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Summary

This essay presents guidelines how to approach a local ecosystem, taking into account
biological, geological, chemical and hydrological assets in order to obtain a sustainable
and self-sufficient farming system conserving and increasing local biodiversity.
Biodiversity is a key factor in ecosystem structure and function. Conservation of
biodiversity is now a legal obligation for the member states of the European
Community. The guidelines will be presented both in general theory based on
permaculture principles and with a specific case on a newly started ecovillage in
Chozas, northwest Spain. The type of weed species found on a piece of land is an
indicator of soil and above ground microclimate characteristics. Their indicator values
have been used in the decision making of what species are suited for each specific field.
The planting patterns suggested are designed to achieve a high yield with the use of as
little labour as possible taking the observed parameters into account. There is a focus on
perennial plants and plant combinations using different layers above and below the soil.
Competition between species in mixed stands (interspecific competition) differs from
that between plants within monocultures (intraspecific competition) in that the
component species of a multispecies design may impose different demands on the
available resources. Competition may be more severe between similar species than
between species with contrasting growth patterns and nutritional needs. Even so, all
plants compete for the same resources (light, water and nutrients). There is an
overlapping of resource requirement with nitrogen fixing plants as an exception.
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Introduction

This essay presents guidelines how to approach a local ecosystem, taking into account
biological, geological, chemical and hydrological assets in order to obtain a sustainable
and self-sufficient farming system while conserving and increasing local biodiversity.
Biodiversity is a key factor in ecosystem structure and function. Conservation of
biodiversity is now a legal obligation for the member states of the European Community
(Baker, 2002; Barbercheck et.al. 1999).The guidelines will be presented in general
theory based on permaculture principles and applied on a newly started ecovillage in
Chozas, the province of Pontevedra in northwest Spain. The site has been chosen for
various reasons;

e The 14 owners of the land and houses are interested in a design to obtain self
sufficiency in organic vegetable and fruit production, culinary herbs and
medicine plants. They are interested in commercialising the surplus production
after their own needs are covered, but not as the only source of income.

e The persons are between 24-38 years old and most of them have experiences
from agriculture, which makes the project viable.

e The area is generally affected by mild winters and abundance of water. The
fields are spread out on quite a large area, which results in varying
microclimates, and thereby supply growing conditions for a wide range of
species.

The term permaculture is a derivate from permanent agriculture and has its origin in
Australia where the university teacher and researcher Bill Mollison from Tasmania
university and his student at that time, David Holmgren, developed theories and
practices. They observed how intensive monoculture drastically diminished the
surrounding flora and fauna, how animal production was made into factory farming and
how the local varieties of species disappeared. They wanted to facilitate a change in
agricultural practices by uniting many disciplines, in order to achieve a truly sustainable
practice that would function on the same site permanently without decreasing the
fertility of the soil or the ecosystem. The guidelines were established 1972 (Mollison
1988) and Mollison received the “Right livelihood award” 1981, often called the
alternative Nobel Prize, for his work on low-energy input and high yielding
environmental design systems. (Right livelihood awards) There are now academies and
learning centres established in many countries in Europe where courses are given.

The definition of permaculture design according to Mollison:
“Permaculture is the conscious design and maintenance of agriculturally productive
ecosystems which have the diversity, stability and resilience of natural ecosystems”.
Mollison, 1988

According to Holmgren:
“Consciously designed landscapes which mimic the patterns and relationships found in
nature, while yielding an abundance of food, fibre and energy for provision of local
needs.”

Holmgren, 2002

Permaculture, as a strategic design system, attempts to integrate fabricated, natural,
spatial, temporal, social and ethical components to achieve a sustainable lifestyle. To do
s0, it is focused on controlled, but to a large extent self sustained ecological systems for



farming and living. Permaculture is based on a few principles that can be applied to any
site no matter its geological position or size. The principles are based on observation of
nature. (Mollison, 1988)

Observe and interact

Multifuncionality

Relative positioning, energy efficiency (zones and sectors)
Use and value renewable resources and services
Use of natural succession and accelerating it
Use and value diversity

Border effect

Intensive systems in small scale

Catch and store energy

Apply self regulation and feedback

Creatively use and respond to change

(Mollison, 1988; Holmgren, 2002)

A literature study gives a background to different farming techniques, challenges and
obstacles linked with these.

A glossary for the observed indicator plants can be found in appendix. It was written in
an attempt to facilitate the reading of the report and the plant names are presented in
Latin, English, Spanish, Galego and Swedish. A limit of three names per language has
been set, as there is a great variety of local names for wild plants. Three general maps
are included in the appendix to orientate the reader. A field map is also presented, in
order to show the spread of the fields on the property.

Limitations/focus

Permaculture is an approach that takes many things into account; such as animal
husbandry, material and bioclimatic design of buildings, renewable energy, alternative
economy, community living, natural water purification and circulation of nutrients etc.
As the bachelor report is done within a programme in horticultural science, the aim is to
describe a method how to design a sustainable plant production system. The focus is set
on how to make a permaculture design based on the goals of the landowners, including
plant choices and crop combinations suitable for each field.

