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Abstract To meet the environmental challenges
that are presently confronting society, the narrow
focus on agricultural production needs to be altered to
one that places equal value on the generation of
crucial ecosystem services. Current research shows
that perennial intercropping systems such as agroforestry may be a feasible alternative. Based on
studies during the establishment of edible forest
gardens in 12 participating farms in Sweden, this
paper explores the potential of utilizing multi-strata
designs for food production in temperate, highincome countries. Design and species composition
of such gardens, types of food they provide, and how
they would best fit into the present landscape are
discussed. Factors for success and major problems
related to the establishment are shared. Potential
benefits were found to be closely related to a
thorough analysis of the social and ecological contexts before establishment. Characteristics of the site
and goals of the garden need to guide species and
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design choices. If forest garden approaches to food
production should contribute to more than local selfsufficiency, the gardens need to increase in scale.
Marginal lands and transitions areas between different land uses may be appropriate. Large knowledge
gaps concerning potential production, social and
economic benefits, and agronomic issues were
identified.
Keywords Agroforestry · Temperate climate ·
Sustainable food production · Design ·
Species composition · Multi-strata production

Introduction
The global food system significantly contributes to
the complex and widespread environmental challenges that we face. At present, agriculture plays a
serious part by transcending the identified ecological
“planetary boundaries” (Steffen et al. 2015), including the four boundaries that are already thought to be
exceeded or at high risk of being exceeded: global
warming, disruption of the nitrogen cycle, land use
changes and extinction of species (Foley 2011). The
perpetuating
dependency
on
non-renewable
resources, such as phosphorous and fossil fuels, also
plays a critical role in planetary health and future
food production.
This implies a fundamental renegotiation of the
aims of agriculture. The narrow focus on production
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needs to be altered to one that places equal value on
the generation of crucial ecosystem services (De
Schütter and Vanloqueren 2011). Radical changes in
both diets and the modes of production are necessary
(Foley 2011). Agroforestry may be a feasible option.
Current research shows that such systems are both
productive and generate more ecosystem services
than conventional land use in tropical and temperate
areas (Pretty et al. 2006; Jose 2009; Torralba et al.
2016; Wilson and Lovell 2016).
Agroforestry is defined as “…the integration of
woody vegetation, crops and/or livestock on the same
area of land” (EURAF 2015) and has also been
proposed as a management option for agriculture to
meet the challenges related to the planetary boundaries (McIntyre et al. 2009; DeSchütter and
Vanloqueren 2011; European Commission 2016).
Most of the systems are deliberately designed to use
symbiotic interactions within the agroecosystem
(Jose 2012). Such systems may involve high levels
of planned diversity or intercropping of only two
crops (Nair 1993). These designs aim to maximize
the benefits by increasing the efficiency of capturing
light, water and nutrients (Lorenz and Lal, 2014). The
systems can be developed on arable land, in pastures
or forests (Nair 1993).
Most experience and knowledge about modern
agroforestry has originated from tropical areas (Torralba et al. 2016), where it is a way to increase the
production of necessary products when land is a
scarce resource (Smith et al. 2012a). However,
agroforestry in temperate areas has been a tradition
since ancient times. The main agroforestry approach
has been silvopastoral systems with livestock grazing
in forests or on agricultural land (Herzog 1998;
Montagnini and Nair 2004), however, different kinds
of silvoarable systems, including nuts, fruits or
berries with or without animals, as well as trees and
bushes in alleys (e.g., hedgerows and wind breaks),
were also common (Herzog 1998; Nerlich et al.
2012). Traditional systems were lost because of
competition when low oil prices led to mechanization
and intensification (Smith et al. 2012a). Policies
based on a division between agriculture and forestry
have also not been beneficial (Dupraz et al. 2005).
Still, in Europe today, agroforestry is practiced in
almost 9% of the agricultural areas (den Herder et al.
2016).
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Meta-analyses from temperate areas present compelling evidence that an increase in the complexity in
the agricultural landscape through agroforestry systems delivers more supporting and regulating
ecosystem services, such as carbon sequestration,
maintenance of biodiversity, water quality, nutrient
recycling, soil fertility and erosion, than conventional
land use (Tsonkova et al. 2012; Kim et al. 2016;
Torralba et al. 2016; Wilson and Lovell 2016).
However, for the systems to be efficient carbon
sinks, they must be composed mainly of perennial
crops, while this potential is substantially less when
perennials are intercropped in systems dominated by
annuals (Alam et al. 2014; Torralba et al. 2016).
Moreover, the key design components for high
conservational values in agroforestry have been
found to be the inclusion of multiple species and
vegetative strata, minimal management intensity and
long rotation periods (Jose 2012).
Edible forest gardens are complex multi-strata
agroforests that are characterized by astonishing
diversity, including perennial plants at all structural
levels, from high trees to low trees, bushes, herbs, soil
covers, tubers and climbers (Jacke and Toensmeier
2006). Edible forest gardens have a long tradition
among owners of small farms in the southern
hemisphere, so called “homegardens”, and have
been clearly recognized to have social and ecological
benefits in tropical areas on all continents (Landreth
and Saito 2014; Pulido et al. 2008; Bardhan et al.
2012; Matsson et al. 2015; Willeman et al. 2013). In
Europe, these gardens are commonly small-scale
systems that contribute to the self-sufficiency of
urban or suburban households, with the highest
presence in central and eastern Europe (MosqueraLosada et al. 2009).
This paper explores the potential of the multistrata design used in edible forest gardens based on
studies during the establishment of edible forest
gardens (the first four years) in the agricultural
settings of a group of participating farms in Sweden.
The design and species composition of such gardens,
the kind of food they may provide, and how they
would best fit into the present landscape are discussed. The factors for success, major problems in the
establishment, working requirements in relation to
productive outcome and what the participants valued
as the most important benefits from the gardens are
shared. Finally, knowledge gaps in the development
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of the multi-strata approach in agriculture are
identified.

