shows up when a working day is announced. Many uncommon species can be
found in the garden, but there is insecurity on what can be harvested. A collaboration started
with a chef at a nearby restaurant, but they didn´t have time for harvesting.
Discussion
These gardens have so far been used by local residents, children, green activist, students and
the public for various purposes. The potential benefits could be community building which was
the intentional purpose by local authorities in Bagarmossen. Both formal learning takes place on
various levels, but also informal learning takes place in all 4 gardens e.g. on gardening,
ecology, where food comes from and on new crops. There is a curiosity on uncommon crops
like healthy “super berries” but beginners are insecure on what and when to harvest. Since all
gardens are accessible, without fences and integrated in crowded public places with welcoming
signs, tables for coffee (some), they all contribute to recreational benefits. Open gardening
workshops could function as an arena for participation in creating a sustainable city which is
sought for by Stockholm municipality’s initiative on social sustainability (www.stockholm.se).
The potential ecological benefits of a forest garden is determined by the size and the species
composition of the original site. A garden with 100+ species probably effects biodiversity more
positively than a lawn (monoculture), but no inventories on species have been done. Since the
green spaces in the built environments in Stockholm often consists of lawns and ornamental
shrubs, a replacement of some of them by edible perennials could contribute to food security
e.g. increase the share of fresh fruits and vegetables. Surrounding buildings could have positive
effects on the productivity, as they may function as wind breaks and affect the micro climate
according to methods promoted by experienced forest gardeners (Crawford 2010).
The crops could contribute to increased food security in an unpredictable future. Self
sufficiency from urban agriculture is neither possible nor desirable, but edible forest gardens
could play a role for sustainable food production, since they are considered to be more
productive per land unit and less labor intensive and could be grown on margin urban land.
Edible forest gardens in urban areas could function as communication on sustainable food
systems. Since agroforestry is not known in Sweden in general, a first step is to display these
systems both for the public but also for the next generation of decision makers and in places
people visit naturally.
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Background
Agroforestry has a long history in the Nordic countries (Eichhorn et al 2006). Semi -natural
pastures containing trees, shrubs, grasses and herbs as well as forest grazing, have had an
important role in the economy of the households and for society at large, since the beginning of
settled agriculture. Today such systems account for a large part of the agrarian biodiversity.
There is a fast growing interest in agroforestry among actors, engaged in the development of
sustainable food production systems. Promises are so far mainly based on studies in tropical
areas, showing that such systems optimize the production of food and other ecosystem services
such as carbon sequestration, maintenance of biodiversity and nutrient recycling (Pretty et al.
2006; Jose 2009). There is, however, a growing body of research on production, economy and
ecosystem service generation in silvo-arable systems combining trees for energy and timber
with annual crops in European countries (Dupraz et al. 2005, www.agroforestry.eu, visited
160110).
Research from tropical areas shows that complex multi-strata systems are advantageous when
it comes to generation of ecosystem services (Jose 2012; Montagnini and Nair 2004). The
density of perennial plants is crucial for the carbon sequestration potential, and research also
indicates that the diversity of perennials is important (Steinbiess et al. 2008.). Montagnini and
Nair (2004) argue that to be efficient carbon sinks, the system ought to be composed of mainly
perennial crops. In intensive system of intercropping of perennials and annuals, this potential is
substantially less or negative (ibid.). Jose (2012) concludes, that key design components for
high conservational values of agroforestry systems were the multiple species and vegetative
strata, a minimal management intensity and long rotation periods, as well as a natural
disturbance regime (e.g. tinning to reduce tree density). Complex perennial multi-strata systems
are furthermore advantageous when it comes to improve the use of nutrients , land and water
(Tilman et al. 1996). The three-dimensional vegetation cover above and below ground; facilitate
an efficient exploration of available niches (ibid.).
This places temperate edible forest gardens, in the forefront when it comes to generation of
ecosystem services. These systems are designed to maximize the possible diversity and to
optimize useful interaction between all plants as well as with soil biotic and abiotic factors to
provide an optimal combination of food production and ecosystem service (Jacke and
Toensmeier 2006).
Research on e.g. production potentials, management strategies and scaling issues in a northern
temperate climate are however urgently needed. Studies also show the importance of case
studies of so-called "tree-based ecosystem approaches" and action research in different
landscapes, for agroforestry to be further developed and implemented on a larger scale
(Villemen et al 2013). To meet these challenges a participatory learning and action research
(PLAR) project comprising 13 smallholders and two researchers with expertise in environmental
science and in participatory methodologies, started in 2012 in southern Sweden.
The overall aim of the work in the project has been to develop agroforestry systems and
evaluate their potential to combine high production of food while being resource-efficient and
generate important ecosystem services such as carbon sequestration and maintenance of
biodiversity.
Project main objectives were furthermore to: 1) Provide practical and theoretical knowledge for
the development of agroforestry systems in agricultural and subsistence farming in Sweden. 2)
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Assign appropriate methods for multidisciplinary analysis of agroforestry systems from a
sustainability perspective. 3) Identify types of systems that could provide important
contributions, as well as relevant combinations of species and varieties to be included. 4) Study
how the inclusion of highly productive agroforestry systems may operate in the Swedish
agricultural system; institutionally, economically, socially and culturally.
Material and methods
The participants in the group jointly decided on research goals, and accomplished the actual
research. This has been done through workshops, telephone conferences, field visits to each
other's farms, practical implementation at farms at established research sites and in discussion
with invited experts.
Establishment of research sites
The group decided to focus on edible forest gardens as one of the systems studied. Thirteen
forest gardens, 60 m2, with a common design (research sites) have been established in order to
study these system’s potential production and generation of ecosystem services. The edible
forest garden had a three dimensional design, including plants in the following strata; Medium to
large canopy trees (> 10 m)– alder (Alnus glutinosa), Small trees and large shrubs (4-9 m)–
apple trees (Malus domestica) and hazelnut (Corylus avellana), Shrubs (<3m) – Siberian pea
tree (Caragana arborescens), silverberry (Elaeagnus commutata), buckthorn (Hippophae
rhamnoides), saskatoon (Amelanchier anifolia), dwarf quince (Chaenomeles japonica),
Herbaceous perennials (< 3m) – garlic mustard (Alliaria petiolata), mentha (Mentha spp.),
mallow (Malva spp.) and comfrey (Symphytum uplandica), daylilies (Hemerocallis spp.), anise
hyssop (Agastache Foeniculum), sweet cicely (Myrrhis odorata), oregano (Origanun vulgare),
good king Henry (Chenopodium bonus-henricus), Ground cover plants and creepers –
strawberry (Fragaria × ananassa) and wild strawberry, wells onion (Allium fistulosum) (Fragaria
vesca), Climbers – vines (Vitis vinifera), Caucasian spinach (Hablitzia tamnoides), arctic kiwi
(Actinida kolomikta), blackberry (Rubus laciniatus) and Underground layer – common bistort
(Bistorta major Gray).
Documentation
Permanent samplings points, inside and outside of the research site, were established the year
of plantation (2013). Initial vegetation and basic soil parameters were documented. The
documentation furthermore included; in- and outputs, labour hours, photographic documentation
at permanent point at set dates and a diary with notations on important observations.
Result and discussion
Presented results are based on the learning in the PLAR group during five years of work. The
group decided in an early state that all farmers may manage their research site in a way to
provide the best conditions for the establishment of their forest gardens. This resulted in a
variety of soil management, soil covering materials and organic matter input. Limitations of not
using fertilizers and pesticides were, however, decided on by all.
Learning’s from the establishment phase
The research sites have evolved in different ways depending on soil, climate and labour
conditions at the various places. In some places much manure and mulch were used, which led
to a good establishment of trees and shrubs as well as ground cover. In other locations, no
manure was added after planting, and plants have developed more slowly, with the aim of
studying the potential for generation soil fertility, using nitrogen fixating plants, deep-rooted
trees and shrubs, as well as symbiosis among plants and mycorrhiza.
An early and rapid start of the garden required dedication to the establishment. To carefully
select both the species, and their varieties, to be included in relation to desired production of
food and fibres, and generation of ecological functions was important. Where to plant the
individual plants for possible interaction as well as for the well-being of individual plants was
furthermore crucial and required vast practical agricultural as well as specific species
knowledge.
Trees and shrubs were possible to plant directly in the grass sward, but before a soil layer could
be established weeds ought to be completely gone. Fabric was found to be an effective cover
material but relatively costly. Straw attracted voles and rapidly broke down, this also for goes for
paper or cartoon. Plastic also broke down fairly quickly and looked untidy.
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The forest gardens were mainly established by hand and required very little fossil fuel in
addition to the production and transport of inputs used. Labour was needed for watering,
especially of the trees, but only during the establishment years.
Experiences in the PLAR group were that the workload decreased after the first few years, but
the myth of a work-free food production in an edible forest garden is just a myth. Weeds need to
be kept for, plants to be replaced and pruned, and the harvest is to be done.
What can a forest garden produce, of what kind and how much?
In the beginning, the production of the perennials was small and the level of ground cover low.
During that time annuals such as pumpkin, squash, strawberries and potatoes, may well be
produced. Annuals could be included also at late stages in open areas to create rotation and
increase the production of vegetables rich in starch, which forest gardens would otherwise
contribute with to only a small degree.
From year three in the establishment there were "salads" from perennial leafy vegetables to
harvest throughout the growing season, although the perception of what signify "salad" did
change substantial in the group during the time. The perspective on what's a cuisine has clearly
been expanded.
The conclusion from the PLAR project experiences so far, is that an edible forest garden in
Sweden does not replace the bulk of energy and carbohydrates needed. Instead the production
should be seen as part of more sustainable diets.
Conclusions
In the future, breeding and availability of plants and varieties will be important for the
development of edible forest gardens in temperate regions. Small-scale machinery for
management and harvest is also crucial, as well as more knowledge about nutritional values of
different plants and varieties. For forest gardens to be a serious contributor to food production
scaling issues without losing crucial ecosystem services will be of special concern.
Edible forest gardens were furthermore appreciated to work well on marginal lands. With main
dietary benefits in producing vitamins and minerals in multiple layers with low levels of inputs,
while at the same time increasing the amount of trees and bushes in the agricultural landscape
contribute to generation of ecosystem services. To establish woodland gardens on large
surfaces, however machines for land preparation and planting would certainly be needed.
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Introduction
In 2015 the Nyírerdő Forestry Corporation has achieved very good results with alley cropping
systems used for supporting afforestation in the area of the company’s division at Hajdúhadház
(Eastern-Hungary). The field trial was an own-initiative of the company, without specific scientific
purposes. The original objective was to produce feed for livestock used for hauling and for other
forestry related field work. They planted trees intermixed with corn, and during the certification of
the plantation an unexpected degree of positive effects on seedlings were observed. Based on the
first perspectival results, the company plans to develop the trial in the direction of a participatory
research project.
Material and method
The 1 year old agroforestry system had been established in an area of 0, 66 ha for reforestation
purposes (Figure 1). Planting was completed with the following parameters :
Tree line spacing: 2.5 m
Distance between trees in rows: 30 cm
species: Quercus robur, Pyrus pyraster, Tilia tomentosa, Betula pendula
Orientation of alleys: NS (prevailing wind direction: NE)
Crop planting technology: MTZ-82 tractor and two-line drill.

Figure 1: Agro-forestry systems to support reforestation at Hajdúhadház forestry area of Nyírerdő
Forestry Corporation.
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The planting of trees was arranged in accordance with the parameters provided for reforestation
(8,000 seedlings/ha in density). Within the space of 250 cm between the tree rows they so wed corn
(Dekalb 4592) in 70 cm wide double-lines, resulting in a 90-70-90 cm spacing of tree and corn lines.
The land is non-irrigated and surrounded by a fence. For cultivation of tree rows, plough and some
chemical weed control was applied. The corn harvest was done manually. The same management
practices were applied for the saplings both in the agroforestry and the neighbouring control areas.
During the growing season plants experienced severe droughts twice: once in the end of May and
again in July. As the soil is humous sandy which heats up rapidly, strong radiation from the top and
the bottom at the same time affects the young plants.
Use of the space between tree lines for the production of feed enhanced the reforestation plot in
several ways. The observations from this experience were :
Trees had lower mortality in the intercrop area compared to the trees in the control plots without
intercrop. In the last very dry year, there was no mortification damage caused by drought in the
agro-forestry area, while trees of the same age in control areas suffered losses of 50% on account
of the drought.
The deliberately chosen low-growing (max. 160 cm height) corn varieties let pass the right amount
of light for seedlings, and at the same time improved micro-climatic parameters as was indicated by
the plant conditions.
The association of trees and crops had a positive effect on intercrop yields as well: the specific yield
amount per unit area of corn was close to the average (56 ~ q/ha) of the area, being better than
expected considering the non-irrigated sandy soil. At the same time in the nearby control
monoculture corn, field plants were dry and graining was very poor. Surface coverage with
cultivated plants had a positive effect on growth and health for the seedlings. In the agroforestry plot
one year old seedlings have no dried sprouts and leaves, and were taller by 30% compared to the
control area where significant part of the plantation suffered damages on account of the drought.
Discussion
Preliminary results points to the fact that the use of the intercrop can significantly increase the
efficiency of artificial forest regeneration reduce drought damage and improve seedling survival.
Additionally, covering of free spaces between tree lines with intercrop provides further benefits such
as forage production and ecosystem services that result in resource efficiency and economic
benefits.
However, these are only preliminary results and must be used with caution. Experiment will be
repeated in 2016. Examination will be extended on microclimate conditions, as well as more
detailed phenological observations are planned to be made.
Additionally, further development of agroforestry areas is foreseen. The forestry company plans to
intercrop corn in the first three years in more reforestation plots, by using the same method as
described it this paper. The stand will be supplemented by more species eg. Blackthorns (Prunus
spinosa), hornbeams (Carpinus betulus) and wild cherries (Prunus avium) in order to comply with
the national regulations by increasing tree diversity.
The participatory experiment will be implemented in cooperation of the Nyírerdő Forestry
Corporation and the University of West Hungary.
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Introduction
In the context of climate change and declining fossil fuel reserves, it is necessary to experiment
with new agricultural systems (Griffon 2010). The Successional Agroforestry System was
developed in Brazil with the aim to restore degraded land and at the same time create a
productive agroecosystem which provides a livelihood for farmers (Goetsch 1992; Goetsch
1994). Some European agroforestry systems such as “forest-gardens” (de J Hart 1991;
Whitefield 1996) share similarities with successional agroforestry systems. So far, forestgardens are usually used by hobby gardeners and have not yet been developed for professional
farming.
Drawing inspiration from South American agroforestry systems and European forest-gardens, a
project was initiated to develop a participatory methodology for the design of larger scale multistrata agroforestry systems with farmers in France. This project started in August 2015 after a
meeting with farmers from an association working on chestnut (Rénova, Ariège, France). The
promotion of the project through agro-ecological farmer networks (e.g. Osez-Agroecology,
2016) is also encouraging other farmers to get involved.
What is successional agroforestry?
The Successional Agroforestry System (SAF) is a land-use system developed by farmerresearcher Ernst Götsch, about 30 years ago, in Brazil. Similar systems have also been called
“dynamic agroforestry” in Bolivia (Weckenbrock 2014), “syntropic agroforestry” in Brazil
(AgendaGotsch, 2016) or “Regenerative analog agroforestry” (Vaz 2000). Such systems are
developing dynamically in South America as evidenced by courses, university theses (Hofmann
2013) and video reports.
Ernst Götsch observed successional processes in nature and concluded that in order to
improve and optimize the use of a given space he should attempt to mimic the dynamic of
natural forest systems (Peneireiro 2002). This corresponds with the approach of agroecology, in
which nature tends to be seen as the ideal model for agricultural systems (Gliessman et al.
1998). Thus, SAF can be considered as an agroecological system.
We suggest the following working definition: “Successional Agroforestry Systems draw
inspiration from the process of species succession related to soil and climatic conditions, and
attempt to mimic the functioning of forest ecosystems. They consist in sowing and planting a
mix of species suitable for the given context, aiming at the highest possible diversity and at
farmers’ satisfaction.” The core principles can be summarized as follows:
1.
Direct sowing or planting of a mix of species which cover totally or partly the strata and
the life cycles from annual species to trees.
2.
Mulch production for a quick accumulation of organic matter using pruning and
systematic trimming of some species (including non-woody plants and nitrogen-fixing trees).
Practicing selective weeding allows to desirable spontaneous plants to be maintained in the
system.
3. The plant communities and the main harvestable crops evolve. For example, in Brasilia
(Brazil), the following crops are successively harvested: radish-salad-tomato-beans-maize
(Figure 1) then manioc-sugar cane-papaya-banana (Figure 2) then cafe-starfruit-citrus-timber
trees. Almost all species were present in the system from the beginning and the harvest allows
the development of the future crops (Yana and Weinert 2002).
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Figure 1: three-month old plot of SAF on the farm
of Juã Pereira, near Brasilia, Brazil. The dominant
crops include maize, onions, lettuce, cabbage and
other vegetables.

Figure 2: two-year old plot of
SAF on the same farm. The
dominant crop is bananas.
Coffee and citrus fruit are not
yet in production.

Why should Successional Agroforestry Systems be adopted in France?
There are several reasons why SAF should be adopted in France. These include:
1.
Growing interest manifested by both the scientific community and farmers.
2.
Potential of increasing the yield per hectare through facilitation processes (Dupraz and
Liagre 2008).
3.
Potential to lower the impact of pests and diseases by increasing the three levels of
agricultural biodiversity (genetic, species and ecosystem) (Ratnadass et al. 2012; Bhullar and
Bhullar 2013; Guyot et al. 2015).
4.
In agroforestry, in the first years after establishment, spontaneous flora are often in
competition for water with the trees (Dupraz and Liagre 2008). This problem can be resolved by
growing crops on the tree line.
5.
The choice of species and the dynamic management of the vegetation by the farmer,
can create substantial biomass, which, incorporated directly on the field, will increase soil
fertility.
Particular attention will be paid to two potentially limiting factors of adoption which are the labour
requirements associated with such intensive agroforestry systems and damage from animals
such as rats, deer, and wild boars.
Goals of the research
As a result of the above, a PhD study was started in 2015. The goals of the research are:
1.
To develop a methodology for the design of multi-strata agroforestry systems in
cooperation with farmers
2.
To find successful combinations of species and management practices
3.
To compare traditional agroforestry installations with SAF for selected species.
Methodology
The approach adopted is a collaborative and bottom-up approach for co-conception of
agroforestry systems and their future adoption by farmers (Franzel et al. 2006). Collaboration
and information sharing are part of the culture of the farmers’ network. The participating farmers
can use knowledge from various sources such as: traditional farming practices, permaculture,
personal on-farm observations and experiences, and information exchanged through the
network.
The methodology is being developed through an on-going process; the first steps were the
following:
1.
Four farm visits in Daumazan-sur-Arize (Ariège, France) by the researcher from August
2015 to December 2015 allowed the identification of five interested farmers, their objectives,
needs and system of values. Protocols were kept and shared for all discussions. The common
aim of the collaboration is the design of a profitable multistrata agroforestry system.
2.
The first meeting to plan the agroforestry system took place in February 2016. Work on
classifying the species and a favourable plant association was started. An agreement was
signed to underline the commitment between the PhD student and the farmers.
148

3rd European Agroforestry Conference – Montpellier, 23-25 May 2016
Innovations in agroforestry (poster)
3.
Further exchanges refined the design of the agroforestry systems and the goals to
achieve, before the collective sowing and planting in March/April 2016. In collaboration with
farmers, several observation documents will be built in order to measure progress on the
commonly defined goals. For example, direct sowing of trees will be compared with tree
planting in terms of plant quality, quantity of work, and overall costs for establishing the trees.
The aim is that the cost of SAF should not be higher than classical agroforestry plantations. For
this end, the objective is that the harvest of short and middle life-cycle plants will “pay for the
installation of the trees” with Land Equivalent Ratios (LER) consistently greater than one.

Figure 3: Draft of the successional stages and strata of some of the plants that the farmers in
Ariège, France, intend to use in their SAF. In this context strata are used as a combination of
the heights of the plants and the demand for light. Successional stage is used as a combination
of plants’ life-cycle and appearance in the succession of the system. The figure is adapted from
Peneireiro (2002).
Legend:
(1) Disliked by some farmers as it is expected to attract mice
(2) Covering the soil to avoid herbaceous competition with young trees
(3) Already adopted and used in combination with fruit trees
(4) Includes local varieties, often associated with a high value by an associated processor
(5) Good value anticipated from an associated processor (already or expected in the future)
(6) Revive an old-practice
(7) Adopted in one particular context to improve poor soil through nitrogen fixation and biomass
production
(8) Considered to be valuable broad-leaved trees
(9) Demand for baskets and biomass production for the improvement of the system
Figure 3 shows a draft schedule with crops that can be used for SAF in Europe. The table was
used as a tool to discuss with the farmers the succession of the species in time and space in
their future agroforestry system. This is not a definitive classification and not all the plants which
will be used are quoted. Some plants are used by all the farmers (chestnut, apple trees, and
common comfrey (Symphytum officinale). Agroforestry systems will have between 10 and 30
species including cultivated wild plants. In the legend below, farmers’ arguments to choose
particular plants are given.

Conclusion
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This PhD research focuses on the adoption of forest gardens and Successional
Agroforestry Systems in France. Participatory methods are used for this farmer-researcher
collaboration. People interested in the research are welcome to participate in the process.
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PRODUCTIVITY OF SILVOARABLE SYSTEMS
ESTABLISHED WITH PRUNUS AVIUM L. IN GALICIA
(NW SPAIN)
Ferreiro-Domínguez N, Rigueiro-Rodríguez A, Mosquera-Losada MR*
* Correpondence author: mrosa.mosquera.losada@usc.es
Crop Production Departament. Escuela Politécnica Superior. University of Santiago de Compostela. Lugo, Spain

Introduction
Galicia (NW Spain) is characterized because two thirds of its area is classified as forest,
being the livestock sector which generates most of the final agricultural income. In the last
years, the forest area has increased gradually (IV IFN 2011) and therefore the availability of
agricultural area has decreased. These factors could favor the establishment of silvoarable
systems in Galicia, in which trees are intercropped with annual or perennial crops on the same
unit of land (Mosquera-Losada et al. 2009). Such systems can increase productivity and
profitability, relative to arable production, and, at the same time environment benefits are
enhanced (Palma et al. 2006).
In Galicia, maize (Zea mays L.) is the main crop to overcome shortage periods during
the summer and winter, which makes advisable to establish silvoarable systems with this crop.
Moreover, due to the high productivity, maize produces silage of high quality from an energy
point of view, but with low protein content. Maize usage for feeding dairy cows is less costly
than grass silage, but also with less flexibility (maize lands cannot be used for grazing in low
productive springs). In silvoarable systems, the production of the crops depends, among other
aspects, on tree species and its density when planted, because the interception of light and
rainfall by trees is a key factor for the understory production. In this study, maize was
established under Prunus avium L. because this tree species allows would probably provide
adequate crop production due to the low shade it generates compared with more extended use
tree species in Galicia region (i.e. Pinus spp, oak…). Moreover, Prunus avium L. is one of the
most important European timber species of the Rosaceae family due to its rapid growth which
promotes its valuable timber and the delivery of better returns than other broadleaf species
(Horgan et al. 2003).
The aim of this study was to evaluate the production of maize and the tree growth in
silvoarable systems under Prunus avium L. established at three densities (333, 666 and 2500
and 1333 trees ha-1) in Galicia compared with exclusively agronomic and forest systems.
Material
The experiment was established in Boimorto (A Coruña, Galicia, NW Spain) on a
plantation of Prunus avium L. managed by the Bosques Naturales company. Bosques Naturales
is a forestry company focused on the management, maintenance, monitoring and research of
high-value hardwood species plantations, mainly walnut and cherry. The plantation of Prunus
avium L. was carried out in 2008. Initially, the plantation was a mixed stand which was managed
to establish Prunus avium L. at the final densities of 6 m x 1.25 m, 6 m x 2.5 m and 6 m x 5 m,
equivalent to 333 (LD), 666 (MD) and 1333 (HD) trees ha-1, respectively. Therefore, the
treatments consisted of three tree densities. No differences on tree growth between tree
densities have been observed before 2015.
In May 2014, after soil preparation, forage maize was sown with conventional farm
machinery following a randomized block design with three replicates. The maize variety used
was DKC 4608 Ponho. Maize was sown in 3 m alleys, leaving 1.5 m of distance between the
alley at the base of the trees (1.5 m both sides of the tree row). The distance between plants
rows was 0.75 m and the distance between plants within a row was 0.15 m. Each experimental
plot had an area of 36 x 15 m2 (7 trees separated by 6 m (6 m x 6 m) x 13, 7 or 4 rows of trees
(12 m x 1.25 m, 6 m x 2.5 m or 3 m x 5 m)). Sowing was carried out in one of the alleys, whilst
the other alley remained uncropped to allow access for machinery for annual pruning and
phytosanitary application to the trees. Two control treatments were also established: maize
grown in tree-less areas (NT) and trees grown without maize at the three plantation densities.
To estimate the production of the forage maize, in each plot ten plants of maize were
collected and weighed while fresh in October 2015, and maize final density was accounted in
rows. In the laboratory, the plants were fractionated into the components: aborted cobs, cobs
without grains, stems, leaves and grains. These components were dried and weighed to
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estimate the dry matter production (60ºC x 48 hours). The maize production per hectare
presented in this study was carried out considering the area occupied by the trees and
assuming that the maize was sown in all alleys of the plot. Total maize production was
calculated by summing the production of the different components.
In the case of the trees planted at medium (6 m x 2.5 m) and high (6 m x 1.25 m)
density, the tree height and the tree diameter at breast height were measured with a vertex and
a calliper, respectively, in June 2015.
Data were analysed using ANOVA and differences between averages were shown by
the LSD test, if ANOVA was significant. Regression analyses were also performed. The
statistical software package SAS (2001) was used for all analyses.
Results
Figure 1 shows that total maize production and its components (aborted cobs, cobs
without grain, stems, grains and leaves) were higher in the plots without trees (NT) than in those
treatments on which maize was combined with trees established at different densities (LD, MD
and HD) (p<0.001). Figure 2 shows that maize production decreased when the tree density
increased.

Figure 1: Total production of maize (t DM ha-1) and production of the different components of
maize (aborted cobs, cobs without grain, stems, grains and leaves) (t DM ha-1) under the
different treatments in 2015. NT: 0 trees ha-1, LD: 333 trees ha-1, MD: 666 trees ha-1 and HD:
1333 trees ha-1. Different letters indicate significant differences between treatments.
On the other hand, it was found a negative effect of the maize sowing on the height and
the diameter of the trees planted at a medium density (MD) (p<0.001) and at a high density
(HD) (p<0.05), respectively (Figure 3).

Figure 2: Relationship between the total production of maize (t DM ha-1) and the tree density
(trees ha-1)

153

3rd European Agroforestry Conference – Montpellier, 23-25 May 2016
Productivity and economic performance of agroforestry (oral)

Figure 3: Tree height (m) and tree diameter at breast height (cm) under the different treatments
in 2015. MD: 666 trees ha-1 and HD: 1333 trees ha-1. Different letters indicate significant
differences between treatments.
Discussion
Maize production obtained in the plots without trees (NT) was similar to the production
found in different areas of Galicia from 1999 to 2014 (22.9 t ha-1) for the same variety (CMR
2015). However, maize production in tree-less treatment (NT) was significantly higher than
those found in the plots where maize was combined with trees (LD, MD and HD). Lower
production in the agroforestry plots could be explained by the lower available area of maize in
the plots with trees (tree land was discounted) compared with the plots without trees, but also
by the shade generated by the trees. This is exacerbated due to the fact that maize is a shade
intolerant C4 species. If the area occupied by the trees had not been discounted, the maize
production obtained in the agroforestry plots would also be lower than in the plots without trees
(LD: 14.05 t DM ha-1, MD: 9.35 t DM ha-1 and HD: 4.41 t DM ha-1). Similar results were
previously observed by Reynolds et al. (2007) and Ding and Su (2010) in poplar-maize
systems. However, other authors as Rao et al. (1998) reported on the intercropping of maize
with Peltophorum, a slow-growing tree with a small compact canopy, where a positive
interaction between the trees and the crop was observed, being the production of maize
positively affected. Moreover, in our experiment, the production of maize was decreased as the
tree density was increased, which indicates that tree thinning , removing alternate trees in rows,
or even removing alternate tree rows, would probably help to reduce the tree shade effect on
the crops and the possible competitive effects for soil nutrients and water. However, if timber
production is the main objective of the farmer, some shade maize adapted varieties should be
developed or another types of agroforestry practices implemented, like, for example,
silvopasture (Pardini et al. 2010, Ferreiro-Domínguez et al. 2016).
Regarding tree growth, the initial negative effect of maize sowing on tree height and
diameter established at medium (MD) and high (HD) tree density, respectively, could be
explained by the tilling carried out in the plots sown with maize. The soil aggregate structure
was probably destroyed by the tilling process (Dexter 1988) which could also have damaged the
most superficial roots of trees thus decreasing the tree growth. However, other authors, as
Chifflot et al. (2006) found a beneficial effect of intercropping on the tree growth due to the
improvement in tree nitrogen nutrition when silvoarable practices were established with Prunus
avium L. and maize in France. Therefore, these results indicate that it is necessary continue our
study to properly evaluate the tree growth combined with the production of maize.
Conclusions
Maize production was decreased as the tree density increased probably due to the
shade generated by the trees and the surface occupied by trees and because maize variety
was selected for open sites. Moreover, tree growth decreased in the plots with maize which
could be explained by the tilling process carried out before the maize sowing that destroyed tree
roots that should be further tested to evaluate if tree recovery is produced. Therefore, it is
necessary continue our study to properly evaluate the tree growth and the production of maize
in this type of agroforestry systems.
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Introduction
Agroforestry systems are multifunctional systems which integrate trees, crops, pastures and
different livestock species. These systems are characterized by the mixed handling of natural
resources, where the woodland (trees, shrubs, etc.) is used together with pasturelands, crops or
livestock. Depending on the predominance of each element, an array of various systems can be
originated with more or less agricultural or livestock farming vocation (Mosquera-Losada et al.,
2009). Due to their diversity, agroforestry systems can generate multiple ecosystem services
such as food for humans, feedstuff for animals, timber or biofuels. The dehesa (rangelands
located in the South-West of the Iberian Peninsula) is the best example of such systems in the
Iberian Peninsula, where it occupies more than 5 million ha in Spain and Portugal.
The characteristics of dehesas are related to the environment in which they are located, with
strong constraints both regarding soils and climate. Because of these limitations and despite
generating large number of commercial and environmental services (which are not always
appreciated by the Society) dehesas cannot be competitive with more intensified systems. All
this leads to the need to diversify their productions in order to guarantee their conservation as
well as their provision of environmental, social and cultural services.
However, these systems’ productive framework is complex, and therefore, a traditional
researcha approach based on quantitative methodologies may not be an adequate. Qualitative
research was hence considered to be a valid approach to study citizens’ perception of new
products that could be provided by dehesa systems.
Qualitative research is a type of research used to approach a concern and its motivating factors
and it is the most flexible and versatile type of research (Stewart et al., 1994) and has often
been applied in agricultural and forestry systems (Islam et al., 2015; Tadesse et al., 2014).
Although there is a wide variety of qualitative research techniques, the focus group is one of the
most frequently used when the preliminary stages of a research project are being developed
(Eldesouky and Mesías, 2014). It is based on group dynamics, in which a moderator leads a
discussion which is stimulated by the exchange of opinions among the participants. In this
study, the general purpose was to use focus groups to find out the products with commercialvalue that derive from the dehesa, analysing also those additional attributes that may improve
the acceptance of those products.
Material and methods
Four focus groups were developed in the cities of Badajoz and Caceres (Spain) in May-June
2015. The discussions involved 35 consumers, and a balanced distribution of age and sex
within each group was sought. The number of participants per focus group ranged from 6 to 11
with the main criterion for the selection of the participants being their willingness to participate in
the study.
All the sessions were conducted by the first author of the study and recorded on video and
audio for further analysis. The moderator started by explaining about the project’s framework
and participants were also informed that the purpose of the session was to obtain their free
opinions and to comment them with others, with no answers being right or wrong.
After the focus group sessions the recordings were transcribed in order to analyse them at a
later stage. The analysis of the information collected was carried out through an adaptation of
the content analysis technique (Stewart and Shamdasani, 1991; Flick, 2009). Thus, the
information was initially processed and organised by common topics. A document was then
drafted with the results, which showed the concepts mentioned by all the groups. Lastly, all the
terms and their meanings were taken into account for the analysis, with the answers being
examined for each point of discussion in order to identify similarities and differences.

156

3rd European Agroforestry Conference – Montpellier, 23-25 May 2016
Productivity and economic performance of agroforestry (oral)
Results
During the sessions, participants were first individually asked to indicate specifically the
products and services derived from the dehesas they were aware of Table 1 summarises the
commercial-value products identified together with the number of times they were mentioned.
Table 1: Consolidated commercial-value products obtained from dehesas
No. of times
Food
identified
Non-food
Pig: meat and by-products
Beef

35
34

Fighting bull meat
7
Sheep: meat, milk and byproducts
29
Goat: meat, milk and byproducts
19
Poultry production
3
Honey and by-products
Game meat
Fish products (e.g. tench)
Cereal

19
14
1
16

No. of times
identified

Agritourism
16
Bird watching
2
Active
tourism,
e.g.
hiking,
horseback routes, touristic cycling 3
Hunting tourism
10
Firewood and by-products (oak
coal)
13
Timber
9
Cork and by-products
Acorn (fruit)
Wool and furs
Pasture

31
16
6
7

As Table 1 reveals, a great variety of products associated with the dehesa were identified,
although some other that are not strictly generated in this system (nuts, olive oil, resins, fruits
and vegetables) were also mentioned. The explanation behind this may be that some
participants identified the dehesa with the region, as the majority of the area is occupied by this
ecosystem.
Additionally to identifying typical products which are abundant in the ecosystem, other products
were mentioned that are classified as emergent or with potential to develop (Table 2).
Table 2: Emerging products with potential to develop
No. of times
Food
identified
Non-food

No. of times
identified

Mushrooms and fungi

Medicinal plants and cosmetics

4

Aromatic plants (thyme, oregano)
Herbs and herbal tea
Crafts (cork, timber, etc.)

3
1
1

Hydraulic resource

1

11

Asparagus
7
Acorn liqueur
1
Acorn beer
1
Acorn flour and other food byproducts
1

Mushrooms and asparagus are considered as very interesting products the commercialisation
of which is currently very limited. Other products the participants were interested in were the
acorn by-products and they gave examples such as acorn chocolates, acorn fruit drink, acorn
ice-cream, acorn bread and acorn liqueur. The opinion of the participants with regards to the
potential development of these products was diverse, with some positive comments, for
example referring to gourmet markets, and also some other negative that showed that many
consumers are willing to try novel products but not to buy them on a regular basis.
The issue of the importance of production system from the consumer point of view was also
discussed. It was observed that it had a limited impact at the time of purchase. Some
participants stated that they regarded highly the fact that a food product was produced in a
sustainable way, in extensive systems and using autochthonous breeds, but they also
recognised that their behaviour did not reflect this attitude. That is, they consider
extensive/sustainable/natural products important but do not end up buying them. The reason
behind this behaviour is that the price is key in their purchase decision and the majority of these
products are expensive.
Some proposals were raised during the sessions to support the fact that the production system
should become a key factor and that people should act responsibly at the time of purchase in
detriment of price and geographic area. The participants believed that there was a need to build
citizen awareness and better and more advertising of the products in order to guarantee the
sales as a way to increase their added value and improve prices.
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Other aspects related to the products that had been previously identified and that were brought
into discussion were the role of the origin (geographic or production system origin) and the use
of quality brands. In general terms, geographic origin was highly valued, although especially for
certain types of products (delicatessen) where the local component serves as a guarantee of
traditional production and benefit for the economy of the area
Regarding quality brands, participants stated that its presence in food products was a positive
aspect. However, they also pointed out that a quality brand would not make them think that the
production systems are more sustainable or better for the environment.
At the same time, they pointed out that the establishment of a brand identifying the dehesa must
be clear, so, for example, the incorporation of the term agroforestry is not seen as particularly
attractive, as it is a term with which people are not very familiarised. The main advantage of a
dehesa brand to designate all the products would be the simplification of the current situation,
as for the majority of the participants there are too many designations of origin that may even
confuse the consumer.
Discussion
The dehesa agroforestry system is mainly identified as a service supplier. Specifically, the most
frequently identified role is in the food supply (especially of animal origin) and raw materials
(forestry). However, a connotation introduced by the participants was the particularity that many
of these food products are not considered as commodities, but added-value food due to their
outstanding quality.
The dehesa also provides a great number and variety of recreational services, mainly linked to
agritourism. Agritourism can be considered as the optimum way of maximising dehesas’
recreational use and ensuring its economic sustainability. This activity is currently a great
opportunity and a feasible way to economically develop the regions where the agroforestry
systems are located.
The results of the study also showed the poor assessment consumers attach to the attribute
"production system", as it was often mentioned that price and origin were by far more important
at the time of purchase. Although this behaviour has been detected in other research (Aprile et
al., 2016; López-Galán et al., 2013) participants noted that a key point for the enhancement of
agroforestry products is the change of this purchasing profile: production system must become
a key factor in the shaping of consumers’ preferences. To that aim, public policies promoting
social education must be developed. This, along with better advertising for agroforestry
systems’ productions will provide a way to increase their added value and better prices.
It should be noted that these findings, due to the qualitative nature of the study and its
convenience sampling, must be considered as preliminary. Further quantitative research with
representatitve samples would be needed in order to extend the outcomes of this paper.
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Introduction
Water quality is one of the most important ecosystem services provided by trees in agroforestry
systems. Ecosystem services are a way to classify environmental benefits. When such services
are classified and quantified, payments can be made to internalize what are often externalities
in economic and financial decision making. Such “payments for ecosystem services” can thus
support increased social welfare and improve decision-making about investments in new
industries and land management practices.
Riparian buffers can provide an important environmental benefit by reducing nutrient and
sediment runoff into bodies of water. Riparian buffers, a common agricultural best management
practice (BMP), are vegetated strips of land along waterways. Two main types of riparian
buffers are forest buffers, composed mainly of tree species, and grass filter strips which are
predominantly herbaceous.
In 2010, the U.S. Environmental Protection Agency (EPA) developed the Chesapeake Bay Total
Maximum Daily Load (TMDL) in response to poor water quality and limited progress in
restoration efforts within the Chesapeake Bay Watershed (Figure 1). While the TMDL is set at
185.9 million pounds of nitrogen per year, the U.S. Environmental Protection Agency (EPA)
estimates that on average over 250 million pounds are carried into the Bay a year (EPA 2010,
Van Houtven et al. 2012). The Chesapeake Bay Program Watershed Model estimates that
Pennsylvania’s agricultural sector (the largest contributor of nitrogen pollution in the Bay
watershed) is falling far behind nitrogen reduction targets (EPA 2015).
Nutrient credit trading is a market based approach to pollution reduction that can be used to
meet nutrient and sediment related water quality goals (Van Houten et al. 2012). Including
nonpoint sources such as agriculture in water quality trading is believed to be a potential
method for reducing nonpoint source pollution (Ribaudo et al. 2014). Currently, the
Pennsylvania Nutrient Credit Trading Program (NCTP) provides a credit trading marketplace
however credits produced from riparian buffers provide a minuscule fraction of all transactions.
In 2014, over 800,000 nitrogen credits were traded in the state of Pennsylvania, 94,000 of which
came from nonpoint source agricultural BMPs, and an even smaller percentage from riparian
buffers (DEP Registry).
Riparian buffers reduce nitrogen through plant uptake, microbial denitrification, and soil
retention (Mayer et al. 2005). The ability of riparian buffers to reduce agricultural nitrogen
loading into the Chesapeake Bay Watershed has led to their utilization in farmland nutrient
management strategies for decades. This study analyzed the ability of riparian buffers to
produce nitrogen credits as payments for ecosystem services to farmers through credit trading.
Farmers will need to generate income from establishing riparian buffers through the NCTP if
they are to provide a viable payment for the ecosystem service of nitrogen reduction.
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Figure 1: The Chesapeake Bay Watershed, represented in white, located in Northeastern
United States.
Methodology
A suite of agricultural riparian buffer scenarios was developed in order to determine the effect of
certain variables of interest on nitrogen credit generation and landowner profit. The estimated
profit from buffer scenarios was determined by subtracting the estimated buffer establishment
costs from nitrogen credit trading revenue. These profits were then used to estimate breakeven
points and payback periods for riparian buffer scenarios. The effect of establishment cost share
reimbursements on landowner profit was compared to profits without subsidies. Revenue from
nitrogen credit trading was compared to alternative buffer incentive programs such as the USDA
Conservation Reserve Enhancement Program (CREP) as well as the opportunity cost of corn
production on land utilized for buffer establishment.
Six Pennsylvania counties representing a range of agricultural production and nitrogen delivery
ratios were evaluated between conventional and no till agricultural methods. Forest buffers and
grass filter strips were compared between three buffer sizes of 35, 50, and 100 feet (10.7, 15.2,
and 30.5 meters) extending from either side of the stream edge correlating to acreages of 3.35,
4.79 and 9.58 (1.36, 1.94, and 3.88 hectares) respectively. An optimistic credit pri ce of US$3
per nitrogen credit determined from recent credit trading activity was used to determine the
potential revenue from nitrogen credit trading for each scenario.
Results
After running the scenarios, riparian forest buffers produced more nitrogen credits than grass
filter strips while buffers on farmland with conventional tillage agriculture produced more credits
than buffers on farmland utilizing no till. Nitrogen credit generation, and therefore revenue,
increased with buffer size. The amount of time needed for nitrogen credit trading revenue to
cover buffer establishment costs, known as the payback period, was calculated for each
scenario. Forest buffers had significantly longer payback periods than grass filter strips due to
higher establishment costs while conventional tillage farmland had shorter payback periods than
no till. Payback periods also tended to increase with buffer size. Average payback periods for
forest buffers ranged from 43-87 years while grass filter strips ranged from 6-13 years.
The breakeven nitrogen credit price was calculated for each scenario to determine at what
credit price revenue from trading would cover buffer establishment costs in 10 years, or the cost
of producing one nitrogen credit per year for 10 years (Figure 2). The breakeven credit prices
demonstrated similar results to the payback periods; forest buffers had higher breakeven credit
prices than filter strips while conventional tillage agriculture had lower breakeven prices than no
till. Breakeven credit prices also increased with buffer size. The mean credit price or annual
payment of $13- $26 per credit was needed for breakeven for a forest buffer while the mean
breakeven point for grass filter strips was only $2-$4.
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Inclusion of a 50% cost share subsidy for buffer establishment costs reduced payback periods
and breakeven points, especially for forest buffers. Breakeven credit prices ranged from $6.50$13 for forest buffers and $1-$2 for filter strips with the cost share. Taking the opportunity cost
of corn production on agricultural land incorporated into riparian buffer increased payback
periods and breakeven credit prices, especially for grass filter strips.

Figure 2: Mean scenario breakeven nitrogen credit prices. The Horizontal line represents the
optimistic market price of US$3 per credit.
Discussion
Currently, famers are establishing buffers when provided substantial government subsidies
through farm programs such as CREP. Using nutrient credit trading as a substitute
environmental service payment could potentially reduce government spending on riparian buffer
subsidies. This study shows that forest buffers tend to not be as profitable in nitrogen credit
trading as grass filter strips. In most cases, forest buffer establishment costs exceeded credit
trading revenue substantially, resulting in payback periods spanning decades. While forest
buffers produced more revenue, the increased revenue did not match the higher establishment
costs of forest buffers relative to grass filter strips.
Research at the World Resources Institute has suggested a nitrogen credit price of $20 in a
Chesapeake Bay-wide trading program as the minimum price at which farmers would enter the
market (Talberth et al. 2010). This price represented an average breakeven point for all
agricultural BMPs to cover establishment costs as well as costs of entering and participating in
credit trading. This value is consistent with our results for breakeven credit prices for forest
buffers however current nitrogen credit prices in the NCTP range from $1.50-$3.
The high establishment costs for forest buffers significantly reduced landowner profit, however
forest buffers provide larger reductions in nitrogen pollution. The profits from nitrogen credit
trading from forest buffers did not directly reflect the nitrogen pollution reduction service they
provided to the Chesapeake Bay relative to grass filter strips. Even with cost share subsidy,
forest buffers required a minimum of 22 years before covering establishment costs, which is not
an adequate ecosystem service payment incentive. However, many grass filter strip scenarios
resulted in payback periods of less than 10 years without cost share.
At current market prices for nitrogen credits, nitrogen credit trading does not provide an
adequate ecosystem service payment for nitrogen reduction from riparian forest buffers
but may for grass filter strips. Forest buffers provide greater environmental services than
grass filter strips however such as carbon sequestration, wildlife habitat, and aquatic ecosystem
health. It should be noted that additional sources of revenue from riparian buffers exist such as
the extraction of resources from buffer vegetation such as timber, non-timber forest products,
and biomass for bioenergy. These additional sources of revenue, especially current interest in
biomass could play an important role in providing needed revenue from buffers to incentivize
establishment. Ongoing work analyzes what ecosystem service payments are needed to
facilitate the growth of the bioenergy industry in the region by increasing the price paid to
farmers for producing feedstocks instead of currently grown field crops.
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Introduction
The relative effect of plants diversity on the performance of the agroforestry systems was
studied under a range of farms in Talamanca, Costa Rica. The evaluation of multi-species
cropping systems is a major issue to understand complex agroforestry systems. The evaluation
of the systems will help to understand the advantages of use of resources in spatial and
temporal scale.
In the region of Talamanca in Costa Rica, cropping systems are highly diversified and most are
multi-strata with trees. These systems are an inherent part of the life of the indigenous Bribris
and Cabecar, and tend to mimic the forest both in structure and in usage of species. The
association of species follows ancestral rules linked to their functional role (Borge 2011). Most
common associations consist in cocoa (Theobroma cacao L.) combined with shade trees, such
as laurel (Cordia alliodora Ruiz & Pav.) or cedar (Cedrela odorata L.) from remnants of forest,
selected from natural regeneration or planted. Organic banana (Musa spp. AAA) is an important
crop for farmers, sharing the canopy with fruit species such as citrus (Citrus spp.), avocado
(Persea americana Mill.) and peach palm (Bactris gasipaes Kunth), and farmers claim that fruit
trees are well grow within the cacao and banana plantation to establish home orchards . Some
other species such as jicaro (Crescentia cujete L.) and senko (Carludovica palmata Ruiz &
Pav.) are used for craft while guava (Inga sp) and turkey tail (Cupania cinerea Poepp.) are used
for firewood and other environment services that the system gives as a whole.
The evaluation of the global productivity is challenging because of the diversity of the products
the system provides. In this study, we propose to standardize the measurement of the
productivity of each type of plant and to measure it dynamically. We aim at testing the effect of
plant diversity and of spatial structure of agroforestry systems on their agronomic performances .
Materials and methods
Experimental site
We studied a network of 20 plots (30m x 30m) that cover a wide range of diversity and spatial
organization of agroforestry systems in Talamanca region. All sampled farms had organic
management and our measures did not cause any change in farm practices. We measured the
growth and the biomass of each plant during two years. Species were identified for each plant
and coordinates were registered, leading to a dataset including 2287 plants. All the plants
present in the plots were tagged with a unique code, allowing multiple measures over time.
Measures of production
Plant composition was classified in five functional groups according to the farmer’s
management, taxonomic criteria, and functions in the system. These groups were banana,
cacao, fruits, timber, and firewood. Measured productivity methods change according to the
group.
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For bananas, we measured pseudostem circumference of the mother plant (one meter above of the
ground level) and heights of the sucker plants. Using allometric relationships, we estimated the
potential of vegetative and fruit production of each banana plant (Fernández, E & García, V 1972).
In addition, we measured the weight of bunches and counted numbers of fruits.
For cacao, before harvest, healthy and damaged pods were recorded and fresh beans from healthy
pods were weighted. We applied a 56% discount to the average weight of fresh beans per pod to
obtain the dry cocoa commercial yield according to Braudeau cited by Deheuvels et al. (2012).
For every timber plant, total height, commercial height and DBH (diameter at breast height) was
measured, using a hypsometer and diametric tape. Cubic meters of wood was calculated based on
empirical relations, reported by Almendarez, Orozco, & Lopez (2013) and with a form factor of 0.7
for timber species and 0.5 for firewood species.
Fruit production was calculated for each plant using theoretical values reported in the literature;
notably from studies carried out in the same region (Burgos, Armero & Somarriba, 2008).
Statistical analyses
Generalized linear mixed-effects models (GLMM, Bolker et al., 2009) were used to examine the
relationship between plant diversity, spatial structure indices, and production of agroforestry
systems. We considered the community’ in which plot were located as a random effect. All
statistical analyses were performed with R 2.15.0 (R Development Core Team 2012) and with an
alpha level of 0.05.
Results and discussion
Productivity
For statistical analysis, the AFS production was grouped into five crop categories with different
species richness: cacao, banana, fruits, timber and firewood. The timber group had the highest
biomass, while banana had the lowest (Figure 1A), while the same trend can also be applied to the
representation of the canopy multi strata.Total biomass and plant densities were calculated, but the
results for productivity (Figure 1B) were estimated according to each group production
considerations (Kg, m³, units ha -1).
Five of the sample plots exceeded 167 m3 ha-1 of wood. In three plots, density of bananas was up to
1733 plants per hectare, a density similar to intensive banana production farms. Plots with higher
density of cocoa were not necessarily those who obtained higher productivity . For example, a plot
with 37% less cocoa trees had 10% more of production. Fruit species had an important
participation, although in two plots was no presence of any fruit species.
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Figure 1. A) Total biomass (t/ha) of each crop group and B) effect of plant richness and productivity
(units ha-1year-1)in in the 20 agroforestry systems sampled plots (Talamanca, Costa Rica).
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Every crop group represented a wide variety of plant species. Timber had 11 different species
recorded, being laurel the most representative with 83% for all timber species in the sampled plots.
In the firewood group, we found 18 different species. For fruit species we recorded 27 different fruit
trees. Cacao and bananas also had a variety of genotypes. In cacao trees, we found Creole and
Trinitarian subspecies while in bananas, we recorded five different varieties of Musa spp. AAA.The
plot with more diversity had 18 species represented on the five groups and the plot with less
diversity had two species corresponding to the group of bananas and timber wood.
Banana is the crop with more individual plants per unit while firewood group has fewer plants per
unit (Figure 2). In this range of plant diversity and estimated production, the results suggestthe
positive effect of plant richness in theyield of these agroforestry system(Figure 1B).
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Figure 2. Plant density (individuals/ 90m²) of each crop group in the 20 agroforestry systems
sampled plots (Talamanca, Costa Rica).
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There is not a common pattern among Talamanca agroforestry systems. Sampled plots
represented different scenarios in productivity and diversity between crops. Densities in banana and
cacao plants show a clear interest in the production of these crops while timber and fruits were
considered complementary production species. Consistently with reported by (Borge, 2011;
Deheuvels et al. 2012; Guiracocha, 2000 and Kapp, 1989).
This study strongly supports the positive effect between plant diversity and global productivity in
Talamanca agroforestry systems. The approach taken helped usto understand trends of optimal
cropping organization. While predicting the production performance to discuss their relevance
according to farming constraints.
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Introduction
Since the CAP reform in 2013, direct payments to farmers consist of, among others, basic
payments and greening payments. Thirty per cent of the direct payments to farmers is linked to
greening requirements: the implementation of ecological focus areas (EFA) on five percent of
the arable land, crop diversification and the maintenance of permanent pasture at farm level
(Matthews 2013). Greening requirements will have an impact on farm economics: average
decrease in overall farm income per worker is estimated between 1.4% and 3.2% (Matthews
2013). Farmers that do not comply with the greening requirements may lose up to 125% of the
greening payment (European Commission Memo 2013). Farmers’ decisions are mainly based
on economic considerations but these are hard to predict, in particular in the hedgerow and
alley croping case. Profitability depends on many factors. Moreover, as alley cropping is a
multiannual system, we face uncertainty in the changes in crop yields, costs and crop and wood
prices. Besides data uncertainty, there is a considerable time lag between expected revenues
and the decision to start-up alley cropping. Profit assessment then needs discounting the
revenues and costs into a net present value. In this paper, we design an assessment framework
to combine crop yield information on tree-crop interactions with farm data in order to assess
farm economic outcomes of greening measures. To this end, we i) quantify the effect of trees on
crop yield in temperate regions and ii) assess the economic consequences of two farm level
EFA choice options, a hedgerow and an alley cropping option, by comparing discounted gross
margins with the business-as-usual (BAU) option.
Material and methods
To investigate the effect of trees on crop yield, an extensive literature search was performed.
Candidate papers were selected on title and abstract, meeting following conditions: i) data from
areas with temperate climate, ii) actual field data are used (modelling studies are excluded), iii)
true controls are present allowing yield comparison with and without tree-influence, iv) yield data
are linked to the distance from the trees and v) interaction with arable crops, not with pasture.
Twelve articles were retained and own measurements from 2014 and 2015 were added to the
dataset. Relative yields (R) are used to express the effect of trees on crop production. R is the
ratio of the crop yield influenced by the trees, compared to the crop yield without treeinfluence. When R<1, production is negatively influenced by trees, R>1 means that more is
produced in the plots with tree-influence. To allow comparison between different experiments,
distance is expressed in terms of height of the tree row. We therefore use H, which is the ratio
of the distance from the tree row to the height of this tree row. This means that for a tree height
of 20 m and experimental plots on a distance of 10 m from these trees, H = 0.5. A metaregression (Nakagawa & Santos 2012) and mixed model (Gelman & Hill 2007) analysis were
performed to quantify the relation between ln(R) and H. Both techniques allow synthesis of data
from several studies. Both have advantages and disadvantages, and after comparison of the
results, the non-linear mixed model was used for further calculations.
The economic consequences of three choice options in the greening context are investigated.
The first option is business-as-usual (BAU) without EFAs. The farmer does not benefit from
greening payments and looses a part of the basic payments. This option is selected because it
entails no additional costs or arable land loss. The second option is the hedgerow option: the
EFA is entirely implemented by means of trees and shrubs on field boundaries. The third option
is the alley cropping option where trees are planted in lines on the field, according to the alley
cropping system. To assess the profitability of incorporating trees on a farm, cash flows over
various periods are taken into account. Besides an annual cash flow from the crops, trees
provide an additional source of income from wood production only after completion of the tree
rotation cycle. The discounted cash flow is calculated for a hedgerow and alley cropping
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greening option and four market scenarios on a representative arable farm in Flanders
(Belgium).
Results
Starting from the tree row, over a distance of 1.64 times the tree height, relative crop yield is
70% as compared to a treeless situation. This is the negative effect. Between 1.64 and 9.52
times the tree height, relative yield is 107%. This is the positive effect. Beyond 9.52 times the
tree height, the effect is considered negligible. The net yield up to 9.52 times the tree height is
101%. On parcel level, yield is affected in two ways: i) loss of production surface and ii) tree –
crop interaction. In the hedgerow option, reduction of wheat yield is mainly due to crop surface
loss. During the first five years after hedgerow planting or coppicing, the extent of the positive
effect increases. After five years, hedgerow height causes the negative effect to overrule the
positive effect. In the alley cropping option, the distance between tree rows is too small and
mainly the negative effect is involved. After 20 years, the discounted gross margin of the
hedgerow option parcel is 76% of the discounted gross margin in the BAU option. For the alley
cropping option, the relative discounted gross margin is 55%.
At farm level, all crops, crop revenues and costs are taken into account as well as hedgerow
and alley cropping plantation costs and revenues. Figure 1 represents the revenues and costs
of the EFA options at farm level, compared to the BAU option. Due to reduced crop yield, crop
gross margins are negative compared to the BAU option. The ‘startup costs’ category consists
of plant purchase costs, planting costs and plant protection costs. In the ‘maintenance costs’
category, weed removal, tree row maintenance and pruning are included. The ‘subsidies’
category consists of the difference between the direct and greening payments for farms with
100% fulfilment of greening conditions and reduced direct payments for farms that do not fulfil
greening requirements.

Figure 1: Difference in yearly revenues and costs (€) of the hedgerow (HR) and alley cropping
(AC) option, compared to the BAU option. The calculation is performed for a representative farm
with 45 ha arable area.
Discussion
Despite their numerous environmental advantages (Baudry 2000), establishment of hedgerows
is often not an attractive EFA option from the farmer’s (economic) point of view, because only
the actual hedgerow surface is designated as EFA. Because of this, an extensive network of
hedgerows needs to be present to fulfil the greening requirement. In the alley cropping option,
the whole parcel is designated as EFA.
Next to hedgerows and alley cropping, the EFA requirements can be fulfilled with catch crops,
nitrogen fixing crops, fallow land, buffer strips etc. Actual ecological benefits of these EFA
options depend on spatial implementation but the greatest effects are expected for permanent
measures (Westhoek et al. 2012). However, within the available member state options, fa rmers
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are free to choose how to implement the EFAs. This entails the risk that non-permanent
measures with less ecological benefits will be broadly applied to reach the greening
requirements, for example because they are more convenient for farmers (Matthews 2013,
Westhoek et al. 2012). This has shown to be the case in Flanders, where 85% of the EFAs
consists of cover crops. Because of the considerable impact of hedgerows and alley cropping
on farm economics and the few benefits of more easily implemented non-permanent measures;
we suggest a better linking between subsidies and ecological benefits.
Although profit maximizing is of high importance for farmers, other aspects, such as social and
environmental arguments, play a significant role in the decision process as well. A rather
straightforward cost-benefit analysis, as presented in this paper, does not take into account
farmers’ behaviour and attitudes (Wauters et al. 2010). Other ecosystem services, apart from
production, are not taken into account in the calculations, because under the current market
conditions they do not contribute directly to the farm income. However, ecosystem services can
supply many benefits to society (Jacobs et al. 2014). For Belgium and other temperate areas,
ecosystem services that can be provided by trees are (next to wood production): soil and water
quality regulation, air quality regulation, mitigation of noise and visual impacts, mass
stabilization and erosion control, hydrological cycle and water flow maintenance, pest and
disease control, global climate regulation by reduction of greenhouse gas concentrations, micro
and regional climate regulation (Tsonkova et al. 2014, Turkelboom et al. 2014). Since
ecosystem services are externalities, there is generally no market for them. A carbon market
could benefit hedgerow and alley cropping systems (Toor et al. 2012), but we decided not to
take into account the C payments, because the current EU Emission Trading System does not
allow the use of credits from land use, land use change and forestry (LULUCF) systems. As
farmers tend to maximize private benefits, an adapted land use with more attention fo r
ecosystem services provision is currently not very profitable (Van Hecken & Bastiaensen 2010).
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Introduction
Thailand is the top world producer of natural rubber, with 4.3 million tons in 2014 mainly
produced by smallholders (90%). Natural rubber prices have always been fluctuating, but never
as much as 2010-2015 period: from 5.56 USD/dry kg (SMR20 Kuala Lumpur) in 2011 to 1.5
USD/dry kg in 2015. The “golden period” stopped in 2012 and rubber price has been decreasing
since, directly impacting farmers’ income. Two main strategies are used by farmers to sustain
their income: i) association of fruit and timber trees with rubber (or shade tolerant cash crops) in
agroforestry systems (AFS) and ii) development of off-farm activities. To analyse the first
strategy, a study was conducted in Phatthalung province (Southern Thailand) in the frame of the
ANR/Heveadapt project to analyse how smallholders who adopted rubber agroforestry systems
(AFS) deal with rubber prices volatility. The main objective was to understand the role of AFS in
income stability and farm’s resilience through the identification of the best rubber-based
agroforestry systems. Several previous studies have been conducted on the diversity of rubberbased agroforestry systems in Southern Thailand (A. Simien 2015, B. Somboonsuke 2011 and
V. Jongrungrot 2014). Our study intends to complete these works by a dynamic analysis,
through the test of various price scenarios, in order to evaluate resilience to rubber price
volatility.
The success of rubber development in Thailand owes to major public incentives starting in the
1960’s with access to grafted planting material, technical support and funding (RRIT and
ORRAF), and land ownership (ALRO) (Delarue and Chambon 2012). In the South, rubber trees
seemed to have reached their maximal extension (72% of the national production with 1,894
million hectares of mature plantations). The government is now encouraging rubber farmers to
diversify. Historically, rubber trees were grown from seedlings alongside a wide diversity of fruit
and timber trees, known as “jungle rubber”, a complex agroforestry system with a limited rubber
yield of 300 dry kg/ha/year (Besson 2002). In the 1960’s, ORRAF launched a replanting
program with clonal trees (grafted seedlings) in monoculture to increase rubber yield The
replanting program has been especially efficient: between 1960 and 2010, 51% of rubber areas
were replanted with ORRAF support and the yield reached 1,587 kg/year for 2014 with mainly
plantations in monoculture. However, the agroforestry tradition didn’t completely disappear in
Thailand. Intercropping during immature period (pineapple, rice, corn and vegetables) has
always been a common practice (for 50% of plantations, on a sample of 1000 farmers as
spotted by Chambon in 2013). More than 30 years ago, a minority of farmers kept adopting
Agroforestry Systems (AFS) with fruit and timber trees in spite of ORRAF official ban. Those
farmers are usually organized in associations or informal networks to share their knowledge and
promote their systems (Jongrungrot 2015). ORRAF lifted officially its ban in 1992, but still AFS
currently remain a relative marginal practice. In 2014, ORRAF new policy promoting
agroforestry was finally approved. We can currently identify three rubber based cropping
systems: i) monoculture plots, ii) “simple AFS” (rubber trees and a few other perennial species)
and iii) agroforests, or “complex AFS” with rubber trees and many other perennial species
including several layers of canopies.
Methodology
This study was conducted in Phatthalung province. Five focus groups were organized in four
districts gathering 50 people as preliminary survey for collecting global information on
agroforestry systems. 32 individual farms were therefore selected and surveyed. Sampling did
not aim at being representative of all rubber farmers’ AFS practices, but rather intended to cover
the diversity of AFS and model the most relevant ones. Data collection focused on two scales:
the activity system (farming system + livelihood) and the AFS cropping systems, for the farming
season 2014-2015. The data were analyzed with Excel. We identified two complementary
typologies: a farm typology and a typology of AFS structure (cropping system scale, inspired by
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the work of Somboonsuke and Jongrungrot). The first one is based on sources of income. The
second one is built on the combination of species type (fruit, timber and/or vegetables, or
livestock…). After defining AFS and farm types, we summarized their characteristics in two
models: i) an average theoretic most frequent AFS system per AFS type and ii) an average
theoretic farm per farm type. The compatibility with previous surveys (Chambon 2013,
Jongrungrot 2014) has been checked. The main indicators were: i) the net farm income, ii) the
net total income and iii) the cash balance. The average farm built for each type was used to
simulate scenarios with Olympe software. Modeling scenarios enabled to measure the farms’
resilience or robustness according to Gallopin (2002) definition. The prospective analysis based
on plausible scenarios makes it possible to compare farmers’ strategies and situations, the most
vulnerable farms and the role of AFS to overcome the volatility of natural rubber prices. We
simulated the following hazards: i) on the proportion of agroforestry areas in the farm, ii)
hypothesis on “rubber prices considered as acceptable” by farmers and “high rubber prices”,
knowing that current prices are low and iii) hypothesis of mangosteen prices (current prices are
low). We compared the farms performances to equivalent farms without agroforestry practices,
in order to identify threshold effects. The ultimate objective of those different analyses is double:
i) identify the most resilient and robust systems facing downside volatility of natural rubber
prices and ii) discuss those systems with farmers as viable alternatives in the frame of a local
innovation platform with other actors, including ORRAF.
Main results
8 farm types and 5 AFS types were thus established.
At cropping system level, we ended up with the following AFS type typology:
Type MatAFVeg: mature rubber only associated with vegetable species,
Type MatAFFr: mature rubber associated with fruit and some vegetable species,
Type MatAFTb: mature rubber only associated with timber species,
Type MatAFMx: mature rubber associated with fruit, vegetable and/or timber species,
Type MatAFLv: mature rubber associated with livestock and other plant species.
At the farm level, we ended up with the following farm typology:
Type AR: Rubber producers, below the minimum wage (6 farmers out of 32)
Type AO: Diversified producers, below the minimum wage (3/32)
Type B: Farmers depending on another source of income, below the minimum wage (6/32)
Type CR: Rubber producers, over the minimum wage (3/32)
Type CO: Diversified producers, over the minimum wage (5/32)
Type D: Farmers over the minimum wage with off-farm activities (1/32)
Type E: Farmers far over the minimum wage due to mainly on-farm activities (4/32)
Type F: Farmers far over the minimum wage with off-farm activities (4/32)
Types MatAFlvA and MatAFlvB are earning among the highest return due to fruit sales for the
first one and wood from timber trees for the second. Associating goats to rubber trees enables
to remove two significant cost items: rubber trees fertilization and goats’ food cost. The type
MatAFLvA makes a higher GM/ha, thanks to its fruit sales. For the type MatAFLvB, wood from
timber trees represents a long-term investment, which will be paid back when rubber trees will
be cut. The type MatAFVg and MatAFFr are in second position due to regular Gnetum (Pak
Liang) production and fruit sales. When facing decreasing rubber prices, the best-bet
alternatives for farmers are diversification with fruits and food-crops such as Gnetum (Fig 1)
with good local markets. The type MatAFTb has a poor margin as timber production occurs only
at the end of the lifespan.
At farm level, we created 3 farm variants for each farm type to show the impact of a more or
less advanced choice of agroforestry on economic farm results: i) Variant Combination of AFS
and monoculture plots (Comb) in the farm wich represent the current situation with 23% to 65%
of AFS according to types, ii) Variant Agroforestry specialization (AF): the same farm types if we
replaced all monoculture plots by their agroforestry equivalent, and iii) Variant Monoculture
specialization (Mono): the same farm types if we replaced agroforestry plots by their
monoculture equivalent. Results, in the context of an “average” rubber price (Figure 2), show
the impact of different levels of agroforestry on farm gross margin (gross agricultural income)).
Logically, with lower to average rubber prices, differences in favor of agroforestry are important.
AFS sources of income are variable according to the type of AFS, areas and the presence (or
not) of other on-farm activities and do increase when rubber prices decreases.
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Figure 1: Gross margin/ha/year for various AFS types and rubber monoculture (Matmono).
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Figure 2: Comparison of farm variants “Mono”, “Comb” and “AF” for the eight farm types, with an
« average » rubber price (RubA) (Indicator: Farm Gross Margin). %Comb refers to the rubber
share of the total farm area in the current situation, for each farm type).
We calculated the rubber price required for monoculture system to reach the same income as
agroforestry system (Figure 3). For a given rubber price, we obtained a threshold price or a
break-even point for monoculture. As soon as rubber prices are going under this value, it
becomes very interesting to have agroforestry practices. With low rubber prices (the current
situation), the gaps are again more striking (Figure 3). For type F, the first farm type by its
agroforestry area, the threshold price is three times the current price. It means that, to hope
reaching the same farm Gross Margin, a monoculture plantation should beneficiate from a price
three times higher than the current one. Therefore, the lower rubber price is, the better
agroforestry (with fruit trees and/or vegetable crops) show a capacity to sustain the on-farm
income, in compensation of rubber price volatility. Prospective modelling with the tool Olympe
(Penot 2012) displays that farms are more robust to rubber price volatility due to the flexibility of
their agroforestry systems with major interest in having the crops on the same plots for a more
intensified land-use. Most farmers may have some fruit trees plots as well to diversify the
sources of income but having rubber and fruit trees (or timber or any other crops) do improve
return to labour at plot level compared to separate monoculture plots while less land is required
meanwhile.

172

3rd European Agroforestry Conference – Montpellier, 23-25 May 2016
Productivity and economic performance of agroforestry (oral)
Fruits & Vegetables

Livestock

Other activities

฿600 000

140,0

฿500 000

120,0

฿400 000

100,0

฿300 000

Threshold price
Mono

80,0
60,0

฿200 000 RubL Price
฿100 000

40,0
20,0

฿-

0,0
T-AO

T-AR

T-B

T-CO

T-CR

T-D

T-E

T-F

Rubber price (THB/dry kg)

Gross Margin (THB)

Rubber

Figure 3: Threshold prices for the eight farm types (variant Comb), in an low rubber price
context (RubL) (Indicator: Farm Gross Margin)
Conclusion
Farmers who chose agroforestry didn’t do it for economic reasons in the first place. They first
refer about growing fruits trees and vegetables crops to feed themselves, their families, their
guests, and even visitors. In rural societies of Southern Thailand, the gift of fruits has a huge
social value. This reason is consistent with the context in which current agroforestry practices
with rubber clones were introduced. The market-oriented purpose comes in the second place,
behind the availability of fruits and their social role. However, with the increasing volatility of
rubber prices and low current prices on a long period, farmers are quickly acknowledging the
market-oriented interest of these systems: fruits can represent 5 to 60% of the farm gross
margin/ha in 2015. Some even reoriented their production system and get most of their income
from fruits sales. Rubber trees provide an almost daily income source, which makes cash flow
management easier. Thus, agroforestry is slowly shifting from one function to another, partly to
adapt to a new economic context. Even if income diversification is considered as a common
feature to improve global farm resilience, it is still a novelty in the context of southern Thailand
with growing interest in combining production on one plot in order to save land in a context of
local land scarcity. AFS systems may be as well technically more adapted on slope land and in
former irrigated rice fields.
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Introduction
One of the aims of organic agriculture is the minimisation of the use of non-renewable
resources. Therefore a more and more important part of the concept of organic farms is to grow
renewable energy for their own supply. One option is the production of short rotation coppice
(Jørgensen et al. 2005). Due to its high environmental services, such as carbon storage,
conservation of biodiversity and soil protection (Jose 2009, Kaeser et al. 2010) the cultivation of
energy wood according to the principles of agroforestry is particularly suitable.
Which tree species are suited best and how can short rotation agroforestry systems be
established according to the regulations of organic farming? So far in Germany there is only
little experience with the cultivation of coppicing fast-growing tree species in organic agriculture.
In conventional agriculture a combination of mechanical and chemical weed control has been
recommended (KTBL 2008). Since herbicides are not allowed in organic farming weed
regulation is an essential component.
The study aims to identify suitable methods how to establish and cultivate fast growing trees for
woody biomass production without the use of total herbicides in a cost efficient manner. It is part
of a cooperation project of the Bavarian State Research Center for Agriculture and the Bavarian
State Institute of Forestry “Development and testing of an agroforestry system combining
organic agriculture and short rotation coppice”.
Various strategies to reduce weed competition were examined. Furthermore, autochthonous
tree species were compared with conventional hybrid poplar which is the mostly used tree
species grown for energy purposes in Bavaria. The paper evaluates the efficiency of different
procedures to establish short rotation coppice stripes and the performance of the tree species
tested. Finally, it will present methods and preliminary results.
Material and methods
The experimental site is located in Germany (Bavaria), in the Franconian Jurassic near
Kaisheim (48°46'50.5"N, 10°48'10.0"E, 520 m AMSL) at the LfL experimental farm “Neuhof”.
Within the research project partial areas were converted to organic farming in 2009. The study
area is characterised by an unfavourable groundwater supply (karst aquifer). The long term
average annual precipitation is 780 mm and the mean annual temperature is 8.2 °C (30 year
average 1981-2010). Soil types have been classified as cambisol/planosol from loess loam. The
soil texture is silty clay, the pH value is 7.5.
In April 2009 the field trial (two-factorial strip plot design, five replications, plot size 75 m²) was
set up. Previous crop was a grass-clover-mixture; the plant bed was prepared with plough (~ 30
cm) and rotary harrow. Poplar cuttings 'Max 1' and 'Max 3' (Populus maximowiczii x Populus
nigra) and bare-rooted seedlings of grey and black alder (Alnus incana, Alnus glutinosa) were
planted in a distance of 1.50 m x 1.25 m. The alders had an initial tree height of 80 cm. The
poplar cuttings were planted at ground level. All tree species were tested in a rota tion period of
7 years. For weed control in the first year the undersown crops black medic (Medicago
lupulina), white clover (Trifolium repens), false flax (Camelina sativa), rye (Secale cereale,
sowed in spring) and a self-degradable mulch membrane were compared with an untreated
control plot (same tillage as the other variants).
Investigated parameters were the annual determination of the tree growth rate: average height
(= highest shoot); diameter at breast height (1.30 m above ground; not presented); root collar
(10 cm above ground; not presented). In 2013 measurements on poplar could not be carried out
because of bent trees after storm damage. In winter 2015/2016 the trees were harvested. The
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statistical analysis was performed using SAS 9.2. Thereby a PROC GLM with StudentNewman-Keuls test (SNK test) has been applied. Except 2013 and 2014 every year was
evaluated separately.
Results
The analysis of the final tree height after a rotation period of 7 years according to the different
variants of weed control shows that the trees on self-degradable mulch membrane grew best,
reaching on average 977 cm (Figure 1). On black medic the trees were lowest (853°cm) compared to the untreated control and the both undersown crops false flax and rye with a
variation in the growth rate from 894-899 cm. The different results are mainly based on the
increments during the first two vegetation periods. From the third vegetation period onwards
there were no statistical differences regarding the annual growth rate, except the rate of the
trees planted in the self-degradable mulch membrane in the year 2012 which differs significantly
from the other variants.