Six fields were chosen to represent the whole estate. After considering the different
locations of the fields, the selection was made in order to present a large variation in
growth conditions. Fields were excluded if to far away from the residences. On the
contrary, if located very close, the usage of very small plots will also be taken into
consideration, in order to present the possibilities of using the land in an optimal way.
No indicator values will be presented for the forest since it is not within the scoop of
this essay.

Sources of information

The information has been collected from literature, Internet and interviews with the
North American permaculture teacher Richard Wade and the Spanish architect Inez
Sanchez whom the author has been in contact with during a course in permaculture
design in Montsant in the province of Tarragona in Spain. The information of specific
growth site requirements of plant species is from the homepage of the University of



soilscience in Wienna, Austria and literature referred to in the text. Agatha Broeskamp-
Gundin, board member of the Galician control organisation for organic agriculture and
farmer, has translated the German information. When Mollison and Holmgren express
the same idea in different terms, a compromise has been made. Some of the data has
been collected by interviews with local farmers. This creates insecurity, but as the
author can not be present to observe annual fluctuations in the weather/climate it is the
most practical solution. It is clearly stated in the text where this is the source of
information.

Botanical names used in the plant lists are taken from Den virtuella floran, Anthos-Real
Jardin Boténico and Termos esenciais de botanica. General information concerning
plant external growth factors has been achieved from Cheers, Plants for a future and
Wiedermann.

All maps, including hand drawn illustrations, are oriented with north up.

Definitions

The term allelopathy is used to describe chemical substances released to the
environment by an organism that acts as a germinator or growth inhibitor to another
organism (Schlegel)

The abbrivation a.s.l. used in the text and meaning above sea level.

“Vermi-compost” refers to dry compost with worms.



1. Background

Permaculture uses a variety of cultivation techniques that are based on traditional
methods combined with new results from research to optimize the efficiency in the use
of land, water, nutrients, sunlight and working hours. There is a heavy emphasises on
trees, shrubs and perennials, but there is also a natural place for annuals in some
systems. There are several opportunities but also problems that need to be addressed
when choosing the most suitable combination of techniques.

1.2. Intercropping

In agroecosystems pollinators, natural enemies, earthworms and soil microorganisms
are all key components regulating nutrient cycling, decomposition and natural control of
pests. The type and abundance of diversity will vary in different agroecosystems
depending on age, structure and management. Systems that are more diverse, more
permanent, isolated and managed with low input technology generally present an
advantage in ecosystem services, compared to highly simplified, input-driven and
disturbed systems (Altieri & Nicholls, 1999). Intercropping, or polyculture as it is
sometimes called, is common in tropical agriculture but rarely found in modern
agriculture in the western world. Experiments have shown that intercropping can yield
more than sole crops if the choice of crops is suitable for the local ecosystem.
Intercropping can be of four types:
1) mixed intercropping: growing two or more crops simultaneously with no distinct
arrangement,
2) row intercropping: one or more of the crops are grown simultaneously in
different rows,
3) strip intercropping: two or more crops are grown in strips wide enough to permit
independent cultivation, but narrow enough for the crops to interact,
4) trap-cropping system: one species serves as a trap crop to trick the pest away
from the major crop.
(Altieri, 1995; Dicke 2006)

Pest protection by biodiversity

It has been shown that it is possible to stabilize the insect communities of
agroecosystems by designing and constructing the plantation in order to support
populations of natural enemies or have direct deterrent effects on pest herbivores.
(Altieri & Nicholls, 1999) A survey of published studies showed that 52 % of total
herbivore species were found to be less abundant in polycultures than in monocultures
(Andow, 1991). The planned biodiversity should aim at maximizing ecosystem
processes and structural complexity, rather than just increasing the number of species.
(Mooney, 1993) A well designed polyculture supplies parasitoids and predators with
food (water, hosts, prey, pollen and nectar) and habitat (refuges, nesting and
reproduction sites) (Altieri & Nicholls, 1999). The host plant may be protected from
insect pests by the physical presence of other plants that may provide a camouflage or a
physical barrier. It can also be the odour of some plants that disrupt the searching
behaviour of pests or attract carnivorous insects (Dicke, 2006). The effect of these
factors will vary according to the spatial and temporal arrangements of the crops and the
intensity of crop management (Altieri & Nicholls, 1999).