not provide enough observations from their sites for
inclusion.

Materials and methods

Results

The research presented is based on the knowledge
produced and experiences developed within a facilitated participatory action research (PAR) group
focusing on the development of modern agroforestry
systems in Sweden, 2012–2016. The core of the
group comprised farmers from 12 farms, including
two researchers and one PhD student with expertise
in environmental science, agroecology and participatory methodologies (Eksvärd et al. 2016). Although
all farms are located in the southern parts of Sweden,
the climates are notably different (Fig. 1 and Table 1).
The sizes of the farms range between 3 and 200 ha.
Approximately half of the farmers had experience in
agroforestry as silvopastures at the start of the
project. The participants consisted of both full- and
part-time farmers, and production was for subsistence, commercial reasons or both.
To study the management and use of multi-strata
systems, edible forest gardens of 60 m2 with common
species compositions and planting schemes were
planted in 2013 by the farmers on their farms. The
collaboratively developed design contained plants in
all structural layers, with species that could exploit
the different ecological niches and contribute to a
diverse composition of habitats. A theoretical framework of agroecological principles, such as functional
design, intentional use of biodiversity, multifunctionality, adapted scale, awareness of ecosystem services,
and circulation and effective use of plant nutrients
(Gliessman 2014), was used.
During 9 workshops, 15 telephone conferences,
and individual work on and in forest gardens, the
acquired knowledge and experiences were collectively analyzed and decided upon. Permanent
sampling points inside and outside the research site
were established during the year of planting. Initial
vegetation and basic soil parameters were documented as well as the inputs, outputs and working
hours (Tables 1 and 2). Photographic documentation
at permanent points on set dates and a diary with
notations on important observations were also
included. Only seven of the 12 places are included
in the summary table (Table 2), as five farmers did