Figure 1: Tree height in 2015 and yearly increments depending on variants of weed control
(average over all tree species).
The comparison of the different tree species (Figure 2) shows that the poplar clone 'Max 3'
grew best with 1025 cm final tree height, followed by 'Max 1' (899 cm) and grey alder (885 cm),
each with statistical differences. Black alder was significantly the lowest, with an average height
of 718 cm. An analysis of the yearly increments indicates a higher growth rate of the poplars in
the first four years compared to the alders. From the fifth vegetation period onwards an
increasing growth performance of grey and black alder could be observed, with statistical
differences between the black alder and the two poplar clones and between the grey alder and
'Max 1'. In 2015 the differences in the annual growth rate were not significant.
Discussion
Establishing a short rotation agroforestry system with poplar clones ('Max 1', 'Max 3'), grey and
black alder is possible under organic farming conditions in southern Bavaria. The good growth
performance of fast-growing trees on self-degradable mulch membrane compared to an
untreated control plot has also been confirmed in a study of Spangenberg and Hein (2011). This
could be attributed to stronger soil heating, higher soil moisture and a good weed-suppressing
effect of the membrane (Kell and Henning 2007). The results indicate that black medic cannot
be suggested as a strategy for the establishment. The lower tree heights might be caused by a
stronger competition for water and/or nutrients between the trees and this undersown crop in
the year of the establishment.
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Figure 2: Tree height in 2015 and yearly increments (average over all variants of weed control).
An analysis of the final tree height over all variants showed that none of the tree species in
combination with the N-fixing undersown crops white clover and black medic had a significant
growth advantage compared to the untreated control (data not shown).
Against our expectations black medic and white clover as legume undersown crops had no
positive effect on the growth rate of poplars (non-N-fixing) compared to the alders (N-fixing).
The results of the study endorse the evidence of Stoll and Dohrenbusch (2009) that sowed crop
plants like different clover species do not raise the increments of poplar clones compared to an
untreated control plot with natural side vegetation.
Huber et al. (2014) described that agroforestry systems under organic cultivation can have the
same tree biomass production as under integrated cultivation. Our results show that an
establishment without herbicides can lead to satisfying tree growth. The poplar clone 'Max 3'
had higher increments after seven vegetation periods compared to conventional studies of
biomass production in short rotation on a site very close to our experimental site (Stoll et al.
2012). However, this could also be caused by other factors, like different weather conditions in
the years of the establishment.
The stronger growth of the poplar clones compared to the alders can be explained through the
breeding selection; additionally 'Max 3' and 'Max 1' are tested clones with a recommendation for
cultivation in Bavaria (Schirmer 2010). Considering the fact that grey and black alder on the
other hand are unbred tree species, the grey alder showed a satisfying growth rate. According
to other Bavarian field trials in conventional agriculture the black alder achieved considerably
reduced yields compared to the tested hybrid poplar clones (Burger 2010).
Low increments in 2015 can be explained to the dry climatic conditions in summer 2015. But the
annual growth rate of alder in 2013 and 2014 indicates that tree growth rate has not yet reached
its maximum. Perhaps longer rotation periods -of more than seven years- would lead to a
stronger advantage in growth.
A final (concluding) suggestion regarding choice of tree species and strategies of establishment
can only be given after an economic evaluation of the tree harvest. The results acquired under
conditions of organic farming could also be applied to conventional agriculture, especially for
greening measures in the context of the Common Agricultural Policy (CAP).
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Introduction
The importance of C sequestration relies in its use as a strategy for mitigating climate change,
which is believed to be caused by the increasing greenhouse gases concentrations, mostly CO2
(IPCC 2014). Recent studies in temperate regions have shown that agroforestry systems have
greater C sequestration potential than monocropping systems. Some examples are provided by
Cardinael et al. (2015) for an alley cropping under Mediterranean climate, and for Patagonian
silvopastures under humid Boreal climate (Dube et al. 2012). In Europe, there is a growing
interest in the establishment of hardwood plantations with intensive management, including
irrigation, fertilization and chemical weed control, for reducing rotation length. However, these
operations may produce important environmental impacts similar to intensive agriculture, such
as nitrate contamination, impoverishment of C and biodiversity loss (Babcock et al. 2003).
Therefore, new techniques should be tested to avoid negative environmental impacts. The
implantation of forage legumes could increase the available nutrients in soil, mainly N, improve
pasture production and quality, and optimize the environmental functions of these plantations
(O’Dea et al. 2015). Grazing allows controlling the understory vegetation. Moreover, grazing
intensity has an effect on C stocks, by modifying the amount, plant type and composition and
decomposition rates of residual plant material (Soussana and Lemaire 2014). The aim of this
study is to identify the optimal management practices in these quality wood production intensive
systems with the aim of optimizing both soil C sequestration and the productivity of the forest.
Material and methods
The experiment was carried out in Extremadura, in the mid-western region of Spain between
2011 and 2014, in a 13- year old hybrid walnut (Juglans major x nigra mj 209xra) plantation,
with a density of 333 trees ha -1. Two essays were established: one experiment for testing
legume implantation (hereafter Fertilized Walnut) (a mixture of 25 kg ha-1 of Trifolium
michelanium and 10 kg ha-1 of Ornithopus compressus complemented by the same quantities of
PK as mineral treatment) as alternative to the traditional inorganic fertilization (40 kg N ha-1, 40
kg P2O5 ha-1 and 50 kg K2O ha-1); and one with different techniques for controlling the
competition of herbaceous strata beneath trees (hereafter Grazed Walnut): mowing, ploughing
and grazing with sheep (1 sheep ha-1). Treatments were applied during three years (2011-13).
Nine replicates were used for each treatment. The estimation of the variations in carbon
sequestration was based in SOM (soil organic matter) and biomass in tree trunk (stem and
branches) and herbaceous (fine roots) and tree roots (thick and fine roots), from data collected
in 2014. 70 soil cylinders were taken each 10 cm until 1 m depth. Roots were separated in tree
and pasture and then weighted. For determining the relation between DBH (diameter at breast
height) and tree biomass, 12 trees were cut in December 2014. Allometric equations according
to the formulas of Montero et al. (2005) were fitted to the data in order to obtain the tree trunk
(stem, thick and fine branches) and tree root (thick roots) biomass from the DBH. Sequestered
C in vegetation was obtained multiplying the aerial and root biomass by 0.5. The effects of
fertilization and control of competing vegetation methods on tree growth, root weight and SOM
were determined using Analysis of Variance. In cases where ANOVA test yielded statistically
significant differences (p<0.10), an LSD test was used for subsequent pair-wise comparisons.
Results
In the essay of control of herbaceous vegetation (Figure 1, Grazed Walnut), mowing produced
the greatest contribution of C to the system (132 Mg ha-1) by increasing the SOC (106 Mg ha-1)
(p= 0.09). Mowing was followed by grazing (116 Mg ha-1) and ploughing (108 Mg ha-1), since
grazing enhanced SOC (91.2 Mg ha-1) with respect to ploughing (81.5 Mg ha-1). In the essay of
fertilization treatments (Figure 1, Fertilized Walnut), legume sowing recorded the highest C
sequestration values (101 Mg ha-1), similar to inorganic fertilization (100 Mg ha-1), as well as
SOC evolution (82.6 Mg ha-1 and 81.4 Mg ha-1, respectively). However, in this essay it was
only a trend since no significant differences were detected. No change of C sequestration in
vegetation biomass (tree trunk and thick and fine roots) was noted between treatments.
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Figure 1: Carbon sequestration (Mg C ha-1) in soil, aerial biomass (Tree trunk), and tree thick
roots (Tree root) and fine roots (tree and pasture) (Fine roots) under different treatments of
control of herbaceous vegetation (above) and fertilization treatments (below). M: mowing; P:
ploughing; G: grazing; C: control; F: inorganic fertilization; S: legume sowing. Bold values over
the columns indicate total C sequestration in soil (0-100 cm depth) and in vegetation.
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Discussion
The results suggested that the largest reservoir of C in all cases was SOC (75.9-82.5%), mainly
in surface soil (0-25 cm of depth: between 42% and 51% of the total SOC), as underlined by
Alías et al. (2015). SOC was followed by the aerial biomass (Tree trunk), that supplied the 9.4515.22% of the total C sequestration of the system. Ciais et al. (2013) showed that SOC
contained two to five times as much C as above-ground biomass. Thereafter, our system
contained less proportion of C sequestration in aerial biomass than other studies, ma ybe due to
the youth and low density of the trees.
Many researchers assume that the belowground biomass constitutes a fixed portion of the
aboveground biomass and such values range from 25 to 40%, depending on factors like the
nature of the plant and its root system and the ecological conditions ( Alías et al. 2015), but no
data were found about fine roots in these systems. Our analyses indicated that 52.9-58.8% of
the C sequestered in vegetation came from the aerial part and the rest (41.2-47.1%) from the
roots, mostly thick roots. Fine roots suppose from 15 to 32% of the total root biomass.
Nevertheless, they account a very low proportion of the total C accumulated in the system
(between 1.6 and 2.9% of the total C). It should be noted that the response of SOC to the
different treatments was more important than other analysed parameters, suggesting SOC is
more sensible to management techniques. Thus, avoiding soil disturbances is important for the
formation of stable organic-mineral complexes which, in turn, are crucial elements in the
process of C soil sequestration (Jandl et al. 2007).
Regarding the control of herbaceous competition, mowing yielded the highest values of SOC
due the mineralization of plant litter, followed by grazing and ploughing. Accordingly, Soussana
and Lemaire (2014) found that intensive site preparation, such as ploughing, may favour the
loss of soil C, because it stimulates the decomposition of the forest floor, in spite of favouring
biomass production at least in the short term, since soil C is a principal source of energy for the
nutrient-recyclers (Nave et al. 2010). We hypothesize that tree growth increment detected with
ploughing could be not maintained in the long term due to the depletion of SOC. The opposite
trend was found with grazing, that enhanced the SOC. Soussana and Lemaire (2014)
highlighted that, at low stocking density, like in this case, herbivores can enhance soil N cycling
and net primary productivity, leading to an increment in the soil C sequestration. In addition, it is
expected that grazing will improve the biomass of aboveground mass in the longer term, as a
result of the enhancement of tree diameter increment observed the second and third year of the
essay (data not included). Improvement of tree growth was not observed in the representation
of C sequestration in the aerial biomass because the different initial tree sizes masked the effect
of treatments on trees.
Regarding fertilization treatments, inorganic fertilization and legume sowing increased the total
organic sequestration compared to control, especially due to the improvement of SOC, although
it was only a trend. Several authors (O’Dea et al. 2015) reported that, in general, N addition
increases C sequestration in grasslands by slowing the decomposition of SOC, especially on
nutrient-limited sites (Jandl et al. 2007). Moreover, N fertilization stimulates tree growth, as a
result of the increment of C inputs into soils through litter fall and rhizodeposition (O’Dea et al.
2015). During the last year, it was detected that the legume implantation enhanced the tree
diameter increment. Since legumes supply N gradually (Marinari et al. 2010), it is expected that
the improvement of C sequestration seen with the legume sowing will be further increased in
the long term. By contrast, inorganic fertilization yielded a positive response from the first year
(data not presented).
In conclusion, grazing, as control of herbaceous vegetation, and legume implantation, as N
supply, are adequate techniques for optimizing soil C sequestration, leading to an adequate tree
growth in the longer term.
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Introduction
Climate change results in a global increase of average temperature, but its effect on
diurnal temperature cycle (DTC) is less clear. It was initially thought that the amplitude of DTC
was decreasing with climate change, as daily minimum ( night-time) temperature were
increasing at a faster rate than daily maximum temperature (Karl et al. 1991; Easterling et al.
1997). However, more recent studies based not on daily minimum and maximum but on hourly
data showed an increase of the amplitude of daily temperature cycles (Wang and Dillon 2014).
This asymmetry between day/night temperature change has important effects on plant
physiology, as processes such as heat stress, winter hardiness, vernalisation, cold-hardening
and winterkill are dependent on extreme daily temperature, and respiration and photosynthesis
have different responses to temperature, resulting in a shift in the balance between
photosynthesis and respiration, and thus a change in carbon uptake (Mooney et al. 1993). As a
result, crop yield generally decreases with increasing night temperatures, e.g. for rice (Peng et
al. 2004), wheat or barley (Garcia et al. 2015).
Trees further modify the microclimate experienced by crops in agroforestry, compared
to crops grown in pure agricultural fields. The daytime shade of the trees reduces the
temperature, potentially protecting crops against extreme heat, while the mask of the tree
canopy against the sky increases night temperatures by reducing radiative cooling, which might
be beneficial to crops in case of frost but might also reduce yield in other cases. Therefore, our
objective is to better characterise the effect of trees on the diurnal temperature cycle in order to
determine if agroforestry has the potential to alleviate or inversely to aggravate the impact of
climate change.
Material and Methods:
Experimental site. Microclimate was monitored under mature agroforestry systems
(AF) vs in full sun (FS) in the Mediterranean climate (43°42'N, 3°51'E) over several months
(April-June 2015 and November 2015 onward). In each season, measurements were made in a
field that was divided in two parts: AF conditions (15 year-old poplars, approx. 30 m high in
2015, 20-year old ash trees, approx. 15 m high in 2016) and FS conditions (some Sorb trees,
less than 2 m high).
Microclimate sensors. Air temperature was monitored using Vaisala HUMICAP®
Humidity and Temperature Probe HMP155 linked to Campbell Scientific datalogger CR1000.
The probes were placed inside DTR Radiation & Precipitation Shields, 1m above soil surface. In
2015, 6 probes were installed in AF conditions and 1 in FS conditions; in 2016, 4 probes were
installed in AF conditions and 2 in FS conditions, but results from all probes in a given condition
were averaged. Average hourly temperature was recorded continuously from 2015-04-22 to
2015-06-24 and from 2015-11-21 to 2016-03-15 (last day available for this analysis, monitoring
will continue until harvest). Additional meteorological data (e.g. global radiation, rain, wind, air
temperature and humidity) was measured in a meteorological station located on the same site
in a pure agricultural field.
Statistical analysis. Days were classified as cloudy if global radiation received during
the day in the meteorological station was less than 50% of the extra-terrestrial radiation
computed with sun geometry with R package sirad. Time of sunrise and time of sunset were
computed for each day using the function suncalc from package RAtmosphere. The daily
temperature cycle (DTC) model of Göttsche and Olesen (2001) was fitted to the air temperature
data for each day (from sunrise to sunrise of the next day) and in each condition separately.
This model consists of a cosine term, describing the effect of the sun, and an exponential term,
describing the decrease of the surface temperature at night:
π
T(t) = T0 + Ta × cos ( × (t − t m )), if t < t s
ω
−(t−ts)
π
T(t) = (T0 + δT ) + [Ta × cos ( × (t s − t m )) − δT ] × e k , if t ≥ t s
ω
ω
π
δT
π
, with k = [tan−1 ( × (t s − t m )) − × sin−1 ( × (t s − t m ))]
π
ω
Ta
ω
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with T0 the residual temperature just before sunrise, Ta the temperature amplitude, ω
the width over the half-period of the cosine term, tm the time of the maximum, ts the start of the
attenuation function, and δT=T0−T(t →∞), where t is the time.
Fitting was done using function nls of R. As the initial model often resulted in the fitting
algorithm reaching regions where the model is not defined, the model was reparameterised
replacing ω with 2x(tm-(tr+lag)) with tr the time of sunrise (computed from sun geometry) and
lag the lag between sunrise and the onset of temperature rise, boundaries were defined for
each parameter ((0,45), (-20,20), (12,16), (12,20) and (-4,4) for Ta, δT, tm, ts, and lag,
respectively), and T0 was computed directly from the data, taking the mean temperature around
sunrise. The fitted parameters were then used to compare the DTC in AF vs FS conditions, by
fitting regression lines for the parameter in AF as a function of the parameter in FS, for each
season and sky cloudiness separately. The slope of the regression was tested against the
hypothesis slope=1, and the intercept was tested against 0. Linear regression was performed
with the function lm of base R statistical language, and hypothesis testing was performed using
function LinearHypothesis of R package car.
Results
Observed differences in air temperature. To compare air temperature in AF
conditions with the FS conditions, the difference TAF-TFS was computed for each hour. The
difference in air temperature was always negative during the day (at least from 2 hours after
sunrise until sunset) and positive during the night (Figure 4Erreur ! Source du renvoi
introuvable.). The difference between AF and FS was more marked on clear days than on
covered days: in the spring of 2015, the mean difference was -1.2 °C on clear days vs -0.27 °C
on cloudy days (respectively 1.17 vs 0.43 at night). In the winter of 2016, it was -0.23 vs -0.04 in
the day and 0.15 vs 0.08 at night.
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Figure 4: Difference in air temperature between the agroforestry condition and the full sun
condition, as a function of hour of the day in 2015 growing season (left) and 2016 growing
season (right). Circles: observations during the day; triangles: observations during the night.
Days were classified as clear (open symbols) or cloudy (solid symbols) to compute the mean
(line) and 25% and 75% percentiles (shaded areas) separately for the clear days (solid line) and
the cloudy days (dashed line).
Fitting of a diurnal temperature cycle model. On clear days, the fitting algorithm
converged in 55% of the cases, but on cloudy days, the model was fitted successfully in only
42% of the cases. On days when the model could be fitted, the root mean square error of
prediction was 1°C. The parameters of the DTC in agroforestry as a function of the parameter in
full sun are represented in Figure 5, and the values and tests of the estimated parameters are
summarized in Table 2. On clear days in 2015 (measurements made in spring and summer), T0
was significantly higher in agroforestry than in the full sun, the intercept being 1.41 °C ; Ta was
lower in agroforestry and this difference increased with increasing temperature amplitude ; δT
was slightly higher in agroforestry for negative values of δT but the difference disappeared
when δT becomes positive ; the lag between sunrise and the onset of temperature rise was
higher in agroforestry, but only on days when this lag was important also in full sun. On clear
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days in growing season 2016 (measurements made in autumn and winter), tm and lag were
slightly higher in agroforestry. On cloudy days, the parameters of the DTC model were not
different between agroforestry and full sun, except Ta in 2016, which was slightly lower in
agroforestry.
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Figure 5: Fitted parameters of the DTC model obtained in agroforestry vs full sun. Each point
corresponds to a day (n=80). The black line is the agroforestry = full sun relationship.
Table 2: result of the linear regression parameter in agroforestry = f(parameter in the sun).
season sky
n R2
parameter intercept slope p-value intercept=0 p-value slope = 1
2015
clear 36 0.98
T0
1.41 0.98
0.000
0.302
36 0.94
Ta
-0.40 0.84
0.548
0.000
36 0.98
δT
0.39 0.94
0.006
0.016
36 0.81
tm
0.85 1.00
0.477
0.965
36 0.88
ts
1.75 0.93
0.099
0.203
36 0.84
lag
-0.02 1.42
0.853
0.000
cloudy 5 0.99
T0
-0.25 1.07
0.737
0.299
5 0.96
Ta
0.91 0.74
0.359
0.058
5 1.00
δT
-0.17 0.96
0.237
0.184
5 0.98
tm
-0.03 1.01
0.978
0.892
5 1.00
ts
-1.58 1.11
0.073
0.053
5 0.95
lag
0.22 0.97
0.092
0.836
2016
clear 22 1.00
T0
0.04 1.01
0.521
0.520
22 1.00
Ta
-0.27 0.99
0.054
0.470
22 1.00
δT
0.11 1.03
0.076
0.086
22 0.94
tm
1.47 0.90
0.042
0.054
22 0.98
ts
-0.95 1.07
0.103
0.072
22 0.97
lag
0.15 0.92
0.000
0.063
cloudy 17 1.00
T0
-0.02 1.01
0.663
0.121
17 1.00
Ta
-0.05 0.98
0.229
0.022
17 1.00
δT
0.05 1.00
0.051
0.881
17 0.93
tm
1.08 0.92
0.254
0.236
17 0.94
ts
0.76 0.94
0.427
0.368
17 0.98
lag
0.08 0.96
0.076
0.315
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Discussion
In our mature agroforestry plots, the effect of the trees on microclimate was consistent
between years, with lower temperatures during the day but higher temperatures during the night
in agroforestry compared to the full sun. This effect was more pronounced in the spring, when
temperatures are high and trees have leaves, than in the fall-winter, (although the difference
could also be due to the difference in tree size between the poplars and the ash trees). Karki
and Goodman (2015) also found colder temperature in agroforestry during the day in mature
agroforestry in summer (18–20-year-old loblolly pine (Karki and Goodman 2015)), but contrary
to our results, they observed no difference in air temperature at night, and a warmer
temperature in agroforestry during winter (the pattern of differences was not consistent between
periods in the day during fall and spring, maybe because they did not take into account the
actual time of sunrise and sunset). On the contrary, the same authors using the same
methodology found opposite results in young agroforestry plantation (4-7-year-old longleaf-pine
(Karki and Goodman 2013)), where air temperature was warmer in agroforestry compared to
the full sun in spring and summer, colder in agroforestry in winter except early in the morning,
and warmer in agroforestry in the fall except early morning and at night. The authors interpret
this difference in the temperature effect of agroforestry as the fact that young trees produce only
limited shade while they still reduce wind speed. Our comparison between cloudy and clear sky
days indicates that in our case, the main effect of our trees was through the modification of the
radiative transfers of energy, as the difference between agroforestry and full sun were limited on
the days when the sky was covered by clouds, while wind had no effect on the difference
between agroforestry and full sun during the day and a very limited effect during the night
(results not showed). The fact that there were no consistent relationships between parameters
of the DTC in full sun and the same parameter in agroforestry indicates that simple linear
relationships are not sufficient to predict the daily temperature cycle in agroforestry from the
temperature in full sun.
These results indicate that agroforestry has the potential to limit the risk of heat stress
by reducing the amplitude of the daily increase of temperature, leading to a temperature up to
4°C lower in the hottest part of the hottest days. Unfortunately, agroforestry also increases the
risk of yield loss due to insufficiently cold nights, which might not be a problem for vernalisation,
because the effect of agroforestry is limited in winter, but might increase night respiration and
thus reduce biomass increment and yield. Further studies are needed in order to determine the
balance between positive and negative effects of microclimate modifications on plants, which
will also vary according to the phenology of the trees and the crop.
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Introduction
Modern agriculture is essential for human development but crop production levels in many
regions are threatened by climate change (Bugmann et al., 2010). Climate change is resulting in
more frequent extreme events (Bugmann et al., 2010) such as increased (occurrences and/or
strength) drought, heavy rainfall, high temperatures, tropical cyclones (Stocker et al., 2013),
fires at mid- to high-latitudes (Moritz et al., 2012) and pest outbreaks (Allen et al., 2010).
Consequently, it is essential to adapt agricultural systems to new conditions if production and
environmental benefits are to be maintained.
Genetic improvements form part of the solution to mitigate impacts in annual species, but this is
more difficult for long-rotation species used in tree-based agriculture and silviculture. This paper
assumes that the promotion of agroforestry has the potential to mitigate and provide adaptation
to climate change. Therefore, investigating the performance of different agroforestry
management strategies is a key priority as management can influence system responses
(Battles et al., 2008) and modify competitive relationships, composition and choice of species
(Linder, 2000). To do so, field experiments and modelling are the two main solutions. As most
trees take decades to mature, and the number of possible management practices and/or stand
compositions is large even when only two species are considered (Porté and Bartelink, 2002),
field experiments alone will be overly expensive, complex and time-consuming. Therefore,
computer models have to be used jointly to explore the numerous strategies in less time and
effort (Bohn et al., 2014; Palma et al., 2007). Furthermore, modelling processes that describe
tree growth and the harvest of tree components (such as fruits, wood, and sap) allow us to
better understand the mechanisms involved and their interactions, and to predict their response
to climate changes. Thus, modelling could improve our knowledge and be our basis to the
guidance of the setting of future experimental cultivations.
Considering all these challenges, our research project ANR Agrobiosphère MACACC (ANR-13AGRO-0005) combines field experiments, numeric simulations and econometrics. The system
considered was agroforestry with coffee arabica plantations in Tarrazu (Costa Rica) grown
under shade trees. Coffea arabica is a perennial plant which grows naturally under unfrosted
elevated tropical forest. Beans can develop from two to three year old shoots, which are pruned
every five years to maintain production. Coffee can be grown in full sun to promote mass
production, but the increase in canopy temperature often decreases the maturation duration and
coffee quality (Martins et al., 2014).
Coffee growth and fruit production are particularly sensitive to high temperatures and water
availability, and previous studies predict large future losses of production (Bunn et al., 2014;
Craparo et al., 2015; Oijen et al., 2010) or area cover (Baca et al., 2014). An alternative is to
grow coffee in agroforestry systems, under shade trees with varying density. This technique
allows a better bean maturation and quality, and increased adaptation options in response to
climate change (Lin, 2007; Luedeling et al., 2014).
Material and methods
The research project was focused on studying different management options responses to sites
properties and climate in order to secure future coffee production (Table 3). The management
options were coffee cultivar, shade trees density and species (Figure 6). Two coffee variety
were used: usual Coffea arabica var. Caturra and a F1 hybrid crossbreeding between Coffea
arabica and a wild Sudano-Ethiopian strain (Bertrand et al., 2005) which has very promising
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production, disease and drought resistance (Jarri, 2012; Khac, 2012). Also, three shade options
were tested with different densities: coffee grown in full sun (no shade and no shade trees),
under Erythrina poeppigiana (200-400 trees ha-1) or Cordia alliodora (50-125 trees ha-1). The
first shade tree species is from the Fabaceae family and can fix nitrogen. It is pruned twice a
year in order to optimize light interception by the coffee to promote flowering. The Cordia
species grows quickly and can maintain a high canopy cover and it can be harvested for wood
when the crop cycle ends.
Table 3: Simulations parameters: climate, plot properties and management options.

Climate

Coffee variety

RCP 4.5

Caturra
X

RCP 8.5

X
Hybrid

Shade (species and density)

Plot age (years)

Full sun: 0

1
2
.
.
.
.
35

Erythrina poeppigiana
Low: 200/250 High: 350/400
Cordia alliodora
Low: 50/75

X

High: 100/125

The site at Tarrazu is affected by a Pacific climate, and models for future climate (AR5,
statistically downscaled) predict an increase of air temperature and similar rainfall levels (Figure
6), which could lead to coffee flower buds abortion (Martins et al., 2014).
Two numeric models were coupled for this study. The first model, a tree-scale three dimensional
process-based model (MAESPA, Duursma and Medlyn (2012)) was used for diffuse and direct
extinction coefficients (Kdif and Kdir) and light-use efficiency (LUE) computation and the second
one, a plot scale allocation model (GO+, Loustau et al. (2012)) for growth and yield simulations.

Figure 6: Mean annual air temperature and total annual rainfall downscaled to Tarrazu from
historic data (1979-2005) and model predictions (2006-2049) over RCP +4.5 W m-2 and +8.5 W
m-2.
Results
First results show that management could strongly impact the main drivers of coffee growth and
yield: photosynthesis, canopy temperature, or light use efficiency. Figure 7 shows that daily
coffee light use efficiency increased for coffee grown under shade trees and for higher shade
trees densities (+21.4%*** to +34.9%*** for C. alliodora and +18%*** to +27.5%*** for E.
poeppigiana).
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Figure 7: Coffee daily light use efficiency (gross primary production/absorbed PAR) according to
shade trees density.
Furthermore, it appears (Figure 8) that only the C. alliodora planted at high densities was able
to significantly reduce the maximum coffee canopy daily temperature based on recent
temperatures (-3.3°C** for 75 trees ha-1 to -4.5°C*** for 125 trees ha-1) and predicted future
conditions (-3.4°C*** to -4.7°C*** respectively).

Figure 8: Simulated daily canopy maximum temperature comparison between full sun and two
shade tree species at different densities for historic and future climate and CO2 conditions
(RCP: +4.5 W m-2).
Discussion
It is proposed that the modelled results can be used to guide farmers on the best shading
options to be adopted. The guidance should take into account management impacts on coffee
canopy temperature, coffee fruit and timber yield, carbon balance and water use efficiency of
past and future coffee growth cycles, under the two contrasted scenarios (+4.5 W m-2 and +8.5
W m-2 representative concentration pathways).
These first results could help stakeholder adapt their plantations to future conditions whilst
minimising current production losses. For example, increasing efficiency of shade management
buffering with increasing temperatures could encourage stakeholders to grow coffee plantations
under high coverage shade trees without pruning (e.g. C. alliodora), because even low densities
can reduce maximum daily canopy temperature without the expense of high tree densities or
intensive pruning of shade trees.
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Introduction
The grape yield and quality mainly rely on both dynamics and extreme values of climate
variables. Indeed, temperature and humidity dynamics determine transitions in phenological
stages while high temperatures and drought may heat up or sunburn grapes. Vineyards located
in southwestern France frequently have to cope with heat waves and droughts, which may
become even more frequent and intense with global change (IPCC 2015).
Intercropped trees can modify microclimate pattern among a vineyard. Their effects
depend on: (i)tree morphology or “internal structure” (tree dimensions, 3D shape, canopy leaf
porosity)(Guyot 1997), (ii)tree spatial arrangement or “landscape structure” (ex: alleys,
hedgerow network)(Ryszkowski and Kędziora 1987),(iii) and tree transpiration (Eiseltová et al.
2012).
However, studying the effect of inter-cropped trees at plot scale is challenging. Indeed,
both micro-climate phenomena (at a meter and daily accuracy) and meso-climate phenomena
(at kilometer and week accuracy) combine. On the one hand, the existing studies focusing on
micro climatic effect of trees depend a lot on the 3D morphology and hydraulic properties of the
trees (Guyot 1977) so their results are difficult to extrapolate. On the other hand, studies at
broader scales benefit from remote sensing technologies to cover a wide variety of landscapes
but they roughly describe the landscape structure of the trees using quantitative metrics such as
the tree density (Stewart et al. 2014).
Our objective was to characterize the impact of the trees on temperatures in an
intercropped vine plot. These first results will then serve for comparing impacts according to tree
internal and landscape structures. What is the impact of intercropped trees on climate dynamics
and extreme values? Could agroforestry systems mitigate climate change impacts with proper
tree distribution? Answering these questions is the main objective of the proposed research.
Materiel and method
Study area
As part of the Vitiforest research project, agroforestry vine plots have been monitored
since 2015 with measures regarding agronomy, biodiversity, soil microbiology and microclimate.
Figure 1 shows one of the study domain, located within the Gascogne terroir, Gers Province,
South-Western France. The average altitude of the whole area is 175m above sea level with a
very slight slope of 3% going north-east to south-west. It includes two neighboring plots:
an agroforestry (AF) southern plot of 2.2 hectares: planted in 2008 with 39 rows of
sauvignon gris grapevine and three rows of trees (Sorbus domestica, Sorbus terminalis,
and Pyrus pyraster). The rows go North-West-South-East. One out of two vine inter-rows
and the tree row are covered with grass. The tree row is twice as wide as the vine interrows. There are 40 trees on this plot, which represents a density of 20/ha.
a mono-cropped (Mono) northern plot of 1.2 hectares with 16 rows of sauvignon gris: it is
identical to the AF plot in terms of vine history and management except that there are no
intercropped trees.
The two plots are separated by an old discontinuous hedgerow about 2m high. Both plots are
bordered by a high tree hedge on their north-western side. There is a shorter hedge on the
south-eastern side of the AF plot.
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Figure 1: Temperature monitoring in the agroforestry plot and the monocropped reference plot,
Lagardère, Gers, France. 10 sensors were located in the AF plot (A to J) and 5 in the Mono plot
(S to W) at a height from ground of 140cm. Sensor type: Ibutton® thermochron TG
Temperature measures
Instant temperatures were recorded every 20 minutes during vine veraison, from
07/29/2015 to 09/04/2015. We used Ibutton® sensors (0.5°C accuracy). They were placed
inside sheltering and well aerated boxes, at 140cm from the ground, entirely inside the
grapevine foliage and all facing north (Figure 1). Measures were carried out on 15 sites, 10
were located in the AF plot (named “A” to “J”) and 5 were in the Mono plot (named “S” to “W”).
In order to assess inherent variability we repeated the measure twice at I and J locations,
placing two sensors (respectively “I1”,”I2” and “J1”,”J2”).
Statistical analysis
Data analysis took place in two steps. The aim was to identify the sites with statistical
similarities in terms of overall temperature time series, and then to explain the main climatic
parameters responsible for these clusters.
For first purpose, we lined up all 17 raw time series calculating their rolling mean every
20 minutes (Table 1). Secondly, we calculated the eleven daily metrics detailed in table 1,
“step 2”, and used them as inputs for statistical analysis. Sites were grouped by Hierarchical
Cluster Analysis (HCA) using the “hclust” function of R software. Decision was based on the
Euclidean distance and the Ward agglomeration criteria. The results presented hereinafter
focus on the sub-divisions of three clusters per dendrogram (tree diagram), for the sake of
significance and conciseness.
Table 1: Variables used for Hierarchical Cluster Analysis of the sites
Variable used for HCA
Step 1

Step 2

a.
b.
c.
d.
e.
f.
g.
h.
i.
j.
k.
l.

Overall time series (20 min time step)
Daily Mean temperatures
Daily standard deviation of temperatures
Daily Range of temperatures (maximum –minimum)
Daily Minima temperatures
Hour of the day when minimum is reached
10 % quantile of daily temperatures
Daily ratio of temperatures under 15°C out of the total number of
measures of the day
Daily Maxima temperatures
Hour of the day when maximum is reached
90 % quantile of daily temperatures
Daily ratio of temperatures above 35°C out of the total number of
measures of the day
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36 days
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Results
Similarities among sites according to overall temperature time series
Figure 2a shows the dendrogram of the sites according to their overall temperature
time series. I1 and I2 as well as J1 and J2 always ended up in the same cluster: the inherent
variability is lower than the range of variability between the clusters. Cluster 1 gathers sites U, S
and V, all belonging to the Mono plot. Cluster 2 gathers sites A, B, F and H, all located on the
first southern vine row from a tree row, neighboring the grassy and wide open space of the tree
row. Cluster 3 gathers remaining sites I, T, W, J, D, E, C and G. There is no clear location logic
at first sight. We may note that the sites located on the same inter-row (I and J or C, D and E)
ended up in the same cluster. Also, T and W, both eastern sided in the Mono plot, were
gathered with some AF sites.

Figure 2: dendrograms of the sites obtained by Hierarchical Cluster Analysis (HCA).
Figure 3 shows a part of the mean temperature series calculated on each cluster.
There is no apparent difference between clusters except when reaching the highest values.
Indeed figure 4a confirms that mean and minimum temperatures show a difference of about
0.5°C from one cluster to another; their maxima differ more significantly, by about 1°C, cluste r 1
to 3 reaching 36.7°C, 37.6°C and 38.5°C respectively.

Figure 3: Mean temperatures calculated on clusters
Cluster 1 = (U S V), cluster 2 = (A B F H), cluster 3 = (I T W J L D E C G)
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Climate patterns of all the formed clusters
Daily range is about 0.5°C wider for points located south, just next to the tree row (B A
G H) and 0.5°C tighter for most of the Mono sites (U S V W) compared to other sites (T D F J C
E). In average, it is 15.6°C, 14.6°C and 15.1°C respectively.
Dendrograms i, k and l and their statistical characteristics confirm a significant
difference between sites concerning their highest temperature patterns. For example, Cluster 1
reaches lower mean of maxima (29.4°C) than cluster 2 and 3 (30.2°C and 31.0°C respectively)
(Figure 4i). It may be due to air flowing more easily in the wide tree row and to the transpiration
of the grass cover below. Tree shadow effect does not seem relevant as the cluster 1 sensors
are located south from the trees. Maximum temperatures occur between 15:00 and 16:00 in all
clusters.
The clusters obtained when focusing on the lowest temperatures (e, f, g, h) differ from
the l clusters on overall time series (a) and seem poorly relevant as they all grew apart the two I
and J repetitions. Statistical characteristics (Figure 4e) also showed no significant differences
between these clusters: minimum daily temperature is about 15°C and occurs around 6:45 AM.
Nevertheless, the ratio under 15°C (h) might be the criterion why the T and W sites are sorted
apart from S, V and U. Their minimum temperatures are lower by about 0.5°C. Wind breaks
from the hedges on north-west and south-east of the plot might be involved.

Figure 4: Statistical characteristics of the clusters obtained on overall time series (a), daily mean TS (b),
daily minimum TS (e) and daily maximum TS (i)

Discussion and conclusion
We conclude that the vine rows located just south of the tree row have their maximum
temperatures mitigated but there are neither significant differences concerning the lowest
temperatures (here only recorded during summer) nor concerning the average temperatures.
This tendency agrees with the result of Souza et al. 2012, in a tropical AF coffee system. They
measured a lower 5.4°C significant difference in temperatures in the AF plot compared to a
monocropped reference coffee plot. Contrary to them we cannot say that the mitigation effect is
systemic but only located in sub-part of the AF plot. In our case, the AF trees may still be too
young (7yr. old) and small (about 3 to 3.5m high) to have an impact on temperatures. The
grassy cover under the trees has more impact, probably through water transpiration and maybe
its reflection coefficient.
Additional work taking into account the weather conditions, in particular solar radiations
and wind conditions, need to be considered.
Furthermore, we consider running a spatial analysis on the climatic patterns previously
observed in order to assess their potential drivers in terms of tree internal structure, landscape
structure, topography and soil water properties.
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Introduction
The olive (Olea europaea L.) tree is one of the most widespread agricultural species, reaching
10.2 M ha worldwide in 2012. It is one of the most important and extensively cultivated
permanent crops in the Mediterranean region, where 98% of the world’s olive production is
located (Kiritsakis 1998). The recent climate change emergency has brought particular attention
to the mitigation potential of agriculture, including olive systems as indicates EU decision
529/2013/EU. In the Mediterranean, olive growing is a very important example of carbon sink in
agriculture. The very long crop cycle, over 50 years (and up to several hundreds), ensures an
effective action in CO2 fixation and storage in soil organic matter and tree biomass, thus
providing useful ecosystem services such as mitigating the effects of climate change. However,
the potential of olive groves in CO2 fixation depends on the management techniques applied
(Proietti et al. 2014). In the past olive growing was part of an integrated crop system, which
often included livestock and intercrops, making the olive grove an agroforestry system. Today
the intensive management techniques, oriented to maximize the fruit production, accelerate the
degradation of soil organic carbon, increasing CO 2 emissions and reducing the ecosystem
services provided by the olive grove. Documents prove that starting from the 1500s; olive trees
began to be cultivated for both olives for people and foliage for animals (Fiorino and Nizzi Griffi
1992). The tree was (and in many places still is) intercropped with cereals, grape vines or rye
and oats (Boskou 1996). Later, between the XVI and XVII centuries, thanks to the influence of
the Papal State, specialized olive groves with a regular planting layout appeared, while
intercropping remained confined to small family olive groves (Brugnoli and Varanini, 2006).
Starting from 1780 the production was destined to making oil for both human consumptio n and
fuel (i.e. for light), while old and unproductive plants were used for firewood. At this time
livestock were a component of crop production: the animals grazed the orchard and foraged on
the pruning materials, reducing the cost of animals' feed, while weeding and fertilizing the olive
groves. Starting from the XX century, the olive agroforestry gradually disappeared in favour of
monoculture, geared to maximizing production of olive fruits. Currently, specialized and
monocultural agriculture struggles to be economically viable and sustainable and a “new green
agricultural vision” is getting ground, oriented towards resource preservation, including
agroforestry and organic management. New polices have also raised interest in agroforestry
because of its potential to increase biodiversity and deliver ecosystem services. Since
agroforestry may bring benefits both economically and environmentally, producing more outputs
while increasing sustainability, compared to monocultures, returning to an agroforestry
approach in olive growing could be advantageous. Innovative olive agroforestry systems
propose to grow economically viable intercrops and/or raise livestock grazing the grove. The
evolution towards an olive agroforestry system could be a solution to: reduce soil erosion,
promote water conservation, enhance biodiversity, reduce climate change impact and enhance
farmers income. Understanding the changes in the environmental impact that has accompanied
the change in olive growing, from ancient agroforestry system to modern conventional and
organic monocultures, can provide figures for the impact of different practices. This can help
better design modern agroforestry systems that combine the benefit of agroforestry with the
necessary efficiency of input use, required today for profitable and sustainable agriculture. The
aim of this work was to analyze the greenhouse gas emissions of olive growing throughout the
latest centuries, from ancient agroforestry systems to modern conventional and organic olive
monocultures.
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Material and methods
The environmental impact of the different typical production models of olive growing adopted
during the last two centuries in the region of Umbria in Italy was assessed in terms of carbon
emissions and absorptions (i.e. carbon footprint). The timeframe of this study was 1870-2015.
The inventory data required for the analysis have been obtained from technical literature,
published in the different historical periods considered. Inventory data was used to calculate the
carbon footprint employing emission coefficients from various sources. Emissions associated to
the production of inputs and to fuel combustion were calculated taking into account the historical
changes in the energy efficiency of their industrial production, estimated by Aguilera et al.
(2015) based on an extensive literature review. Embodied energy values from this source were
converted to greenhouse gas emissions employing the average emission intensity of world
primary energy use, calculated taking into account the world primary energy mix from Aguilera
et al. 2015, and carbon intensities of each energy source from Lal (2004). For the estimation of
field GHG emissions such as fertilizer nitrous oxide and biomass burning N2O and CH4 we
followed IPCC guidelines (IPCC, 2006). In the case of direct N2O emission factors we used
specific data for Mediterranean rainfed systems taken from a meta-analysis (Aguilera et al.
2013). Carbon sequestration was modelled using data from another meta-analysis of
Mediterranean studies (Aguilera et al. 2013b). We applied average values of Carbon retention
per Carbon input and average Carbon sequestration rates for particular tasks such as cover
cropping.
From literature search we have extrapolated data about growing olive surface, olive production,
tillage (like pruning and fertilization) and chemical products used, from past till today. In the
ancient system, based on the literature, we considered fertilization with cattle manure, manual
pruning and harvesting, and use of animal traction for tilling. The management gradually shifted
towards the slow but constantly increasing introduction of machinery and fuel, as well as
chemical fertilizers. Eventually, the modern systems involved permanent green cover, mowed
twice a year, not grazed, soil fertilization with nitrogen (100 kg N/ha-1, 27 kg P2O5/ha, 85 kg
k2O/ha) and borate compounds, and periodic treatments with pesticides (copper sulphate 6 kg
ha-1). For the modern organic management, instead, fertilization consisted of application of
organic fertilizer (67.5 kg N/ha-1, 33.75 kg P2O5/ha, 56.25 kg k2O/ha).
Results
Starting form 1870, the impact (i.e. emissions) of olive growing increased over time, due to the
use of chemical fertilizers and the burning of olive pruning in the field. The increase in
production (per hectare) that came with the introduction of monoculture, accompanied by the
use of chemical fertilizer, pesticide and machinery, led to increased impact. In particular, after
1930 the introduction of machinery substituting animal work and chemical fertilizers start
increasing emissions and the trend continues in the 50s and up to the 80s.when the
intensification of agricultural management (bigger tractors, soil fertilization with nitrogen
phosphorus potassium and periodic treatments with pesticides) and the burning of pruning
residues increased CO2 emission to the highest levels without increasing productivity or
economic convenience. After this period the new attention to sustainability and ecosystem
services led to a reduction of practices with the highest impact such as tilling and burning of
pruning materials. Regarding the two modern most widespread managements (i.e. conventional
and organic) the results show that the organic management greatly reduces (66%) CO 2
emission and increases (110%) soil carbon sequestration, thanks to the use of organic fertilizer
in place of chemical fertilizers and the use of permanent green cover in place of tilling.
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Figure 1: Carbon emissions (positive values) and Carbon sequestrations (negative values) of
typical olive groves in the region of Umbria, Italy, throughout the centuries, from 1870 to 2015
(2015 is differentiated in conventional and organic olive monoculture). Carbon emissions and
Carbon sequestration are expressed in kg of CO2 equivalents.
Discussion
Ancient olive agroforestry systems were more sustainable in terms of emissions, mostly due to
the absence of fossil fuels and chemical fertilizers. Modern systems have greater emissions, but
also greater productivity, due to increased plant density, but also greater emissions. However,
the impact of modern monocultures was reduced, from the 80s to nowadays, thanks to the
replacement of tilling with green mulch (fuel saving), while productivity was not affected. With
the organic system, replacing chemical fertilizers with manure and reducing pesticides, the
impact is further reduced, again without loss of productivity, based on the literature consulted.
However, managing weeds and pruning still represent a cost (economically and
environmentally) since they need to be mowed and chopped, respectively. Re-introducing some
of the ancient agroforestry practices, like grazing and feeding pruning materials to animals,
which could then fertilize the crop, albeit with innovative designs that are more suited to modern
agriculture, would further reduce the emissions, both directly (reducing the emission related to
mowing, chopping of pruning materials, and fertilization) and indirectly (turning weeds and
pruning material into feed, thus saving the impact related to feed production elsewhere). Current
studies are evaluating the environmental benefits of such practices under modern agroforestry
designs.
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Introduction
Soils are of crucial importance in the global carbon budget as they represent two to three times
the atmospheric carbon (C) pool. Since 1850, the depletion of soil organic carbon (SOC) in
cultivated lands has also contributed to about 70 Gt C to the atmosphere. It is estimated that
about 70% of French agricultural topsoils are unsaturated in SOC and have thus a potential for
additional SOC storage (Angers et al. 2011). Increasing SOC stocks is often seen as a win-win
strategy as it allows the transfer of CO2 from the atmosphere to the soil while enhancing soil
quality and fertility (Lal 2004). Several agricultural practices enhancing SOC stocks have been
identified. Agroforestry systems, i.e., agroecosystems associating trees with crops are
recognized as a possible land use to maintain and increase SOC stocks. Besides producing
food (or fiber) and wood, agroforestry systems may provide a variety of ecosystem services
including climate change mitigation. Carbon is stored in both the tree aboveground and
belowground biomass, and organic inputs from the trees could increase SOC stocks. However,
few studies have assessed the impact of agroforestry systems on carbon storage in soils under
temperate climates (Lorenz and Lal 2014), as most of them have been performed in tropical
regions (Albrecht and Kandji 2003). Many of the available studies only report on surface soil
layers while agroforestry trees can have a very deep rooting (Cardinael et al., 2015a; Mulia and
Dupraz, 2006) and could thus impact deep SOC stocks. Moreover, while trees affect the spatial
distribution of organic matter inputs to the soil, the potential impact on the spatial distribution of
SOC stocks is not always taken into account in sampling protocols. The objectives of this study
were i) to quantify organic carbon stocks in soils and in tree biomass in agroforestry systems
and in adjacent agricultural control under different soil and climate conditions in France, and ii)
to estimate SOC accumulation rates for these systems.

Methods
This study was conducted in five silvoarable agroforestry systems and in one silvopastoral
system in France (Figure 1). All sites included an agroforestry system and an adjacent
agricultural control plot. Soil texture was determined at all sites in both the agroforestry and the
control plots to make sure soil characteristics were the same. In all cases, crop and soil
management in the agroforestry inter-rows and in the control plot were strictly the same. The
ages of the study sites ranged from 6 to 41 years since the tree planting. Our sampling protocol
was defined to take into account for possible heterogeneities in the spatial distribution of SOC
stocks due to the presence of trees and tree rows, with sampling points taken at varying
distances from the trees. Maximum sampling depth ranged from 20 to 100 cm, and soil samples
were taken every 10 cm depth using a 500-cm3 cylinder. SOC stocks were measured on an
equivalent soil mass basis (Ellert and Bettany 1995). Tree aboveground biomass was also
measured at all sites.
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Figure 1: Location of the six agroforestry systems sampled in France (Cardinael et al., under
review).
Results
In silvoarable systems, the mean SOC accumulation rate was 0.24 (0.09-0.46) Mg C ha-1 yr-1 at
0-30 cm depth (Figure 2) (Cardinael et al., under review). Additional SOC storage was also
found in deeper soil layers at the oldest sites (Cardinael et al. 2015b). . Trees rows had an
important impact on SOC storage, contributing up to 50% of additional SOC storage at the
silvoarable plot scale while only representing a small surface area. Young plantations also
stored SOC but mainly in the tree rows and we suggested that the herbaceous vegetation
growing in the tree rows was a key factor. In the silvopastoral system, additional storage was
only found below 40 cm depth. The mean carbon stocks in the aboveground biomass was about
16 (0.02-36.69) Mg C ha -1 for all sites. Additional SOC between the agroforestry and the control
plot was correlated to the age since the tree planting and to soil clay content.

Figure 2: SOC accumulation rates as a function of plantation age. Values are for approximate 030 cm, except for the SJ site (0-20 cm, maximum soil depth) (Cardinael et al., under review).
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Discussion and conclusion
All together our study demonstrated the potential of agroforestry systems to store SOC in
temperate regions, making this practice an interesting tool to help climate change mitigation
through agriculture. Compared to other practices enhancing SOC stocks, agroforestry systems
showed a potential to increase SOC below 30 cm as well as storing C in woody products . It also
pleads for implementation of long-term and diachronic agroforestry trials in order to estimate
more accurately SOC storage potentialities, especially in deep soil layers and in old plantations
where data are lacking.
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Introduction
Climate change is noticed in different parts of the world as highlighted by Noaa (2016). As a
result, COP21 delivered the Paris agreement consisting of a global action plan to put the world
on track to avoid dangerous climate change by limiting global warming to well below 2°C and to
drive efforts to limit the temperature increase even further to 1.5 °C above pre-industrial levels.
The importance of the agriculture sector on climate change is huge. Agriculture is responsive of
the 10% of total EU GHG emissions that should be mitigated at some extent. Even though EU28 reduced the GHG emissions by 24% between 1990 and 2012 (EU 2016), the EEA (2015)
assessment report shows that to meet the target of a 40% reduction below levels quantified in
1990 by 2030 (UNFCCC (2015a and 2015b)), new policies should be established.
The INDC (intended nationally determined contributions) of the EU confirmed the inclusion of
land use land use change and forestry (LULUCF) accounting into the 2030 GHG mitigation
framework (EU 2015). Therefore, European institutions (EU Commission, EU Parliament and
EU Council) are nowadays discussing the pathways to include LULUCF within the calculations
to reduce GHG emissions below 40% by 2030, as a goal to fulfill the Kyoto protocol. Societies
can respond to climate change by adapting to its impacts and by reducing GHG emissions
(mitigation), thereby reducing the rate and magnitude of change. Mitigation can be achieved
through activities in the LULUCF sector that increase the removals of greenhouse gases
(GHGs) from the atmosphere or decrease emissions by sources leading to an accumulation of
carbon stocks. A public consultation about accountability of GHG in the EU from 2020 was
delivered and answered by most of the EU member states (MS), but also European NGOs and
policy makers. MS consultation concluded that water, agriculture and forestry sectors were
reported to be the top three priority sectors for adaptation, and the most advanced in terms of
implementing adaptation actions (EU 2014). Member states highlighted that the Common
Agrarian Policy (CAP) should be the main economic support to ensure the main agriculture
changes to reduce GHG emissions mitigate and adapt to Climate change. This paper aims at
evaluating the current EU policies to mitigate and adapt to climate change.
Material and methods
A review of the main International and EU policy documents was carried out to understand the
role of agroforestry to mitigate climate change. Main policies include Kyoto protocol and the
interpretation of definitions of LULUCF and use definitions for EU policy.
Results
Kyoto Protocol
The Kyoto protocol (KP) was adopted at the end of 1997 in Japan, committing industrialized
countries to stabilize greenhouse gas emissions based on the principles of the Conventions. It
was adopted in 2005, and overall, KP intended to reduce an average of the 5% emissions
compared with 1990 levels over the five-year old period 2008 to 2012. Later on the Doha
Amendment to the Kyoto Protocol was adopted to be implemented from 1 January 2013 until
2020. Parties committed to reduce GHG emissions by at least 18 percent below 1990 levels in
the eight-year period from 2013 to 2020, but countries involved are different in the first and
second period. The KP limits the accounting of emissions and removals from LULUCF by Annex
I Parties to those activities defined under Article 3, paragraphs 3 and 4. Paragraph 3 is related
with human-induced conversion including afforestation and reforestation considered as a whole
(AR) and deforestation (D), while paragraph 4 is dealing with those lands that have not
undergone conversion since 1990 and are subject to a specific land use. These activities are
related to Forest management, Crop management, Grazing land management and
Revegetation. Within a commitment period once a land area is classified as AR or D, it cannot
be included in paragraph 4. Thus, while it is possible, for example, that AR land is later subject
to FM, or that D land is later subject to CM, the land must remain classified under Article 3,
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paragraph 3, for the entire commitment period. However, a land area can change classification
from AR to D if land that was afforested or reforested after 1989 is later deforested prior to the
end of the commitment period. The classification of a land area as D is permanent for the
commitment period, whenever it happens. Within the LULUCF activities, the preservation of soil
C in the terrestrial ecosystems and the promotion of soil C increase is highly relevant, because
the 81% of C of terrestrial ecosystems is storaged in soils (IPCC 2000). The presence of woody
vegetation on terrestrial biomas is directly related with the presence of C in the soil due to the
deeper roots of woody vegetation.
Impact of Forest vs Agriculture land definition within the EU policy for LULUCF accounting on
AF strategies
Forest land is defined within the LULUCF accounting as those areas with minimum values for
area size, tree crown covers and tree height. European countries have identified ranges of
forestland with a minimum area size between (1) 0.05 and 1 hectare, (2) 10 and 30% of tree
crown cover and (3) 2 and 5 m of tree height through the Annex 4 of the EU decision
529/2013/EU. This decision shows that more than 50% of the EU countries identifies Forest as
lands of at least 20% of tree cover (7, 1 and 6 EU countries indicated that forest is a land with at
least 20, 25 or 30% of tree cover) and only 12 countries identifies Forest lands with at least 10%
of tree cover. This means that over 50% of the EU countries recognize agricultural lands with
those lands with less than 20% of tree cover. This is in contradiction with the maximum number
of trees that CAP allows in order to consider an arable land eligible through the conditionality
role (having 100 trees per ha (Act 640/2014 (article 9.3)) with more than 4 meters of tree
canopy diameter (Act 639/2014 (article 9.3))), which allows 12,5% of tree cover in arable lands.
Role of Agroforestry within the LULUCF EU accounting
Agroforestry was mentioned several times as agricultural activity in the last IPCC
(Intergovernmental Panel on Climate Change) assessment, which defines AF as an integrated
system together with the mixed systems and explains “AFOLU (Agriculture, Forestry and Other
Land Use) mitigation measures linked to increases in food production (e. g., agroforestry,
intensification of agricultural production, or integrated systems) can increase food availability
and access especially at the local level”. There are several types of AF practices that can
contribute to mitigate climate change as a recognized forms carried out by the LULUCF. The
first one is related with the article 3 paragraph 3 by strengthening protection against natural
disturbances such as fire, pests, and storms, where AF practices are able to reduce the
possibility to reclassify areas declared as AR to D, pool that is thereafter permanent for the
entire commitment period. Silvopasture in forest lands and silvoarable in arable lands are the
most adequate practice to avoid this conversion. Forest grazing is the most sustainable and
cheap tool to clear understory within the forest as the biomass is converted into animal high
safety products and therefore fire risk reduced. At the same time, biodiversity (Rigueiro et al.
2006) as well as regeneration (McEvoy et al. 2012) are promoted. Moreover, silvoarable
practices, i.e. the combination of annual arable crops during the first years of the plantation,
when tree canopy cover does not reduce the productivity of the crops enhance trees to develop
deeper root systems that makes trees better anchored and therefore more resilient to natural
disturbances like storms, strong winds, flooding or important snow events, increasing the
resilience of the systems.
The second one is related with the article 3 paragraph 4 and dealing with the management of
different land management like (1) Forest management (FM: system of practices for
stewardship and use of forest land including plantations and natural forests), not including the
areas integrated in AR or D, (2) Cropland Management (CM: system of practices on land on
which agricultural crops are grown, and on land that is set aside or temporarily not being used
for crop production), (3) Grazing land management (GM: system of practices of land used for
livestock production aimed at manipulating the amount and type of vegetation and livestock
produced) and (4) Revegetation (RV: is defined as a direct, human-induced activity to increase
carbon stocks on sites through the establishment of vegetation that covers a minimum area of
0.05 hectares and does not meet the definitions of afforestation and reforestation). EU has
already determined the activities related with these different lands and the management that
should be taken into account (Decision 529/2013/EU). Agroforestry has been identified as an
indicative measure that may be included in the information on LULUCF actions submitted
pursuant to article 10(2)(d) as part of the CM, so identifying agroforestry within agricultural land
and agricultural activity. Other types of tentative measures included by the EU are those linked
to grazing land management and pasture improvement. GM and grassland improvement
measures declared by EU promote activities like increasing productivity, nutrient management,
deep rooted species introduction that deal also with agroforestry. Productivity and nutrient
management is enhanced by the inclusion of woody vegetation (Rigueiro et al. 2009), while
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woody species are usually deep rooted. As previously mentioned in paragraph 3 of Article 3
forest activities are promoted by AF practices mainly those related with the conservation of soil
C, but also thanks to the increase of the agricultural use of forest land (increasing harvest wood
forests and production in existing forests). Moreover, preventing deforestation and
strengthening protection against natural disturbances such as fire, pest and storms are
enhanced thanks to agroforestry. The use of wood products concept can also be promoted if
trees are located in arable lands which links to the bioeconomy if pruned branches are linked to
composting, for example.
Table 1. EU indicative measures that may be included in the information on LULUCF actions
submitted pursuant to article 10(2)(d) (Decision 529/2013/EU) and may relate to Agroforestry
Measures related to
Cropland management
Grazing
management
improvement

and

pasture

Forest activities

Examples

Agroforestry

Preventing Grassland to Cropland
conversion to native vegetation

Increasing productivity

Improving nutrient management

Introducing
more
appropriate
species,
in particular deep rooted species

Afforestation and reforestation

Conservation of C in existing forest
 Enhancing production in existing
forests

Increasing harvested wood products

Enhancing forest management
(optimize species composition, tending,
thinning and soil conservation

Preventing deforestation
Strengthening protection against natural
disturbances such as fire, pest and storms
Substitution GHG intensive energy feedstock
and materials with harvested wood products
Conclusions
Agroforestry practices must play an important role as a practice to mitigate and adaptate to
Climate change in Europe and promoted by CAP payment. Therefore, definitions dealing with
arable land in the CAP and LULUCF should be the same to promote better land management to
fulfil adaptation and mitigation promotion based on CAP payments.
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Introduction
In tree-based intercropping (TBI) systems, the potential influence of trees in relation to carbon (C)
sequestration and Greenhouse Gas (GHG) emissions reduction has been documented but the
mechanisms remain poorly understood, especially for below-ground processes. Recently, several
studies in this area were undertaken in Ontario, Canada under the auspices of Canada’s
involvement in the Global Research Alliance. C sequestration potential, nitrous oxide reduction
potential and soil voids were quantified in a 25-year-old TBI system in southern Ontario for five tree
species: hybrid poplar (Populus spp.), Norway spruce (Picea abies), red oak (Quercus rubra),
black walnut (Juglans nigra), and white cedar (Thuja occidentalis), which were intercropped with
soybean (Glycine max). Results were compared with an adjacent conventional agricultural system
in which soybean was grown as the sole crop.
Materials and methods
This study was conducted in 2012 and 2013 at the University of Guelph Agroforestry Research
Station: 30 ha of agricultural land established in 1987 in southwestern Ontario (43°32’28” N, 80°12’
32” W; Figure 1). Mean annual temperature is 7.2°C with 136 mean annual frost-free days and
mean precipitation of 833 mm (344 mm of which fall during the growing season). The site has a
Canadian Land Classification Index of 3 and the soil is an Albic Luvisol with a sandy loam texture
(65% sand, 25% silt, 10% clay) and pH of 7.4. The fields are tilled annually to 15 cm in the spring
and are tile-drained. Both systems have the same crop rotation of corn (Zea mays), soybean
(Glycine max) and wheat (Triticum vulgare) and fertilizer rates are applied based on Ontario
Ministry of Agriculture, Food and Rural Affairs (OMAFRA) recommendations. To determine the
above- and belowground C content of five tree species, three trees of each species (3 trees x 5
species = 15 trees in total) were destructively harvested by chainsaw. Belowground roots were
excavated to a depth of 1.5 m using a 580 Robert Tire Backhoe. All roots, having a diameter
greater than 5 mm, from a soil volume of 24 m3 [4 m along the tree row (2 m north and 2 m south
from the tree trunk) and 4 m into the crop alleys (2 m east and 2 m west from the tree trunk) and a
depth of 1.5m], were hand-picked. Distances from the tree trunk were determined from a previous
study by Gray (2000), who determined that 90% of the roots on this site were within the above
given distances from the trunk and also in the indicated soil volume.

Figure 1. University of Guelph, Agroforestry Research Station aerial view, Guelph, Ontario,
Canada.
DNA was extracted from soil cores collected around four of the tree species (walnut, red oak,
Norway spruce, poplar) and used for quantitative real-time PCR to determine the abundance of key
functional genes in the nitrification and denitrification pathways. Soil samples were collected from
the tree row of the respective tree species, and up to 6 m into the cropping alley at different
distances from the tree row.
To characterize the soil surface (top 3.5 cm) microstructure, soils adjacent to walnut, poplar, red
oak, Norway spruce and soybeans were analysed using X-ray computer microtomography. This
204

3rd European Agroforestry Conference – Montpellier, 23-25 May 2016
Agroforestry and climate change (oral)
was used to evaluate soil void phase characteristics and heterogeneity of soil matrix. The ImageJ
plug-in, Analyze Particles (Doube et al. 2010), was used, and followed by calculations within
Microsoft Excel (2010) to determine void sizes. Voids were segregated into large intermacroaggregate (> 150,000 voxels or 32.4 mm3), medium intra-aggregate (8-150,000 voxels or
0.002-32.4 mm3), and small intra-aggregate voids (< 8 voxels or < 0.002 mm3) to facilitate
processing.
Results and discussion
The net C flux for poplar, spruce, oak, walnut, cedar and the soybean sole-crop were + 2.1, + 1.6, +
0.8, + 1.8, +1.4 and – 1.2 t C ha-1, y-1, respectively (Table 1). The results suggest a greater
atmospheric CO2 sequestration potential for all five tree species when compared to a conventional
agricultural system. The quantification of C inputs and outputs helps to determine which species
may be best suited for TBI systems in southern Ontario, Canada. Previous studies have shown that
fast-growing hybrid poplar trees are able to sequester more than twice as much C than a slowgrowing species, such as Norway spruce (Peichl et al. 2006) in both C stocks and annua l
assimilation rate. However, at 25 years after establishment, hybrid poplar has reached its maturity
and has started to experience branch dieback. This may explain the slight increase in the total
hybrid poplar C pools from 96.5 (Peichl et al., 2006) to only 113.4 t C ha -1 between 13 (year 2000)
and 25 (year 2012) years after establishment, respectively. However, slower growing species such
as Norway spruce are continuing to add significantly higher amounts of C from 75.3 t C ha -1 at 13
years (Peichl et al., 2006) to 91.3 t C ha-1 at 25 years after establishment. Therefore, Norway
spruce, and other slower growing species with longer life spans will continue to sequester
atmospheric CO2 until harvest (60 years or more). In order to calculate the total C sequestered by
each tree species, and for comparison purposes, the tree density was kept at 111 trees ha -1;
common density for hardwood tree species grown in TBI systems in the temperate region
(Thevathasan and Gordon 2004).
Table 1. Carbon sequestration (t C ha-1 y-1) potentials of five tree species commonly grown in treebased intercropping systems in comparison to conventional agricultural systems in southern
Ontario, Canada
Soybean
Poplar
Oak
Walnut
Spruce
Cedar
Inputs
Monocrop
Aboveground tree
0.83
0.46
0.48
0.38
0.53
C assimilation
Belowground tree
0.23
0.16
0.11
0.14
0.12
C assimilation
Litterfall C inputs
1.63
1.07
1.50
1.49
0.68
Fine root turnover
0.82
0.54
0.75
0.45
0.20
Above
and
belowground Crop 1.22
1.22
1.22
1.22
1.22
1.40
C input
Outputs
(via
decomposition)
Litterfall C outputs
Root output
Crop C outputs
C leachate

1.04
0.52
1.00
0.05

0.54
0.27
1.00
0.05

1.44
0.72
1.00
0.05

0.63
0.19
1.00
0.04

0.26
0.08
1.00
0.04

0
1.31
1.19
0.05

Net
Net C balance

+ 2.12

+ 1.58

+ 0.84

+ 1.81

+ 1.36

- 1.15

Results related to the abundance of key functional genes in the nitrification and denitrification
pathways showed that both tree species and proximity to the tree, can influence the abundance of
key microbial groups associated with N2O production, particularly organisms associated with
denitrification, nosZ and nirS (Figure 2a and b).
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Figure 2a and b. a: Mean abundance of nosZ genes found for transect positions IV (tree row) and
VII (6 m into the copping alley), and b: nirS gene across all transect positions, for each tree species
tested. Bars marked with the same letter within the same graph are not significantly different (p >
0.05).
Oak and poplar showed different N2O emission potential, with poplar having higher accumulation
within the modified denitrification assay that was performed. This assay interrupts the complete
denitrification of nitrate at the point of the cycle mediated by nitrous oxide reductase, the enzyme
coded for by nosZ. It was interesting that blocking the action of nosZ in oak soil (which had a
greater abundance of the nirS gene) did not result in greater accumulation of N2O from the oak soil,
when compared to the poplar soil. While these results do support the assertion that tree species
selection may influence N2O emissions from agroforestry systems, this study was conducted using
soil from only one site (as described above). TBI systems can be found across the globe, with huge
differences in climate, soil structure, and choice of crop. It is not possible, from this study, to assert
that in all environments, under all management practices, these same tree-gene trends will exist.
Further work needs to be done to confirm that different crop types, time of year, or long term
fertilization treatments do not assert an equal or greater influence on the soil microbial community
structure in different locations, before any recommendation of specific tree species can be made
that are capable of contributing to N2O mitigation via microbial populations.
Denitrification, which significantly contributes to N2O production, is driven to a large extent by soil
oxygen levels, which themselves are largely determined by a soil’s intra-aggregate void space.
Soils under poplar had a significantly (p < 0.05) greater proportion of small intra-aggregate voids
than soils under spruce (Figure 3). The most cited tree species effect on soils is the variability in
tree leaf litter quantity, and chemical inputs to surrounding soils (Binkley 1996). Wotherspoon et al.,
(2014) studying the same TBI system determined by in situ measurements that highest litterfall was
found beneath poplar trees, followed by walnut, spruce, and oak with 3.79, 3.48, 2.97, and 2.50 t
ha-1 y-1, respectively. It was also determined that the rate of litter decomposition varied between
tree species; Walnut litter decomposition proceeded most quickly, followed by poplar and oak,
while spruce litter decomposed the slowest due, to the presence of varying amounts of lignin
present in the litter. The highest amount of leaf-litter input measured under poplar and the lowest
decomposition rate found in spruce might have contributed towards higher small intra-aggregate
voids in soil under poplar. Differences in void spaces in soils under tree-based intercropping
systems could also influence denitrification rates and N2O emissions from these systems, as
indicated above.
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Figure 3. Small Intra-aggregate void space as a percentage of solid ‘aggregate’ volume identified
by X-ray µCT for four tree species. Bars show max and min, box represents 25th -75th percentile,
and middle line represents median value (n=3). Bars labelled with the same letters were not
significantly different according to Kruskal-Wallis test and Nemenyi-Dunn Post hoc test.
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Introduction
Food production should at least double in this century to nourish the increasing human
population. However, little increase in agricultural area is possible if we are to meet rival
demands on the land for food and fuel production, whilst protecting the environment and
reducing the emissions of greenhouse gases. We need to design more productive and
sustainable production systems. However, current farming practices are based on high
management inputs (chemical and energy) and a short list of crop species and cultivars. Crop
yield potential has stagnated and further increases of production per unit of land surface will be
difficult in the near future (Brisson et al. 2010; Ray et al. 2012).
Moreover, some reduction in the crop yields can be expected as consequence of the climate
change. Brisson et al. (2010) showed that although genetic improvements are still being made
to crops, this is partly counteracted since the 1990 due to climate changes which are
unfavorable to cereals in temperate climates due to heat-stress during the grain filling phase
and drought during stem elongation.
Cultivating among trees (Silvoagriculture) can help mitigate the effects of climate change and
the increased frequency of extreme weather events. Spaced trees help to regulate the climate
beneath them, reducing extremes of temperature, sheltering against wind and reducing
evaporative demand from the soil surface. Indeed, it is well documented that trees have a major
role in Mediterranean wood-pastures in stabilizing grass production through the typically
variable seasonal rainfall (Gea et al. 2009; De Miguel et al. 2013).
Experiences in an agroforestry system that combine durum wheat (Triticum turgidum L. subsp.
Durum) with Juglans x intermedia Ng23xRa show that the trees are able to capture some
residual nitrogen wash below the area occupied by the root system of wheat (Andrianarisoa et
al. 2015). And the tree fine roots can be vertical and horizontally modified by the presence of
the crop, developing deeper rooting profiles than in pure plantations (Cardinael et al. 2015).
In this work we tested the cereal crop yield and hybrid-walnut growth in a silvoarable
experiment. We look for the best shade-adapted cultivars of cereal to be cultivated in
silvoarable farms of Central Spain where early heat waves are damaging cereal crops.
Material and methods
The study was carried out in an experimental silvoarable plantation that combine hybrid walnut
(hybrid Mj209xRa Juglans major that comes of the pollination from J. major with pollen of J.
regia;) planted in 2007 for quality timber (tree height ranged 10-11 m in 2014) with annual crops
(winter cereals: wheat, barley and triticale). The experiment includes the respective control plots
of cereal without trees, and of walnuts without intercrops. The experiment is located at El Carpio
de Tajo (Toledo, Spain; coordinates: ETRS 89 UTM 30 N = 374444 W; 4411877 N), at 411 m of
altitude, mean annual temperature of 15,3 °C and 437.6 mm of mean annual precipitation. The
soil is a Fluvisol, > 140 cm depth, pH ~ 6, clay loam texture. The management is intensive with
irrigation and fertilization. The plot has a total area of 68.4 ha, of which 0.5 ha were under study.
Three replicated plots of 20x4 m were selected as pure plantation control. There were 5
replicated plots of 20 x 4 m with the silvoarable combination. In 2013-2014 growing season 2
varieties of wheat (Kilopondio and Bologna) and 2 of barley (Azara y Doña Pepa) were tested.
In 2014-2015 the cultivars were Ingenio, Sublim and Nogal for wheat and Basic, Lukhas,
Hispanic and Dulcinea for barley. This second year, a local variety of triticale (Verato) was also
tested. The agriculture control plots consisted of 4 replicate plots of a size of 2 x 2 m for each
cultivar.
The study started in autumn 2013 where all plots were fertilized with 600 kg ha -1 of NPK
8:12:12. In spring 2014, 120 kg urea (46%) ha -1 was applied. Same doses were applied in 2014
2015.
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The diameter of the trees at breast height was measured in February 2014, 2015 and 2016.
Crop yield was measured through 3-4 herbage samples (50x50 cm) per plot, which were taken
using hand clippers at a height of 2.5 cm in June 2014 and 2015.
Results
Crop biomass was higher in silvoarable than in control plots in both years and for most the crop
species and cultivars, with the exception of Bologna wheats (Table 1, Figure 1). For grain
production, the response differed among species and cultivars (𝐹5−200= 5.196; P<0.001) and
presented marked differences between years (Figure 1). Barley yield was higher in silvoarable
plots than in control ones both years, mainly Basic cultivar (p = 0.044) (Table 1). For wheat,
differences were less significant in the first year. In the second year, the grain production was
higher in the control plot, especially for cultivars Sublim (p < 0.001) and Nogal (p = 0.0012).
Triticale was more productive in the control treatment in the only year studied.

Figure 1: Crop yield (biomass and grain) of cereal species in 2014 and 2015. Letters denote
significant differences (p < 0.05) among control and silvoarable treatments within each species
and year.
Table 1: Biomass and grain production for all the cultivars tested. * denotes significant
differences among control and silvoarable treatments (p < 0.05) within each cultivar and year.
Biomass (Mg / ha)
Grain (Mg / ha)
Year
Species
Cultivars
Silvoarable
Control
Silvoarable
Control
Barley
Azara
7.60±0.37
6.14±0.49 *
1.77±0.18
1.09±0.11 *
2014
Barley
Doña Pepa
7.83±0.41
6.50±0.57 *
1.94±0.15
1.30±0.30 *
Wheat
Kilopondio
8.43±0.39
7.92±0.29 *
1.33±0.08
1.20±0.19 ns

2015

Wheat

Bologna

8.14±0.44

8.53±0.43 ns

1.46±0.12

1.13±0.12 *

Barley
Barley

Basic
Lukhas

6.12±0.50
7.57±0.78

5.35±0.36 *
7.38±0.58 ns

3.22±0.27
3.91±0.44

2.29±0.37 *
3.31±0.43 *

Barley
Barley
Wheat
Wheat

Hispanic
Dulcinea
Ingenio
Sublim

7.24-0.53
5.96±0.39
6.97±0.67
7.70±0.55

4.79±0.12 *
5.25±0.25 *
6.19±0.16 *
7.55±0.25 ns

3.68±0.25
3.08±0.17
2.06±0.25
2.36±0.26

3.24±0.22 *
3.19±0.28 ns
2.58±0.26 *
5.25±0.20 *

Wheat
Triticale

Nogal
Triticale

6.90±0.45
8.41±0.68

6.27±0.20 *
7.89±0.22 *

1.81±0.17
2.86±0.24

2.94±0.21 *
3.85±0.43 *

Differences in tree growth (annual increment of DBH) were much higher among years that
between treatments (Figure 2). Growth was higher in the control treatment in both years, being
difference more important during the first year.
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Figure 2: Tree growth in silvoarable and control treatments in 2014 and 2015.
The two years studied showed differences in total annual precipitation (387 mm and 284 mm
2013-2014 in 2014-2015) and especially in the distribution of these throughout the year (Figure
3). The year 2013-2014 had, in agronomic terms, a dry fall, a wet winter and dry spring.
However, the year 2014-2015 was wet in autumn and spring, and dry in winter. Overall, rains
spread better over the growing period in the second year. Daily maximum temperatures
followed similar patterns in both years, with some important heat waves at March and April in
both years (Figure 3). In the first year, a heat wave coincided with the flowering phenophase of
the cereal crop.

Figure 3: Monthly precipitation (left) and daily maximum temperature for two years studied. Data
from the Servicio de Asesoramiento al Regante de Castilla – La Mancha (SIAR). Station “Vegas
de San Antonio” (UTM X=354803; Y=4424260)
Discussion
The results show an increased production of crop biomass for all the species and cultivars and
both years, demonstrating a positive effect of trees, presumably through reinforced soil fertility
and shelter against cold winters. However, in terms of grain yield, trees affected only barley
positively during the two years studied. For wheat and triticale effect was either neutral (wheat
in the first year) and negative (wheat and triticale the second year). The shorter cycle of barley
compare to wheat and triticale (Lopez-Bellido, 2010), allowed barley to scape to the excessive
loss of sun radiation produced with the walnut budbreak. In our study when walnuts spread their
leaves, barley had already flowered and initiated the grain formation, while wheat and triticale
were not.
However, tree grew slower when combined with cereal crop, regardless of the cereal specie
and cultivar. This means that competition for soil water among cereal plants and walnut trees
matters. Surprisingly, the second year, when cereal production was higher, differences among
intercropped trees and control trees in terms of DBH growth was lower, indicating the
importance of temporal distribution of rains. The second year, with a better distribution of the
rains, trees suffered less the competition
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Conclusion
We conclude that combining cereal of short-cycle cereals and late sprouting walnuts, cereal
yield could be increased respect to open field crops. Partial shade could help cereal to scape to
the lately often spring heat waves that is frequently damaging cereal crops in Mediterranean
countries. However, silvoarable combinations depend on cultivars that were selected for fulllight conditions. Our results suggest that selection programmes for cereals adapted to partial
shade will be a promising adaptation strategy in the face of climate change.
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Introduction
Shelterbelts and windbreaks being used for protecting fields from wind, increasing productivity
and improving the quality of living environment have a long history. In the past seventy years,
their distinct effects on the local microclimate have been demonstrated by several investigations
carried out through laboratory experiments, full-scale field tests and computer simulation.
This paper presents earlier experiences of the effects of shelterbelts on agricultural production
systems and the future prospects in Hungary.
Material and method
In Hungary, large scale field experiments started in the early sixties with the aim to collect and
statistically analyse results on agricultural yield measurements. Researchers investigated yield
quality and quantity on the 7 most relevant agricultural crops at 18 locations. The tested crops
were winter wheat, winter barley, spring barley, alfalfa, maize, carrot, and pasture grass.
Results and conclusions
Based on the results, the following conclusions were reached (Gál,1961, Gál et al., 1963 ):
Measurements showed the beneficial effect on both sides of shelterbelts , and the highest level
of protection was found where forest belts were established perpendicular to the wind direction.
The width of the effect-zone (manifested in the volume of crop yield) is defined by the height
and structure of the shelter belt. Differences in width of the belt are not particularly
determinative. The largest increase of yields were measured at a distance of 3 -10 times tree
height.
The more extreme and dry the site conditions are, the more significant was the effect of the
shelterbelt on the microclimate and yield volume (Table 1). In general, increases in yield of
cereals and alfalfa were larger than increases of root crops. This indicates that cereals and
alfalfa require more protection under regional climatic conditions than root crops, although
recent climate change tendencies presumably have influence on these indicators.
Table 1: Increase in yield varied by species measured in different locations, without crop
rotation (Gál et al., 1963)
Crop species
Relative increase in yield (%)
winter wheat
9,8-26,8
winter barley
1,7
spring barley
6,1-33,5
alfalfa
20,3-22
maize
2,9-28,7
carrot
6,2
pasture grass
15,3
In close vicinity of shelter belts (up to 60 m) crop yields were measured to be lower than in the
middle of the protected zone. This negative effect can be reduced by doing restructuring cuts i n
shelterbelts in due time.
In dry years, the difference in crop yields did not vary significantly relative to the distance from
the shelterbelts.
Effects of shelterbelts occurred in very different ways varying by places, seasons and weather,
site conditions, agricultural technology used and the type of crops, but there are a number of
identical conclusions drawn from the measurement results. Literature data (Gál et. al, 1960;
Gál,1961; Gál et al., 1963; Gál - Káldy, 1977) clearly demonstrated that:
shelterbelts, especially if they form a coherent system, have a major crop protection and
enhancement effect already at a young age;
the yield changes along a gradient, which depends on the effective range of the shelterbelt;
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Extremes enhance the intensity of the beneficial effect of shelterbelts on microclimate and yield
growth;
Shelterbelt impact largely depends on the sensitivity of the crop to the harmful effects of the
wind, the local conditions and environmental / weather conditions;
the approximate 5% yield loss in large lands for agricultural production - caused by the shadow
effect and root-competition along the forest belts is more than compensated by the extra yield
and better quality crops provided in the protected zone;
The impact of the shelterbelt on crop yields varies not only with the wind speed but also with the
structure of the shelterbelt. It was observed that the lower is the wind speed the more reduced
is the impact of shelterbelts which have dense structure. Conversely, the effect of shelterbelts of
less densed structure is more intense if the wind speed reduces. The greatest effects of wind
speed were noted for absolute wind speeds between 0.8 and 6.9 m/s;
There was no evidence that wider shelterbelts provided more crop protection. Therefore the
installation of less dense shelterbelts with 10-30% gaps is economically more reasonable for
agricultural goals. The width is important however from an ecological point of view as it affects
plant and animal species richness by increasing the numbers of ecological niches.
Based on the literature sources (Gál et al., 1963; Danszky, 1972; Gál-Káldy, 1977; Baudry et
al., 2000; Marton-Csete, 2004; Láng et al., 2007; Takács – Frank, 2008; Frank - Takács, 2012)
and the climate impact tendencies reported by the Directorate General for Regional Policy
(Kelemen et al., 2009) the use of shelterbelts is definitely justified, especially in areas with
higher than average wind-effects.
The National Rural Development Program envisions the installation of 15,000 hectares of
forests and the creation of 1,500 hectares of agroforestry systems. Within the latter, planting of
shelterbelts is a newly started measure. The guidelines for the structure and choice of tree
species must be taken into consideration during the installation. By the effective use of the
available knowledge and financial resources, the total area of shelterbelts could be enhanced
and outdated or discontinued belts could be renewed. Together with the initiatives on
introducing alley cropping in the lands, the development of shelterbelt systems is an important
step forward in improving the climate resilience of domestic agriculture.
In building on earlier research results, new studies become also necessary for the proper
development of the Hungarian shelterbelt system. Recent investigation aims at examining the
condition, structure and effects of buffer belts older than 50 years. Based on the results of
nearly 60 years of extensive research, well-founded design guidelines and strategies can be
developed for the most optimal installation of shelterbelts. These surveys are being done by the
Institute of Silviculture and Forest Protection of the University of West Hungary.
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Introduction
Agroforestry is regularly cited as an appropriate land use to simultaneously achieve both
mitigation of and adaption to climate change (Mbow et al. 2014; Torquebiau, 2016). The
potential of trees to increase biomass stocks and soil carbon content comes as a first argument
but the potential of tree-based systems to increase resilience to climate-related stress or favor
ecosystems services is also regularly cited (e.g. Cardinael et al. 2015). We provide a few
examples coming from coffee and cocoa agroforestry showing that agroforestry can indeed be
considered as a relevant approach for dealing with climate change concerns but indicating also
that mainstreaming agroforestry in the agricultural sector has still a long way to go, justifying to
better include agroforestry in the policy agenda.
Climate change adaptation
Coffee cultivation under shade trees in Nicaragua showed a clear niche differentiation in the
exploration of soil by the roots of coffee and the roots of trees (Figure 1). This supports the
hypothesis of complementarity between roots of trees and crops for water use. Although not
shown, shade trees were also found to reduce air temperature and had positive effects on
coffee fruit abortion and drop as well as coffee quality (Padovan et al. 2015).In the case of
cocoa agroforestry, positive effects were found on household income and diversification in
Central America (Figure 2) and in Cameroon (Figure 3). In the savanna zone of Cameroon,
cocoa agroforestry has been practiced for a long time by farmers. The association of the cocoa
crop with trees allows farmers to grow cocoa in areas supposed to be beyond its climatic
tolerance, an important asset under a possibly future drier climate in Africa. Shade trees create
favorable microclimatic conditions reducing cocoa transpiration and an increase in top soil C
(Table 1) through recycling of organic matter. The combined effects of reducing water demand
and increased topsoil fertility may explain the adaptation of cocoa in those suboptimal
conditions. The efficient management of different tree stands on the very long term allows
farmers to improve soil fertility without any input of chemical fertilizer. These agroforestry
practices are a good example showing that it is possible to significantly reduce greenhouse gas
emissions by reducing nitrogen use and / or losses as N2O (better management of nitrogen
inputs, substitution of these inputs by cocoa cultivation with other fruit and forest species).

Figure 1. Fine root density of coffee and shade trees. Full sun coffee plantation (left column);
Coffee agroforestry (other columns) with two different timber tree species. Nicaragua (Padovan
et al. 2015).
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Figure 2. Contribution of cocoa and other
agroforestry products (AFP: banana + fruits +
timber) to family benefits in 3 agroforestry
systems in Central America. C1: large size,
moderate tree density and low cocoa yield; C2:
small size, high tree density and low cocoa
yield; C3: moderate size, high tree density and
high cocoa yield.Different letters between bars
indicate significant differences between cocoa
and AFP (LSD Fisher, p<0.05) (Cerda et al.
2014).

Figure 3. Use values (%) attributed to
species in cocoa agroforests. Clockwise, from
noon: Wood and non-wood market products
(including cocoa seeds); Non-wood products
for farm use; Wood products for farm use;
Soil fertility enhancement;Medicinal products
for farm use; Non-wood products for social
exchange; Shading (Jagoret et al. 2014;
Central Cameroun).

Table 1. Clay and organic matter content (± SD of the mean) in topsoil (0-20 cm horizon) in 10
grassland plots and in 47 grassland cocoa agroforestry plantations according to their age.
Values followed by the same letter are not significantly different (p < 0.01, Newman-Keuls test)
(Jagoret et al. 2012; Central Cameroon).
Age of plantation
Grassland (control)
< 10 years
10-40 years
> 40 years

Clay content (%)
18.8 (± 0.81) a
17.5 (± 0.55) a
17.8 (± 1.58) a
19.3 (± 1.61) a

Organic matter content (%)
1.70 (± 0.09) c
2.25 (± 0.18) b
2.82 (± 0.16) ab
3.13 (± 0.37) a

Climate change mitigation
Arabica coffee grown under native trees in the Western Ghats region of India maintained carbon
stocks at levels equivalent to those in surrounding forests (Table 2). In Latin America, a metaanalysis of carbon stocks in coffee agroforestry plantations showed that 10 years after planting,
the carbon stock in different agroforestry associations ranged from 15 to 30 t C/ha while it was
only 8.5 t C/ha in monocrop coffee (Figure 4). Although coffee or cocoa cultivation does
contribute to deforestation and greenhouse gases emissions at the time of planting, this
negative effect is offset in the long term by the high potential of coffee- and cocoa-based
agroforestry to store carbon. Carbon storage potential ranges in the10-150 t C/ha for coffee
agroforestry and 10-100 t C/ha for cocoa agroforestry depending on tree species used, previous
land-use, soil type and climate conditions (Vaast etal. 2015).
Table 2. Comparative carbon storage (Mg C ha-1) in compartments of forests and agroforestry
plantations in the Kavery catchment, India (Vaast et al. 2015).
System
Forest
Arabica + local trees
Arabica + exotic trees
Robusta + local trees
Robusta + exotic trees

Tree
97
88
73
78
47

Coffee
4.8
3.3
13.0
10.1

Soil (0-1.5 m)
97
112
105
90
78
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Litter
2.4
1.6
2.2
1.8
1.9

Total
196
206
183
182
138
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Figure 4. Mean carbon accumulation (Mg C ha-1) in aboveground biomass and litter in different
coffee monocrops and different coffee agroforestry associations of about 10 years old (AFS:
agroforestry system) (Harmand et al, 2007; Hergoualc’h et al, 2012).