Nutrient accumulation

The most obvious advantage in agriculture is the symbiosis between bacteria and many
plant species, especially leguminous species. The nitrogen is available to other species
as the plant dies, which make a combination of these plants and non-fixating very
suitable (Hart & Sholto, 1976). Measurements have showed a higher content of organic
matter, N, P, K and Ca concentrations under tree canopies compared to the surrounding
soil. (Ong & Huxley, 1996)

Harvest

The combination of crops with a variety of temporal production cycles can result in a
relatively uninterrupted food supply for humans, as well as the fauna, throughout the
year. (Mollison, 1998; Ong & Huxley, 1996)

Microclimate

The most important effect of combining woody and non-woody species in mixtures is
the result of changes in the microclimate which in turn influence the growth of all
components in the system. A tree can transpire 450 L per day and thereby consumes
1000 MJ heat energy. The vegetation can in this way both lower the temperature and
increase air humidity. (Borgstrom, 2005) The combined effect of these changes
controls the energy balance of both the over storey and the under storey, thus
influencing plant water and productivity. (Ong & Huxley, 1996)

Yield

An increased yield can be expected when one or more resources are limited, by using
species mixtures if the component species capture more of the available resources or use
them more efficiently for growth. In such instances, mixtures may provide a greater
yield than the combined yield of the corresponding mono crops. Harvest in semiarid

areas has been found to increase up to 50 % compared to outside the canopy. (Ong &
Huxley, 1996)

Water use

Intercropping offers the opportunity for spatial and temporal complementary water use,
resulting in an improved exploitation of available moisture relative to mono crop
systems. Additional benefits may arise as annual runoff at rainfall, deep percolation and
soil evaporation can be reduced. However, the opportunity for significant
complementarities is likely to be limited unless the component species differ enough in
their rooting patterns or duration. Intercropping with trees may increase the proportion
of available soil moisture used for transpiration because of the more rapid canopy
development that reduces soil evaporation. (Ong & Huxley, 1996)

1.2.1. Companion planting

Some plants grow better in the company of others than growing alone. Positive
allelopathy might be one of the mechanisms by which companion planting works.
Another one is by attracting beneficial insects into the garden, but many good
companions fit together simply because their shapes are complementary, such as when
tall, thin Allium sativum is planted with a short and wide one like Lactuca sativa. The
shapes, annual cycles, shade tolerance etc. are all factors that influence if the plants will
co-operate rather than compete. (Whitefield, 2002)



1.2.2. Perennials: Trees, shrubs and herbs

The introduction of perennial plants encourages planning and investment as they will
take time to mature enough to be harvested. When the plants are established a relatively
constant yield can be expected without much additional labour. The domination by
perennials rather than annuals result in a relatively high ratio of nutrients stored in the
vegetation compared to those stored in the soil. This ensures an effective nutrient cycle
and relatively small hazard for leaching and erosion. (Whitefield, 2002) Annual leaf fall
and the decomposition of fine roots provide significant organic matter to the soil. The
C:N ratio of many shrub leaves provides a rapid decomposition that helps to rebuild
surface soil quality. A higher earthworm activity and fungal/bacterial/actinomycetes
counts have been observed in homegardens with a mixture of perennials and annuals
compared to open areas. (Kumar et.al; 2004 & Colletti et.al. 2004) An effective nutrient
status is further maintained by the uptake of minerals through deeply rooted perennials
from the sub soil layers. Symphytum officinale and S. x uplandicum are claimed to
contain higher levels of potassium than most plants and are therefore very suitable for
adding to the compost, as direct mulch and in plant extracts. Potassium, phosphorous,
bases such as calcium, magnesium and other micro nutrients are released by weathering
rock in the deeper soil horizons that the roots penetrate. (Whitefield, 2002) The
multilayered structure act as a defence against the impact of falling rain drops, resulting
in lower rates of soil erosion (Kumar et.al. 2004). Multiple stem or branch system
provides cover for wildlife, produces stored energy in its wood, building material, an
addition of organic material, shelter for antagonist species, stabilize pH by addition of
bases to the soil surface, reduces wind speed etc. All agroforestry systems produce more
than one basic-need output, mainly because of the multipurpose nature of the associated
woody perennial component. Therefore, all agroforestry systems have both productive
and protective roles, though in varying degrees. (Whitefield, 2002; Colletti et.al. 2004)

Shrubs generally fruit best either on the edge of a forest or in the initial stage of a forest
garden before the trees grow big. If the garden is to go on producing soft fruits once it
has matured it must be designed with plenty of edges to let light in. (Whitefield, 2002)

1.2.3. Annuals
Most of the common vegetables are annuals and have to be reseeded every year as they
do not propagate themselves.

Annual self-seeders

Garden plants vary greatly in their ability to self-seed. This group of plants often refers
to annual or biennial plants that seed themselves easily if there is a suitable soil surface
nearby for the seeds to germinate. The problem is that where the self seeders can grow
so can weeds. Some weeding is therefore necessary and also a good thinning. Some of
the species in this group i.e. Cardamine hirsuta, Chenopodium bonus-henricus and Beta
vulgari ssp. cicla are suitable for a forest garden where no digging or planting is done
on a regular basis. (Whitefield, 2002)