Design and establishment
The desired functions from the systems were agreed
to be the provision of nutritious and tasty food
products, nitrogen fixation, nutrient accumulation, the
provision of quality food for pollinators, carbon
sequestration, contribution to a benign microclimate
and the provision of timber. The design and species
composition were planned to optimize these functions
(Fig. 2).
The research gardens were established at different
places in the landscape, from farmer fields and
permanent pastures to forest slopes and home gardens
(Table 2). Some gardens were established in swards,
and others on black soil after cultivation with
machinery or pigs. In the places with establishment
in swards, pits were dug for the plants, and the rest of
the area was covered with paper or plastic weave, or,
left with the swards. Soil improvements as manure or
compost were also added to some of the sites to
improve plant establishment. The soil improvements
were optional. Some of the farmers chose not to do
this to study the potential for self-generation of
fertility at these sites.
Experiences on plant composition, development
and use
All layers in the three-dimensional structure of the
edible forest gardens established on each of the
participating farms were dominated by perennial
domestic species, with the inclusion of some wild
species (e.g., garlic mustard (Alliaria petiolata), fathen (Chenopodium album)). To analyze how the
different plants became established and interacted in
the design, the Crawford (2010) division of different
vertical layers was used:
Medium to large canopy trees ([ 10 m)
Experiences from the group suggest that in small or
dense and narrow gardens in temperate climates, the
first layer of high trees, which provides desirable
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Fig. 1 Map of Sweden showing geographical positions of the edible forest gardens in the study

shade in hot and sunny climates, might not be useful
when sunlight is a critical factor in intercropping
systems. Especially in locations as Sweden, where the
majority of the landscape is used to produce timber. It
might be better for the tree layer to be lower,
including smaller or coppiced trees that provide
edible fruits, berries, leaves and possible nitrogen
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fixation. In these systems, large trees likely appropriate too much sunlight and space in relation to the
services they provide.
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Table 1 Precipitation and temperature during establishment, basic soil parameters before planting and former land use types at the
sites
Farm
number

Average precipitationa
(mm year−1)

Average annual
temperaturea (°C)

Soil

1

600

7.0

2

475

7.0

3

800

4
5

C (%)

pH

Former land use

Cl

1.79

7.8

Tilled soil

hu Cl

3.65

4.7

Pasture

6.5

ClTi

4.61

5.2

Pasture

680

6.5

cl Sa

3.91

5.6

Lawn

665

7.5

hu cl SaTi

3.45

5.3

Pasture

6

665

7.5

hu Cl

5.21

7.4

Pasture

7

640

7.5

hu Sa

18.28

4.0

Forest

8

705

9.0

hu cl SaTi

9.69

4.8

Forest

9

765

9.0

hu cl Sa

6.20

7.2

Lawn

10

650

9.0

cl Ti/cl Sa

1.75

n.a

Lawn

11
12

650
650

9.0
9.0

hu cl Ti/hu cl Sa
hu cl Ti

6.76
3.95

4.8
n.a

Pasture
Impediment

Cl clay, cl clayey, hu humus-bearing, Ti till, Sa sand, SaTi sand till, ClTi clay till
a

Average 2013–2015 from the nearest Swedish Meteorological and Hydrological Institute (SMHI) weather station

Small trees and large shrubs (4–9 m)
This second layer included three types of apple trees
(Malus domestica) to provide fruit over a long period.
Hazel (Corylus avellana), a winter-hardy, energydense crop that is traditionally grown, was a selfevident choice. The critical aspects identified by the
PAR-group were the selection of large nuts and
means for efficient harvest. The sites also included
the nitrogen-fixing Siberian pea tree (Caragana
arborescens) as a protein source, a common ornamental plant in Sweden. To use the seeds, substantial
improvements of the common varieties to obtain
larger seeds are necessary. The nutritious value also
needs to be further examined.
Shrubs (\ 3 m)
This level consisted of silverberry (Elaeagnus commutata) (or autumn olive (Elaeagnus umbellata) in
the southern sites), the nitrogen-fixing sea buckthorn
(Hippophae rhamnoides), saskatoon (Amelanchier
alnifolia) and dwarf quince (Chaenomeles japonica).
Saskatoon is a common ornamental plant in Swedish
urban gardens and was fast growing at most sites
while producing tasty berries with high nutritional
value (Mazza and Cottrell 2008) that were easy to