Mainstreaming agroforestry in the agricultural sector has nevertheless a long way to go
Despite a high potential, many barriers to agroforestry still hinder its development (FAO, 2013).
A delayed return on investment is often mentioned by farmers since trees take several years
before showing a positive interaction with crops or being productive. In many countries, markets
for tree products are under-developed and do not allow easy marketing of tree products except
for some well-known commodities such as fruits. Most research and extension services in both
developed and developing countries put e mphasis on commercial agriculture, ignoring farm use
of tree products or ecosystem services provided by trees. Broadly speaking, there still is a
massive ignorance of the advantages of agroforestry among farmers,agricultural experts and
the broad public. For instance, although it is possible to have both coffee production and carbon
sequestered, very few farmers achieve that (Figure 5). The status of land and tree resources is
not always conducive to tree planting on farms: in many tropical countries where the land is
state property or land right not secure, farmers do not plant trees because of insecure tree
tenure. Few regulations take into account multifunctional land management as required by
agroforestry associations, e.g. taxations or subsidies which apply to monocrops only. Finally,
there is a lack of coordination between sectors such as agriculture, forestry and livestock,
leading to policy conflicts or omissions, if not adverse incentives.
A few critical conditions are necessary to encourage agroforestry (FAO, 2013), namely: (1)
there should be clear immediate benefits for farmers (and not only delayed environmental or
social benefits); (2) skill development is required at all levels, for farmers, extensionists,
researchers, etc. (3) land and tree tenure conditions must be clarified and secured; (4)
germplasm should be adapted to agroforestry through adequate breeding and (5) innovative
governance is required to take into account the multifunctional nature of agroforestry and its
inter-sectoral requirements.
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Figure 5. Carbon accumulation in the aerial part of shade trees of coffee agroforestry as a
function of gross margin, Northern Nicaragua (Notaro et al. 2015).
To promote agroforestry and realize its potential to address climate change challenges,
innovative policies targeting agroforestry are required at national and local levels (FAO 2013).
Such policies may be based on: (1) better information about agroforestry in the global society,
(2) improved regulations towards a better inclusion of land multifunctionality and ecosystem
services, (3) acceptance that trees are production factors in agroforestry, (4) development of
agroforestry-targeted incentives and (5) promotion of agroforestry markets. Research efforts are
also required to improve the overall diversified production of tree-crop mixed systems, to
address shade management, and to foster breeding (both trees and crops) for agroforestry.
Climate change-targeted environmental services (e.g. diversified tree composition with
multifunctional objectives) also need to be further developed. in order to support the increased
recognition of agroforestry benefits, facilitate the development of policies promoting agroforestry
and taking into account the climatic vulnerability of many developing countries.
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Introduction
Climate change is one of the biggest challenges facing humanity in the 21st century. Africa
is one of the most vulnerable continents to climate variability and change because of multiple
stresses and low adaptive capacity (IPCC, 2007). Sub-Saharan Africa in particular the Sahel
case has the distinction of being especially vulnerable to climate change because of
geographical conditions that expose them more to climate factors, their low incomes, and
greater dependence on activities sensitive to climate such as agriculture (Amoukou, 2009).
Niger has a Sahelian climate, ecosystems are fragile and the country is highly vulnerable to
climate change phenomena. Furthermore, the difficult socio economic context weakens the
adaptability of agricultural systems.
However, perceptions and strategies for adaptation to climate change of these ecosystems,
particularly S. Senegal parkland, are hardly studied despite the multitudes of services they
provide to rural communities. Therefore the Young Team Associated with the IRD (JEAI)
conducted a study to analyze farmers' perceptions of climate change and identify adaptation
measures as part of S. senegal parkland management in the three gum basins in Niger.
Matérial and methods
Parklands of Senegalia senegal (syn. Acacia senegal) located in three basins of gum
arabic production in Niger were included in the study. The choice of survey villages was done
using the criteria of Gnangle et al. (2012) and Diarassouba et al. (2008), i.e. the importance that
farmers give to the Senegalia parks in the village, the availability of operational parks of
Senegalia, socio-economic diversity, socio-cultural features and accessibility of the village. The
survey methods used were semi-structured interviews and focus groups. Respondents were
randomly selected individually. The number of respondents in each village was derived from the
number of farm household data from the general census of the population of the habitat (INS,
2012). Thus 38 and 49 farmers were surveyed in Kokoyé and Kiki, respectively, i.e. 10% of the
number of agricultural households of these sites, and village assemblies were organized in
other localities (Aseye, Bader Goula, Malam Mainari and N'Guel kolo). Respondants were
farmers of different age classes (very young, young, adult and seniors). They were classified as
extremely vulnerable, very vulnerable, moderately vulnerable or not vulnerable depending on
annual food production and livestock capital.
The frequency response of the perceptions and the adaptive strategies were calculated
and the frequency of histograms was performed using the Excel spreadsheet. The Chi -Square
test of independence was used to check whether there was independency between perceptions
and socio economic characteristics (vulnerability levels and age groups). The Correspondence
Analysis (CA) was performed using the R software (R Core development T.2010) to connect
perceptions groups to socioeconomic characteristics.
Results
Farmers’ perceptions of climate change
A total of 11 perceptions of climate change have been identified by the peasants of the
surveyed localities (Table 1). The most cited perceptions are: the high wind speed; the drying
up of rivers; the reduction of yield crops; loss of biodiversity; and the rising temperature. They
account for 72.42% of total collections of which 91.67% were natural factors and 8.33% socio cultural factors. Some perceptions, such as short drought (chi-square=41,14; p<0,001)
temperature rise (chi-square=28,57; p<0,001), strong wind speed (chi-square=37,75; p<0,001),
declining crop yields (chi-square=34,57; p<0,001), drying up of water sources (chi-
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square=37,78; p<0,001) and loss of biodiversity (chi-square = 41,14; p<0,001) were dependent
on the level of vulnerability and the age of the farmers.
Table 1: Farmers’ perceptions of climate change
Relative frequency of
Factor origin
responses (%)
Strong wind speed
12,36
Natural
Drying up of rivers
12,36
Natural
Low cover of vegetation
12,07
Natural
Lower yield of crops
12,07
Natural
Loss of biodiversity
12,07
Natural
Temperature rise
11,49
Natural
No social compliance
8,33
Socio-cultural
Late rains
6,32
Natural
Early cessation of rains
6,03
Natural
Rainfall decline
6,03
Natural
Short drought
0,86
Natural
Total of frequency
100
The projection of vulnerability levels and farmers' perceptions in the axis system from the
Correspondence Analysis (CA) is presented in Figure 1. The vulnerable farmers perceived
climate change by decreasing rainfall and delayed rains while extremely vulnerable perceived it
through non-compliance with social standards, the early cessation of rains, declining crop yields
and the drying-up of water sources (Figure 1).
The results of Correspondence Analysis linked age groups and farmers' perceptions of
climate change (Figure 2). Older farmers express different perceptions of climate change in
relation to young farmers. Indeed, the older farmers perceived climate change by decreasing
rainfall and drought pockets while young farmers perceived it through late rains and early
cessation of rains.
Farmers perceptions of climate change
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Figure 1: Map of the Correspondence Analysis (CA)
PV: Not vulnerable; MV Moderately vulnerable; TV: Very
vulnerable; EV: Extremely vulnerable; Q1: Decrease in rainfall;
Q2: Short drought; Q3: rain delay; Q4: Early end to rain; Q5:
Rising temperature; Q6: Strong wind speed; Q7: Low cover of
vegetation; Q8: Decline in yield of crops; Q9: Drying up of rivers;
Q10: Loss of biodiversity; Q11: No respect of social norms

Figure 2 : Map of the Correspondence Analysis (CA)
TJ: Very young, J: Young, A: Adults, PA: Seniors;; Q1:
Decrease in rainfall; Q2: Short drought; Q3: rain delay; Q4:
Early end to rain; Q5: Rising temperature; Q6: Strong wind
speed; Q7: Low cover of vegetation; Q8: Decline in yield of
crops; Q9: Drying up of rivers; Q10: Loss of biodiversity; Q11:
No respect social norms

The investigation found that the disappearance of species in the Senegalia genus is
perceived by adult’s farmers (45.64%). Indeed, adults farmers perceived that the S. senegal is
the most endangered species (17.45%) followed by S. seyal (14.77%) and S. laeta (13.42%).
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Adaptative strategies to climate change in S. Senegal parkland management
Eleven of adaptation strategies to climate change have been identified in the surveyed
village’s lands, of which 81.81% are of endogenous origin and 18.18% of exogenous origin
(Table 2). The strategies most adopted by farmers are: the valorization of lowlands; planting
valuable species; the practice of assisted natural regeneration (ANR); the use of improved
seeds and diversification of activities.
The survey also revealed five important endogenous measures practiced for sustainable
management of S. Senegal parkland system: the fight against the cutting of green wood;
assisted natural regeneration (ANR); restocking/plantation; deferred grazing and finally the
establishment of village management committees.
Table 2: Farmers adaptative strategies to climate change
Relative Frequency
Origin
of responses (%)

Farmers adaptative strategies

18,75
Valorization of lowland
15,63
Restocking and planting of valuable species
Protection of Senegalia seedlings (assisted natural
14,73
regeneration)
11,16
Use of improved seeds
9,38
Diversification of activities
7,59
Changing the type of crops
6,70
Manure use
5,36
Use of mineral fertilizers
4,02
Changing sowing dates
4,02
Development and operation of ponds
2,68
Magical –religious pratices
Total frequency
100

Endogenous
Endogenous
Endogenous
Exogenous
Endogenous
Endogenous
Endogenous
Exogenous
Endogenous
Endogenous
Endogenous

Discussion
Farmers’ perceptions of climate change
The study highlighted several farmers’ perceptions of climate change. Perceptions such
as high winds, the drying up of water sources, declining crop yields and loss of biodiversity
revealed in the study are consistent with those found by Amoukou (2009) in the Niger basin.
According to this author climatic factors (drought) and anthropic factors (cutting green wood) are
causing the disappearance of vegetation and migration of wildlife to the south. The work of
Gnanglé et al. (2012) in the north of Benin and (2009) in the center of Benin and that of Hassan
et al. (2008) in sub-Saharan Africa and Traore et al. (2002) in Guinea have revealed more than
half of the surveyed farmers perceived climate change through rising temperatures, declining
rainfall, changing in the timing of the rains, recurring droughts and the drying up of once
perennial rivers in the dry season.
In this study, it appeared that farmer’s perceptions of climate change are dependent on
the level of vulnerability and age groups (very young, youth, adults and seniors) farmers. These
results are similar to those found by Gnanglé et al. (2012) in northern Benin and also
corroborate those of Teka et al. (2010), which found in coastal areas of Benin that local
perceptions of natural factors on people vary according to specific groups (social group and
age). Adults and very vulnerable farmer’s better express perceptions of climate change on S.
Senegal parkland system. This is explained by the fact that these farmers have as main activity
the exploitation of natural resources. Their annual agricultural production is highly insufficient
(hardly exceed six months of consumption), so they fall back mainly on Senegalia parks
exploiting gum and wood, deriving substantial income for them. The analysis of the results on
the perception of the population could be an extremely important tool for sustainable
management of Senegalia parklands.
Local adaptative strategies to climate change
Adaptation is a climate risk management process by implementing individual and collective
measures for the prevention, response and recovery (Gnanglé et al, 2012; IAVS, 2011). The
results of the study highlight the strategies of adaptation both collective and individual, which
corresponds to the above definition suggested by these authors. This is the case of pond
facilities, magical-religious practices (collective) as opposed to individual strategies such as the
use of improved seeds, the practice of assisted natural regeneration (ANR). The same
observations were made by Gnanglé et al. (2012) and Traore et al. (2002), which identified both
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individual and collective strategies in their study areas. The valuation of the lowlands, the
practice of assisted natural regeneration (ANR), the use of improved seeds and planting of
valuable species (Adansonia digitata, Senegalia Senegal, Tamarandus indica ...) were the
adaptation strategies most adopted by the farmers of the study area. These coping strategies
were identified in the Niger basin by Amoukou (2009). Traore et al. (2002) found similar results
in Guinea-Conakry.
Other practices are carried out by the rural communities in the study area, for example
the collective prayer meetings to implore '' Allah '' for fruitful winters. This practice of collective
adaptation was observed by Teka et al. (2010) on the Benin coast and Brou et al. (2005) in rural
communities in Ivory Coast through ritual and magical-religious practices. The farmers of the
three basins of gum production in Niger have adopted strategies of adaptation from their
perceptions of climate change in most cases. These results corroborate Bryant et al. (2000)
who said that the climate change adaptation springs from translating perceptions of climate
change into agricultural decisions.
These strategies need to be evaluated scientifically in order to determine the most
relevant strategies contributing to the reduction of vulnerability as well as the adaptation of
societies and ecosystems to climate change.
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Introduction
Short rotation coppice (SRC) is a land use system using fast growing trees species such as
poplar and willow grown on agricultural land to provide the highest possible amounts of woody
biomass in the shortest time possible. Woody biomass production in SRC is the most cost- and
impact-effective land use system in terms of avoiding CO2-emissions of the various means of
renewable biomass feedstock production in agriculture (Don et al. 2012). SRC may either be
applied as monocultures or in association with common agricultural crops to improve specific
ecological services (e.g. increasing wind and soil erosion protection, enhancing structural
biodiversity and soil organic carbon sequestration). Applied in rows, those SRC plantations can
be identified as agroforestry systems (AFS) and may be called "alley coppices". In the present
work, we focus on the initial impact of SRC applications on carbon (C) sequestration.
Material and methods
Research plots are located south of Göttingen, Germany near the village Reiffenhausen
(51°39’83”N / 9°98’75”E) and were installed on former cropland in March 2011 (for further
details see Hartmann et al. 2014). Two blocks of monocultures with either the willow variety
"Tordis" ((Salix viminalis x Salix schwerinii) x Salix viminalis)), hereinafter referred to as the
"Willow-SRC" or the poplar variety "Max 1" (Populus nigra x Populus maximowiczii), referred to
as the "Poplar-SRC".were applied. A third plot was arranged as an AFS with rows of the willow
variety ''Tordis'' and grassland alleys in-between (four willow strips, each 7,5 m width and 75 m
length and grassland strips in-between, 9 m width, 75 m length, hereafter called "Willow-AF").
The neighboring cropland served as a reference plot (see Fig. 1). The soil texture of the site is
varying from loamy sand in the NE part to silty clay in the SW corner.

Figure 1: Soil sampling design site Reiffenhausen in 2014. The lines separate the quadrates in
each plot; black dots represent the single sampling points. Triangles indicate the location of the
initial reference soil profiles applied before plot installation in 2011.
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Soil samples were collected in 2014, i.e., three years after the establishment of the SRC plots.
Each plot was divided into four quadrates and five independent samples were collected
following the random selection approach from each quadrate by steal cylinder (30 cm length
and 6 cm diameter; Fig.1). Gained samples of the five sampling spots were mixed to one
composite sample per quadrat and horizon for further analysis, resulting in n=4 analytical
samples per plot and horizon. During a first sampling campaign in March 2014 the upper 30 cm
soil layer was analysed for total C in 7 single layers (0-3, 3-6, 6-9, 9-12, 12-15, 15-20, 20-30
cm) to identify potential fine scale C accumulation patterns. Inorganic carbon was not further
considered, as previous investigations by Hartmann et al. (2014) showed that carbonates were
only rarely and scattered available in the upper soil horizons and if present, with a maximum
content of 1.4 %. However, results of this first analysis indicated a significant C accumulation
under willow SRC down to a depth of 20 cm, but under willow AF only in the uppermost layer of
0-3 cm (Fig. 2). Thus, a second sampling for advanced analytics (aggregate analysis, microbial
biomass carbon (MBC), density fractionation) with the same sampling design was applied only
for the soil depths of 0-3, 3-20 and 20-30 cm in May 2014.

Figure 2: Total C [g kg-1 dry soil] in 3, respective 5 cm soil sections up to 30 cm soil depth under
cropland (reference plot), Poplar-SRC, Willow-SRC and Willow-AF. Values represent mean of
four replications ± standard error. Different letters indicate significant difference (p<0.05)
between plantation types at each soil depth.
Aggregate size distribution (large macro-aggregates >2000 µm, small macro-aggregates 2502000 µm, micro-aggregates <250 µm) was determined by the dry sieving method. Microbial
biomass carbon (MBC) was measured after the fumigation-extraction procedure. The density
fractionation with sodium polytungstate solution was applied only for samples of the 0 -3 cm soil
layer free light fraction (fLF<1.6), occluded light fraction, (oLF<1.6), occluded dense fraction
(oDF1.6-2.0), and mineral fraction (MF>2.0); [g cm-3, respectively] were separated. Total C was
measured by dry combustion (C/N analyser, Elementar, Vario-EL II Germany).
Results
Results indicated that large macro-aggregates (LMA) dominated at each soil depth and for all
plots, with the highest portion under Willow-SRC (up to 90 %) and the lowest in the cropland
(30-50 %). The LMA under Willow-SRC also accumulated the highest portion of C, whereas this
aggregate size class contained significantly less carbon under cropland (data not shown). The
MBC significantly (p<0.05) increased in the order: crop land < Poplar-SRC, Willow-AF < WillowSRC and varied in the 0-3 cm soil layer from 266 (cropland) to 789 µg C g-1 soil (Willow-SRC;
Fig. 3). The MBC decreased significantly from top to bottom soil layers in all plots except the
cropland, where it was uniformly distributed in the first 0-20 cm. In all plots, the major part (ca.
80%) of total C of the top soil (0-3 cm) was associated with the MF>2.0 (Fig. 4, right axis), with
the highest C content under Willow-SRC. The C content in the fLF<1.6 was similar in all plots
(Fig. 4, left axis) and the lowest C content was found in the oLF<1.6 under cropland.
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Figure 3: Microbial biomass carbon (MBC) [µg C g-1 dry soil] in 0-30 soil horizons of crop land,
Poplar-SRC, Willow-SRC and Willow-AF plots. Values represent mean of four replications ±
standard error. Different letters indicate significant differences (p<0.05) between plantation
types at each soil depth.

Figure 4: C content [g C kg-1] in soil fractions, separated from the top soils (0-3 cm) under
cropland, Poplar-SRC, Willow-SRC and Willow-AF. For the fLF<1.6, oLF<1.6 and oDF 1.6-2.0,
see left y-axis; for the MF>2.0, see right y-axis [g cm-3, respectively]. Values represent mean of
four replications ± standard error. Different letters indicate significant difference (p<0.05)
between plantation types at each density fraction.
Discussion
Soil texture analysis of these plots (n=3 per plot, 0-30 cm soil depth; Hartmann et al. 2014)
revealed a substantial gradient in the clay content of the upper soil horizons between plots.
Significantly higher clay content was observed for the Willow-SRC plot, medium to lower values
for the Willow-AF, respectively the Poplar-SRC plot. Based on this texture analysis, a linear
increase of C content with the clay content in the most upper 0-3 cm soil depth was found (see
Fig. 5). Consequently, plant community effect determines less than 50% of the variation in C
accumulation under Willow-SRC and Willow-AF.
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Figure 5: Correlation between [%] clay content, measured by Hartmann et al. (2014) in 0-30 cm
soil depth (n=3 per plot) and spatially related C contents [g C kg-1], measured in this study in 0-3
cm soil depth under Poplar-SRC, Willow-SRC and Willow-AF (no separate clay content data
were available for the cropland reference plot).
In this context, Walter et al. (2014) has already shown a significant positive effect of clay
content on C stocks under SRC, which, adapted to the given variability of the clay content in our
site, would amount to a C stock variability of about ± 50 Mg ha -1, calculated to a soil depth of 80
cm. Furthermore, a comparison of mean C contents in 0-10 cm soil depth prior (2011) and three
years after the afforestation for only the reference soil profiles did not indicate any C
accumulation (reference soil profile No 2) or unrealistic high C accumulation (reference soil
profile No 1 = +2 Mg ha -1) within the first three years of the SRC growth. As determined by
Hartmann et al. (2015), leaf litter production under willow, as the main input for soil C
sequestration, was far less than 0.5 Mg ha-1year-1 (2011/12, Willow-SRC 0.36, Willow-AF 0.14,
Poplar-SRC 0.94 [Mg ha -1]) and thus could not serve as an explanation for enhanced C
accumulation and also not for differences between plots. Furthermore, litter dry loss was highest
under poplar (67 %), compared to the willow plots, after 1 year of exposure (Willow-SRC 50 %,
Willow-AF 48 %; Hartmann et al. 2015). Root turnover as an additional C input was not
investigated until now.
Finally we conclude that already three years after the implementation of SRC plantations a
positive effect on SOC sequestration in the top soil layer, especially under willow, might be
visible, but has to be taken with high caution, due to confounding factors (here, variations in clay
content at the plot scale). Also it seems to be quite obvious that it is exceedingly difficult to
determine C sequestration under various types of SRC applications within a short period of time
after forest implementation and that far more analytical effort has to be applied (e.g., repeated
analysis with high spatial resolution of years or even decades, including also full texture
analysis) to give evidence for significant changes in C sequestration. Nonetheless, reduced soil
disturbance is obvious under all SRC applications, which can be clearly seen from enhanced
macro-aggregate formation and increased microbial biomass.
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Introduction
Climate models predict that an increase in atmospheric CO2 concentration, precipitation and
temperature could affect many biological phenomena and increase the frequency and
magnitude of extreme weather events (IPCC, 2007). Root and shoot phenology could be
strongly influenced by the variations in soil water content (Wan, C et al.2002; Green,J.J et
al.2005), soil temperatures (Steinaker & Wilson 2008 ; Steinaker et al.,2010; Coll et al., 2012)
and air temperatures (Tierney.G.L et al.,2003; Fukuzawa et al.,2013). Changes in plant
phenology are considered to be a very sensitive and observable indicator of plant responses to
climate change (Steinaker et al., 2010). In contrast, very little is known about the relationship
between shoot and root phenology especially in the natural soil environment (Harris et al., 1995;
Steinaker et al., 2010).
Material and methods
We report shoot and root phenology of hybrid walnut (Juglans nigra*regia) in three temperate
agroforestry systems, along a climatic gradient (mediterranean, continental and oceanic) of
precipitation and temperature in France (fig.1). All trees were planted in 1995, 1994 and 1999 in
the three climates (Mediterranean, continental and oceanic) respectively. Fine root dynamics
were studied using rhizotrons and minirhizotrons. All rhizotrons in oceanic and continental
climate placed at 10 to 60 cm soil depth and at 10 to 300 cm soil depth in a Mediterranean
climate. Fine roots dynamics were measured using a flatbed scanner and cameras in rhizotrons
and circular scanner in minirhizotrons (fig.2). The retrieved images were analyzed in the
SmartRoot software (Lobet et al., 2012) (fig.3).

Figure1 : The location of the three sites under a climatic gradient
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Figure2: Methods used for measuring root dynamics in the three climates

Figure.3: Image analysis in SmartRoot
Results
In our preliminary results, signiﬁcant and positive correlations were found between mean ﬁne
root elongation rate and air temperatures (fig.4), and between root elongation rate (cm/day) and
soil temperatures at the two depths of soil (10cm & 60 cm depth) (fig.5 &6) in the two climates
(oceanic and continental) with higher correlation in the continental climate. During 20 15, fine
root elongation (mm) began in early May corresponding the budburst period, peaked during
June and July, and almost ceased by mid-November with the leaf-fall in oceanic and
continental climates (fig.7). Our preliminary results highlight that shoots and root phenology is
synchronized in hybrid walnut in agroforestry systems whatever the climatic gradient.

Figure 4: Correlation between root elongation rate (cm/day) and mean air temperature in a)
continental and b) oceanic climates
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Figure 5: Correlation between root elongation rate (cm/day) and mean soil temperature at 10
cm soil depth in continental and oceanic climates

Figure 6: Correlation between root elongation rate (cm/day) and mean soil temperature at 50
cm soil depth in continental and oceanic climates

Figure7: Mean root elongation rate (mm/day)
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Introduction
Agroforestry systems provide great potential for environmental conservation and
sustainable rural development, but the ecosystem services of European agroforestry and their
contributions to human well-being have not been scrutinized from a social-cultural perspective.
In this study, our aim is to understand the importance of ecosystem services from agroforestry
for local people in a spatially explicit way at the landscape scale, and to reveal the contribution
of agroforestry landscapes to subjective well-being. We present a first social-cultural
assessment of ecosystem services provided by a European type of agroforestry through
participatory GIS methods. The particular focus of this paper is the Spanish dehesa a
traditional, low-input, extensive agroforestry system composed of open, heterogeneous
canopies of holm oak (Quercus ilex) and cork oak (Q. suber) with a shrub or annual herbaceous
understorey. Dehesas are estimated to cover about 2.3 million ha in Spain (Moreno & Pulido,
2009).
Material and methods
The study was carried out within the Llanos de Trujillo plains in Cáceres Province,
south-western Spain (Figure 1). We conducted a participatory GIS survey with 219 local
residents in Spanish agroforestry (dehesa) landscapes and analysed the spatial patterns of
mapped ecosystem services and in particular their relation to land cover.

Figure 1: Study areas, the four neighbouring municipalities of Trujillo, Torrecillas de las Tiesas,
La Cumbre and La Aldea del Obispo. La Aldea del Obispo is a small enclave within Trujillo.
Results
A total of 2594 places were mapped in the survey as significant sites of ecosystem
service provision with a mean amount of 12 places per informant (min 3, max 30, SD 4.2). The
majority (58%) was related to cultural services. Places for outdoor activities (17%), mainly for
walking, were the most mapped.
Well-mapped cultural services were also sites of beautiful landscapes, social interaction
and culture and heritage values (12%, 10% and 10% of mapped places respectively). Beautiful
landscapes were related to oak trees and the dehesa, to views of the mountains and rivers, and
to the panoramic view from the old castle of Trujillo. Sites for social interaction were especially
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related to places where people gathered for a picnic with family or friends, or for the town
festivities mainly in the vicinity of settlement areas (mean distance to home 5.6 km, max 0.59
points/ha). Culture and heritage values were mainly related to the town of Trujillo, historical
bridges in the landscape and other (ruined) monuments (Figure 2). Inspirational, spiritual and
religious values (5% of mapped places) and sites for intrinsic value of nature (4%) were among
the lowest mapped among cultural services.
Provisioning services totaled to 24% of all mapped places. Provision of farm products,
mainly meat and eggs, represented 11% of mapped places. Places for harvesting wild products,
such as asparagus and fish, had a share of 13%. Harvesting was much more scattered around
the landscape (Figure 2) compared with sites for farm products located closer to settlement with
a higher spatial intensity (mean distance to home 8.5 vs. 4.7 km, max 0.35 vs. 0.66 poi nts/ha).
Out of regulating and supporting services sites for appreciation of plants, animals and
ecosystems were identified more than sites for appreciating environmental capacities such as
water regulation (10% vs. 5% of all mapped sites). Special places presented 3% of all mapped
places with the smallest spatial extent (4384 ha) and the most scattered pattern, most likely due
to the limited number of these places.
When looking at the relationship to land cover, most of the mapped places were
distributed in grasslands (27%), and the rest on agricultural (21%) and agroforestry (18%)
areas, urban surfaces (17%), sclerophyllous vegetation or forest (11%), sparsely vegetated
areas (6%), and water (1%). Almost half (45%) of all sites for provisioning services were found
on grasslands and agroforestry areas. Farm products were also especially related to urban
areas, where people commonly had chicken and home gardens. Cultural services were also
most prevalent in grassland (28% of the mapped cultural services), urban areas (22%) and
agroforestry areas (18%). Sites for outdoor activities, social interaction and beautiful places
were especially found on grasslands and agroforestry areas. The sites for appreciation of loca l
culture, cultural heritage or history dominated in urban areas. Grasslands and agroforestry
areas (23% and 20% of mapped sites respectively) were the most typical for regulating and
supporting services.
Comparison of these figures to the spatial extent of different land covers in the extended
study area showed that sclerophyllous vegetation/forest (11% of places vs. 19% of land),
agroforestry areas (18% of places vs. 25% of land), and water (1% of places vs. 2% of land)
were less represented than the extent of the land cover. Agricultural areas, grasslands and
sparsely vegetated areas showed slight overrepresentation.
Discussion
The starting point of our study was the assumption that, based on evidence from
biophysical assessments (Smith et al., 2013; Torralba et al., submitted), agroforestry systems
would generally provide higher levels of ecosystem services than other land use systems.
Indeed, our respondents allocated multiple ecosystem services to agroforestry lands within our
study area. However, the intensity was not higher than for the surrounding agricultural or semi natural areas. These areas clearly differ from agroforestry land in their vegetation structure and
visual appearance. But they are also managed by low-input land-use systems, have a high
share of semi-natural habitats and are of overall high nature value (Veen et al., 2009).
Moreover, grasslands are also culturally relevant to local people (Stenseke, 2006). We find that
it is less individual land-use systems, but rather our study landscape as a whole that provides
ecosystem services to people, though agroforestry is an important part of this landscape with
long traditions and historical roots. The fact that people working in agriculture and forestry and
those with a better knowledge of the area had a higher appreciation for the ecosystem services
in agroforestry areas, point to a second explanation: the dehesas of our study area are mostly in
large private ownership and usually do not offer access to the public. Many people simply may
not have physical access to these lands and are therefore unable to allocate ecosystem
services to them as discussed above.
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Figure 2: Spatial intensity (points/ha) for four ecosystem service indicators of outdoor recreation
(A), appreciation of local culture, cultural heritage or history (B), harvested products (C) and
appreciation of plants, animals and ecosystems (D). Descriptive data indicate the number of
mapped points and relative proportion of all mapped points per indicator, area (ha), average
distance (m) from informant home to mapped point locations, and nearest neighbour ratio.
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Introduction
Existing and recent surveys have highlighted complexity of work as a barrier to the adoption and
maintenance of agroforestry in Europe. Compared to agriculture or forestry, agroforestry is more
complex at a field-scale. This paper argues that whilst complexity is a constraint to some, it can
be embraced by others. The complexity associated with agroforestry can be embraced by
supporting new ways for people to work together, by considering wider system boundaries, and
by focusing on different productivity measures than yield per unit labour.
Farmer perceptions of the opportunities for and barriers to agroforestry
Agroforestry is the practice of deliberately integrating woody vegetation (trees or shrubs) with
crop and/or animal systems to benefit from the resulting ecological and economic interactions
(Burgess et al., 2015). It is a significant land use system, for example the LUCAS land use and
land cover survey for Europe indicates that trees are integrated with livestock and/or crop
production on about 24 million hectares in Europe, equivalent to about 5.7% of the territorial
area and about 14% of the agricultural area (den Herder et al. 2015).
Graves et al. (2009) reported the result of interviews with 264 farmers across 14 different
regions of Europe in terms of their perception of silvoarable agroforestry systems. The most
positive aspects in Northern Europe related to the positive effect of agroforestry on the
environment, whilst farmers in Southern Europe primarily recognised the positive benefits in
terms of increased profitability. Farmers were then asked to identify the most negative effect of
silvoarable systems. Within Northern Europe, the most negatively ranked item was “work
complexity” followed by “mechanisation”. In Southern Europe, the most negative effect of
silvoarable agroforestry was the negative effect on intercropped yield.
During 2014, as part of the AGFORWARD agroforestry research project, 45 stakeholder
workshops were conducted to identify key barriers and opportunities related to agroforestry in
13 European countries (Denmark, France, Germany, Greece, Hungary, Italy, Netherlands,
Portugal, Romania, Spain, Sweden, Switzerland and United Kingdom). Stakeholders included
farmers, landowners, agricultural advisors and researchers. During the workshops, 344
stakeholders completed a survey where they ranked the key positive and negative aspects of
agroforestry in terms of 45 production, environment, management, and socio-economic issues.
As different approaches were used to evaluate stakeholders’ responses across the workshops
the responses were standardised between 0 and 1. Thus stakeholders’ responses could be
used to calculate descriptive statistics and to identify key negative and positive aspects across
the case studies. Equation 1 shows the equation used to standardize the values:
SSi =1‐

Si ‐Smini
Smaxi ‐Smini

(1)

Where SSi and Si were the standardised and non-standardised scores respectively of
participant i and Smini and Smaxi were the lowest and highest non-standardised score
respectively of participant i. Based on this analysis, the most positive aspects of agroforestry
include improved biodiversity and wildlife habitats, improved animal welfare, and soil
conservation. The most negative aspect of agroforestry was “complexity of work”, followed by
mechanisation, management costs and administrative burden. It is noteworthy that in both these
surveys, the complexity of agroforestry is seen as major constraint. Hence the purpose of this
paper is to examine complexity and agroforestry, and approaches to embrace the issue.
Complexity and agroforestry
Complexity is the quality or state of being complex. The Oxford English Dictionary includes
definitions for complex such as “consisting of many different and connected parts” and “not easy
to analyse of understand”. Boulton et al. (2015) describe complexity as being the result of the
interconnections of many diverse non-standard components that interact in non-linear ways.
Andersson et al. (2014) argues that system complexity can be separated into two different
dimensions: complexity and complicatedness (Figure 9). Complexity refers to large numbers of
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simultaneously interacting entities dynamically giving rise to emergent patterns; it is associated
with bottom-up self-organization, e.g. behaviour of a herd or school of fish (Andersson et al.
2014). Andersson et al (2014) defines complicatedness as a property of those systems, typically
with some function, where the organisation demands lengthy descriptions. Complicated
systems are associated with top-down organization, e.g. engineering (Anderson et al., 2014).

Complexity

 Human society
 Agroforestry
 Herd behaviour
 Agriculture

 Space rocket
Complicatedness
Figure 9: Indicative complexity and complicatedness of five selected systems including
agroforestry. Adapted from Anderson et al. (2014).
With agroforestry, the integration of trees or shrubs with arable crops or pastures makes the
relationships between biophysical and/or farm-management operations more complicated. For
example, the introduction of trees into arable fields, whilst providing an additional source of
future revenue in the form of timber, also shades the crop and alters its capture and use of soil
water. Whilst the crop-tree interaction if managed correctly may improve the overall economic
performance of the farm, agroforestry farmers need to incorporate many more variables in their
decision-making processes. This for example includes decisions regarding the orientation and
width of tree rows, the timing of field operations, and the potential to damage the tree or crop
component. Hence like Anderson (2014), we argue that at a field level, agroforestry is more
complex and complicated than agriculture (Figure 1).
Approaches to embrace complexity
This section examines some possible mechanisms to address the perceived constraint of the
complexity of agroforestry. These include i) thinking differently, ii) new arrangements, iii)
alternative attitudes to labour, and iv) consideration of system boundaries.
Thinking differently
In English it is common to identify those people who say that the “glass is half full” and those
that say that the “glass is half empty”. What some people see a constraint; others can view as
an opportunity. Certainly there is some evidence that some people do not see complexity as a
constraint. In the analysis of the perception of European farmers of silvoarable systems,
Graves et al (2009) reported that the fourth most positive perception of agroforestry was as an
opportunity for diversification. In the analysis of the 344 responses from the AGFORWARD
project, “Originality and interest” was seen as a key positive management attribute of
agroforestry. Some farmers are attracted by the greater ecological knowledge and
understanding required to manage an agroforestry system.
New arrangements for working together
One way of dealing with complexity is to involve others who have specific expertise. Within the
stakeholder groups of the AGFORWARD project, some farmers have expressed interest in
establishing new ways of working with others. For example, if you are the owner of an orchard,
what are the best ways of working with someone who is looking for grazing for their sheep? If
you are a livestock farmer who has established working hedgerows or high value trees, what
are the best ways of working with a skilled forester or agroforester?
Moving beyond yield per unit labour
A key impact of the introduction of mechanisation and specialisation in Western Europe has
been a phenomenal increase in labour productivity. Whereas land productivity in the UK
increased two-fold between 1950 and 2000, labour productivity increased almost seven-fold
(Table 4).

Table 4. Levels of agricultural output per unit of land and unit of labour in 1953 and 2000 in the
UK (1953=100) (Thirtle and Holding, 2003).
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Year
1953
2000

Output per unit land
100
207

Output per unit labour
100
679

Improved labour productivity is essential if workers are to achieve good wages. Although there
is a lack of data, it is anticipated that the output of yield per unit labour will tend be lower within
an agroforestry system than in specialised agriculture or forestry. Some of this can be explained
by different levels of mechanisation, which can be costly, and hence the financial output per
investment in labour and machinery may be similar. There appears to be a need for research on
the impact of agroforestry and other agro-ecological systems on labour productivity. However
two other issues come to mind. First, it is important where possible, for people using
agroforestry to secure a higher product price where they can demonstrate environmental and
welfare benefits. Secondly it is too simplistic to say that labour is always a cost. Farming is not
only a job but it is, for many, a livelihood. Hence time spent tending trees, crops and animals
can be valued and enjoyed by the farmer.
Enlarging system boundaries
Conventional agriculture may appear a less complex system than agroforestry if the boundary is
drawn at the farm-gate. However it can be argued that large-scale agriculture can become more
complex if the system boundary is extended beyond the farm-gate. For example increased
runoff associated with a low tree cover may not cause direct problems to the farmer, but it may
increase downstream flooding. By internalising some of the complexity within the farm, the use
of agroforestry may simplify some of the challenges faced by wider society.
A particular issue of complexity faced by some agroforestry farmers is the administrative
complexity of dealing with tree and farming interaction in terms, for example , of claiming basic
farm payments within the Common Agricultural Policy. Again better mechanisms to allow
farmers and regulators to appropriately deal with the interface between trees and farmers are
necessary.
Conclusions
This article proposes that agroforestry systems are complex, i.e. they include related units
where the nature of the relationships is imperfectly known. On first sight, this may be off-putting
to farmers and managers who value clear responses and outcomes and seek to minimise
uncertainty. However to others, agroforestry offers originality and interest and it can create new
opportunities for rural employment. Whilst the yield output per unit labour may be lower for
agroforestry than agriculture or forestry, this may be counteracted by increased product prices,
changed machinery costs and more enjoyable work. Some of the perceived complexity may
simply be a result of the choice of system boundary.
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Introduction
Tackling the impacts of climate change is not a matter of the future, as these are already being
observed and their effects felt worldwide through changes in precipitation, temperature, extreme
weather events and CO2 emissions (Field et al., 2014) Nowadays, the current understanding of
European climate trends leads to a projected overall temperature increase from 2º to 4º C and
precipitation changes of 10 to 50% by the 2080s. These changes are unequally distributed
across different regions or seasons and are likely to become more pronounced in Southern
Europe with temperature increases reaching +5ºC and particularly, an increase of drought
periods throughout the Mediterranean area (Garrote et al, 2015). Approx. 45% of the soil in
Europe is in a state of vulnerability, 15% is even considered extremely vulnerable. This includes
soils in some southern parts of the EU, such as Spain, Greece, Portugal, Italy and France
(Joint, 2008).
Problems of soil degradation not only have environmental implications; in particular agricultural
plots are facing degradation and their cultivation is rapidly becoming unprofitable, adding
serious economic strains to rural areas that are already weak and suffer from land
abandonment due to the rural-urban migration phenomenon.
The LIFE11 ENV/ES/535 Operation CO2 initiative arises therefore as a tool to demonstrate the
feasibility of transforming abandoned areas in Spain into healthy and productive soils. This will
create ecosystems that contribute to climate change resilience. The project has implemented
agroforestry systems in semi-arid areas suffering from naturally degraded soils and
abandoned lands in order to demonstrate the viability of these systems and to thus prove the
green economy model as an alternative for future development. Meanwhile, it expects to
increase crop productivity, improve soil quality and increase the potential for soil carbon
sequestration.
One of the demonstration projects is located in the municipality of Ayoó de Vidriales (Zamora,
Spain). The area consists of a 25 ha plot of rainfed land with highly degraded soils,
susceptible to wildfire due to the particularity of the climatic conditions of the region (sparse but
very intense rainfall, maximum 400-500 mm per year), wind and sparse vegetation. The
average altitude is 840 m.a.s.l. and soils are significantly acidic. This area has communal
ownership and its use is fully controlled by the village council. According to neighbors, cereal
production around the area used to be around 2,000 kg/ha, but because of incorrect
management practices including excessive ploughing and monoculture, this figure has come
down to 700 kg/ha despite the use of chemical fertilizers and pig manure. Given these
calculations, the land object of our project was considered unprofitable and was left uncultivated
for at least 15 years.
Material and methods
In order to transform this degraded area into an integral agroforestry ecosystem, several steps
were taken:
1. Agroforestry plan design: During the first year (2012), an integral plan was developed
according to each area’s specific characteristics. Several plants were selected in order to
address the following types of land use, i.e: a) timber, biomass trees, and fruit production trees
(i.e. Castanea sativa, Pistacia vera, Prunus dulcis, Pinus pinaster, Pinus pinea); b) border
protection, aromatic plants and bushes (Quercus suber, Rosa canina, Prunus spinose,
Crataegus monogyna); c) cash crops and cover crops (Secale cereale, Lupinus sp, Vicia sativa,
Triticum spp, Vicia faba, Medicago sativa, Avena sp) and other vegetation for soil improvement.
Approx. 3,000 trees and shrubs were planted following a specific planting framework (i.e. C.
sativa (10*6m), P. vera (10*10), P. dulcis (25*5), P pinaster (6*5), Q. suber (2*2). Some trees
were inoculated with ectomycorrhiza for future mushroom production, such as P. pinea with
Lactarius deliciosus, C. ladanifer with Boletus edulis and Q. suber with Pisolithus tinctorius.
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2. Division of plots: The demonstration area was divided in 3 plots in order to test production
levels and root growth according to the products and mycorrhiza spores used. The plots were
named Zone A (40% of the land with 100% product), B (40%:50%) and C (20%:0%). Tests were
initiated in the fall of 2012 and will last until the summer of 2017 (Figure 1).

Figure 1. Agroforestry scheme and division of plots (Zones A, B & C)
3. Crop selection and implementation: First, a traditional pH corrector was applied. Afterwards,
due to the lack of nutrients present, it was necessary to activate the soil microbiology before
planting the new crops. A vertical land preparation with a chisel plow was applied to de-compact
the soil, and sowing was done through cultivation on top of ridges. During the first year, the soil
was inoculated with a mixed product, based on four types of endo-mycorrhizal spores,
beneficial bacteria and humus. Mycorrhiza are symbiotic associations established between
plants and soil fungi. It is probably the most widespread type of symbiosis in the biosphere, and
around 90% of terrestrial plants are able to establish some kind of mycorrhiza (Smith & Read,
2010). They function as a soil enhancer to help prepare the land for planting during the following
year. In this way, the biological recovery of soil was shortened in comparison to other land
practices which can take many years. Furthermore, depending on the soil characteristics of the
specific area, it was necessary to test with organic fertilizer composed of bacteria and humus to
stimulate the reactions of mycorrhiza and create an interface between roots and soil nutrients.
4. Planting the trees and bushes: During the 2013-2014 campaign, trees and shrubs were
planted (Figure 2). A buffer zone along the entire border was included in order to serve as a
windbreaker, fire buffer and also as a wildlife corridor. The execution of planting included the
testing of different technologies offered in the market in order to support the growth of trees and
bushes during the first year, especially in rough climate areas. For example, a ‘water deposit’
device was used, which consists of a water reservoir that slowly releases the moisture restoring
the capillary function in the soil. Coconut fiber and wool carpets were also tested as soil cover
around the newly planted trees. These solutions not only enhance the capillary function by
preventing dehydration but also provide weed control near the growing tree.
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Figure 2. Project area with the incorporation of the trees and shrubs.
Figure 3. Comparison between the amount and depth of roots between Zone B and Zone C
In the same period once the trees were planted, cereals were sowed between the rows and a
sustainable soil management plan was introduced; avoiding the use of moldboard plow, and
any work that may damage the mycelium of mycorrhizal activity. Another well-known technique
applied during this period was associating crops, in our case vetches with oats. The vetches are
a nitrogen binder while the oats avoid layering of the vetches.
Results and Discussion
According to the studied production, root growth and root mycorrhization levels, it is safe to
say that a positive transformation of the plot’s soil has occurred, making it healthier and
obtaining higher yields. Yearly observations have shown that root depth as well as quantity and
density have increased, reaching even more than a meter and half depth (Figure 3). This allows
the plant to explore a wider area of the land and thus extract a larger amount of nutrients to help
its fertility and health. This benefit has been made possible due to the contribution that
mycorrhiza, beneficial bacteria and humus offer to the soil creating symbiotic associations with
the crop roots. The crops sowed in between tree lines have developed and have been
harvested with improving performance each year, obviously determined by the limiting climatic
factors of the area. During the first two years (2013-2014) wheat was cultivated, while vetch/oat
was sown in 2015.
Physical changes in the soil were observed as well. Soil sponginess decreased when moving
from Zone A to Zone C. Throughout the project, pits were dug in each of the 3 zones (A, B and
C) in order to verify the differences in root development of each area. Digging the pits to
observe root growth also became more difficult in the latter zone compared to the former. This
can be explained by the fact that micro organisms change the structure of the soil gradually.
These pits also showed that the moisture in the soil and root development was much higher in
Zone A compared to the rest. The results were correlated with the yield rates (kg/ha) and the
mycorrhizal colonization in the root system (M%) although the latter could only be measured
during 2015.
As can be seen in Figure 4, it seems that there is a close correlation between root depth, root
quantity, mycorrhizal intensity and yield. It shows that the best average results were obtained in
Zone A where the largest amount of mycorrhizal inoculations occurred. An increase in yearly
yields as well as a larger root depth was observed, most probably due to the presence of
mycorrhiza in the roots from colonization. During 2015, samples of the roots were taken to verify
the degree of mycorrhization at different soil depths and results showed that the inoculated
Zones (A and B) had a much higher amount of roots between the 20-40 cm lines that Zone C,
as well as higher percentages of mycorrhizal colonization compared to those obtained at the
same depth in Zone C (control zone). However, in Zone C at 60 cm depth there is a significant
percentage that may indicate the presence of natural mycorrhizal spores. This may offer a
significant discovery- the biological balance in soil can be restored only if this soil has not been
completely destroyed, and it is in our power to do so.
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Figure 4. Relationship between harvest yield, root depth and mycorrhizal colonization in the root
system (M%) in Zones A, B and C in the 25 ha. Plot (2013-wheat, 2014-wheat, and 2015vetch/oat). *2014 had an exceptionally dry spring compared to the common average, so harvest
yields were thus negatively affected.
The main ambition of the LIFE Operation CO 2 project is to convert this degraded land
into healthy soil and demonstrate that the agroforestry system approach is also
economically viable. The establishment of trees and shrubs may have helped to reduce the
vulnerability of this particular ecosystem and acted as an adaptation measure to combat climate
change. Additionally, when biomass on the land and in the soil is increased, the potential for
carbon sequestration can also be analyzed. This model can be replicated in other areas that
are also classified as arid and semi-arid land throughout Spain and other Mediterranean
countries with similar dry, hot summers. This model could give an impulse to the Greening
strategy within the CAP payment system as it clearly helps to making soil & ecosystems more
resilient due to the greater variety of crops, improving biodiversity and protecting water &
habitats.
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Introduction
Due to the unsustainable nature of the intensive agricultural systems, the new challenge of
today’s society is to conciliate high agricultural production with environmental awareness.
Recently, modern agroforestry systems (AFs) have emerged and have been recognized
worldwide as an integrated approach to use land in a sustainable manner. Beyond its
agronomical and economic benefits, AFs may be a method of enhancing biodiversity,
sequestering carbon, increasing soil organic matter, breaking dominant winds and reducing soil
erosion and the potential leachable soil nitrate content (Andrianarisoa et al., 2015) in
agroecosystems. In the Nord – Pas-de-Calais (NPDC) region (Northern France), there is an
overall reluctance of the agricultural profession to reintroducing trees to agroecosystems.
Farmers provided many reasons for their stance, but to date, no in-depth studies have been
performed at the regional scale to understand this lack of enthusiasm. The aim of this study was
to understand the acceptance or refusal of AFs by farmers in the socio-agro-environmental
context of NDPC. The study was focused on hedges (H) and alley cropping (AC) systems.
Material and methods
The NPDC is an agricultural-dominated region with a total of 817,000 ha of utilized agricultural
area (UAA) and 13,500 farmers in 2010 (DRAAF Nord - Pas-de-Calais, 2014). On the one
hand, the NPDC region is the top producer of potato, peas, chicory and endive, the third-largest
producer of sugar beet, the fourth-largest producer of bread wheat, and the fifth-largest
producer of milk in France. The cereal and oleaginous crop yields are significantly higher than
the national average as well as the prices of free and leased land and the tenant farming level.
On the other hand, the NPDC region is the least-forested, the second-most artificialized, among
the most affected by erosion risk in all seasons and classified as a vulnerable zone for nitrate in
surface and ground waters. Surveys of 108 farmers were conducted from October 2013 to May
2014, within three sub-areas covering 95,151 ha of UAA, impacted by serious environmental
issues in the region. A questionnaire combining closed and open-ended questions about the
general characteristics of the farm, the farm functioning and practices, farmers’ perception of
agro-environmental issues in the territory, farmers’ perception of innovation and farmers’
perception of AFs, was established. The level of acceptance of AC and H was categorized as «
favorable », « undecided » or « opposed ». Regarding farmers’ openness to innovation, all
practices that the farmer already applied or planned to implement in the next 10 years were
noted. A score of 1 was assigned to each regulatory required practice recorded at the farm; a
score of 2 was assigned to each noncompulsory but frequent practice observed in most
farmers; and a score of 3 was assigned to each practice involving agro-ecological and
technological innovation that the farmer willingly applied. If the farmer did not currently use the
practice but planned to apply it, only half of the score was assigned. A variable called
“Innovation index” was then created to represent the sum of the score obtained by a farmer. A
chi-square test of independence and a generalized linear model were performed to test the
relationship between the level of acceptance of AFs and all recorded variables.
Results
A summary of some parameters describing the surveyed farmers is presented in Table 1.
Briefly, more than half were individual holding and two thirds was sustainable farms . The mixed
farming type (various crops and livestock combined) was the most commonly encountered and
the average utilized agricultural area was 101 ha. The percentage of UAA in tenant farming was
77%. Approximately 43% of farmers were involved in environmental programs. A strong majority
of farmers (68%) already possessed hedgerows in their farm, which either existed before their
farm ownership or were planted by the farmers themselves.
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Table 1: Summary of descriptive, inferential and linear statistical analyses realized between the
level of acceptance of hedges and alley cropping and a given variable. The symbol ‘.’ indicates
a p-value < 0.1; ‘*’ for p < 0.05; ‘**’ for p < 0.01 and ns means ‘not significant’. MC: mixed
cropping and GFC: general field cropping), sus: sustainable farm, conv: conventional farm and
org: organic farm. LSU means livestock unit.
Variables
Age (year)

Farming type

Utilized
agricultural
area
(UAA; ha)
Agricultural work unit (AWU)
Plot size (ha)
Percentage of UAA in offfamily tenant farming (%)
Turnover (k€)

Production type

Livestock density index
(LSU ha-1)
Participation to environmental
program
Belong to a water catchment
feeding area
Knowledge of water quality
deterioration
Aware of the role of farmers in
water quality
Innovation index
Knowledge of AFs
Provided the correct definition
of AFs
Hedge length (m ha-1 UAA)

Categories or
[min-max]
[20 - 45]
[46 - 55]
≥ 56
MF
MC
GFC
[2.5-310]

N

Mean

SD

45
39
22
45
40
23
107

Percent
(%)
42
36
20
42
37
21
99

101

64

[0.5-12]
[1-50]

106
108

98
100

2.6
7

[0-100]

108

100

< 200
200-400
> 400
Sus
Conv
Org
0
<2
≥2
NO
YES
NO
YES
NO
YES
NO
YES
[11; 56]
NO
YES
NO
YES
NO
YES: [0.5-80]

40
31
31
72
28
7
63
11
28
46
46
52
49
26
59
17
70
103
32
74
55
53
35
73

37
29
29
67
26
6
58
10
26
43
43
48
45
24
55
16
65
95
30
67
50
49
32
68

p-value
H
AC
ns
ns

ns

ns

ns

ns

2
6

ns
ns

ns
ns

54

28

**

**

0
1.5
6
33
0
13

0
0.3
7
10
0
15

ns

ns

ns

ns

ns

ns

.

ns

ns

ns

ns

ns

.

ns

**
ns

*
ns

*

ns

**

*

Regarding AC, except some small plots of ancient orchard-meadows recorded in 6 farms, only
one farmer declared having planted 200 m² of trees within his poultry pasture. Seventy percent
of farmers stated that they had knowledge of AFs, but only 49% of respondents provided the
correct definition. Farmers were more favorable to the implementation of H than AC. Indeed,
58% of farmers were favorable to H compared to 25% for AC (Table 2).
Overall, more constraints were mentioned by farmers than advantages for AFs. They
recognized the ability of AFs to limit soil erosion, break the dominant winds, restore or preserve
the biodiversity in the agroecosystem and beautify the landscape (Figure 1a). However, they
were cautious of the increased labor costs, the competition between trees and crops, the
hindrance caused by tree rows for mechanized agricultural works, the loss of arable area, the
incompatibity with small plot sizes and the land tenure (Figure 1b). Statistical analyses revealed
that the level of acceptance of AC and H was negatively correlated with the percentage of UAA
in off-family tenant farming and positively correlated with the length of hedges recorded in the
farm and the innovation index (Table 1). There was no significant relationship between the level
of H or AC acceptance and the farmer’s age, farm juridical status, school education level,
farming type, total UAA (ha), plot size, agricultural work unit (AWU), farms’ turnover, type of
production and livestock density index.
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Table 2: Table of contingency crossing the level of acceptance of hedges and alley cropping by
farmers.
Occurrence
(percentage)
Favorable
Level of
acceptance of
hedges

Total

Undecided
Opposed

Level of acceptance of alley cropping
Favorable
Undecided
Opposed

Total

24
(22%)
3
(3%)
0
(0%)
27
(25%)

63
(58%)
18
(17%)
27
(25%)

17
(16%)
7
(6%)
3
(3%)
27
(25%)

22
(20%)
8
(7%)
24
(22%)
54
(50%)
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Discussion
Studies from surveys in different regions of France and in some European countries also
reported the same values of AFs acceptability and cited the same advantages and constraints
(Liagre et al., 2005). As hedges were frequently observed in surveyed farmers, it is not
surprising that they were more accepted by farmers than AC. Many authors suggested that the
most important factor in increasing the adoption of conservation practices is the trialability,
observability, complexity, risk and uncertainty and perception of long-term profit (Cary and
Wilkinson, 1997; Fuglie and Kascak, 2001). Practices that can be implemented on a small scale
prior to full implementation are more likely to be adopted. Hence, the low acceptance of AC in
our finding may be partially attributed to the lack of local references of the system and to the
opinion that the inclusion of trees in plots is complex to manage and requires specific skills. In
terms of economic profitability, farmers feared the decrease in crop production in the short term
by the loss of arable area due to uncropped tree rows and in the long term by the increase of
tree-crop competition for water, light and nutrients. With the high crop yields and price of land
recorded in the NPDC region, a majority of farmers noted that the development of AFs in the
region is counterproductive. In addition, there is tension regarding land property due to the
increase of urban pressure. To provide responses to these concerns, an agronomic and
economic evaluation of AFs in the pedoclimatical context of the NPDC region should be
conducted, based on an experimental and modeling approach.
Following statistical analyses, farmers who were favorable to AFs were:
1. Those with low land areas in off-family tenant farming. Pattanayak et al. (2003) also showed
that landowners are more likely than tenants to adopt agroforestry. These results from statistical
analysis are consistent with the perception of AFs by farmers described in figure 1 and showed
that this variable was a determinant factor that should be addressed for the development of AFs
in the NPDC region. During surveys, one farmer declared that it is not possible for him to
address his 75 landowners, and another declared that he cannot plant trees for the
grandchildren of his landowners. Considering these problems of land property, some farmers
were ready to accept arrangements in the lease contract with their land owner, for instance, a
lower rent or a guarantee to have a long-term lease.
2. Those with an important scoring for technical and agro-ecological innovative practices and
those were already familiarized with AFs. Patanayak et al. (2003) also confirmed the positive
correlation between the adoption of AFs and the experience of the farmer in tree planting. They
specified that the familiarity with the system decreases the uncertainty associated with
unpredictable returns. Hence, awareness efforts should be realized through, for instance,
meetings and farmers’ groups, or by extension officers.
Surprisingly, farmers who were involved in special environmental programs and belong to zones
with environmental challenges were not particularly amenable to the implementation of AC. In
contrast, they felt that they were often accused as being solely responsible for the water quality
pollution by nitrates and soil erosion, whereas in their opinion, urbanization, shopping areas,
highways and diverse infrastructure also strongly contribute to water quality deterioration.
Farmers stated that they have already taken sufficient action to satisfy compulsory measures to
mitigate environmental issues and were not prepared to adopt new practices (such as AFs) or
other regulatory constraints.
Conclusions
Our results showed that farmers were largely favorable to the implementation of H than AC.
Overall, they perceive AC to be a sustainable farming system providing numerous
environmental advantages, but they were still skeptical of its profitability and adaptation in the
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local context. Among variables related to farms’ characteristics and functioning, land tenure was
a serious obstacle, and the familiarization with trees and innovative practices was a driving
force in the development of AFs in the region. The diverse perceptions of agroforestry by
farmers demonstrate the possibility of implementing several strategies for further AFs
development projects. The three main strategies are as follows: (i) increase awareness of the
different advantages of AFs, particularly in terms of economic and technical aspects, (ii) initiate
a farmer group dynamic to provide a better exchange on AFs and (iii) implement serials of AF
demonstration-experimentation plots to provide local references. A significant communication
effort should be conducted because there was a clear lack of knowledge about AFs and their
functioning in the field.
a)
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Figure 10: Advantages (a) and disadvantages (b) of agroforestry systems cited by farmers. The
* symbol indicates the advantages or disadvantages exclusively noted for alley cropping
system.
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Introduction
The traditional agroforestry system ‘Streuobst’ (Herzog 1998) is still relatively widespread in
Switzerland and is formed by fruit trees scattered on grassland, which is mown and/or pastured.
Since about 2000, farmers have started to experiment with novel combinations of trees with arable
crops, after they hear about agroforestry practices in Germany and France (through the press and
internet). Sereke et al. (2014) inventoried these novel agroforestry systems and evaluated their
potential productivity and profitability.
In 2014, parallel to the start of the EU FP7 project AGFORWARD (www.agforward.eu), the
Swiss Ministry of Agriculture commissioned AGRIDEA, the Swiss national farm extension service,
to elaborate extension material for Swiss agroforestry farmers and to establish a participatory
research and development network with up to 25 farmers (www.agroforst.ch / www
agroforesterie.ch). The overall objectives were:
 To establish a network of farmers with agroforestry demonstration sites;
 To provide agroforestry extension material (website, leaflets, training);
 To record over the years the evolution of pioneer agroforestry sites, both in terms of
biophysical growth as in terms of farmer expectations and satisfaction. The last activity
already started in 2011 (Kuster et al. 2012) and is pursued in the context of the
AGFORWARD and AGRIDEA projects.
Material and methods
In collaboration with the farmers, we recorded the fate of farmer-led agroforestry
experiments in terms of bio-physical development, ecosystem services and farmer perceptions
about the new agroforestry systems. Key questions include:
 How do the trees develop?
 How do the trees affect crop yield?
 What are the major advantages perceived by the farmers and how does this perception
change as the agroforestry plot evolves?
 What are the major constraints perceived by the farmers and how does this perception
change as the agroforestry plot evolves?
In addition, we record key tree and crop parameters which will allow, in the long run, the
parametrisation of agroforestry models for the plots investigated. Table 1 summarises the
characteristics of the agroforestry systems of 11 farmers from the agroforestry network.
Results
The majority of farmers planted fruit trees in their arable fields. The main reasons were that
(i) traditional fruit orchards were still widespread and farmers were familiar the management of
these fruit trees and (ii) the subsidy rules, which allow claiming direct payments for trees which
qualify as Ecological Focus Areas (fruit trees, nut trees, chestnut trees only) favored these trees.
Some farmers, however, opted for forest trees, in particular in the French speaking part of
Switzerland where they have access to agroforestry extension material from neighboring France.
The identity component of these agroforestry systems can be exemplified by the quote of a farmer
who pointed that “This agroforestry plantation is my project, I don’t want to adapt it according to the
rules of some administrator”.
Farmers formed a network to gather regular updates and participate in training sessions
which allows them to learn from formal experts (e.g. training course on tree pruning for agroforestry
in winter 2014/15) as well as from each other (Figure 1). The farmer network can be seen as a
“novel social structure” designed for knowledge and skill sharing and learning, facilitated by
classical extension methods and inputs from research through the ongoing AGFORWARD project.
This type of approach has been recently evaluated as very successful in stimulating farmers to
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adopt new technologies (Waters-Bayer 2015). The measurements carried out on the agroforestry
plots are summarized in Table 2 and further detailed below.
Table 1. Agroforestry plots participating in the Swiss stakeholder group in 2015. The sites marked
with an “*” have been selected for long-term monitoring with data recording starting in 2011 (Kuster
et al. 2012).
Canton
Vaud

Lucerne

Municipality
Arnex
sur
Orbe

Romanel sur
Morges
Grosswangen

Malters
Sursee*
Geneva

Meinier

Zurich

Stadel

Neuchatel

Cressier

Aargau

Möhlin*

Niederwil
BaselLandschaft

Buus*

Agroforestry system
Arable row crops in combination with walnut (Juglans sp), wild cherry
(Prunus avium), wild pear (Pyrus communis), linden tree (Tilia sp),
checker tree (Sorbus torminalis), sorb trees (Sorbus domestica). Planted
in 2011, integrated production system.
Agroforestry system with pollarded willow trees and fruit trees in
combination with arable crops. Planted in 2015, organic farming system.
Walnut and plum trees (Prunus domestica) in combination with an arable
rotation comprising sown grassland pastured with chicken (fattening).
Tree planting started in 2013, still ongoing. Organic farming system.
Permaculture project with various fruit trees (mostly quince Cydonia
oblonga), wild fruit trees, berries. Organic farming system.
Apple trees (Malus domestica) in combination with potatoes, strawberries
and sown flower strips. Established in 2009, integrated production system.
Agroforestry system with standard fruit trees and hedgerows in
combination with an arable rotation. Planted in 2015, organic farming.
Planned agroforestry system with standard apple trees (Malus domestica)
and special crops (berries). Organic farming system.
Apple (Malus domestica), wild cherry (Prunus avium) pear (Pyrus
communis) in combination with an arable rotation. Planted in 2014 in
cooperation with Frigemo SA (landowner). Integrated production system.
Sour cherry (Prunus cerasus), apple (Malus domestica), various wild fruit
trees and shrubs (berries) in the tree line, in combination with horticulture
and ecological focus areas. Trees were planted in 2009 and 2010.
Organic farming system.
Sweet chestnut (Castanea sativa) in combination with an arable rotation.
Organic farming system.
Poplar (Populus tremula) in combination with an arable rotation. Tree
planting started in 2011, still ongoing. Trees not for short coppice but to
grow up. Integrated farming system.

Table 2. Agroforestry plot features and parameters recorded on agroforestry plots of the Swiss
participatory research and development network.
Fe at ure o r pa ra me ter

All a gro fores try plots

Characteristics of the agroforestry
system, including digital map and
tree co-ordinates
Soil characteristics

At tree planting

Plot management and yields
Farmer motivation and perception
Biodiversity
Tree measurements
Machinery and labour input

Soil core and spade probing,
stability of soil aggregate (at
time of tree planting)
Annual
Annual interviews
Overall evaluation
No
Annual, based on farmer’s
records

246

Buus, Mö hli n a nd Sursee
plo ts
At tree planting

Soil profile and lab analysis
in2011
Annual
Annual interviews
Overall evaluation
Every three years, starting 2011
Annual, based on farmer’s
records and on interviews
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Figure 1: Farmer field day with agroforestry pioneers on the experimental plot Möhlin.
Agroforestry farmers are good observers. Each year we record their satisfaction and dissatisfaction with particular features of their system (Figure 2). Overall, the (mostly still young tree crop/animal) combinations evolve according to their expectations. They hardly notice competition
for water, light or nutrients. They most critical point is the under-estimation of workload incurred by
the trees. In particular, if the tree strip cannot be managed with sufficient care (keep the grass low),
important mouse colonies establish and feed on tree roots. Fruit trees in particular, are susceptible
to damage from mice and this is a major worry of Swiss agroforestry farmers.
As trees have only recently been planted (e.g. 2009 Möhlin system) and because the trees
are comparatively slow growing, the full effects of the trees on the crop system will take time to
develop.
Discussion and outlook
The measurements on the Buus, Möhlin and Sursee agroforestry plots (Table 1) have been
initiated to allow for the parameterisation of the YieldSAFE model (van der Werf et al. 2007) with
measured time series, for three tree species (apple, poplar, cherry). In 2017, three tree
measurement points (2011, 2014, 2017) will be available as well as data on crops for seven years.
It will be important to pursue those measurements. Agroforestry development requires a long-term
perspective,
both
from
farmers
and
from
researchers.
Acknowledgements
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Figure 2. Example farmer perception questionnaire from one of the agroforestry plots.
References:
Herzog F. (1998) Streuobst: a traditional agroforestry system as a model for agroforestry development in temperate Europe.
Agroforestry Systems 42: 61-80.
Kuster M., Herzog F., Rehnus M., Sorg J.-P. (2012) Innovative Agroforstsysteme - On farm monitoring von Chancen und
Grenzen / Systèmes agroforestiers novateurs - monitoring des opportunités et limites. Agrarforschung Schweiz /
Recherche Agronomique Suisse 3(10): 470- 477.
Sereke F., Graves A., Dux D., Palma J., Herzog F. (2014) Innovative agroecosystem goods and services: key profitability
drivers in Swiss agroforestry. Agronomy for Sustainable Development, DOI: 10.1007/s13593-014-0261-2
van der Werf W., Keesman K., Burgess P., Graves A., Pilbeam D., Incoll L.D., Metselaar K., Mayus M., Stappers R., van
Keulen H., Palma J. and Dupraz C. (2007) Yield-SAFE: a parameter-sparse process-based dynamic model for
predicting resource capture, growth and production in agroforestry systems. Ecological Engineering 29: 419-433.
Waters-Bayer A., Kristjanson P., Wettasinha C., van Veldhuizen L., Quiroga G., Swaans K., Dourthwaite B. (2015) Exploring
the impact of farmer-led research supported by civil society organisations. Agriculture and Food Security 4(4), DOI
10.1186/s40066-015-0023-7

248

3rd European Agroforestry Conference – Montpellier, 23-25 May 2016
Farmers’ testimonies across Europe (poster)
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Introduction
Temperate agroforestry has been described and categorized several times and there are
numerous definitions in use. Even though several agroforestry practices have been traditionally
used in Czech Republic, any inventory of farms or plots where agroforestry is currently practiced
is still missing. In all the definitions of agroforestry practices there is a common requirement:
trees and crops (or animals) have to be present on one unit of land, however the unit itself is not
specified. In Czech Republic, all productive farmland is registered in the land registry as ‘farm
blocks’ and ‘parts of farm blocks’. Those units of farmland are considered most adequate to use
for inventory of agroforestry in Czech Republic, however there might be different farmland
inventories in different countries, hence these might not be an option elsewhere. This study
aimed to find a practical and relatively easy method to identify agroforestry systems on
agricultural land (trees grown on agricultural land together with crops or animals) and try it out to
estimate the extension of agroforestry in the country. However, we have expected that
agroforestry is not a common land use system in the country.
Material and methods
Firstly, several European surveys such as Land Use and Cover Area frame Survey (LUCAS)
and Corine Land Cover (CLC) were examined to evaluate their applicability in inventory of
agroforestry, and several methods of identifying trees in agricultural land blocks were reviewed.
LUCAS coordinates with both trees and agricultural production were separated in ArcGIS
software and compared with the layer of CLC, with the hypothesis that they should match
vectors with corresponding land-use system. It was found that those point features were not
suitable for estimating the area of agroforestry.

Figure 11: Example of an agricultural land block containing trees in the Šakvice area.
We found as the most appropriate method used to quantify the area of agroforestry in Czech
Republic was using the Corine Land Cover data in ArcGIS software to identify out patches of
land that fall into the annual crops with permanent crops category. Using orthophotographic
imagery of Czech Republic in the ArcGIS software and the online LPIS (Land-Parcel
Identification System) registry of agricultural land, only the agricultural land blocks in those CLC
patches containing trees were recorded and their areas were summarized.
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In the following part of the study, farmers owning plots in the agroforestry field blocks were
found in the land registry and a questionnaire was sent out to them regarding the origin,
function, and use of the trees in the agricultural blocks to collect information about history of the
areas and a social perspective of the land-use systems.
Results
Using this try-out method we estimated 3,071 hectares of agricultural land blocks with trees in
Czech Republic. Most of those areas were concentrated in the South Moravia region where
such traditional farming systems surround villages and small towns and form a very
heterogenous landscape. The 25 areas containing most hectares of agricultural land blocks
containing both trees and crops were projected on a map and 23 of them are located in one
area, most in proximity of towns Velké Pavlovice, Louka u Ostrohu, Strážnice na Moravě,
Moravský Žižkov, or Šakvice (Figure 1). The area is well known for its wine production and for
intensive fruit tree orchards.
We identify the system, which is still quite widespread throughout central and Eastern Europe
including Czech Republic, is streuobst. It is defined as ‘tall trees of different types and varieties
of fruit, belonging to different age groups, which are dispersed on cropland, meadows and
pastures in a rather irregular pattern’ (Herzog 1998). It can be classified, according to Nair
(1993), as ‘plantation crops with pastures and animals’ or as a ‘plantation crop combination’ (if
the fruit trees are combined with arable crops). Tree density varies from about 20 to 100
trees·ha-1. The most extended practice in the Czech Republic is silvopastoral form of streuobst
(pasený sad - extensive fruit orchards grazed by sheep and cattle, Figure 2) remaining in sites
with less favorable conditions for intensive agriculture (e.g. mountains – regions of South
Moravia and Bohemian Forest). The use of hedges and live fences along the field borders,
streams and slope contours has also a long tradition in the Czech Republic and can also be
classified as agroforestry. Unfortunately, the era of joining fields to larger block during collective
farming led to their drastic reduction, however some remnants can still be found, again in
mountain areas.

Figure 2. Silvopastoral form of streuobst in Southern Moravia - extensive fruit orchards with tree
density usually between 50 and 200 trees·ha-1 grazed by sheep or cattle.
Up to now we have collected only small part of the questionnaires (n=11) sent out to
people owning parts of land blocks in Southern Moravia, thus we were not able proceed any
statistical analysis and rather tried to evaluate those data qualitatively. The results answer some
questions about the heterogeneous landscapes surrounding many of the villages. The field
blocks were divided into to the typical thin strips of land during the previous era of
collectivization when farmers were each appointed a narrow strip of land to farm on, after large
swathes of land were taken by state. That is the reason why today each of the narrow strips is
still owned by a different person. The strips usually contain either rows of trees (most
respondents mentioned apricots), forage grasses for cut and carry, or a small vineyard.
Historically crops like potatoes or various vegetables were grown on the strips, which are
remembered by respondents but now rarely to be seen. Most respondents claim that trees have
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a negative effect on the adjacent crops – taking away their light and water. However, they still
produce mostly valuable fruits that compensate the loss.
Discussion
Our study reviewed methods to recognize trees in agricultural landscape using remote sensing,
found available land-use and land cover surveys and evaluated the usefulness of their data in
the inventory of agroforestry systems on farmland in Czech Republic. We tested a methodology
combining several datasets and it yielded results, however, different methods of farmland
agroforestry inventory might be preferable in other countries depending on the data available
and on differences in definitions and terminology.
This study has shown that a significant area of traditional farming systems combining trees
(mainly traditional fruits) and agricultural crops is still remaining in small-holders. It also provides
valuable data for further study of agroforestry on farmland in Czech Republic.
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EXPLOITATION OF BOXWOOD AND AN ORGANIC HOG
FARM
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* Correspondence author: buxor@mcom.fr
(1) EARL Terres Libres et Société BUXOR, Saint Maurice Navacelles, France (2) Equipe Jean Pain, Saint Sauveur,
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Introduction
EARL Terres Libres is an outdoor organic hog farm in the Southern Larzac, a karstic
region of the South of France, at 500 to 800 m above sea level. The domain is 250 ha including
215ha of Mediterranean forest. The main species of big trees are holm oak (Quercus ilex) and
downy oak (Quercus pubescens). All these old trees are today invaded by box tree bushes
(Buxus sempervirens). This is the result of the diminution of agro-pastoralism since the second
half of the twentieth century. Without maintenance of the forest, bushes are so much dense that
animals cannot penetrate inside. For the future of the farm, it is necessary to thin the forest and
create pasture area for livestock.
Material and methods
The forest thinning requires a mechanical clearing of the undergrowth. Therefore we
designed and built a machine allowing cutting and chipping the undergrowth. In single
intervention:
• the machine cuts the bushes, shrubs and low branches of trees by means of a special
hydraulic shears, without damaging the soil and the root system. The light can reach the forest
soil, which favors the generation of new edible plants for hogs. With the forest opening, pigs can
enjoy again grass, acorns and other resources. Selective pruning preserves the high quality
trees and reduces the risk of forest fires. It is important to understand that, in this particular
context, high quality trees are not preserved to produce high quality timbers but to improve the
forest conditions: shadow, humidity, reconstruction of the humus.
• the machine chips immediately the brushwood, by means of a particular chipper,
called ‘Jean Pain” chipper, which is attached to the harvest machine (and that can even be
radio guided in the new prototype),
• the machine collects the boxwood chips in a trailer.

Figure 1: The new machine for cutting and chipping the undergrowth
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Figure 2: Other views of the machines
Thus a company of agroforestry, called BUXOR SAS, was created to carry out the harvest and
to increase the value of the harvested products. With the harvested products, we can:
1. Produce heat during composting phase. Tanks of water are placed in some piles of box
tree branches. The temperature of the water rises until 60°C. The heat is produced by
the microbiological activity in non-strictly aerobic conditions. Through a big size heat
exchanger, the farm and dwelling houses, as well as the BUXOR Company are heated
through this original recovery system.
2. Restore the soil after a 3 to 6 months-aged compost. The composted material is used in
the same way as in the “Jean Pain” method with an important particularity: Buxus
sempervirens constitutes 80% of the material. For ages box tree compost is known for
its quality, even called “Compost of the kings” by Olivier de Serres. Recent analysis
revealed its extraordinary microfauna richness (at least 600 000 microorganisms per
ton). Neither fertilisers nor chemicals are needed anymore. If spread on the surface, it is
similar to a forest soil with the humus layer. The soil is softer and not compacted, and
humidity is regulated. The rooting and assimilation are favored. The BUXOR product is
offered for sale for home gardeners, market gardeners, winemakers, etc. The bearing
capacity of the soil increases through protection against crushing by heavy machines
and it contribute to reduce erosion during heavy rains.
3. Provide nutrient substrate for the breeding of Goldstmith Beetle larvae (Cetonia aurata).
The idea is replacing food complement for pig breedings by larvae that show
exceptional nutritional qualities. First trial results are encouraging and seem to
guarantee the food independence of pigs of the farm. In few months, the farm will be
free of need of cereals which has significantly affected the budgets in recent years yet.
4. Provide animal litter in the huts where the sows give birth in dried chip. It improves
comfort, reduces odors and seems to get rid of parasites.
Conclusion
Thus, from a very unpromising reality for a farm: closed- and arid environment, need for
costly grain inputs, Terres Libres and BUXOR Company have created a virtuous loop that
provides energy autonomy for warmt, livestock feed, improved conditions in the nursery, new
grazing area opening and new resources with derivatives.
In our opinion, this experience seems to be reproducible by other farmers. The materials and
production patterns have been tested and validated. Boxwood invasion is a common condition
in all the Larzac area and in other regions, invasive woody vegetation settled down since the
abandonment of farmland. Moreover, the technical domain we have opened displays a wide
range of possibilities in terms of innovation to come, whether in farming practices or in the
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habitat needs. EARL Terres Libres and the BUXOR Company will continue to explore new
opportunities.
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AGROFORESTRY DEMO PROJECTS IN VENETO
AGRICOLTURA’S PILOT FARMS AND CENTRES
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Veneto Agricoltura (hereafter VA) is the Veneto Region’s Agency aimed at “promoting and
carrying out interventions for the modernisation of farms and agro-forestry soil conservation, as
well as making the best effective use of agricultural land, the development of aquaculture and
fisheries, in particular concerning research, experimental trials and support of the market” (R. L.
35/97
–
art.
2).
VA encourages innovation, promoting agriculture and “providing specialist services for the
enhancement
and
commercialisation
of
typical
regional
products”.
It organises and promotes food quality certification, supports applied research, experimental
trials and agricultural training, encouraging a better use of environmental resources.
Moreover, some VA units are specially dedicated to the preservation of biodiversity through the
management of regional native-plant nurseries, nature reserves and regional forests.
The main sectors of activities includes:
Research and experimental trials in agriculture and fishery
Testing of technologies and innovation
Innovation transfer and technical training
Management of forestry resources, nurseries and natural reserves
Quality certification
VA is represented with 17 branches spread throughout Veneto region with almost 20.000
managed hectares, including woodland, wetland and agricultural terrain.
The main goals of VA with relevance to agroforestry
The activities of VA related to agroforestry are related to research and management actions
with the following aims:

Improving environmental conditions of Veneto plain with forestation

Diversification farmers’ incomes

Increase the quality of local production of timber reducing the import from non-European
countries

Restoring the rural landscape

Improving biodiversity and environment quality in the rural areas

Mitigating the impact of major arterial routes

Restoring the historical plain forests of Venetian Republic

Planning, planting, managing, harvesting and demonstrating good agroforestry practices with
simple cultural models according to a multifunctional approach.

Results
Since 1994 VA realized over 100 tree/shrubs plantations activities in order to restore and
promote woody vegetation in farmland.
The demo plantations hosted in VA includes:
–
17,13 km of linear structures: hedges, woody buffer strips, windbreaks and riparian
forests
–
71.05 ha of open-field systems: woody vegetation for arboriculture, agroforestry,
coppice and new plain woods
In the table below the location of the plantations shared out in length and surface:
Location
lenght (m)
surface (ha)
Diana Farm
9.177
36.18
Sasse Rami Farm
905
19.54
Montecchio Precalcino Centre
1.891
3.85
Pradon Centre
3.713
4.06
Po di Tramontana Centre
1.444
7.42

255

3rd European Agroforestry Conference – Montpellier, 23-25 May 2016
Farmers’ testominies across Europe (poster)
Below we present the activities of three centres: Montecchio Precalcino, Pradon and Po di
Tramontana. Furthermore we will present the main results of two pilot and trading farms :
“Diana” and “Sasse-Rami”.
The Montecchio Precalcino Centre has the mission of preserving the native vegetation
diversity in the Veneto Region. The Centre owns a nursery with an almost complete production
of native plant species for Northern Italy as well as few non-indigenous ones, used in
arboriculture and agriculture.The Centre’s staff is also involved in projecting agroforestry
solutions for the Agency’s pilot farms and for private owners; moreover, the Centre’s nursery
grows young trees for agroforestry plantations.
In the farmland near the Centre the first hedges and wooded strips were planted in 1994. Now
there are 26 examples of linear (green lines) and open-field systems (red areas): hedges for
wood-energy production and for vineyard protection, buffer strips against roadside noise and
dusts, arboriculture for timber production and a clonal comparison field of 50 different
provenances of Prunus avium .

The agroforestry systems in Montecchio Precalcino: the linear ones in green and the open-field
in red
The experimental Centre Pradon carries out activities targeting the selection
and maintenance of healthy genetic material of fruit plants as source of virusfree propagation plants, according to the Voluntary Certification of Fruit
Propagation material of Veneto Region. As a consequence of the dramatic
changes that are occurring in fruit sector, the centre has enlarged its
institutional tasks, developing several activities aimed to the validation of
innovative productive processes and to support fruit-growers towards a
sustainable agriculture.
Considering that this centre is very near to the sea where the exposure for
wind is large, most of the plantations carried out are windbreaks.
The Centre Po di Tramontana aims to promotes innovation in the production
of vegetables and flowering plants for decoration in order to increase the
diversity of local products in the region and pays attention to environmentfriendly farming.
Most of the projects are conducted on horticultural crops such as asparagus,
venetian chicories, garlic of Polesine and artichoke. Moreover, the Centre
tests the most relevant ornamental plants, like Geranium, Cyclamen,
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Poinsettia and old varieties of rose. Also this centre is near to the sea so there are many
windbreaks, but there are also several hedges for energy-wood production to fuel the wood chip
boiler.
The pilot and training farm “Diana” is carrying out tests on extensive viticulture and forestry, with
technical visits and farm demonstration days.
The farmland hosts more than 50 different types of agroforestry plantations.
In 2008 this farm planted 800 m of buffer strips in 4 different models in order to
control the roadside noise and dusts in a 30 m wide area while providing woodenergy production and important habitat support for biodiversity elements.

Four different moments of the woody buffer strip in “Diana” farm

The pilot and training farm “Sasse Rami” have its main activity oriented to poultry and cattle
breeding, viticulture, fruit-growing and extensive crops.
The farm works on an agricultural area with a surface of 210 ha.
In 2010 the farm planted 10 hectares of experimental agroforestry plantation,
with seven species and three different densities: 53, 90 and 100 stems to
hectare respectively. The species and densities are presented in Table 2.
Furthermore the transversal sections of the field schemes

Density category (n)
53
100
90
stems/ha
stems/ha
stems/ha
Quercus robur
72
118
Juglans nigra
81
135
Populus sp.pl.
55
98
Tilia cordata
11
26
Fraxinus angustifolia
12
24
Acer platanoides
12
16
Carya illionensis
12
13
Total
255
98
332
Table 2: Tree species and densities planted in “Sasse Rami” farm
Species
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Total
number
(n)
190
216
153
37
36
28
25
685
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Transversal section of field schemes
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Introduction
Agroforestry systems are receiving increasing attention in the temperate region due to
their ability to counteract negative consequences of intensively managed agricultural fields.
Examples of traditional agroforestry (AF) in central Europe are orchard meadows "Streuosbt",
hedgerows "Knicks" and windbreaks. Traditional AF systems are considered to be areas of high
natural and cultural value (HNCV), and as such have been recognized to support high
biodiversity levels. Recently, modern AF systems which are well adapted to the current farming
practices and are compatible with mechanized agriculture have emerged. Modern practices
such as alley cropping system for woody biomass production (ACS), composed of strips of fast
growing trees and agricultural crops grown in alleys between the tree rows, can supply market
goods and environmental services at the same time (Gruenewald et al. 2007, Quinkenstein et
al. 2009). However, farmers in Germany have been reluctant to implement the latter systems,
because agricultural policies have limited the number of trees within agricultural systems, while
the former have been in danger of abandonment throughout Europe. As a result many farmers
have lost interest in AF, and those that inherited land with traditional AF systems may not
recognize them as such, because they are not recognized as AF according to the EU policy.
The aim of this work was to investigate familiarity with agroforestry in Germany.
Material and methods
Throughout Germany 32 farmers were interviewed half of which were managing land
located in areas of HNCV and half in conventional agricultural areas. The interview was
developed under the European project AGFORWARD (AGroFORestry that Will Advance Rural
Development) in order to investigate the acceptance of AF by farmers on a European level.
Results of these interviews were used to analyze familiarity of farmers with the concept of AF on
a national scale, while considering the local conditions in detail. The distribution of farmers
according to federal states is shown in Figure 1. The contacts were located randomly by
searching internet databases or were provided by the European Agroforestry Federation
(EURAF) and BTU Cottbus-Senftenberg.