1.2.4. Climbers

Climbers can be trained up fruit-producing trees and give an attractive impression. The
growing space is thereby used more efficiently and there will be a double harvest. The
technique also has the advantage of saving the work of making climbing support. This
arrangement is common and successful in the tropics, as the light intensity is
sufficiently strong to penetrate the canopy of the tree and reach the climbing plant. In
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temperate regions there is a risk that the canopy of the trees does not dry up properly
when it is accompanied with a climber, which makes it susceptible to diseases.
Humulus lupulus and Rosa spp. give a good harvest in partial shade, while Vitis vinifera
do not. (Whitefield, 2002) To assure a good harvest of V.vinifera, Actinidia deliciosa
and evergreen climbers like Passiflora spp. it is advisable to train them on trellis with a
southern sun exposure. (Fern, 2000) The shadow of such climbers can give a welcome
relief in summer. (Wade, 2005)

1.2.5. Multilayer

The forest is often thought of as having only three layers: trees, shrubs and herbs. In
reality there are many subdivisions as there are small trees and large shrubs. Sometimes
the difference between a tree and a shrub may be more a matter of how well the plant
tolerates shade than of its potential size when mature. The difference between the herb
and shrub layer is easier to distinguish; shrubs and trees have woody parts, while herbs
and vegetables do not. It is possible to prune a shade tolerant species i.e. Corylus
avellana to grow under a small fruit tree, in order to achieve a high production on a
small surface by using many layers of food plants (Whitefield, 2002). A major reason
for a high productivity in a multilayer farming system is the increase of ecological
niches. The lower herbs generally come into leaf earlier than the bushes and the bushes
earlier than the trees. (Fern 2000; Whitefield, 2004)

The layered structure will of course not be static/permanent; the pool of replacement
species results in a productive structure which is always dynamic while the overall
structure and function of the system is maintained (Ramachandran, 1993).

1.3. Plant competition

Competition between species in mixed stands (interspecific competition) differs from
that between plants within monocultures (intraspecific competition) in that the
component species of a multispecies design may impose different demands on the
available resources. The intensity of competition is greatest when site requirements are
similar, to the point where the species with overlapping niches may be unable to coexist
within the same community. Competition may be more severe between species with
similar morphology. All plants compete for the same resources (light, water, nutrients
and CO,) with nitrogen fixing plants as an exception. When resources are not limited,
densely planted monocultures usually provide the most efficient resource capture
systems. (Ong & Huxley, 1996)

85 % of the tree roots are found in the top 60 cm of the soil, where most of the soil
micro-organisms, available nutrients and water are found. Some of the more
competitive species can develop roots that extend three times the reach of its branches,
if the soil is sandy. Many plants do have deep roots, but these tend to be not so finely
divided, so that the total mass of roots in the deeper soil is much less. These roots seem
to serve mainly for anchorage, though they do contribute to water supply especially in
draught periods and contribute to some supply of plant nutrients from the subsoil.
(Whitefield, 2002)

1.3.1. Intercropping and agroforestry

Intercropping with herbaceous crops and agroforestry both involves mixtures of species
and seems to share many common processes including competition, environmental
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modification, transfer of nitrogen to nonlegume associates and resource utilisation. The
first difference is that the woody perennial components of the agroforestry system have
a well established root system, at least after the initial establishment period. The size
and age further increase the advantage over the less developed annuals. (Ramachandran,
1993) The agroforestry systems need to be designed to optimize the use of spatial,
temporal and physical resources by maximizing positive interactions and minimizing
competition among the components. (Gillespie et.al. 2004)

1.3.2. Nutrients

The intercrop is usually the smaller component in the agrofrestry plantation and its root
system will often be confined to soil horizons that are also availiable to the roots of the
trees. As the trees can exploit soil volumes beyond reach of the crop, the effect of
nutrient competition will most likely be more severe for the crop component. It is hard
to conclude how severe nutrient competition affect the crop due to difficulties of
separating it from competition for water, light and allelochemical interactions.
(Ramachandran, 1993)

1.3.3. Shading

C4 plants (i.e. Zea mays and Amaranthus spp.) build up a leaf area quickly if there is
enough solar radiation. Minimal shading reduces assimilation due to a high light-
saturated photosynthetic rate. In contrast, if there is a permanent canopy the Cs plants
(most dicotelydons) have a greater efficiency of CO, uptake at lower radiation levels
than C4 plants, (Ramachandran, 1993; Ong & Huxley, 1996) The different growth
strategies of C4 and C; crops make it possible to combine crops with different temporal
need for solar radiation, as cereals and legumes. Both crops are only slightly affected by
the competition because of different growing strategies. The faster growing cereal
absorbs most of the radiation and the slower leguminous crop grows independently of a
lower interception. The leguminous crop continues to grow as the cereals are harvested.
As the crop duration of the field is increased compared to a monoculture of cereals the
total absorption of solar radiation is more efficient. (Ong & Huxley, 1996)

1.3.4. Water use
There will be a considerable competition of water if it is a limited resource. The

perennial plants will have an obvious advantage due to the extensive root system. (Ong
& Huxley, 1996)