pick. Furthermore, sea buckthorn exhibited substantial yields only two years after establishment, and
dwarf quince was of special interest to the group as a
potential substitute for imported citrus.
Herbaceous perennials and evergreen plants (0–3 m)
This layer contained different kinds of mint (Mentha
spp.), mallow (Malva spp.), used in salads or tea, and
comfrey (Symphytum uplandica) for its role as a
“nutrient pump” from deep layers in the soil because
of its extensive root system. Daylilies (Hemerocallis
spp.), anise hyssop (Agastache foeniculum), sweet
cicely (Myrrhis odorata) and oregano (Origanum
vulgare) provided tasty leaves and flowers that could
be used in substantial amounts in salads during a
large part of the growing season. The PAR group
found the fourth layer to be especially important for
attracting beneficial insects, birds, and butterflies,
acting as soil builders in the early stages, which was
verified in master’s thesis research performed at five
of the research sites (Lagerquist 2016).
Among the herbaceous perennials, good king
Henry (Chenopodium bonus-henricus) was perceived
to be of special interest. The plant developed fast and
provided both leaves to be used in salads and seeds
that could be cooked to provide fat and protein. A
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25

22

26

28

24

24

28

1

2

3

4

5

6

7

n.a.

6

18

n.a.

5

22

10

Labor hours, Labor hours,
establishment management
of tree and
and harvest
shrub layers

Farm

Tilling

Preparation
before
planting
herbal and
ground
cover layer

Cardboard,
litter

Cultivation by Newspaper,
pigs
litter

Cultivation by Cardboard
pigs

None, planting Cardboard,
in the sward
newspaper
and litter

None, planting Cardboard,
in the sward
litter,
cultivation
of annuals

Tilling

None, planting Plastic weave
in the sward

Tilling

Preparation
before
planting
trees and
shrubs

Table 2 Farmer observations of the establishment phase (2013-2016)

Few

Yes

Few

None

4–6

Irrigation,
occasions,
yr−1

None

None

Cut grass,
Few
composted horse
and sheep manure

Fresh sheep manure

Cut grass,
composted
manure

Well composted
sheep manure

None

None

Manure

Yes

Yes

No

Yes

No

Yes

No

Inclusion of
annuals
during
establishment
phase

Satisfactory growth of trees
and shrubs, promising
growth of chenopodium
bonus-henricus

Amelanchier anifolia, Malus
domestica, Hippophae
rhamnoides, Chenopodium
bonus henricus

Symphytum upplandica
invasive to Malus
domestica, less work and
more harvest required
each year for leaves and
flowers for salads
Vinis vinifera and Malus
domesticus suffer from
low pH, invasive Mentha
spp., Alliaria petiolata
and Chenopodium
bonus-henricus

Fragaria vesca, Amelanchier
anifolia, Malus domestica,
Hippophae rhamnoides,
Agastache foeniculum, Hablitzia
tamnoides
Amelanchier anifolia, Hippophae
rhamnoides, Rubus lacinatus,
Chenopodium bonus henricus,
Agastache foeniculum, Hablitzia
tamnoides, Mentha spp.,
Origanum vulgare

Hippophae rhamnoides, Rubus
lacinatus

Tree and shrub growth
retarded due to
competition with the
herbaceous layer

Invasive Symphytum
Fragaria vesca, Agastache
upplandicum, fences
foeniculum, Chenopodium bonus
required for roe deer,
henricus
larger contribution to the
household each year

Tree and shrubs growth
retarded due to
competition with the
herbaceous layer

Amelanchier anifolia, Malus
domestica, Rubus lacinatus

Fragaria 9 ananassa, Amelanchier Slow growth when planting
anifolia, Hippophae rhamnoides,
in sward, invasive Rubus
Rubus lacinatus
lacinatus, Malus
domestica disfavored due
to high groundwater