Figure 12: Map of Germany with number of interviewed farmers in area of high natural and
cultural value (HNCV) and arable farmers by Federal State
Furthermore, at the local level within the German project AUFWERTEN (Agroforestry
for Environmental Services, Energy Production and Added Value) a bottom up approach is
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currently applied to improve the uptake of agroforestry in Germany. The collaborative efforts of
local actors such as farmers, municipalities and biomass association representatives as well as
research institutions are thus used to identify and remove barriers to the implementatio n of AF
in Brandenburg. During 2015 several workshops, in close cooperation with farmers and
administration representatives were held, the findings that are related with the definition of AF
are discussed in this work.
Results and discussion
Familiarity with agroforestry in areas of high natural and cultural value (HNCV)
The predominant forms of AF for farmers in areas of HNCV were orchard meadows and
hedgerows. Agroforestry was most commonly defined as a combination of agriculture and
forestry, while animals were mentioned by less than 20% of the farmers interviewed (Figure 2).
Strikingly, 75% of the farmers were not aware of the term AF. Within the case of AF in areas of
HNCV farmers took over an already existing system and continued its management. According
to these with orchard meadows, diversification of production was very advantageous. Despite
that "Streuobst" is related with relatively low profitability due to low quality soil, it has
advantageous ecological and socio-cultural features, particularly in terms of biological diversity
and landscape aesthetics (Herzog 1998). Many farmers managing these traditional systems
were not aware they were practicing AF, therefore increasing awareness is necessary to
improve societal attitude towards AF.

Figure 2: Summary of answers (in %) of farmers with and without agroforestry (AF) regarding to
a definition of agroforestry given by farmers farming in area of high natural and cultural value
(HNCV) and by arable farmers
Regarding the second traditional system, hedgerows, farmers managing them
perceived them as nuisance and demonstrated readiness to remove them from the landscape,
had they not been under protection. Hedgerows and windbreaks are the most common AF
systems in the Atlantic region and Central Europe (Nerlich et al. 2013). The primary function of
windbreaks is prevention of wind erosion, while hedgerows were used as field boundaries or
living fences. In the northern part of Germany hedgerows, also called "Knicks" are common.
Hedgerows have been developed through human interventions and as such are landscape
structures of high cultural value. In the past the trees were periodically harvested and their
biomass used as a local biomass feedstock. These regular harvests in rotation of 5 to 15 years
were necessary, because hedgerows require more maintenance than other landscape elements
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to ensure their structure is properly preserved (DVL 2006). With the increased interest in
biomass production the use of hedgerows as a source of wood could be renewed.
Hedgerows have not been properly maintained through regular harvests during the last
decades due to a reduced need for firewood and the high labour requirements. Maintaining
hedgerows requires substantial financial investment and strict regulations in nature protected
areas make this even more difficult. Hedgerows which are not maintained provide fewer
benefits and may even have adverse effects. When trees grow too high they will shade out the
adjacent agricultural land and also hamper the development of a shrubs layer, which is
important for provision of habitat, as well as protection from wind erosion (DVL 2006).
Hedgerows growing too wide may invade the agricultural land and impede its management
(DVL 2006).
Due to lack of adequate management the trees are not only aging which diminishes
their economic value, but also lose their efficiency in providing ecological functions. While
existing regulations aim at protecting the tree components in the landscape, the fact that they
are managed separately by nature protection agencies also prevent taking them into account in
the decision making process by the farmer. The management of trees is hence decoupled from
the agricultural land management. In AF, both components need to be considered
simultaneously to maximize positive interaction and thus related benefits. Existing hedgerows
and the agricultural land should be integrated and recognized as AF system. The management
of hedgerows in these systems requires a new cost effective strategy which would improve their
economic effectiveness and acceptance by farmers, as well as the provision of ecosystem
functions and services.
Familiarity with agroforestry in areas for arable farming
While most of the farmers could give a definition of AF, the different forms of AF were
not widely known. A combination of agriculture and forestry was the most common definition
(Figure 2). In addition, 75% of the farmers without AF associated the term with growing short
rotation coppices (SRC) which are usually used for producing bioenergy. Alley cropping is not
yet commonly practiced in Germany. Several farmers have implemented ACS at experimental
sites or were growing SRC on their field.
Many farmers also considered SRC as being AF. The establishment of ACS, however,
implies that only a small percentage of the land will be dedicated to wood production. The major
obstacle for a greater uptake of AF can be found in the lack of a clear and reliable definition.
Moreover, the Article 23 of Regulation No 1305/2013 of the Common Agricultural Policy (CAP)
was not implemented by the German States (BMEL 2015), which results in a lack of sufficient
support for AF establishment. As a result also registration of AF areas as ecologically focus
areas under greening is hampered because it is linked to Article 23. Currently, only SRC has
been implemented in Germany and has therefore been recognised under greening. Establishing
AF on the other hand is related with very high bureaucratic burden. In order to receive subsidies
the crop and tree components have to be separately enrolled and each tree row should occupy
a minimum area of 0.3 ha. In addition, the tree component has to be harvested within 20 years,
which excludes high value trees.
Agroforestry system consisting of both a woody and crop component should be
recognized as one system in order to optimize the benefits provided by the system. To make
the concept of AF operational a definition of AF system and practices which complies with the
national regulations is crucial. Creating a definition of alley cropping agroforestry practice is
therefore a work in progress currently conducted by the project AUFWERTEN. The definition
should allow flexibility in implementing the system, but should also ensure that the system
provides the expected benefits to be eligible for greening. Two main characteristic of this
definition currently being considered are percent of trees in the area and maximum distance
between tree rows. A challenge lies in the necessity to create a definition that enables
controlling bodies to easily identify whether the system can be classified as alley cropping. For
this purpose a measuring stick can be used and the distance between rows of trees identified
on aerial photos (Figure 3). The system would be recognized as alley cropping when the
distance between tree rows is below the maximum distance of the measuring stick (Figure 3a).
A difficulty when using aerial photos was found in identifying the area below the tree crown in
order to accurately measure the distance between tree rows. As this is the first attempt to create
a definition of alley cropping in Germany, it is a laborious activity that requires considering
numerous details in the process.
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Figure 3: Example of tree row (dark grey) spacing and a measuring stick (light grey) used to
identify whether the system is considered alley cropping, a) the system is alley cropping
because the distance between tree rows is smaller than the maximal distance defined by the
measuring stick and b) the system is not alley cropping because the distance between tree rows
is larger than the maximal distance defined by the measuring stick
Conclusion
Due to regulations agricultural and forestry areas are still strictly separated in Germany
which is an obstacle to obtaining benefits of multi-production systems such as agroforestry.
Agroforestry systems are not well known and their proper management and implementation is
hampered by the lack of a clear definition. Recognizing the crop and tree component as an
integrated management system would allow for taking both components into account in the
decision making process. A cost effective strategy for maintaining tree rows is required to
enhance the economic and ecological value of traditional AF systems. Furthermore, a
prerequisite for establishing ACS in Germany is implementing a clear definition in the national
regulation. This would allow farmers to register the entire area of AF as one system, instead of
separately enrolling each element for subsidies under CAP.
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TESTIMONY OF PIERRE PUJOS, FARMER IN GERS
(SOUTH-WEST OF FRANCE)
Pierre Pujos
* Correpondence author: f.balaguer@cmail.cat

Pierre Pujos is a farmer in northern Gers, between Auch and Condom. His farm has 250 ha of
arable crops and horticulture, all organic, with 15 ha in alley cropping agroforestry (planted in
2007, 2011 and 2013). His primary objective is to minimize inputs and in particular his
dependence on fossil fuels while improving the fertility of his soil. The land he farms is
vulnerable to erosion, mainly because of a particularly hilly topography. To minimize this risk
and improve his energetic performance, Pierre has adapted his practices using several
agronomic tools simultaneously:
- Permanent soil cover (using cover crops) associated with minimum tillage and direct seeding;
- Crop residues (cereal straws, etc.) returned to the soil;
- Significant share of legumes in rotations and intercrop covers (in particular before nitrogen
demanding crops);
- Establishment of woody vegetation and other ecological infrastructures (hedges, within-field
tree lines, and groves) and maintenance of existing semi-natural areas to boost natural enemies
and pollinators and gradually recreate a microclimate protection within the plots;
- Use of hardy varieties and seeds produced on the farm.
Today, economic and agronomic results show the soundness of this strategy. Constant field
observations and adaptation of management practices to the plot and year conditions are
essential to the success of the system. In a few years, Pierre has improved his soil without
using livestock manure or fertilizers (including compost) since 2004. He has significantly
enhanced the autonomy of his farm and its resilience to economic and climatic risks.
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TESTIMONY OF ANDREW COCUP
Andrew Cocup
* Correpondence author: f.balaguer@cmail.cat

Why?
“Upon this handful of soil our survival depends. Husband it and it will grow our food, our fuel,
and our shelter and surround us with beauty. Abuse it and the soil will collapse and die taking
humanity with it.” Vedas Sanskrit Scripture 1500 BC.
La Ferme À Naroques came from a conviction that there is a desperate need to provide working
alternative models to industrial agriculture. Aside from the chemical poison and pollution, in
purely physical terms our current food system involves the loss of thirty football pitches of
topsoil every minute.
Everything begins and ends with the soil, and of the 3 things that create all life, sun, rain and
soil, it is the only one we can influence. Fertility is fundamental to the health and nutrition of our
crops and the people that eat them. Plants grown in healthy soil don’t need our poisonous
sprays to keep them alive. If they did, they wouldn’t exist. Thus the agro-chemical industry
spends billions lobbying to obscure the simple fact that in a world of restored soil they would be
obsolete.
There is vastly more carbon in Europe's soil than in its forests. A 1.7% change in soil carbon
content in the world’s farmland would remove enough carbon dioxide from the atmosphere to
get us back to pre-industrial levels. In soil terms, carbon means organic matter and organic
matter means fertility. So it’s an entirely virtuous cycle.
Our project is to refine the methods required to farm in this way, constantly building rather than
destroying fertility and leaving our land better than we found it.
How?
Diversity
Nature, the world’s finest farmer, always mixes plant and animal life. A mixed farm in which
livestock, grass, crops and trees interact is the only basis of sustainable agriculture. From such
diversity we create the resilience of sustainability of the forest system; a constant recycling of
elements brought up from all layers of the soil and integrated into the surface by huge armies of
beneficiary workers.
At the farm we create this diversity by restoring hedgerows and planting trees. In the fields we
sow hugely diverse and deep rooting pastures. We grow our crops in associations, and undersow these associations with a still more varieties of ground cover.
No till
The carbon and fertility thus locked away has to be carefully preserved. We do this in two ways.
Innovative growing techniques in which crops are sown into rolled cover crops meaning the
earth is never tilled and is permanently covered. There are only 2 passages in the field - sowing
and harvesting. Last year our yields from this system surpassed those of the conventionally
farmed control. Further refinements are on-going.
Secondly, we have converted the farm to modern horse power. After visiting the Amish and
studying the economics of the question, it became clear that on a diversified farm of a
reasonable size, animal traction is an economically better choice. It also avoids the soil
compaction problems inherent in tractor farming, and entirely cuts out carbon emissions from
the production process.
Varieties
For 10,000 years mankind selected crops for their taste and nutrition. Since the misnamed
‘green revolution’ we have hybridized our crops to tolerate huge doses of chemicals and in
doing so, rendered them weak and nutritionally worthless. The restoration of local varieties
suited to real farming and the production of real food is an essential part of our project.
Conclusion
There is ten times more energy going into a conventionally farmed field than comes out as food
and yet we as taxpayers give huge subsidies to this kind of agriculture. The idea of removing all
trees and hedges and cultivating every last inch with increasingly large machines remains the
prevailing ideology. But in doing so we have killed the soil, and in this dead soil our food crops
require an average of 6 pesticide and 3 herbicide applications to keep them alive. Health effects
of exposure to these poisonous chemicals were recently estimated to cost £7500 per person
annually in the EU. There’s nothing cheap about the food that comes from this system. The
environmental and health impacts are such that this food costs us a fortune, it’s just that we’ve
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deferred the payments for a while. This kind of agriculture will soon cost us the Earth. At our
farm, after only 4 years (not even the beginning of the blink of an eye in terms of nature’s
timescales) we can see that, given a chance, nature comes roaring back. It’s clear that an
agriculture that provides health, nutrition and diversity is readily achievable. Our belief is that the
only way to affect this change is to provide working alternatives.
“You never change things by fighting against the existing reality. To change something, build a
new model that makes the existing model obsolete.” B. Fuller.
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OLIVE (OLEA EUROPEA L.) AND WILD ASPARAGUS
(ASPARAGUS ACUTIFOLIUS L.) AGROFORESTRY
SYSTEM: ASPARAGUS PERFORMANCE AND ITS BEST
POSITIONING IN THE OLIVE ORCHARD
Mantovani D.1, Benincasa P.2, Rosati A.1*
*Correspondence author: adolfo.rosati@crea.gov.it
(1)Consiglio per la ricerca in agricoltura e l' analisi dell' economia agraria, via Nursina 2, 06049 Spoleto (PG) Italy
(2)Dipartimento di Scienze Agrarie, Alimentari ed Ambientali, Università di Perugia, Borgo XX Giugno 74, 06121
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Introduction
Traditional olive groves are low input systems, often established in marginal land with
trees at relatively low densities. They cover vast areas in the Mediterranean, however, due to
low profitability and the decoupling of subsidies from production, many fields risk abandonment.
To make them more profitable, such olive groves could be converted into olive agroforestry
systems to produce additional crops or grazing animals, thus exploiting the space made
available by the low trees density (Rosati, 2009). The EU is promoting new agroforestry
practices to encourage sustainable intensification of land use. Among the innovative
agroforestry systems, the cultivation of a wild asparagus (Asparagus acutifolius L.) in olive
orchards as an understory crop has been proposed (Rosati et al., 2012). The species is a
perennial herbaceous plant, with prickly cladodes and tender spears used in Mediterranean diet
since ancient times (Aliotta et al., 2004). It is widely distributed on marginal land and until now
the market is sustained by harvesting from naturally occurring plants, though recently
appropriate management practices for its cultivation as (a monoculture) have been developed
(Rosati et al., 2005; Benincasa et al., 2007). However, there is no information about its
ecophysiological requirements and its adaptability to be grown in the olive or other orchards, nor
on its yield when grown in such agroforestry systems. In this paper we attempt to fill this gap,
reporting on the species growth, photosynthetic characteristic and yield, when grown under two
different types of olive orchards (i.e. traditional and super-high-density) compared to an open
field (i.e. monoculture) control. We also report on the species tolerance to water and heat
stress. In addition, we investigated the variability of the microclimatic and edaphic conditions at
different positions under the olive orchards, as compared to the open field. Finally, coupling the
microclimatic and edaphic information with the plant's ecophysiological response to them, we
modelled the wild asparagus photosynthetic and growth response, in order predict the plant's
performance at different positions in the two olive orchards. This will help designing betterperforming systems.
Material and methods
The plant photosynthetic adaptation to different light regimes was studied by measuring
the photosynthetic response to light of spears, current-year and previous-year cladodes of
potted plants grown under either full sun or constant shade as provided by a shading cloth
transmitting about 40% of incident PAR. In addition, photosynthetic response curves to
temperature (from zero to 45°C) were also investigated in well-watered plants as well as in
moderately and severely water stressed plants.
In a field experiment, wild asparagus plants were transplanted along the rows of olive
trees in a traditional and a super-high-density olive orchard, as well as in an open field as a
control. Plant growth was measured in all situations by measuring at regular intervals the
number, length and basal diameter of all mature shoots of each plant. Biomass was estimated
using biometric correlations developed using data from some destructive sampling. Spear
production was measured the second year after transplanting.
The PAR incident at different distances from the tree row was measured every minute on
sample days, using calibrated photosensors and dataloggers. Soil moisture sensors were
placed at 20 and 40cm of depth in all three field situations (i.e. traditional, super-high-density
and control).
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Figure 1: Experimental plots at Colle Cecco experimental farm

Results
Early results showed that the spears of the wild asparagus are photosynthetically active,
contributing to their trophism, though never becoming autotrophic (i.e. they always had negative
net CO2 assimilation). The spear tips had higher gross photosynthetic rates, but, due to greater
dark respiration, they had more negative values of net photosynthesis, compared to the subapical portion of the spear.
The photosynthetic rates of current-year and previous-year cladodes was comparable,
while cladodes from plant adapted to full light had higher photosynthetic rates under high
irradiance, compared to plant adapted to shade. Morphological adaptation to light levels
accompanied and explained these results: full light cladodes were thicker and shorter.
Cladodes were photosynthetically active under a wide range of temperature, from zero
to 45°C, though photosynthesis peaked at 30°C. This makes the plant photosynthetically active
during most of the year under the Mediterranean climate typical of the species habitat, when
water is not limiting.
Under mild drought stress, the plant was photosynthetically active up to 40 °C, while
under severe drought stress, photosynthesis was already negative at 35 °C.
Potted plants maintained under full light condition produced 15% more biomass than
shaded plants and had an 11% higher root/shoot ratio.
The mean daily transmitted PAR was higher in the super-high-density olive orchard
(46% of incident PAR), as compared to the traditional orchard (40%). However, under the
super-high-density orchard, mean transmitted PAR ranged from 24% (under the trees) to 62%
(between rows), while the variability decreased under the traditional system, where transmitted
PAR ranged only from 36% to 47% and with no clear pattern. The evaporative demand in terms
of water pressure deficit (VPD), was comparable for the two agroforestry systems, but higher in
the control plot. At both 20 and 40 cm of depths, the soil water content during the summer was
lower for the control plot as compared with the traditional and super-high-density plots, the latter
two with comparable values.
Despite higher VPD and lower soil humidity, asparagus plants reached almost double
biomass in the open field control than in both olive systems, suggesting that the more intense
summer drought and temperature stress limited growth less than the shade did. It must be
noticed that in this study, asparagus plants were planted along the row of trees, where light
availability was at its minimum. If plants had been planted in between rows, especially in the
super-high-density orchard, where transmitted PAR was about 60% instead of 24%, results
might have been different. This remains a question that could be partly answered with modelling
the plant performance as described above. At the time of submitting this abstract, this modelling
was underway.
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Conclusions
Compared to the cultivated asparagus, the wild asparagus here studied is evergreen.
This, coupled with the ability to have positive photosynthesis under high (up to 45°C) and low
(down to 0°C) temperatures, and intense water stress, as well the ability to morphologically
adjust to the light environment, makes this species able to grow under a variety of extreme
conditions. Particularly, the photosynthetic activity at low winter temperature, combined with the
evergreen habitus, makes the plant especially suitable as an understory crop in deciduous tree
plantations. However, considering that olive orchards typically intercept no more than 55% of
the photosynthetically active radiation (Villalobos et al., 2006), the wild asparagus appears to be
well suited to turn part of the transmitted unutilized radiation into an additional crop. In this case,
however, the best positioning of the plant is probably in the most sunlit areas of the olive
orchard, which is the inter-row, assuming that rows are oriented north-south.
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Introduction
Hybrid poplars have been intensively managed in Italy for timber production mostly as
monoculture plantations. Intercropping poplar trees with arable crops and in linear plantations
along field edges is also common in agroforestry systems. However, agroforestry systems
sharply declined in the last decades with the rapid deployment of mono-cropping agriculture,
following the support of the Common Agricultural Politic (CAP) of EU (Facciotto et al., 2015).
The need of adaptation and mitigation actions connected to global changes (carbon
sequestration, bioenergy, soil erosion control, biodiversity preservation) should open new
prospective for agroforestry, combining bioenergy and timber production with food security and
environmental safeguard. Mixing trees and crops is now recognized as a modern form of Smart
Agriculture (Harvey et al., 2014), with sustainable implementation of land productivity, due to the
efficient use of site resources (solar radiation, soil nutrients and water) by canopies and roots
stratifications.
The CAP Rural Development Plans (2014-20) are currently supporting
agroforestry with direct grants and including agroforestry in the Ecological Focus Area,
encouraging establishment of local endemic tree species in agricultural areas.
Following the context of previous activities (www.agforward.eu), the present work aims at: i)
assessing competition and/or synergies between crops and trees; ii) to compare productivity in
agroforestry and conventional agricultural systems; iii) evaluating the effects of wide tree
spacing on timber quality. The research took place at Casaria Farm, Veneto Region, Italy.
During the year 2015, we analysed the interrelationships in water and nitrogen uptake in a
young hybrid poplar and oak plantations intercropped with sugar beet. Poplar was planted for its
fast growth. Oak (Quercus robur L.) is an endemic hardwood with a high ecological value,
producing valuable timber as well. For reaching the above objectives, stable isotope techniques
were used. Oxygen stable isotopes can be used as natural tracers for studying the sources of
water and processes of water use by plants. Soil water is usually characterized by complex
patterns of isotopic composition (δ18O) along the soil profile. Both climate and hydrology
influence the δ18O values of different water pools so the water table and the waters in the
shallow, medium and deep soil layers usually differ in their isotopic compositions. No isotopic
effects occur during water uptake by roots or during xylem transport, so that xylem water δ18O
reflects a weighted average of the different water sources used by the plant. In contrast, leaf
water δ18O is enriched by evaporative effects that occur during transpiration. Oxygen stable
isotopes were used for elucidating the strategies of plant water use in pure and mixed systems,
based on variations in oxygen isotope composition of soil profiles and plant tissue waters
(Lauteri et al., 2006). We tested the hypothesis that poplar and oak trees may exploit different
water pools from those used by the intercrops. Other relevant agro-ecological features of the
studied systems are those related to the crop water-use efficiency (WUE) and to N fertilization
and cycling. In this respect, C and N stable isotopes analyses can provide important insights in
modelling agroforestry systems’ efficiency and sustainability.
Materials
The farm (45°08’25” N, 11°30’25” E; 7 m asl ) is located in the Po Plain. The soil is alluvial,
deep, with a coarse-loamy texture and pH (water) of 7.5. Annual mean temperature and total
precipitation are 14.7°C and 1024 mm, respectively. The area is managed under intensive
agriculture. Hybrid poplar plantations are frequent in the area, with a 10-year rotation for
plywood production. In the silvoarable field, 400 m long tree rows are oriented in a north-south
direction along field hedges and ditches. Along each row, Populus x euramericana (Dode)
Guiner, clone I-214 was planted at approximately 10 m intervals and alternated with Quercus

270

3rd European Agroforestry Conference – Montpellier, 23-25 May 2016
Quantity, quality and diversity of agroforestry products (oral)
robur. Tree establishment took place in winter 2013, using unrooted 2 years old rods for poplar
and 2 years old seedlings for oak.
During the year 2015, the alleys between
tree rows were sown with sugar beet (Beta
vulgaris). Three transects were lied down
across tree-crop alleys (Figure 1). Each
transect is delimited by 2 tree rows, each row
with 5 poplars. Within each transect, sugar
beet was harvested on three plots (3 x 2.7
m), with one plot centred along the crop
alley; the other two were at 2 m by tree rows.
Tree growth was assessed in winter 2015,
measuring DBH, total height (H), and stem
form and timber quality, according to an
index of stem straightness (according to
Barrett and Mullin, 1968, re-adapted by
Mwase et al. 2008). Crop yield was
determined on Sept. 3rd. Eco-physiological
assays were performed on July 9 th enclosing
Figure 1. Lay-out of the experimental transect
hemispherical photos (HP), soil moisture
intersecting the tree-intercrop interfaces (see
sampling, and collection of soil and plant
also Photo 1).
samples for stable isotope determinations.
HP were taken with Nikon Coolpix camera and fish eye lens at progressive distances from tree
rows, processing photos with Gap Light Analyser. Soil moisture was evaluated via the
gravimetric method. Collection of material for the stable isotope determinations concerned the
three transects. On each transect, three replicates of soil profiles (3 depths: 20, 40 and 60 cm)
were sampled close to and in between ditches, respectively. Further, we sampled soil from the
bottom of each ditch. Flowing water was collected from a drainage channel in proximity of the
field. Poplar twigs and carrots of the sugar beet roots were also sampled. All these samples
have been frozen and water extraction is carried out by using a laboratory cryogenic vacuum
line. After extraction, water samples will be analysed by means of IRMS techniques to
determine oxygen isotope composition (δ18O). Carbon (δ13C) and nitrogen (δ15N) isotope
compositions have been determined on leaf samples of poplar and sugar beet.
Results and Discussion
Data of crop productivity were tested by ANOVA, showing any significant treatment effects on
fresh yield with no variation across the alley (Table 1). Therefore, during the year 2015, the
poplar trees did not affect the intercrop yield.
Table 1. Growth and yield of tree and crop in the silvoarable system in 2015. Mean and sem (in
parenthesis) are presented. Stem form wss evaluated using a straightness index: 1 means
completely vertical and straight, 5 is very crooked, not vertical and greater than three bends. By
Barrett and Mullin (1968), re-adapted by Mwase et al. (2008).
Growth of poplar trees (2015)

S. beet productivity (fresh matter, Mg ha -1)

DBH

43.13 mm (0.84)

Alley centre

77.9 (3.62)

Total height

4.43 m (0.12)

Alley edge-west

62.2 (3.38)

Stem form

2.33 (0.15)

Alley edge-est

67.9 (3.62)

The growth of the poplar trees was not fast. They were intercropped with sugar beet in the year
2015, and during the 2 former years with wheat. After 3 years, trees have a DBH of ca. 4 cm
and a H of 4.4 m (Tab. 1). The timber quality of the poplar is good with stem form index close to
2, indicating a roughly vertical and straight form. Stem form straightness is a strong indicator of
good timber quality for many hardwoods (Fady et al., 2003).
The results of the HPs (Fig. 2) show the percentage of total solar radiation (%TransTot) along
the transect. A significant although little variation of %TransTot was found across the crop alley ,
with the maximum towards the centre. Therefore, poplar trees are not affecting the light regime
of the intercrop.
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C and N isotope compositions of poplar and sugar beet leaves (Fig. 3) were highly different.
This indicates that sugar beet displays a higher intrinsic WUE than poplar, because of the
enriched δ13C. In fact, a well theorised and verified relationship negatively links WUE and
carbon isotope discrimination (Ripullone et al., 2004). Such a WUE diversity could be due to
specific physiological differences. Sugar beet revealed a much higher leaf N content than
poplar. This finding strongly indicates higher WUE because of enhanced photosynthetic
capacity, ruling out the hypothesis of higher stomatal control.
On the N side, enriched values of δ15N in sugar beet could indicate an abundant N nutrition due
to repeated applications of fertilizers
along the agronomical rotation (in
the case of sugar beet about 130 N
units per ha). The relatively low
values of δ15N measured in poplar
would suggest that the tree is
utilizing, at least partially, the N
leaching towards the ditches.
Indeed, mineral N is usually
characterized by values of δ15N
rather close to 0‰. Enriched values
in the crop could be due to several
fractionation factors acting in the
system. In the meanwhile a portion
of N could be leached after
precipitations or irrigations, another
substantial
part
could
be
incorporated
by
the
soil
and
gradually
Figure 2. Percentage of total solar radiation transmitted microorganisms
below the trees canopy (% Trans tot) along the tree row released to the crop. This latter N
transfer is highly susceptible to
and across crop alleys in July 2015
cause
isotope
fractionations.
Another hypothesis could concern isotope fractionations occurring during the complex nitrogen
pathways and compartmentations within the plant itself. Likely, next measurements planned on
the root material could provide further information on this relevant issue.

Figure 3. Nitrogen isotope composition (δ15N) vs carbon isotope composition (δ13C) in poplar
(circles) and sugar beet (diamond) leaves.
Perspectives
At the current stage, tree and crop are mostly working in a synergic way, without marked
competitive interactions. The site is mostly dominated by the intercrop, showing a higher
intrinsic WUE in comparison to poplar. Poplar, on its side, seems to benefit of the N excess,
which is leached towards the ditches. Valuable information will be further available concerning
possible diversity in water use patterns on the basis of 18O evaluations. Experiments will be
prosecuted in the year 2016, with organic durum wheat as intercrop (Photo 1).
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Photo 1. December 2015. Winter view of the experimental site, with durum wheat as intercrop,
in succession to sugar beet.
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Introduction
Temperate agroforestry experts focus first on symbioses, complementarities and competitions
between the different strata of agroforestry systems. They also consider wood production but
often prioritize quantitative approach (volume per hectare, tree morphology) rather than
qualitative analysis. But what really happens about the intrinsic quality of wood? More broadly,
how to define wood quality? Its definition depends on uses (joinery, construction, packaging,
paper, chemistry, energy, musical instruments,...). In this study, we will priorize uses for wood
construction. This sector being growing fast in Europe, agroforestry systems may potentially
contribute to its supply.
This supposes to analyze mechanical properties of wood harvested in low density forest stands.
Such wood are supposed to contain (i) a higher proportion of juvenile wood into the stems
leading to mechanical declassification and drying behaviours inappropriate for construction; (ii)
a higher proportion of reaction wood with depreciated physical, mechanical and chemical
properties compared to 'normal' wood, because of a higher trees exposure to dominant winds;
conversely, tree reorientations due to the phototropism are less common in agroforestry than in
conventional sylviculture; (iii) a higher growth-stresses level into the logs, this phenomenon
being closely linked to the previous one; a high level of growth-stresses can lead to important
loss of material during wood processing (felling, drying, sawing, peeling, drying…); (iv) higher
rates of lignin, the tree being more flexible because of its higher exposure to the winds.
Results about wood quality in agroforestry are very scarce and provide by a quite small number
of studies and wood species (Glencross and Nichols, 2008; Glencross et al. 2013; Reza
Taghiyari and Efhami Sisi, 2012; Shanavas and Kumar, 2006; Shukla and Viswanath, 2014;
Sotelo Montes et al 2007). These studies show different behaviours depending of the species in
response to the specific conditions of agroforestry. Unfortunately, these results are not often
compared to those obtained on forest control plot.
In order to reduce such lack of information, we have compared some mechanical properties of
poplar wood (cultivar I214) coming both from an agroforestry plot and from an adjacent forest
control one. This work aims to invite agroforesters to consider some wood quality criteria as new
inputs when designing new agroforestry systems.
Material and methods
Sampling
The study site was located in Restinclieres Domain, 15 km north of Montpellier, France. The
climate is there “subhumid Mediterranean-fresh” with annual temperature and rainfall
respectively of 14 ° C and 880 mm. The experimental system was composed of two plots of
Poplars (cultivar I214): an agroforestry one (AF, 119 trees/ha i.e. 57 trees planted 14 m x 6 m)
adjacent to a forest control one (TF, 400 trees/ha i.e. 156 trees planted 5 m x 5 m). TF plot is
closer to the river Lez (a distance from 10 to 80 m) limiting Restinclieres Domain, AF plot being
further (from 80 to 150 m). The dominant wind is blow from the West (more than 60% of the
windy days) then from the north (25%). There are around 90 windy days a year in this area.
A total of 20 trees have been selected: half in AF plot and half in TF one, taking care to avoid
“side effects”.
We have measured on each tree its total height, diameter and oval shape at Breast Height
(BH).
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Direct measures
The mechanical properties were estimated by direct measurements of wood Modulus of
Elasticity (MOE) on standing trees in the three orthogonal directions using “Wood In Situ In
Spection” system (WISIS, Brancheriau et al., 2013). This nondestructive method of assessment
is based on the analysis of elastic wave propagation modified by in the presenc e of wood
defects. On each side of each tree (N, S, E, W) and at BH, we have pined in the bark two nails
200 mm spaced for tangential measurements, 2 nails spaced 2000 mm for the longitudinal
direction, the radial measurements being performed on diameters N - S and E-W. For each pair
of nails, one held an accelerometer as the other was impacted by a torque hammer. We have
thus measured mechanical waves velocities in the 3 wood directions making 10 measurements
per tree (4 measures in longitudinal direction, 4 in tangential one and 2 in radial one). After each
WISIS set of tests on one tree, we have collected a Ø 5 mm increment core at the base of the
trunk using a Pressler auger in order to determine moisture content and the green density by
double weighting in order to calculate the MOE from WISIS measurements.
The growth constraints level inside the trees was estimated measuring the longitudinal residual
deformations of maturation (DRLM), i.e. measuring the longitudinal deformation of the wood on
both sides of a hole (diameter of 20 mm - Baillères H., 1994) drilled radially into the trunk. Even
if this method does not give an exact value of longitudinal growth constraints, nevertheless it
allows comparing stress levels from one tree to the others.
Measurements on increment cores
In addition to Ø 5 mm increment cores collected previously, we have collected one Ø 10 mm
increment core on the North side of each tree using a motorized drill. After drying, we have
cross-cut inside one 3 mm thick disc per ring to measure the mean microfibril angle (MFA) on
each ring using the X-ray diffractometer of the European Institute of Membranes, Montpellier.
Unused wood was grinded into fine particles to determinate lignin rate Klason lignin method,
considering two radial sectors of each tree: the half exterior radius and half interior one.
Measures being not yet completed, we do not present here the results about lignin.
Results
Some results evolving strongly with the distance to the river (figure 1), we should carefully take
into account this interaction when analyzing “sylvicultural” effect.
Dendrometry
data
show
that
agroforestry trees are significantly less
slender than forest trees: height /
diameter ratio is around 58 for AF trees
and 94 for TF trees. This is mainly due
to the very different diameters
(respectively 0.42 and 0.29 m for AF
and TF) as total heights do not
significantly vary. On the other hand,
there was no effect of the planting
density on the ovality (trees are all
close to the cylinder).

Figure 1: each tree volume for each plot vs distance to the Lez river.
Concerning wood quality, there is no “sylvicultural” significant effect on wood density, on green
samples moisture content and on MFA per ring; but, for this last criteria, there is an increase
tendency going with the distance to the river (figure 2a). The radial evolution of MFA doesn’t
show any transition zone; this suggests that at age 19, all the trees analyzed here still produce
juvenile wood, regardless forestry treatment.
Longitudinal MOE, one of the main useful mechanical criteria for wood construction, doesn’t
significantly change according to the treatment but again the strong influence of the distance to
the river suggest that more the water stress is important and more MOE decrease (figure 2b).
This confirms the trends observed on the MFA (figure 2a), an increase of MFA generally
causing a decrease of longitudinal mechanical properties. MOE values are conformed to those
found in the literature for poplar I214 and there was no significant difference between the
measurements obtained on the four cardinal marks (figure 3).
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(a)
(b)
Figure 2: (a) Mean Microfibrillar Angle (MFA) and (b) Longitudinal Module of Elasticity (MOE_L)
per tree vs the distance to the Lez river.

MOE_L (MPa)

Finally, there was no significant difference between the values of DLRM deformations on the
two stands and no gradient related to the distance to the river. However outliers are quite
numerous with the DLRM method.

Figure 3: Longitudinal Modulus of Elasticity (MOE_L) for each tree, treatment and cardinal point
Discussion
The low number of sampled trees invites to interpret carefully the results and to avoid their
generalization. However the trends are consistent and explainable. Distance to the river, i.e.
water availability, appears to be an important factor to explain variabilities. The two plots being
at a different distances from the river, this interaction should strongly be considered. The forest
control plot is characterized by competition between trees for access to light and by a more
"homogeneous" access to water (planting density; proximity to the river). The agroforestry plot is
characterized by a better access to light (low density of plantation, sylvicultural actions), by an
amendment of soil linked to the intercrops, and a higher gradient of water availability (this parcel
is farther away from the river than the forest control plot and trees have spaced widely).
It appears that the primary growth of the two plots is identical (same total height): competition
between TF trees, stimulating the primary growth (for access to the light), may conduct to the
same result than fertilizers effects on trees. Secondary growth is obviously favored by
agroforestry treatment (larger diameter AF).
All AF trees and TF trees show a quasi-cylindrical form which probably indicates a relative
homogeneity of internal stresses level around the trunk. The wood density, MFA and MOE have
the same level both in AF and TF.
To sum up, and on this sampling, intrinsic poplar wood quality coming from agroforestry is
roughly equivalent to the quality of wood produced into forest.
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Introduction
High nature and cultural value (HNCV) agroforestry includes semi-natural farming systems
valuable for biodiversity where cultivation and/or grazing is practiced among trees. HNCV
agroforestry comprises a range of farming systems and practices that have often co-developed
with regional livestock breeds and crops and resulted in distinctive “cultural landscapes”
adapted to specific climate and geographic areas. The processes leading from “natural”
environments to “cultural landscapes” make a major contribution to the world heritage of
biodiversity and are an appropriate focus for scientific research.
Although in the past they formed mosaics of agro-silvo-pastoral systems and landscapes, with
different spatial and temporal scales of integration, currently they are managed mostly as
extensive silvopastoral systems. They are mostly located in marginal areas of different
European regions, where orography, low soil fertility and climate constraints have hampered the
development of intensive agriculture. However even so, HNVC areas also provide multiple
woody and non-woody plant products, high-quality food, livestock and game products,
recreational or cultural services through multiple activities conducted with a comparatively low
environmental impact1. This includes important regulating services such as carbon
sequestration, soil fertilization, microclimate amelioration, and control of atmospheric
contamination and soil erosion2. The capacity of HNVC agroforestry systems to sustain multiple
functions and products has been emphasized as new needs and challenges emerge in modern
society3,4,5.
However, many HNCV agroforestry systems in Europe are facing both environmental and
economic threats that might compromise their long-term persistence. Technological and socioeconomic change and land use policies are resulting in a loss of traditional empirical
knowledge, and a decrease in the profitability and hence the ongoing management of extensive
agroforestry systems. Therefore, an important issue in European landscape conservation is the
preserve semi-natural traditional HNCV agroforestry systems, preventing both agricultural
intensification and land abandonment.
In the European project AGFORWARD (www.agforward.eu), a wide international research team
is working to: (i) inventory the extension and geographical distribution of these systems 6; (ii)
identify in close collaboration with stakeholders the main constraints, challenges and
innovations needed to increase the resilience of the HNVC agroforestry systems 7; and (iii)
evaluate and visualize the role of these systems in terms of provision of goods and services .
This work aims to compile information on the diversity of HNCV agroforestry in Europe ,
describing the structure, components and management practices of these systems, and
identifying the variety of goods and services provided by them.
Methods
Ten HNCV agroforestry systems were selected as representative of the different European
biogeographical regions and agroforestry practices (Table 1). They ranged from forest habitats
that are (partially) farmed (e.g. extensive grazing with reindeers) to mixed farming (e.g. bocage).
They include silvopastoral (SP) systems such as grazed woodlands, wood pastures, and
parklands and are frequently associated with low-intensity livestock rearing.
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All ten HNCV agroforestry systems have been described in detail using a common template
aimed at recording: (i) distribution and extension; (ii) main environmental conditions (climate
and soil); (iii) components (trees, pasture/forage crops and livestock); (iv) management
practices; (v) main marketable products; (vi) ecosystem services scientifically measured; and,
where available, (vii) current trends and economic value of these systems. The description is
based on the revison of international and local literature available for the ten selected HNVC
agroforestry systems.
Main findings
The cases described here vary in structure, components, farming activities and
management practices (see Table 1 for a summary). The list of goods produced in the
European HNCV agroforestry systems that are still marketed is long. While high quality
livestock-based foods (meat, cheese, milk, eggs) are common to most of the systems studied,
some goods are regionally specific. For instance, cork is the main marketable products of
Portuguese montado, and Valonian acorn cups is used for tanning in Greece. Other goods
include timber and firewood, charcoal, mulch, wild fruits (e.g., syrup and jam from rosehips and
mulberry), honey, mushrooms, wild edible, medicinal and aromatic plants, and recreational
activities such as hunting and fishing, education and leisure activities. In some cases, specific
labels are identified for the products of the HNCV agroforestry systems (e.g. Iberian jam,
Sardinian cheeses).
Protection for livestock (shelter) and crops/pastures (windbreaks) were identified as an
important ecosystem service of HNCV agroforestry. The higher capacity of these systems to
store carbon compared to treeless systems has been highlighted8. Soil organic carbon contents
measured in topsoil under old hedgerows can be up to 2.5 times higher than those in the
adjacent crop field9. The importance of grazing wood pastures to control wildfires is highlighted
by Mediterranean cases10.
The capacity to improve water infiltration and prevent soil erosion is mentioned for
Mediterranean case studies but also for the Continental Spreewald floodplain and the Atlantic
bocage. Several studies demonstrated also the anti-erosive effect of hedgerows, with high
spatial variability at the landscape scale11. Especial emphasis on the regulation of the nitrate
and phosphorus pollution is done in Britany where hedgerows are designed to improve the
groundwater quality. At a watershed scale, the nitrate flux brought by water surface decreased
when the hedge tree density increased12.
To enhance biodiversity is a common goal to all the HNCV agroforestry studied. For instance,
ancient trees of British, Hungarian and Romanian wood pastures are especially rich in fungi,
epiphyte, macroinvertebrates, bats and birds. Indeed, wood pastures have been identified as a
priority habitat in the UK. In Portugal, a comprehensive biodiversity survey on a 220 ha montado
farm has identified 264 fungi, 75 bryophytes, 304 vascular plants and 121 vertebrate species
were recorded13. In Spain, 135 species in 0.1 ha in holm oak dehesas and 60–100 species per
0.1 ha in cork oak stands have been described14. The importance of grazing in wood pastures
for flora biodiversity has been demonstrated in Sardinia where the Shannon biodiversity index
was 2.5-4.8 in grazed areas and 1.3-3.8 in ungrazed areas15. The diversity of butterflies in
bocage was found to be higher in hedgerow banks than other herbaceous habitats, in
relationships with a high diversity of plant species 16. Le Feon17 found that the diversity of
pollinators such as solitary bees increased with hedgerow density in farming landscapes, due to
the high quality of nectar and nesting resources in these elements. Regarding the communities
of natural enemies of crop pests, the diversity of predatory carabid beetles, of ladybugs and of
aphid parasitoids in cereals fields was found to be positively related to the density of hedgerows
and/or their proximity to crops in the surrounding landscape 18. Although high biodiversity values
found in Iberian dehesas can be partly explained by the existence of a habitat dominated by
scattered trees, the intimate mix of tree and treeless pastures and marginal habitats has also a
significant role19.
The objective for some systems is the maintenance of the cultural landscape of high aesthetic
value and their associated traditional knowledge and potential for tourism. Indeed, for the
Iberian dehesas, environmentally-related income streams are more important than income from
agricultural products which often hardly compensates labour costs20. Unfortunately,
disaggregated results for HNCV agroforestry systems are not available yet, but results of the
stakeholders meeting held for the ten cases studies show clearly that the low profitability of
these agroforestry systems could compromise seriously their future persistence 7.
With the exception of Iberian dehesas and montados, and in some way the Sardinian agrosilvo-pastoral landscapes, the rest of the HNCV agroforestry systems studied experienced an
important regression and/or abandonment of the farming practices during the 20th century. This
has led to programs to restore traditional farming practices. For instance, in Britany in France,
new hedge planting schemes have been implemented since the 1990s. A plan for the
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rejuvenation of the abandoned hedgerows in the German Spreewald floodplain has also been
initiated. In both cases the hedges can be a source of biomass energy. In Hungary formerly
abandoned areas are being farmed again as wood pastures to supply the demand the organic
and high quality foods. In Sweden forest plans of intensive timber plantations are being adapted
to compatibilist timber production with the reindeer husbandry. In UK, pollarding and grazing
activities in old abandoned wood pastures is re-introduced to maintain the cultural landscape
mostly used for public recreational activities.
Table 1: Ten types of HNCV agroforestry systems of Europe classified by biogeographical
regions
BioSystem
Components and Management
region
Montado, Portugal
Oak (mainly cork oak in montado and holm oak in dehesas) at <
M
(737 000 ha)
80 trees ha-1 + grass understory + livestock (0.2–0.5 LU ha-1)
E
Planting and/or natural regeneration, shrub control, periodical
Dehesa, Spain
D
cropping and regular grazing. Periodical debarking of cork oaks.
(2.3 millions ha)
I
Agrosilvopastoral
Quercus spp. + grass understory + dairy sheep in more open
T
mosaics,
Italy stands and cattle in more dense stands (0.3 LU ha-1).
E
(Sardinia: 806 228 ha Forest policy applied in Sardinia are very restrictive of grazing in
R
of
potential the woods and seasonally limited
R
silvopastoral systems)
A
Valonian
oak Q. ithaburensis and other Quercus + grasses and bushes +
N
silvopastures, Greece sheep, goats, pigs, cows (< 1 LU ha-1).
E
(29632 ha)
Grass can be grazed directly by livestock or cut in more
A
productive areas to provide animal feed (silage or hay)
N
Bocage,
Bretagne, Lines of high- and medium-stem trees (multispecific; hardwoods)
A
France (183000 km contouring crop fields (included fodder crops) and pastures.
T
over 2.7 millions ha)
Hedgerow density varies between 16 and 94 m.ha -1.
L
Planting hedges, with or without bank, pruning, thinning and
A
harvesting
N
Wood pastures and Traditional land use in the UK comprising open-grown
T
parklands, UK
Trees (often pollarded), grazing livestock, and an understorey of
I
(estimated
10000- grassland or heathland.
C
20000 ha)
C
Hedgerows contouring Tree and shrubs hedgerows (native flood plain species such as
O
meadows,
Germany Alnus glutinosa) contouring meadows and field crops. Inter-row
N
(example: Spreewald spacing ~50 m.
T
Biosphere Reserve)
Grass managed by grazing with cattle (3 per ha) and mowing.
I
Traditionally regular harvest of hedgerow biomass. Currently
N
need special permission and are almost abandoned. Deadwood
E
up to 50% of stand trees.
N
Transylvanian
wood Quercus robur, Q. petraea, Pyrus communis, P. pyraster +
T
pastures,
Romania Natural grass + Cattle + sheep ~ 0.3 LU ha-1
A
(~7000 ha)
L
Wood
pastures, Mosaic of open grassland, wood pastures with ancient trees and
PA
Hungary (~8000 ha)
forest.
NO
Sheep, cattle, buffalo, goat. Mostly traditional breeds for the
NI
Carpathian-basin. Grazing is officially prohibited in forests, but
AN
livestock use woody species as fodder.
Forests devoted to Conifers + birch forest: 1500-2000 trees/ha
BORE reindeer
husbandry Understory rich in herbs, berries and terrestrial and arboreal
AL
(up to 24 million ha are lichens. Grazed by migrating reindeer herds. Stoking rate < 0.01
used by Sami villages) ha-1
Soil scarification, planting/seeding, and natural regeneration ,
with further cleaning, thinning and clear-cut (cycles of 100-130
years)

Conclusions
Most of the traditional HNCV agroforestry systems and associated agro-silvo-pastoral practices
were under-valued in the XX century and the systems have either evolved in dense forests and
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shrublands or been deforested by the gradual loss of trees. Recently, HNCV agroforestry
systems have acquired interest again for their ecological, cultural and recreational value,
through the support of agri-environment programmes and the rising demand for high quality
food. Numerous projects of rejuvenation or restoration have emerged to preserve ancient trees,
hedgerows, tree cover, and practices such as grazing forest, pannage, and pollarding.
However, there is still important uncertainties on how to restore and maintain these systems,
and ultimately to guarantee an economic and ecological sustainable management of these
systems. Research on the best agroforestry management practices to optimise more demanded
public services and high quality and low-carbon-emission products are still needed.
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Introduction
Agroforestry for arable farmers is not a common practice in Germany. However, alley cropping for
woody biomass production is of interest because of its high potential to concurrently provide a
biomass feedstock and an arable crop. One of the systems that exists, although at an experimental
level, is the integration of rows of fast growing trees, such as poplar or willow, with arable crops.
The experimental plots were initially established as part of the German joint research project
“AgroForstEnergie - Economic and Ecological Evaluation of Agroforestry Systems in Farming
Practice“, funded by the German Federal Ministry of Food and Agriculture (AgroForstEnergie 2015).
The goal of this project was to study alley cropping systems, which concurrently produce a woody
biomass feedstock and conventional agricultural crops. Currently the work is continued through the
AGFORWARD Project.
The State of Brandenburg is known for its light sandy soils that are prone to wind erosion. The
introduction of tree hedgerows within the agricultural landscape can reduce wind erosion (Böhm et
al. 2014). In addition, microclimatic conditions such as soil moisture, wind speed reduction, relative
humidity and air temperature have been more favourable for plant growth in crop alleys compared
to reference crop areas (Böhm et al. 2014; Quinkenstein et al. 2009).
Sugar beets are a common crop for conventional agricultural systems in Western Europe. As part of
agroforestry systems, sugar beets have rarely been studied. Even though sugar beets can root up
to a depth of 2 meter, their yields can be significantly reduced due to a lack of water (Hoffmann
2010; Bloch et al. 2006). Agroforestry systems that consist of tree hedgerows and crop alleys, also
known as Alley Cropping Systems, have the potential to increase plant moisture in comparison to
conventional agricultural systems (Quinkenstein et al. 2009).
This study aims to assess tree hedgerow effects on sugar beets. The objectives of this study were
to; 1) assess how tree hedgerows planted at three distances affected sugar beet yields ; 2) to
correlate soil moisture values of the top 15 cm with sugar beet yields at the same distance of the
tree row; 3) to assess the effects of drought stress on sugar beet yield.
Material and Methods
Site description
The study site is located on land owned by the
Agricultural Cooperative Forst in close proximity to the
city of Forst (Lausitz), Germany. The system studied is
considered an Alley Cropping System (ACS) of which the
tree hedgerows consist of short rotation coppice fast
growing woody crops. The sugar beet yield study took
place in the Northwestern part of the ACS. In this part of
the alley cropping system the tree hedgerow consists of
poplar (Populus nigra L.× P. maximowiczii (variety Max
1)) and black locust (Robinia pseudoacacia). This part of
the experimental site was planted in 2010. The poplars
did not establish well during the first year and were
replanted in 2011. The spacing within the hedgerows
was 4 double rows with 75 cm within the double row, 1.8
m between the double rows and 90 cm within the row.
The tree hedgerows are 12 meter wide, which includes a
buffer strip of 1.8 m on both sides. The crop alleys are
96m, 48m and 24m wide.
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The sugar beet crop was seeded within the crop alleys and on an adjacent conventional agricultural
field during the middle of April 2016. A manual harvest of sugar beets at the study site took place
between the 30th of September and October 6 th. Measurements took place at the three western crop
alleys of the alley cropping system (Figure 1). Within the alley cropping system both crops in close
proximity to the tree rows and crops in the middle of the alleys where harvested in order to take the
interaction at the crop/tree interface into account (Roa and Coe 1991). For the 96 m and 48 m wide
crop alleys crop plots were measured at 3 m, 12 m east and west of the tree row and in the centre
of the alley and for the 24 m wide alley at 3 m east and west of the tree row and in the centre. Six
replications were carried out for each treatment. Sampling plots were approximately 3 – 5 m² in size
and consisted of 3 sugar beet rows. Prior to sugar beet extraction all beets in those sampling plots
were counted and the exact plot size was measured. These values were required for subsequent
yield calculations. For sugar beet harvest in each of the plots the following protocol was used: 1)
above- and below ground biomass of 12 sugar beets were harvested and weighted separately (in
kg); 2) two sugar beets were collected for dry matter determination. The two beets for dry matter
determination were stored in ziploc bags, transported to the laboratory and dried until a constant
weight at 105°C.
Soil moisture was measure with a Time Domain Reflectometry (TDR) (IMKO GmbH, Ettlingen,
Germany) mobile probe to a depth of 15 cm on a bi-weekly basis between mid-May and the end of
August.
Statistical Analysis
Statistical analysis was carried out using SigmaPlot 12.5 (Systat Software GmbH, Erkrath,
Germany). Differences in sugar beet yields between the ACS and the conventional crop reference
site were assessed with two-way ANOVAs Dunnetts method for each of the alley widths separately.
Differences in soil moisture between the ACS and the reference crop site were assessed with
ANOVA Dunnetts method. Differences between eastern and western (leeward and windward) side
of the tree hedgerow for the 96m and 48m alleys were assessed with a one-way ANOVA on Ranks
(Kruskal-Wallis method), because the normality test failed. For all statistical test we used a
significance level of α = 0.05 unless mentioned otherwise.
Results
The overall trend for sugar beet yields showed a reduction in close proximity to the tree hedgerow
and an increase at 12 m and in the middle of the alleys in comparison with the adjacent reference
crop field (Figure 2). The yield differences main effects were significant for the 96m (p=0.026) and
48m (p=0.004). A comparison between each of the distances and the reference field showed
significant differences for the 48-W12 (p=0.006).
The amount of leaves of the sugar beet crop was less for all distances except for the 12 m west
side of the 48m alley within the alley cropping system compared with the reference site. Significant
differences were measured among the different distances and the control site for the 48 m alley
(p=0.02). No significant differences were present between the separate distances and the control
site.
Soil moisture values decreased over the course of the growing season with values between 40%
and 45% during the beginning of June and as low as 20% during the end of July (Figure 3).
Significant differences in soil moisture were measured between the reference site and the 48m alley
for July 27 when taking all distances into account (p<0.001). For the 96m alley soil moisture values
were higher in comparison with the references site when only taking measurement point of 21m or
less into account (for better comparison with the 48m alley) for July 27 as well, but these differences
were not significant (p=0.283). Differences between the leeward and the windward site were tested
for the 96m (p=0.0451) and the 48m (p=0.133) alleys as well, but were not significantly different.
Discussion
The lower sugar beet yields in close proximity to the tree hedgerows can be explained by
competition for light and water (Grünewald et al. 2009). Increased weed competition and a lack of
soil tillage close to the hedgerow could have resulted in lower yields at a distance of 3 m from the
hedgerow as well. In addition, competition for soil nutrients and interactions related to weeds may
have affected sugar beet yields (Rao et al. 1998). The greater yields at a distance of 12 on the
other hand can be explained by a reduction in temperature extremes, evapotranspiration, erosion
due to wind and water (especially on the leeward side) (Grünewald et al. 2009; Böhm et al. 2014).
Lower wind speeds and a reduction in temperature extremes were measured for the ACS compared
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with the reference site during the 2015 growing season (data not shown). The reduced
evapotranspiration and lower temperature extremes on the leeward side also corresponded with
higher soil moisture values on the leeward side of the hedgerow on the 27 th of July. The greater soil
moisture values were most prominent for the leeward 48m alley, which corresponded with the
significantly greater sugar beet yields at 12m distance.
Sugar beet yields that varied between 15 and 25 Mg ha -1 year -1 were on the high side of estimated
sugar beet yields for Europe ranging from 6 to 25 Mg ha -1 year -1 (Van Lanen et al. 1992). For water
limited yield this value ranged from 3 to 20 Mg ha -1 year -1.
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Introduction
It is estimated that olive groves cover an area of 600,000 ha in Greece (Schultz et al., 1986),
with a significant part of them (124,311 ha) forming typical agroforestry systems with various
crops or pasture established in the understory of olive trees (Papanastasis et al., 2009).
According to Schultz et al. (1986) olive (Olea europea) is the most widespread cultivated tree in
Greece. Olive trees alone or in orchards are found in all parts of the country which have a mild
Mediterranean climate. The olive tree is considered as one of the least demanding in soil
nutrients among the cultivated trees. This is why it is planted in poor, rocky areas with soils
mostly derived from hard limestone. A large part of the olive groves are found on steep hill
slopes in the lowlands and islands which have been terraced with stone walls to hold the soil.
Olive trees are the only tree component in the typical olive culture. Quite often, however, other
trees are found as well, including carobs (mainly in Crete), almonds, walnuts , apricots, fig,
poplars, plums etc. (almost everywhere), either together with the olive trees or along the
boundaries of the olive orchards. In the traditional systems, practically all olive trees came from
wild plants which were grafted. Edible olives and olive oil are the main products of olive trees,
while secondary products include fodder for animals and firewood. In some places, exquisite
furniture and handicrafts are made of olive wood. Under the olive trees may be found: (a)
grazing animals (sheep, cattle, goats, even honey bees, pigs or chickens), (b) wheat or other
cereals, corn, alfalfa, or grapevines, (c) vegetable crops, i.e. potatoes, melons, tomatoes,
beans, onions, or fava beans, or (d) wild herbaceous vegetation, some plants of which are
edible. Animals may graze on the spontaneous vegetation or on planted crops (ex. wheat or
barley). The aim of the study was to produce quantitative information about the intercropping of
olive trees and leguminous crops or cereals.
Materials and methods
For this reason, a controlled experiment (1.08 ha area) was established in the premises of the
State Agricultural Prison of Kassandra Chalkidiki, in December of 2014 (40.1106953 and
23.3425052) (Pantera 2014). The mean annual precipitation of the area is 602.5 mm and the
mean monthly temperature is 16.2 oC. Regarding the soil data soils derived from luvisols with
poor fertility and soil depth less than 0.5 m, an 8.2 pH and an 8.5 % organic matter. The aspect
is south and the slope is 15%. Olive trees are 80 years old and are cultivated for olives and
olive oil in a density of 100 trees/ha. The crops were barley (Hordeum vulgare L.), and a mixture
of barley and common vetch (Vicia sativa).
The design involves three treatments in three replications in a latin square design, namely olive
trees + barley, olive trees + a mixture of barley and common vetch, and olive trees alone as a
control. The experimental design is shown in figure 1. There was also a reference site with
barley covering an area of 2 ha out of the system described above; in the reference site barley
was sown in mid-November 2014. Tree spacing is 10 x 10 m. Therefore, every treatment covers
an area of 0.12 ha and the total area is 1.08 ha. Crops sowing in the agroforestry plots took
place on the 23d of December 2014, relative late for the area due to the very rainy autumn
period. However, no particular problems phased after a normal spring. The quantities for seed
and fertilizer were the following: treatment A (barley): Barley 240 Kg/ha and fertilizer 130 Kg/ha
(24-10-0, N-P-K) and treatment B (barley+common vetch): Barley 80 Kg/ha, Common vetch 120
Kg/ha and fertilizer 120 kg/ha (0-46-0, N-P-K).
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Barley

Barley + Common vetch

Control

Figure 1. Experimental design of olive intercropped system in the premises of the State
Agricultural Prison of Kassandra Chalkidiki.
The crop sampling was concentrated on the area close to 6 sample trees selected inside each
experimental plot and on the reference site. Crop sampling plots included plots in close
proximity to the tree canopy and in the centre between the tree rows. Above ground biomass in
treatment B (barley+common vetch) was harvested using a (0.5X0.5m) square quadrat. Plant
density (nr of tillers/m2), height, heads/ m2 and grains per head were measured in treatment A at
the end of May of 2015.
Results
The preliminary results (Table 1) shown that regarding the treatment B and total biomass
according to the relative position to the tree there is no significant difference betwee n the total
biomass averages of the samples taken at the edge of the tree or between the trees (pvalue=0.0878). It could suggest that according to the relative position to the tree, the
accumulation of the biomass is similar. The position of the tree seems to not influence the
quantity of biomass of the crops. For the same treatment also found that there is a significant
difference (p-value=0.0109*) in the number of seeds according to the distance to the tree. The
number of seeds is higher in the samples harvested at the edge of the tree. The tree could have
a positive effect on the formation of seeds.

Table 1. Biomass and number of seeds in mix of barley and common vetch treatment according
to distance from the olive trees
Category
Edge of trees
Between the tree rows
Dry biomass yield of the 6.53
7.88
mixture (t/ha)
Number of barley seeds/head 19
18*
* Means statistical significant differences in the same row
The analysis of variance for treatment A results (Table 2) shown significant difference: for the
density of barley (p-value<0.001), for the height (p-value<<0.001), number of heads (pvalue=0.007**) and number of tilers (p-value=0.0404).
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Table 2. Density, height, number of tillers and number of heads of barley treatment in
agroforestry and monoculture plot with barley
Parameters
Type of plots
Agroforestry
Monoculture
Density (nr of plants/m2)
73.48
42.68*
Height (m)
0.72
0.91*
Nr of tillers/m2
320.28
390.68*
Nr of heads/ m2
279.12
365.20*
* Means statistical significant differences in the same row

Only the plant density is higher in agroforestry plot, the other parameters are higher in the
reference plot with barley. The large difference in density of agroforestry and monoculture plots
is probably a result of different seeding time making the latter strongly established with higher
plants and greater number of tillers and heads per plant.
Conclusions
Biomass yield of the mixture (barley and common vetch) was similar close to tree canopy and
between the tree rows. The parameters for treatment A (barley) had differences in agroforestry
and monoculture plot suggesting the latest more productive.
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Introduction
It is estimated that olive groves cover an area of 705,961 ha in Greece (EUROSTAT 2012)
while a great part of them (124,311 ha) forms typical agroforestry systems with various crops or
pasture established in the understory of olive trees (Papanastasis et al., 2009).
Olive (Olea europea) is probably the most widespread cultivated tree in Greece. Olive trees
alone or in orchards are found in all parts of the country that have a mild Mediterranean climate.
The olive tree is considered one of the least demanding in soil nutrients among the cultivated
trees. This is why it is grown in poor, rocky areas with soils mostly derived from hard limestone
(eg. Gomez et al., 2003; Vossen 2007; Duarte et al., 2008). A large part of the olive groves are
found on steep mountain slopes that have been terraced with stonewalls to hold the soil. Olive
trees are the only tree component in the typical olive culture. Quite often, however, other trees
are found as well almonds, walnuts, apricots, fig, poplars, plums etc. (almost everywhere),
either together with the olive trees or along the boundaries of the olive orchards. In the
traditional systems, practically all olive trees have come from wild plants that were grafted.
Edible olives and olive oil are the main products of olive trees, while secondary products include
fodder for animals and firewood. In some places, exquisite furniture and handicrafts are made of
olive wood. Under the olive trees they may be found: (a) grazing animals (sheep, cattle, goats,
even honey bees, pigs or chickens), (b) wheat or other cereals, corn, alfalfa, or grape veins, (c)
vegetable crops, i.e. potatoes, melons, tomatoes, beans, onions, or fava beans, or (d) wild
herbaceous vegetation, some species of which are edible (eg. common purslane - Portulaca
oleracea) or medicinal (eg. devil's thorn – Tribulus terrestis). Animals may graze spontaneous
vegetation or planted crops (ex. wheat or barley) (Papanastasis et al. 2009).
In the Fthiotida prefecture of Greece, agroforestry is a traditional land use system in which
farmers used to combine olive production with grazing animals and arable crops (vegetables) in
the same plot. In this way they ensured a steady economic return every year irrespectively of
weather conditions or other type of hazards. The area is covered by forests (72%), arable land
(18.3% cover), and pastures (8.1%) (ELSTAT 2000). Settlements and traffic infrastructure cover
around 1.3% of the land area (ELSTAT 2000). Agricultural systems mostly involve field crop
production (58%) but also include vegetables (3%), vines (1%), and tree plantations (27%),
operating on small plot units (ELSTAT 2013). Typically, farms are small (average size: <3 ha)
and managed as private enterprises. Land is usually owned or rented by farmers. Olive trees in
the prefecture are estimated to be more than 200 years old. They amount to almost 7,000,000
trees with the prefecture holding a leading role in edible olives production in the country.
This research is conducted under the framework of the AGFORWARD research project
(January 2014 - December 2017), funded by the European Commission, with the general aim to
promote agroforestry practices in Europe that will advance sustainable rural development. The
combination of olive orchards with arable crops (cereals) in the same field used to be a
traditional land use system in Central Greece and is nowadays regaining interest. A
stakeholders’ group meeting on ‘Intercropping in olive groves of Greece’ was held on 27 June
2014. This meeting identified examples of interesting or best practices that involved trees
intercropped with aromatic/medicinal herbs, leguminous plants for soil amelioration, and higher
quality products for human consumption or for feed.
Material and methods
Description of the specific case study system in Molos, Fthiotida, C. Greece
The system investigated occupies an area of 2 ha with co-ordinates 38049’22.58” N
&22037’22.73” E, 11 m asl. The climate is Mediterranean-type with a mean monthly temperature
16.5 oC and a mean annual precipitation 573.8 mm (Hellenic National Meteorological Station,
1999). Soil type belongs to “Luvisols” and has more than one meter depth, SCL (sandy-clay-silt)
texture, pH 7.97 and an eastern aspect. The system is composed of two varieties (“Kalamon”
and “Amfissa”) of olive tree (Olea europea). Trees were planted in 1950 at a spacemen of 10 x
10 m. Chickpeas were planted in March 2015. Copper (Cu) was sprayed as a pesticide.
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Trial design, treatments and measuremets
The design involved two treatments, namely olive trees + chickpea and olive trees alone as a
control. An area 0.2 ha of the olive orchard was intercropped with chickpeas in rows 5 m x 60
m while the remaining orchard that contains only olive trees with the exception of 0.2 ha which
has other tree species as well is used as control. They were sown 80 kgr / ha of chickpea in the
first week of April. Field measurements described in the research and development protocol
(Pantera et al. 2015) began in April of 2015 and will continue until the end of 2016. All
measurements have been and will be conducted by researchers from the TEI Stereas Elladas in
collaboration with researchers from Aristotle University of Thessaloniki, Greece.
Results
There were no differences in olives production between the two treatments at end of the first
year but the cost of production was reduced in the intercropped area since no nitrogen fertilizer
was applied compared with the control (Table 1). However, and as mentioned before, these are
only preliminary results and must be used with caution. The experiment will be repeated again
in 2016 in two different locations of the Fthiotida perfection.
Table 1: Result from the experiment: olive production and cost
Treatment A
Treatment B (olives)
(olives + Chickpea)
Weight of olive production
7 kg /tree, 840 kg/ha
7 kg /tree, 840 kg/ha
Fertilizer cost €/tree
0
3.30
It should be noted that olives production was relatively low in 2015 due to the unfavourable
weather conditions during the tree blossoming period which affected negatively tree fruiting.
Chickpeas production was also reduced due to the unfavourable weather conditions in the
spring. The experiment will be repeated in 2016.
To conclude, intercropping olive trees with a leguminous crop appears to be a promising
practise that may contribute not only to increase economic returns to the farmer but also to the
environment by decreasing fertilizers use and soil and water contamination.
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Figure 1: Traditional olive grove intercropped with chickpeas
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Introduction
Global trends, such as population growth and increased demand for food and energy
require rational and efficient land use with ecosystem services provisioning beyond yield.
Silvoarable agroforestry (SAF) is a land use system in which crops for food and trees for
bioenergy purposes are grown on the same land. While there is some research of SAF systems
in Europe, very few studies have report on crop yields associated to SAF. Most of the studies in
Europe deal with ecological aspects of SAF, such as carbon sequestration, nutrient competition,
root length and root interaction of trees and crop (Quinkenstein et al. 2009, Plieninger 2011,
Smits et al. 2012, Upson and Burgess, 2013, Cardinael et al. 2015a, Cardinael et al. 2015b,
Medinski et al. 2015). But what is the answer to the most practical question? What are the crop
yields from such systems in Europe?
If a farmer decides to introduce trees to his arable land, how long will it take before the trees
become dominant to the extent that crop production is no longer feasible? What is the influence
of trees on crop productivity under European conditions? What factors should be considered,
e.g. number of trees per ha (width of tree rows in alley cropping systems), age of trees, and
thus the shade they are casting, water extraction?
In Africa, SAF can significantly increase crop yield since tree shading has a positive influence
on microclimate, and tree litter can contribute positively to soil quality (Nair, 1993). However,
what about Europe? In Europe soils are often fertile and shading effects in European climates
will generally tend to decrease yields, rather than increase them, due to climatic conditions, but
also due to the selection of crops to be grown. Therefore, the question on the feasibility and
productivity of SAF is delicate.
Here we review the existing literature and synthesize the reported crop yields and determine
what would be the most efficient (productive) design of SAF system in Europe (number of trees
per ha, width of rows in alley cropping system, etc.). We hypothesize that shading will be a key
driving force of crop yields. Thus, crop yield will change with distance from the tree and tree age
(and therefore its canopy size) will affect crop yields. Width of rows in alley cropping is expected
to have a significant influence on crop yields. In addition, crop yields in association with trees
are likely to vary between different parts of Europe. Positive effects of shading by trees may be
anticipated in Mediterranean or continental conditions with hot dry summers, while a need of
adaptation strategy is necessary for Atlantic regions, as has been already shown in the dehesa.
Materials and methods
A literature search for agroforestry data in Europe was conducted in the Web of Science
CoreCollection (WoSCC). The terms for search were: “agroforestry”, “Europe” OR “yield” OR
“silvoarable” OR “alley cropping*”. The search identified six publications which had a minimum
set of data required for analysis: crop relative yields, distance from trees, tree age, region, crop
and tree species. Three publications were from the Mediterranean region (Moreno et al. 2007,
Moreno 2008, Dufour et al. 2013) and three from the continental and Atlantic region (Burgess et
al. 2004, Graves et al. 2010, Ehret et al. 2015). Some studies investigated yields of fodder
plants, mainly legumes and grasses (Burgess et al. 2004, Moreno 2008, Ehret et al. 2015) while
others investigated cereal yields (Burgess et al. 2004, Moreno et al. 2007, Graves et al. 2010,
Dufour et al. 2013). To standardize data, we focused the analysis on relative yield which is a
ratio of crop yield in SAF system (Y1) and crop yield in monoculture system-open field (Y2) which
makes a relative yield: y = Y1/Y2. Some studies collected data over several years (Burgess et al.
2004, Graves et al. 2010, Dufour et al. 2013, Ehret et al. 2015). In such cases, we took tree age
into consideration. All of the studies had information on control site (open field), from which we
calculated relative crop yields in the SAF stand; the only exception was Moreno et al. (2007)
who investigated the influence of tree distance (2.5m, 5m, 10m, 20m and 30m) on crop yield in
traditional agroforestry systems so it had no open field data. In this case, we used 30m distance
from the tree as the reference yield (open field crop yield).
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Results and discussion
Most relevant data come from alley cropping studies in France, the UK (Cirencester, Leeds,
Silsoe), Germany (Cottbus) and traditional silvoarable agroforestry systems in the Dehesa area
in Spain. Crop and tree species vary substantially among studies (crops: wheat, oat, grasses
and legumes) trees: poplar, black locust, oak and willow. Modern alley cropping systems have
more trees per ha (100-150) than traditional SAF, such as Dehesas (8-25). Alley cropping
studies had a row width of 13m in the south of France and 10m in the UK. In France, the tree
species were walnut, planted in 1995, and in the UK poplar trees, planted in 1992.
Some studies had management treatments (fertilization or grass cut regimes), including data for
the sole crop ) so relative yields could be calculated (Burgess et al. 2004, Moreno et al. 2007,
Moreno 2008, Dufour et al. 2013, Ehret et al. 2015). Results from different studies showed
similar patterns in relative yield, with the exception of the study from Spain (Moreno 2008) in
which fodder (dry matter of grassland) yield was investigated beneath the tree (canopy shade)
and open grassland (Figure 1). In this study the grass and legumes yield was lower on open
grassland than under the canopy shade, indicating a positive influence of the trees on the
fodder crop, whereas in all other studies, yield increased with distance from the trees, indicating
competition between crops and trees, but also because of the better adaptation of grasslands to
shade and the selection of species able to grow well under partial shade conditions. Possible
explanations for a positive effect in the Dehesa system are a reduction in water stress due to
shading by the tree, improved soil organic matter due to litter input, and associated retention of
water and nutrients in the soil in the proximity of trees. Effect of tree distance on relative yield
showed lower variability in the observation further from the tree rather than under the tree
(Figure 2).

Figure 1: Relative yield in six investigated studies. Studies: 1.) Dufour et al. 2013, (Alley
cropping, Wheat-Walnut); 2.) Burgess et al. 2004, (Alley cropping, Barley/Wheat-Poplar); 3.)
Graves et al. 2010, (Alley cropping, Barley/Wheat-Poplar); 4.) Moreno et al. 2007, (Traditional
AF, Oat-Oak); 5.) Moreno 2008, (Traditional AF, Grass and legumes-Oak); 6.) Ehret et al. 2015,
(Alley cropping, Grass and legumes-Willow)

The results indicate that the relative productivity of SAF systems compared to sole crop systems
depends on the region or part of Europe. Studies from Mediterranean region report high relative
yields beneath the canopy shade, unlike the studies from other parts of Europe (Figure 1 and
2). Light, and thus tree species, width of the alley (or distance from the tree), and age of tree
stands could play a crucial role in achieving satisfactory crop yields. Therefore, investigations
on setting up alley cropping systems in Europe should primarily consider the region of study as
a research base. With only six retrieved studies containing primary quantitative information on
crop yields in AF under European conditions, we conclude that there is a scarcity of such
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information. Additional studies focused on crop yields will be necessary to determine profitability
and feasibility of SAF in Europe, if only crop is considered.

Figure 2: Relative yield (%) at different distances from the tree (m)
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Introduction
Modern intensive agriculture is progressively facing several major ecological problems, such as
i) loss of biodiversity, ii) soil erosion, iii) eutrophication, including nitrate leaching. Alley coppice
systems could provide a solution to these problems: in fact, the possibility to utilize the soil for
multiple cultivation and to grow high-value trees in combination with Short Rotation Coppice
(SRC) crops for biomass production would meet the need for sustainable agriculture, as it would
provide important productive and environmental benefits. The main advantages of such alley
coppice (AC) system could be that: i) farmers would receive payments for biomass every 2-5
years for 10 or more years when high-value timber trees are in the juvenile phase, ii) the highvalue timber trees could be planted with definitive spacing, thus avoiding the costs of thinning iii)
the SRC, with a rapid canopy closure, would have a positive environmental impact reducing soil
erosion, improving GHG absorption and increasing biodiversity, iv) the SRC could protect the
high-value timber trees from wind and storms, v) the light competition of SRC would help the
stems of high-value timber to grow more straight and with a lower number of thin branches than
in the traditional mono-cultural model of plantation forestry (Loewe et al. 2013; Morhart et al.
2014). Thus, the alley coppice system is a specific form of agroforestry system in which the long
lasting element is the timber trees population. Mixed timber trees plantations, although strongly
recommended for their productive and environmental advantages, are rarely realized because
their technical management is more complex in comparison to mono-specific timber plantations
(Kelty 2006). In order to evaluate the feasibility of alley coppice systems and the effect of SRC
on high-value timber trees an experimental plantation was established in the Po Valley, northern
Italy, in 2006, to compare alley coppice plots and pure timber plots, in particular as regards
height and diameter growth and stem form.
Material and methods
The plantation, covering a total area of 1.5 ha, was established at Casale Monferrato (Northern
Italy), on flat agricultural land with alluvial soil (sandy soil). The climate is sub-continental, with a
mean annual temperature of 13 °C and rainfall averaging 750 mm per year (with 400 mm during
the growing season, from April to October). Experimental plots were established to compare
pure plantations of Sorbus torminalis and Pyrus communis with the combination of these timber
trees with poplar clones under SRC management grown as an alley coppice system. A
randomized block design with 2 replications for each of the two treatments (pure timber trees
and alley coppice) was applied. One-year old rooted seedlings were planted at 8 × 8 m spacing.
Three poplar clones were used for the SRC: ‘Lux’, ‘Oglio’ (P. deltoides) and ‘Triplo’ (P
×canadensis). The distance between poplars and timber trees was 3 m. Poplars were planted
using 120 cm long unrooted stem cuttings, placed horizontally on the soil surface wi th an interrow distance of 2 m (Bergante et al. 2016). Before the establishment of the plantation, the soil
was ploughed and arrowed. Ryegrass (Lollium perenne) was sown as cover-crop and organic
mulch was utilized on Sorbus and Pyrus trees. During all the growing seasons all plots were
irrigated 2-3 times by sprinkling; during the summer of the first year, harrowing was carried out
three times, only between the SRC rows. During the second and following years, cultivation
operations were reduced: in pure timber tree plots ryegrass was harvested twice per year (to
feed farm cattle) and during the 2 nd, 4th, 5th and 9th spring all timber trees were manually
fertilized with localized nitrogen. In the alley coppice (AC) plots weed control was carried out by
mulching only once in late spring. One-two treatments against Crisomela populi were applied
on poplar in spring and summer. SRC was harvested mechanically at the end of the 2nd, 4th, 6th
and 8th year. At the end of each growing season, tree survival (in %), stem diameter at breast
height (Dbh) and total stem height (H) were recorded both on timber trees and poplars.
Aboveground dry biomass was estimated using allometric regressions between the Dbh and
shoot dry weight recorded. On December 2013, measurements of the timber tree stem shape
were carried out in order to detect any positive effects of the combination with SRC poplar on
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the wood quality of the timber trees, as described in Paris, 2014. The data on growth, yield and
quality of timber trees were compared in order to study the effects of the inter-relationship
between high-value timber trees and SRC poplar. Data were analyzed with ANOVA, and a post
hoc test was performed when possible, utilizing R software and ‘Agricoale’ package (R Core
Team 2015; De Mendiburu et al. 2014).
Results and discussion
At the end of the 9th year, the timber tree species in alley coppice stands showed a steady
growth, reaching a total average H of 438 and 395 cm for Pyrus and Sorbus respectively
(Figure 1), while the maximum height was reached in the pure stands (523 and 453 cm
respectively). SRC poplar reached an average total H of 316 cm.

Figure 1: Total height of high-value timber trees (Sorbus and Pyrus) and SRC poplar, in the
alley coppice experimental field, with biennial coppicing rotation, for the first nine years since
establishment.
Dbh reached in average 63 mm for Pyrus and 47 mm for Sorbus with a maximum growth in the
pure stands (Figure 2). In 2015, at the end of the first growing season after the 4 th harvest,
poplars reached a mean Dbh of 20 mm and statistical differences were found for Dbh among
clones (Figure 3).

Figure 2: Mean dbh in mm of Pyrus and Sorbus grown in pure stands and AC after nine years.
The best performing clone, ‘Oglio’ reached a total average H of 340 cm and differences
between ‘Oglio’ and the other two clones were statistically significant. The light competition of
poplar towards the associated high-value timber trees seems to cause a slower growth,
although during the last year (2015), due to water availability and low competition in height,
timbre trees improved their growth. As for Dbh and height, differences between treatments are
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significant, and timber trees in pure stands are bigger than those grown in association with SRC
poplars. On the other hand, light competition positively affects the wood quality, as
demonstrated by the value of the index of wood quality (Q), measured at the end of the 7 th
growing season, which is higher for plants grown in combination with SRC poplar (55) than for
those grown in pure stands (32): the competition improved the stem shape and forced the highvalue timber trees to grow with a straight stem and thinner branches (Paris et al. 2014).
These results are in full agreement with other experiments on mixed timber tree plantations,
demonstrating the positive effect of trees mixture on timber wood quality (Loewe et al. 2013;
Mohni et al. 2009).