1.3.5. Allelopathy

Some plants reduce the vigour of other plants and sometimes their own species are
receptive. Plants vary greatly in their sensitivity to allelopathic chemicals, so that the
negative effects can be avoided by choosing suitable neighbours. Allelochemicals may
be produced in various forms: root secretion, chemicals which are washed from the
leaves of the plants to the soil, products of decomposition of the dead plant and volatile
chemicals which are released into the atmosphere. Many common herbs are claimed to
have a negative allelopathic strategy and interfere with the germination or growth of
other garden plants. Most of them belong to three families: the Mint family (Mentha
spp., Thymus spp. and Salvia spp.), the Carrot family (Foeniculum vulgare, Angelica
archangelica and Levisticum officinale) and the Daisy family (Tagetes spp. and
Chamaemelum nobile). Juglans regia, Sambucus nigra and Salvia officinalis are
examples of forest plants which have negative allelopathic effects on other species. The
chemicals involved in allelopathy are often the same as those which protect the plant
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from pests and diseases and they may in some cases have a positive effect of protecting
the nearby plants as well as themselves. Aromatic herbs produce volatiles which mean
that they can affect plants and animals which are not immediately adjacent to them. If
their effects include positive ones as well as negative ones then they could have a
significant effect on the health of the garden as a whole, even though it might be
necessary to plant them in large quantities to have a significant effect. (Whitefield,
2002)

1.4. Planting patterns and techniques

It is very important to find a planting pattern that is suitable for the area and its local
conditions. There are several techniques that can be used to maximize harvest, minimize
work, loss of nutrients, water retention, slow down the wind etc. The beds or rows
should be designed to follow the height curves of the topographic map, in order to slow
down erosion and decrease surface run off by rain water (Jeavons, 1991). Where the
field is flat there is an advantage of situating the beds in an east-west direction to
decrease shadow effects.

A field trial in Sweden has showed that to supply one person with food for a vegan diet
during a year a surface of 800 m” is needed. A focus was set on intensive, ecological
farming methods, using as many perennials as possible (Ahnstroém, 2002). According to
the trial results an area of 12000 m” would be needed to supply the members of the
project with sufficient food for one year. Jeavons suggests that, a family of 4 persons,
cultivating the fields during 6 months/year can achieve auto sufficiency of greens with
approximately 30 m* of vegetable plantation for crops that are harvested frequently and
80 m” of staple food that are harvested late in the season. He refers to a intensive
farming technique that use the addition of compost in raised beds, reseeding some crops
up to 3 times per season. As there are 15 persons that will live of this land 4 times more
surface will be needed i.e. 120 m” of the vegetables harvested frequently and 320 m? of
the vegetables harvested at one occasion. (Jeavons, 1991)

1.4.1. Designing a forest garden

In any forest garden there will be a variety of quick and slow maturing plants with
shorter and longer life spans. This means that the mix of produce from the garden will
change from year to year. It also means that the structure will change, changing the
internal microclimate, and this in turn will have an influence on which plants can be
grown at different stages. There are three main ways to develop a forest garden that
need to be assessed by the community.

1. Planting all the layers at once. This method is the closest of the three to natural
succession, in which light demanding herbs gradually give way to shrubs then to
trees and shade-tolerant herbs, as the larger but slower-growing plants become
dominant. In the first year the harvest will predominately be herbaceous, mainly
from annuals. In the second year most perennial vegetables can be harvested and
some fruit start to bear. As trees grow bigger and produce more shade the yield
of the lower layer is reduced, and light demanding vegetables and shrubs may
need to be moved to the edges.

2. Planting in stages. Only trees are planted the first year, with shrubs and
vegetables introduced a few years later, or trees and shrubs and than later on
vegetables.
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3. Planting underneath existing fruit trees. This kind of forest garden undergo
changes such as old trees dying or loosing branches letting more light in which
allows to grow more light demanding shrubs and vegetables. Dead trees may
serve as trellis to climbers. In other parts of the garden the amount of shade may
increase as trees continue to grow, or shrubs which were planted more recently
grow thicker at the expense of the herbaceous layer. The disadvantage with this
method is that you inherit the existing perennial weeds growing intermixed with
the tree roots. Starting the establishment of the garden removing perennial
weeds is an advantage.

(Whitefield, 2002)

1.4.2. Alley cropping/hedgerow intercropping
Alley cropping consists in growing food crops between hedgerows of planted shrubs
and trees, preferably leguminous species. The technique can reduce nutrient leaching,

act as wind break, suppress weeds and controls erosion on sloping land.
(Ramachandran, 1993)

The use of windbreaks, composed of either evergreen or deciduous trees or shrubs
control wind erosion and provide habitat for wildlife. It increases surface roughness and
can provide large areas of reduced wind speed useful for agriculture. The effectiveness
of a windbreak depends on its external structure, such as height, orientation, continuity,
width and cross-section shape. It is also determined by its internal structure, which is
characterised by vegetative surface area and the shape of individual plants. (Brandle
et.al. 2004)