General observations

Main harvested plants
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Fig. 2 Edible forest garden designed by the PAR group to study such systems as an approach for food production. Trees, shrubs and
climbers are included in the scheme. All intended herbal, ground cover and underground plants are listed to the right

nutrient analysis of the seeds from good king Henry
indicated that when cooked and the water was poured
off, the content of bad-tasting oleanolic acid was low
(\ 0.03%). If the seeds of good king Henry are
shown to have edible value, the group stressed that it
might also be appropriate to grow in monoculture in
larger areas, facilitating harvest and contributing to
turning agricultural production toward perennial
crops.
Ground cover plants and creepers
At some sites where this layer did not develop well, it
lacked space in terms of soil and light due to the
strength of the herbaceous layer. The careful selection of plants for both layers was emphasized to
ensure adequate interactions among species and an
optimal combination of required edible products.
However, at the edges, plants such as strawberry

(Fragaria 9 ananassa) and wild strawberry (Fragaria vesca) thrived.
Climbers
Blackberries (e.g., Rubus laciniatus and Rubus fruticosus) and vines (Vitis vinifera) were included at the
research sites. Both plants required support on which
to climb before the trees were well established, and
the blackberries required intensive pruning in some
gardens. Caucasian spinach (Hablitzia tamnoides)
was a climber that caught interest. This climber was
found to grow fast and provide tasty leaves for salads
throughout the growing season. Another climber that
was included was the tasty and vitamin C-rich arctic
kiwi (Actinidia kolomikta). However, the establishment of the plants was found to be somewhat difficult
at most sites.
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Underground layer
In the layer with perennial edible roots and tubers, the
possible choices were found to be restricted. The wild
alpine bistort (Bistorta vivipara Gray), which is known
to have been used as flour during the famine because of
its high carbohydrate content (Fält and Källman 1988),
was included, but tubers were not used as plants were
too small. The culinary values are largely unproven, and
breeding efforts might be important for extensive use.
The more widely used Jerusalem artichoke (Helianthus
tuberosus), which some growers added at the back edge
to act as a “wall” and windbreaker, quickly provided
acceptable produce where it thrived.
Management regimes, development
of the gardens and working requirements
in relation to outcomes
The gardens developed differently not only because
of different groundwater table, nutrient levels and
differences in climate conditions but also because of
accessibility and time allocation differences. The
differences range from fully developed gardens to
those heavily affected by wildlife, as well as changes
in the herbal composition to less-diverse solutions.
The more frequent the visits and the greater the time
spent, the more complex the development and the
higher the increase in insects, such as butterflies. A
reason for this was that visits nearly always included
caretaking, such as pruning, weeding and watering.
The labor hours required for planting the tree and
shrub level in the gardens were similar irrespective of
the methods used (Table 2), while the hours required
for management and harvest differed substantially
between the participants. The more hours spent on
weeding, manuring and watering, the faster the establishment of the plants. The hours spent in the gardens
also reflected their uses. The gardens rapidly yielded
leaves and berries; however, harvesting required
substantial amounts of time, and the participants
tended to harvest at different degrees due to factors
such as life situations and distances to the garden.
Factors for success and major problems
in the establishment phase
The success in the establishment of an edible forest
garden was found to be largely dependent on the
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management regime, e.g., the distance between the
garden and the residence as well as the labor hours
available. The initial soil properties were also