Figure 3: Mean and Waller-Duncan test (p<0.05) of poplar dbh in mm at the end of the first
growing season after the 4th harvest (2015).
Conclusion
After nine growing seasons, the timber trees in the alley coppice stands reached satisfactory
dimensions, besides improved stem shape and wood quality, in comparison with the timber
trees grown in pure stands. We used a distance of 3 m between the high-value timber trees and
SRC poplar rows, which seems to have caused some competition, with statistically significant
effects on the timber trees: negative ones on growth, particularly in the first years, and positive
ones on their stem shape. The competition could be avoided by increasing the distance
between timber trees and SRC poplar.
The alley coppice design applied in this trial could be an innovative system in consideration of
its ease of management, simple timing and high mechanization of cultivation operations. Among
the positive effects of alley coppice are an improved stem shape and better wood quality of the
timber trees, as well as a contribution to the reduction of GHG emissions if a bioenergy
intercrop with a high capacity of soil C sequestration is used (Sabbatini et al. 2016).
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Introduction
In the past, fuelwood production played an important economic role in European agroforestry
systems, especially in regions with a high population density, as was the case in the Cevennes
in southern France. Wood pruned or pollarded from chestnut, ash and fruit trees was used for
heating and cooking. Very little data has been published on the quantities of wood that were
produced, but personal communications with older farmers indicate values of about 2.4
t/ha/year (t = metric ton).
In many African countries, farmers harvest most of their fuelwood in their own fields and
pastures. Yet although numerous studies have been conducted, some relatively old (CTFT
1989; Depommier and Guerin 1996), and despite recent international scientific recognition of
the importance of tree-based bioenergy (Neufeldt et al. 2015), few figures have been published
about the actual productivity of African agroforestry systems, in which ecological and socioeconomic conditions vary greatly.
With the support of funding agencies such as the World Bank, the French Development Agency
(AFD) and the French Global Environment Facility (FFEM), projects are now underway to
develop wood energy master plans to supply African cities. Researchers are being asked to
provide figures to estimate fuelwood production in the anthropized areas which cover most of
these cities’ wood energy supply basins. CIRAD and its partners have conducted a number of
studies that provide an initial assessment of the productivity of agroforestry systems (AFS) in
Africa.
Material, methods and results
Logging planted tree fallows
In many African countries, CIRAD has contributed to the introduction of an innovation which
involves planting fallow land with leguminous trees (Peltier and Balle Pity 1993). This
improvement of the slash-and-burn system aims to restore the fertility of degraded land and limit
forest clearing by farmers while increasing the production of wood energy (Harmand et al 2004).
This innovation has had some success in northern Cameroon, with the planting of Acacia
Senegal (which also produces gum arabic (Harmand et al 2012)) and in southwestern D. R.
Congo, with the planting of Acacia auriculiformis (also a host of edible caterpillars). In Ngong
(northern Cameroon), where 900 mm of rain falls per year, fallow land with ferruginous alluvial
soils exhausted by three decades of continuous cropping of cotton and sorghum were planted
with 576 Acacia Senegal / ha. At the end of 15 years, the production of wood energy was 2.74
t/ha/year. Many farmers have found that income from the sale of firewood (73 €/ha/year) is
higher than that from gum arabic, yet the latter is still promoted by research and development
services (D'Andous Kissi et al. 2013). On the Bateke plateau in Mampu (DR Congo), an 8,000
hectare forest was planted for the establishment of a sequential agroforestry system (Nair,
1993). The area, with thick sandy soils (400 m) and rainfall of 1,400 mm/year, was formerly
occupied by wooded savannah and then degraded by cassava crops. The average production
of wood energy in the agroforestry system was estimated to be 10 t/ha/year (Bisiaux et al.
2013).
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Pollarding the Sahelian and Sudanian agroforestry parklands
Calculations on small plots with a high density of trees
In northern Cameroon, agroforestry systems are being renovated following the implementation
of an Assisted Natural Regeneration policy (Smektala et al. 2005). CIRAD, IRAD and
AgroParisTech have studied the fuelwood productivity of Vitellaria paradoxa (shea-butter tree or
shea) and Faidherbia albida (Faidherbia) parklands (Peltier et al. 2007). To enable the
production of diverse items (tree fodder, fuelwood, shea fruit, and Faidherbia pods) while
limiting shade over crops, livestock owners and tree owners came to an agreement that
pollarding would take place on a rotating basis every eight years. The shea tree parkland, which
is near the city of Garoua, receives 900 mm of rainfall per year, and is located on ferruginous
alluvial soils, has a density of 30 adult trees/ha. Pruning is done late in the dry season to
provide supplementary food for cattle (Fulani Zebu) and reduce shade on crops. After cattle
consume the leaves (despite its high tannin content, this unpalatable foliage is nonetheless
browsed due to a lack of green fodder), wood branches are left to dry and are then collected for
cooking. The fuelwood productivity of this agroforestry system has been estimated at 1.07
t/ha/year.
A large Faidherbia parkland is located to the east of the city of Maroua, along the border with
Chad. The soils are alluvial and ferruginous, rainfall is 600 mm/year. Trees which retain their
foliage throughout the dry season are pollarded to provide a nutritional supplement for the
livestock (cattle, sheeps and goats) of Tupuri agro-pastoralists. The leaves of this legume tree,
rich in nitrogenous matter, facilitate the digestion of dried grass fodder. Once the foliage is
consumed by animals, the branches are left to dry and then are collected to be used for thorny
fences or as wood energy. In the village of Sirlawé, for an average density of 30 mature
trees/ha, wood energy production was estimated at 3 t/ha/year.
Calculations on very large areas with a low density of trees
In Burkina, Mali and Niger, during the inventories made prior to the drafting of the master plans
for the wood energy supply of large Sahelian cities, an attempt was made to estimate the
average productivity of large areas occupied by agroforestry parklands with varying tree
densities and environmental conditions. For example, in the fuelwood supply basin of Zinder,
Niger (CIRAD et al. 2015), the surface of agroforestry areas lato sensu was estimated to be
5,108,237 ha, or 85% of the basin. The average biomass of tree crowns was estimated by an
inventory carried out on 122 plots of 1 ha each, for a sampling rate of 0.0024%. The average
fuelwood productivity was estimated by dividing the tree crown biomass by a theoretical 10-year
pollarding rotation and by applying a 50% coefficient of "loss" to take into account the use and
loss of pollarded wood. This calculated production to be 0.043 t/ha/year and, at the basin scale,
217,444 t/year, representing 54% of the wood energy produced in the region. The same study
showed that wood energy accounts for 94% of domestic energy consumption in the city of
Zinder, where wood energy is sold at a retail price of €100/t.
Discussion
This set of data on the productivity of AFS is a first step forward. The data clearly show the
socio-economic importance of these systems for the supply of wood energy to African
populations. However, precise production figures remain elusive as studies have been carried
out either on small plots or over large surface areas on the basis of limited inventories.
Conclusion
In addition to traditional studies of AFS, which often focus on their agricultural and pastoral
productivity or on their environmental services (impact on soil fertility, shading, biodiversity,
carbon sequestration, etc.), it would be desirable to launch more research on their wood energy
productivity. This would help to better understand the interests of farmers, devise more
productive and profitable systems, and orientate the energy policies of the South.
This research may also inspire scientists working in the North, where the use of wood energy is
becoming increasingly topical and where data on the wood energy production of agroforestry
systems are very rare.
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Introduction
In Wallonia, Belgium, almost half of the utilized arable agricultural area is managed applying a 4
year crop rotation. Winter wheat (Triticum aestivum L.) and sugar beet (Beta vulgaris) remain
amongst the most important crops, representing respectively 38 and 39% of the arable surface
(Leteinturier et al., 2003). Traditionally, a winter crop (October to August) follows a spring crop
(March-April to October) in the rotation. Such a 4-year crop rotation in combination with
agroforestry systems challenges the tree plantation layout and species choice in terms of
spatio-temporal dynamics for resource-sharing. In successful agroforestry systems,
complementarity may result from niche differentiation for resource capture, either in space (e.g.
different root depth) or time (e.g. different phenology). It remains difficult to obtain a clear
overview for all the design possibilities, crop rotations, soil and climate conditions.
Light might be the principal limiting resource for crops growing under trees of silvoarable
agroforestry systems subjected to Belgian soil and climate conditions. Dufour et al. (2011)
showed that a high phenological time-lag between tree and crop, which is the case with a winter
crop and late deciduous tree, is optimal for this resource use in temperate agroforestry systems.
But how about sugar beet? The general aim of this study was to quantify the efficiency of winter
wheat and sugar beet growth, productivity and quality under late shaded conditions provided by
an artificial shade system. In order to reproduce the diversity of possible shade environments
observed under real agroforestry systems, the two crops have been subject to two distinct
shade conditions: a continuous and a periodic shade. The results will be interpreted in the
context of crop rotations in Belgium.
Material and methods
Winter wheat (cultivar Edgard) and sugar beet (cultivar Lisanna KWS) were sown on the land of
the experimental farm of Gembloux Agro-Bio Tech in Belgium (50°24’ N, 5°27’E) in October
2014 and March 2015 respectively. An artificial shade structure was installed to induce three
shade conditions corresponding to three distinct daily shade dynamics. The continuous shade
(CS) treatment received a reduced proportion of light throughout the entire day. The periodic
shade (PS) treatment corresponded to an intermittent shade on the plot varying within the day.
The no shade (NS) treatment corresponded to the control plot in which 100% of the incident
light is transmitted to the crop. The two shade levels were obtained by covering the north face of
a greenhouse tunnel structure with military cloth. The tunnel was installed in the field in EastWest orientation. Light at the crop canopy level was measured by 5 quantum sensors installed
along the shade gradient (CS300 – Campbell Scientific Inc., USA) (Figure 1). The installation of
the artificial shade structure and the shade layers follow the phenology of a hybrid walnut tree
situated in Jenneret, Belgium. During the growing seasons, crop phenology, biomass
development and final yield were monitored in the field for the two crops. For sugar beet, 3
sampling campaigns have been conducted during the cropping season, in 1st week of august,
in1st week of September and at harvest to obtain the seasonal pattern of the root biomass and
the sugar content dynamics.
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Figure 1: Artificial shade structure above winter wheat (a) and sugar beet (b). The right frame corresponds to the
general lay out of the experimental design : the three modalities (CS, PS, NS) and the light sensors position located
along a north-south gradient.

Results
For winter wheat, at the scale of the growing season, we applied shade 66 days before harvest
on a total growing period of 292 days. According to the crops phenological development, winter
wheat experienced equivalent light conditions before the maximum leaf area stage (LAI). From
LAI to flowering (24 days), the transmitted global radiation was reduced by 22 % under CS
treatment and it varied from 19 % to 11 % under the PS treatment. Thus, from flowering to
harvest (55 days), the reduction reached 65 % under CS treatment and 55 % to 35 % under the
PS treatment. LAI was not significantly affected by the shade treatment (CS, PS) as compared
to NS. For all the treatments, the total aboveground biomass accumulation (g/m²) was
significantly related to the global radiation cumulated (MJ/m²) by the crop. Thus, the NS
treatment results in the highest grain yield. A maximum grain yield reduction was observed for
the CS treatment (-45%), while the PS treatment led to an intermediary yield reduction (-25%).
The decrease of grain yield in response to both shade treatments is ascribed to a significant
reduction of grain weight and number of grains per m². For an equivalent number of grains per
m², treatments differ in terms of grain size, with a higher proportion of big grains (<2.8 mm)
under the NS treatment. Thus, the reduction of transmitted global radiation mainly affects grain
filling processes. Furthermore, grain protein content significantly increased with increasing
shade, which equals an increased grain quality. Nevertheless, this did not compensate the
decrease in final grain yield at the plot scale. Total protein yield (t/ha) also declined with
increased shade application.
Sugar beet received 132 days of shade (out of a total of 192 days) before harvest at the scale of
the growing season. Being a biennial crop, the phenological stages are less noticeable than for
winter wheat. Nevertheless, we observed that the first layer of shade was applied before canopy
closure. The CS treatment led to a reduction of transmitted global radiation from 28 %, 67 %
and 75 % for the three sampling dates respectively. For the PS treatment these reductions
reach 14 %, 47 % and 56 %. The shade treatment induced morphological changes. On
average, shade led to taller plants with thinner leaves, but no differences in LAI for two of the
sampling dates. The sugar beet plants adapted they shape under shade with more erected
leaves. Moreover, the overall growth rate significantly decreased with shade treatment with a
higher reduction of root growth than leaf growth for PS. For the CS treatment, there are no
significant differences in roots fresh weight between the three sampling dates. At harvest, this
results in a significant root yield reduction: 72 % and 35 % respectively for CS and PS as
compared to NS. The final sugar yield follows the same trend with a decrease of 70% and 38%
respectively for CS and PS as compared to NS.
Discussion
The experimental setup presented in this study reproduced and isolated the effect of the
heterogeneous spatio-temporal patterns of light observed under trees in an agroforestry system
using an artificial shade structure. Both crops responded to the light reduction with yield
reductions and the literature confirms this is no exception (Chirko et al., 1996; Dufour et al.,
2013; Li et al., 2010; Mu et al., 2010; Ozkan, 1971). Nevertheless, the effect of the light
reduction highly depends on the phenological stage during which shade is applied as well as
the duration of the period in which the incident light is reduced. Furthermore, the variables
affected by the shade treatment will differ between crops. In this study, an aboveground
acclimation process of sugar beet takes place, resulting in erected leaves or higher specific leaf
area. Some authors have shown that these adaptations enhance light capture (Ozkan, 1971)
and optimize photon absorption in low light conditions (Evans et al., 2001). Nevertheless, these
adaptations are not sufficient to fully compensate light reduction under the shaded treatment.
For wheat, no such morphological adaptation was observed as the shade treatment was applied
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after the LAImax phenological stage and the reduction of final yield under the CS treatment was
lower than the one observed for the sugar beet. Some authors observed that physiological and
morphological compensation processes occur on winter wheat when applying shade (from
jointing to maturity and induce a final yield increase. Such considerations need to be taken into
account for breeding programs in order to develop shade tolerant species adapted to
agroforestry practices.
In view of the large diversity of agroforestry system, it remains difficult to associate the current
experiment to a specific agroforestry system light environment. Firstly, the military cloth does
not entirely reproduce shade under tree leaves and secondly, the combination of tree age and
field lay-out may result in various situations corresponding to our shade treatments.
Nevertheless, the artificial shade set up creates an extreme range of shade environments.
Thus, the CS treatment allows to reflect a strong shade environment corresponding to old trees
and high plantation densities, or tree rows with an east-west orientation inducing a continuous
shade during the day on the plot. This configuration of high density with canopy closure
between the trees rows remains unrealistic considering the actual agricultural machinery
especially for sugar beet requiring at least 50 m tree spacing. The PS treatment is more
realistic, simulating lower shade environments corresponding to younger trees, and/or more
open plantation densities.
Dealing with rotations containing winter and spring crops within an agroforestry system
complexifies stand design and management. In this study, the experimental set up isolated the
effect light. This gives us a first insight of the behavior of two specific crops growing under
shade context, but does not take into account the trade-offs that potentially occur in real
agroforestry systems including effects of microclimate, soil moisture and nutrients, etc.. In future
research, the present artificial shade experiment needs to be accompanied by research on
these other tree-crop-environment interactions to have an overall view of the system
functioning. Furthermore, it also remains necessary to include tree productivity in the research
reflection in order to evaluate to rate of compensation of crop yield decrease.
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Introduction
Olive is a key crop production system in Mediterranean agriculture (Sofo et al., 2008). The
estimated area of olives in Morocco is about one million hectares of which about 60% are
planted in rain-fed areas without any irrigation (MAMF, 2011). The importance given to this crop
in Moroccan agricultural policy comes from its socio-economic role and its adaptability to
different environments including drought (Connor, 2005). The area of the olive crop in Morocco
is continuously increasing in response to the state strategy implemented since 1996 that targets
the expansion of planted area to 1.22 million hectares by 2020, mostly in rain-fed areas.
However the productivity of the olive crop remains very low and variable because of drought
especially in rain-fed orchards where fruit yield rarely exceeds 3 tonnes per hectare because of
the limited soil water reserves determined by autumn and winter rainfall and summer storms
(Mahhou et al., 2011).
In Morocco, the intercropping system based on olive tree and annual crops dates back to
antiquity in both rain-fed and irrigated areas (Roose et al., 1992). Diagnostic studies revealed
that about 75% of Moroccan olive orchards are associated with annual crops, especially wheat
and barley, food legumes such as faba bean, chickpea, pea and lentils, aromatic and medicinal
plants such as coriander and fenugreek, and vegetable crops in irrigated orchards, especially
potatoes and onion (Daoui and Fatemi, 2014). In this system, annual crops and olive trees
share the same plot for 15 to 20 years until shading by the olive trees limits the growth of the
annual crops. In some cases, where the distances between the rows of olive trees are large,
shading is not a limiting factor and intercropping is generally maintained throughout the life of
the olive orchard.
As an effective method to improve land use efficiency and economic returns, the intercropping
systems based on olive trees and annual crops are particularly important for the Moroccan
small farmers. The efficient management of this system requires judicious choice of the distance
between trees and crops depending on intercropped species, the orientation of the trees rows
and maintenance of tree vigour. The distances in intercropping systems are considered optimal
when they ensure satisfactory performance of both trees and intercrops. In order to optimize the
distance between annual crops and olive tree (Olea europaea) in a rain-fed intercropping
system in northern Morocco, vegetative growth and yield in associations based on olive-wheat
(Triticum aestivum), olive-faba bean (Vicia faba Major) and olive-coriander (Coriandrum
sativum) were evaluated at two sowing distances from the tree trunk: close to the olive trunk
and from the limit of olive tree canopy.
Materials and methods
The trials were carried out in four rain-fed olive orchards planted on slight slope (about 20%)
located in northern Morocco. The orchards are planted at a density of 100 trees ha-1 (10 m x 10
m) where the trees are older than 30 years with an average of height of 7 m and a diameter of 4
m. In each orchard, the inter-rows were cultivated with bread wheat (Triticum aestivum), faba
bean (Vicia faba Major) and coriander (Coriandrum sativum) which are the most common
annual crops cultivated with olive trees in the study area. The experimental design was
established not only to optimize the spatial soil occupation for the associated olive trees and
annual crops but also to demonstrate the advantages of rainwater harvesting associated with
the olive trees. Thus a completely randomized design with three replications was established in
each experimental orchard with two factors: three types of crop (wheat, faba bean, and
coriander), and three types of tree-crop competition management:
T1:
Cultivation of the annual crops below the olive tree canopies close to the trunks, which
constitutes the main intercropping system practiced by farmers.
T2:
Cultivation of the annual crops from the limit of the olive tree canopies.
T3:
Cultivation of annual crops in the same way as treatment T2 with placement of
rainwater harvesting catchments around the olive trees at their canopy limit.
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The control for tree growth was a monoculture stand of olive trees. For annual crop yield, there
was no monoculture control, but yield was measured at several distances from the tree to
determine the maximum distance of tree influence.
Faba bean and coriander were sown and harvested during the dormancy period of the olive
trees (Figure 1). Wheat was sown also during the dormancy period of olive tree at the end of
November, but it was harvested in mid-June after the growth departure of shoot and fruit of olive
tree. The tested intercropping systems were conducted following the usual practices by farmers
which concern exclusively the annual crops, while no cultural practice is applied for olive tree.

Figure 1: Growing seasons of wheat, faba bean and coriander in relation with fruit and shoot
growth of olive tree in intercropping system.
Results and discussion
The results showed that the vegetative growth and yields of the olive trees were reduced by
sowing wheat even from the canopy limit. In contrast, faba bean improved olive production at
the two tested sowing distances. Coriander had no effect on the olive trees whether sown
below or outside the tree canopy (Figures 2 and 3).

The values marked by the same letters are statistically equal; T1: annual crops sown below tree canopy; T2: annual crops sown from the limit of tree canopy;
T3: annual crops sown from the limit of tree canopy with rainwater harvesting catchments placed around trees

Figure 2: Shoot elongation of olive tree grown in intercropping systems with different annual
crops under rain-fed conditions.

The values marked by the same letters are statistically equal; T1: annual crops sown below tree canopy; T2: annual crops sown from the limit of tree canopy;
T3: annual crops sown from the limit of tree canopy with rainwater harvesting catchments placed around trees

Figure 3: Olive yield in intercropping systems with different annual crops under rain-fed
conditions.
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The annual crops were unproductive below the olive canopy and their production was also
negatively affected outside the canopy where a shading effect was present. The faba bean's
response to tree shading was indicated by plant etiolation because of the indeterminate growth
that characterizes this legume (Zabawi and Dennett, 2010). The reduction in annual crop
biomass occurred within a circular area around the tree canopy having a maximum radius of 3
m to the northeast side of each olive tree. On the basis of this result, this was proposed as an
optimal distance at which the annual crops should be sown to produce a satisfactory biomass in
intercropping system with olive trees (Table 1). However the optimal distances for the
intercropping system are dependent on tree vigour which is related in turn with tree height. The
measurements of the annual crop biomass around olive trees with various heights in different
orchards of the study region, other than the experimental orchards, was used to establish a
significant regression model to determine the optimal distance for sowing annual crops in the
shady side of olive rows following tree height (Figure 4).
Table 1: Distances at which disappears the shading effect on annual crops biomass following
the orientation of olive rows
Olive row orientation
Distances at which the shading effect on annual crop
biomass appears to disappear
2 m from the olive canopy limit in east side
North / south
From the limit of olive canopy in west side
2 m from the olive canopy limit in north side
East / west
From the limit of olive canopy in south side
From the limit of olive canopy on both sides of the tree
North-east / south-west
rows
3 m from the olive canopy limit on both sides of the tree
North-west / south-east
rows

Figure 4: Relationship between olive tree height and distance at which the shading effect on the
biomass of annual crops was estimated to disappear on the east side of rows oriented northsouth.
Conclusion
Experiments conducted in northern Morocco were used to determine the optimal distances for
sowing wheat, faba bean and coriander in intercropping systems with olive tree under rain-fed
conditions. For sowing faba bean and coriander, the optimal distances corresponded to the limit
where the shading effect becomes insignificant which is correlated with tree height. The
interactions between yield and soil moisture and nutrient content appear to be negligible for
these two annual crops as they are sown and harvested during the dormancy period of olive
tree. In the shaded areas around the trees, faba bean and coriander do not affect growth and
yield of olive tree, but their yields are low and the use of the small grains is primarily limited to its
use as an animal feed. For sowing wheat, the optimal distance depends not only on tree
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shading, but also on the competition for soil moisture and nutrients because the growth cycle of
wheat overlaps with the growth of the shoots and fruits of the olive trees. The distance at which
the interactions between wheat and olive tree becomes insignificant for light, water and
nutrients depends mainly of the areas explored by olive roots which is often correlated to tree
height. For olive trees having a height of 7 m, this distance is estimated to be 2 m outside the
tree canopy. Sowing wheat at a lower distance from the olive trees canopy induces
considerable reduction in growth and yield for both crops.
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Introduction
In temperate agroforestry systems, light reduction by the tree canopy is a major cause of the
decrease of the cereal yield by up to 50 % near adult trees (Dufour et al., 2013; Reynolds et al.,
2007; Rivest et al., 2009). Consequently, practices that can reduce the quantity of light captured
by the tree canopy are useful to maintain a profitable cereal yield. When deciduous trees are
involved, the time gap between a winter cereal vegetative growth and the budburst of the trees
is an asset. The width of the cropped alley and the orientation of the tree rows modify the
intensity of the shade even for a given size of trees, and consequently the crop growth and yield
(Chirko et al., 1996). Finally, the size and the density of the tree crown has an influence on the
shade produced by the tree and consequently on the crop yield. These characteristics can be
an intrinsic property of the tree species, but it can be modeled by the man hand by pruning
(Jones et al., 1998). Pollarding is a traditional practice consisting in shortening the trunk and
applying a repeated pruning of all branches (Chesney, 2012). It results in a distinctive thick
bushy appearance of the tree that dramatically reduces the tree leaf area during the first years
after pollarding.
The objective of this study was to evaluate the consequence on the crop yield of pollarding the
trees in an adult agroforestry field.
Materials and Methods
In December 2013, we pollarded fifty 18-year-old hybrid walnuts that were associated with
winter cereals since their plantation, in 1995. The whole tree canopy was cut at 4 m height,
using a mobile elevating work platform. The 13 m spaced tree lines were East-West oriented.
The cropped alley was 12 m wide. We compared the crop growth and yield in agroforestry plots
with pollarded and not pollarded, pruned up to 4 m height, trees to a sole crop control plot. The
intercrops were durum wheat in 2013-2014 and winter barley in 2014-2015.
The phenology of the trees and of the crops was recorded weekly. We monitored the growth,
yield and yield components of the crops in 1 m² plots: (i) 5 sole crop control plots ;EURAF Book of Abstracts V9_postimpression.docx (ii) in the agroforestry field we monitored 5 NorthSouth transects of 3 plots located at 2, 6.5 and 11 m from a tree ; (iii) in the agroforestry field
with pollarded trees : in 2014, near 5 pollarded trees, in the South and in the North of the alley
and in 2015, along 7 transects of 3 plots, as previously described.
The percentage of radiation reaching the crop was calculated from hemispherical photographs
taken in the middle of each plot and analyzed with Winscanopy software (Regent Instruments
Inc.) at tree budburst (mid-April), at the end of wheat flowering (beginning of May) and at the
end of crops grain filling (beginning of June).
Results
The phenology of winter cereals was well adapted to the association with hybrid walnuts as the
vegetative growth of the crop is ended when the tree budburst begins (Table 1).

Table 1. Compared phenology of cereals and trees for the 2 years of the study. The dates are
the beginning of each cereals stage and of hybrid walnut budburst and the end of walnut short
and long shoots expansion.
Sowing
Tillering
BudFlowering Short
Grain
Harvest
Long
burst
shoots filling
shoots
Wheat
13/10/23 13/12/01
14/04/22
14/05/28 14/06/16
(‘Claudio’)
Barley
14/11/06 14/12/05
15/04/24
15/05/15 15/06/10
(‘Augusta’)
2014 Walnut
04/14
05/15
06/30
2015 Walnut
04/20
05/13
07/05
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Percentage of radiation under
the trees

As expected, pollarding the trees strongly reduces the shade of the branches and trunk during
the first year at all positions in the cropped alley. But during the second year after pollarding, the
North and the middle of the cropped alley between pollarded trees keep a lighter level of shade
than the agroforestry plots at the trees budburst. However, the North plots do not exhibit
anymore difference between pollarded and not pollarded agroforestry alleys at this moment
(Figure 1). This result is confirmed when integrating the radiation received by the crop during its
whole cycle (Table 2).

110
POL 2014

AF 2014

POL 2015

AF 2015

100

90

80

North
70
2

6,5
11
Distance to one tree (m)
Figure 1. Remaining radiation (% of full sun radiation) under the trees, measured by
hemispherical photographs in April. Bars represent the standard errors.
Table 2. Percentage of radiation remaining in the cropped alleys compared to the incident
radiation in full sun during the whole crop growth cycle. The intervals are the standard errors.
Near one tree
Near the other tree
Middle of the alley
South of the alley
North of the alley
(6.5 m)
(2m)
(11 m)
Agroforestry
2014
94.5  1.5
96.3  0.9
98.0  0.3
with pollarded
2015
81.0  2.1 %
95.2  0.4 %
97.0  0.3 %
trees
Agroforestry
2014
73.6  1.1
84.6  3.3
89.4  2.3
with
not 2015
75.9  2.9 %
84.0  1.7 %
89.5  0.8%
pollarded trees
The yield of the sole crop control was 4.480.17 t ha-1 for wheat in 2014 and 5.550.15 t ha-1 for
barley in 2015. In table 3, the crops yields in the agroforestry plots are reported, with the yield
component that is the most impacted by the trees presence: the number of grains per spikes;
for the sole crop control, there were 32.80.9 grains of wheat per spike in 2014, 20.60.8 grains
of barley per spike in 2015. This yield component is linked to the flowering and/or pollination,
phases during which the tree shade occurs.
Table 3. Grain yield (t ha-1) and number of grains per spike in the different agroforestry plots.
The intervals are the standard errors.
Near one tree
Middle of the alley
Near the other tree
South of the alley
(6.5 m)
North of the alley
(2 m)
(11 m)
Yield

Nb of grains

Yield

Nb of grains

Yield

Nb of grains

Agroforestry
2014 3.400.36
NA
28.51.4 NA
4.130.24 30.21.2
with pollarded 2015 5.470.22
18.80.5 5.330.27 18.00.7
5.350.22 19.10.7
trees
Agroforestry
2014 2.440.38
25.31.9 3.380.32 23.81.8
3.280.30 26.91.3
with
non- 2015 5.080.18
17.50.3 5.660.36 18.20.7
5.130.15 18.51.0
pollarded trees
The relative yields in the agroforestry systems, compared to the sole crop controls are shown in
figure 2. Wheat was much more sensitive to the trees presence than barley. In 2014, the crop
yields near pollarded trees were higher than near not pollarded trees. Southern plots had a
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Relative yield (% of the sole crop
control)

lower yield than northern and middle ones, even with a little difference in the quantity of incident
radiation, probably due to wheat damage because of the machinery passage during the
pollarding operations. The lower yield in the agroforestry non-pollarded plots and in the wheat
southern plots can be related to less available light for the crop in these places.
POL 2014

AF 2014

POL 2015

AF 2015

100

80

60

North

40

2

6,5

11

Distance to one tree (m)
Figure 2. Relative grain yield (% of the sole crop control) in the cropped alleys, in 2014 (wheat)
and 2015 (barley). Bars represent the standard errors.
Discussion
Pollarding adult trees in an agroforestry system increased the light available for the associated
crops during at least the 2 subsequent years. The wheat was sensitive to the tree shade (Mina
et al., 2015); the plots near pollards had a significantly higher yield than near the un-pollarded
trees. On the opposite, the barley yield was almost not affected by the trees presence, though
the shade was more important in 2015 than in 2014, especially in the South of the cropping
alley. This can be due to the fact that during the latter stages of grain filling the crop may utilize
stem soluble carbohydrate reserves for grain filling in preference to sustaining current
photosynthetic activity (Bingham et al., 2007). A further experiment, with a pea crop, that is very
sensitive to the shade, will precise, for the third year after pollarding, if the shade is still modified
and how the crop yield is affected. At the same time, a precise following of the trees trunk
growth is undertaken in order to determine how the pollarding operation reduces the girth
growth of the trees.
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Introduction
Lin (2011) highlighted the need to develop resilient agricultural systems that were
financially viable while at the same time delivered a range of ecosystem services.
Agroforestry, the integration of a woody crop and an agricultural enterprise on the same land
unit is an ecologically, socially and economically sustainable land use system which could
deliver a range of climate change mitigation and ecosystem services (Jose, 2009, Nair, 2007).
Such services include carbon sequestration (Schoeneberger, 2009), socio-economic (Gao et
al., 2014), soil & conservation (Jose, 2009) and wildlife enhancement (Nair, 2007). Short
rotation forestry coppiced for woody biomass delivers, environmental, social and rural
development benefits (McKay, 2006). Combining a wide spaced tree crop (as in an Agroforestry
system) with a regularly coppiced bioenergy crop in the lower canopy to create greater spatial
variation in canopy structure could deliver quality timber, biomass and environmental benefits.
Biological performance of the system will depend on the spatial interaction of the two crops. The
trial reported in this paper investigates the effect of distance between the components i.e. row
width on individual component performance.
Materials and Methods
The study site was at the Agri-Food and Bioscience Institutes (AFBI) Research Station in
Loughgall, Co. Armagh, N. Ireland (N54 23’ 53” W6 36’ 41”, 34m a.s.l.) on a brown earth soil.
Climate in the region is distinctly maritime. The summers are cool, with mean annual
temperatures 9°C. Total annual rainfall 733mm evenly distributed throughout the year. The
experiment was a randomised block design in 3 blocks with a split split split plot treatment
structure. There were two row spacing’s between the tree and coppice crops (buffer-zones),
2m & 1m in two main-plots within each block. Each main-plot was split to form 6 sub-plots to
which the 6 Cherry (Prunus avium L.) clones were allocated, and each sub-plot was further split
to form 5 sub-sub-plots to which the 5 Willow (Salix spp.) varieties were allocated. Thus there
were 180 sub-sub-plots and 60 treatment combinations. Each cherry tree was at the midposition of each willow variety. Cherry tree rows were orientated in a North-South direction. The
data was analysed by analysis of variance appropriate to this randomised block with split -splitsplit plot treatment design. All analyses were carried out using GenStat for Windows 16th
Edition (2013).
All plants were left to harden off outdoors from December 2012 until planting in April 2013. Six
varieties of Wild Cherry (Prunus avium L.) - Five elite vegetatively produced clones (Neso,
Pluto, Saturn, Hermes & Concordia) from German provenance (Silva-select) and a control bareroot Wild Cherry from the U.K. provenance (Wildstar) were inter planted with five willow clones
Endeavour, Beagle, Resolution, Terra Nova and Olaf all from the European and Swedish
breeding programmes. All cherry trees were planted as 80-100cm transplants using the pitplanting method. Willow was planted as 20cm unrooted cuttings by hand using a wooden frame
specifically designed to the measurements of the standard commercial Swedish twin row
planting design i.e. 0.6m spacing in the row, 0.75m spacing between the row and 1.5m between
the double-rows (Anon, 2015) giving an approximate planting density of 15,000 cuttings per
hectare. No fertilizers were applied at the time of establishment nor were there any applied
during the duration of the trial. Each Prunus avium L. tree was protected using a circular TUBEX
tree shelter 75cm tall. It is recommended practice to have these on any new established
broadleaved planting to minimize plant failure, reduce browsing damage (Tuley, 1983) from
both rabbits, deer and act as a nurse mechanism in the form of a vertical greenhouse effect
(Tuley, 1985) surrounding the tree during its initial growth phase.
Following statistical advice all assessments were made systematically and not at random. Nondestructive measurement techniques were used to measure seasonal growth of Willow and
Wild Cherry. Tree growth was assessed in each treatment to determine longitudinal and radial
growth. Seasonal growth performance was measured as root collar diameter (rcd) and total
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stem height (tsh). Growth measurements were made on a monthly basis over the 2014 and
2015 growing seasons on 180 cherry trees. Willow fresh weight was also measured as an index
of performance.
Tree heights were measured using a telescopic pole fitted with an Allegro 2 Juniper Systems
Data logger. Measurements for height were conducted in predominantly calm conditions (windy
conditions were avoided to ensure correct heights were recorded). All tree height
measurements were carried out by two people at any one time. This was necessary to ensure
the recorder had a clear line of sight in order to verify plant height. Rcd was measured with
electronic calipers to the nearest mm on the hypo cotyledon, approximately 1cm above the
highest lateral root or 1cm below the cotyledonary scar (Menes and Mohammed, 1995). Willow
growth was estimated by measuring rcd and total stem height for shoots from approximately 10
plants in each sub-sub plot at monthly intervals.
Results & Discussion
The effect of cherry variety on mean cherry diameter was very highly significant (P<0.001) in
August 2014, with varieties Neso (20.39mm), Concordia (20.33mm), Pluto (19.78mm), and
Saturn (19.39mm) attaining significantly greater diameters than Hermes (15.10mm) and the
Control (12.92mm) under trial (Figure 1). Again in August 2015 varieties Neso (29.18mm), Pluto
(27.76mm), Concordia (26.79mm), Saturn (26.32mm) had significantly (P<0.001) greater mean
diameters than Hermes (22.43mm) and the Control (18.31) (Figure 2).

In August 2014 cherry varieties Neso, Concordia, Pluto and Saturn had significantly (P<0.001)
greater mean cherry heights than Hermes and the Control (Figure 3). The most interesting
finding in August 2015 was that cherry varieties Concordia (342cm), Neso (338cm) and Pluto
(328cm) had significantly (P<0.001) greater mean cherry heights than Saturn (294cm), Hermes
(302cm) and the Control (211cm) (Figure 4). What is surprising is that variety Saturn was
significantly lower in height compared to August 2014 where it had performed better. This
finding was unexpected and could suggest a slow-down in apical growth towards the end of the
summer season.
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The data reported here appears to identify a clear varietal effect amongst the cherry varieties,
both in diameter differences and also in height. It is evident from the data that variety Hermes
and the Control could be unsuitable for growth in an Irish climate regardless of bufferzone
treatments. Also the slow-down in growth of Saturn could also suggest it as an incompatible
variety for use in Ireland.
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Introduction
Farmers and society in Flanders (North Belgium), as elsewhere in northwestern Europe, are
currently being confronted with several negative side-effects of present agricultural practices,
e.g. lowering of soil C-stocks, soil erosion (Maes et al., 2012), declining biodiversity (e.g. Maes
& Van Dyck, 2001). Though several foreign studies indicate a variety of beneficial effects of
agroforestry systems (e.g. Jose, 2009; Montagnini & Nair, 2004; Klaa & Incoll, 2005), in the
search for solutions, its implementation appears to be rather limited. Besides bottlenecks of
legislative, logistic or economic nature, this is partly due to the lack of understanding and
particularly quantification of the impact of the trees in an agroforestry system on amongst others
the yield and quality of the intercrops, soil conditions (e.g. nutrient status, water content) and
functional agrobiodiversity.
The goal of the present research is to quantify these impacts as a function of tree age, while
focusing on arable alley cropping systems with Populus spp. To allow for a limited extrapolation
to other tree species, additionally three experimental fields with Juglans regia are included in
the dataset.
Material and methods
Arable alley cropping systems in Flanders are scarce, and almost exclusively of young age. In
order to estimate the effect of trees, as a proxy, a set of conventional arable fields was selected
that are bordered by a tree row (Fig. 1). Following criteria were used for selection of the fields:
Orientation of the tree row: (approximately) North-South
Tree species: Populus spp. or Juglans regia
Tree rows are of homogenous age at field level but with varying age among the different fields
Absence of headland next to the tree row
Part of the field is not bordered by the tree row
Soil type: loam or sandy loam
The resulting set of experimental fields comprises twelve conventional arable fields bordered
with Populus spp. and three fields bordered with Juglans regia. The differences in tree-age
among the fields allows to study the occurring processes throughout the evolution of the tree
rows from young to old (space for time). The treeless parts of these fields hereby acts as a
reference situation.
On each field transects are laid out perpendicularly to both the tree row and the treeless border
(# three and two transects respectively). Each transect comprises five measuring points, located
at distances 2, 5, 10, 20 and 30m away from the field edge. This allows to study possible
gradients of the measured parameters as function of distance to the tree row.On each field, at
these 25 measuring locations, a combined set of parameters are evaluated:
Soil nutrient conditions: analysis of organic C%, total N, K, Mg, P and pH in upper soil layer
(depth 0-23cm).
Crop yield and quality: harvesting of experimental plots at each transect and each distance,
determination of quantity and analysis of relevant quality parameters. Measurements started in
April 2015 and are to be continued until the fall of 2017.
Functional agrobiodiversity: pitfall trapping during June 2015 & 2016 in two transects by the tree
row and the two reference transects at distances 2, 5 and 30m and an additional pitfall per
transect in the treerow and/or treeless border. Focus for subsequent analysis will be on
predatory arthropods (Coleoptera: Carabidae and Staphylinidae).
N-flux: measuring of mineral N in soil on a subset of six fields bordered with Populus spp. at
time of harvest, in autumn and at the end of winter. Measurements started in March 2015 and
are to be continued until March 2017. Sampled depths are: 0-30cm; 30-60cm; 60-90cm. In
autumn and at the end of winter, also depths 90-120cm and 120-150cm are sampled.
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Figure 1: Experimental design. Dots represent measuring locations.
Outlook
Soil nutrient conditions
Preliminary results show a significant effect of tree presence on soil C and N content (mean %
organic carbon and total nitrogen respectively 1.39+-0.03se and 0.14+-0.003se, versus 1.17+0.02se and 0.11+-0.002se where trees are absent). Increasing levels were found when distance
to the tree row decreases (mean increase between measurements at 30m of tree row and at 2m
of tree row equals 0.34+-0.06se % organic carbon and 0.027+-0.005se % total nitrogen).
Moreover, a positive relation between the age (translated into tree height x diameter) of the
present tree row and the soil carbon and nitrogen content seemed to be present. Regarding C:N
ratio and soil pH, no significant effects of tree presence were found.
Crop production and quality
Based on the crop harvests conducted in 2015, first rough estimates of the crop-dependent
relationships have been derived for yield as a function of tree age and distance into the field.
The actual goal of these measurements is however to make more detailed estimates of
expected yield for complete rotations of tree rows as a function of primarily the arable crops
grown, tree row spacing and to a lesser extent also tree species. Simultaneously, estimations of
the achievable quality of arable crops in relation to proximity to the tree rows and tree age will
be further elaborated.
N-flux
Though at current,data gathering is still largely ongoing and no detailed analysis of first results
was executed yet, future analysis will focus on N-availability for the arable crop throughout the
growing season, as well as on the potential of the tree component to reduce N-leaching during
winter.
Functional agrobiodiversity
Analysis of this topic is foreseen after completion of the second field campaign (2016). Hereby,
focus will be on the potential of treerows in agricultural fields for natural pest control through
occurrence of predatory arthropods (Coleoptera: Carabidae and Staphylinidae).
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Introduction
Agroforestry, by its conception, imposes light reduction to the crop (i.e. shade). This
modification of the environment produces an effect on the thermal time (Lott et al. 2009), and on
the phenology of the understory crops (Sudmeyer and Speijers 2007). In addition to this, other
modifications to the environment caused by the interactions between trees and crops (e.g.,
reduction of microclimate extremes (Lin 2007), changes of the evapotranspiration (Ong and
Wilson 2014) or competition for resources (Jose et al. 2000a; Jose et al. 2000b), have an
impact on the components of crop yield. Our hypothesis was that these changes in the
environment affect wheat phenology and therefore the various traits of yield components.
Furthermore, the genotype of the crop, among other factors, is crucial to determine the direction
and magnitude of these impacts (Gill et al. 2009).
In the Mediterranean region, durum wheat suffers from heat stress in spring and drought stress
in summer (Loss and Siddique 1994) and it is expected that this situation will intensify in the
future due to climate change (Chourghal et al. 2015). Agroforestry could mitigate these effects
(Campi et al. 2009; Lott et al. 2009). However, as the current varieties of durum wheat were
selected for conventional agriculture (Wolfe et al. 2008), i.e. in full sun conditions, it is
necessary to identify desirable traits of the crop for agroforestry systems. The aim of this work
was to assess the performance of different varieties of durum wheat under an agroforestry
system (AFS) in the Mediterranean region compared to cultivation in full sun (FS), through the
effects on both phenology and yield components.
Material and methods
The experimental plot is located in the domain of Restinclières in the Hérault department
(43°42'N, 3°51'E), the climate is Mediterranean and the soil is deep calcareous silty clay. Two
systems were tested, AFS (15 year-old poplars, 30 m in height, with East-West tree rows, 13
meters between rows and 6 m between trees along the row), and FS (actually sorb trees, less
than 2 m high providing negligible shade).
The crop alley in each system was split into 36 1.55x6m microplots (6 across the alley, 6 along
the alley in front of the trees). Twelve durum wheat varieties (old varieties taken out of the
genebank maintained by INRA + 1 control variety) were tested, each variety being repeated 3
times in each system. The control variety was LA1823, a variety recently created for organic
farming. The old varieties were chosen by crop breeders based on a preliminary test in pots
under shading cloth. Sowing density was 350 seeds/m2. Sowing was done on January 12th,
2015 (because of floods that prevented sowing in autumn). Harvest was done on June 30th,
2015. No fertilizers or pesticides were applied because the sowing was too late compared with
other wheat plots of the farmer. The phenology was recorded every week from the beginning of
stem elongation (April 16) to ripening (June 25), using Zadok's developmental scale (Zadoks et
al. 1974). At harvest, yield was measured from harvesting one 1x1m quadrat from each
microplot. Yield components (plants per m2, tillers per plant, spikes per tiller, grains per spike
and the weight of 1000 grains) were also recorded. The effect of variety, system and their
interaction was tested by first selecting the best model (including or not these effects) based on
AIC. Then multiple comparisons of each pairs of modalities were performed with Tukey HSD
using the best model to control the effect of the (possible) other factors. Threshold for
significance was set at α=0.05.
Results
Variety “L3534” did not emerge and, therefore, was not considered for further analysis. The
phenology of the durum wheat in the two systems (AFS and FS) was almost the same until
anthesis (Z65). After this stage, the phenological development in FS was faster until shortly
before reaching physiological maturity (Figure 1). FS reached ripening around the 10th of June,
while AFS did not reach this stage until the 21st of the same month. The AFS had higher
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variability in phenological stage between varieties until ripening. An ANOVA was performed on
phenological stage for each date separately; it showed no difference between varieties and
systems on April 24th, 30th, May 7th (the date that showed the biggest variation between the
treatments) and May 13th. However, there was a significant effect of the system on April 16th,
just before stem elongation for all varieties, plants being more developed in AFS than in FS, and
from May 28th onwards, FS was significantly more advanced than AFS. The varieties did not
show significant difference between them at any date.

Figure 1: Phenological development of 11 varieties of durum wheat in AFS and FS.
As shown in Table 1, the number of plants per m2 showed significant differences between
varieties and systems. The number of spikes per m2 and the number of grains per spike were
significantly different only between systems. The number of spikes per tiller and the weight of
1000 kernels did not show significant difference between systems, only between varieties. Five
varieties were different from the others at least in one component; (a) ”2004D326.262” for the
number of plants per m2, (b) ”Oued Zenati” for the number of plants per m2 and weight of 1000
grains, (c) ”Perfcom34” in spikes per tiller, (d) ”PopF2” for the plants per m2 and (e)
“PopAlgérie1” for the spikes per tiller and also the weight of 1000 grains. Other components of
the yield (tillers per m2, tillers per plant, and grains per m2) did not show significant differences
between varieties or between systems. None of the yield components showed a significant
interaction between variety and system.
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Table 1: Means of yield components per variety and system. Means with the same letter inside
a column and a tested effect (variety or system) are not significantly different
Variety or system
2004D326.262
Clovis
LA1823
Oued Zenati
Perfcom28
Perfcom34
PopF2
PopAlgérie1
PopAlgérie3
PopF2+Lég Salernes
PopF3+Lég Salernes
AFS
FS

Plants/m2
119.14 (c)
150.54 (ac)
157.85 (ac)
193.98 (a)
135.05 (bc)
157.85 (ac)
195.70 (a)
154.84 (ac)
152.69 (ac)
168.60 (ac)
178.49 (ab)
168.37 (a)
152.49 (b)

Spikes/tiller
0.52 (ab)
0.55 (ab)
0.65 (ab)
0.53 (ab)
0.68 (ab)
0.69 (a)
0.55 (ab)
0.43 (b)
0.61 (ab)
0.49 (ab)
0.46 (ab)
0.59 (a)
0.53 (a)

Spikes/m2 1000 kernels weight in g
34.10 (ab)
33.36 (ab)
39.23 (ab)
43.07 (a)
34.28 (ab)
92.09
32.69 (ab)
33.89 (ab)
34.69 (b)
36.80 (ab)
31.80 (ab)
33.35 (ab)
114.94 (a) 36.93 (a)
69.24 (b) 33.48 (a)

Grains/spike

12.74

11.22 (b)
14.27 (a)

Discussion
Although some yield components were impacted by agroforestry and/or variety, there was no
significant interaction between these two factors, which reduces the opportunity for selection of
wheat cultivars specifically adapted to agroforestry. However, yield was higher in AFS than in
FS, showing that light was not the limiting factor in our conditions. The only yield component
that was negatively impacted by agroforestry was the number of grains per spike, and this yield
component should be watched closely in future breeding programs for agroforestry. However,
this study did not establish detailed relationships between the incident radiation and changes in
the phenology or morphology and how these changes could impact the components of yield.
The information generated in this work did not allow us to correlate the differences in the
components of yield with the differences in the phenological development. The number of plants
per m2 is a component of yield formed during the early phenological development, from
emergence until the end of tillering (Gate, 1995). However, despite the fact that in this study a
significant difference among some components of yield was detected between the systems and
between some varieties, it was not possible to relate this with differences in the phenology
because the recording of phenological development began after the stem elongation phase. For
the number of spikes per tiller and for the spikes per m2, something similar happens, because
the development of these component of yield starts also at emerging but ends latter than the
number of plants per m2 (shortly after meiosis) (Gate 1995).The number of spikes per tiller was
significantly different between “Perfcom34” (highest number of spikes per tillers) and
“PopAlgérie1” (lowest number of spikes per tiller), although these varieties showed a similar
phenological development, being just slightly slower for “PopAlgérie1” in the latter part of the
formation period of this component. Furthermore, the number of spikes per m2 was significantly
different between systems, although the phenological development did not show differences
between systems in the period of formation of this component of yield. The average weight of
grain, whose formation occurs after meiosis to ripening (Gate 1995), was different for two
varieties that did not show significant differences in their phenological development for that
period of time. Something similar occurs with the number of grains per spike, which only
showed significant differences between systems, but the difference was not visible in the
phenological development.
These negative results might be due to the fact that the measurements of the phenological
stages started too late, missing the information of the development in the early stages, which
are crucial for the development of several components of yield. In addition, there was a high
density of weeds with different predominant species according to the system, which may have
increased the differences in the components of yield between systems, independently of the
phenology.
However, correlating yield components, not only with the phenological development, but also
with the presence of abiotic stress at different stages could provide valuable information about
the impact of agroforestry on the yield of wheat in the Mediterranean region.
This information could be used for improve crop simulation models, enhancing their capacity to
predict the effect on components of yield of different management practices or climate
conditions (e.g. climate change). For all these reasons, we propose to conduct a similar work in
which the phenology will be recorded since emergence, with a better control of weeds and an
accurate monitoring of the microclimate especially with regards to the factors that can cause
abiotic stress.
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Introduction
Multifunctional land use systems, such as agroforestry, are able to deliver several ecological
services to agriculture in addition to the concurrent production of woody biomass and arable
crops. For example, trees in agroforestry systems can provide shelter for wildlife and supply
additional nutrients to adjacent arable fields through leaf litter inputs and fine root turnover. In
addition, tree-strips have the ability to improve the groundwater quality underneath the tree-strip
itself and possibly underneath adjacent fields. Unlike these commonly measured ecosystem
services the microclimate conditions in temperate agroforestry systems are still a comparatively
new study area (Kanzler et al. 2015, Böhm et al. 2014). This might be due to the complexity of
the microclimate, which depends on various parameters such as the plant height, the planting
density, and the orientation of the tree-strips. The objective of this study was to investigate the
potential influence of tree-strips on microclimate using high resolution data loggers.
Materials and methods
Investigations were carried out at an agroforestry research site situated in Germany about 150
km southeast of Berlin (Figure 1). The study area is characterized by an average annual
precipitation of 560 mm and a mean annual temperature of 9.3 C (1951–2003, meteorological
station Cottbus). The site is mainly level and part of a largely tree-less landscape on the former
river Neiße floodplain. It has been used for arable crop production for several decades and was
first used for agroforestry in 2010.

Figure 1: Location of the study area in Germany

The tree-strips of the alley cropping system are oriented in a north–south direction and are
composed of black locust (Robinia pseudoacacia L.) and the poplar clone ‘Max’ (Populus
maximowiczii x Populus nigra) in different 160 m long pure blocks. The crop alley widths have
been adapted to multiples of the standard widths of agricultural machinery (Table 1).
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Table 1: Characteristics of study site near the town Forst (in South East Germany).

Feature

research site

Total area of alley cropping field (ha)
Overall tree-stripe area (ha)
Elevation (m)
Slope
Landscape
Soil type (WBR classification)
Dominant soil texture (0-30 cm depth;
USDA classification)
Establishment of alley
cropping (year)
Tree species/clone

40
5
70
Flat
Intensively used agricultural landscape
Gleyic Fluvisol
Sandy loam
2010
Black locust, poplar Max

-1

Tree densitiy (poplars ha )
Planting layout
Number of double rows per tree-strip
Plant spacing (m)
Within row
Within double row
Between double rows
Width of hedgerows including 0.80 m
buffer stripes along both edges (m)
Rotation period (years)
Width of crop alleys (m)

8,715
Double row
4
0.90
0.75
1.80
10.00
5
24, 48, 96

The alleys were cultivated with sugar beet (Beta vulgaris var. altissima) during the measurement
period. Prior to starting microclimate measurements the tree-strips had been harvested in winter
2014/15. They started to resprout at the end of April 2015, and by the end of the measurement
period the poplar trees had achieved an average height of 2.8 m.
Shortly after the tree harvest in February 2015, 52 Hobo Pro V2 data loggers with built -in
temperature and relative humidity sensors were installed 30 cm above the soil surface within
alleys of 3 different widths and at different distances from the tree-rows (Figure 2). Air
temperature and relative humidity were recorded on a ten minute basis. Additionally, several
weather stations and anemometers (A100R, Vector Instruments) were installed to collect
climate data like wind speed, global radiation and precipitation at different distances from the
tree-strip. All climate data were recorded over a period of 5 months from May to September
2015.

Figure 2: Positions of the Hobo data loggers (H), anemometers (A) and weather stations (WS) on different
crop alleys within the study area.
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Results and discussion
In May 2015 no obvious difference in air temperature among the plots was observed, but from
the beginning of June the impact of the growing tree-strips on temperature became clearer
(Figure 3a and b). Compared to the open field, the maximum air temperature from 1st of July to
the end of the measuring period was 1.5 % (0.4°C) lower in the poplar tree-strips, presumably
due to shading. A 2 % (0.6°C) higher maximum air temperature was detected at the centre of
the 24 m wide crop alley, which is a potential effect of the reduced wind velocity (compare Fig.
3c). In addition, the lowest air temperature was detected in the 24 m wide crop alley, which was
0.1°C (1 %) lower than the open field. However, minimum air-temp was almost 1°C (12 %)
lower than the tree-strip. Taking into account the whole measurement period, the minimum
relative humidity in the poplar tree-strip was 4% higher than on the open field, while the
difference between the open field and the centre of the 24m crop alley was 1% (Figure 3c).
Compared to the open field the wind velocity in the center of the 24 m wide crop alley has been
reduced by up to 17 % (Figure 3d.)
a.)

b.)

c.)
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d.)

Figure 3: Daily a.) maximum, b.) minimum of air temperature, c.) minimum relative humidity and d.)
average wind velocity for the centre of the 24 m wide crop alley, the poplar tree-strip and the adjacent
open field (n=4 for 3a,b and c).

In addition, the wind speed has been reduced by almost 67 % within the poplar tree-strips. The
highest reduction effect of more than 32 % has been detected on the leeward side, at a distance
of 3 m from the tree-strips. Despite the fact that the tree-strips had been harvested in February
initial results indicated an early effect on microclimate conditions within the alley cropping
system.
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Introduction
The “limiting resource model” (Wise and Abrahamson 2005) proposes that grass growth after
defoliation under tree canopy cover is lower than under full sun situation and further decreases with
increased tree canopy cover and frequency of defoliation. This response is directly related to
amount of biomass loss that limits the radiation or focal resource uptake (Wise and Abrahamson
2007). Testing the “limiting resource model” in Mediterranean silvopastoral systems could allow to
determine which resource –radiation or water- is the focal one under these conditions, and
therefore, if defoliated plants under tree canopy cover could grow better than in open situations due
to facilitation effects of trees on their water status.
The objective of this study was to evaluate the effect of different levels of tree canopy cover on the
growth and dry matter production of Festuca pallescens in N.W. Patagonia, in interaction with
different intensity and frequency of defoliation. The hypothesis was that the morphophysiological
changes caused by defoliation increase the positive effects (facilitation) and decrease the negative
effects (competition) caused by the tree layer on the herbaceous layer in Mediterranean
silvopastoral systems such as the studied model.
Materials and methods
The study was conducted during three growing seasons (October to April) from 2004 to 2007, at
Lemú Cuyén Ranch (40,29º S; 71,13º W), Neuquen province, Argentina. The average annual
rainfall is about 800 mm, with 615 mm in autumn-winter, and 185mm in spring-summer, resulting in
summer water deficit. The maximum and minimum average annual temperatures are 17,1ºC ± 0.5
and 2.1 ± 4 ° C, respectively. Precipitation fallen differed in the three studied seasons, leading to
relatively wet and dry seasons.
In a stand of Pinus ponderosa (2 ha), 10 plots (1600 m2 each) were established and two thinning
treatments were applied, 500 trees ha-1 and 350 trees ha-1 (n = 5). In adjacent open areas, 5 plots
were also placed. Within these plots, 2 m x 2 m subplots were established containing 3 to5 Festuca
pallescens plants on which the defoliation treatment was applied. The evaluated situations, in
addition to a control without defoliation, were: a) Intensity of defoliation: removal 50 or 70% of the
aboveground biomass only once at the beginning of the season, b) Defoliation frequency: low
frequency, applying a single defoliation of 50 % of aboveground biomass; high frequency, applying
the same treatment every two months; and c) moment of defoliation: removal of 50% of the above
ground biomass only once in October, December or February.
Continuously the air temperature (°C) and relative humidity (%) were measured. Periodically,
volumetric soil water content (0-120 cm) was measured by TDR and gravimetric methods.
In plants without defoliation, 10 tillers were randomly selected from the periphery of each plant,
which were surrounded by a wire ring. In defoliated plants, two tillers groups of the same
characteristics were chosen per plant. Every month, between October to April, the number of tillers
in each ring was counted and net tillering was estimated. Five identified tillers of each plant were
also measured monthly to determine the amount and maximum lenght of green leaves.
Measurements were expressed as a proportion of the value in the initial month (Oct) and thus three
indices were calculated: "relative net tillering", "relative number of green leaves per tiller" and
"relative increase of leaves". The product of the three indices conformed the "relative growth index”
(RGI).
At the end of the season, the plants were harvested to estimate biomass production, cutting all the
biomass above the same height as the defoliation treatments. The biomass of the different harvests
was dried at 70°C to constant weight and weighed (gDM). The dry matter produced in each
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treatment was estimated from the sum of all harvests, being only one in the control plants (final
harvest) and two, three or four harvests depending on the frequency of defoliation in the other
treatments.
Results
The daily average temperature in the coldest months of the year (July-September) was 0.7°C and
0.3°C higher under 350 trees ha -1 and 500 trees ha -1 respectively, compared to the average
temperature in the open grassland. During warm February and March, air temperature and
atmospheric demand were lower under tree canopy cover with marked differences in temperature
between the control and the highest canopy cover.
In the dry season, a negative effect of tree canopy cover was observed on soil water content in the
0-20 cm layer between October to January. However, in March, when extreme drought was
achieved with less than 5 %Vol in this layer, there was no difference between the different cover
treatments (p <0.05, n = 9-12). In the wet season, until January, the soil water content throughout
the soil profile (0-120 cm) of the 500 trees ha -1 plots was higher or not different from open grassland
plots.
Regarding the RGI, defoliated plants, both at low and high intensity treatments, showed higher RGI
than plants without defoliation when growing under both tree canopy cover levels (5.2 to 6.6 vs. 0.80.9, p <0.05, n = 3). Low frequency defoliated plants also showed higher RGI than plants without
defoliation in all treatments (4.9 to 9.1 vs. 0.8 to 1.3, p <0.05, n =3- 5). In contrast, the RGI of high
frequency defoliated plants under tree canopy cover decreased as the number of defoliation events
increased. After the third defoliation, defoliated plants under tree canopy cover showed lower RGI
than plants without defoliation.The moment of defoliation during the growing season did not alter
the response (p>0.05).
Comparing plants under tree canopy cover vs those in open grassland, low frequency defoliated
plants under moderate levels of tree canopy cover (40-50%, 350 trees ha -1) showed RGI similar or
higher than defoliated plants in open grassland. However, increases in tree canopy cover (500 trees
ha-1) cause a reduction in RGI of defoliated plants compared to defoliated plants in the open
grassland.
Tree canopy cover negatively affected the dry matter production of individual grasses compared to
those in the open grassland (p <0.01, n = 12-14), regardless of the level of defoliation. The
defoliation effect over the dry matter production depended on the level of tree canopy cover. Low
frequency defoliated plants in 350 trees ha -1 treatment showed no significant differences in dry
matter production compared to plants without defoliation in the same treatment, although mean
values were lower (5.5-7.7 vs 9.9-14.7 g plant-1, p> 0.05, n = 12-14). In contrast, in 500 trees ha-1
treatment, dry matter production of low frequency defoliated plants was significantly lower than in
plants without defoliation. In open grasslands treatment, the dry matter production of defoliated
plants was also lower than non-defoliated plants (10.3 vs. 22.4 g plant -1, p <0, 05, n = 12).
Discussion
The tree canopy cover, by interfering with the air mass flow and altering the emission and
absorption of radiation produces a buffer effect on daily and seasonal temperature (Aussenac
2000). According to this, we found better temperature conditions for grass growth under tree cover,
both in late winter and during the summer months, when tree cover reduced the maximum
atmospheric demand and promoted better water conditions for understorey grasses. This
microclimatic effect increased with tree canopy cover higher than 50% (our 500 trees ha -1
treatment). In similar conditions of tree canopy cover of Quercus pubescens and under European
Mediterranean climate, Garnier and Roy (1988) found similar results to the present study.
In dry seasons or periods, the soil water content near the soil surface (0-20 cm) under tree canopy
cover was lower compared to the open grassland area, while in wet seasons or periods the
opposite trend was observed. Eighty percent of the water used by F. pallescens during the growing
season comes from the 0-20 cm soil layer (Fernandez et al. 2008). Therefore it is expected that
only in wet seasons and under tree canopy covers above 50%, a facilitation effect of trees on
grasses mediated by soil water availability could be observed.
Despite the beneficial microclimatic effects observed under trees, at least in some periods during
the growing season, the growth response of plants without defoliation suggests that radiation is the
main limiting factor in these systems since plants growing under tree cover showed lower RGI and
less dry matter production than undefoliated plants in open grassland.
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Considering the interaction with defoliation, the redistribution of carbon between below and
aboveground biomass of the grasses is an immediate and proper post-defoliation response in
herbivory adapted species (Caldwell et al., 1981; Richards and Caldwell 1985). However, this
process may not work properly under tree cover due to low radiation availability, which induces also
a reallocation of carbon to aboveground biomass (Pierson et al. 1990, Fernandez et al. 2004) but
affects carbohidrate reserves. Alternatively, as hypothetized here, a better re-growth response
could be expected if water is a limiting resource and it is facilitated by trees. Our results suggest
that, at least in the short term, a low frequency defoliation allows regeneration and redistribution of
carbohydrates needed for F. pallescens regrowth under moderate levels of tree canopy cover (4050%, 350 trees ha -1), where RGI and biomass production were similar or higher than in defoliated
grasses in the open. However, higher canopy cover (close to 80%, as in 500 trees ha -1) limited regrowth response of F. pallescens, even with facilitative effects on water status of the plants. In
addition, a high frequency defoliation limits re-growth response under trees, regardless of the
canopy level.
Conclusion
Our results indicate that radiation is more or less limiting than water, in relative terms, depending on
defoliation interaction. In this regard, under tree canopy cover the net result of competition and
facilitation interactions for plants without defoliation was neutral or negative, while, based on RGI,
low frequency defoliated plants showed a net result of interactions neutral or positive compared to
plants in the open grassland. Since the RGI of defoliated plants under tree canopy cover was higher
than plants without defoliation, we found evidence in favor of the hypothesis stating that defoliation
is able to increase the positive effects and reduce the negative effects produced by the tree layer on
the herbaceous layer in Mediterranean silvopastoral systems.In ecosystems with this type of
climate, the buffer effect of tree canopy cover was shown to be important against the prevailing
abiotic stress. The positive effect of P. Ponderosa canopy cover on the water availability, air
temperature and atmospheric demand, allowed a post-defoliation recovery of F. pallescens, but this
positive effect was only up to a tree cover threshold and at low frequency defoliation treatment.
These results must be considered when planning forage management under trees.
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Introduction
In agroforestry systems, interactions between the woody and non-woody components can be
positive, negative or neutral, and the productivity of a system is a net result of these interactions
(Jose et al. 2004). Within northern temperate regions, the main limiting resource for plants is
usually light and studies have shown that shading has reduced yields in temperate agroforestry
systems. For example, in a poplar silvoarable trial at three sites in lowland England, Burgess et
al. (2005) reported an average 4% reduction in crop yields compared to an arable control for the
first three years, increasing to 10% less between years four and six. They showed that shading
by trees reduced the amount of short-wave radiation reaching the crop was 82-88% of that in
the control treatment, and suggest that this accounts for the lower yields. The impact of trees on
crop yields has been identified by arable farmers as a key management challenge of silvoarable
agroforestry (Smith et al. 2014). Agroforestry systems can be designed to optimise resource
capture by maximising positive interactions and minimising negative ones. This can be achieved
by careful selection of appropriate species, and the development of arable crops specifically
adapted for agroforestry systems was identified as an innovation for further development at a
stakeholder workshop (Smith et al. 2014) held as part of the FP7 project AGFORWARD
(www.agforward.eu).
One approach to developing agroforestry-adapted crops is the use of evolutionary plant
breeding to develop varieties that are particularly well adapted to growing in close proximity to
trees. Evolutionary breeding using Composite Cross Populations (CCPs) involves the intercrossing of appropriate parents in many different bi-parental and higher order combinations
(Wolfe et al. 2008), and has been used in organic and low-input systems in order to cope with
the environmental variability inherent to such systems. High genetic variability within the crop is
predicted to support increased yield stability in comparison to genetically uniform monocultures,
and this stability has been documented for wheat CCPs in a number of studies (Wolfe 2000;
Wolfe 2001; Döring et al. 2010). In silvoarable systems, it is proposed that increasing the
genetic variability within the cereal crop should help to buffer against variations in biotic and
abiotic conditions present in the crop alley.
The principle is to let natural selection act on these diverse crop populations to select the plants
that are best suited to the prevailing conditions i.e. develop an ‘alley-edge’ population and an
‘alley-centre’ population. In 2014, a spring wheat composite cross population (CCP) was grown
in plots across a crop alley at Wakelyns Agroforestry, an organic silvoarable system in eastern
England. Plots of bulk CCP were harvested separately from plots on either side of the alley and
the alley centre. In 2015, this seed was used to sow 12 m2 plots in a replicated cross-over trial
to test the effect of the population adapting under natural selection to each environment . This
paper reports the results of this cross-over trial.
Materials and Methods
Wakelyns Agroforestry, an organic silvoarable research site was established in 1994 on 22.5 ha
in eastern England, (52.4ºN, 1.4ºE). It incorporates hazel and willow short rotation coppice, and
a mixed timber and fruit tree system, with cereals, potatoes, field vegetables and fertilitybuilding leys in rotation within the 10 to 12m-wide alleys. Soils are sandy clay to clay loams
(sand 49%, silt 23%, clay 28%) with soil organic matter around 5% (Smith 2016).
Composite Cross Population trial
In 2015, an experiment was established to test material selected in contrasting environments
near to and away from the agroforestry tree rows. A replicated cross-over experiment aimed to
compare performance of selected material in each environment based on the hypothesis that
wheat lines will perform best in the environment from which they were selected (i.e. ‘alley -edge’
selected lines will perform better in the ‘alley-edge’ plots than ‘alley-centre’ lines). A spring
wheat composite cross population (CCP) was grown in plots across a willow system
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agroforestry alley in 2014. Plots of bulk CCP were harvested separately from plots on either
side of the alley, adjacent to the tree rows (East of Trees (EOT), West of Trees (WOT)) and the
alley centre (Centre of Alley (COA)). In spring 2015, plots measuring 1.2m by 10.2m were drilled
in a replicated cross-over trial in three replicated blocks in a hazel SRC agroforestry system to
test the effect of the population adapting under natural selection to each environment. Yield
measurements (t/ha, hectolitre weight (g), and thousand grain weight (TGW)) were carried out
in autumn 2015 when the plots were harvested.
Statistical analyses
The statistical analysis was carried out using R version 2.10.0 (R Development Core Team,
2009). To identify the effect of alley location on the wheat populations, yields, hectolitre weight
and thousand grain weights were analysed with a two-way ANOVA. Alley location (EOT, COA,
WOT), wheat population (EOT, COA, WOT) and the interaction between the two were included
as the fixed factors, and replicate block (three replicates) as the random effect.
Results
Yields ranged between 0.90 and 3.99 t/ha (@15% moisture content); hectolitre weights between
367.83g and 383.79g (@15% m.c) and thousand grain weights between 42.90 and 50.48g (@
15% m.c.). There was a significant effect of location on yield (F 2,17= 48.89, p<0.001) and
hectolitre weight (F2,17= 4.81, p<0.05), but not on TGW. Yields and hectolitre weights were
significantly higher in the centre of the alley than at either edge (Figure 1 and 2). However,
there were no significant differences between the different populations for any of the yield
parameters, and no significant interactions between the populations and their locations. This
suggests that at this stage, there is no adaptation of populations to their selected locations (i.e.
EOT populations do not perform any better in the EOT locations than in the other locations).
Discussion
Crop yields at the edges of the alleys were roughly half what they were in the centre of the alley,
but there were no significant interactions between populations and their locations. This suggests
that, in this first year, there is no evidence of adaptation to alley location. It is perhaps
unsurprising that there has been no obvious adaptation over such a short period; in a five year
project investigating the level of adaptation that may occur when CCPs are grown continuously
at the same specific sites for a number of years, molecular data and comprehensive field trials
found no evidence of wheat populations adapting to the cropping conditions under which they
were grown (Girling et al. 2014). The authors attributed this to the influence of yearly
fluctuations in weather conditions that counteracted any adaptation to the site-specific factors
associated with cropping management and soil conditions. It may be necessary to carry out
more detailed selection of high performing individual plants by hand, which are then bulked up,
to develop specific ‘alley edge’ populations for agroforestry.
Acknowledgements
This research has received funding from the European Community’s Seventh Framework
Programme under Grant Agreement No.613520 (Project AGFORWARD).
References:
Burgess PJ, Incoll LD, Corry DT, Beaton A, Hart BJ (2005) Poplar (Populus spp.) growth and crop yields in a silvoarable
experiment at three lowland sites in England Agroforestry Systems 63:157-169
Döring T. F., Wolfe, M. S., Jones, H., Pearce, H., Zhan, J. (2010): Breeding for resilience in wheat - Nature’s choice. .
In: Breeding for resilience: a strategy for organic and low-input farming systems?, edited by Goldringer, I.,
Eucarpia 2nd Conference of the Organic and Low-Input Agriculture Section. 1-3 December 2010, Paris,
France, p. 45-48.
Girling RD et al. (2014) Adaptive winter wheat populations: development, genetic characterisation and application.
Project report RD-2007-3378. AHDB Cereals and Oilseeds.
Jose S, Gillespie AR, Pallardy SG (2004) Interspecific interactions in temperate agroforestry Agroforestry Systems
61:237-255
R Development Core Team (2009) R: A language and environment for statistical computing. In R Foundation for
Statistical Computing.
Smith J (2016). System report: Silvoarable agroforestry in the UK
Smith J, Wolfe M, Crossland M, Howlett S (2014). Initial Stakeholder Meeting Report: Silvoarable Agroforestry in the
UK. 21 November 2014. 8 pp. Available online: http://www.agforward.eu/index.php/en/silvoarableagroforestry-in-the-uk.html
Wolfe MS et al. (2008) Developments in breeding cereals for organic agriculture Euphytica 163:323-346
Wolfe MS (2000): Crop strength through diversity. Nature 406: 681-682.
Wolfe M (2001): Species and varietal mixtures. In: Organic Cereals and Pulses, edited by Younie, D., Taylor, B. R.,
Welch, J. P., Wilkinson, J. M.. Lincoln, UK: Chalcombe Publications, p. 29-50.

329

3rd European Agroforestry Conference – Montpellier, 23-25 May 2016
Tree-crop competition and facilitation (poster)

Figure 1: The mean grain yield of three composite cross populations (pWOT, pCOA and pEOT)
in three positions (West of Trees WOT; Centre of Alley COA; and East of Alley EOT) across a
ten meter wide alley.

Figure 2: The mean hectolitre weights of three composite cross populations (pWOT, pCOA and
pEOT) in three positions (West of Trees WOT; Centre of Alley COA; and East of Alley EOT)
across a ten meter wide alley.
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Introduction
Issues of global climate change and environmental degradation underscore the need to improve
our understanding of sustainable agricultural systems. Within the current agroecology context,
the challenge is to increase the food production, while limiting environmental degradation and
integrating ecosystem services for the purpose of understanding and designing resourceefficient agroecosystems. Furthermore, the erosion of biodiversity and soil nutrients not only
affects agricultural production, soil fertility and water quality or greenhouse gas emission, they
also impact the rates of organic matter mineralization, and thus the carbon sequestration
capacity of soils, and ultimately the global biogeochemical cycles of carbon (C), nitrogen (N)
and phosphorus (P). Because in soils, C, N and P dynamics are mainly driven by soil
microorganisms, there is a need to better synchronize soil biological activity and plant nutrient
uptake. A way to regulate soil biological activities and to better take advantage of soil C, N and
P mineralization for the supply of nutrients to plants could be to increase plant diversity. Indeed
complex plurispecific agroecosystems can use complementarity or facilitation processes to
access nutrients, thus leading to higher nutrient use efficiency by plants (Hinsinger et al., 2011)
and, ultimately, to the provision of a broad range of ecosystem services (Gaba et al., 2015).
Across the world, the integration of trees and agricultural crops into various agroforestry
systems is viewed as an efficient mean to maintain or increase production. Agroforestry
systems are indeed known to limit soil degradation (Cacho, 2001), deeply store carbon
(Cardinael et al., 2015) and have positive impact on different indicators of soil quality (Silva et
al., 2011; Paudel et al., 2012).
Because of the intimate relationship between vegetation and soil decomposers, any changes in
the composition of aboveground plant communities may strongly affect the structure, activity
and functions of belowground soil communities and vice versa (Fanin and Bertrand, 2015). A
specificity of agroforestry systems is the mixture of crop and tree litters presenting contrasted
quality. Therefore these systems affect soil fertility by the quantity, quality and distribution of the
litter and crop residues, which are the main input of organic matter to soils. To obtain resources
from litter, soil bacteria and fungi secrete a wide range of hydrolytic and oxidative extracellular
enzymes that catalyze the release of nutrients and low molecular weight molecules from
complex organic matter. Because microbial decomposer communities cope with substrates that
vary considerably in C:N:P stoichiometry compared to that of their own biomass (Cleveland and
Liptzin 2007; Mooshammer et al., 2014), changes in the relative abundance of extracellular
enzymatic activities (EEA) involved in C, N, and P cycling should reflect the relative resource
limitations to these microbial communities (Sinsabaugh et al., 2009). Therefore C, N and P
extracellular enzymes could be used as functional indicators of the requirements of soil
organisms.
Most of the published process-based studies on agroforestry systems are focusing on carbon
and nitrogen storage (Nair et al., 2009, Kaur et al., 2000), crop growth, shade effect or root
architecture (Cardinael et al., 2015), while few references exist on spatial and temporal
dynamics of soil fertility in temperate climate, and the functional impact of such tree and crop
associations on soil microbial functions involved in C, N and P recycling.
Our aim in this study was to monitor in time and space, perpendicularly to the tree line of a
Mediterranean agroforestry system, the occurrence of chemical and biological fertility gradients.
We aimed to identify soil organisms' strategies to acquire resources when facing an
heterogeneous distribution of trophic resources. Because these strategies will strongly impact
the rates of nutrient recycling, soil C, N and P mineralization fluxes will be measured.
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Our hypothesis was that nutrient recycling is greater in agroforestry system than in monocrop
and that a spatial soil fertility gradient is developing over time from the tree line to the middle of
the intercrop, due to litter quality localization and its influence on the composition and
functioning of microbial communities. In our agroforestry system associating walnut trees
(Juglans regia x nigra) and a wheat/barley/pea crop rotation, there are two types of litter: in the
intercrop, shoots (and fine roots) are easy to decompose, while under the tree, walnut leaves
and roots are more recalcitrant and difficult to decompose. The first litter type would be
associated with copiotrophic recycling pathway, and the second type with oligotrophic recycling
pathway, which is more efficient.
Material and methods
Soils were sampled at the Restinclières experimental site, which is located 15 km north of
Montpellier, France. The climate is subhumid Mediterranean with an average temperature of
14.5°C and average annual rainfall of 951mm (years 1996-2003). Soils are deep, silty alluvial
fluvisols, with 25% clay and 60% silt (Dupraz et al., 1999). This site associates 21 year-old
walnut trees and wheat/barley/pea crop rotation and also comprises a nearby agricultural field
with the same rotation (monocrop control). Pea crop was present when the soils were sampled
in April 2016.
The soils were sampled along a 13-meter transect (6.5 meters on each side of the tree),
perpendicular to the tree line, positioned on the first quarter of distance between 2 trees along
the line. We sampled in 4 zones on the North side and 4 zones in the South side using the
Voronoï diagram sampling design (Figure 1). We divided the 6.5m zone (extending from the
tree line to the middle of the intercrop) in 4 sampling zones; zone 1: 0-0.5 m, zone 2 : 0.5-2 m,
zone 3 : 2-4 m, zone 4: 4-6.5 m, each interval being one meter wide. There were five replicates
in the agroforestry system and five in the monocrop control. Each tree line distance point was
compared with the monocrop control.

Figure 1: Soil sampling plan in the agroforestry system. Cross represents walnut tree, 4m
spaced, and vertical rectangle represents tree line, 13 m spaced. There are 4 sampling zones
on each side of the tree line (A-B-C-D and A’-B’-C’-D’). In each zone we combined 4 soil cores
in 1 sample.
To characterize biological and chemical fertility of the sampled soils we measured multiple
parameters. In the laboratory we made the following determinations on the topsoils (0 -15 cm :
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pH, carbon, nitrogen and phosphorus mineralization rates, as well as enzymatic activities (Bell
et al., 2013). Peroxydase and phenol-oxidase were assayed by colorimetric methods and β-1,4glucosidase, cellobiohydrolase, β-1,4-xylosidase, β-1,4-N acetylglucosaminidase, L-leucine
amino-peptidase and acid phosphatase by fluorimetric methods. We also used the
MicroRespTM (Berard et al., 201 4) method that uses different C and N substrates to evaluate
soil microbial respiration. In addition, we conducted quantitative PCR to determine the bacterialfungal ratio (based on 16S and 18S rRNA fragment amplification), and measured the soil
microbial biomass C, N and P with the chloroform fumigation extraction method. We also plan to
repeat these measurements over time in the future, and analyses soil nematode communities
on some of the future sampling dates.
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TRAIN THE YOUTH!
EFFECT OF WATER STRESS AND INTERCROPPING
ON PEACH TREE GROWTH AFTER PLANTATION
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Introduction
The successful performance and stability of agroforestry systems relies on reduced competition
for light and soil resources between trees and the intercrop. One management strategy could
therefore be to ensure that the crop roots are well distributed in the upper soil horizons, while
tree roots are encouraged to forage in deeper horizons. In order for the latter to happen, the
tree roots must have optimal growing conditions and at the same time be excluded by intense
competition with crop roots from the upper soil horizons. One way of favouring optimal root
growth is to diminish the shoot carbon demand so that carbon is diverted towards roots instead
of shoots. Then combining shoot growth reduction with cover crop competition in the upper soil
should force tree roots to grow deeper.
Shoot growth can be diminished through water stress, but net photosynthesis must remain at its
maximum in order to maintain carbon fixation and allocation to roots. Our hypothesis is that
there is a level of moderate water stress at which photosynthesis is not diminished while shoot
growth is (Pellegrino et al, 2006). This study aims to investigate the effects of moderate water
stress and grass intercrop competition on early shoot growth and net photosynthesis of peach
trees during the first two growing seasons after plantation.
Materials and Methods
A 2000m2 drip-irrigated peach tree orchard with 475 one-year old trees was planted in January
2014 on a clay-loam soil in Southern France. Three water regime strategies were used and
replicated three times: (i) strategy 1 (S1) corresponding to a well-watered situation and no
intercropping (soil covered with a canvas), (ii) strategy two (S2) corresponding to a moderate
deficit and no intercropping and (iii) strategy three (S3) corresponding to a moderate deficit with
grass intercropping (Festuca ovina + Festuca rubra) continuous under the peach trees (both
between and under tree rows).
Soil water potential in the tree root zone was monitored every day or every two days with
tensiometers at 40, 60 and 80 cm depth. Readings at 40 cm depth were used to keep soil water
status in a target range between 0 and -0.002MPa in S1 (no water stress), and between -0.04
and -0.06MPa in S2 and S3. The latter being a water deficit sufficient to limit shoot growth
without impacting net photosynthesis (Pellegrino et al., 2006). This soil water status range was
sustained for longer in 2014 (from budburst to end of irrigation) than in 2015 (from the end of
the full leaf expansion period to end of irrigation) since we realised at the end of the 2014
growing season that S3 tree growth had been so reduced that the trees might die. First and
second order shoot growth was monitored on 30 and 60 shoots respectively in each agronomic
situation every fortnight. Net photosynthesis was monitored with a portable Licor 6200 every
month in 2014 and every fortnight in 2015, on three fully expanded medium aged sun leaves
per trees and on two trees per situation. Envelope curves from the Fermont et al. model (2009)
were used to describe relationships between shoot growth and soil water potential.
Results
Water deficit in S3 was higher in 2014 than in 2015 but was still moderate given that the level of
soil water potential was close to soil water holding capacity (-0.01 MPa). First order shoot
growth in S3 was half that of S1 and S2 in 2014, which relates to the greater water deficit (lower
soil water potential) (Figure 1). At high soil water potential the range of shoot growth is broader
than at low potential, indicating an effect on shoot growth below -0.03 MPa. Results are similar
for the second order shoot growth (Figure 2), apart from shoot growth rate which is lower than
for first order shoot growth. In both years, S3 first and second order shoot growth was always
lower than in S1 and S2.
No correlation was found between soil water potential and net photosynthesis (Pearson
correlation, p= 0.76), indicating that net photosynthesis was not impacted by those levels of
moderate water deficit (Figure 3).
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Figure 1: First order shoot growth (cm.°Cday -1) plotted against mean soil water potential for the
preceding two weeks in the root zone (mean of three depths:40,60 and 80cm) per agronomic
situation per year. The black curve is the envelope fitted on data using the model of Fermont, et
al, 2009.

Figure 2: Second-order shoot growth (cm.°Cday -1) plotted against mean soil water potential for
the preceding two weeks in the root zone (mean of three depths:40,60 and 80cm) per
agronomic situation per year. The black curve is the envelope fitted on data using the model of
Fermont, et al., 2009.
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Figure 3: Net photosynthesis in µmol.m-2.s-1 (each point is a mean value of 6 measurements (3
leaves*2 trees)) plotted against mean soil water potential in the root zone (mean of three
depths:40,60 and 80 cm) of that day per agronomic situation per year.
Discussion
In both years, shoot growth was lowest in strategy 3 (moderate water constraint + cover crop).
In 2014 it was decreased by water stress since low shoot growth correlates with low soil water
potential. In 2015 shoot growth is still lower in S3 than in S1 and S2 even though the higher
irrigation meant that there was no significant difference in water stress between the three
strategies. This indicates that a factor other than water deficit is limiting shoot growth in S3. The
lower growth in S3 may be caused by a carry-over effect from the preceding year. The trees
started the 2015 growing season with lower carbon reserves to invest in fine root growth and
could be outcompeted by grass roots. They also had fewer buds on their winter shoots to grow
new shoots and develop sufficient leaf area to intercept light and grow rapidly. Another
explanation may be that peach tree roots are slowing their overall growth due to the dry
conditions in the upper soil horizons, caused by competition from crop roots, and are not able to
grow into the deeper layers where water is available.
The range of water constraint applied in this experiment created a water stress which
decreased peach tree shoot growth, but without decreasing net photosynthesis on a unit leafarea basis. Rahmati et al., 2015, showed in a regulated deficit irrigation experiment that both
shoot growth and net photosynthesis were decreased by water stress in peach trees. In our
experiment, net photosynthesis was not decreased, but the level of water deficit was sufficient
to have an impact on shoot growth. In order to control shoot growth vigour through water
constraint it is therefore paramount to manage the irrigation strategy so that water deficit is as
finely tuned as possible to achieve decreased shoot growth without impacting on net
photosynthesis. Such management can eventually lead to an increase in Root/Shoot ratio and
hence to favour root growth (results not shown, Forey et al, 2015). It means that for each tree
species, the minimum water constraint that has an effect on growth must be first ascertained.
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Introduction
The shea butter tree is of crucial importance in the Sudan and Sudan-Guinea zones of West
Africa. Farmers protect this tree in their crops mainly because it produces fruits used in
traditional meals, cosmetics and medicine. With the possibility of adding 5% of shea butter to
chocolate, the economic value of this tree has grown.
Consequently, in shea tree parklands, it seemed worth finding out whether there might be
conflicts between the tree’s fruit yields and crop yield. The effect of the shea tree on agricultural
yields was therefore studied over four consecutive years, in smallholder crops in the Korhogo
region (northern Ivory Coast).
Material and methods
Preliminary cotton yield measurements taken near 10 trees, in plots measuring 5 meters wide
by 15 m long, divided into subplots one meter wide from the foot of the tree to outside the
canopy, showed that no influence of the tree on cotton yield was significantly detectable beyond
five meters from the tree trunk. It thus appears that no control plot is necessary beyond 10
meters from the foot of the tree, justifying the use of the protocol described below.
Yields were harvested in concentric rings centered on the trunk of the trees and divided into four
sectors directed towards the cardinal points (Figure 1). Harvesting was carried out up to ten
meters from the foot of the tree. For each tree, a total area of 300 square meters was
harvested. The shea trees sampled were isolated, and more than twenty meters away from their
nearest neighboring tree. The mean canopy radius was 4.6 m. The harvests concerned 53 trees
or 1,272 plots of land amounting to a total area of 1.59 ha.