The hedges are pruned periodically during the growth of the crop to provide biomass
and to prevent excessive shading of the crop. The addition of nutrient-rich mulch has a
favourable effect on the physical and chemical properties of the soil, and hence the crop
productivity. An additional supply of nitrogen might be necessary when seedlings are
mulched as there is a risk of temporary immobilisation of nutrients. The provision of
nutrients will depend on quantity, quality and time of application. If the ecological
conditions do not favour the production of sufficient quantities of nutrient-rich mulch
for timely application, then there are not enough advantages in using alley cropping.
The additional labour that is required to maintain and prune the hedges is another
limitation that needs to be considered. Alley cropping can not be a substitute for
fertilisers if high levels of crop production are to be realised, but efficiency in the use of
fertilisers can be substantially increased. Alley cropping may not be effective under
moisture-stressed conditions as hedges and trees have deeper root system than the crop
and will therefore have an advantage in
absorbing water. The risk that hedgerow
species become a weed or/and an alternate
host for pest and pathogens need to be
considered. (Ramachandran, 1993)

1.4.2. Raised beds

By accumulating soil within a wall structure
beds can be raised to 30-100 cm height from
the ground in order to facilitate the work, as Figure 2. Raised bed made with the
the bed requires minimal back-bending. One comprc:_sli. Maria Martina Schmitt,
advantage is that the soil heats up fast in the Graphik Design, Wien, 2004.




spring, but it can be a disadvantage that it dries fast in the summer and might require
irrigation. (Mollison, 1988) A mature compost can be used as a raised bed, see figure 2.
It is a method making it possible to achieve fertile soil quickly even in fields with low
carbon and nutrient content. Cover

the compost with a thick layer of soil in order to protect the roots from humic acids
(Holz, 2004).

1.4.3. Edge cropping

Edges of a forest, field or a pond that are notched or lobular provides a variation of
micro-habitats for different species that have a variation of requirements, such as sun
exposure, water access, wind shelter etc. This gives a great potential in designing
plantation beds in polyculture, according to each species requirement. (Mollison, 1988)

1.4.4. Keyhole beds

Raised keyhole pattern allows access and —

provides a variation in micro habitats. The / Y\/ v
paths are permanent and compaction of the - m
beds is limited. (Mollison, 1988) The '

maximum width of the beds should not ) = O =
exceed 170 cm, in order to facilitate

weeding and harvesting. “Stepping stones”

in the middle of the bed facilitate access to Figure 3. The keyhole beds with paths and
the plants, see figure 3. (Wade, 2005) stepping stones. Javier Palacios, 2006.

1 =

1.4.5. Herbal spiral

It is both beautiful and practical to design a raised spiral for an efficient use of land
when establishing the culinary herb garden. It should be built as close to the kitchen
door as possible to facilitate harvest. Mollison suggest a 200 cm wide base, ascending to
100-130 cm high. On the sunny side he suggests a combination of Thymus spp,
Rosmarinus officinalis and Salvia officinalis. On the shade side he suggests Mentha
spp., Petroselenium crispum, Allium schoenoprasum and Coriandrum sativum. The
choice of the favourite herbs is of course up to the chef (Mollison, 1988)

1.4.6. Swales

The technique is used to stop water runoff on
and increase water retention in the soil. It is
therefore widely used in arid to sub-humid areas
on both fairly steep slopes and flatlands and in
both urban and rural areas. Long ditches, see
figure 4, with a width that depends on available
space, are dug in sequence following the height
curves and the bottom filled with pine bark, saw
dust or sand. If/when the top ditch gets filled up
by water and the soil surrounding it is saturated,
the second one is positioned to be able to
receive the overflowing water. Water retention
is improved and plants are supplied with water Figure 4. A swale where water is

for a longer period. The soil/substrate will get retained and used efficiently by the crop.
saturated with water and it will be available to Andrew Jeeves, 1988.

plants for a long time. Trees are essential
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components of the swale planting system as they use large quantities of water, help to
stop erosion and they cause minimal interference with the swales/beds.(Mollison, 1988)

1.4.7. Suntraps

By planting hedges in a U-shaped form on the
edges of the field in an east-north-west direction
a warmer microclimate is achieved, figure 5.
Perennial and evergreen hedges are ideally
chosen to achieve a year around sheltered from
the strongest winds without missing out of much
sunlight. (Mollison, 1988) Species such as the

evergreen bush Mahonia aquifolium and Figure 5. The bushes slow down the
Mahonia japonica shelter many insect eating cooling winds and a warmer micro-
species, produce edible fruits and serve as a climate is created. Andrew Jeeves,
nesting place for insect eating birds (Fern, 1988.

2000).