important. Low pH and fluctuating water levels
affected the establishment of fruit trees and vines.
The initial amounts of organic matter and nutrient
levels also affected the growth. At some gardens
where additional green and composted manure were
applied, this successfully accelerated the establishment and increased the harvests. The landscape
attributes, e.g., the presence of vole and other wildlife
such as moose and roe deer, heavily affected the plant
composition of some gardens. Fences may be used,
but the design needs to be adjusted to crops that are
less appetizing for wild animals in such areas. One
experience shared by the majority of the group was
the importance of establishing the tree and shrub
layer well before planting the herbaceous layer,
which would otherwise hinder the growth of the trees
and shrubs. At all gardens, some of the domestic
plants, e.g., blackberries, comfrey and mint, became
invasive and needed to be suppressed or removed.
Experiences of eating
To understand the potential of producing food
through a forest garden, both food production and
consumption experiences were documented. As the
gardens are still in the establishment phase, the
quantities have not yet been properly assessed, but
the benefits provided by the gardens so far were
justified by the participants.
The edible forest gardens produced energy, proteins and carbohydrates from the edible leaves, seeds,
flowers, berries, fruits and nuts. The participants
stated that obtaining fresh and tasty salads from the
garden from the early spring to late autumn, a very
extended season for these climate zones, was an easy
task. It simply required broadening the definition of a
salad to include leaves, herbs and flowers. Obtaining
the major part of required vitamins and minerals was
also perceived to be easy as a result of the diversity of
fruits and berries grown.
Hazel was identified as a key species because of
the fat content and high energy density in the nuts.
Because nuts were of such interest, group members
have tried to create areas with benign microclimates
to establish uncommon species in the region, such as
northern pecan (Carya illinoinensis), heartnut
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(Juglans ailanthifolia), walnut (Juglans regia) and
chestnut (Castanea sativa).
Major benefits
A general conclusion from the PAR group was that
the benefits from an edible forest garden are closely
related to a thorough analysis of the social and
ecological context before the establishment. The
relations among the location, what is grown and the
beneficiaries are crucial, and there is not a universal
design. For example, forest gardens far from the
residence of people, as well as gardens that cover
larger areas, need to have simpler crop compositions
with coherent harvests than ones situated in a home
garden. The objectives for creating an edible forest
garden will determine the design and crop choices. A
garden with the aim of delivering a daily harvest for
cooking may contain a diverse design with multiple
species, while a forest garden used to produce a
commercial harvest needs to focus on fewer highvalue products that are easily managed and harvested.
The major benefits from the complex composition
and design of an edible forest garden that were
identified in the PAR project were the delivery of a
variety of tasty leaves and flowers for salads and tea
throughout the cropping season as well as mineral
and vitamin-rich berries. The literature reviews also
indicate that a 200 m2 edible forest garden with the
design of the present project would produce minerals
and vitamins in sufficient quantities to cover the
needs of one man-year with the exception of vitamin
B12 (Bodö 2013). However, the PAR group was
reluctant to support the idea that an edible forest
garden approach to production would provide the
bulk of the energy necessary in human diets in
northern temperate climates. Leafy salads, which
would constitute a large part of such a diet, contain a
high percentage indigestible fiber. Eating the volume
that would provide enough energy might, therefore,
be a problem. The group concludes that such a diet
would be rather tedious.
Furthermore, the gardens were developed as
beautiful places that attracted both humans and
beneficial insects.