Figure 1: System used to measure agricultural yield variations under a shea tree.

337

3rd European Agroforestry Conference – Montpellier, 23-25 May 2016
Tree-crop competition and facilitation (poster)
Results
Table 1: Crop yields (kg/ha) depending on the distance from the foot of the tree (mean canopy
radius = 4.6 m)
Number
of
sampled trees

Mean quadratic distance from the foot of the tree
1.99 m

3.45 m

4.46 m

5.64 m

7.19 m

8.92 m

Year 1 : 14 trees

868 D

1184

1240

1318

1547

1333

Year 2 : 10 trees

453 C

724

B

708

B

795

AB

876

A

903

A

810

Year 3 : 10 trees

490

B

786

A

798

A

759

A

777

A

789

A

757

Peanut

9 trees

234 C

275

B

332

A

310

AB

303

AB

297

AB

296

Corn

10 trees

1183

Crops

Cotton

Means

B

1584

C

A

1620

BC

A

1492

BC

A

1512

A

A

1250

B

B

1

1325

1409

1

Total yield in a total of 300 square meters (kg/ha).
2 data items (in the same row) with the same letter are equivalent at the 5% statistical
limit.
ABCD:

Table 2: Yield losses and gains (kg/tree and kg/ha) compared to ring 6, which was considered
as a control outside the direct influence of the tree

Crops

Yield variations (kg/tree)
compared to ring 6

Cotton year 1 - total yield: harvest 1 + - 0.24
harvest 2
Cotton year 2 - total yield: harvest 1 + - 2.80
harvest 2
Cotton year 3 - total yield: harvest 1 + - 0.97
harvest 2
Cotton years 2 and 3: on fertile soils
- 0.86
Cotton years 2 and 3: on infertile soils
- 2.73
Peanut on fertile soils
+ 0.47
Peanut on infertile soils
- 0.24
Corn on fertile soils
+ 4.78

Yield variations (kg/ha)
with 20 trees/ha
(distance between trees:
22 m)
- 4.8 (- 0.4%)
- 56.0

(-6.2%)

- 19.4

(-2.5%)

- 17.2
- 54.6
+ 9.4
- 4.8
+ 94.0

(-2.3%)
(-8.6%)
(+3.2%)
(-3.9%)
(+7.5%)

The influence of the orientation (data not presented) was not perceptible except for corn (yield
was lower in the South and was better at the canopy limits in the E, W and N directions) and for
the second cotton harvest (better cotton yield in the North than in the South).
There were fewer cotton bolls per plant in the shade than in full sunlight, but the bolls were
heavier in the shade. Shade also delayed cotton maturation, so the cotton had to be harvested
in two goes.
Discussion
Overall, yield was lower within the first few meters around the foot of the tree. The shea tree
generated low yield losses (under three kg per tree) for the cotton and peanut crops on less
fertile soils. Conversely, the tree led to better corn and peanut yields at the canopy edge, on the
most fertile soils.
This may have consequences for the future of shea parklands if cotton is the main crop.
Harvesting cotton in two goes was very important to prevent fouling of the cotton fibers by dust
in the wind (which reduced the cotton selling price for the producer). This gives much more work
to the farmer and it may encourage some farmers to fell their trees and sell them for firewood or
charcoal making, especially if the loss in cotton yield is greater than the monetary income
resulting from the sale of shea fruits or butter. (NB: it is slightly more complex than presented
here because the money from cotton sales is for men and the money from shea trees is mainly
for women).
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Introduction
In semi-arid regions of West Africa, most farmers consider the trees as an integral part of the
cropping system. They have maintained over the centuries the traditional system of land use,
that of the "parkland" where trees are scattered in cultivated fields (Boffa, 2000, Dan Guimbo et
al., 2010). The farmers of Casamance are no exception to this rule. In lower Casamance ,
Faidherbia albida (Del.) Chev. has always been associated with upland rice. The species is
characterized by its inverted phenological rhythm: it loses its leaves during the rainy season and
remains leafy during the dry season, reducing light competition with the crop. Furthermore, this
tree is able to fix nitrogen, improving soil fertility, and its taproot system reduces water
competition with the crops. Therfore F. albida’s interest is very large in agroforestry (in
combination with both agriculture and livestock) and many traditional systems rely on the
beneficial effects of Faidherbia albida on microclimate, soil fertility and finally intercrop
productivity. The general objective of this study is to contribute to the understanding of the
influence of this type of park on the productivity of rainfed rice, testing the hypothesis
"Faidherbia albida has a positive impact on the productivity of rainfed rice."
Material and methods
To test this hypothesis, rice yields were measured in eight 0.25 x 0.25m squares around each of
5 trees: four in the area under the influence of the tree (below the tree crown, at a distance R/2
from the tree trunk with R the radius of the crown) and four outside (at a distance of 2R), on the
East, South, West and North side of the tree. Thus, a total of 40 squares were measured
including 20 inside the area of influence of the tree. The following measurements were done in
each square: total biomass weight, straw and grain weight, number of tillers with panicles and
plant height (from crown to the base of the panicle, measured on 5 randomly chosen tillers).
Analysis of variance (1-way ANOVA: effect of sample location inside vs outside of the tree
influence) on theses variables was performed with the statistical software STATISTICA 7.
Results and discussion
Results
Results of the ANOVA show significant differences between the measurements made inside vs
outside of the influence of the tree (Table 1).
Variable

Sum
Squares

of

Mean Squares

F value

p -value

d.f.

Total biomass

111000.579

38

2921.068

24.759

< 0.0001*

Straw weight

52376.467

38

1378.328

13.709

0.00067*

grain weight

38
38

187.652
354.7

38.833
12.161

< 0.0001*

stem height

7130.769
13480.0

tillers

471.60

38

12.41

29.008

< 0.0001*

=0.00125*

The total weight of the biomass is significantly (p <0.0001) higher in the tree-influenced area:
the mean biomass is 183.95 g inside and 98.9 g outside of the tree influence. The weights of
the straw and the grain are higher in the tree-influenced area (p=0.00067 and p <0.0001
respectively): the mean steaw weight is 102.27 g vs 58.96 g and the mean grain weight is 58.8
g vs 31.97 g in the area inside vs outside of the tree influence (figure 1).
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Figure 1: Variation of the total weight, the staw weight and the grain weight according to the
sampling area (R/2 = under the crown of the tree, 2R= at a distance equal to twice the radius of
the crown).
Stem height is higher in the tree-influenced area than outside (p = 0.00125) with an average
105.13 cm against 84.36 cm (Figure 2).

Sampling aera; LS Means
Current effect: F(1, 38)=12,161, p=,00125
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
120
115
110
105

Means

100
95
90
85
80
75
70
2R

R/2
Sampling area

Figure 2: Variation of the height of the stems as a function of the sampling location (R/2 = under
the crown of the tree, 2R= at a distance equal to twice the radius of the crown). Vertical bars
denote 0,95 confidence intervals
Tillering is significantly (p <0.0001) higher in the tree-influenced area than outside: under the
crown, there are 21.1 tillers against 15.1 outside.
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Sampling area
Current effect: F(1, 38)=29,008, p=,00000
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
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Figure 3: Influence of Faidherbia albida on rice tillering. (R/2 = under the crown of the tree, 2R=
at a distance equal to twice the radius of the crown). Vertical bars denote 0,95 confidence
intervals.
Discussion
The results showed that Faidherbia albida has significant positive effects on all measured
variables. These results confirm our hypothesis that Faidherbia albida has a positive effect on
the productivity of rice.
Total biomass and grain weight are more important inside the area influenced by the
tree than outside. These results are contradictory to those of Bakhoum et al., (2001). According
to these authors, the biomass of peanut pods as well as the biomass of cobs and stalks of millet
and sorghum increase with distance from the trunk of Sterculia setigera. Gnanglè et al., (2013)
found similar results with cotton, which had a higher number of bolls outside the crown of
Vitellaria paradoxa than under the crown. According to them, the decrease in the number of
bolls would be related to the lack of light under the tree. This difference in results can be
explained by the loss of leaves of Faidherbia albida during the crop growing season in our
experiment, which reduce the effect of shading. However, our results are in line with those of
Samba et al., (2012). According to them, the total biomass of millet rose 90% on the ground
taken from R / 2 compared to 2R (where R is the crown radius) from Cordyla pinnata. According
to them these results are explained by the fact Cordyla pinnata draws nutrients in soil horizons,
brings them back to the surface in the form of litter (leaves, branches , bark , fruits) and
behaves as an important source of nutritious elements.
The straw weight, stem height and number of tillers with a panicle are more important
under F. albida than outside of the tree crown. These results contradict those of Gbemavo et al.,
(2010), in which shea had a negative influence on the height of the cotton and sorghum plants.
According to Manssour et al., (2014) the straw weight and height of sorghum stalks also
decreased below Acacia senegal trees. On the contrary, Clinch et al., (2009) observed an
improvement in the recovery and yield of a culture of willows in the (moderate) shade of various
species of trees, compared to monoculture. Samba et al., (2012), observed the same effect,
with peanut yields increasing 9% close to the trunk of Cordyla pinnata.
This study shows that the presence of Faidherbia albida in rice fields is of great
importance because it creates a favorable environment for the production of upland rice. Under
the trees, rice grows better than outside. All measured variables (total biomass, straw and grain
weight), stem height and tillering are more important in the area under the influence of the tree,
thanks to the intrinsic characteristics of the species, i.e. reverse phenology, pivoting root system
and nitrogen-fixing ability. This is the reason why Faidherbia albida parklands have been
maintained in these secular systems.
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Introduction
Since old times the production of acorn by the oak trees has been of high interest for human
and animal consumption (Fernández-Rebollo and Carbonero-Muñoz, 2008). An important
source of these acorns are Dehesas and Montados which are typical agroforestry systems of
the Mediterranean region characterized by the presence of wooded pastures under holm oak
(Quercus ilex L. or Quercus rotundifolia L.) and cork oak (Quercus suber L.). These systems are
focused on livestock extensive production, where the acorns play an important role in the
energy demand of livestock, a wide range of wild animals, but also for future interest in human
consumption (Pintado, 2015.)
However, acorn production is highly variable between years, geographic locations and even
between nearby trees. This variability is a source of uncertainty and a challenge for modelling
the production of acorns. Nevertheless, this work focused on a preliminary method to project
acorn productivity at a daily time step to complement the energy availability of the system to
estimate livestock carrying capacity.
Considering a process-based modelling approach, the main objectives of this study are: 1) to
develop a methodology to estimate acorn productivity in Quercus ilex L based on crown cover
size of trees; 2) to integrate the method into Yield-SAFE, an agroforestry process-based growth
model (van der Werf et al. 2007) and 3) compare acorn productions between stands and
locations while estimating animal carrying capacity of the system by considering the
metabolisable energy from acorns and grass.
Material and methods
The Yield-SAFE model (YS), a biophysical model that describes tree and crop growth in arable,
forestry, and agroforestry systems according to light and water availability, was calibrated for
Quercus ilex and grasslands in dehesas systems.
The fruit module was implemented into YS following the suggestion of Gea-Izquierdo et al
(2006) by linking the acorn productivity to the crown cover size. The fruit productivity parameter
(Fp, in g m-2 of canopy cover) was included in YS and linked to the CanopyCover state variable
that is defined as the area of the ground covered by the vertical projection of the canopy of the
tree (in m2). A reference value of 100 g m-2 was considered as average acorn production for
Quercus ilex in Spain (Gea-Izquierdo et al 2006).
Fruit fall seasonality was also taken into account by considering the number of days when the
fruit is falling (FFSpan in days) and the fruit falling peak day (FF Peak in day of year). For Quercus
ilex acorn is expected to fall for 100 days, from 15th September to 23th of December with fruit
peak the 3rd of November (Cañellas et al 2007). Given this fruit seasonality, daily probabilities
of acorns to fall (FFPDOY) were calculated using a normal distribution function where FF Peak is
the average and the standard deviation defined as FF Span/4, meaning that 95% of the probability
of acorn fall is included in the FF Span number of days.

𝐹𝐹𝑃𝐷𝑂𝑌𝑛𝑜𝑟𝑚 =

1
𝐹𝐹𝑆𝑝𝑎𝑛
4 √2𝜋

−

𝑒

(𝐷𝑂𝑌𝑛𝑜𝑟𝑚 −𝐹𝐹𝑃𝑒𝑎𝑘 )2
𝐹𝐹𝑆𝑝𝑎𝑛 2
2(
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Once the daily fruit availability is estimated, the daily fruit production (DFPDOY in kg ha-1day-1)
was calculated as:
𝐷𝐹𝑃𝐷𝑂𝑌𝑁𝑂𝑅𝑀 = 𝐶𝑎𝑛𝑜𝑝𝑦𝐶𝑜𝑣𝑒𝑟𝐷𝑂𝑌 ∗ (𝐹𝑝/1000) ∗ (  t ∗ 10000) ∗ 𝐹𝐹𝑃𝐷𝑂𝑌𝑁𝑂𝑅𝑀
Where

t

is the tree density of the stand (trees m-2).
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The Annual fruit production (AFP in kg ha-1year-1) was calculated as the sum of the Daily fruit
production for the period of time where there is a fruit fall (when FFP DOYnorm is > 0.00001) as:
𝐼𝑓 𝐹𝐹𝑃𝐷𝑂𝑌𝑁𝑂𝑅𝑀 < 0.00001, 𝑡ℎ𝑒𝑛, 𝐴𝐹𝑃 = 0
𝐼𝑓 𝐹𝐹𝑃𝐷𝑂𝑌𝑁𝑂𝑅𝑀 > 0.00001, 𝑡ℎ𝑒𝑛, 𝐴𝐹𝑃 = 𝐷𝐹𝑃𝐷𝑂𝑌𝑁𝑂𝑅𝑀 + 𝐷𝐹𝑃𝐷𝑂𝑌𝑁𝑂𝑅𝑀−1
The potential daily carrying capacity of the system was calculated as the sum of the
metabolisable energy content from fruit (Fec in MJ Mg-1) and grass (Cec in MJ Mg-1), and
compared to the reference livestock unit energy requirement (LUER) of 103 MJ day-1 (Hodgson,
1990). The metabolizable energy content for acorn and grass considered were 7230 MJ Mg-1
(Lopez-Bote et al 2000) and 9750 MJ Mg-1 (Köster et al, 2004) respectively.
Finally the sequential days of carrying capacity expresses the number of following days the
system is able to supply the energy requirements for a selected livestock species. In dehesas
with Iberian pigs, the sequential number of days is of high relevance as animals need to free
graze for at least 40 days in order to receive the Protected Designation of Origin (PDO)
certificate.
The methodology was then validated in two different sites in south-west Iberia: Badajoz and
Cáceres. In Badajoz acorn productivity was studied during the years 1997-1999 having an
average of 680 kg ha -1year-1 (15.1 kg tree-1 year-1). The area has a tree density up to 45 trees
ha-1 with a loam soil texture (Cañellas et al 2007). The experimental site in Cáceres has an
average density of 25 trees ha -1 with average acorn productions of 365 kg ha-1year-1 (14.6 kg
tree-1 year-1) and deep sandy-loam soils. In both cases weather information was obtained with
the Clipick tool (Palma, 2015).
Results
With the YieldSAFE simulation of 25 trees ha-1 holm oak stands over a period of 100 years in
the area of Cáceres site, first results showed reasonable estimations for height, dbh, tree
biomass and stand compared to those observed: height of 8.1 +- 1.3m; DBH of 44.9 +-6.4 cm;
tree biomass of 1056 kg tree -1 and stand biomass of 26.4 Mg ha -1 (Moreno, personal
communication, 2016; Figure 1, top).
Results were also consistent with previous studies for grass production estimations. YS
estimated productions of around 1.44 Mg ha -1 for Badajoz site and 1.22 Mg ha -1 for Cáceres
site. Similar values to the average grass production for non-fertilized grasslands of the region of
1.4 Mg ha-1 (Moreno et al 2007; Figure 1 centre).
The values obtained for acorn production fit well with the results observed for the two
experimental sites. In year 100, representing a mature system, an annual production of 620 kg
ha-1 year-1 and 367 kg ha-1 year-1 is estimated for Badajoz and Cáceres respectively. These
estimations are close to the observed values between 590 and 830 kg ha -1 in Badajoz and to
the average 365 kg ha-1 observed in Cáceres (Figure 1 centre). Also the results are similar to
the results obtained in previous studies in dehesa systems: Gea-Izquierdo (2006) reported
productions of around 250-600 kg ha-1 in a system with 50 tree ha -1, and other authors reported
average values around 550 kg ha -1 (Cañellas et al, 2007; Fernández-Rebollo and CarboneroMuñoz, 2007).
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Figure 13: YieldSAFE predictions of height, diameter at breast height and biomass for Quercus
ilex (top). Simulated acorn and grass production for Cáceres and Badajoz sites (centre).
Carrying capacity of the systems for years 99 and 100 considering fruit and grass availability for
Cáceres and Badajoz sites and number of sequential days the system can feed Iberian pigs
(bottom).
Considering the 48 MJ day-1 energy requirements of an Iberian pig (Lopez-Bote et al 2000) both
sites present similar annual carrying capacity values (0.39 LU ha -1 and 0.41 LU ha-1 for Cáceres
and Badajoz respectively) and seem to be consistent with the carrying capacity reported for the
region of 0.3 LU ha-1 (Moreno, personal communication, 2015). The sequential days of carrying
capacity expresses the number of following days the system is able to supply the energy
requirements for one Iberian pig (i.e. 0.47 livestock units) - what in Spanish/Portuguese is called
montanera/montanheira). For Badajoz site, as fruit production is higher, the system is able to
support more than 40 sequential days in year 60, while in Cáceres the system supports up to 15
sequential days in year 100 of simulation (Figure 1 bottom).
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Discussion
.
The methodology proposed allows the YieldSAFE model to simulate long-term acorn fruit
production from dehesas agroforestry systems. Although the model is not sensitive to the high
variability of acorn production, the long-term prediction matches well the values reported in the
literature. Furthermore, the estimation of fruit production linked to data on utilisable
metabolizable energy provided a coherent estimation of the carrying capacity for Iberian pigs.
These first results seem to offer consistent information related to the potential carrying capacity
of dehesa/montado systems,that will enable future assessments of land management scenarios
to improve the provisioning of food and materials. Due to its simple approach, the proposed
methodology can be transferred to other silvopastoral systems in Europe, developed under the
AGFORWARD project (Burgess et al 2015).
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Introduction
In the last Portuguese forest inventory, Eucalyptus globulus Labill became the species with the
largest forest area. This species now occupies 812,000 ha in Portugal (ICNF 2013) and despite
the area increase in recent years, it is anticipated that demand will increase in the next 30 years
at an annual rate of 1.6% (AIFF 2013).
During 2014, the AGFORWARD project, sponsored by the European Union, supported about 40
stakeholders meetings on agroforestry across Europe. In one of the Portuguese meetings
organized in Coruche (Cork production hotspot region in Portugal), stakeholders asked about
eucalyptus agroforestry solutions. In Portugal, agroforestry with eucalyptus is not practiced but
the system is promoted in South America where silvopastoral systems with eucalyptus combine
pulpwood and forage production on the same area of land (Souza et al. 2000; Paula et al.
2013).
The future demand scenarios of pulpwood may suggest the possibility for considering this
species within an agroforestry system, e.g. an alley cropping design. Currently, eucalyptus has
an interesting economic return and these systems could be up taken by farmers, even without
institutional financial support.
Taking advantage of process-based modelling tools, this paper investigates the anticipated
yields under a hypothetical eucalyptus agroforestry system, with and without irrigation.
Material and Methods
The Yield-SAFE model (van der Werf et al. 2007), a process based modelling concept for
agroforestry systems, was calibrated for eucalyptus, a ryegrass pasture, and used to determine
the potential yields of hypothetical eucalyptus agroforestry systems, comparing scenarios of a)
grassland (G), b) G+52 trees ha -1 (T), c) G+203 trees ha-1,and d) G+1000 trees ha-1, in a
location near Coruche (approx. Lat: 38.94°N, Lon:8.61°W). The projections were made
considering two water scenarios: 1) irrigated (no water limitation) and 2) rain-fed.
For the calibration and simulation we used artificial climate retrieved from the CliPick tool
(Palma 2015) for the locations of the tree measurements and near Coruche.
The tree calibration was made with data from experimental plots where eucalyptus trees were
irrigated. Ryegrass was calibrated considering farmer potential yield references (7.5 Mg ha -1)
and, for comparison purposes, data from natural grassland from Moreno and Cáceres (2016).
The crop component module in Yield-SAFE needed to integrate a maintenance respiration cost
to allow the reduction of biomass during the year. The integration was made using the equation
proposed by Thornley (1970):
𝑅𝑘 = 𝑚𝑊𝑘−1 + 𝑔𝑊𝑎𝑐𝑡𝑘−1
While the equation of the daily actual growth in YieldSAFE was updated to consider this cost:
𝑊𝑎𝑐𝑡𝑘 = 𝑓 𝑊𝑟𝑒𝑑 ∗ 𝛿𝑊𝑝𝑜𝑡𝑘 − 𝑅𝑘
Where Rk is the maintenance respiration (g m-2) in day k, m is the maintenance coefficient
representing the amount of carbon respired to maintain existing biomass (g g-1 d-1), g is the
amount of carbon respired per unit of carbon used in growth (g g -1), W is the biomass of the
crop (g m-2),Wact is the actual biomass growth (g m-2 d-1), fWred is the modifier for water
reduced growth (ratio) and Wpot is the potential growth (g m-2 d-1). Values of m = 0.037 g g-1 d1
and g = 0.54 g g-1 were used as suggested by Reekie and Redmann (1987).
For the estimation of carrying capacity we considered 13765 MJ Mg-1 of metabolizable energy in
ryegrass as suggested by Milford and Minson (1965) with a livestock unit needing a yearly value
of 37668 MJ (Hodgson 1990).
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To evaluate the efficiency of resource use, the land equivalent ratio (LER) was calculated as:
𝐿𝐸𝑅 =

𝑐𝑟𝑜𝑝 𝑏𝑖𝑜𝑚𝑎𝑠𝑠 𝑖𝑛 𝑎𝑔𝑟𝑜𝑓𝑜𝑟𝑒𝑠𝑡𝑟𝑦 𝑠𝑡𝑎𝑛𝑑 𝑏𝑖𝑜𝑚𝑎𝑠𝑠 𝑖𝑛 𝑎𝑔𝑟𝑜𝑓𝑜𝑟𝑒𝑠𝑡𝑟𝑦
+
𝑐𝑟𝑜𝑝 𝑏𝑖𝑜𝑚𝑎𝑠𝑠 𝑚𝑜𝑛𝑜𝑐𝑟𝑜𝑝𝑝𝑖𝑛𝑔
𝑠𝑡𝑎𝑛𝑑 𝑏𝑖𝑜𝑚𝑎𝑠𝑠 𝑖𝑛 𝑓𝑜𝑟𝑒𝑠𝑡𝑟𝑦

Results and discussion
The tree calibration result was obtained using parameter values present in the literature,
matching the observed values of the potential yield experiment. The model was able to capture
the yield range variability by assuming climate and soil characteristics from two measurement
areas (Figure 1 – top). The parameter set used for the ryegrass allowed the simulation of the
yields indicated from farmer knowledge and literature.
The model was able to incorporate the maintenance respiration in the crop component. Not only
was the model able to predict the ryegrass yield but also the characteristic fluctuations of
grassland biomass throughout the year (Figure 1 – top right).
These first simulation results suggest that using irrigation on a design similar to a forest might
increase growth up to 6 times (from about 100 kg tree -1 to 600 kg tree-1 at 12 years). This yield
seems even higher than the yield obtained after 10 years in the potential calibration site (about
450 kg tree-1). However, the average yearly radiation (not shown) received in Coruche (5401 MJ
m-2) was greater than that (4899 MJ m-2) in the experimental plot and this could explain the
higher yields in the Coruche simulation.
Moving further into unknown ground, the model estimates a tree size of about 1200 kg in an
agroforestry system with a density of 52 trees ha -1, which is twice the size of the trees in the
density of 1000 trees ha -1. Although a two-fold increase seems high, relations of this magnitude
have been previously found in other temperate agroforestry systems (Balandier and Dupraz
1999; Cabanettes et al. 1999) and in other Eucalyptus species density trials, even at earlier
ages (Cockerham 2004; Stape and Binkley 2010).
This relationship suggests that with 203 trees ha -1 under irrigation, the stand volume after 10
years could be about 400 m3 ha-1. The equivalent volume at a stand density of 1000 irrigated
trees ha-1 would be 1000 m3 ha-1 after 10 years. The model also suggests that with about 200
trees ha-1, the grass yield under the trees is still higher than the yield of a rain-fed grass without
trees.
Under a rain-fed system, with 203 trees ha -1, the model predicts about 60% grass yield
reduction at the end of the 10 year rotation. Graves et al. (2010) predicted a 40% reduction in
crop yield after 10 years but for a density of 113 poplar trees ha-1. With 50 trees ha -1, the farmer
could have about 20% reduction while harvesting about 50 m3 ha-1 of wood after 10 years.
The carrying capacity of the grassland (not shown) without trees yielded an average of 2.7 LU
ha-1 and 1.0 LU ha-1 for irrigated and rain-fed systems respectively. After 10 years, the systems
with 52, 203 and 1000 trees ha-1, had a carrying capacity of 2.4, 1.7 and 0.4 LU ha -1 for irrigated
systems, while the rain-fed systems had a carrying capacity of 0.8, 0.5, and 0.1 LU ha -1 for the
three tree densities. The carrying capacity in the Mediterranean grassland ranges between
between 0.15 and 0.74 LU ha -1 (Reis et al. 2014). Therefore the model suggests that although
the yields of rain-fed ryegrass under a forest system may be low, the agroforestry systems with
52 and 203 trees ha-1 could maintain a carrying capacity similar to natural Mediterranean
grassland. Furthermore it is noticed in the simulation that irrigated systems not only increase the
grass yield, but also increase the duration of grass production (Figure 1 – top right), which is
important in livestock management. Although it is known that higher water availability can lead
to longer growing seasons, the model can be used to explore the effect of trees on radiation
interception, temperature, wind speed and evapotranspiration (see Palma et al. in this book of
abstracts).
In terms of resource use efficiency, the predicted land equivalent ratios (not shown) were 1.2
and 1.1 for the rain-fed systems with 203 and 52 trees ha -1 respectively and 1.1 and 1.0 for the
corresponding irrigated systems. Although these ratios are not as high as other agroforestry
systems, there is a tendency to have higher efficiency in water limited systems, where lower soil
evaporation due to the presence of trees might play an important role in water balance and
availability to plants.
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Figure 1: Yield-SAFE calibration results for Eucalyptus globulus (top-left) and ryegrass yields for
irrigated, rain-fed and reference yields for natural grassland from Moreno and Caceres (2016).
Simulated yields under irrigated and rain-fed regimes for grassland without trees (G0),
grassland with 52, 203 and 1000 trees ha-1 with tree biomass (TB) for reference, and stand
volumes.

Conclusions and further research
Yield-SAFE has been calibrated for the first time for eucalyptus in Portugal, and it predicts
yields within the limits of existing observations and it seems to respond appropriately to the
changes in soil and climate inputs. However the tree yields in the agroforestry systems seem
high and, in the absence of an agroforestry trial, these results cannot be verified. However
existing literature on eucalyptus forest trials, with densities similar to agroforestry, support the
results of this work.

351

3rd European Agroforestry Conference – Montpellier, 23-25 May 2016
Agroforestry modelling (oral)
Eucalyptus globulus agroforestry systems are not currently practiced in Portugal but models
such as Yield-SAFE can provide insights and increase our knowledge on relationships between
trees and crops in terms of resource use.
Further tree and crop calibrations and model improvements are being developed under the
modelling tasks of AGFORWARD project. The modelling of economic and provisioning of
additional ecosystems services are currently being linked to Yield-SAFE with the aim of
providing a consistent analysis of agroforestry systems and innovations throughout Europe.
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Introduction
In agroforestry systems, the presence of tree canopy not only reduces the incident light
for the crop, but also induces a dynamic spatial-temporal light pattern. At the scale of a cropping
season, the inter-row species are subjected to an intensification of shade following the tree
phenology. At the daily time scale, the tree canopy induces a dynamic heterogeneous light
environment according to the path of the sun, the field configuration, the species choice and
tree management (Liu 1991). Furthermore, this light environment evolves throughout the
system evolution over the years, following tree growth. These light alterations induce
physiological and morphological differences for crop species growing beneath the trees, which
in turn affect crop yield. In view of the large diversity and the long term dynamics of agroforestry
systems, having a clear overview of crop responses to this specific environment remains
difficult.
In this context models are powerful research tools that can help to improve our
understanding of crop growth under reduced light conditions and to generate insights on long
term growth and productivity of complex mixed systems.
Nevertheless most crop models deal with crops growing under full sunlight conditions.
Models taking into account interspecific competition for global radiation generally use a shading
algorithm in order to estimate the proportion of global radiation available for the intercropped
species (Knörzer et al. 2011). This approach induces a reduction of the daily cumulated global
radiation, but neglects the spatial-temporal variability which is characteristic for agroforestry
system. From an agronomic point of view, this raises the question whether they are able to
predict crop growth under a dynamic light environment. In this study, we evaluate the ability of
the model STICS to predict winter wheat (T. aestivum L.) development and yield under a
reduced and variable light environment while using the daily cumulative value of global radiation
as input variable.
Material and methods
Field experiment. In 2014, an artificial shade structure was installed on the land of the
experimental farm of Gembloux Agro-Bio Tech in Belgium (50°33’ N, 4°42’E) to evaluate winter
wheat growth, productivity and quality under shade. Shaded conditions were obtained by
covering the north face of a greenhouse tunnel structure installed in the field in East-West
orientation with military cloth. The installation of the shade layers followed the phenology of a
hybrid walnut tree. Three contrasted light conditions were obtained. The continuous shade (CS)
treatment reduced the proportion of light during the entire day. The periodic shade (PS)
treatment corresponded to an intermittent shade on the plot varying within the day. The no
shade (NS) treatment corresponded to the control plot, under which 100% of the incident light is
transmitted to the crop. Light at the crop canopy level was measured with quantum sensors
(CS300 – Campbell Scientific Inc., USA). During the growing season, crop phenology, biomass
development, leaf area, final yield and protein content were monitored.
Modelling strategies. The STICS crop growth model (STICS v8.4, INRA, France) is fully
described in the literature and validated for a broad range of crop species (Brisson et al. 1998;
Brisson et al. 2008). It is a generic crop model simulating the soil–plant–atmosphere system
dynamics on a daily time step. The input variables are daily climatic data (global radiation, air
temperature, air relative humidity, wind speed and rain), soil properties (clay content, nitrogen
content, water-holding capacity …) and technical itinerary (date, depth and density of sowing,
dates and amounts of N supply …). In addition, the STICS model requires specific plant
parameters. For winter wheat, plant parameters were previously calibrated and validated for the
soil and climate environment of the Gembloux experimental farm by Dumont (2013). A large
number of output variables are obtained upon a simulation. In this study, the main output
variables of interest are the total above-ground biomass and end-season variables such as
grain yield, number of grain and grain weight.
First step. All simulations were launched with the same initial set of plant parameters (Set 1),
identical soil and technical itinerary description, but two distinct daily global radiation data sets
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were imposed as daily climatic input: the global radiation recorded during the growing season in
2014 under the NS, PS and CS treatments.
Second step. As the data fit was not entirely satisfactory, we added simulations with two
adjusted sets of plant parameters (Set 2 and 3) taking into account physiological differences
between shaded and unshaded plants. For the set 2, the values of two species dependent
parameters involved in the determination of the number of grains (see (Brisson et al. 2008)),
CGRAIN (g-1 m²) and CGRAIN vo were modified (Tab. 1). In parameter set 3, the value of a
parameter determining the grain weight value, VITIRCARbT, was adjusted in addition to the
modifications of parameter set 2 (Tab. 1). In order to adjust these parameters we used
additional data from two others winter wheat fields of the experimental farm.
Model evaluation. The ability of STICS to simulate the aboveground biomass, final grain yield
and yield components (number of grain per m² and grain size) was evaluated by confronting the
simulation outputs with field observations recorded during the growing season under three light
regimes (NS, PS and CS). The root mean square errors (RMSE) and the Nash-Sutcliffe model
efficiency (NSE) were used as model evaluation criteria.
Tab. 1 Plant parameters sets

CGRAIN
CGRAIN vo
VITIRACARbT

Set 1
0.045
0
0.00065

Set 2
0.08
-0.6691
0.00065

Set 3
0.08
-0.6691
0.000625

Results
Field observation. The artificial shade layers were applied 10 days before crop flowering
according to the observed tree phenology. In this condition, winter wheat experienced
equivalent light conditions before it reached the full development of its leaf area. Therefore the
reduction of transmitted global radiation mainly affected yield elaboration processes.
Observations showed a significant yield reduction for the CS and PS treatment (-45% and –
24% respectively, Anova p-value : 1.48.10-10) in comparison to the NS treatment. This decrease
is related to a significant reduction of both grain weight (-32% and -18% respectively, Anova pvalue: 1.5.10-4) and grain number (- 18% and -14% respectively, Anova p-value : 1.75.10-7)
under the CS and PS treatments.
Simulation outputs. Whatever the parameter set used, the winter wheat total aboveground
biomass (MASEC, t/ha) dynamics were correctly reproduced under the 3 treatments (see
RSME). This is expected, since the varied parameters only affect processes involved in grain
elaboration (Fig.1).

Fig. 1 Model output simulation and field observed data of the total aboveground biomass (t/ha) under the NS (no shade)
and CS (continuous shade) treatment. Vertical bars represent the standard error of the means of observed data and
RMSE the root mean square error value.

The simulations reflected the gradient observed in the field experiment for the final yield (t/h):
final yield and yield components (number of grain per m² and grain weight) decreased with
increasing shade (Fig. 2). Nevertheless, for both treatments (CS and NS) the relative reduction
of yield was higher in the field (- 45% and – 24 %) than in the simulation (around -25% and -16
% for the 3 sets). Under the CS treatment, the relative reduction of grain number and grain
weight were underestimated whatever the parameter set used.
Overall, plant parameter set 2 allows improving the grain number prediction for the CS and PS
treatment without having a detrimental impact on the NS simulations (set 1: RMSE=1595 t/ha
and NSE=3.1; set 2: RMSE=963.17 and NSE=0.8). For the grain weight, we observed an
increase of the overestimation under the CS treatment with set 2; while for PS this set improves
the prediction. Using the set 2, we observed that the decrease of grain number is compensated
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by an increase of grain weight. Therefore, final grain yield was still overestimated for CS and PS
with no differences between set 1 and 2 for the three light treatments.
The additional adjusted parameter of set 3 improves the final yield prediction (set 1 and 2:
RMSE=1.24 t/ha and NSE=10.3; set 3: RMSE=1.06 and NSE=5.9) through a decrease of grain
weight for the three treatments. As such, set 3 allows reducing the grain weight and grain
number outputs.

Fig. 2 Simulated versus measured winter wheat final grain yield, number of grains per m² and grain weight for the two
sets of plant parameters (set 1 and 2) and the two light treatments (CS, NS). Horizontal bars represent the standard
error of the means of the observed data.

Discussion
This first attempt to understand and predict the behavior of winter wheat under shade
environment consisted of running the STICS model by modifying solely the daily GR input.
Preliminary results for the shade treatment show that a reduction in final grain yield, yield
component and total aboveground biomass accumulation are predicted by STICS for both
shade treatments (CS and PS), but with lower differences between treatments than the field
observation.
Without the adaptation of plant parameters (set 1), STICS overestimates final grain yield for the
CS and PS treatment. The correction of three species-dependent parameters involved in grain
number and grain weight estimation improves the model prediction. Nevertheless, the model
still appeared unable to correctly simulate final yield under the two shade treatments with a
common set of parameters. In addition, the expected sensitivity of the crop to shade during the
yield elaboration period, ca. fixed here at 20 days before flowering, is currently not reflected in
the simulations.
To go further, additional data from other fields and different years will be used to improve the
parameter calibration. Furthermore, the yield formalism of the STICS model will be discussed in
future work.
Finally, the question of the ability of STICS to simulate final yield of crops growing under
dynamic light environment by using a common set of plant parameters remains unresolved.
Nevertheless, this first work was only a preliminary attempt on improving the crop component in
order to advance with coupled tree-crop models with regard to light interaction in an
agroforestry context, and further investigation is needed.
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Introduction
Yield-SAFE (van der Werf et al 2007), developed during the SAFE project (Dupraz et al.2005) is
a parameter-sparse, process-based dynamic model for predicting resource capture, growth, and
production in agroforestry systems that has been frequently used by various research
organisations in recent years.
Within the AGFORWARD project (Burgess et al., 2015) the Yield-SAFE model has been
enhanced to more accurately predict the delivery of ecosystem services provided by
agroforestry systems relative to forestry and arable systems. This paper summarizes the new
developments within the model.

The story so far…
The new developments to the model can be divided into:1) Intrusive developments, which
improve existing state variables, 2) Extrusive developments, which use and change state
variables, 3) Complementary developments, which use state variables to calculate new
variables, 4) Climate-drivers developments, changing climate inputs and 5) Interface
developments, facilitating the end user interaction and use of the model.
The intrusive developments have directly changed the existing equations to improve model
performance. For example, crop water use is now linked to vapour pressure deficit to cope with
water use efficiency in different environments (e.g. Mediterranean, Atlantic), and a new
maintenance coefficient is used in crop biomass when it is not harvested.
The extrusive developments include implementation of new ecosystem dynamics that interact
with the existing tree, crop, and soil state variables within the model. For example, the carbon in
the tree leaf fall is now incorporated into soil, simultaneously reducing above ground biomass.
Complementary developments are those where existing state variables are used to estimate
new indicators. For example, carrying capacity is calculated based on the energy supplied by
crops and the energy required by livestock, considering or not a shadow effect to reduce the
livestock energy requirements. Similarly, tree fruit productivity is based on tree leaf area, while
the soil carbon module uses climate input and state variables, but not changing tree, crop or
soil-water state variables.
Climate-driver developments influence the climate data used in the model, modifying a large
number of state variables. For example the canopy effect of reducing thermal amplitude or
reducing wind speed, will reduce vapour pressure deficit, reduce evapotranspiration, increasing
water availability in soil, and can also reduce the number of heat stress days for livestock.
Interface developments do not change or add any equations to the model. For example, the
model needs daily climate data and some of the new improvements require additional climate
variables. Auxiliary tools have therefore been developed to facilitate this task, while
programming new interfaces has helped the users to use the model in a more user-friendly way.
The following sections briefly describe the new developments of Yield-SAFE.
Intrusive developments:
Crop water use: This state variable is a simple relationship between the daily biomass growth
(Bc, g m2) and the water use efficiency parameter (c, m3 g-1), i.e. Bc * c. Formerly, for the same
crop, there was a need to increase the water needed to produce the same amount of biomass
for drier Mediterranean climates relative to more humid Atlantic climates. This dual calibration
carried out within the yield safe model was required mainly due to a higher vapour pressure
deficit (VPD) in drier regions. The water use efficiency of the crop is now a reference for a VPD
of 1 kPa while the water use responds to the daily VPD calculations. The decision to link the
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water uptake to VPD led to the increase of climate inputs (minimum temperature, maximum
temperature, and relative humidity), but the use of these climate variables also increased the
potential to assess other aspects of the ecosystem services provided by agroforestry systems.
Perennial understory biomass cycle: Contrary to conventional annual crops, grasses are
usual perennial crops. As Yield-SAFE did not previously account for crop respiration, the result
was an unrealistic yearly annual accumulation of biomass in the system. Therefore a crop
respiration rate was added for the modelling of perennial crop species, enabling the reduction of
biomass when the daily growth is lower than the carbon used for biomass maintenance. The
addition of this parameter not only improves modelling of the typical biomass cycle for grass ,
but also analysis of carrying capacity, which is related to the water resource use of the system.
Extrusive developments
Tree leaf fall and root mortality: Leaf fall and therefore leaf biomass has been incorporated in
the soil as plant input material in the soil carbon dynamics module. This is achieved using the
specific leaf area (in cm2 g-1) which is multiplied by the tree leaf area and, given a carbon
content ratio, provides the amount of carbon added to the soil during tree leaf fall. In the case of
perennial trees, leaf fall is considered to be a proportion of the current leaf area. The fallen leaf
biomass is removed from the total biomass. Fine root mortality with a carbon content ratio, also
adds plant material to the soil carbon module. To achieve this input of carbon by fine roots, the
total root biomass is estimated in a first step with a root-to-shoot ratio from above ground
biomass using a root-to-shoot ratio (RSR) of 0.2 and 0.25 for conifers and broadleaf
respectively (IPCC, 2006). Literature suggests that fine root mortality can be taken as a
proportion of root biomass in the same proportion as leaves in the aboveground biomass.
Alternatively, a user can define the root-to-shoot ratios and proportion of fine roots in the
belowground biomass.
Complementary developments
Carrying capacity: The need to study silvopastoral systems in AGFORWARD led to the need
to estimate livestock carrying capacity. The model now uses the Farm Accountancy Data
Network (FADN, 2016) reference for a livestock unit (LU) that, together with 1) livestock
metabolizable energy requirements (LMER), 2) the energy provided by the crop, and 3) the tree
fruit (see section Tree fruit productivity), provides an estimate of the carrying capacity of each
land system modelled.
Tree shadow influence on carrying capacity: Trees have a positive effect on animal welfare,
especially in extreme hot or cold climates. Several studies have shown that livestock start to
suffer from heat stress above certain temperature and humidity levels. Based on studies of
McDaniel and Roark (1956) and McIlvain and Shoop (1977), this is expressed using the
temperature and humidity index (THI) which combines temperature and humidity and relates it
to stress in animals. A stress day is defined as day when temperature + humidity are above 130
(temperature in Fahrenheit, humidity in %). Stress in hot climate means that animals use energy
to reduce their body temperature, instead of using it to gain weight. Based on the results from
the same authors, the model has been improved to calculate a reduction of 11% in LMER when
trees have a minimum height of 4 meters and when the THI is above 130. Calculation of this
effect on carrying capacity requires calculation of relative humidity which was introduced during
the improvements in crop water use (see section Crop water use).
Tree fruit productivity: Tree fruit products are an important economic product of tree based
land use systems. They also provide an important energetic food resource input for the
calculation of the utilizable metabolizable energy (UME) available for livestock, and production
data is therefore required to calculate the global carrying capacity of the land systems.
Literature often considers fruit productivity to be a linear relationship to leaf area, therefore a
parameter defining the fruit productivity (in g m-2 of canopy) is now linked to the existing leaf
area state variable of the model. However, fruit productivity is strongly dependent on climate
events (e.g. late frosts, heat waves) or even climate conditions when reserve accumulation
occurs before winter. Furthermore, fruit production also depends on tree age and therefore
further developments are needed to improve fruit productivity (see section Further
improvements).
Soil carbon dynamics: RothC (Coleman and Jenkinson, 2014) has been integrated within
Yield-SAFE. RothC is a monthly time step model and therefore some adaptations were made to
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fit it to the daily time-step use in Yield-SAFE. The link between the models was made with
climate, crop, and water state variables (crop cover, evapotranspiration) in Yield-SAFE, being
used as inputs to RothC, and has required in Yield-SAFE, new estimations of tree leaf fall
biomass and trees/crop root mortality (see section Tree leaf fall and root mortality). The model
can also include the application of manure and emission of livestock faeces as carbon inputs to
the soil. However, it should be noted that neither of these actions provides feedback to modify
crop or tree yields within the model.
Non-timber forest products (cork): Due to the importance of some tree species where neither
the fruit or wood are the main valued product, for example cork oak (Quercus suber L.),
modules with specific equations have been added. In the case of cork oak, a module was added
hybridizing Yield-SAFE state variables to cork productivity (Paulo and Tomé 2010). In future
other non-wood products may be added that could link the production to the tree or crop state
variables. The implementation of non-timber forest products is typically a complementary or
extrusive implementation.
Climate-driver developments
Canopy effect on microclimate (temperature): This effect is linked to the shadow effect on
livestock (see section Tree shadow influence on carrying capacity). However, in this section
there is a focus on the fact that tree canopies not only reduce temperature in summer but also
increase temperature in winter (Gill and Abrol, 1993). Modifying the temperature when tree
height reaches a certain threshold (in this case 4 m, same threshold for shadow effects on
livestock) also modifies a number of related state variables. For example, VPD is affected
altering crop water use and soil evaporation which in turn, affects the water balance of the soil.
Also, new features of Yield-SAFE such as carrying capacity are modified, because by reducing
temperature in summer, there are fewer stress days for livestock, and the canopy therefore
helps to promote weight gain in livestock relative to a no shade scenario, counteracting the
negative impact on grass yield caused by reduced light penetration and favouring a mechanism
of adaptation to climate change. Additionally, increasing temperature in winter may increase
number of growing days for the crop.
Canopy effect on microclimate (wind): Trees on landscapes are known to reduce wind
speeds. The efficacy of this depends on tree disposition and wind direction and, in some cases,
trees may also increase wind speed, for example, if the crop alleys and wind are oriented in the
same direction, providing conditions for the Venturi effect (Geiger et al. 2012). Nevertheless,
literature related to windbreaks shows consistent relationships between distance and height in
reducing wind speeds. From recent research in alley cropping systems, relationships between
wind speed and alley width can be found to build a function to reduce wind speed (Böhm et al
2014). Yield-SAFE now includes this effect, in terms of the effect on evapotranspiration but wind
direction is excluded and therefore this feature of the model should be used carefully.
Interface developments
Activation and deactivation of improvements: The implementation of the new improvements
in Yield-SAFE takes into consideration that the user may choose not to activate the new
processes described earlier, either due to lack of interest in certain process, or because they
want to compare results “with” and “without” the new process to gain better understanding of the
interactions and implications of the modelled land use system. The ability to switch these
processes “on” and “off” has therefore been provided. In addition, the new developments take
into consideration the simplicity objective of Yield-SAFE, maintaining ease of calibration and
parameterization by trying to 1) add as few parameters as possible and 2) use commonly used
parameters.
Daily Climate: As the model runs in a daily time step, daily climate data is needed. However,
obtaining such data is often challenging. Under the AGFORWARD project, a tool called “Clipick”
was developed to help in the provision of artificial daily climate data in order to run the YieldSAFE model (Palma 2015). The tool can also provide data on future climate scenarios based on
data reported to the International Panel on Climate Change.
New interface on the way: As new developments are integrated, the original MS Excel
interface developed during the SAFE project has become a very large file that is difficult for
standard computers to load. Therefore a new interface is being developed which can be
accessed via internet to ease the usage of the model. The new interface has “Clipick” integrated
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into it to facilitate the input of climate data, whilst the model can be accessed through any
programming language that can retrieve http requests, including MS Excel. In fact, this
characteristic recently enabled the integration of Yield-SAFE into FarmSAFE(Graves et al.,
2007; 2011), allowing a dynamic link between the biophysical and the economic models.
Further improvements
The requirements of the AGFORWARD project have raised needs in terms of modelling
agroforestry from an ecosystem perspective. Some of these needs are identified but have not
yet been implemented. These include for example: 1) accounting for energy provided by tree
pruning for feeding to livestock and also consideration of pollarding management; 2)
consideration of canopy effects on livestock energy needs under cold climates, and;3)
estimation of the number of flowers (based on fruit production) as an indicator of pollinator
feedstock (biodiversity indicator).
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AGROFORESTRY AT ALL LATITUDES? UNEXPECTED
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LIGHT TO THE CROPS AT VARIOUS LATITUDES
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* Correspondence author: christian.dupraz@montpellier.inra.fr
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Introduction
Why are high latitude farmers so reluctant towards agroforestry? Competition for light
between trees and crops is the greatest fear of most farmers when considering agroforestry
adoption (Graves et al., 2009). It is usually assumed that this competition for light would be very
detrimental to the crops at high latitudes (above 45° Latitude). Current agroforestry practices in
Europe are mostly maintained at Southern Mediterranean latitudes (Eichhorn et al., 2006), and
agroforestry is more successful in the tropics than in the temperate world (Ong et al., 1991).
Both facts may support that radiation availability is limiting agroforestry adoption at high
latitudes. Another recent assumption is that North-South tree lines should be preferred to allow
for a more homogeneous irradiation of the crops in the alleys at temperate latitudes (Dufour et
al., 2013). However, the effect of trees on light availability for the crop can be very different at
different latitudes because of different day length and sun trajectories. Using a numerical
simulation model, we question these paradigms, and look for their validity domain at different
latitudes.
Material and methods
Direct field experiments involving latitude are not feasible. We therefore decided to
adopt a virtual experiment approach, using a process based model of agroforestry systems. We
used the Hi-sAFe model that includes a 3D light competition module between trees and crops.
This light module was previously validated with field observations (Talbot and Dupraz, 2012).
The model is spatially explicit, allowing comparing various planting designs including tree
density, tree rows orientation, plantation design (rectangular, quincunx) and pruning intensity.
We computed the radiation available for crops in an alley-cropping system at five latitudes (25°,
35°, 45°, 55°, 65° Lat North ), two distances between tree lines (17 versus 35 m) and two tree
row orientations (North-South, East-West). Trees were spaced 7 m on the tree line, resulting in
a planting density of 84 and 41 trees.ha -1 with the 17m crop alley and 34m crop alley
respectively. We calculated the relative irradiation of the crop (ratio of incoming radiation at the
crop level divided by the incoming radiation on the plot) at the day time step and m² scale, and
aggregated it at various time (month, year, decades) and spatial (m², cropped alley, total plot)
scales. Spatial variability was calculated as the coefficient of variation of the relative irradiation
of the 1-m² cells of the cropped alley. To assess seasonal effects, we also computed the
irradiation of the crops at some key times of the year. The simulations were run until the trees
had reached 50 cm Diameter at Breast Height (DBH) at all sites, allowing comparing the relative
irradiation of the crops with the same DBH for all trees. The simulated trees were deciduous
trees (walnut type) with the same pruning scheme (every two years, 30% of tree height, up to
4m).
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Results and discussion
Intensity of crop irradiation.
Tree density affected crop relative irradiation at all latitudes (Figure 1) with higher levels
for more widely spaced trees.

Figure 1: Variation of the annual relative irradiance at crop level as a function of tree size at 5
levels of latitude (East-West tree line orientation at 17 m (A) and 35 m (B) between tree lines).
Relative irradiation was lower at high latitudes, but did not vary much between the
tropics and temperate latitudes. It is sometimes assumed that crops adapted to shady
environments may cope with up to 50% of reduction of the irradiance, and will perform with no
yield decrease at 80% relative irradiance (Ong et al., 1991). With 41 trees.ha -1 (35 m between
tree lines), the 50% threshold was never reached at all latitudes (Figure 1B), showing that
agroforestry should be feasible at high latitudes with widely spaced tree lines. With 84 trees.ha -1
(17 m between tree lines), the relative irradiation of the crops remained above 60% for the
whole cycle at low latitudes, and for more than half the tree life cycle at very high latitudes
(Figure 1A). However annual values may not be sensible when discussing the behaviour of
crops with short growing seasons. We therefore zoomed in on targeted periods of the year
(Figure 2) with very large mature trees (50 cm DBH).

Figure 2: Relative irradiation of the crop in March, June, September and December with 50 cm
DBH deciduous trees (tree rows at 17 m spacing).
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Surprising patterns of radiation capture by the trees are evidenced. The practical result
is not trivial: to increase radiation availability on the crops, East-West tree lines are better at low
(tropic) latitudes, North-South tree lines at high latitudes, and there is no clear preference at
temperate latitudes. This is at odds with the common sense and previous knowledge. The
relative irradiation of crops decreased with latitude at all periods of the year except in June with
North-South tree lines, where it remained almost constant between 25 and 45° latitude. For
summer crops, East-West tree lines should not be used at high latitudes, as the late summer
irradiation of crops was low with such a tree row orientation.

Heterogeneity of crop irradiation.
Farmers need to grow crops as homogeneous as possible, so that all management practices (in
particular harvest) can be done on the whole alley at the same time. If crop irradiation is too
heterogeneous, some parts of the crop may be ripe when other parts are not. Heterogeneity of
irradiance at crop level increased steadily with tree size (Figure 3A) for East-West tree lines,
while North-South tree lines (Figure 3B) lead to a higher homogeneity of the relative irradiation.
With North-South tree lines, heterogeneity peaked with medium sized trees and then stabilized
at a lower level for larger trees. Our simulations showed a higher homogeneity of the crop
relative irradiation with 35 m spaced tree lines, although the difference between the most sunny
and the most shaded locations was maintained (results not shown).

Figure 3: Heterogeneity of crop irradiation expressed by the coefficient of variation for the month
of June of the relative irradiation for 17m wide alleys with East-West tree lines (A) and NorthSouth tree lines (B).
Conclusion
It may not be safe to draw conclusions with only relative irradiation values. Absolute
incoming irradiance also decreases with latitude, and this may result in levels of absolute
radiation that would be limiting for the crops, even when the relative irradiation is high. The total
annual radiation is reduced at high latitudes, but this is not true at all times of the year. At the
summer solstice, the incoming irradiance is quite uniform across latitudes. At high latitudes,
summer crops are the rule, and they will therefore benefit from high levels of irradiation even in
agroforestry systems during the summer. Practical rules can then be inferred from our
simulations results, based on a mature tree DBH of 50 cm (Table 1). Agroforesters want more
light and less light heterogeneity on their crops, but they also want a fast growth of the trees.
Our simulation results could allow finding a compromise between these requirements based on
numerical estimation of crop and tree growth.
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Table 1: Looking for best practices in alley cropping agroforestry : what is the best tree line
orientation?
Increase light
Reduce light
Increase tree
Best
availability
heterogeneity
growth
compromise
Low latitudes (<35°)
East-West +++
North-South+
North-South+
East-West
(Tropics)
Temperate latitudes
Equal
North-South++
North-South+
North-South
(35°-50°)
High latitudes (>50°)
North-South+++
Equal+
Equal
North-South
(Boreal/Austral)

Comparing the latitudes with the same tree sizes may also be questioned. Trees grow slower at
Northern latitudes because of the radiation and temperature decrease that shorten the growing
season. As a result, for a given tree age, crop shading is smaller at high latitudes than in the
tropics. If we compare the different latitudes with different final tree sizes (linear decrease
between 50 cm DBH at 25°N and 30 cm DBH at 65°), we come up with a very different
conclusion : summer crop relative irradiation becomes uniform and agroforestry is possible at all
latitude. These novel results are at odds with the conclusions of some previous studies (Dufour
et al., 2013; Molto and Dupraz, 2014).
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Introduction
From the 1960s to the beginning of the twenty-first century, increased crop yields per unit area
in Western Europe have occurred as a result of plant breeding, the use of external inputs such
as agrochemicals and fertilizers, and the use of specialised field machinery (Burgess and
Morris, 2009). However this has also led to negative environmental impacts such as nonpointsource pollution from agrochemicals, soil degradation, and greenhouse gas (GHG) emissions.
In the SAFE project (Dupraz et al., 2005), a Microsoft Excel-based spreadsheet model called
Farm-SAFE (Graves et al., 2007; 2011) was developed to evaluate the financial costs and
benefits of arable, forestry and silvoarable systems in Europe (with and without grants). The
model was used to determine some of the environmental impacts (Palma et al., 2007) but these
were not valued. Within the AGFORWARD project (Burgess et al., 2015), the Farm-SAFE
model has been developed to assess and compare the environmental externalities of carbon
emissions and sequestration, soil erosion, and nonpoint-source pollution from fertilisers in
arable, forestry and silvoarable systems.
Methods
The Farm-SAFE financial and economic model of arable, forestry, and silvoarable agroforestry
systems has been adapted to include the following environmental externalities:
GHG emissions: In order to incorporate negative externalities of GHG emissions life-cycle
based data were used. The model was adapted for the analysis of GHG emissions and
sequestration in aboveground biomass. In doing so, the resources and energy used in the
production system (input) and the emissions released into the environment (output) were
measured and included in the economic analysis.
Soil erosion: The Revised Universal Soil Loss Equation (RUSLE) (Equation 1) was used to
calculate the annual soil loss in the different production systems.
A = R * K * LS * C * P
[Equation 1]
Where A is the estimated average soil loss in tons per acre per year; R is the rainfall-runoff
erosivity factor; K is the soil erodibility factor; L is the slope length factor; S is the slope
steepness factor; C is the cover-management factor; P is the support practice factor. When
comparing soil loss in arable, forestry and silvoarable systems in the same geographical area,
the factors R, K, LS and P were considered constant and only changes in the C-factor were
used to assess the differences among the systems.
Nonpoint-source pollution from fertiliser use: The emissions of Nitrogen (N) and Phosphorus (P)
were considered in the analysis. The differences among arable, forestry and silvoarable
systems were calculated as a function of the N and P fertilizer rates and the N and P leaching
rates of each system.
Results and discussion
The results presented in this paper are only for the GHG emissions. Further develop of this
paper will include soil degradation and nitrogen and phosphorus loss as additional
environmental externalities.
In order to include the GHG emissions in the assessment a ‘cradle-to-farm gate’ perspective
was used. Figure 1 shows the Life Cycle Assessment (LCA) system boundary for the
operations of an arable system. Operations assumed to take place outside the farm gate such
as cooling, drying, crop storage, and further processing of the outputs were not taken into
consideration. The establishment of the farm itself, the construction of the infrastructure and
transportation were also excluded from the analysis.
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Figure 1. System diagram for the Life Cycle Assessment (LCA) of arable cropping, showing the
system boundary and which inputs were included in the analysis of GHG emissions. Source:
Kaske (2015).
One of the model innovations developed in this work was the flexibility for the user to change
the tractor size and soil type. For some field operations, these factors are associated with the
fuel consumption and work rate which affects the GHG emissions. Equations of these
relationships were calculated and used to interpolate values. Figure 2 shows an example of the
equation used for the relationship between the clay content of the soil and a) fuel consumption
and b) work rate. As shown, in both cases the higher the clay content percentage in the soil the
higher fuel consumption and work rate. Furthermore the model allows the user to select three
different cultivation methods: plough based cultivation, reduced tillage and direct drilling. The
results presented in this study include the field operations for reduced tillage.
Ploughing with four furrows

b) Subsoiling of tramlines (3 leg sub-soiler)
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Figure 2. Assumed relationship of the effect on the proportional clay content of the soil on a)
fuel consumption for ploughing, and b) the work rate of sub-soiling.
Using such values, the equivalent annual value (EAV) of an arable, forestry and silvoarable
system was calculated for a location in Bedfordshire in the United Kingdom (Table 1). The
arable system is a four year crop rotation of wheat, wheat, barley and oilseed; the forestry
system is a poplar tree plantation; and the silvoarable system is poplar tree with cropped alleys
with the same rotation of the arable system. The EAV was estimated for a time horizon of 30
years at a 5% discount rate with and without grants as well as with and without including the
externality of GHG emissions. The carbon price used for the calculations was 7.63 € per tonne
of CO2 which is being achieved in the UK (UK Forestry Commission, available at:
www.forestry.goc.uk/carboncode).
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The analysis indicated that the EAV, with grants7, for the arable system (548 € ha -1) was more
profitable for the farmer than the silvoarable (342 € ha-1) and forest systems (467 € ha -1).
Without grants, the profitability of the silvoarable system (82 € ha -1) was between that for the
arable (302 € ha -1) and forest systems (23 € ha -1). Since grants are paid by society it can be
argued that the societal benefits of the system are based considered without the inclusion of
grants.
Table 1. Equivalent Annual Value (EAV) of an arable, forestry and silvoarable system in
Bedfordshire in the United Kingdom. Results shown for a time horizon of 30 years at a 5%
discount rate.
Arable1
Silvoarable2
Forestry 3
EAV with grants (€ ha-1 year-1)
548
342
467
EAV without grants (€ ha -1 year-1)
302
82
23
Emissions of CO2eq in 30 years (t CO2eq ha-1)
80
42
16
EAV of CO2eq emissions (€ ha-1 year-1)
-40
-21
-8
Sequestration of CO2eq in 30 years (t CO2eq ha-1)
0
129
177
EAV of CO2eq sequestration (€ ha-1 year-1)
0
64
88
EAV with grants and GHG externalities (€ ha -1 year-1)
508
385
546
EAV without grants and GHG externalities (€ ha-1 year-1)
262
125
103
1
: the arable system was a rotation of wheat, wheat, barley and oilseed rape
2
: the silvoarable system was the same rotation as the arable system with poplar hybrids
planted at 113 trees per hectare.
3
: the forestry system was hybrid poplars planted at a density of 156 trees per hectare.
Starting from the assumption of not including the grants, the inclusion of the societal cost of
GHG emissions reduced the difference between the EAV of the arable and the silvoarable
system from 220 € ha -1 to 137 € ha-1 (Table 1). These results highlight how including
environmental costs can change the relative societal advantage of different land uses.
Conclusions
Financial analyses can quantify the benefits and costs of different land management practices
from a farmer’s perspective, but this does not necessarily reflect the full benefits and costs to
society. Including environmental externalities in the assessment helps highlight the most
appropriate land use decisions from a societal perspective. This work presents some model
improvements developed in Farm-SAFE in order to include key environmental externalities from
agricultural and forestry activities. Including carbon sequestration and GHG costs in the
example selected from the UK reduced the relative value of a conventional arable system
compared to silvoarable agroforestry and forestry. It is anticipated that inclusion of
environmental costs such as soil degradation and nitrogen and phosphorus loss would further
enhance the relative societal benefit from the silvoarable or forestry system.
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THE AESTHETICS OF FUTURE AGROFORESTRY
SYSTEMS AND ITS APPLICATION WITHIN A DECISION
SUPPORT TOOL
Hübner R (1*), Busch G (2), Augenstein I (1)
* Correspondence author: rico.huebner@tum.de
(1) Chair for Strategic Landscape Planning and Management, Technical University of Munich, Freising, Germany (2)
Bureau for Applied Landscape Ecology and Scenario Analysis – BALSA, Göttingen, Germany

Introduction
Protecting the scenic qualities of the landscape is a distinct objective established by the Federal
Act for Nature Conservation in Germany. Moreover, potential visual impacts are a major
concern in the public debate when it comes to the establishment of new land use systems.
Depending on the landscape context, modern agroforestry systems (AFS) might be perceived
as aesthetic enrichment or as visual intrusion (Reeg and Brix, 2008). Careful allocation and
design of AFS are key issues for public acceptance. The question arises whether it is possible
to avoid landscape aesthetics-related conflicts by taking possible changes to the landscape into
account beforehand. The idea was to develop and apply a method of estimating and evaluating
the visual effects of agroforestry using landscape metrics. This information contributes to a
decision support system that also incorporates other criteria. The concept was developed and
tested exemplarily in south-east Brandenburg within the research project ‘Innovation Group
AUFWERTEN’.
Material and Methods
In landscape ecological research, the calculation and interpretation of landscape metrics is a
frequently applied approach to analyse landscape composition and configuration using
geographic information systems (GIS). More recently, GIS-based approaches have been
suggested to assess the visual aesthetic quality of landscapes (Augenstein, 2002; Roser,
2011). The linkage between landscape metrics and landscape aesthetic parameters in
particular is described by Palmer (2004), Uuemaa et al. (2009) and Frank et al. (2012).
Which indicators to choose?
For the study, two criteria have been chosen to identify suitable areas for the siting of AFS. The
criterion ‘enclosure’ accounts for the hypothesis that humans prefer landscapes whose
constituting natural elements structure the space in such a way that new prospects might be
discovered when moving deeper into the scene (Augenstein, 2002). Since the study region
lacks substantial relief changes, enclosure is created by the spatial arrangement of land cover
elements. It can be assumed that in landscapes richly endowed by natural vertical structures,
negative impact on the landscape can be expected due to a perceived overload by additional
elements. The same is expected for landscapes of intriguing visual richness due to a high
diversity of (semi) natural land cover types and scenic features such as prominent single trees.
This aspect is taken into account by the second criterion ‘visual diversity’.
Three discrete categories of suitability were defined: category ‘A’ suitable areas, ‘B’ suitable
areas with design requirements and ‘C’ exclusion areas. In exclusion areas, an establishment of
AFS is expected to be experienced as a deterioration of scenic quality and therefore rejected.
How to calculate?
Enclosure of landscape was analysed by the Line Density tool, for which all linear landscape
structures are extracted from the Brandenburg habitat type mapping (Landesumweltamt
Brandenburg, 2007). For the moving window analysis, a cell size of 25 x 25 m was chosen.
Only landscape elements with a clear vertical structure (e.g. forest border) or a minimum of 10%
coverage were considered. Obtained values are transformed to distribute between 0 and 100
and reclassified to 10 classes (Figure 1). For validation, a transect across all classes found in
the study area was built along which panoramic images were taken using HD-videotaping.
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Figure 1: Procedure to determine the index for ‘enclosure’ and transect located waypoints for
field assessment
In order to calculate the second index ‘visual diversity’ we modelled Shannon's Diversity Index
(SHDI) which is based on the weighted geometric mean of the proportional abundances of
landscape features. Its range extends from 0 to infinity, the higher the value, the more diverse
the landscape (Figure 2). To analyse the structure of the landscape one has to leave the scale
of the single landscape element and move to a higher level of observation. A fishnet with a cell
size of 2.5 hectares was found to suit the study area best in order to spread obtained diversity
values widely. For 21 units covering the probability distribution of diversity values, GPS
waypoints were created with the software package R for each centroid and visited on several
occasions during summer 2015.

Figure 2: Procedure to determine the index for ‘visual diversity’ and grid located waypoints for
field assessment
What do the experts say?
360° panoramic images representative for 9 classes of the ‘enclosure’ criteria and 16 panoramic
images taken at the centroids within calculated ‘visual diversity’ classes were printed on A0 photo paper and pinned to presentation boards. To create a feeling of perspective and range,
the panoramas were backed up by high-resolution aerial photographs. In a first round, four
designated experts in landscape aesthetics from the field of rural landscape planning (selected
according to experience and availability) judged independently the suitability of presented
landscapes for the establishment of AFS. By majority voting it was decided upon the threshold
values for the indices separating the map categories. However, for some landscape images,
inhomogeneous voting occurred. The differences in opinion were discussed among the expert
until consensus was reached.
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How to create a decision support tool?
Major goal of this tool is to support regional stakeholders and planners to identify suitable
locations for the establishment of AFS located on arable land with respect to a variety of criteria,
such as soil and water conservation, nature protection, crop productivity and last but not least,
landscape aesthetics. Therefore the plot-specific metadata concerning ‘enclosure’ and ‘visual
diversity’ were further processed within the tool.

Figure 3: Procedure to evaluate the quantitative indicators ‘enclosure’ and ‘visual diversity’
within the decision support tool
Figure 3 depicts the evaluation procedure implemented as part of a decision support tool which
is currently under development within the AUFWERTEN project. Considering the results from
expert rating and field assessment, an indicator-specific relation, expressed as ‘Degree of
fulfilment’ (‘Df’) could be provided. In a second step, a joint evaluation was generated by
combining the indicator-specific ‘Df’-values. The procedure applied followed an approach by
Malczewski and Rinner (2005) and allows the user to qualitatively express his/her evaluation
preference by choosing between seven options. This way the combined evaluation ranges
between a sole minimum to maximum selection allowing for intermediate steps. Each selection
corresponds to a predefined weight pair that is assigned to the ‘D f’ ordered-value pair
accordingly (Malczewski and Rinner, 2005).
Table 5:

Example of the ordered weight average calculation procedure

Indicator

𝐷𝑓value

𝑦 order weight

‘enclosure’
‘visual diversity’

40
16

0.21
0.79

𝐷𝑓 ∗ 𝑦
2
8.4
12.64

100

∑(𝐷𝑓 )
0

21.04

Df-value >66.6 results in a recommendation for AFS (cat. A), <33.3 results in restrictions with respect to the
establishment of AFS (cat. C), for in-between values, certain constrains e.g. with respect to design and siting are
mandatory (cat. B).

An example for the calculation for a specific plot of land is presented in Table 1. The re sulting
evaluation value 21.04 means with respect to the underlying classification that this particular
site is not suitable for AFS allocation from a landscape aesthetics perspective.
Results
Further GIS calculation using a weighted mean approach allowed attributing the area extensive
values to the individual field plots in the study area, so further processing based on the filed ID
was made possible. Connecting the indices with the suitability categories ‘A’, ‘B’ and ‘C’ allowed
generating area-specific suitability maps for the ideal siting of AFS.A first application of this
evaluation procedure in the case study region of AUFWERTEN, revealed that if the criterion
‘enclosure’ was solely applied, almost 70% of the available sites would fully suit the
establishment AFS in cat. ‘A’. Another 25% of the plots would also be suitable, but under design
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obligations. Only a fraction of the land determined by the ‘enclosure’-criterion would be
unsuitable (approx. 5% of available sites) (Table 2).
Table 6:
Results of a first suitability assessment of arable sites in study
landscape aesthetics perspective
Suitability
%
of Suitability due %
of Suitability due
due
to agricultural to
‘visual agricultural
to
indicator
‘enclosure’
sites
diversity’
sites
combination
A
70
A
7
A
B
25
B
31
B
C
5
C
62
C

region from a
%
of
agricultural
sites
11
38
51

When the ‘visual diversity’ criteria would be applied separately, the outcome is far less
promising for AFS. More than half of the agricultural land in the study area would fall under
category ‘C’ thus are unsuitable for the installation of AFS. Only 7% of the plots are entirely
suitable in cat. ‘A’. However, for 31% of the plots, design measures could still enable the
establishment of AFS (Table 2).
Combining the two indices within the decision support tool, a total of 11% sites are especially
benefiting from the establishment of AFS. For 38% of the sites design requirements would still
generate area available. However about half of the agricultural sites are – under landscape
aesthetics restrictions – not benefiting from new AFS and thus these areas should be avoided
(Table 2).
Discussion and Outlook
A first application of this evaluation procedure in the case study region in south-east
Brandenburg, Germany, revealed that the site suitability is indicator-specific and varies
considerably between the criteria ‘enclosure’ and ‘visual diversity’.
The major restrictions in terms of AFS allocation originate from the ‘visual diversity’ evaluation
determined by the SHDI. Despite the current, minimum-oriented selection of ‘Df’ values, very
high suitability due to positive evaluation of the ‘enclosure’ indicator can compensate the SHDI
restrictions to a small extent. As a result, there is a small increase of suitable sites in cat. ‘A’ and
‘B’ compared to the sole ‘visual diversity’-restrictions. Approximately 51% of the agricultural
sites fall under cat. ‘C’ thus the aesthetic requirements alone bring strong restrictions to the
establishment of new AFS in the study region.
These preliminary results will thus be discussed further, especially, since it is planned to add
more features to the decision support tool in the near future, all representing different
ecosystem services. Although AFS are a promising form of future land use, with multiple
benefits going far beyond improvements of landscape aesthetics, however, in order to prevent a
negative societal discourse as experienced with other biomass projects in Germany, the
aesthetics is a valid argument. Visual landscape quality is an important aspect for the local
population. The tool proposed in this study will be used in participatory processes and help to
take public concerns into account.
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Introduction
Farming has a significant role to play in the delivery of a number of desirable outcomes,
including ecosystem services and biodiversity. Regardless of past agri-environmental policy and
its intentions, there are still ongoing ecological problems that need attention, as demonstrated
by the decline in populations of birds and mammals across the EU. Ecological Focus Areas
(EFAs) have been introduced as part of the so called 'greening' measures of the Common
Agricultural Policy (CAP). Member States can select (activate) the elements that they wish to be
applicable within the area for which they are the competent authority. Agroforestry
(intercropping) has been activated in 12 MSs. Eligible farms, those with an arable area 15ha or
more, select from the EFAs activated in their Member State. They need to account for 5% by
area of the total arable land declared, including fallow land, temporary grassland and crop land.
It does not include permanent grassland or permanent crops.
The introduction of Ecological Focus Areas (EFAs) on the farm has potential to deliver tangible
environmental improvements. It is also recognised however, that the extent of such
improvements, and so the success of the policy, will ultimately depend on the specific EFA
elements selected in addition to farm specific factors. To address this issue, the Joint Resear ch
Centre (JRC) commissioned a project to develop a software tool to help farmers select EFA
elements that can deliver the optimal environmental benefits. It needed to consider the site
specific characteristics of individual farms, and the pragmatic requirements of ensuring that the
EFA solution overall was realistic in terms of farm management.
The software developed, the EFA calculator, is a standalone Windows application freely
available to download from https://sitem.herts.ac.uk/aeru/efa/. The calculator determines the
potential impact of each EFA feature on ecosystem services, biodiversity and farm
management. For each feature-impact, a set of parameters (and classes within those
parameters) are derived and then used to determine the relative significance of the impact of
that feature on the specified impact. A bespoke scoring system has been developed, which
although relatively simple, distils complex and data intensive parameters into a readily
interpretable and user friendly format. This extended abstract reports on the ecosystem services
provided by agroforestry, as highlighted by the EFA calculator tool.
Material
The EFA calculator assesses the impact of EFA elements on ecosystem services, biodiversity
and farm management (albeit the latter was limited with respect to the impact assessment and
thus was not applied to agroforestry). Ecosystem services are structured using the Common
International Classification of Ecosystem Services (CICES) (Haines-Young & Potschin, 2013),
with the addition of 'Nitrate leaching' and 'Phosphate run-off' as sub-classes under 'Chemical
condition of freshwaters', to account for the different nature of these effects. Biodiversity utilises
the European Nature Information System (EUNIS) species groups (EEA, 2015) as a baseline
for interpretation in the software. The impact of EFA elements were scored on a scale of -100 to
+100 (to reflect positive and negative impacts) and varied based on a number of spatial and
management parameters, using different classes within those parameters (e.g. the parameter
'distribution density of adjacent water bodies' has 5 classes: >1.3, 1, 0.5, 0.1 and 0 km-2, each of
which attains a different score with respect to potential impacts).
Two approaches to scoring impacts have been used. Firstly, a quantitative approach, which
draws upon meta-modelling, in which a score is awarded for each possible combination of
parameters. The impacts for which this approach has been taken include provision of water for
as a material and for nutrition, flood protection, global climate regulation, nitrate leaching and
phosphate run-off, and mass stabilisation and control of soil erosion. Existing models or
quantified data were used to derive quantities of water, carbon, nitrate, phosphate and soil for
all the possible combinations of the relevant associated parameters. These were then converted
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onto the scale of -100 to +100 using a calibration table. The second (qualitative) approach is
similar to a risk factor approach. The scores are instead assigned for each class, then the
scores for the classes selected are summed and weighted for each parameter.
Results
The impact matrix, and parameters within the EFA calculator that affect the impact on various
ecosystem service and biodiversity categories within agroforestry, are summarised in Table 1.







Soil surface invertebrates
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Seed eating birds

Reptiles

Pollinating invertebrates
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Pollination
dispersal

Phosphate run-off

Pest control
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Adjacent
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Agroforestry species

Annual rainfall

Distribution density of
adjacent water bodies
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present within 1 km²
Slope

Soil texture

South aspect
Topography

Nitrate leaching

Mass stabilisation and
control of soil erosion

Table 1: Basic impact matrix for agroforestry
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Scores are not shown due to variation associated with different classes for each parameter. The
rationale behind their allocation is discussed in the following section.
Discussion
The benefit offered by agroforestry to ecosystem services and biodiversity varies with species
selected within the EFA calculator. The flowers of deciduous agroforestry species may provide
a source of nectar and pollen for insects, especially Salix spp. (willow) and Tilia spp. (lime) (Kirk
& Howes, 2012). This is beneficial for pollinators (ecosystem service) and biodiversity, since
these insects are a source of food for bats (BCT, 2013) and insectivorous birds. These species
groups are favoured by inclusion of agroforestry, for which the calculator allocates a
corresponding higher ranking. Natural regeneration of wildflowers in the understory of
deciduous plantations may increase wildflower diversity (Langeveld et al., 2012) and also favour
pollinating invertebrates. Where the development of tussocky grasses occurs, it will provide
potential nest sites for some species of bumblebee, or potentially increase the presence of
small mammal nests that may also be utilised by bumblebees (Lye et al., 2009). The fruit of
species such as holly (Ilex spp), crab apple (Malus spp), wild cherry (Prunus spp) and yew
(Taxus spp) are a potential food source for seed and fruit eating birds.
The EFA calculator tool accounts for key benefits to biodiversity, provided by tree within areas
dominated by cultivation, including structural diversity enhancement at the field scale, and
creation of a habitat mosaic and improved connectivity of habitat fragments at the landscape
scale (Langeveld et al., 2012). The implementation of agroforestry areas as linear features (Dix
et al., 1995) offers a potential role as wildlife corridors, allowing movement of populations
between what would otherwise be isolated habitats (Hilty et al., 2006). A number of species are
known to utilise corridors within agricultural landscapes., The Red Data Book listed great
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crested newt (Triturus crestatus) exist as meta-populations, and require dispersal between
multiple ponds and habitat fragments to ensure population survival (Oldham et al. 2000).
The enhancement by agroforestry of surface active predatory invertebrates may contribute to
pest control (Holland & Luff, 2000). Dix et al. (1995) report that although beneficial insects are
enhanced by the presence of trees within cultivated areas, suitable hibernation areas (tussocky
grass) need to be present at the base of the tree lines. Further, because such species utilise
both the crop and the tree planted area to exert an impact on crop pests, they are essentially
ecotone species and benefit from a high edge to area ratio i.e. thin tree lines.
In terms of soil and water protection, the EFA tool calculates that nitrate leaching is reduced
compared to arable cropping (Langeveld et al., 2012) because supplementary nitrogen is not
applied and tillage frequency is reduced. This decreases the rate of mineralisation and release
of nitrogen from organic matter. A permanent and deeper rooting system utilises soil nitrogen
more effectively than an arable crop, rendering it unavailable to leaching (Nair & Graetz, 2004).
Both coniferous and deciduous agroforestry species significantly reduce the risk of soil erosion
and surface run-off of phosphate (Langeveld et al., 2012). This increases with increased
maturity and ground cover. Schroth and McNeely (2011) highlight the need to consider
appropriate tree mixtures, with different rooting strategies and temporal nutrient requirements
that maximise the complementarity effect (coexistence of species exploiting different resources ).
Where planted as a line of trees perpendicular to prevailing winds, agroforestry areas may
function as shelterbelts (Brandle & Kort, 1991) that reduce the risk of wind erosion, especially
during stages in the cropping cycle when there is limited ground cover (López et al., 2002).
Pesticide drift may also be intercepted in more mature stands with a higher canopy.
In summary, many benefits to ecosystem services and biodiversity are realised by the presence
of the agroforestry EFA element, as illustrated by testing of the EFA calculator on multiple case
study farms. This benefit is enhanced further by the integration with crop production that
agroforestry achieves, such that productivity is not impacted.
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1.1 Introduction
Interest is growing in extending the scope of sustainable forest management certification to
trees outside the forest (de Foresta et al. 2013; PEFC 2015). This paper suggests sustainable
management criteria and guidelines for agroforestry in Europe, since this land use is growing in
importance, and should have sustainable management guidelines in a similar way to
agriculture and forestry. These would form the basis of future certification of products from
sustainably managed agroforestry systems. This approach will bring agroforestry to the
attention of European consumers, while emphasising its importance for the sustainable
production of food, timber, fuel and environmental services.
1.2 Definition of Agroforestry
Article 23 of Regulation 1305/2013 (European Commission 2013) provides a definition of
agroforestry (AF) within the European Common Agricultural Policy (CAP), and sets the
framework for its inclusion in national and regional Rural Development Programmes (RDPs).
“Agroforestry” refers to land use systems in which trees are grown in combination with
agriculture on the same land. The minimum and maximum number of trees per hectare shall be
determined by the Member States taking account of local pedo-climatic and environmental
conditions, forestry species and the need to ensure sustainable agricultural use of the land.”
National Land Parcel Identification Systems (LPIS) provide information on whether farmers
fields (parcels) are classified as either "agricultural land" or "forest land". They also give
geospatial data on hedges and forest strips between parcels, and provide a basis for a possible
agroforestry typology (Table 1).
Table 1: Suggested Typology for Agroforestry Systems in Europe (particularly as implemented
within EU agricultural, biodiversity, bio-energy and climate regulations) (Dupraz et al. in press).