1.4.8. Riparian forest buffer

To make a significant reduction of leaching nutrients from fields adjacent to nearby
water bodies it is probably not enough with in-field management alone. A riparian
forest buffer is a three zone system consisting of an unmanaged woody zone adjacent to
the water body followed upslope by a zone of managed trees and bordered by a zone of
grasses surrounding the crop field. The design has more advantages than only capturing
of leaching nutrients and possible phytosanitarian compounds. The shade produced by
the trees lowers water temperature at summer time, which can improve habitat for
aquatic organisms. Production of large woody debris is also positive for aquatic
organisms and terrestrial ecosystems. The buffer zone provides stream bank
stabilization, moderate flooding damage and creates recreational opportunities. The
managed zone of the buffer not only serves as a nutrient sink with systematic removal
of trees, but can also produce fruit and nuts depending on choice of species. (Colletti
et.al, 2004).
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2. How to make a permaculture design

There are some general steps that are recommended to follow in order to achieve a
sustainable design where several persons will be affected and a relatively large area is to
be designed.

Step 1: Identification of planning problems, opportunities and goals
Step 2: Landscape analysis on a regional and local level
Step 3: Detailed studies
Step 4: Planning area concepts, options and choices
Step 5: Plan and design implementation
Step 6: Revaluation
(Steiner, 1999; Whitefield, 2002)

Step 1: Identification of planning problems, opportunities and goals

The goals should be identified and provide the basis for the planning process. Social,
economical, political and environmental problems and opportunities need to be
identified, as the goals present an idealized future situation. It is very important that the
persons that will be affected by the goals are involved in the process. (Steiner, 1999)

Step 2: Landscape analysis on a regional and local level

This step involves making an inventory of the region, locality and the specific site.
Processes that take place in the more specific planning area are studied. The major aim
of local-level analysis is to obtain insight about the natural processes and human plans
and activities. It involves information concerning geology, climate, groundwater quality
and quantity, physiographic of the landscape, soil properties, vegetation and existing
wildlife. Information concerning physical, biological and social elements that
constitutes the planning area is collected. If budget and time allow, the inventory and
analysis step may best be accomplished by an interdisciplinary team collecting data.
(Steiner, 1999; Whitefield, 2002)

General observation

It is very important to make a thorough initial observation that should preferably be
made through all of the four seasons. Neighbours can often be to a great help sharing
their local knowledge on climatic issues and agricultural history of the region. Slopes
that can be prone to erosion and produce frost pockets need to be addressed, as well as
water sources. It should be consider if there is something of high ecological and
horticultural value on the land. (Whitefield, 2002)

Some general questions concerning the present vegetation can be made at this stage.

1. What species of trees are growing on the land? Are they thriving or are their growth
patterns indicating that something in their position is not optimal? Submerged roots,
partial draught, lack of pruning or nutrients, wind, pests or diseases?

2. Are there many plants that thrive in wet soils? Can the growing pattern indicate an
underground stream?

3. Are there plants with deep taproots or with a superficial root system? Could it be
that the top soil is very shallow?

4. Are there plants that like acid soils or alkaline? Maybe a mix?
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5. Are all the plants rather small and growing towards one direction? Maybe they are
exposed to a lot of wind or are sun loving, but ended up in a site were there was too
many shade hours per day.

6. Are there mainly leguminous species? Could it be that the nitrogen level is so low
that other species can not compete? (Mollison, 1988)

Specific observation

Look for information concerning growth pattern of the plants that are to be included in
the design, taking into account root depth, width, time and extensiveness of canopy
emergence. Production of allelopathic compounds can affect the growth of nearby
plants and is therefore very important to consider. (Mollison, 1988)

Indicator plants

The use of wild plant populations as indicator plants for the microclimate and soil status
is based on the fact that they thrive where conditions are most favourable for their
existence. It can also be the case that they have developed a unique strategy that makes
them survive in a normally hostile environment. The Austrian botanist Wiederman has
established a list of how to interpret the abundance of different species quantifying
values for illumination, water access, nutrient status, pH and temperature of the growing
site (2005). It should be emphasised that a large population of each species must occur
for the diagnosis to be reliable. (Acquaag, 1999)

Step 3: Detailed studies

The information of the inventory is analysed and linked with problems and goals. It
addresses the fitness of the specific place for the planned land use based on the thorough
ecological inventories made in step 2. The design is adapted to the observed parameters,
in order to choose the most suitable crop combinations. The purpose of the detailed
studies is to reach an understanding about the complex relationship between human
values, environmental opportunities and constraints. The traditional technique to record
the analysis is the use of the “overlay technique” with various hand drawn maps. There
are also computer programs, “geographic information systems” (GIS) that are used
especially for large or complex planning projects. A topographic map is often available
on the Internet and can serve as a base map to make sketches. (Mollison, 1988; Steiner,
1999)

Zones and sectors

It needs to be considered how frequently the species are used by the household and how
often they need to be attended when making the decision of where to establish them.
The area subjected to the design is divided into 5 zones and sectors for practical reasons.

Zone 0: the house where some pot plants and vines may grow.