1115

Discussion
Scaling up edible forest gardens in the present
food landscape
There is a rapidly growing interest in edible forest
gardens in temperate industrialized countries [e.g.,
see the review on food forest projects in (Clark and
Nicholas 2013)]. Mainly urban and suburban dwellers
establish edible forest gardens in their home gardens
or on community-owned land.
However, if an edible forest garden system is
intended to contribute to the production of more food
rather than to self-sufficiency, the scale of the garden
needs to increase. Based on the experiences from the
sites of the research gardens in the project, the PAR
group detailed where and how such systems could be
managed and argued that there are locations that are
appropriate for edible forest gardens systems in
different shapes also on larger farms. Marginal lands
and areas as edges between forest, pasture and arable
land, were identified as appropriate. Field islets and
point or linear elements in pastures or arable lands,
were also suggested locations for such systems. The
group stated that in such areas, edible forest gardens
would favorably combine food production and carbon
sequestration as well as harbor the biodiversity
crucial for food production in other areas. This
approach provides the possibility of increasing the
diversity of products and the total production of a
farm without reducing the yields of other crops.
Dixon (1994) argued that degraded, substandard
soils and marginal lands, which occupy a significant
proportion of the land use in temperate areas, may
contribute to substantial long-term carbon sequestration if these areas are used for agroforestry. Smith
et al. (2012b) also stated that such land use is
especially valuable in marginal areas where the
intensification of crop production is not a viable
option due to the topography, soil or climate. A
strategic location in the landscape near a large area of
natural habitat or between remnants of forest patches
is emphasized by Jose (2012) to be important for the
ecological value of the overall agricultural landscape.
Molnar et al. (2013) point at that the characteristics that make marginal land “marginal” can make the
land suitable for agroforestry, which, for example,
may help improve the soils. However, the experiences in the PAR group show that these
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characteristics also need to guide the plant choices.
Common reasons for abandonment, such as low pH
or high groundwater tables, may otherwise negatively
affect the establishment if plants that are sensitive to
these conditions are included. The group also
emphasized that sites require protection from wild
animals or a design that comprises species that can
tolerate visits from wildlife such as moose, deer and
vole.
Challenges, knowledge gaps and development
High diversity and complexity, which are advantageous for the generation of most ecosystem services,
were ultimately found to be the main drawbacks for
the management of a production system driven by
fossil fuel-based technologies. Sixty square meters
can be tended by hand; but, the lack of appropriate
technology for management was evident at larger
scales. However, it is easy to get stuck in the current
technology, but the PAR group proposed solutions
such as drones and different types of robots that
already exist. Still, the group perceived that the main
activities had to be done on one’s own, by a hired
labor force or by customer self-picking, which
reduces the competitiveness compared to monocultural land uses in areas where labor costs are high.
The productivity of an agroforestry system
depends on the interactions among and within species
and with the abiotic environment (Smith et al.
2012a). Theoretically, the three-dimensional vegetation, both above and below ground, of an edible
forest garden, as well as plant interactions with the
biotic communities in the soil, facilitate the efficient
exploration of available niches, which may lead to
high productivity (Cannell et al. 1996). On the other
hand, an overlap in the resource use of different
species could counteract this benefit (Smith et al.
2012b). In northern temperate regions, light, for
example, could be a critical resource, and Malézieux
(2012) therefore questions whether this form of land
use is optimal in temperate climates. Torralba et al.
(2016) also observed a general trend of diminishing
positive effects of agroforestry with increased precipitation and decreased temperature. Field studies in
the PAR group, together with experiences from other
practitioners, indicate that designs with shade-tolerant plants, good spacing, and the placement of plants
with increasing heights from the south toward the
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north, as is possible in edge zones, were important
means of reducing light competition.
Experiences from the PAR project, which were
supported by the findings by Lowell et al. (2017),
point to the crucial knowledge gaps concerning
potential production as well as the ecological value
of edible forest gardens in temperate areas. There is a
lack of data on the yields of specific species when
they are grown in monoculture as well as regarding
the yields of species in intercropping conditions. The
possible design combinations are numerous, and the
slow establishment makes this research challenging
(Ibid). The PAR group anticipated that access to the
varieties of plant materials that have high edible
values and can be easily harvested is crucial for the
development and expansion of edible forest gardens.
The group called for structured breeding work to be
organized on a regional basis. Lowell et al. (2017)
also anticipated that improved tree crop varieties
might “boost the overall performance of the system”,
and Clark and Nicholas (2013) started this work by
identifying species that may be suitable due to cold
hardiness, drought tolerance and edibility. The group
further identified the need for research on the
interactions between the forest garden plants and
the above and below ground wild biotic community,
e.g., biological regulation due to predation, parasitism, symbiosis and allelopathy.

Conclusions
The group concluded that the forest garden produces
abundant fresh products for consumption throughout
the growing season and provides minerals and
vitamins that are currently imported, including a vast
amount and variety of berries rich in minerals and
vitamins. Moreover, the group indicated that the
forest gardens had become beautiful, harmonious and
pedagogic places that they highly appreciated being
in. These experiences call for further efforts to
identify the possibilities for producing immense
amounts of both common and new forms of fruits,
nuts, fat-rich seeds and berries from such systems.
There is an urgent need to identify species and
combinations that work in different types of sites as
well as to evaluate the contributions to the generation
of ecosystem services from different designs.

Agroforest Syst (2019) 93:1107–1118

For edible forest garden approaches to play a
serious part in the sustainable development of food
production in the future, efforts to develop technologies appropriate for managing such diverse and
complex systems, as well as for breeding species
for high and harvestable yields, have to be substantially expanded.
We can also conclude that for scaling the multistrata production, adaptation of the edible forest
garden design is needed to fit the local context and
location.
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