1.3 Sustainable Forest Management
Sustainable forest management has received much attention recently in Europe (Köhl and
Rametsteiner 2007; Forest Europe 2015). Criteria and indicators for sustainable forest
management have been created at both national and European levels (Baycheva et al. 2013).
Forest certification has been successful, with 103 million hectares certified by 2014, or 57.7%
of the total area of forest and other wooded land in the EU28. 37.5% is contributed by national
certification schemes which are recognised by the Programme for the Endorsement of Forest
Certification schemes (PEFC) and 20.2% in certificates recognised by the Forest Stewardship
Council (FSC) (UNECE 2015).
1.4 Sustainable Agricultural Management
Sustainable agricultural management does not have the same clear criteria and indicators as
forest management, except for organic farming. However, a list of “Good Agricultural and
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Environmental Conditions” (GAEC) are set in Annex II of EU Regulation 1306/2013 (Table 2),
which controls eligibility for basic payments and which Member States (MS) transpose into their
national regulations. GAEC-7 is particularly important for agroforestry as it provides MS with the
option of declaring trees in line, in groups or as isolated trees to be “Landscape Features”.
These trees (along with “permanent crop” trees like fruit trees and short-rotation coppice) will
not count towards the tree-density or crown-density thresholds which determine whether a
parcel is declared “agriculture” and therefore eligible for Pillar I payments.
Table 2: Extract from Regulation 1306/2013 (Annex II)... “Rules on Cross Compliance”

1.5 Sustainable Agroforestry Management
The following criteria and operational guidelines for a Sustainable Agroforestry Management
Standard are based on the PEFC Sustainable Forest Management Standard (PEFC Council
2010). Numbering of the Operational Guidelines is comparable between Standards (hence
there are some gaps if the forestry text was completely inappropriate to agroforestry). A detailed
comparison of the two Standards is available online (Lawson et al. 2015).
1.1.1 Criterion 1: establishment, maintenance and enhancement of agroforestry resources ,
including mitigation of and adaptation to climate change
Operational Guidelines. a) Increased use of trees outside the forest should be made to
enhance the economic, ecological, cultural and social values of the farm resources, including
soil and water quality. b) Increased resource efficiency can be gained by mixtures of trees,
animals and crops. c) Improved mapping of trees outside the forest should be carried out,
including farm-scale inventories of timber, non-timber products, carbon-storage and GHG
emissions. d) Agroforestry management plans should be used, with a level of detail appropriate
to the size and complexity of the farm, and can e) be produced for groups of farms with
assistance provided by Rural Development Programmes. f) Farmers or landowners who receive
public funding should make a summary management plan available (e.g. in a LPIS portal). g)
Monitoring of agroforestry parcels on land classed as “agriculture” will take place periodically by
payments agencies to ensure that agriculture remains the primary land use. h) Responsibilities
for sustainable management will be clearly defined (e.g. between landowners and tenants). i)
Management of agricultural and tree resources will balance the needs of both components and
minimise damage to soil and water resources. k) Agroforestry can take place on parcels which
are classified as either forestry or agriculture, but change of use from one to the other will occur
only in compliance with national and local legislation.

377

3rd European Agroforestry Conference – Montpellier, 23-25 May 2016
How to assess the performance of agroforestry systems? (oral)
1.1.2 Criterion 2: maintenance of agroforest ecosystem health and soil fertility.
Operational Guidelines. a) Management shall increase the health and vitality of ecosystems
and rehabilitate degraded areas where possible. b) Monitoring of ecosystem health should take
place, especially of key biotic and abiotic factors such as pests, diseases, overgrazing, fire
hazard, as well as damage from climatic factors, air pollutants and poor management. c)
Opportunities to change management to minimise negative effects of these biotic and abiotic
factors should be exploited, and d) ways to mitigate these risks should be specified in
Management Plans. e) Management should make best use of natural processes and preventive
biological control measures. f) Fires shall be avoided and agroforestry used as a fire-break or
fuel-break where possible within forest areas; g) Tree, crop and animal species and
provenances that are suited to site conditions should be used, and tending, harvesting and
transport techniques which damage soil resources and the environment should be avoided. h)
Use of pesticides and herbicides should follow EU guidelines for products, application methods
and staff training.
1.1.3 Criterion 3: maintenance and encouragement of productive functions of agroforests
(wood and non-wood).
Operational Guidelines. a) Management shall maintain the capability of the land to produce a
range of agricultural, wood and non-wood products and services on a sustainable basis. b)
Management shall aim to achieve sound economic performance, but should also account for
non-market benefits. c) Management Plans shall account for the multiple functions of
agroforests, and for any conditions of public subsidies received. d) Management should improve
or maintain agricultural or tree resources and encourage a diverse output of goods and services
over the long term; e) … f) Harvesting levels of wood, non-wood and agricultural products shall
not exceed a rate that can be sustained in the long term, paying regard to nutrient removal and
the preservation of soil fertility and structure. g) Where appropriate, and included in the
management plan, the exploitation of non-timber forest products should be regulated, including
hunting and fishing. h) Adequate infrastructure of roads and extraction routes shall be planned,
established and maintained to ensure that wood resources on a farm can be exploited while
minimising negative impacts on the environment.
1.1.4 Criterion 4: maintenance, conservation and enhancement of biological diversity of
agroforest ecosystems.
Operational Guidelines. a) Management should aim to maintain, conserve and enhance
biodiversity on ecosystem, species, landscape and genetic levels. b) Agroforestry planning and
management should protect significant concentrations of protected, rare and sensitive
ecosystems, areas with endemic species and endangered genetic resources in situ. c)
Protected and endangered plant and animal species shall not be exploited for commercial
purposes, unless species are planted or breed with that purpose. d) Management could ensure
successful natural regeneration of seedlings or coppice shoots, or replanting of high quality
seedlings or rooted cuttings. e) For new areas of agroforestry, native tree species and
provenances are preferred, although introduced species, provenances or varieties can be used
if their impacts on the ecosystem and on the genetic integrity of native species and local
provenances has been evaluated. f) New agroforestry plantations should promote ecological
connectivity with existing woodlands, and planting can be phased over several years to reduce
risk and promote diversity; g) Genetically modified trees shall not be used and this ban will be in
place till the end of 2022; h) Management practices should promote a diversity of both horizontal
and vertical structures and a diversity of species; i) Traditional practices such as hedgerow
management and coppicing shall be supported. j) Management operations should not cause
lasting damage to ecosystems and measures should be taken to improve biodiversity. k)
Infrastructure should be planned to minimise damage to ecosystems. l) The pressure of
domestic and wild animals should be balanced with the regeneration and growth of trees. m)
Standing and fallen dead wood can be retained, on occasion, to enhance biodiversity, except
where it poses a risk of increased pest damage.
1.1.5 Criterion 5: maintenance and appropriate enhancement of protective functions in
agroforest management (notably soil, water and air quality)
Operational Guidelines. a) Management shall enhance the protective function of agroforests
for society, e.g. in relation to soil erosion, water quality, floods, avalanches. b) Parts of
agroforests that fulfil specific protective functions shall be mapped and noted in management
plans. c) Special care shall be taken on sensitive and erosion-prone soils, and measures taken
to minimise the pressure of wild and domesticated animals. d) Special care should be taken on
areas with water protection functions to avoid adverse effects on water quality and quantity,
including inappropriate use of harmful chemicals. e) Construction of roads and other
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infrastructure should minimise bare soil and preserve the natural level and function of water
courses. f) sustainable soil management practices should be used, with minimum tillage and
maintenance of vegetation cover.
1.1.6 Criterion 6: maintenance of other socio-economic functions and conditions
Operational Guidelines. a) Management should respect the multiple functions of tree, crop
and animal mixtures to society, and enhance the role of agroforestry in rural development, and
its opportunities for employment creation. b) Agroforest management should promote the longterm health and well-being of adjacent communities. c) Property rights and land tenure
arrangements should be clearly defined and documented, including d) the rights and
responsibilities of landowners and tenant farmers. e) Adequate public access to agroforests for
recreation should be provided, consistent with preventing damage to crops, livestock and
biodiversity. f) Sites of special historical or cultural significance should be protected. g ... h) Staff
and contractors shall be provided with continuous training in meeting the management
requirements of this “Standard”. i) Agroforest management practices should incorporate the
best available local knowledge and j) ensure communication with local people and stakeholders
in a way that handles the resolution of complaints and disputes. k) Agroforestry planning should
identify work related risks, inform workers of these, and take measures to mitigate them. l)
Working conditions shall conform with appropriate EU Health and Safety at work legislation. m
… n) Management should utilise the results of scientific research and contribute to this research
and data collection.
1.1.7 Criterion 7: Compliance with legal requirements
Operational Guidelines. a) Management should comply will all appropriate EU and national
legislation applying to forest and agricultural land. b) Trees outside the forest should be
protected from activities such as illegal logging, fires and unauthorised land use.
Conclusion
This paper gives a first draft of sustainable management criteria and operational guidelines for
agroforestry systems. Suggestions for refining these are welcomed by the authors. An
additional step, not considered in this paper, could be to create a label for certified “agroforestry
based products”. However it seems preferable to utilise the proposed PEFC “Trees Outside the
Forest” certification process. In this way certified agroforestry (and urban-forestry) products
would receive recognition in the market through a PEFC logo, with evidence that they originate
from sustainable systems.
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Introduction
Traditional agroforestry has always existed in Switzerland, for example in the form of standard
orchards or wooded pastureland. After World War II however, the state subsidized extensive
tree-cutting because trees were seen as standing in the way of farming development, but also
to prevent alcoholism (fruit spirits production). More than two out of three high-stemmed trees
fell from 1951 to 1991. Chestnut groves almost disappeared, nowadays saved thanks to public
funds. Wooded pastureland remains a traditional farming management and well-liked Swiss
landscape in the Jura and some Alpine regions.
Very few farmers practice modern agroforestry in Switzerland. What motivates them? They
planted trees on surfaces controlled by the agricultural legislation, which does not define this
practice and therefore neither supports nor regulates it, because they are convinced it is
sustainable. We usually represent sustainable development with three pillars (a balance
between environmental protection, economic development and social development). The
ecological aspects of agroforestry are described in a rich international literature. The economic
aspect was recently studied in Switzerland with theoretical calculation models. The social
aspects have barely been approached. One goal of this study (Berger 2015) was to highlight
this social dimension, looking for the perception of modern agroforestry.
Method
The author has interviewed four farmers practicing modern agroforestry and presenting different
characteristics.
Farmer 1: 16 ha into conversion for organic farming, growing cereals under poplars.
Farmer 2: 6 ha organic farming, cultivating vegetables, selling fruits and berries for special
regional products, started to plant trees to prevent soil erosion.
Farmer 3: 23 ha with crops and orchards.
Farmer 4: 30 ha with various crop rotations under various trees (for fruits and wood) to enhance
biodiversity.
In addition, four “outside observers” with a good working knowledge of agriculture were also
interviewed: two agronomists working in agriculture services, one agronomist working in an
environmental service, one biologist working on projects with farmers.
The farmers had to answer three questions related to the three dimensions of sustainable
development as mentionned above, namely about their autonomy (optimisation of local
resources: protection of soil, water resource management, dependence on external inputs),
their independence (profit margin, degree of specialization, sensitivity to the economic and
political situation, dependence on subsidies) and the quality of their life.
To compare the perception of agroforestry between farmers and observers, the author used 9
criteria derived from a tool assessing the contribution of farming systems to sustainability: Multiattribute assessment of the Sustainability of Cropping systems (Craheix et al. 2012). It takes the
form of a hierarchy tree with 39 criteria. The author chose 3 main criteria from each dimension
of sustainable development (Figure 1):
Economic: long-term productive capacity, economic performance, contribution to the economic
development.
Social: quality of working conditions, ease of implementation, expectations of the society.
Environmental: pressure on resources, biodiversity conservation, contribution to the
environmental quality.
The farmers had to grade each criteria with notes between 1 (least sustainable) and 5 (most
sustainable) with 3 for average Swiss agriculture, considering their current agroforestry system
and their farming system before implementing agroforestry.
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The observers had to grade the same way agroforestry as well as organic farming. Organic
farming was used as reference since it has federal directives and subsidies and is considered
as relatively sustainable in Switzerland.

Figure 1: The 9 criteria from Multi-attribute assessment of the Sustainability of Cropping
systems (MASC 2.0) chosen to assess sustainability, are circled in red.
Results
Here are some key findings of the study.
The four farmers said they had a good quality of life, though one added it was sometimes
financially difficult. About financial independence, some were satisfied while the others found
themselves too dependent on public subsidies. Considering resources, all farmers considered
to be self-sufficient or quite self-sufficient.
Results for the criteria of sustainable development are shown in Figure 2.
Agroforestry received only one grade below average from the farmers, whereas observers each
gave many times grades below average for agroforestry.
For most criteria, the farmers gave higher grades for agroforestry compared to their former
farming system, which means they consider agroforestry more sustainable. These farmers
continue to plant trees on their farms. Moreover, the criterion “long-term productive capacity”
received unanimously high grades (from 4.5 to 5).
The observers generally evaluated agroforestry less sustainable than organic farming.
It should be noticed that the observers had very divergent answers. For instance, two criteria of
the social dimension, “ease of implementation” and “expectations of the society”, received the
lowest as well as the highest grades.
Discussion
The choice of criteria used reflects the subjective approach of the author to evaluate
agroforestry, as well as the answers reflect the subjective feelings of each participant. The
sample of people interviewed (limited within the context of a Certificate of Advanced Studies) is
small for a firm conclusion. Nonetheless the results undeniably show a substantial gap in the
perception of agroforestry between farmers practicing it and outside observers. The durability
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assessments of agroforestry by observers are at variance with each other, which reveals a lack
of knowledge about agroforestry.

Figure 2: The participants gave grades between 1 and 5 for each sustainability criteria: 5
meaning sustainable and 1 not sustainable. The four farmers gave grades for their farming
before practicing agroforestry (dark dashed line) and currently with agroforestry (light-gray solid
line). The four “outside observers” gave grades for organic farming (dark dotted line) and for
agroforestry (light-gray solid line).
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In Switzerland, the term of “agroforestry” does not exist in the legislation and therefore this
practice does not receive any direct support. Some “ecological payments” are related to
conditions not always compatible with agroforestry. Thus some farmers give up some federal
subsidies to keep the freedom to manage their agroforestry system. Whereas it is laid down in
the Swiss Federal Constitution that agriculture has, among others, to substantially contribute to
the conservation of natural resources and maintenance of rural landscape and that agriculture
must fulfil multiple functions, agroforestry has not been researched sufficiently so far to be
recognised as an option for a sustainable productive farming system.
This lack of information and communication about agroforestry represents both an obstacle and
an opportunity for its development.
On one hand it is difficult for farmers to practice agroforestry because they do not find much
advice and support (Figure 3). They have to give up some subsidies while colleagues might get
money for “ecological measures” maybe less efficient than agroforestry, and they have to cope
with the mistrustful looks of outsiders.
On the other hand Swiss pioneers in agroforestry feel themselves responsible for their farms instead of following government policies or techniques learnt in school. Agroforestry farmers are
convinced that they contribute to the sustainable development of agriculture. They think what
they do is not only right for themselves and the environment, but also profitable on a long-term
perspective. They are satisfied with their lives, which sharply contrasts to the largely dominant
discourse in the media of farmers opposed to the “greening” of agriculture that supposedly
hinders them from producing, complaining about their situation and calling for more state
support.

Figure 3 : Visit of agroforestry fiels
with the farmer for the valuation of
his work and the exchange of
information
In Switzerland, agroforestry could contribute to goals like a sustainable food production and the
implementation of resilient agricultural practices that increase productivity while contributing to
the preservation of ecosystems. However, the lack of expertise prevents a large-scale
development of agroforestry. Furthermore, the strong division of roles and responsibilities
between agriculture and forestry does not help when collaborations could profit both of them.
Agricultural legislation is developing fast. Regulations do not promote agroforestry yet and
should at least not hinder or forbid it in the future.
We must stop seeing agriculture as part of the problem and help farmers to consider
themselves as a part of the solution. The pride to be a farmer and to shape the future is not
specific to agroforestry farmers, but to all willing to take and assume risks seeking for a
sustainable production. In deciding not to optimize subsidies within the restrictive legal
framework and betting on the complementarity between trees and crops, the four agroforestry
farmers regained their freedom to decide which production system is sustainable and gives job
satisfaction. A dissemination of the positive image of these innovative farmers could give a
boost to other farmers and promote production techniques more climate- and resource- friendly.
References:
Berger A (2015) Potentiel et limites de l’agroforesterie moderne en Suisse. Certificate of Advanced Studies
Développement durable. http://www.swissagroforestry.com/documents/cas-anne-berger-nov2015-1-.pdf.
University of Bern.
Craheix D, Angevin F, Bergez JE, Bockstaller C, Colomb B, Guichard L, Reau R, Doré T (2012) MASC 2.0, un outil
d’évaluation multicritère pour estimer la contribution des systèmes de culture au développement durable.
Innovations Agronomiques, 20, 49-78.

383

3rd European Agroforestry Conference – Montpellier, 23-25 May 2016
How to assess the performance of agroforestry systems? (oral)

INTEGRATING AGROFORESTRY INTERCROPPING
SYSTEMS IN INTENSIVE AGRICULTURAL LANDSCAPES:
A SWOT-AHP ANALYSIS OF STAKEHOLDERS’
PERCEPTIONS
Laroche G1, Gélinas N2, Doyon M3, Domon G4 and Olivier A1 *
*Correspondence author : alain.olivier@fsaa.ulaval.ca
(1) Département de phytologie, Université Laval, Québec, Canada (2) Département des sciences du bois et de la forêt,
Université Laval, Québec, Canada (3) Département d’économie agroalimentaire et des sciences de la consommation,
Université Laval, Québec, Canada (4) École d’architecture du paysage, Université de Montréal, Montréal, Canada

Introduction
In recent years, agroforestry intercropping systems combining trees and crops have been
introduced in Quebec as an alternative to monocropping systems. Landscape trajectory theories
have identified physical and human interactions as key driving forces of land use change (Ruiz and
Domon 2009). Within the scope of human interactions, local stakeholders’ perceptions are likely to
play a crucial role in landscape dynamics (Place et al. 2012). In this context, our study pursued
three objectives: identify local stakeholders’ perceptions of the driving forces influencing
agroforestry intercropping systems implementation, 2) assess the potential of three agroforestry
intercropping system alternatives according to these driving forces, and 3) compare the answers
across various categories of stakeholders.
Methodology
The study was conducted in the Les Maskoutains regional county municipality. Located in the St.
Lawrence lowlands, Les Maskoutains has 86 148 inhabitants and benefits from a mean annual
temperature of 5,0-7,0°C and an annual rainfall of 850-1050 mm. From the 1 310 km2 it covers,
1 257 km2 (96%) are dedicated to agricultural purposes. In 2011, Les Maskoutains had 1 060 farms
(CANSIM 2011), including oil seed and grain, hog and pig farming and dairy cattle and milk
production. Les Maskoutains has a forest cover of 16%, 98% of which is on private land.
In February 2015, 10 stakeholders from five different categories (farmers, forestry advisors, farm
advisors, urban planners and local authorities) were recruited using a purposive sampling method
to participate in a focus group. Following the Strengths, Weaknesses, Opportunities and Threats
Analytical Hierarchy Process approach (SWOT-AHP) (Saaty 2010), the participants were first asked
to identify, by consensus, three local strengths, three local weaknesses, three external opportunities
and three external threats impacting their decision to integrate agroforestry intercropping systems in
their landscape. Then, participants quantified the 12 decision factors’ relative importance by making
pairwise comparisons using a rating scale. Finally, they compared three agroforestry alternatives
developed by the research team (Table 1) on their relative potential to exploit each strength and
opportunity and their relative potential to bypass each weakness and threat.
Table 1: The agroforestry intercropping system alternatives
No pictures were shown to participants to limit visual bias. The computer software Excel 2013 was
used to analyze data generated from pairwise comparisons and ratings.
Main objective
Possible crops
Crop
management
intensity
Tree row spacing
Trees

« Crop »
alternative
Crop yields

« Tree »
alternative
Tree production

Cereals
Forage

Pasture
Forage

High

Low

Medium

Wide (25-40m)

Narrow (15-20m)
Deciduous
Conifers
Pulp
Paper
Timber (marginal)

Wide (25-40m)

Deciduous

Tree products

Timber
Nuts (marginal)

(main)

Establishment sites

Cultivated plots or Abandoned
plots
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« Landscape »
alternative
Landscape aesthetics
Cereals
Pasture
Forage

Deciduous
(main)
(main)

Tree plantations or Abandoned
plots

Nuts
(main)
Fruits
(main)
Timber (marginal)
Create sight lines
Hide
disturbing
features
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Results
The stakeholders identified the biophysical conditions, the presence of human resources and the
local interest in ecological services provision as the three major local strengths (Table 2). The main
weaknesses are the use of very intensive agricultural practices, the negative perception of trees on
farms and the lack of knowledge on agroforestry systems. The presence of a research network, the
social pressure towards the use of conservation practices and ongoing pilot trials in nearby areas
are seen as the most influential opportunities. The short-termed agricultural support programs, the
agrochemical lobby pressure towards immediate productivity and the uncertain profitability of the
agroforestry systems stand as the main threats.
Table 2: SWOT decision factors for local stakeholders in Les Maskoutains
Strengths

Weaknesses

Sa : Conducive biophysical conditions.

W a : Intensive agricultural systems and habits.

Sb :

Human and
availabilty.

organizational

resources W b : Negative perceptions on the role of trees on
farm.

Sc : Local interest in landscape aesthetics Wc : Lack of knowledge
and provision of ecological services.
intercropping systems.

on

agroforestry

Opportunities

Threats

Oa : Research network and expertise.

Ta : Incompatibility with most agricultural support
programs

Ob : Social acceptability
practices.

of

conservation Tb : Lobby pressure towards high productivity.

Oc : Pilot trials generating trustable results.

Tc : Lack of knowledge on economic viability

Table 3 shows the relative weight of each decision factor according to stakeholders. Globally, the
most important decision factor is the incompatibility of agricultural support programs with
agroforestry intercropping systems (0,140) followed by the biophysical conditions of their area
(0,116) and the presence of intensive agricultural systems and habits (0,103). However, strong
differences appear between stakeholder groups when the three most important factors for each
group are considered. For instance, the farmers (a conventional gain grower and an organic
vegetable grower) were the only group to identify the social acceptability of conservation practices
(0,169) as one major driving force.
The ranking of the agroforestry intercropping system alternatives shows also major differences
between stakeholders’ perceptions (Fig. 1). While farmers and forestry advisors chose the
“landscape alternative” as the best suited for their area, the urban planners and local authorities
preferred the “crop” alternative.
Discussion
According to all stakeholders, external opportunities and threats would have, globally, more
influence on the decision to integrate agroforestry intercropping systems in the landscapes than
local strengths and weaknesses. Human factors such as negative perceptions of trees, social
pressure or concerns and agricultural habits also appear to have a strong influence in the decisionmaking process. These results support previous findings on the importance of the global context
and human interactions in agricultural landscape changes (Ruiz and Domon, 2009).
The relative priority given to the agroforestry alternatives reveals major differences between
stakeholders’ categories. As the “crop” alternative is rated as the best suited for their area by urban
planners and local authorities, farmers and forest advisors gave the best relative score to the
“landscape” alternative, the only alternative not oriented towards productivity. This apparent
paradox might be explained by the divergences in the priority given to the decision factors by
stakeholders and by the perception that agroforestry intercropping systems can’t be as productive
and profitable as conventional production systems.
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Table 3: Overall priority of factors by stakeholder category in Les Maskoutains
Overall priority of factors by stakeholder category

Strengths
Sa

b

All
Farmers
stakeholders
n=10
n=2

Farm
advisors
n=3

Forestry
advisors
n=2

Urban
planners
n=2

Local
authorities
n=1

0,243a

0,271

0,209

0,213

0,291

0,254

a

0,062

0,137

0,108

0,143

0,062

0,116

Sb

0,058

0,102

0,037

0,034

0,099

0,023

Sc

0,070

0,107

0,035

0,071

0,049

0,169

Weaknesses

0,221

0,205

0,256

0,223

0,153

0,281

Wa

0,113

0,164

0,124

0,024

0,063

0,210

Wb

0,048

0,019

0,097

0,047

0,011

0,054

Wc

0,061

0,023

0,036

0,151

0,079

0,016

Opportunities

0,291

0,328

0,244

0,333

0,278

0,298

Oa

0,111

0,105

0,120

0,053

0,079

0,232

Ob

0,088

0,169

0,064

0,115

0,048

0,033

Oc

0,093

0,055

0,060

0,165

0,151

0,033

Threats

0,245

0,196

0,291

0,231

0,278

0,167

Ta

0,140

0,100

0,153

0,149

0,102

0,115

Tb

0,073

0,082

0,119

0,018

0,118

0,031

Tc

0,032

0,014

0,019

0,064

0,057

0,020

Relative priority sccore

Note. Numbers in bold are scale parameters (values) of each SWOT group and numbers underlined are the highest three
factors under respondent categories. The max consistency ratio calculated was 0,26. a The scale parameters were
calculated using the relative importance given to each SWOT category by participants using the five-intensity scale. b Refer
to Table 2 for the signification of abbreviations.
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0,400
0,300
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Farmers
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Farm Advisors
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Advisors

Urban Planners Local authorities
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Figure 1: Agroforestry intercropping systems alternatives’ relative priority score for each stakeholder
category and for all stakeholders in Les Maskoutains.
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Conclusion
In the Les Maskoutains intensive agricultural area, the decision of integrating agroforestry
intercropping systems in landscapes seems to be mostly encouraged by conducive local
biophysical conditions and strongly limited by agricultural policies and social perceptions.
Stakeholders involved in the study do not give the same importance to these decision factors and
do not share the same vision regarding which system might be the best to integrate in their specific
context. These results, although based on a small sample, urge further development in presenting
agroforestry systems as productive ones to facilitate their integration in this specific agricultural
landscape.
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Introduction
Historically a lot of naturally integrated land use systems existed in Flanders, the northern
region of Belgium. However, many trees and hedgerows on and between agricultural plots have
disappeared because of, amongst others, scale enlargement and intensification. Currently
though more attention is given to the value of modern and traditional forms of agroforestry
systems, which deliver not only wood and food products but also a lot of ecosystem services.
Therefore, since 2011 the Flemish government supports agroforestry through a subsidy
program including a payment of 80% of the plantation costs and through the eligibility of
agroforestry as Ecological Focus Area in the context of the EU greening requirements.
Furthermore, some research groups and civil society organizations are promoting agroforestry
through communication activities such as study days and articles in magazines targeted
towards farmers. Despite the fact that the amount of applications for the subsidy program is
increasing every year, farmers’ interests remain low with only about 100 ha that were pla nted
between 2011 and 2015, compared to a target in the Rural Development Program of 250 ha by
the end of 2013. This learns that supporting the shift from conventional to more sustainable
practices in agriculture is not simple nor obvious.
Increasingly it is recognized that, in order to nurture diversified farming systems such as
agroforestry systems, multi-domain and multi-level changes are needed. Indeed, most of the
current efforts to promote agroforestry systems occur very close to the producer, i.e. the
farmers, because we know that ultimately it is the farmer who decides to implement agroforestry
or not. Yet, farming occurs in a social, technical and ecological environment, and structures and
practices elsewhere in this environment greatly affect which farming systems thrive and which
farming systems remain a niche. As such, in order to design policies and to develop governance
structures to foster the adoption of agroforestry systems, the current functioning of agriculture,
its actors, structures and practices with respect to agroforestry must be thoroughly investigated.
Methodology
Research approach
A framework that offers a flexible means to deal with the varied conditions and contexts in which
the adoption of innovations and the change to more diversified farming systems must occur is
the ‘Agricultural Innovation System’ (AIS) approach. AIS are defined as “a network of
organizations, enterprises, and individuals focused on bringing new products, new processes
and new forms of organization into economic use together with the institutions and policies that
affect the way different agents interact, share, access, exchange and use knowledge” (Hall et al
2006). The only weakness of this definition is that it still suggests that there is a somehow a
common goal or focus, whereas the goals, interests and perspectives of interdependent actors
are likely to diverge and be conflictive (Klerkx et al 2012). As such the AIS perspective wants to
provide a comprehensive view on the multiple actors and factors that co-determine innovation,
and as such allow for the understanding of the complexity of agricultural innovations (Klerkx et
al 2012).
A central insight of the AIS framework is that partnerships and linkages must be analyzed in
their historical and contemporary context, for that context greatly defines the opportunities and
necessities for change. To assess this context, a framework of analysis was developed, which
includes four elements (Rajalahti et al 2008):
Key actors and their roles, with an emphasis of the diversity of public and private sector actors
and the appropriateness of their roles
Attitudes and practices of the main actors, with an emphasis on ways of working, views on
collaboration, traditional roles, potential inefficiencies, patterns of trust, risk taking, and the
existence of a culture of innovation
The patterns of interaction, with an emphasis on formal and informal networks, links and
partnerships
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The enabling environment (policies and infrastructure), with an emphasis on the role of policies
related to science, technology and fiscal concerns, the role of farmer and other organizations in
defining research and innovation challenges; and the significance of legal frameworks
Data collection and analysis
Between July and November 2015 qualitative data were collected through interviews and focus
groups. Selection of the respondents happened first of all on the basis of expert knowledge and
participation in previous agroforestry activities. Furthermore new respondents were selected
through a snowball sampling technique: each respondent was asked which other actors should
be involved, and this resulted in new contacts and new respondents. In total 25 interviews were
carried out with the help of interview guides containing questions structured around four
themes: (1) knowledge, feasibility and desirability, and barriers and enabling factors; (2) impact
of agroforestry development on the stakeholder; (3) influence of the stakeholder on agroforestry
development and (4) other important stakeholders and their characteristics. After the interviews,
in November 2015, two focus groups were organized in which 16 people participated. The
specific goal of the focus groups was to explore more in depth stakeholders’ thoughts and
opinions, and uncover new information as respondents now had the possibility to react on and
discuss with each other. Therefore the focus groups were composed as diverse as possible,
with an equal distribution of the respondents among the different identified stakeholder
categories. To generate discussion a typical tool of stakeholder analysis was used, i.e. the
interest-influence matrix (Bryson 2004; Reed et al 2009), a two-by-two matrix where the
dimensions represent stakeholders’ interests and influence. This interests-influence diagram
was used in the two main parts of the focus groups, which were (1) a short individual exercise in
which the participants had to position the different stakeholder groups on the diagram according
to their interests/influence; and (2) a large group discussion in which one by one the different
actors and stakeholder groups were discussed. The qualitative data were as soon as possible
transcribed and afterwards processed and analyzed in Nvivo 11, a software for qualitative data
analysis. Also some supporting data were collected and analyzed, such as the notes taken
during the interviews and the individual interest-influence diagrams drafted by the participants
of the focus groups.
Results: Key actors, their attitudes and practices and patterns of interaction
In total 15 stakeholder groups were defined which were grouped in 5 larger stakeholder groups,
here called domains. Together they form the agroforestry innovation system, which is mapped
in Figure 1 and this according to the conceptual diagram originally presented by Arnold and Bel l
(2001), and adapted by Spielman and Birner (2008).
The domain at the left hand side of Figure 1 includes the agricultural research and education
institutions, as well at European level as at Flemish level. According to the respondents,
research and education institutions are quite important for agroforestry development, because
there is a great need for more local scientific data on productivity and profitability of agroforestry
systems. Although research organizations are starting to take up the theme of agroecology and
sustainable farming techniques, still a large majority of the research efforts is going to
conventional agriculture.
The second domain is shown on the right hand side of Figure 1 and shows the value chain
actors, from producers up to consumers. Farmers are of course important and are at the center
of the decision making process. Their interests in agroforestry are up till now rather low, and this
because of the legal uncertainty, the economic uncertainty and the assumed extra labor and
complexity of agroforestry in comparison with conventional farming systems. Regarding the
future the actors in the value chain are considered important, because to really make
agroforestry more widely implemented in Flanders, agroforestry has to become an economic
story where all actors take up their role. At the moment though most of the actors do not know
about agroforestry systems, especially more down the end of the value chain. Also direct buyers
of agroforestry products are little concerned because the existing agroforestry systems are still
very young.
In the middle of the agroforestry innovation system, presented in Figure 1, are the bridging
institutions, of which the main goal is to facilitate the transfer of knowledge and information
between the other domains. A very important stakeholder group in this domain are the farmer
organizations, which tasks are to lobby and try to influence agricultural policy in one direction,
and to help, advise and inform farmers in the other direction. Civil society organizations operate
in the same way as farmer organizations but focus on other themes and topics, of which the
most important for agroforestry development are nature and environment, landscape and
heritage and agroecology and sustainable farming techniques. Different than farmer
organizations they are targeting the broader society, with the goal to create a platform and
support base for their theme. Also extension centers and cities and municipalities belong to this
domain, and are considered the bridge between respectively research institutions and value
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chain actors; and government institutions and value chain actors/society. Overall the bridging
institutions have a very nuanced view on agroforestry and are asking for more scientific data on
the added value of agroforestry systems for the farmer and the broader society.
Whereas the original AIS diagram only includes government institutions and society through
frame conditions (Spielman and Birner 2008), they were here added to the diagram as domains,
and this because they were also regarded by the respondents as fully fledged stakeholders.
Government institutions were considered very influential on agroforestry development, because
they are able to solve the current legal uncertainty with respect to trees on farmand and provide
incentives such as the current subsidy for the installation of agroforestry plots. Since the
Flemish agricultural policy is largely steered by the European pol:icy, also the European
government plays a significant role. With respect to society, there are some specific groups that
may come into contact with agroforestry, such as local residents and landowners. While citizens
overall may be in favor of a more varied landscape, agroforestry systems may also impact
negatively on open views and as such lead to resistance of neighbours and local residents. Also
landowners are rather opposed to the planting of trees by the farmer on their farmland, fearing
that trees will lead to a devaluation of their farmland.

Figure 1: The agroforestry innovation system
Discussion: An enabling environment?
The above analysis led to the identification of four groups of challenges – economic, technical,
legal and social – which impede the breaktrough of agroforestry systems today in Flanders and
the potential roles of the different actors in overcoming these challenges.
Economic challenges refer to the fact that there are a lot of questions about the profitability of
agroforestry systems. The long rotation period of the trees makes agroforestry a very uncertain
investment. Nobody can predict which outlets will exist, and which prices one will get for specific
agroforestry-products such as high quality timber, nuts and fruits. Without having an idea about
the financial returns, it is very difficult for farmers to invest in such a long-term project. As such
there is a a lotdemand for more clarity on and scientific data about the (economic) feasibility of
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agroforestry in Flanders. Research has an important role to play in answering these questions,
whereas funding for research has to come from local or national government.
Technical challenges refer to the negative impact of agroforestry on farm management.
Respondents are convinced that agroforestry is more complex and needs more labour. They
thought that agroforestry, in general, is not a very appropriate farming system for Flanders
since agricultural plots are already small would be further divided by applying agroforestry.
Additionally there is a very high pressure on land in Flanders leading to high land prices, and
application of agroforestry would mean that a part of this expensive and fertile farmland would
not be available anymore for the cultivation of crops. Research can partially solve these
problems, by e.g. demonstrating that tree-rows can be spaced at widths perfectly suited to
existing machinery. Also farmer organizations can help by coming up with new practical farm
management models and providing additional support to agroforestry adopters.
Legal uncertainties make up the third challenge. Although the Flemish government is working
hard to iron out the kinks in the legislation, agroforestry pioneers still need to apply for a felling
permit. This means that they are not 100% sure that they will be able to harvest the trees at the
end of the rotation without replanting them, leading to a devaluation of farmland with trees.
Therefore landowners are also very reluctant to give farmers permission to start with
agroforestry, this while a majority of the farmland in Flanders is being leased. Many farmers also
distrust Government because of their previous negative experiences. Investing in schemes to
encourage nature on their farm can lead to more control, supervision and administration: things
that they prefer to avoid. Thus Government has to continue to clarify the place of agroforestry in
the existing legislation and the tenancy law.
Social challenges refer to the fact that agroforestry is not always desired by stakeholders, for a
number of reasons: it can have a negative impact on birds nesting in open fields, more trees
may not reflect the historic character of a certain region, and may impact negatively on
landscapes and open views. Additionally, people may not yet understand that value which
agroforestry may have for society. Government and civil society need to work with pioneer
farmers to provide positive examples of agroforestry, and farmers can be allowed some latitude
from the normal rules if they are participating in these participative trials. Projects benefiting
from agroforestry subsidies should be monitored for their impacts on biodiversity, landscape
and compliance with the historical character of the region.
Conclusion
Analyzing the agroforestry innovation system led to the identification of 15 important actors, and
four groups of challenges limiting the uptake of agroforestry systems by farmers . The analysis
showed that, in order for agroforestry to breakthrough, change not only has to be brought by
farmers, but by all relevant actors at different levels. This information can be used to design
more effective policy interventions to further foster the uptake of agroforestry in Flanders.
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Introduction
Tree formations, such as isolated trees, hedges, woods, are ubiquitous in most temperate
agricultural areas. Multiple functions are conferred on them, e.g. biomass production, shade,
windbreak, source of crop pests and diseases (Vigan, Deconchat and Andrieu 2015). The links
between all these functions and the characteristics that influence these functions are complex
and laborious. It is difficult to consider all the multifunctionality of tree formations because of its
multiplicity and complexity. That probably explains why each scientific or technical work focuses
on just some functions and/or some types of tree formations and provides seldom a systemic
analysis. For the same reasons, tree formations management (planting, maintenance) often
takes into account one or a few functions. This is the case of hedges planted to reduce erosion
or protect against high winds, isolated trees preserved to mark a property line or keep the
landscape aesthetics, coppice maintained for firewood production.
We assume that the difficulty in considering all the functions of tree formations can be raised by
mobilizing multi-criteria approaches. The diversity of criteria to be taken on board led us to a
qualitative multi-criteria analysis and the DEXi software. We built the Terafor model to meet the
challenge of representing exhaustively and intelligibly functions of tree formations. We describe
this model and its foundations in a poster presenting i) the conceptual part of the model
representing the potential functions of tree formations in general and ii) the operational part
representing the effectiveness of these functions for a tree formation in particular. We
characterize as operational this second part of the model because it is able to concretely
evaluate the functions of any tree formation. It could be used to share views and perceptions of
various stakeholders concerned by tree formations.
Material and methods
The construction of Terafor model proceeded in three main steps. The first based on an
inventory of the functions of tree formations. This inventory was performed through a review of
scientific and technical literature and aimed at the completeness of functions. Our attention
focused on the beneficial functions (services) as well as detrimental ones (disservices) for the
different stakeholders. A particular attention was paid to disservices because they are less well
reviewed in the majority of works. The inventory was carried out by type of tree formations in
order to facilitate bibliographic research.
At the second step, all inventoried functions were structured to clearly represent them. The
structuring consisted to aggregate the functions according to activity on which they impact. The
aggregation was performed hierarchically and formed supra-functions spread over several
levels. In this way we highlighted the potential beneficiaries (crop growers, stock breeders,
foresters, inhabitants, hunters) (Figure 1). This second step produced the conceptual version of
the model that represents the potential functions of tree formations for different stakeholders .
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Figure 1: Example of the representation of functions and supra-functions aggregations
identifying the beneficiary "stock breeder" in the Terafor model
The third and final step made the model operational to move from the representation of the
functions of tree formations in general to the representation of the functions of a tree formation
in particular. In order to do so the model determines the degree of effectiveness of the functions
for the given tree formation. The effectiveness of each function often depends on many criteria.
For example, the effect of a hedge on limiting the wind depends on its height, density,
thickness, length, topographic position, relative orientation to wind, the presence of a low
vegetation layer. Therefore, to include multiple functions, we also needed to use many criteria.
Then we opted for the use of a multi-criteria approach. Additionally, criteria are very diverse,
knowledge levels to measure them are variable and some of these criteria are difficult to
quantify. In these circumstances, it appears appropriate to mobilize a qualitative multi-criteria
analysis support. The study and comparison of several support softwares led to our choice of
DEXi in order to implement the operational model. DEXi is used to develop complex decisionmaking or evaluation model. It is based on the hierarchical decomposition of a problem into
smaller and easier to solve sub-problems (Bohannec 2015). In our case, it is used to break
down a complex system into simpler subsystem to analyze. The construction of the operational
model consisted of five tasks:
1) Selecting the functions that a type of tree formation can potentially fulfill. It based on
bibliographical research result made for each type of tree formations for the construction of the
conceptual model;
2) Selecting from literature quality criteria to evaluate the effectiveness of each function and the
definition of possible values for each criterion;
3) Defining possible values of effectiveness for each function and supra-function,
4) Defining the criteria aggregation rules for functions evaluation,
5) Defining functions and supra-functions aggregation rules for the evaluation at all other levels
of the hierarchical structure.
After performing these tasks, the model became operational: effectiveness evaluation of
functions of a tree formation can be initiated by filling in all the necessary criteria to characterize
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this tree formation. The result for each function and supra-function is automatically obtained
based on the defined aggregation rules.
Results
The conceptual model has 77 functions of tree formations. These functions was aggregated into
over thirty supra-functions spread over three levels. The four supra-functions of the ultimate
level represent large activity sectors (Table 1). The structure clearly identifies beneficiaries
(forester, stock breeder, crop growers, beekeeper, inhabitant). Other beneficiaries or activities
are distinguished less formally (tourism and recreation, community).
Table 1: Distribution of 77 functions into 4 impacted activity sectors
Impacted
activity sectors
Sylvicultural activities and
forest productions
Agricultural activities and
productions
Social
and
cultural
processes
Functioning
of
natural
environment
TOTAL

Number of
Examples of functions
functions
- Timber production
10
- Production of fruits from trees
- Heat and sun protection for farm animals
29
- Competition for light with crops
- Lanscape integration of buildings and facilities
20
- Place of recreational hunting activities
- Habitat for sciaphilous forest species
18
- Regulation of hydrological flows
77

We proposed the conceptual model to the review of 14 experts. These experts are field trees
and agroforestry operators, forest scientists and agricultural advisers. They confirmed that, to
their knowledge, such a work does not exist but would be helpful. It also emerged that our first
aim of exhaustiveness is almost reached, the format responds well to our second aim of
intelligibility and the result is satisfactory overall.
A first version of the operational model was produced for hedges and has 51 functions (Ottogali
2015). It was tested on a farm. This implementation facilitated the discussion with the farmer on
the expected and effective roles of two hedge sections. The result of this test was promising. He
also revealed possible improvements of this first version.
Operational models for isolated trees and agroforestry plots and an enhanced version for
hedges are being completed and a test phase is scheduled. A feedback on these experiments
will be proposed in the poster.
Discussion
Technical requirements of DEXi influence the structuring of the Terafor model: the organization
is hierarchical and it is recommended to limit each aggregation to three or four criteria, functions
or supra-functions. Although the result is operational and adapted to the expectations initially
defined, these requirements are very constraining. They influence the final representation and
require to keep only main criteria to evaluate functions. The effect of these constraints should
be analyzed.
When building the model, choices had to be made. As an example already mentioned before,
the choice of aggregations and criteria to be used. Therefore, we had to arbitrate and
sometimes despite a lack of knowledge or information. The model testing will continue on t ree
formations with stakeholders to ensure the validity of these choices. In-silico tests should also
reveal the effects of some of these choices. Knowing these effects will disclose them for
transparent use of the model and of what it contains.
The Terafor model proposes to represent the functions of tree formation for various
stakeholders. The output representations are intended as a support to engage dialogue
between stakeholders and to share views and perceptions. Our model satisfies tool needs for
successful application of agroforestry systems identified by Ellis, Bentrup and Schoeneberger
(2004). Our ambition has been a discussion-making rather than a decision-making tool to
design shared projects involving trees in agricultural areas.
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Introduction
To face the new challenges of dairy farming in North-Western Europe, an innovative dairy
system was redesigned to produce milk in a context of climate change while saving scarce
resources (water, fossil energy) and contributing to a sustainable agriculture. This system,
called OasYs, is based on the diversification of forage resources, the development of grazing,
larger use of legumes and on a consistent strategy for the livestock system (Novak et al., 2015).
The main research hypothesis is that the increase of diversity allows to conciliate production
levels and environmental performance, this way improving system resilience. Agroforestry
practices are introduced to increase the diversity of the cropping system. Agroforestry reinforces
the agroecological approach of this dairy system by contributing to diversify the forage
resources and to use more efficiently natural resources, either in height by enhancing the
possibility of solar radiation absorption by the three-dimensional forage cover, or in depth by
improving the absorption of soil nutrient and water resources (Cannell et al., 1996). More
generally, agroforestry systems offer numerous ecosystem services and environmental benefits
(Jose, 2009). Tree rows may also enhance the resilience of the intercrops to climate change by
buffering microclimate (Van Noordwijk et al., 2014).
In cattle production systems, agroforestry may also improve animal welfare and provide
additional fodder from trees and shrubs leaves (Torres, 1983). Agroforestry trees are besides
well-known to be more productive than in forestry condition, the leaves and branches production
being in some conditions twice more important in agroforestry conditions (Dupraz and Liagre,
2013). But there are currently very few farms in Western Europe where trees or shrubs play a
significant role in dairy cattle farming, because of a lack of knowledge in the way to establish a
silvopastoral system and on technical and economic references on such systems.
This paper gives an overview of the mixed crop-dairy system and presents the agroforestry
practices that are integrated into.
Material and methods
The forage system of OasYs (90 ha) relies on three long term crop-grassland rotations with
diversified multispecies grasslands and annual crops, associated with legumes (Novak et al.,
2014a). In order to save energy and water resources, two of these rotations (5 years of grazed
pastures and 2 years of annual crops) are rotationally grazed. One is totally grazed, the two
years of annual crops (e.g. fodder beet, millet-clover) having to address the shortages of grass
generally observed in summer and winter. The other rotation is mainly grazed and has two
years of dual purpose crops (sorghum or cereal-legume mixtures), which can either be grazed
or harvested, depending on the livestock needs and climatic hazards. The third rotation (4 years
of hay meadow followed by maize, wheat, sorghum and protein-rich plants) is never grazed and
provides forage stores, grains and straw. Each crop of these three rotations is present on one
field, so that there is a great diversity of crops and of forage resources to be grazed. The
reproduction of the 72 dairy cows herd is based on two calving periods centered on spring and
autumn, to ensure coherence with the availability of grazed forage resources, and to overcome
climatic hazards which could occur at one period (Novak et al., 2014b). The increase of the
lactation length to 16 months and the crossing of dairy breeds are also tested to improve the
durability and resilience of the system. This agroecological dairy system was implemented in
June 2013 at an INRA facility located in Lusignan (Poitou-Charentes, France, http://www.poitoucharentes.inra.fr/Outils-et-Ressources/Dispositifs-experimentaux/Oasys/).
The ambition of the OasYs system-experiment is to test and evaluate at field scale and on longterm different coherent ways of integrating agroforestry in a productive dairy cattle farm. The
main idea is to integrate the woody fodder production in the annual fodder production, and not
to consider it only as a supplement occasionally available during a climatic hazard ( e.g.
drought). Since the beginning of the system-experiment in June 2013, four fields were planted
with trees or shrubs (Table 1), old hedgerows were included in all the grazed paddocks, one
arboretum was established, and one wood is being adapted to be grazed. Most of the
innovative agroforestry practices tested here concern the browsing of fodder trees or shrubs.
But we also decided to integrate high-value trees into the never grazed rotation, as very few
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studies have been conducted on agroforestry crop-grassland rotations. These different systems
are presented below.
Table 1. Main characteristics of the alley cropping agroforestry fields of the OasYs systemexperiment
Tree use
Type of Field
name: Woody species
Study topic
rotation
surface date of
planting
density of plantation
Prunus avium
cultivar selection
High
value never
V12 : 3.1 ha
Sorbus torminalis
soil fertility
timber
grazed
Feb. 2014
Sorbus domestica
climatic protection of
crop production
Fraxinus excelsior
tree protection
Morus alba
M2: 3.1 ha
pollards browsing
Fodder trees
Ulmus minor x resista
Feb. 2014
soil fertility
Alnus cordata
totally
Quercus ilex
grazed
liana support structure
M3: 3.2 ha
Vitis sp: two vine liana protection
Fodder liana
April 2015
rootstocks
liana browsing

Multipurpose
trees

mainly
grazed

G14: 3.0 ha
Feb. 2015

Pyrus
communis;
Gleditsia triacanthos;
Sorbus
domestica;
Morus alba; Alnus
cordata; Salix caprea;
Ulmus minor; Robinia
pseudoacacia; Alnus
incana

tree protection
spatial organization
diversification of trees
uses

High stem trees
The main vocation of the high stem trees integrated in our mixed crop-dairy system is to
produce high-value timber. They are also intended to contribute to soil fertility, to limit the heat
stress of the intercrops, to promote beneficial insects (pollinators or predators) and to store
carbon. Three species of high stem trees were planted in 2014 (V12, see Table 1) in the nevergrazed rotation, with three densities (1, 2 or 3 seedlings at each planting location) and at 26 m
inter-row spacing. Two selected cultivars of Prunus avium are tested.
Fodder trees and liana
Trees and liana (vine rootstock) were planted in the totally grazed rotation in order to be
browsed during periods of low grasslands production (summer and autumn). In the M2 field (20
m inter-row spacing), the major part of the trees will be pollarded at 1 m height to increase the
foliar biomass available to dairy cattle. Some trees will also be pollarded at 2 m height in order
to provide shade for livestock in summer. In the other field (M3, 17 m inter-row spacing), two
species of vine rootstock in double-row set and two modes of support structure (trellis) are
tested. When the woody plants will be strong enough to be browsed, two browsing
managements will be conducted and studied. The trees are currently protected from game with
mesh guards and from cattle with an electric fence.
As little is currently known on the nutritive value of woody vegetation for livestock, and the role
that pollarding can play on it, we also study that topic (Emile et al., 2016).
Multipurpose trees
The G14 paddock was specifically designed with stakeholders in the frame of the AgForward
EU project to answer their needs of technical and economic references in terms of
diversification of trees uses, spatial organization and of tree protection from cattle.
Diversification of trees uses is tested with various woody resources of different species
managed with different pruning techniques, mixed on the same row, as summarized below:
• high stem trees (Pyrus communis, Gleditsia triacanthos, Sorbus domestica) to provide timber,
fuelwood, wood chips for litter or as soil amendment, shade and fodder,
• pollards (Morus alba, Alnus cordata) to provide fodder but also wood chips for litter or as soil
amendment, timber or fuelwood,
• coppiced trees (Salix caprea; Ulmus minor; Robinia pseudoacacia; Alnus incana), liana and
fodder hedge to be used as fodder or wood chips.
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Three spatial organizations of trees are tested with single, double or triple-row sets, with an
inter-row spacing of 20 m. The tree protections studied to restrict the browsing of the newly
established trees are the following: single or double line of electric fence, electric fencing tape,
metal or plastic fences, or olfactory repellents. Another option of tree protection consists to
exclude the paddock from grazing and to mow the grassland during the first years of the
establishment phase.
Boundary hedgerows
Old hedgerows surrounding the grazed paddocks were included in them in order to provide
fodder and shelter from wind and sun to the cattle. We will observe the capacity of the
hedgerows plants (mainly composed of Prunus spinosa, Crataegus monogyna, Rubus
fruticosus with some Quercus robur or Quercus petraea) to resist to the cattle trampling and
browsing.
Fifty fodder tree species adapted to pollarding were also planted in five rows surrounding five
paddocks in December 2014 to constitute an arboretum. It includes nitrogen-fixing species trees
such as Alnus glutinosa or Cercis siliquastrum, and also trees more adapted to the cli matic
conditions of southern France (e.g. Morus alba, Acer montspessulanum) to anticipate climate
change.
Groves of trees
One wood (1 ha) located adjacent to a paddock and mainly composed of Castanea sativa,
Corylus avellana, Prunus avium, Robinia pseudoacacia and Quercus robur or Quercus petraea
is currently being adapted to provide shelter and an extra resource of fodder for heifers during
summer and winter.
For the same reasons, we also plan to plant groves of trees in a pasture grazed by heifers.
Conclusion and perspective
Depending on objectives, ruminant farmers have many promising possibilities of integrating
woody plants in their cropping or livestock system. Since agroforestry is a recent practice for the
majority of ruminant farmers in Europe, there is a need to experiment different agroforestry
practices so as to lift barriers and guide livestock farmers with best practices as well as
economic and technical references.
The study presented here aims to document several agroforestry practices for ruminant farmers,
at the establishment phase and also when the woody plants will be harvested or browsed. The
overall coherence of the several agroforestry practices tested will also be studied at the scale of
the mixed crop-dairy farm. More generally this study aims at increasing knowledge on the
effects of woody plants on forage and dairy production, and also on animal welfare, soil fertility,
and insect biodiversity.
Scientists of various disciplines (agronomy, animal production, soil science …) are invited to use
these experimental plots to broaden the knowledge on agroforestry for ruminants.
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Introduction
Chickens can graze in olive orchards without negative effects on olive yield, instead fertilizing
and weeding the orchard, while the latter can provide the grazing space without additional land
use (Rosati et al., 2009, 2012). Chicken manure is naturally (and freely) spread and costs for its
disposal are eliminated. Small feed savings might be achieved when chicken turn weeds into
feed. Olive trees provide shade and mitigate harsh climatic conditions, improving chickens
welfare and grazing activity (Dal Bosco et al, 2014), which in turn improves meat quality (Dal
Bosco et al., 2016). However, a clear analysis of the environmental advantages of combining
chicken and olive orchards has not been performed. In the present paper, we studied the
environmental advantages of combining chicken and olive trees using the life cycle assessment
(LCA) approach. In particular, we compared the impact of an olive orchard, with and without
grazing chickens, to assess the benefits of the animal presence in the orchard. We also
compared the impact of free-range chickens, when the birds graze on land used only for grazing
vs. grazing in an olive orchard, thus with no additional land use (i.e. the land use is already
accounted for in the assessment of the orchard impact).
Methods
Life cycle assessment
To compare the environmental impact of an olive orchard with and without chickens, and of
free-range chickens inside or outside of the orchard, we used a cradle to gate life cycle
assessment (LCA). The LCA allows calculation of the environmental impact of a production line,
considering all the processes involved in the product, thanks to the use of databases with
information on the impact of individual processes, in our case production of a tonne of olives or
of chickens. The impact is calculated in terms of energy consumption and emissions of
pollutants.
We followed the ISO 14040 e 14044 standard, using the Ecoinvent database following the EcoIndicator99 method, which includes 11 impact categories, including 6 categories involving
human health (i.e. carcinogens, respiration organics, respiration inorganics, climate change,
radiation, and ozone layer), 3 categories involving ecosystem quality (ecotoxicity,
acidification/eutrophication and land use), and 2 categories involving resource consumption
(minerals and fossil fuels). Data were then elaborated using SimaPro 8.0. software.
We included fertilization and pesticides for the olive orchard and for the cultivation of feed
ingredients, the animal rearing and olive grove per se, all the transportation for all materials and
products, and the direct and indirect land use. All cultivation processes (soil tilling, sowing,
weeding, fertilizing harvesting, etc.) were included in the calculations. Emissions from manure
were also considered.
Approach and assumptions
We considered a typical olive orchard in central Italy, with or without chickens, and a typical
free-range chicken system, with grazing in an olive orchard or in another pasture used only for
the chickens.
We assumed that the environmental impact of free-range chickens is identical when the chicken
graze in the orchard or in another pasture of the same area, but dedicated only to chickens,
except for the land use due to grazing, which can be excluded when grazing in the orchard,
since it is already accounted for in the olive system. In other words, one hectare of orchard, is
one hectare of land use, whether it also hosts chickens or not. Therefore, once land use of that
hectare has been included in the orchard LCA, it needs not be calculated again in the chicken-
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in-orchard system. The chicken outside the orchard, instead, use an additional hectare of land
(i.e. used only for grazing), which need to be included in the impact assessment.
For the orchard system with or without chickens, we assumed that all operations (and relative
impacts) were identical, except for weeding and fertilization, which, based on field experience
and previous literature, were assumed to provided by the chickens in the olive-with-chicken
system. Therefore, the impact relative to weeding and fertilization was calculated only for the
pure orchard, but omitted for the olive-with-chicken system, where no additional impact related
to the chickens was calculated, since such impact was already accounted for in the free -range
chicken system.
Below we describe the characteristics of the orchard and chicken systems considered for the
LCA.
Free-range chicken system
We considered a chicken density of 1000 birds/has, with three 100-day cycles/year. Neckedneck chickens reaching 2.8 kg, consuming a standard diet with a conversion index of 3.3 kg of
feed/kg of chicken were considered. As mentioned above, the only difference between the
chicken system in the orchard and outside the orchard was the land use, which was considered
nil when chickens grazed the orchard (since the orchard land-use is already accounted for in
the orchard impact).
Olive system
A typical olive orchard for central Italy was considered, with 277 trees/ha, manual pruning and
harvesting, permanent green cover, mowing twice per year, fertilized with 250 kg/ha of urea and
50 kg/ha of both potassium sulphate and triple phosphate, 20 kg/ha of copper sulphate as
pesticide and yield of 4,5 tonnes/ha of olives. As mentioned above, when chickens grazed the
orchard, fertilization and weeding were assumed to be provided by the birds and were omitted
from the calculations (since the chickens' impact is already accounted for in the chicken
system).
Results
Free-range chicken system
Within the 6 categories involving human health (i.e. carcinogens, respiration organics ,
respiration inorganics, climate change, radiation, and ozone layer) the chicken system had the
greatest impact through respiration inorganics and climate change. Of the 3 categories involving
ecosystem quality (ecotoxicity, acidification/eutrophication and land use), the highest impact
was due to land use. Of the 2 categories involving resource consumption (minerals and fossil
fuels), fossil fuels had the largest impact. When chickens grazed the orchard, the impacts were
identical except for land use which was reduced by 18%. Land use represented about two thirds
of the total impact when data were normalized, therefore grazing in the orchard (rather than
land not otherwise used), reduced the normalized impact by about 12%.
Olive system
Within the 6 categories involving human health the olive system had the greatest impact
through respiration inorganics followed by climate change and carcinogens. Of the 3 categories
involving Ecosystem quality, the highest impact was again due to land use. Of the 2 categories
involving resource consumption, fossil fuels were again the most impacting. When chickens
grazed the orchard, however, most impact values were reduced to almost zero, except for
ecotoxicity (reduced to 11%) and land use (not reduced at all of course, since one ha of olives
remains the same also when chickens are added). Since the difference between grazed and
non-grazed orchard was in the fertilization and mowing (not necessary with the chickens), this
results imply that these two practices had the greatest impact, while pesticides (copper
sulphate) had negligible impact in comparison. Therefore, excluding land use, the chickens
basically reduced the orchard impact to almost zero.
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Discussion
Combining chickens and olive orchards appeared to bring about reductions in the environmental
impact of both systems. Particularly, using the orchard for grazing reduced the land use relative
to the free-range chickens, while the bird fertilized and weeded the orchard, thus reducing the
orchard impact to almost nil, except for the land use. The LCA method used and the
assumptions made in this work completely overlook other benefits like the possible contribution
of grazing to the feed (thus reducing feed consumption), the positive effect of trees on animal
welfare, grazing activity, and therefore meat quality and yield. Additionally, animal manure in the
quantity produced by the animals here considered has better nutrient and amendment effects
on the soil compare to the fertilization considered in the non-grazed olive orchard, and this is
also overlooked in the LCA analysis.
Including these effects would make the animal-orchard combined system even more desirable
under the environmental point of view. Further studies with a broader approach to sustainability
might contribute to better assess these effects. These results were obtained with the particular
case of olives and chickens but can easily be extended to other tree-animal combinations. In
fact, when using more strictly herbivorous species (e.g. sheep), grazing can actually contribute
substantially to the animal feed requirements, much more so than with chickens, allowing for
even greater environmental benefits.
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Introduction
Among silvoarable systems, alley-cropping is a practice where annual or perennial crops are
intercropped between wide rows of trees. In Italy, the most cultivated fruit tree is olive (Olea
europaea L.), in fact its cultivated area represents 60% of orchards, with 1.1 millions of
hectares. Eichhorn et al. (2006) identified an area of 20.000 ha in central Italy (Umbria and
Lazio Region) of silvoarable olive grove practice.
In Tuscany traditionally, the soil of olive grove is covered by a low-productive natural pasture,
usually not grazed, until the early-summer period when surface tillage is performed in order to
decrease water competition between herbaceous plants and trees. Intercropping tree crops with
legumes, and in particular perennials legume species, is a way to improve sustainability of
Mediterranean silvoarable olive grove: increasing the Nitrogen (N) content in the soil by the N
fixation (Anglade et al., 2015), reducing the use of inorganic N and enhancing soil cover
protection by plant (Vallebona et al., 2016).
The most important legume crop in the Mediterranean basin is alfalfa (Medicago sativa L.), a
perennial forage species able to produce a plentiful biomass even under rainfed conditions.
There is an interest in alfalfa cultivation in alley-cropping systems as hay crop but also for
grazing use. Facilitation and limitation in an agroforestry system mainly depend on functional
tree group (Rivest et al., 2013), soil fertility level (Moreno 2008) and climate condition (Moreno
et al., 2007). Tree and herbaceous layer interact for resources as light, water and soil nutrient.
A field experiment was carried out in order to investigate the suitability of alfalfa meadow in an
alley-cropping silvoarable system under Mediterranean conditions for two consecutive years in
a rainfed mature olive grove.
Material and methods
In the 2014 and 2015 a field experiment was conducted in Manciano (42° 32.512', 11° 26.684')
in south Tuscany. The field trial was established in a 70 year-old rainfed olive grove and control
plots were carried out in the bordering field. The display layout of the olive grove is 5 x 10 m and
it is located on a uniform terrain, with a slope of 9% and South-East orientation. Tree rows are
planted according to the terrain aspect (NW -SE). The central portion of two side by side alleys
(about 7 m large) and the bordering control field were tilled (chisel ploughing, disk harrowing
twice) at the end of winter season 2014. Then, alfalfa (Cultivar Messe) was sown (seed dose 40
kg ha-1) inside the olive grove and outside. The experimental design was a randomize block
with 3 replicates, with plot sized 2.4 x 10 m. Analysed treatments were: Open field (OF), Central
part (CA), North-facing side (NA) and South-facing side (SA) of the alleys. In 2014 and 2015
alfalfa was harvested when the 10% of the open-grown crop was at flowering stage.
During the establishment year, the management of the alfalfa meadow was conducted under a
four-harvest cycle. Harvesting dates were 23 June (H1), 30 July (H2), 5 September (H3) and 20
October (H4). In 2015 the crop was harvested six times: 30 April (H5), 28 May (H6), 23 June
(H7), 1 August (H8), 16 September (H9) and 22 October (H10).
At each harvest time, an area of 1m2 per plot was sampled, cutting the herbage at 3 cm fixed
height from the ground. Alfalfa biomass subsamples were placed in a forced-draft oven at a
temperature of 60 °C in order to determine the dry matter (DM) content and the Above-Ground
Biomass Yield (AGBY). Chemical analyses for valuing forage quality were conducted on milled
samples (1mm), determining Crude Protein (CP), Neutral Detergent Fiber (NDF), Acid
Detergent Fiber (ADF) and Acid Detergent Lignin (ADL) content. A split-plot ANOVA was used
to investigate differences between alfalfa DM production among treatments (T) and harvest time
(H) considered as subplot factor.
The under-canopy available total light transmittance was estimated from hemispherical photos,
taken in all the alley-cropping system plots, according to a regular grid of 144 points at
increasing distance from the tree rows (0, 1, 3, 5 m).
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The images were processed by Gap Light Analyser 2.0 free software. Spatialization of point
data was performed by Inverse Distance Weighting (IDW).
Results
During 2014, cumulative rainfall from seeding (March 20th) to the end of the harvest period
(October 20th) was about 580 mm with rainfall over the monthly climatological mean in June,
July and August. In 2015, for the same period, cumulative rainfall was 392 mm, in line with the
long-term average. Average mean temperature of March-October period was about 19.2 and
19.9 °C in 2014 and 2015, respectively. In 2014 no drought period was observed, while in 2015
May, July and September can be considered dry (Bagnouls and Gaussen, 1957).
The annual alfalfa yield was lower in 2014 (establishment year) in all treatments than in 2015
(Table 1). AGBY was significantly higher in OF, 9.81 and 12.14 Mg DM ha-1 yr-1 in 2014 and
2015, respectively. During 2014, no significant differences were observed among the plots
included in the olive grove. On average, from the first to the second year, AGBY in NA, CA and
SA increased by 18, 19 and 27%, respectively. In both years, alfalfa yield was affected by
treatment and harvest time while interaction between factors was not significant.

Table 1: Mean total annual dry matter yield of alfalfa grown in open field (OF) and inside an
olive grove (North (NA), Central (CA) and South (SA) of alley) in Manciano, Italy.
Year 2014
Year 2015
§
Treatment
Annual yield
SE
Annual yield
SE
(Mg DM ha -1)

OF
NA
CA
SA

9.81
3.79
5.12
3.75

(Mg DM ha -1)

±
±
±
±

0.64
0.28
0.80
0.20

a
b
b
b

12.14
4.48
6.51
4.49

±
±
±
±

0.34
0.40
1.20
0.54

a
c
b
c

Same letters indicate that treatments are not different at the 0.05 probability level according to Tukey's HSD
test
§
Standard Error of the Mean

Figure 1: Alfalfa DM yield per harvest cycle in the year 2014 (H1 – H4) and 2015 (H5 – H10)
among treatments: open field (OF), north-facing side of the alleys (NA), central part of the alleys
(CA) and south-facing side of the alleys (SA) in Manciano, Italy. Same letters indicate that
treatments are not different at the 0.05 probability level according to Tukey's HSD Test. Vertical
bars represent standard errors.
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In the first year, at each harvest time AGBY was higher in OF than NA, CA and SA (Figure 1).
The yield reduction in CA was about 31, 60, 40 and 60% compared to OF in H1, H2, H3 and
H4, respectively. The highest reduction levels were recorded for NA and SA in H4, about 75 and
70%, respectively compared to OF.
In 2015, AGBY in OF was significantly higher than in alley treatment at each harvest time with
exception of H6 and H9 (Figure 1). From OF to CA, we observed a lower AGBY reduction than
from OF to NA and SA at each harvest time. ABGY in CA was about 45, 31, 42, 65, 42, 65%
lower than OF, in H5, H6, H7, H8, H9 and H10, respectively. The lower AGBY observed in the
alley treatments was determined by the lower available light transmittance (ALT) measured in
the olive grove. Figure 2 shows the direct linear correlation between annual ABGY and ALT in
both years, with r-Pearson value of about 0.92.
Regarding forage quality, in the first year, the CP content of alfalfa collected in OF was
significantly lower than NA and SA in the last two harvest time H3 and H4, and in the latter it
was also significantly lower than CA. While, NDF and ADF contents in OF were higher than NA,
CA and SA in H3 and H4. ADL content was higher in OF than NA, CA and SA only in H3.
In 2015, no significant differences were observed for CP and ADL among treatments and
harvest times. The lowest NDF content was observed in NA at the first harvest time of 2015. In
the same year ADF content in OF significantly increased compared to the alley treatments in
the summer period (H7 and H8).

Figure 2: Relationship between available light transmittance and alfalfa yield of each plot in the
growing season 2014 and 2015

Discussion
This work investigated the forage biomass production in terms of yield and quality of alfalfa
cultivated in a typical olive grove of south Tuscany. The grass-tree interaction was investigated
in order to evaluate the suitability of alfalfa in a silvoarable practice. Our results provide
evidence of a lower alfalfa productivity in an olive alley-cropping system. The negative effect of
alfalfa-tree interaction was already reported in a 20 years-old black walnut (Juglans nigra L.)
alley-cropping plantation situated in North America (McGraw et al., 2008), and also in a 7x7 m
layout radiata pines (Pinus radiata D. Don) agroforestry trial in New Zealand (Varella et al.,
2011). The alfalfa yields of border alley sides (NA and SA) were lower than the central part of
the alley (CA) showing a higher competition with trees for resources. The highest reduction was
recorded in both years in summer period harvests (H2 and H7) and in the last harvests before
overwintering (H4 and H10). This probably was caused by the competition for water in summer
period when precipitations were not abundant. Nevertheless, the low light availability in the olive
groves is likely to be the main limiting factor for biomass accumulation in alfalfa meadow.
Several authors reported a negative effect of reduced light availability on legumes growth in
agroforestry systems (Moreno et al. 2007; Gea-Izquierdo et al., 2009; Lopez-Carrasco et al.,
2015). Moreover, McGraw et al. (2008) observed a biomass reduction of alfalfa according to
distance from the trees in an alley-cropping practice.
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Nutritive value of alfalfa was not negatively affected by tree competition as no reduction of crude
protein content was observed in the alley-cropping treatments. As previously reported (McGraw
et al., 2008), low variability was found in CP, NDF and ADF concentrations between the alleycropped and open-grown alfalfa. In our study, also ADL showed few difference among
treatment, regardless the harvest time.
Concluding, alfalfa biomass reduction in the olive grove mainly depended on light availability.
Anyway, further studies are needed in order to investigate the complex of interactions between
tree and herbaceous crop in agroforestry system, addressing the possible competition for water
and nutrients. Tree management, as pruning, can enhance the meadow productivity and tree
study approach is necessary to investigate the effect of alfalfa presence in wide olive tree
plantation productivity. Moreover, further investigation should also address the presence of antinutritional factors (i.e. saponins and tannins) in alfalfa grown under agroforestry systems in
order to evaluate the suitability of alfalfa to different utilizations.
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Abstract
The collection of tree leaves for feeding stock, usually from pollards, is now generally confined
to poorer and least inhabited areas where subsistence farming and traditional herding still
exists, but is believed to have been widespread across Europe until recent times. There is
circumstantial evidence that the practice pre-dates the making of hay from herb rich meadows
and has been a farming practice for at least six millennia. There is now a resurgence of interest
in using this currently untapped resource; this paper provides an overview of the history and
management of tree fodder.
The leaf fodder or “tree hay” was stored for feeding to stock during the winter, especially in
mountain areas, but was also a vital source of animal feed in periods of drought especially in
free draining soils. It was also an insurance against failure of the hay crop due to cold, wet
summers. Trees with deeper root systems and mycorrhizal fungal associations can access
moisture and nutrients and produce green leaves when other plants have dried up. The leaves
may also be richer in nutrients because of this and some tree leaves are known to have
medicinal benefits and stock will self-medicate where they have the opportunity.
The cutting of the leaves is carried out when the tree is in full leaf, like meadow hay, from the
end of June and through July, when it is richest in minerals and nutrients. Certain types of tree
were favoured in different parts of Europe but elm and ash are known for their palatability to
animals. In the UK, holly and ivy were especially important for feeding to deer and other stock in
the winter and were specially protected by Norman Forest Law as ‘vert’.
The way tree branches were cut and the methodology for drying the tree hay appears to vary
from region to region but often the branches were packed into tight bundles and tied with
twisted willow or hazel twigs. This method has been tested at the Knepp Estate in Southern
England and green leaves were still present even after two years.
Introduction
It is our understanding that Humans were originally hunter gatherers. Therefore during the
transition to becoming a farmer and before a settler it is reasonable to assume he developed
the skills of herding with the domestication of animals, the real beginnings of transhumance.
Then as he wandered with his animals and watched their behaviour he would have seen,
especially in the warmer regions of Europe, that these animals browsed both trees and shrubs.
This was particularly so in the summer months in Mediterranean regions when other vegetation
was ‘burned off’ by the sun and lack of water. In Northern areas however he would have noticed
both the browse height of trees and his animals rush to feed on the green foliage from fallen
trees or limbs and in the winter bark buds and twigs. The chances are in the summer that any
remaining green leaves, allowed to dry, were later found to be very important in winter months.
Tree hay could be gathered without the need for
any tools by simply breaking and tearing tree limbs
and twigs, and then gathered for fodder.
Interestingly it is difficult to imagine how vegetation
could be cut in a natural herb rich meadow without
some form of cutting tool. Perhaps this was the first
tree hay which presumably, as the method
developed, predated meadow hay by as much as
millennia. Whilst cutting tree hay is now generally
confined to the poorer and least inhabited areas
such as in the mountainous regions of Europe it is
however more widespread in Mediterranean
countries were subsistence farming and attended
herding is still carried on, another prehistoric
practice continued through historical times virtually
unchanged to the present day.
Figure 1. Cutting tree hay from an ash
tree on Hanstead Park Estate,
Berkshire, southern England.
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Producing Tree Hay
Generally speaking tree hay is produced by the cutting or breaking of limbs and twigs of
deciduous trees and shrubs in full leaf (Fig. 1). The ideal tree to start pollarding is over the
browse height i.e., over 2.3 m to 3.5 m where the main stem is never more than 19 cm and
preferably all sapwood. If the trunk is all sapwood then usually the exposed tissue will callus
over completely with new growth from all sides around it’s circumference, thus making a ‘fist’
shape which is called a bolling and is incredibly strong with any subsequent growth being very
secure and not liable to break off. When newly cut main stems do not callous over and form a
bolling but become a ring of living sapwood any new growth will only have support from the
vertical trunk sides and therefore becomes very vulnerable to breaking away. The foliage is then
dried, stored and fed to the animals in the winter. It is thought that as with meadow hay, tree
hay is cut at the optimum time for the maximum storage of minerals and nutrients in the leaves
and twigs which then will remain present with drying.
Whilst the methods of cutting and drying tree hay appear to be very varied across the regions of
Europe, sometimes even down to an individual, the basic principles remain the same as most
branches vary in length from 60 cm to 2 m. One method was to stack and pack the cut braches
into very tight bundles that were tied with twisted ropes of willow or hazel twigs. These were
then either stored by drying outside hung above ground and then kept for winter fodder or
stored green. In recent trials on the Knepp Castle Estate in southern England
(http://www.knepp.co.uk/) when the bundles (faggots) have been stored fresh (green) and
stored horizontally under shelter in a tight stack (Fig. 2), some of the leaves appeared mouldy.
However, many of these faggots of different species of trees and shrubs still had quite green
leaves even after a season or two of storage, some even for twenty four months.

2a

2b

Figure 2a. Ash faggots cut in July on the Knepp
Castle Estate, southern England. The faggotts
were fed to the Estate’s longhorn cattle (2b) and
Exmoor ponies (2c) eight months later
2c

Tree hay species
It appears that across the temperate regions of Europe the majority of tree and shrub
species were used, in fact humans literally used what they had. In more recent times with the
arrival of meadow hay, tree hay became especially important as insurance against poor growing
seasons for hay making. However, if available, ash (Fraxinus excelsior) and elm (Ulmus minor)
(before its demise) appear to have been the preferred tree species with holly (Ilex aquifolium)
and ivy (Hedera helix) generally cut in severe winters or again after a poor growing season for
hay and grazing. Today ash regrowth after cutting to produce hay can be more susceptible to
Chalara whilst the regular recutting of any remaining elm can keep its bark thickness to a
minimum and thus useless to the Bark Beetle.
As our knowledge of plant communities and their interactions with associated essential micro organisms increases, it is not unreasonable to expect that trees may have many different
mychorrhizal partnerships to those with natural organic herb rich meadows. Therefore these
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complex relationships could very well supply the trees and shrubs with a very different range of
nutrients and minerals which they can store for a longer term and when given to animals will
presumably be of an added benefit. Green islands can be found on the leaves of many species
of tree as the tree senesces in the autumn when the minerals and nutrients are withheld by
pathogens in the leaf tissue, and
cattle appear to actively seek out
and eat these leaves (Figure 3).
Together with herb rich meadows
they are also known to have natural
beneficial medicinal properties
useful for animals and ourselves.
Sadly in modern animal husbandry
and human health, this is no longer
common knowledge.

Figure 3. Cattle preferentially selecting fallen leaves with green islands.
Conclusions
To some people, cutting trees and pollarding to produce products such as tree hay will be seen
as labour intensive with high cost and low value for productivity. However, to others it can be
seen as continuing an age old part of our cultural and landscape heritage together with the trees
ageing process becoming important for the decaying wood communities of fungi, insects and
other microorganisms. Also the natural medicinal properties that will appeal to many, add the
costs of manmade pharmaceutical products in monetary terms and more importantly the costs
and adverse impacts to biodiversity and the environment and tree hay becomes attractive.
Include the differing natural minerals, nutrients and perhaps above all the trace elements the
fodder contains and it becomes a very persuasive argument especially to the ‘high end’ of the
animal food market to such people as horse, rare breeds owners and across wildlife reserves.
Not forgetting that tree hay in the past played a significant role as winter food and extra
insurance against failure and poor harvests of meadow hay in bad summers.
Acknowledgements
Thanks to Jo Smith (Organic Research Centre, UK) and Jill Butler (Woodland Trust, UK) for
editing the extended abstract.
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1/ Introduction
Integrating agroforestry in livestock farming systems may be a real opportunity in the current
climatic, social and economic conditions. Trees can contribute to improve welfare of grazing
ruminants. The production of leaves from woody plants may also constitute a forage resource
for livestock (Papanastasis et al. 2008) during periods of low grasslands production (summer
and autumn). To know the potential of leaves from woody plants to be fed by ruminants,
including dairy females, the nutritive value of these new forages has to be evaluated.
References on nutritive values that already exist for woody plants come mainly from tropical or
Mediterranean climatic conditions (http://www.feedipedia.org/) and very few data are currently
available for the temperate regions. In the frame of a long term mixed c rop-dairy system
experiment integrating agroforestry (Novak et al. 2016), a large evaluation of leaves from woody
resources has been initiated. The objective of this evaluation is to characterise leaves of woody
forage resources potentially available for ruminants (hedgerows, coppices, shrubs, pollarded
trees), either directly by browsing or fed after cutting. This paper presents the evaluation of a
first set of 12 woody resources for which the feeding value is evaluated through their protein
and fibre concentrations, in vitro digestibility (enzymatic method) and effective ruminal
degradability.
2/ Material and methods
The leaves of 12 woody species were collected during summer 2014 in the neighbourhood of
the INRA experimental farm located at Lusignan (Vienne, Poitou-Charentes, France). Leaves
were sampled on either high stem trees, winter pollarded trees, regrowth of pruned trees or
hedgerows (Table 1). Fresh perennial ryegrass and lucerne were also collected as herbaceous
forage controls, harvested above 5 cm from ground level after 6 weeks of regrowth. For these 2
species, the whole plant (leaves and stems) was considered.
Table 1. Main characteristics
Species
Black alder
Italian alder
Ash
Chestnut
Field elm
Hazel
Large leave lime
Black locust
Field maple
White mulberry
Red oak
Vine
Perennial ryegrass
Lucerne

of the material collected in summer 2014.
Latin name
Plant characteristics
Alnus glutinosa
Alnus cordata
Fraxinus excelsior
Castanea sativa
Ulmus minor x resista
Corylus avellana
Tilia platyphyllos
Robinia pseudoacacia
Acer campestre
Morus alba
Quercus rubra
Vitis vinifera
Lolium perenne
Medicago sativa

>10 years, regrowth
>20 years
>10 years, regrowth
>10 years
8 years, pollard
>10 years, hedge
>20 years, pollard
>10 years, regrowth
>10 years, hedge
>20 years, pollard
>10 years
spontaneous regrowth
grassland, 6 week regrowth
grassland, 6 week regrowth

Sampling date
4 August
5 August
4 August
4 August
5 August
4 August
5 August
4 August
4 August
22 July
4 August
4 August
7 August
30 July

All samples were oven dried at 60°C during 72 h, ground to pass a 1 mm-grid and then
analysed for nitrogen (N, Dumas method with a Flash 2000 CHNS/O Analyzers from
Thermofisher on samples ground again with a vibro-broyeur from Retsch), crude protein (CP,
calculated as N × 6.25), fibre (NDF, ADF and ADL, Goering and van Soest method, 1970, in
vitro DM digestibility (IVDMD) with the enzymatic method of Aufrère (1982) adapted with the
DAISY Incubator from ANKOM, and ash (550°C during 3 h in a muffle furnace).
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Another dry leaves subsamples were also ground to pass through a 0.8 mm-grid. Dry matter
and nitrogen effective ruminal degradability (EDDM and EDN, respectively) were determined by
the incubation of nylon bags (7.5 × 15 cm, 46 μm pore size) containing 3 g of fresh sample in
the rumen of three ruminally fistulated dry cows, during 2, 4, 8, 16, 24 and 48 h (MichaletDoreau et al. 1987). Dry cows were stall-fed 9 kg DM/day of a diet based on 70% of high-quality
grass hay and 30% of a concentrate based on barley, beet pulp and soybean.
3/ Results and discussion
The main characteristics of the woody leaves are given in Table 2. The leaves DM
concentration ranges from 34.6% in vine to 51.5% in field maple. The CP concentration varies
from less than 120 g/kg DM in chestnut and vine to more than 190 g/kg DM in black alder, black
locust, lime and white mulberry. The DM digestibility (IVDMD) ranges from less than 60% in
black locust and hazel to 89% in white mulberry. We also notice some experimental difficulties
in managing the NDF attack in the van Soest protocol for elm, lime and Italian alder, suggesting
that an adaptation of this method is probably needed for woody resources.
Table 2. Chemical composition, in vitro DM digestibility (IVDMD), and effective degradability of
DM (EDDM) and of nitrogen (EDN) of leaves of woody species during summer.
Species

DM

Ash

CP

NDF

IVDMD

EDDM

EDN

(g/kg DM)

(g/kg DM)

(g/kg DM)

(g/kg DM)

(%)

(%)

(%)

Black alder
Italian alder
Ash
Chestnut
Field elm
Hazel
Large leave lime
Black locust
Field maple
White mulberry
Red oak
Vine

373
369
376
426
421
420
365
398
515
369
473
346

56
59
85
34
144
60
103
64
68
119
41
63

197
170
145
118
145
144
211
204
134
240
142
106

296
358
279
340
414
324
292
278
286
174
400
193

77
69
75
68
67
53
70
49
64
89
61
80

51
52
64
42
48
44
50
38
47
70
37
57

31
32
50
23
27
10
37
18
30
62
14
29

Woody resources (mean)

404

75

163

303

68

50

30

Perennial Ryegrass
Lucerne

368
284

94
93

161
159

475
465

69
56

57
58

60
68

The DM and CP degradation curves kinetics (Figure 1) highlight large differences in the species
degradation patterns and also the mid-term position of the herbaceous controls.
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Figure 1. Dry matter (left) and protein (right) degradation kinetics of two high-quality foliages
(mulberry and ash), two low-quality foliages (chestnut and red oak) and lucerne and ryegrass
(controls).
The EDDM ranges from 37% in red oak and 38% in black locust to 64% in ash and 70% in
white mulberry. The EDN varied from less than 10% in hazel to 62% in mulberry and is lower,
except for mulberry, to the EDN of ryegrass and lucerne. The EDDM and IVDMD are highly
correlated (EDDM = 0.733 IVDMD, R2=0.74; p<0.001).
The lower EDN of lime, alders and black locust (Figure 2) suggests the presence of secondary
compounds, especially tannins, reducing protein availability for ruminal microbes.