Zone 1: close to the house are plants that need intensive maintenance such as frequent
watering, fertilization, pruning or harvest, continuous protection from pests etc.
These plants are often the annuals, culinary herbs and medicine plants.
Seedlings, young trees for outer zone placement and water collecting devises are
preferably placed in this area.
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Zone 2: annual crops that have a limited harvesting season and a long growing period
are grown with perennials. Fruit trees for auto consumption have a limited
harvest season, need for pruning and fertilising and can also be planted in this
zone.

Zone 3: plants produced in larger quantities as staple food or for commercialisation are
suitable to establish in this area.

Zone 4: hardy trees that require low maintenance, such as trees used as timber can be
planted on a larger distance from the house. On the borders of the land, where
wild nature takes over it is possible to collect dead wood for fire, nuts and wild
medicine plants. Irrigation dams may be built to lead water into the inner zones.

Zone 5: it is the location of natural unmanaged environment used for recreation and
learning the rules of nature that are applied elsewhere. (Mollison, 1988)

The land is further divided into sectors where sun hours, chilling winter winds/cooling
summer winds, noise or annoying views can affect the community. (Mollison, 1988)

Step 4: Planning area concepts, options and choices

It involves the development of concepts for the planning area. The concepts are based
on combinations of the information gathered through the inventory and analysis step. A
list of desirable crops and quantities is made and the microclimate for each field is
mapped. The scenarios set possible directions for future management of the area and
should therefore be discussed by the community in order to make choices. The
community needs to decide what will be kept of existing vegetation and structures. The
final plan suggests flexible guidelines on how to conserve, rehabilitate or develop the
area. The final sketches should be drawn on a scale map that can be a simplification of
the base map. The size of the land is the main factor that decide how detailed the design
will be. Trees and shrubs may be drawn as individuals or blocks. It is important to
valuate if the set goals will be achieved by the design. The success of the plan often
depends on the extent of participation in its determination. (Steiner, 1999: Whitefield,
2002)

Step 5: Design implementation

This step concerns how the design will be implemented using the information in the
earlier steps. It may include land purchase and a strategy for whom will implement the
design in situ. (Steiner, 1999: Whitefield, 2002) This step will not be further discussed
in this essay.

Step 6: Revaluation

It is important to revaluate the design after it has been implemented in order to
introduce improvements. As the design is a system in evolution it can never be
considered totally finished. It needs to evolve and mature with the settlers.
(Steiner, 2000 and Scotti, 2004)
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3. The design

3.1. lIdentification of planning problems, opportunities and goals

Several elderly farmers living in the surroundings have given advices on local climatic
and agricultural matters. The interchange of information, goods and favours is likely to
continue in the future. As the area is marked by an aging population and young persons
moving to the cities, there is political support for the establishment of new projects and
habitants.

The community is divided into groups of interest, of which one is called the “agriculture
commission”, where the goals are discussed and presented to the groups in the general
meetings. The goal of the persons in the community is to achieve a multispecies
production of fruit and vegetables on existing pasture, forest land and land adjacent to
the buildings in field 885, see map 4 in appendix. The emphasis is on vegetable
production and to conserve and enhance biodiversity. There is a wish to use organic and
non-animal techniques in a sustainable way by applying the permaculture principles in
the field designs. The proposal is to be low-cost orientated, but have the freedom to
achieve high labour input to implement the design. There is an existing stand with
ecological produce in the nearby town Pontevedra and an agreement to produce
complimentary greens is feasible. A few organic cooperatives exist in various cities
nearby, which present an economical opportunity. There is an increasing interest in
organic produce from consumers, according to the cooperatives, which indicates a
growing market. Local grocery stores in nearby villages have expressed an interest in
purchasing goods produced by the project.

There is a high risk for leaching of nutrients in the sandy and humus-poor soils that
need to be considered in the design.

3.2. Analysis of Chozas on a regional and local level

The village is situated 30 kilometers west wards from the city Pontevedra in north-west
Spain, see map 1 and 2 in appendix.

The mean precipitation in November-March in Vigo is around 150 mm per month. June
and July are the months with lowest rainfall, approximately 60 mm per month. The
mean temperature does not go down to lower than 10 degrees or higher than 20 degrees
in any month of the year (Gil, 2001). Chozas is situated inland, only one hour from
Vigo that is found on the west coast of the Atlantic. The climate can therefore be
expected to present slightly colder winters and warmer summers. There has been snow
some winters, but it is not at all frequently occurring according to the local farmers. The
strongest winds come from the north and east in wintertime according to local sources
and the authors own observations. The fields are situated approximately 400-450 m
a.s.l., see map 3 in appendix. The site consists of 2, 5 hectares divided on 16 fields and
2 apple orchards, see map 4 in appendix. Some fields are separated by stone walls,
fences or without separation. There is a stream entering the land in the eastern orchard
and another passing field 749, see map 4 in appendix. As the canals supplying the fields
with water have not been properly looked after there have been severe water logging
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affecting the apple eastern orchard. The canals can be restored with a small effort. The
water access is good even during long periods without precipitation. The soil is sandy
loam with a generally