Figure 2. Relationship between effective degradability of nitrogen (EDN, %) and nitrogen
concentration (CP, g/kg DM) in leaves of woody species during summer.
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The most effective compromise between DM digestibility, protein concentration and protein
degradability is obtained with mulberry and ash, which are species traditionally fed to cattle
respectively in oceanic and Mediterranean conditions. Black and Italian alders and lime seem
also potentially interesting to fed ruminants. At the opposite, chestnut, hazel and red oak seem
of very poor nutritive quality for ruminants.
These results agreed with those of previous studies (Papachristou et al. 1994, Doran et al.
2007, Papanastasis et al. 2008, Luske and Van Eekeren 2015).
4/ Discussion-conclusion
The nutritive value and ruminal degradability of leaves from woody resources collected during
summer exhibit large variation between species. White mulberry but also ash, alders and lime
seem to have sufficient digestibility and nitrogen degradability to be included in the diet of
lactating cows in mixed crop-livestock systems, especially during the critical summer period.
These results have to be confirmed by replications over several years. As great differences in
nutritive value were found between species, our next studies will also consider more species of
trees, shrubs, lianas, natives or exotics, and will include the effects of season (spring, summer,
autumn) and tree management (pollarding, pruning). Tannins concentrations and intestinal true
digestibility of nitrogen will also be investigated.
One of the future challenges is also to quantify palatability and acceptability of these ne w
forages by ruminants, particularly by lactating cows that are not a browsing species.
Acknowledgements
We acknowledge the support of the European Union through the AGFORWARD FP7 research
project (contract 613520). We also thank all the persons and partners that contributed to leaves
collection and analyses.
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Introduction
The increasing population in the Brazilian Amazonia, especially in urban areas, has led
to an increasing local demand for food, including meat (Tourrand et al. 2006; Bendahan et al.
2013). High rates of forage production, due to good weather conditions in terms of rainfall and
temperature, added to the security and flexibility of cattle ranching are contributing to the rapid
expansion of livestock farming in the Amazonia (Veiga et al. 2004). Hence, cattle breeding is
considered as one of the main drivers of Amazonian deforestation (Tourrand et al. 2006). More
recently, the environmental impact of the associated greenhouse gas emissions have also been
highlighted (MAPA and MDA 2011).
In the early twenty first century, restrictive and repressive measures have been enacted
in Brazilian Amazonia to reduce deforestation (MMA 2013) and consequently the expansion of
livestock farming. An alternative approach supported by EMBRAPA has been focused on
sustainable farming systems such as “crop-cattle-tree integration systems”, locally called
“Sistema Integrado Lavoura – Pecuária – Floresta” (or SILPF). However, the expansion of
SILPF at a large scale is difficult, and the integration is often more an association rather than
real integration, at least regarding the tree component (Bendahan 2015).
The Roraima is a Brazilian State in the Northern Amazonia, at the border of Venezuela
and Guyana. Roraima State has also invested in SILPF research as an alternative to pure cattle
ranching in forest and savanna biomes. In 2008, the first SILPF were tested at the Experimental
Research Station of Embrapa Roraima, before further extension. Our two research hypotheses
are: i) SILPF offers better economic and financial results than cattle ranching due to the efficient
use of resources, and ii) the capacity to manage multi-component and multi-product systems
such as SILPF is a constraint to its implementation.

Methodology
The factors determining the success of SILPF were considered in three areas : i)
environmental factors; ii) external factors to the farm; and iii) internal factors (Bendahan 2015;
Wood 2015). The analyzed environment factors were soil and climate. External factors were: i)
availability and access to credit; ii) conditions of education and transport; iii) availability and
quality of the technical assistance; iv) meat, grain and wood markets; v) human capital in the
state; and vi) livestock characteristics. Our methodology relied on the analysis of public
databases, interviews with key-informants in the appropriate sectors and through participant
workshops, and interviews on farms that have adopted SILPF. The internal factors were: i)
labour, ii) infrastructure, iii) economic analysis of three models of SILPFs, iv) practices and
activities inherent in these systems, v) cash flow, vi) dynamics of soil fertility under different
SILPFs, vii) productivity and interactions between components of SILPF, and viii) management
of internal and external factors to the farm.
We used interviews and workshops with producers and technicians together especially
monthly or bi-monthly interviews on four private farms, over four years, between 2008 and 2011
to analyze factors such as labour, infrastructure, cash flow, and practices and activities of
SILPFs. For the economic analysis, we used the results obtained in the characterization of
livestock activity and the results obtained in the monitoring of private farms. We used
experimental data from the Embrapa Research Station to determine the soil fertility and the
productivity of the components and their interactions.
Results
Physical environmental factors did not constitute significant barriers to the expansion of
SILPFs in the State of Roraima, but the specific environmental conditions should be considered,
in system design. The zoning exercise highlighted the climate risks faced by each farmer in
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implementing SILPFs. Each region and each municipality has specific characteristics in this
regard. Improved soil management was often a driver for the implementation of SILPFs.
External factors to the farms were important. We determined that the barriers to the
expansion of SILPFs in Roraima included low school enrollment and poor quality of education in
rural areas. The road network was also poor with 85% of roads being unpaved. The levels of
available technical assistance were also poor, and financial institutions provided little funding to
increase production. Livestock production often receives a low priority and cattlemen do not use
formal management tools. Trees are generally not considered as a production system and the
wood market is still very informal. The market for crops such as cowpeas is also small in
Roraima. One of the internal factors in relation to the farm, as demonstrated by experiments by
Embrapa, is that chemically impoverished soils can respond quickly to fertilization.

Yield (kg ha -1)

The development of eucalyptus trees with crops in the savanna region led to declines in
crop yields near the trees. Teak trees were observed to benefit from the planting of beans in the
transition forest region.
The experimental results showed that in the third year, the cultivation of teak trees did
not affect the yield per hectare of soybeans and corn. By contrast, eucalyptus trees of a similar
age reduced the yields of corn until a distance of 4.2 m (Figure 1) and soybean until a distance
of 4.5 m. This occurred in systems where the distance between the tree rows was 18 m (called
E3_20) and 54 m (treatment name: E3_50). Within these areas (4.2 m for corn and 4.5 m for
soybean, the crop yields were reduced by 41-44% compared to the yields observed out of this
areas (Table 1).

1.5

4.2

6.9

8.7

9.6

12.3

15.0

17.7

Distance from eucalyptus (m)

Figure 1: The effect of distance from Eucalyptus trees on the yield of corn in two agroforestry systems
(E3_20 and E3_50) at the Aqua Boa experimental station in 2010.
Table 1: Yield of soybean and corn according to the distance from eucalyptus trees in the third
year of cultivation in savannah region of Roraima.
Zone
Yield away from trees (kg ha -1)
Yield near to trees (kg ha -1)
Reduction %

Soybean
3598
1997
44%

Corn
4799
2816
41%

During the 120 days of intercrop period, in the transition forest region, we observed that, the
daily liveweight gains per animal and per hectare were 45% and 166% higher respectively in the
integrated crop-livestock system (ICL) when compared to a rotational grazing system (RG),
without fertilization (Table 2).
The successful adoption of agroforestry systems requires the careful scheduling of
operations. SILPF systems require additional labour. We estimate an increase of 80% more
labour in milk subsistence systems and 30% in the fatting cattle systems (the two systems
located in transition forest region), and 166% more labour in the system creates in savanna of
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Roraima, when compared with similar farms but without SILPFs. Beside the need for more
labor, the labour needs to be more skilled.
Table 2: Animal performance in the intercrop period in ICL systems, in transition forest region,
was superior to that achieved in rotational system without fertilizing pastures.
System
Daily animal gain (kg)
Gain per hectare (kg ha-1)

Rotational grazing
system (RG)
0,475
153

Integrated croplivestock system (ICL)
0,692
408

+45%
+166%

Farms with SILPFs were more profitable in terms of Net Present Value (NPV) and
Internal Rate of Return (IRR) when compared with farms only with cattle (Table 3). These
results were due the SILPFs were more efficient in the use of resources. The animal component
is the largest source of cash flow in the SILPFs.
Table 3: Economic analysis of three livestock production models in the state of Roraima.

Without SILPF
With SILPF

Net present value (R$)
Internal rate of return (%)
Net present value (R$)
Internal rate of return (%)

Subsistence milk
production
28,000
2
30,000
11

Fattening
cattle
334,000
10
554,000
9

Livestock
breeding
- 677,000
280,000
6

Conclusions
Integrating trees, crops and livestock appears to be more profitable than livestock
farming alone in the savanna and transition forest regions in Roraima. However the absence of
effective management tools still creates a barrier to the adoption of SILPF by farmers in the
state of Roraima in Brazil. The increased number of components, activities and practices
complicate farm management (Durand 1990; Minati 2001; Morin 2005). The complexity also
means that farmers must understand more legislation, a greater range of markets and inputs,
and an understanding of the interactions between components (Minati 2001; Morin 2009;
Teixeira et al. 2010).
There appear to be substantial external constraints, such as the lack of roads,
education, communication, legal uncertainty and technical assistance, in Roraima and this is
likely to constrain the immediate expansion of SILPFs, despite the economic, environmental
and social benefits of such systems.
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Introduction
In addition to the ever more unpredictable floods as a consequence of global climate change,
forest management and agriculture is impeded to a great extent in the floodway areas of Central
Europe by the relentless propagation of invasive species, representing not only an economic
disadvantage but a substantial threat to nature conservation as well. Our research focused on
the former, current and future role of grazing in floodway forest areas.
“Grazing in the forest has always been, is and always will be” you can read in the work by
Frigyes Fuchs published in 1861 entitled ‘Primeval forests in Hungary’. This sentence holds true
up in Hungary and the Carpathian-basin as a whole to date in spite of the fact that since 1961
grazing in forested areas is supposed to be banned by the force of law. With respect to the
development of agroforestry system, an approach strongly encouraged and subsidised by the
European Union, it is indispensable to clarify the role of forest grazing which is part of these
systems. Forest grazing is a thousand years old practice of extensive animal husbandry based
on the natural capital and ecosystem services provided by the land in question. A fundamental
scenery of pasturing animal husbandry is the area covered by woody vegetation, with the key
function to ensure safety and predictability of grazing under extreme weather conditions. In the
research project the answers to the following questions were looked for: How grazing on
floodway land was managed before the 1960s and how has it changed? What kind of
vegetation characterises the grazed and non-grazed forest areas in the floodway? What kind of
a role grazing in agroforestry system might have in the management of floodway areas?
Materials and methods
The very complex range of issues was studied using multidisciplinary methods. on multiple
locations in the Great Hungarian Plain using a variety of research methods. Research was
conducted in forest stands on the floodway in Hungary, Serbia and Romania. Along the Tisza
and Hármas-Körös rivers (Hungary) 58 of semi-structured interviews were made with local
farmers and conservation rangers. Comparative structural studies of habitats in grazed and
non-grazed tree stands in the floodway of Tiszaalpár (county Bács-Kiskun, Hungary) (Sample
site No 1) were carried out in 2015. A current habitat/biotope map was drawn up along the
Hármas-Körös (Sample site No 2, county Csongrád and county Békés, Hungary) river in 2015
on a land of 6600 hectares in a scale of 1:2000, which was supplemented with the analysis of
landscape changes using aerial photographs from the 1960s. A three days field tour was made
in January 2016 on the Serbian section of the river Temes (Sample site No 3) visiting grazed
and non-grazed hybrid poplar stands in the floodway. Forest ecology surveys were completed
on a three days (in 2014) and a two days (2015) field visit to the hardwood gallery forests along
the river Sava (Sample site No 4, Morović), and semi-structured interviews with pig farmers (7
people) and local forester staff (4 persons).
Results
In the floodway areas of the Hungarian Tisza and Hármas-Körös a typical small-holders
husbandry involving agroforestry dominated up to the end of the 1980s. This kind of
management was largely abandoned by the beginning of the 1990s. As a result, non-native
invasive species (Amorpha fruticosa, Fraxinus pennsylvanica, Acer negundo) propagated
dramatically.
You can see on Sample site No 1 that coverage ratio of invasive species was diminished due to
grazing (Amorpha fruticosa: non grazed: 50%, grazed 5%) (Figure 1).
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Figure 1: Average Amorpha fruticosa coverage on grazed and non-grazed shrub layer and regrowth in willow-poplar stands of the floodway (Tiszaalpár, Hungary)
On Sample site No 2 the lower canopy of the non-grazed willow stands in the floodway of
Hármas-Körös consists of green ash, with the shrub level made up of dense desert false indigo
stands. As a result of the grazing cattle, a very diverse marshland, wetland grassy vegetation
was formed under grazed willow stands. In the lower canopy of the hybrid poplar stands along
the Hármas-Körös green ash stands are frequently encountered and the bottom of the
plantations is penetrated by dense desert false indigo cover without exception. Grazing is made
in secret due to the legal ban, in other words farmers are interested in not leaving visible signs
of grazing. As a result the lower level of the canopy and the shrub level is not removed,
therefore the formation of the closed grass level can not be observed due to lack of sufficient
light.
On sample site No 3 never grazed poplar stands with poplar stands grazed regularly since their
plantation were compared along the Temes river. The impression given by never grazed poplar
stands is fully identical with that found in sample site No 2. In the grazed stands, however, no
invasive species were found in the lower canopy level and the coverage ratio of non-native
invasive shrubs such as Amorpha fruticosa varied merely between 0 and 20%. Grass level
vegetation coverage was nearly 100%. Species stocking and diversity of the wetland and
marshland vegetation under the grazed hybrid poplar stands occasionally exceeded those of
treeless grasslands nearby. Rubbing and bark chewing traces affecting the external layers of
hybrid poplar trees were only found in the parts of the forest used as regular resting place for
noon.

Figure 2. A) Past, present and potential future of softwood lots on the floodway. B) Current use
of hybrid poplar stands in the floodway in Serbia and Hungary, and potential future
management in Hungary, respectively
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In the large hardwood gallery forests along the Sava River on sample site No 4 pigs have been
raised in the forest for a period of several hundred years or maybe a thousand. Pigs currently
are fed on corn in the morning and at night on the farmstead in the woods established
exclusively for this purpose. They spend the rest of the day within a 3-5 km distance around the
farm. Farmsteads are stationary for decades at some places and are frequently moved in
others. Woodlots with closed canopies maintained on the same location for a very long have a
very thin shrubbery level, but the shrub level of oak stands with a more open, gallery like
canopy is rich in species and covers large areas (50-60%) in spite of intensive presence of pigs.
It can be stated that the grazing of pigs has no adverse impact on the shrub level. Local pig
farmers and foresters assist each other in managing the area.
Conclusions
Based on our experiences and measurements it can be concluded that grazing in forests stands
of floodways was possible without diminishing the timber yields, and at the same time it
suppresses invasive vegetation and has a substantial role in retaining local population as a
secondary way of exploitation. Grazing of forests in the floodway in an agroforestry scheme
may be a retaining economic factor for local population as well.
In summary, it can be concluded that controlled permission of forest grazing contributes to
continue husbandry maintaining natural and cultural values alike, and hence, to the production
of healthy food to the staying of country people on site. The importance of these factors in terms
of nature conservation and society is highlighted by IPBES under the auspices by UN
(www.ipbes.net).
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QUALITY OF APPLE TREES AND APPLES IN POULTRY
FREE RANGE AREAS
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Introduction
An increasing number of poultry free range areas contains more and more trees. In the project
‘Trees for chickens’ fruit seemed to be a suitable plantation type for poultry free range areas.
The costs of layout of an orchard will go up to 36,000 euros per hectare. This is only affordable
if the plantation is managed professionally and if there is enough good quality harvest.
However, there is only limited experience with growing professional fruit in poultry free range
areas. This report is the result of an investigation on two organic poultry farms in The
Netherlands with a professionally planted and managed apple orchard. The research questions
were: 1) Are there any differences in tree health in relation to the distance to the stable? 2) Are
there any differences in fruit quality in relation to the distance to the stable? The further away
the trees are located from the stable (or more precise: the pop holes) the less chickens are
expected to be around those trees and the smaller will be the expected effects of the chickens
on those trees.
Material and methods
On farm 1 investigations were done on approximately 20, 50, 150 en 300 meter distance from
the nearest pop holes. On farm 2 investigations were done on approximately 40, 50, 120, 140
and 200 meter distance from the pop holes. Tree health was investigated by 1) counting dead
and very weak trees, 2) scoring growth rate of the tree in terms of shoot growth and express this
in a number on a scale from 0 to 10 with 5 as ‘ideal’ in a fruit growing context, 3) measuring tree
height and express it in centimeters, 4) scoring leaf quality and express it in a number on a
scale from 0 to 10 with 10 as ‘perfect’ and 5) counting the number of apples per tree. Fruit
quality was scored as damages/quality problems on the outside of a sample of 10 arbitrary
chosen apples per tree and was expressed in no problem, small damage (but still marketable)
or big damage (not marketable anymore).
Results
General management of the fruit orchards. There was a big difference in general appearance of
the fruit orchards on the two chicken farms. On farm 1 the management of the fruit trees was
clearly behind schedule. For example there had been no recent proper pruning and supporting
of the young trees, leading to broken branches and stems. On farm 2 the orchard was
intensively managed and these problems did not occur.
The expectancy that with a larger distance from the popholes, there will be less chickens’
influence, is confirmed and illustrated by the pictures in Figure 1.
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Figure 1: General image of Dalinco apple trees on farm 2 in relation to the distance from the
stable.
Mortality: dead and very weak trees. On farm 1, very locally, there was an area with 40%
mortality among the trees. There was no relation with distance to the stable, so it was not the
chickens causing this mortality. According to the poultry farmer, the mortality was caused by
extreme wetness of the parcel. On farm 2, on less than 50 meter from the pop holes, there was
more than 10% mortality among the Santana trees. On farm 2 there was no mortality among the
Dalinco trees.
Growth and tree heights. Growth varied on both farms from precisely optimal to not yet optimal.
There was a clear relation with the distance to the pop holes: closer to the stable the trees
showed less growth. The effect is to be seen till 100-120 meter from the pop holes. Tree height
is only measured on farm 2. On farm 1 the trees were still very young. Closer to the pop holes
the trees were lower (appr 210 cm high) than further away (appr 275 cm high). This effec t is to
be seen till 100-120 meter from the pop holes.
Leaf quality (Figure 2). Closer to the stable leaf quality was lower than further away. This effect
was to be seen till 50 meters from the pop holes. The effect was relatively stronger in Santana
than in Dalinco.
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Figure 2: Leaf quality in relation to distance to the stable on both farms
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Number of apples (Figure 3). On farm 1 the trees were smaller and they had less apples
(mostly 40 per tree), especially when located further away from the pop holes (less than 10 per
tree), in the part with also the high mortality among the trees. On farm 2 quite a number of
apples was counted on the trees (70-80), while there was no relation with the distance from the
pop holes. Per hectare this would mean a yield of 35 – 45 tons for this orchard, which is rather
high.
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Figure 3: Number of apples in relation to the distance from the stable.
Fruit quality (Figure 4). On farm 2 apples were scored shortly before the harvest. There was a
clear relation with distance to the pop holes: further away the percentage of damaged apples
was lower. At 50 meter distance from the pop holes a mean of 13% of the apples was damaged
to such a degree that they were no longer marketable. Damaged apples were mostly (i) infected
by apple scab, (ii) infected by blackrot (Diplodia seriata) or (iii) damaged by insects.
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Figure 4: Quality of Dalinco apples in relation to the distance from the stable shortly before
harvest.
Differences between Dalinco and Santana. On farm 2 two apple cultivars were compared with
each other: Dalinco and Santana. The growth of Dalinco decreased less than the growth of
Santana, with decreasing distance from the pop holes. Also, leaf quality was relatively less
effected in Dalinco than in Santana, with decreasing distance to the pop holes.
Conclusion and recommendations
On farm 1 general management of the orchard was behind schedule, leading to damaged
branches and trees with unfavorable shapes. This confirms that for fruit farming other skills are
needed than for poultry farming. Farm 2 showed that during the first years the harvest can be
good. If fruit is grown in a poultry free range area, compared to an orchard without chickens , a
number of measures is needed to compensate for the chickens’ effects. More close to the
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stable, it has no sense to plant expensive fruit trees and cheaper and robust trees would be
more sufficient. More close to the stable soil management and dewatering are necessary.
Perhaps additional nutrients for the leafs can improve leaf quality close to the stable. Although
we did not investigate it, chickens could as well have advantages for the trees: less soil
management and less weed control necessary, less harmful insects to be expected and
perhaps there is a higher number of fruits and less deceleration may be needed. Anyway, fruit
and poultry do combine well during the first years after establishment of the orchard. However,
the experience in organic fruit farming is that apple scab slowly increases over the years.
Perhaps chickens can be of use in the case of scab, because if the leafs disappear during
winter (are eaten by the chickens and/or decompose), then the risk of scab decreases. The
future must show how diseases will develop. Further monitoring and resistance management
are recommended. Thereby possible differences between apple cultivars should be taken into
account.
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Introduction
This abstract gives an overview of the implementation by EU Member States (MS) and Regions
of agroforestry related options in the Common Agricultural Policy (CAP) 2014-2020. It
considers both Pillar I (direct support) and Pillar II (subsidies focused on rural development,
environment and climate change), and discusses the opportunities for trees on farms to
contribute to the new Ecological Focus Area requirements within Pillar I. It highlights the
contradiction between incentives for agroforestry given in Pillar II and the disincentives caused
by confusion in interpretation of Pillar I rules.
Pillar II Incentives for Agroforestry in CAP 2014-2020
For the purpose of the CAP, “agroforestry” (AF) is concisely defined in Article 23 of Regulation
1305/2013 as “land use systems in which trees are grown in combination with agriculture on the
same land”. Grants are available within Rural Development Plans (RDPs, i.e. “Pillar II” of the
CAP) to establish new agroforestry systems on either agricultural or forest land, although the
latter option has been very little used. The main instrument for new agroforestry on agricultural
land is submeasure 8.2. This has been activated in the Rural Development Plans (RDPs) of 35
of the 118 RDP MS/regions in the EU:
● France (15 of 27 regions: Auvergne, Basse-Normandie, Guadeloupe, Guyane, HauteNormandie, Île-de-France, Limousin, Lorraine, Martinique, Midi-Pyrénées, Nord-Pas-deCalais, Pays de la Loire, Picardie, Poitou-Charentes, Rhone-Alpes)
● Spain (6 of 17 regions: Andalucía, Asturias, Extremadura, Galicia, País Vasco,
Comunidad Valenciana)
● Italy (5 of 21 regions: Basilicata, Marche, Puglia, Umbria, Veneto)
● Portugal (3 of 3 regions: Continente, Azores, Madeira)
● United Kingdom (3 of 4 regions: Northern Ireland, Scotland, Wales)
● Belgium (1 of 2 regions: Flanders)
● Hungary (single RDP for whole MS)
● Greece (single RDP for whole MS)
If current RDPs are fully implemented, around 74,000 ha of agroforestry will be established
using submeasure 8.2, although financial and area targets remain to be confirmed, and some
plans the targets include rehabilitation of existing agroforest areas. However, the inclusion of a
budget for agroforestry does not guarantee that RDP money will be used for this purpose. Only
6.5% of planned spend (4.3% of planned area) on new agroforestry was achieved by
MS/regions for Measure 222 in the CAP 2007-2013 (Lawson and Pisanelli 2015).
In addition to submeasure 8.2, funding is available to assist agroforestry in other measures (M)
or sub-measures (SM), including:
● short-term farm-forest operational groups, management exchanges or farm visits (M-1)
● advisory services to farmers, forest holders and SMEs in rural areas (M-2)
● small-scale tree or hedge planting, or improving exploitation of cork, pine-nuts, wild
mushrooms, wood, resins, gum etc (M-4)
● indemnisation of damage caused by natural hazards (M-5)
● new or existing small-scale enterprises in the farm-forestry sector (M-6)
● afforestation schemes with low minimum planting densities (SM-8.1)
● silvopastoral practice and management of AF to minimise damage from fire (SM-8.3)
● restoration of environments damaged by fire and disease, including AF (SM-8.4)
● forest management plans for better C-sequestration and habitat management (SM-8.5)
● improving the tree planting stock including vegetative production (SM-8.6)
● producer groups and activities for quality control, accreditation and certification (M-9)
● establishment or restoration, for agri-environmental purposes, of traditional agricultural
systems, including wood pastures, hedgerows and orchards (M-10)
● compensation for restrictions in agriculture intensification (M-12)
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forest environment, conservation and climate services, including inventory of genetic
resources and international networking (M-15)
cooperation between farmers/foresters and those in the food/timber chain (M-16)

Pillar I Disincentives for Agroforestry in CAP 2014-2020
Eligibility for Direct Payments
While 35 regions made submeasure 8.2 available within their RDPs, uptake by farmers will be
limited by uncertainty over whether the area will remain eligible for Pillar I direct payments
(Basic Payment Scheme - BPS, or Single Area Payment Scheme (in most new member states)
- SAPS). This confusion arises because Delegated Regulation 640/2014 (Article 9.3) stipulates
that agricultural parcels with a tree density of more than 100 trees/ha will not be eligible for
direct payments. This limit was intended by the Commission to apply to larger trees but it is
being interpreted by many MS/regions to mean a limit of 100 seedlings/ha at the time of
planting.
Sound tree-planting practice will establish several times more seedlings than the number of
mature trees which will be harvested in the final crop, or be retained in continuous cover
systems. This larger number of young trees allows selective thinning of the plantation to favour
trees with well-formed stems, and buffers the plantation in the case of disease attack or damage
from weather or animals. A typical planting density for new silvoarable and silvopastoral
systems might be around 400 trees/ha, particularly with genetically unimproved seedlings.
The European Agroforestry Federation (EURAF) has suggested to EU DG-AGRI that
clarification should be given to MS/regions that the “100 tree/ha rule” in Regulation 640/2014
should apply to trees larger than an agreed crown-diameter threshold, and not to “seedling
trees”. In practice, a threshold crown diameter of 4m has been used in Regulation 639/2014 for
trees which are recorded as “landscape features”, and count as Ecological Focus Areas. For
consistency, this diameter threshold could also be used for “areas of agforestry” in Regulation
640/2014. The following clarification is suggested: “farmers can plant more than 100
seedlings/ha under submeasure 8.2, but they must regularly thin, prune or pollard to
ensure that there are never more than 100 trees/ha with a crown diameter exceeding
4m”.8
Another issue is a practical one. National or regional Land Parcel Identification Systems (LPIS)
are used to verify eligibility for agricultural payments. From 2016 all LPIS will use orthophotos
with a resolution of 1:5 000, with each pixel having a width of 0.5 m. The EU-JRC Guidelines
indicate that around 36 pixels are needed to “reliably identify and map any feature on an
orthophoto” (Luketić et al. 2015). This represents a 3x3m square, but, since trees are often the
same colour as their background, a diameter threshold of 4m corresponds well to the
measurement constraint.
However, in the next CAP, EURAF would prefer a different solution to the 4m-crown threshold.
The pruning and thinning regimes, intended evolution of agricultural use, and tree-density at
“final stocking” would be described by farmers in a mandatory “agroforestry management plan”
which would be approved when the area is granted Pillar II funding, and would be verifiable
within the LPIS system at any time in the rotation.
Ecological Focus Areas
Any farmer with more than 15ha of (non-organic) arable land is expected to show that an area
equivalent to 5% of his/her arable land (fallow, temporary grassland and cropland) can be
mapped as an Ecological Focus Area (EFA) within the national or regional LPIS system. The
EFA elements must be on, or adjacent to, arable land, with the exception of the afforestation or
short rotation coppice EFAs, which are classed as “forest” or “permanent crops” respectively
(European Commission 2014). There are 19 EFA elements which can be activated by
“countries” (Table 1). At least 9 of these elements involve trees or coppice. Agroforestry is
eligible, but only when established within an official CAP Pillar II scheme, and only on arable
land.
In deciding how to activate Landscape Features as Ecological Focus Areas, “countries” may
use their existing Cross-Compliance rules, or accept the dimensions and characteristics
specified in Article 45 of Regulation 639/2014:
8

Note: a) while 100 trees/ha is the threshold set by the EU, it may be set lower than this by member states; b) for
silvopastoral areas “countries” can chose to implement Article 10 of Regulation 640/2014 which uses a pro-rata
reduction of eligibility for direct payments based on crown-cover and other factors.
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hedges or wooded strips with a width of up to 10 meters;
isolated trees with a crown diameter of minimum 4 meters;
trees in line with a crown diameter of minimum 4 meters - the space between the
crowns shall not exceed 5 meters;
trees in group, where trees are connected by overlapping crown cover, and field copses
of maximum 0,3 ha in both cases;
field margins with a width between 1 and 20 meters, on which there shall be no
agricultural production;
ponds of up to a maximum of 0,1 ha. Reservoirs made of concrete or plastic shall not
be considered ecological focus areas;
ditches with a maximum width of 6 meters, including open watercourses for the purpose
of irrigation or drainage - channels with walls of concrete shall not be considered
ecological focus area.
traditional stone walls .

Table 1. Activation of Ecological Focus Area (EFA) elements by EU “countries”: the UK and
Belgium count as 4 and 2 “countries” respectively for Pillar I purposes (European Commission
2015).

Note: “G” and “S” indicate elements of “cross compliance” legislation (Regulation 1306/2013 Annex II) related to
landscape (GAEC-7) and biodiversity (SMR 2/3) respectively. “A” refers to Article 45 of Regulation 639/2014 “Further
Criteria for Ecological Focus Areas”, with dimensions for areas and widths which may be different to those in cross
compliance rules. “YY” for agroforestry indicates that it is “activated” both in Pillar I as an EFA and Pillar II as a rural
development measure.

A recent study, commissioned by the EU-JRC, compared the ecological advantages of 18 of the
EFA elements and found agroforestry ranked highest in almost all “countries” surveyed
(Tzilivakis et al. 2015). It is therefore a pity that only 12 (of the 32) “countries” have activated
the agroforestry EFA, and five of these cannot apply it since they have no agroforestry areas in
an official Pillar II scheme (Table 2). Three of the “countries” which are implementing Pillar II
support for agroforestry (Greece, UK-Scotland, UK-Wales) decided not to activate the
agroforestry EFA element, either because few farms reach the 15 ha arable-land threshold, or
because their Pillar II schemes focus on silvopasture. Thus, only France, Spain, Italy, Hungary,
Portugal, Flanders and Northern Ireland are able to use the agroforestry EFA measure, and,
because it is limited to arable land (unlike afforestation and short rotation coppice), the eligible
will be very small.
The introduction of these Landscape Features and EFAs into the validation rules for direct
payments in the CAP 2014-2020 means that national and regional LPIS systems must adapt,
and most will now implement four overlapping spatial layers.
● Reference Parcel Layer: where each polygon has a unique ID and reference area.
These will normally be field boundaries, and in some “countries” will link to the national
cadastre. They will be checked annually by the farmer in IACS returns.
● Agricultural Parcel Layer: which contain information from IACS returns on the
agricultural cover types eligible for direct payments (arable land, permanent crop and
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permanent grassland) and crop type. Each agricultural parcel will be equal or smaller
than the equivalent Reference Parcel since it excludes “ineligible” areas like rock, rivers,
ponds, tracks, buildings, land which is “ungrazable”, and tree clumps which are not
identified as “landscape features”. Fruit trees and short rotation coppice are classed as
identified as permanent crops and will be eligible for direct payments. Some newly
afforested areas of “forest land” will also be eligible, but payments will end after the
“commitment period” (12 years for afforestation in the current CAP).
Ecological Focus Area Layer: showing the EFA elements which have been activated
by a “country”. These areas will be present on or adjacent to arable land, with the
exception of coppice and afforestation.
Landscape Feature Layer: showing features identified for retention according to
GAEC-7 and/or Article 45 of Regulation 639/2014

●
Farmers in areas where LPIS information are available as Open Data (e.g. France, Spain,
Flanders, Czech Republic, Croatia, Estonia) have access to an invaluable resource for planning
the use of trees on farms, and for running economic models of future yields and economic
impacts on landscapes with a patchwork of agroforestry as in Figure 1. However, as we have
seen, the rules regarding Pillar I disincentives and Pillar II incentives for AF are very
complicated and national agroforestry organisations need to publish guides similar to that
produced by the French Agroforestry Association (AFAF 2015).

.

Figure 1: A ´healthy´ landscape has trees in a patchwork of copses, strips, clumps and lines
Note: Isolated trees in fields are particularly valuable. Catch-crops and cover-crops are also needed. LPIS systems can
provide farmers with access to annotated orthophotos of their farms, and can be used with models which include soil
type and slope to predict runoff and erosion. This will help plan the use of trees in areas subject to erosion (A) or
flooding (C). Trees can also be sited along roads (B) and streams (D), with the latter serving as riparian buffers to
reduce nitrate and sediment reaching water courses. Drawing by French artist D. Dellas (Arbre et Paysage 32).
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Introduction
Agroforestry (AF) definition is based on the presence of woody vegetation and an agricultural
activity providing products for farmers. Even though the word “forestry” is usually linked to that
AF concept, AF is behind the forestry concept including for example shrubs or fruit trees when
there are at least two products obtained from the tree and from the understory, including animal
products. Based on these concepts, the most agreed definition of AF is “the integration of
woody vegetation, crops and/or livestock on the same area of land (EURAF 2015, FAO 2013a,
2013b, IPCC 2003 and USDA 2011). However, the definition of AF is not clearly identified within
the EU Common Agrian Policy (CAP). This paper aims at defining the main agroforestry
practices in Europe and linking them to EU CAP.

Ecological importance of Agroforestry practices
The importance of woody vegetation within the AF concept is based on the fact that woody
vegetation is a key-trait from an ecological point of view as this component provides to the
system a large number of benefits from a productive and environment perspective, which is
linked to the ecointensification concept. Increasing land production should be based on the
improvement of the use of the natural resources (light, nutrient, water..). Combining woody and
no-woody vegetation in the same unit of land causes an improvement of the radiation capture
as a high leaf area is combined in a vertical structure in the same unit of land. Complementary
to this aboveground part of the system, belowground volume is better explored by different root
species, and therefore nutrients are more efficiently used by the combination of combination of
the woody vegetation (deeper, stronger and more permanent roots) and non-woody vegetation,
usually with a large proportion of its roots at surface level. This highly effective integration of
vegetal components at aerial and soil levels conducts to an increase of the efficiency of the use
of the radiation (energy), air (CO2) and soil (macro and micronutrients) of existing resources
from several points of view. First of all because of the higher level of light and soil nutrient
absorption and secondly because of the complementarity of its components and their different
behaviour on obtaining resources, which reduces the risk of nutrient losses, promoting at the
end nutrient re-cycling at plot level, and reducing the negative impact of nutrient leaching
(nitrate, phosphorous…) at farm and landscape level (Rigueiro et al. 2009). Therefore going
beyond and implementing a natural bioeconomy concept. Besides this, the integration of woody
and non-woody vegetation and also livestock when animal production is part of the system
causes heterogeneity at soil surface level, increasing vegetal but also microbial biodiversity in
the plot (Rosa-García et al. 2012).

Agroforestry practices
Agroforestry systems are integrated systems including agroforestry practices as part of the
strategies of a farm. Agroforestry practices are practices implemented at plot level necessarily
including woody vegetation. Therefore, there are thousands of types of AF systems (different
combinations of trees, animals and herbaceous components adapted to local conditions) based
on the combination of few AF practices adapted to different environment from both spatial but
also temporarily point of view. Landscape AF is linked to a mosaic of woody and no woody land
use at landscape level that does not belong to the same farm and may be not connected, but
provides ecosystem services and public goods at global level. Moreover, besides the definition
of AF as land use, AF is also linked to the production of at least two products from non-woody
and woody vegetation in the same unit of land. The main AF practices in Europe are defined in
Table 1. The use of these practices in Europe can be broadly identified thanks to the use of
LUCAS.
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Main agroforestry practices in Europe linked to the use of the territory include silvopasture,
silvoarable, forest farming, Riparian buffer strips and Kitchengarden. Silvopasture (combining
trees with forage and animal production) is the largest AF practice in Europe, representing the
85% of the European AF land use. It comprises forest or woodland grazing and open forest
trees where trees can follow a distribution in isolated/scattered trees and/or line belts
distribution. Silvopasture is the most used AF practice across Europe as it occupies over 18
million hectares (4.27% of the EU territory and the 25% of the land considered as grasslands ),
leaving around 75% of the EU grassland as potential areas where AF practices can be
implemented. Silvopasture is mostly linked to Southern and Northern EU countries. AF
Kitchengardens are defined by the combination of trees with vegetable production in urban
areas, also known as part of “trees outside the forest” concept. Close to 60% of kitchengardens
have fruit trees and therefore are linked to agroforestry, leaving around 40% of potential area to
use a woody component. Silvoarable definition is widely spaced trees inter-cropped with annual
or perennial crops. Trees can be distributed following an alley cropping, isolated/scattered trees
and line belts distribution. The percentage of EU countries territory allocated to silvoarable
practices is very low (0.03% of the EU territory occupied by permanent crops, woodland and
shrubland with sparse tree cover and the 0.4% of the arable land of Europe) if we consider the
areas with permanent crops, but, similar to that found in other temperate and developed
countries (USDA 2015). Riparian buffer strips are strips of perennial vegetation (tree/shrub and
grass) natural or planted between croplands/pastures and water sources such as streams,
lakes, wetlands, and ponds to protect water quality. This practice is highly relevant to protect
water bodies but occupies less than 0.1% of the EU territory. Forest farming is an agroforestry
practice linked to forested areas used for production or harvest of natural standing specialty
crops for medicinal, ornamental or culinary uses. There are not European official statis tics
linked to the territorial use of forest farming, in spite of the importance of this sector supplying
goods and services. In the last Ministerial Conference on the protection of forests in Europe
(2015b), it was presented that the total value of marketed non-wood goods are 2.3 million of
Euros in Europe, being mainly represented by plant products (1.68 million of Euros) but also by
animal products (0.62 million of Euros). Improved fallow is an AF practice implying the use of
fast growing, preferably leguminous woody species planted during the fallow phase of shifting
cultivation; the woody species improve soil fertility and may yield economic products,
sometimes linked to slash and burn. Fallow land occupies over 15 million hectares in Europe
(3.5% of the territory and the 2.07% of the arable land). Multipurpose trees are defined as fruit
and other trees randomly or systematically planted in cropland or pasture for the purpose of
providing fruit, fuelwood, fodder and timber, among other services, on farms and rangelands
and is a subgroup of silvopasture (4.4%) and silvoarable (1%).
CAP and Agroforestry practices
Farmers having entitlements have to link their rights to be paid to lands that are eligible in order
to receive the CAP direct payments. There are three types of land use suitable to receive direct
payments:
Arable
lands,
Permanent
grasslands
and
Permanent
crops.
Arable land os linked to silvoarable AF practice. Arable lands are eligible when woody
vegetation are within the defined rules provided by the cross-compliance that deal with
measures to protect already existing woody component in arable, but not with the increase of
these landscape features. In general, around 10% of the arable land is allowed to have already
existing
woody
component
to
con2ider
the
fully
arable
land
eligible.
Permanent grassland is linked to silvopasture practices. EU eligibility has allowed countries to
have permanent grasslands with woody vegetation over 50% eligible if they are declared “local
practices”. However, strong efforts should be carried out to promote countries to declare as
“local practices” the traditional practices of all southern areas linked to permanent grassland
grazing. Southern countries permanent grasslands are mostly sustainable thanks to the
presence of woody vegetation (trees or shrubs), as these ecological forms have the possibility
to survive to the long summer period of time (deeper roots able to uptake water), so, supplying
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feed for animals. This drought period causes an enormous fire risk that should be counteracted
by grazing, while obtaining safety food products.
Permanent crops are linked to homegarden agroforestry practices including fruit trees and are
fully eligible. Moreover, some tree species managed as short rotation coppice are fully eligible
independently of tree cover and density.

Conclusions
Agroforestry practices are poorly implemented in Europe with the exception of silvopasture and
homegardens. Therefore, there is a huge potential to extend the benefits of AF practices across
Europe to increase ecosystem services. Pillar I of CAP linked to AF are mostly related to
silvopasture, silvoarable and multipurpose trees but not to improved fallow or forest farming,
more linked to Pillar II.
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Introduction
Agroforestry practices are not fully recognized within the CAP and have many problems to be
implemented at EU level, due to the lack of knowledge of their benefits from a productive and
environmental point of view. Besides that, the first limit AF has is linked to the plot eligibility.
Once Statutory Mandatory Requirements (SMR) and Good Agriculture and Environment
Conditions (GAEC) requisites are fulfilled, a farmer with an entitlement is able to get the funds
provided by the Pillar I of the Common Agricultural Policy (CAP), if the land is eligible. The
eligibility concept is based on the fact that a real agricultural activity is developed in the land and
has evolved since the production decoupling payments. Eligibility does not apply to forestlands
as it is considered that forest cannot deliver agricultural products. For this reason, the presence
of trees in the land is strongly limited and every time a new CAP is launched many farmers
destroy trees to avoid eligibility losses. So, most of the eligibility concept at plot level is linked to
the absence of woody vegetation, which is against AF practices. However, if adequately
designed and managed, agroforestry can increase the agricultural productivity while providing
important ecosystem services. This paper aims at evaluating the eligibility concept and its
relationship within the CAP framework.
Land eligibility
In the 2007-2013 CAP period, two reasons promoted woody vegetation destruction by farmers
because of lack of eligibility: firstly, the limit of having less than 50 trees per hectare to get direct
payments and secondly the definition of the permanent pasture, which only considered pastures
with a dominant herbaceous component. Thanks to the work of EURAF in Europe, the new CAP
recognized better the value of the woody vegetation, but still there is a long way to go to really
preserve them, as we will describe below. CAP establishes three different types of land in order
to evaluate if they are suitable to receive basic payments and greening through eligibility: arable
land, permanent grassland or permanent pasture and permanent crops.
Arable lands
Eligibility of arable lands is limited by the Delegate Act 640/2014 to those lands with a tree
density below 100 trees per hectare. This constrains makes it difficult for farmers to include
trees on their arable land, mainly when they have small plots. The conditions of those trees,
defined as isolated trees, are provided in the Delegated Act 639/2014 as those with a minimum
crown diameter of 4 meters, which means a tree cover of 1256 m2 per hectare (12.56%). Crown
diameter above 4 meters of diameter, can be considered in most cases mature trees, but trees
with less than 4 m of diameter are not protected even if they are essential to ensure long term
sustainability of isolated trees. Another aspect that makes difficult woody vegetation to survive
the CAP is that it does not consider tree species. If trees are grouped, the maximum area
allowed for woody vegetation is even lower at they allow only 10% of the land covered by
woody vegetation (1000 m2 per hectare). Regarding the hedges or hedgerows, the regulation
protects those already existing with width up to 10 meters (regulation act 639/2014), but only 2
meters width can be included as eligible land even if the member state protects wider hedges.
Permanent grassland and permanent pasture
Following the definition given in the Regulation 1307/2013 Permanent grassland and permanent
pasture means land used to grow grasses or other herbaceous forage naturally (self-seeded) or
through cultivation (sown) and that has not been included in the crop rotation of the holding for
five years or more; it may include other species such as shrubs and/or trees which can be
grazed provided that the grasses and other herbaceous forage remain predominant as well as,
where Member States so decide, land which can be grazed and which forms part of established
local practices (ELP) where grasses and other herbaceous forage are traditionally not
predominant in grazing areas. This definition recognizes all types of permanent grasslands
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across European biogeographic regions better than the previous CAP, only recognizing
herbaceous grasslands. Thanks to the inclusion of the concepts of “self-seeded” (annual
herbaceous species) and “grasses and other herbaceous forage are traditionally not
predominant in grazing areas” ecological traits linked to species evolution strategy to survive
shortcoming periods (summer) or disturbances (heavy rains, floodings..) are included, making
the ecosystem more resilient to droughts, heavy rains, and avoiding erosion. However, when a
MS decides to apply a pro-rata system, this choice should apply for all permanent grassland
parcels of the MS territory that has scattered ineligible features. This choice means that
ineligible areas below 1000 m2 can be eligible, but unfortunately this is provided at parcel level,
and therefore affecting different eligibility and depending on the parcel size. Another problem for
AF is the concept of “grazable trees” in permanent grassland. As indicates the EU (2015)
“grazable" trees on permanent grassland, which are considered as part of the eligible area,
should thus not be counted to assess whether the parcel is below or above the maximum tree
density. However, the concept of grazable tree for the commission is summarized as those
features "which can be grazed" and should be actually directly accessible to farm animals for
grazing for their full area. Therefore the concept of grazable tree for the European Commission
is linked to the fact that the animal can access to the food directly from the tree, making
ineligible and therefore discounting those trees that are planted in the plot for providing fruit to
animals when fruits fall down on the soil (i.e. Quercus ilex in the dehesa systems). Countries
that activated ELP are Germany, Spain, and Sweden, Greece, France, Hungary, Italy, Cyprus,
Portugal and United Kingdom.
Permanent crops
Permanent crops are defined by the commission as non-rotational crops other than permanent
grassland that occupy the land for five years or more and yield repeated harvests, including
nurseries and short rotation coppice. For permanent crops, the tree densities given for arable
lands eligibility did not apply and the combination with crops are allowed. If fruit trees are
combined with grazing, this type of land use falls within the permanent grassland concept and
again no restrictions of fruit tree density are considered. They include apple, pear, apricot,
peach, nectarines, orange, small citrus, lemon and olive trees as well as vineyards for table
production. However, and in spite of no tree limits in permanent crops, grazing or cropping on
them are not extensively practiced, due to the lack of knowledge about the benefits they have.
Conclusions
Several factors in the CAP hinder Agroforestry promotion at the European scale. There is a
difficulty to clearly identify the different types of AF practices within the Pillar I regulation
description, because agroforestry falls within several items in the CAP nomenclature (grazed
orchards, article 44 dealing with the previous agroforestry establishment, landscape features
related to buffer strips, isolated trees, hedges…) and is not identified as such. There is a lack of
knowledge of the real extent of AF in Europe, including the real extent of AF land funded by the
Pillar I of the CAP, which makes it very difficult to evaluate the impact of Pillar I on AF land use
in Europe. The first step to improve AF policy in Europe is to identify the land where it is applied
and how the agricultural policy modifies the extent of agroforestry implementation. Crosscompliance ensures the protection of already existing woody component in arable and pasture
lands, but does not promote new planting of trees. The increase of the AF practices should be
based on a more flexible strategy pursuing to obtain products from woody vegetation while
implementing sustainable practices. In general, no more than a 10% of the arable land is
allowed to have already existing woody component, which is an improvement compared to the
last CAP (5%), but still not enough to improve the productivity and resilience of European arable
systems. Thus, eligibility rules cause the destruction of trees, mostly in the smallest plots of the
farm. Hedgerows larger than 2 meters are not generally considered eligible by the EU, even if
they are protected ; as a result farmers to perceive them as the cause of reduction of the CAP
funds in spite of the ecosystem services they deliver. However, alley cropping systems with
short rotation coppices are allowed and fully eligible in the current CAP, but not promoted at all
or even specifically mentioned. The woody vegetation of permanent pasture has been protected
at some extent by those countries where Local Practices are applied. However, there are still
countries that decided not to make eligible pastures that are not dominated by woody
vegetation.
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Introduction
European Agricultural policy, named Common Agricultural Policy (CAP) is designed to ensure
food production within the sustainable FAO principles. It is written by the European Commission
and has to be approved by the EU political bodies (Parliament and Council of Europe ). CAP is
based on two main regulations that are commonly called Pillar I (Regulation 1307/2013) and
Pillar II (Regulation 1305/2013). Pillar I is completely funded by the EU and was initially linked to
production, while Pillar II is co-funded by the Member States (MS) and is related with the
environment. Getting paid by any of the Pillars is linked to conditionality or Cross-compliance
and eligibility fulfillments.
This paper makes an analysis on the conditionality framework of the Pillar I CAP for AF
implementation, at EU level.
Analysis of the CAP Agroforestry constraintsUnderstanding CAP is difficult due to several
reasons like (a) the capacity of countries to select between different options within most of the
alternatives of the CAP measures (b) the period of implementation, usually 7 years, (c) the
different environment and socioeconomic situations of the countries and (d) the varying number
of the EU countries implementing the CAP, which has increased in the last years, causing
different degrees of adaptation to CAP. The whole CAP implementation is often delayed for one
or two years after approval of the CAP because Member States have to choose which
measures to open. MS have to construct their own CAP by choosing among the different
possibilities provided by the CAP in order to adapt the CAP to their own requirements and
environments, which is very important to ensure agricultural sustainability. Furthermore,
accountability as well as modification of CAP rules is always complicated. Besides that, CAP
selection may be modified by MS during the commitment period, and it is usually strongly
modified and reviewed at mid term, with important changes, which makes difficult to evaluate
the policy's impact over the whole period. For example, 2014-2020 CAP, started to implement
Pillar I at the beginning 2015, with a extension of the CAP 2007-2013 in 2014 and will be again
modified in 2017-2018.
Cross-compliance or Conditionality
Farmers obtain the basic payments and greening as well as Pillar II funds after fulfilling
Statutory Mandatory Regulations (SMR) and Good Agricultural and Environment Condition
(GAEC). SMR refers to EU Directives and Regulations linked to public, animal and plant health,
identification and registration of animals, environment and animal welfare. Agroforestry is able
to fulfill directly the first three measures (nitrate vulnerable zones, biodiversity dealing with birds
and habitats) but also the rest as AF practices are able to improve the quality of feed and food
as AF is a sustainable land practice.
GAEC within the period 2007-2013 had compulsory and optional standards related with
soil erosion, soil organic matter, soil structure, minimum level of maintenance and water
protection and management. Within the minimum level of maintenance there were three main
activities linked to retention of landscape features, avoiding encroachment and protection of
permanent pasture. Countries should select among the three different characteristics linked to
the minimum level of maintenance and only 13 countries selected landscape features. These
countries mainly protect the already protected landscape features, but others like Slovenia
indicates that the area of landscape features should not be increased. Only one country
specifically mentions the protection of trees directly, Finland. GAEC 2014-2020 does not include
measures related to permanent pasture that has been transferred to one of the greening
options, but it includes options related to water and soil and carbon stocks -where AF can play a
role as sustainable agricultural practice- and also as GAEC-7 the retention of landscape
features. Landscape features includes woody vegetation being hedges, trees in line, in group or
isolated directly related with AF practices, among others like ponds, terraces, field margins
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etc.… The AF practices linked to GAEC7 are of high interest in some countries as they avoid
problems related with winds or flooding and increase biodiversity.

Isolated trees
Isolated trees are distributed all over Europe, even though they are poorly represented in
Central Europe (Figure 1). The relative importance of this landscape feature is lower than the
hedgerows. The total amount of hectares occupied by isolated trees in Europe is around
300000 hectares. As percentage, this characteristic is mainly linked to France, Portugal, part of
Italy and UK, but Spain is the country with the largest amount of isolated trees in Europe, due to
the large extension it has.

Hedgerows
Hedgerow percentage indicates that they can be mainly found in France and UK but also
Portugal and Italy has this feature better represented than other parts of Europe (Figure 2). In
the North, Finland has a large number of hectares of hedges. Avenue trees are the type of
hedgerow most broadly represented across Europe in Europe representing around 826000
hectares (Figure 2). Conifer hedges is the less represented hedgerow type in Europe and in
totally amounts around 14882 hectares, and it is mostly associated to South of Europe. Most of
the bush/tree hedges are not managed and accounts close to 640000 hectares, being most of
those managed linked to UK, Ireland, France and Finland and in total it occupies 1.8 million
hectares. UK and Ireland have developed since 1997 a strong protection program of hedges,
obtaining a successful result.

Greening and Conditionality
Greening is part of the Pillar I payments, and, as happen with the conditionality,
includes Landscape Features as an option to fulfill the greening requirements by farmers. When
a country has landscape feature in both schemes (greening and conditionality) there is a
general requisite indicating that funds cannot be allocated for the same activity within the
landscape feature alternative. Landscape features are nowadays included within the Greening.
At least one type of Landscape Feature has been initially selected by 24 Member states, but it
does not mean that trees in line, copses or isolated trees are selected, which makes difficult the
evaluation of the impact of the Greening measure. Moreover, even though the countries have
done an initial selection, they may not activate them when CAP is implemented.
Unfortunately, greening only affects to the 40% of the Direct Payment beneficiaries of
Europe, mainly due to the small size of the farms. The percentage of total agricultural area
subject to at least one greening obligation is lower in South (Greece, Italy, Malta, Portugal) than
in North European countries like Germany or Latvia. The most selected option by the EU
countries is Nitrogen fixing crops (35 to 46%), followed by catch crops (15-27%) and Land lying
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fallow (21 to 35%), that represents the 94% of the area that fulfills EFA requirements. The
selection of any of these three options among others, included agroforestry, is because they
were the most easy to implement by farmers. Agroforestry was not implemented yet and
landscape features were only used in around 4.34% of the land claiming greening. It is
expected a great diversification in the EFA choices by farmers in the forthcoming years, and
hopefully woody vegetation will be more used.
CAP impact on isolated trees and hedgerows
Most of the isolated trees are linked to ancient trees and as hedgerows are protected under
National laws and Regulations. UK and Ireland have created a specific Regulation to promote
hedgerows at the end of the last century in order to maintain biodiversity and reduce wind
negative effects on crop production. In those countries, hedgerows, are fully eligible and can be
used to receive the greening payments. Other countries like France, The Netherlands or
Belgium used Pillar II Agri-environment measures in the previous and current CAP to establish
hedgerows or hedges. Hedgerows are therefore linked to cross-compliance; greening (Pillar I)
and agri-environment (Pillar II) measures as far as any financed activity dealing with landscape
features under any of the payments are not paid twice. Surveys to administrators of CAP
measures mention that the inventory of these landscape features (i.e. isolated trees meaning
tree canopy over 4 m) is too complicated to choose them, because it means that a strong
control over their maintenance has to be considered. Therefore they prefer to choose other
landscape characteristics easier to test.
Conclusions
The evaluation of the impact of the CAP with regard to hedgerows and isolated trees as part of
the cross-compliance, greening and agri-environment measures is complex due to the
existence of three places in the EU regulations to evaluate but also the lack of selection by
some member states due to the difficulty to control them. This makes it difficult to evaluate the
real impact of CAP on them. Thus, we advocate the development of easy-to-use tools to help
member states control the implementation of CAP measures, which should improve the
protection of trees within and around agricultural fields .
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Introduction
Rural development or environment is promoted by the Pillar II of the Common Agricultural
Policy (CAP). Pillar II of the CAP is composed a complex network of Rural Development
Programs (RDP) that went from 88 in the period 2007-2013 to over one hundred programs in
the CAP 2014-2020. They can be defined at country or regional level and are composed by a
set of measures that are cofounded by the member states (MS) and the European Commission
(EC), going from 50% to 85% of payments from the European Commission. RDP represents
around the 20% of CAP expenditures. It is structured in different axes that not only deal with
land management, but also with the improvement of the well-being of rural population and
markets. When a new period is established, MS activate measures, but unfortunately it does not
mean that there will be a call on that measure or that a real implementation will be carried out .
Opposite to Pillar I, it also involves forestlands. This paper aims at summarizing the main
measures of the RDP linked to Agroforestry (AF) in Europe. In this report, we will make an
analysis of the results of the most important measures linked to AF within the CAP 2007-2013,
which will allow us to understand better the historical measures and link them with measures
carried out within CAP 2014-2020.
Rural Development Programs
CAP Pillar 2 - "Rural Development" - is a common policy with strategic objectives set at the EU
level to deliver a more sustainable agriculture that appeared when Agenda 21 was agreed on.
Most of the CAP 2014-2020 programs have been approved during the year 2015, so they are
not implemented yet. To carry out this evaluation we have read the 88 RDP implemented in
Europe and organize them based on the activities they finance that are linked to AF practices.
The selected activities are those associated to forest farming AF practices (apiculture), increase
of woody vegetation across Europe (forest strips and small stands, hedgerows, isolated trees),
those dealing with multipurpose trees (orchards) and finally those related to silvopasture (forest
understory grazing and mountain silvopastoralism). From the analysis carried out in the CAP
2007-2013, it is not easy to identify a unique measure of the RDP associated to any of these AF
activities. On the contrary, each activity is promoted depending on the RDP by different
measures, and even by several measures within the same RDP. There are countries that
activate few (i.e. Ireland with 12) but others a high number of measures (e.g. France with 48).
This makes it difficult to analyze the measures of RDP linked to the promotion of AF practices.
CAP 2007-2013 AF measures
AF promotion is mostly linked to most important Axis from a budget point of view, the Axis 2
dealing with environment that represents 45% of the total RDP budget, even though some
activities related with the improvement of life in rural areas and diversification of the rural
economy are in some cases related with the products delivered from those AF practices already
mentioned. Axis II is divided in two parts “sustainable use of agricultural lands” and “sustainable
use of forestry lands”. The most popular measures of the second axis was the measure 214
(Agri-Environmental payments, 24%), 212 ("payments to farmers in areas with handicaps other
than mountain areas") (6.9%) and 211 ("natural handicap payments other than mountain
areas") (6.9%) After reading the RDP we found that it is very difficult to make an analysis
focused on the measures, so we have made a selection of measures linked to those activities
associated to AF practices like apiculture (forest farming), promotion of forest strips and small
stands, hedgerows, isolated trees (silvoarable), orchards (multipurpose trees) and forest
understory grazing and mountain silvopastoralism (silvopasture) that can be seen in Figure
1..European Union is the second largest producer of honey in the world, with almost 14 million
hives across Europe, and bee keeping is promoted across Europe by national programs, but
also by Pillar II (Figure 1). Apiculture is the main funded forest farming activity under RDP. It is
promoted through 10 different measures, among which the most popular are measures 121 and
214 (17 RDP) but also 215, 216 and 221. The rest of the measures that can be linked to AF
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have less measures involved and are mainly connected to those activities that already exist in
the areas, without a real extension to other areas (i.e. hedgerows). Most of them are linked to
the 214 measure. Even though there was a Measure 222, allocated to the establishment of AF,
it was not very successful, with the exception of Hungary, which can be explained by the fact
that AF practices are not really known, understood and identified by the EU Commission and
the MS.

Figure 1: Maps of the number of measures promoting different activities linked to agroforestry in
Europe. Colors range from red (no measure open in the country for this activity) to dark green (5
measures). Gray means that no data is available for that country.
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CAP 2014-2020 AF measures
Within the period 2014-2020, most of measures are similar to the previous period, but, there is a
lack of knowledge about the ones that will be really implemented, as they were fully approved in
December 2015. For example measure 222 was proposed by over 10 countries in 2007, but
really implemented in only two (Hungary and France) in 2009.
The new CAP 2014-2020 offers a unique framework to promote AF through innovation. The EU
is aware of the huge gap between knowledge and implementation and created the European
Innovation Partnership within the RDP as a horizontal approach. A huge amount of money has
been allocated to different networking activities where farmers can discuss about sustainable
practices and where AF will play an important role. They are called operational groups. But also,
the commission supports the creation of transnational Focus Groups where researchers through
a farmer driven structure discuss about specific subjects to be promoted within the operational
groups. EURAF has been able to promote the Agroforestry focus groups.
Conclusion
Pillar II involves several activities related to AF practices, however they are not properly
identified as such. The evaluation of the impact of these measures is complex as the same
activity is funded by different measures in different countries. Increasing AF awareness and
making possible knowledge transfer is essential to promote AF practices in Europe and both
operational groups and focus groups, within the EIP-agri, can be specifically used for this
purpose.
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Introduction
With more than 50 years of practical observations and research experiments on trees
outside forests, Polish experts have recognized and evaluated diverse services and products
offered by woody patches and belts in agricultural landscapes. However, despite a significant
development in interdisciplinary studies and the existence of the knowledge base in this matter,
the Poland lacks a consistent national policy on agroforestry. So far, agroforestry systems
support has not been foreseen in the Rural Development Programme for Poland. The aim of the
paper is to present the role of agroforestry in the current policy of Poland as well as discuss the
future perspectives.
The paper reports on the results emerging from the stakeholder workshops including
the First Polish Agroforestry Conference held on November 2014 as well as various national
workshops that have taken place in 2015 devoted to environmental issues within Common
Agriculture Policy. It summarises the issues identified for the present and future of agroforestry
in Poland.
Current state of agroforestry in Poland
Agroforestry has been widely practiced in Poland since ages, however during the 20th
century, as in the most of European countries, trees were progressively removed from large part
of the Polish countryside. Despite this, the fragmented structure of farms and diverse
topography in Poland, followed by strong opposition on part of farmers against land
collectivization policy, favour still the presence of small groups of trees on agricultural land,
especially in the central and eastern parts (Borek, 2015). The situation have not been reflected
in conducted analysis so far. Existing estimations of traditional agroforestry (AF) areas in central
and eastern Europe seem to be underestimated since the lack of fine-resolution data. Following
the framework, we might assume the hypothesis, that significant part of the agricultural
landscape in Poland is traditional silvopastoral or silvoarable system, based on mosaic lowintensity farmland, which is often being integral part of High Natural Value farming. This
assumption would correspond to the data on agrarian land structure in Poland. It is reported,
that about 59 % of Polish agricultural land area in 2014 were covered by farms of up to 30 ha
(Central Statistical Office (GUS), Warsaw 2015). Studies of Jędrejek and Woch (2014) showed,
that average area of farm plots in Poland is slightly above 3 ha and ranges between 1 -2 ha in
the south-eastern and central regions to plots less than 1 ha in southern Poland while number
of plots per farm varied from 4-7 in north-central and western provinces to 6-8 in southern and
eastern voivodships (Woch, Borek 2015).
Since the 1930s (leaving aside a short interval during the Second World War),
afforestation in Poland has been almost completely carried out by State Forests National Forest
Holding. Presently, with a figure of 31%, Poland is among countries with the highest percentage
forest cover in Europe. 81% of the 8.7 million ha are state-owned forest, while the remaining
19% is in private hands (this mainly being located in the east and south). The National
Programme for the Augmentation of Forest Cover (1995) assumes a further increase of the
forested area to 33% by 2050. It should be noted here The Act on Forests (1991) states that
forest means “the land covered with forest vegetation, of area above 0.1 ha; it includes forest
grounds temporarily deprived of forest vegetation”. Areas with trees and shrubs outside forests
are considered the basis for the increase. The introduction and management of trees and
shrubs in the agricultural landscape is considered an important element of afforestation activity
as set out in the State Forestry Policy (1997) and the State Ecological Policy (2000). In the
second case, midfield trees and shrubs and buffer strips along watercourses are considered
among the main priorities where protection of the land surface is concerned, on a par with good
agricultural practices. The next policy paper on environment protection in Poland – the Program
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of the Conservation and Sustainable Use of Biodiversity along with the Roadmap for the period
2015-2020 (2015) recommends creating favourable conditions for the regeneration of ecological
corridors and an increase in the area of wooded land (including land planted with trees and
bushes) in farming areas. This supports the idea of network structure with woody shelterbelts,
ecotones and biogeochemical barriers and nodes, developed by Polish scientists (Kędziora
2015, Zajączkowski and Zajączkowski 2009, Woch and Borek 2015). Futhermore, areas of
afforestation on farmland are protected often within the borders of NATURA 2000 areas,
National Parks, Landscape Parks, Protected Landscape Areas as well as within borders of
ecolands (Nature Protection Act, 2004). In principle, cutting down mature trees (except forests)
is prohibited in most cases by the Nature Protection Act. Last but not least, the Polish National
Strategy for Adaptation to Climate Change by 2020 with a Perspective to 2030 highlights the
need to support on-farm investment and technological advisory services, including aspects of
the adaptation of methods of agricultural production to climate change and support for them.
Among the planned actions in agriculture, three (a change in farming systems, the prevention of
soil degradation and crop diversification) are consistent with opportunities concerning AF
systems. One of the significant problem of agroforestry development is a lack of unified,
consistently-used terminological references in legal acts pertaining to woodlots and scattered
trees and shrubs outside forest. The dispersion of both traditional agroforestry systems and the
knowledge about them hampers the introduction of protective measures, and could be major
reason why hectares embraced by agroforestry remain unlisted as Polish Ecological Focus
Areas within Rural Development Program 2014-2020. Although some farmers voluntarily plant
mid-field trees or shrubs, generally the development and implementation of modern agroforestry
systems is in turn blocked at the level of legislative acts, which fail to take account of the groups
of trees present on farmland.
Perspectives of agroforestry in Poland
Recently, European Union included agroforestry in the programming period of the
Common Agricultural Policy 2014-2020 as a greening, agro-environmental tool. New crosscompliance rules enabled parcels with maximum number of trees at 100 per hectar to be
eligible for direct subsidies. This is for the first time in Poland, that financial support shall be
extended to farmers who keep trees on their fields. Moreover, new afforestation rules under the
RDP for 2014–2020 might facilitate the establishment of forest on agricultural land since such
afforestation is supported where areas involved on a farm exceed 0.1 ha in area. This contrasts
with the approach under the former RD Programmes, wherein the minimum area of this kind
was increased deliberately, and the limit as now defined is consistent with the current definition
of forest in Poland. Moreover, several agroforestry elements have been incorporated into
Ecological Focused Areas – to mention only trees growing as singletons, in rows or belts or in
small patches.
Agroforestry development in Poland is relevant to policy instruments within traditional
orchard conservation and organic farming support, especially the latter, when combined with
support for local cultivars and breeds. Farming of traditional breeds, naturally adapted to local
conditions, particularly sheep, goat and horse breeding helps to protect extensive woodpastures, including mountain rangelands and at the same time might provide traditional
products into the market. Concerning these agricultural areas of Poland characterized by
traditional landscape, many of the products, included on the List of Traditional Polish Products
(1454 products in 2015) could be classified as certified agroforestry products. This proves
enormous economic potential for local development to be realized on Areas facing Natural
Constraints (ANC) and HNV areas, of which considerable part of space in Poland is not covered
by conservation or economically supported and therefore, are at high risk.
Developing sustainable and innovative agroforestry systems is in line with RDP support for
increase in competitiveness of economically viable farms. In terms of the Polish budget, the
biggest measures are: investment in physical assets (however bioenergy production can not be
financed here), farm and business development, and payments for ANC. Support for setting up
of producer groups and organizations and activities of Local Action Groups under LEADER is
expected to contribute to promotion of innovative climate-smart ideas on agriculture and
forestry. Education activities in the field of agroforestry can be supported by funds within the
measure of knowledge transfer and information actions. Other possibilities, funded by RDP
include support for training by agricultural advisors with a significant share of the public
Agricultural Advisory Centre at Brwinów and subsidiary network of regional advisory centres.
National Rural Development Network in Poland was highly appreciated by European
Commision and existence of National Network for Innovation in Agriculture and Rural Areas
(SIR) is important step towards introduction innovating solutions at local level, particularly for
creation of EIP Operational Groups. This is a key opportunity for the development of
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agroforestry, which requires collaboration among experts in various fields. Apart from the
aforementioned possibilities within CAP 2014-2020, there are several other options for financing
agroforestry in Poland. The possible sources of funding can be found in different instruments,
offered by public funds e.g. National Fund for Environmental Protection and Water Management
or foundations. The latter one may include Community Supported Agriculture initiatives to
establishing and promoting agroforestry. There are several networks dealing with alternative
agriculture
and
involved
in
forest
farming
and
permaculture
gardening.
In principle, the activities within the afforestation in Poland are directed by local
inspectorates of State Forests National Holding and the staff of the institution is providing
advisory services for communes or farmers. Therefore, in order to spread agroforestry in the
country, we need good cooperation with experienced experts and officials of this entity.
Recently, a broad cooperation with experts from different backgrounds has been started within
the newly created Polish Agroforestry Association (OSA). The aim of the organization is to
coordinate and support development of agroforestry in Poland. Although, there is strong link
between EU agriculture and forestry sector policies, further analysis on the subject from Polish
perspective have not been carried out, since it is behind the scope of the paper.

Conclusions
On the one hand, AF systems in Poland are strongly varied, depending on local
conditions and farmers perception of the functionality of trees. On the other, current legislation
does not support planting trees on farms, both high value timber as bioenergy species (e.g.
SRC). However, preliminary analysis show increasing potential for agroforestry development in
the country. Environmental aspects of agroforestry are highlighted by legal documents and
some possibilities to use support from RDP funds for innovative forms of ecological
intensification do exist. Inclusion of AF ideas into regional activities of NGO and ecological
networks could help in adoption of agroforestry across Poland. Especially important is
collaboration between agronomists and forestry experts.
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Introduction
The principles of agricultural sustainability include (a) improved resource-use efficiency, (b)
conservation, protection, and enhancement of natural resources, protection and improvement of
rural livelihoods and social well-being, (d) enhancement of the resilience of people, commodities,
and ecosystems, especially to climate change and market volatility, and (e) good governance of
both natural and human systems (FAO 2015). It is widely perceived that agroforestry (AF) fulfills all
these principles. In this context, this paper examines the extent of good governance suppo rted by
an enabling policy framework for AF adoption in the context of sustainability in the two major
temperate regions: EU and the USA.
Agricultural sustainability must be seen a process that is able to adapt to increasing
uncertainty requiring the development of not only technical capability, but also policy framework for
good governance to help producers and managers to adopt agroforestry practices . Conceptually,
governance is the process – by which authority is conferred on rulers, to enable them to make the
rules, and to enforce those rules and modify them when needed. Thus, understanding governance
requires an identification of both the rulers and the rules, as well as the various processes by which
they are selected, defined, and linked together and with the society generally. Good governance is
typically defined in terms of the mechanisms thought to be needed to promote it. For example, in
various places, good governance has been associated with democracy and good civil rights, with
transparency, with the rule of law, and with efficient public services (World Bank (www.world
bank.org). Thus, good governance should be participatory, effective, efficient, accountable,
inclusive and responsive, among other characteristics.
Given the appropriate cultural context and socioeconomic factors, accounting for all of
these influences can begin to point to the likelihood of sustainable agriculture being i nstituted at the
farm, or even community, level. And in this sense, adoption rates and the policies that affect them
can be used as part of a means for measuring potential agricultural sustainability. The clearest
starting point for effecting change in an institutional environment is through policy (Place et al.
2012). Policy measures include government programs instituted to support a particular technology
(as this may contradict or complement agroforestry adoption), rules that govern markets for
agroforestry products, extension programs, and land tenure. Policies can even affect culture, in that
incentives for certain genders and age groups can outweigh cultural motivations and in time the
results become solidified as norms (Stern 2000). Policies that reduce such risk and uncertainty,
such as those that establish seed banks, nearby nurseries and/or training, extension, and
agroforestry subsidies have positive effects on adoption (Pattanayak et al. 2002). Policies that raise
awareness of benefits of these technologies are also likely to instill optimistic perceptions regarding
adoption. Policy effects can also be extremely counterproductive to sustainable agriculture. The
environmental impacts of poorly designed policy can be swift and long lasting. For example,
subsidies for inorganic fertilizers, common in many countries, de-incentivize adoption of sustainable
technologies and exasperate the aforementioned downward cycle of environmental abuse (Nair and
Toth 2016).
It is appropriate in this context to compare the policy framework and governance related to
agroforestry adoption in the EU and USA, the two major temperate agroforestry regions. Comparing
the two regions, EU has a larger total area (ha) as well as percentage of pasture land and crop land
area under silvopasture as well as potentially available for AF (sivoarable land). Although the
methods used for estimating these data may not have the same in the two regions, it seems AF is
more popular in EU than in the USA, but more importantly, there seems to be good potential for
extending AF systems in both regions.
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Table 1: Area currently under silvopasture and potentially available for agroforestry (silvorable) in
the EU and the USA. Source: USA: USDA (2013); EU: Mosquera-Losada et al. (2016)

Land Use

AF Practice

USA
Area (ha)
% of total

Area (ha)

% of total

Pasture land
Crop land

Silvopasture
Silvorable

809
135,974

18. 4 mill.
784,250

10%
< 1%

< 1%
< 1%

EU

Agroforestry in EU Policy
The EU Common Agrarian Policy (CAP) is a rather complex policy instrument that depends
on many decisions by Member States (MS) over the time that makes it difficult to evaluate it at EU
level. Agroforestry is not adequately defined in the CAP, but it can be recognized in several parts of
it. The definition of AF in the CAP only recognizes trees as the woody component of AF, but no
other types of woody vegetation such as shrubs, in contrast to the concept and definition of
agroforestry accepted worldwide (ICRAF: www.icraf.org).
The CAP is structured in two “Pillars.” Pillar I, fully funded by the EU and initially dealing
with productivity; and Pillar II, co-funded by MS and dealing with environment. Pillar I payment is
based on the Basic Payment (BP) and the greening. To get paid the BP, it is nec essary to have an
entitlement and an associated piece of land that should be “eligible” and must fulfill the Statutory
Mandatory Regulations (SMR) - dealing with water, birds and habitat protection and food and feed
safety- and the Good Agricultural and Environmental Condition (GAEC) precepts -dealing with
water, soil and carbon stock as well as with Landscape at minimum level of maintenance.
Agroforestry can be used to fulfill all these requirements (SMR and GAEC) but to get Pillar I, the
piece of land should be eligible, earning “eligibility” is a key concept within the EU CAP. In general,
those arable lands with more than 100 trees per hectare have problems to be considered as
eligible, but some woody components -like fruit trees and short rotation coppice with high tree
density usually associated to produce biomass- are fully eligible as well as permanent grasslands
with woody vegetation if the MS decides so. Agroforestry is also mentioned in the greening, but AF
is not really promoted because only those lands established under Pillar II measures are eligible to
be used as a greening measure (involving only around the 5% of the land) to get greening funds in
Pillar I. The above-mentioned landscape features can be also considered for earning paid greening
payments but CAP does not identify them as AF. On the contrary, Pillar II has a measure directly
involved with AF, but mainly identified with silvoarable practices by the European Commission.
Others like silvopasture are also funded if forests are prone to fire, but, not properly recognized as
AF practice.
Evaluation of AF implementation it is a real difficult issue. The Commission has not
published any documents on this, and it is quite difficult to gather the information due to the lack of
recognition of all AF practices. An extra problem is the language of the reports, as they are not
translated in all main EU languages, so this limits stakeholders to follow up the results of the CAP
regarding AF. Besides that, some important AF components that can be defined within the
Landscape features, meaning isolated trees, hedges, copses… in the arable lands can be protected
by GAEC if the MS select this option, can be chosen by MS as greening if MS decides so and finally
can be promoted within the Pillar II, usually associated with the agri-environment measures. But,
the lack of data available regarding the consistent inventory across countries of AF practices, the
selection of the countries and the real degree of implementation of the measure -as measures can
be activated but not implemented- makes it difficult, firstly to describe a baseline of funded AF in
Europe and secondly to evaluate the impact of the CAP on it. Only measure 222 of CAP 20072013, dealing with establishment of AF has been evaluated as budget allocated and budget spent,
but the results cannot be really assessed due to the lack of further information. The EU is dealing
with this aspect, and a Focus Group has been established to promote innovation on AF and
Research Programs have included AF. The new era with the Operational Groups, aiming at working
with farmers at farm level could also promote AF, as happened in Germany that establish projects
dealing with trees outside the forest, even though not fully recognized as an AF practice.
USA Framework
Compared with the EU framework, the USA framework, which is based on a clearer
strategy, is much simpler. The strategic framework has a clear definition of AF, which includes
shrubs as a woody component, unlike in the EU definition, where only trees are included.
Furthermore, the multitude of AF practices in the USA have been categorized into five practices and
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recognized; these are: (a) field, farmstead and livestock windbreaks (b) riparian forest buffers along
waterways (c) Silvopasture (d) alley cropping (integration high-value trees and shrubs), and (e)
forest farming. In the EU, numerous AF practices other than silvopasture fall under “silvorable,” but
some terms such as forest farming are not recognized. Both the U.S. Forest Service and the
Natural Resources Conservation Service do include all USDA (US Department of Agriculture)
Agencies related with Agriculture (Agricultural Research Service, National Institute of Food and
Agriculture, and the Farm Service Agency) in their activities, thus facilitating the creation of an
institutional mandate for foresters, agronomists, and environmentalists to jointly discuss the best
ways to promote AF. Such an institutional mechanism for AF does not exist in the EU. The US - AF
strategy is based on a clear document on which all main AF practices being able to be implemented
by farmers in the USA are clearly established. Moreover, USDA provides the follow-up of the AF
strategy framework every two years describing amount of money allocated, projects carried out, etc.
This strategy pursues three goals: adoption, research, and integration, and these are extended to
all lands with emphasis on conservation and economic development. The first goal, adoption, aims
at creating a network with (a) end-users similar to that recently organized by EU countries within the
EU Innovation Partnership strategy to promote learning, but also (b) educate professionals and (c)
exchange with international institutions like World Agroforestry Centre. Meetings of European
Commission are happening but not in an official way like in the USA. The s econd goal, advance in
the understanding, deals with the identification of agroforestry needs and opportunities for
investments and research as it is generally done in the EU in a global framework, conduct
multidisciplinary research focused on environment protection, food safety, markets and marketing,
landscape and bioenergy including technologies related with lifecycle analyses and finally move AF
innovations in products and services facilitating exchange. The final goal, integration is carried out
through the incorporation of the USDA policies, programs and activities, monitor the impact and
application to promote awareness and appreciation of AF. Another important aspect of the USA
strategy is that all objectives and sub-objectives will be evaluated through elaborate indicators. The
budget allocated in 2011 and 2012 were 333 millions of dollars. Initial results of the first two years
period reached the creation of 175,000 acres (~70,850 ha) of agroforestry practices, with most
being riparian forest buffers (77 percent) and windbreaks (22 percent). They also funded 69 AF
research projects dealing with Natural Resources, ecosystem services and environmental markets
(22), agroforestry systems (31), climate change resiliency (2), Bioenergy (7) and economics and
profitability (7). They also made many webinars and courses (USDA 2013).
Discussion and Conclusions
The above comparison shows that AF policy is relatively better organized in the USA than
in the EU. This does not mean that the US policies are satisfactory. Indeed, both Europe and USA
have long ways to go in the implementation of AF practices that can be used to promote
sustainability in agriculture. But AF policy analysis in the EU, where even the various forms and
types of AF practices have not been coherently and systematically identified and categorized.
Moreover, politically, socio-culturally, and economically, the EU is a much more complex and
diverse region than the USA, which makes it extremely difficult to design and implement unifo rm
land management policies and governance structure, including those for AF, across the region.
It also needs to be kept in mind that Policy effects can also be extremely counterproductive to
sustainable agriculture. The environmental impacts of poorly designed policy can be swift and long
lasting. For example, subsidies for inorganic fertilizers, common in many regions, de-incentivize
adoption of sustainable technologies and exasperate the downward cycle of environmental abuse.
While such policies benefit the politicians responsible for their popularization by temporarily
increasing production in combination with policies that neglect infrastructure, they set the
groundwork for perpetual food insecurity. This propensity stems from the fact that policy is often
derived from economic concerns, making economic methodology determinative of environmental
outcomes.
In conclusion, the establishment of an Agroforestry strategy for Europe should be a priority
task for EU. In this respect EU is way behind the USA. Considering the many ecological,
developmental, and political similarities and aspirations between the two regions, it is only logical
that the EU take into account the experience and lessons learned in the USA while developing a
comprehensive policy and governance structure for agroforestry development.
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