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Preface
I grew up in a small village in Tasmanra.
Everythingthatwe neededwe made.We made
our own boots,our own metalworks;we caught
fish, grew food, made bread. I didn't know
anybodywho lived therewho hadonly onejob,
or even anythingthatyou could defineas ajob.
Everybody worked at severalthings.
Untillwas about28,Ilivedina sortofdream.
I spentmostof my timein thebushoron thesea.
I fished,I huntedfor my living. It wasn't until
the 1950sthatI noticedlargepartsof the s)'stem
in which I lived weredisappearing.Fish stocks
startedto collapse. Sea*'eedaround the
shorelineshad thinnedout.Large patchesof the
forestbeganto die. I hadn'trealiseduntii then
thatI had becomevery fond of them,thatI u as
in love with my country.
After many years as a scientist with the
CSIRO Wildlife Survey Section and with the
I began
TasmanianInlandFisheriesDepartment,
political
industrial
and
to protest againstthe
systemsI saw were killing us and the world
aroundus.But I soondecidedthatit wasno good
persisting with opposition that in the end
achievednothing.I withdrewfrom societyfor
two years;I did not want to oppose anything
everagainand wastemy time.i wantedto come
b a c k o n l y w i t h s o m e t h i n gv e r y p o s i t i v e ,
somethingthatwouldallowusali toexistwithout
the wholesalecollapseof biological systems.
In 1968I beganteachingat theUniversityof
Tasmania,and in I974,David Holmgren and I
jointly evolved a frameworkfor a sustainable
agriculturalsystem based on a multi-crop of
perennialtrees,shrubs,herbs (vegetablesand
for which I
weeds),fungi, and root Systeníls,
coined the word "permaculture".We spent a
lot of time working out the principles of
garden.
andbuildinga species-rich
permaculture
This culminated,in i978, in tlrepublicationof
Permaculture One.

was mixed.
Public reactionto peÍTnaculture
was
professional
outraged,
The
community
because\Á'e\^'elecombining architecturewith
biolo-er',agriculturewith forestry,and forestry
r,rithanrmalhusbandry,
so thatalmosteverybody
r,r'ho
themselvesto be a specialistfelt
consrdered
a bit oftended.But the popularresponsewas
rerv diiterent.\lanv peoplehad beenthinking
along the sarnelines. They were dissatisfied
u ith a_criculture
andwere
rs it rs nou'practised,
l o o k i n g t o u a r d s m o r e n a t u r a l ,e c o l o g i c a l
svstenrs.
A s I s a r rp e m r i c u l t u rien t h e 1 9 7 0 si,t w a sa
b e n e f i c i aal s s e n r b i lo I p l a n t sa n d a n i m a l si n
r e l a t i o nt o h u m e n s e t l l e m e n t sm. o s t l y a' i m e d
self-reliance,
andcornntunrty
touardshousehold
andperhapsas a "commercialendeavour"only
arisingfrom a surplusfront thatsvstent.
However, permaculturehas come to mean
in thehousehold.
morethanjustfood-sufficiency
Self-reliancein food is meaninglessunless
people have access to land, information,and
financial resources.So in recent years it has
come to encompass appropriatelegal and
for land
includingstrategies
financialstrategies,
access,businessstructures,and regional selffinancing.This way it is a wholehumansystem.
By I976,I was lecturingon permaculture,
andin 1979Iresignedfrommy teachingposition
and threw myself at an advancedage into an
uncertainfuture.I decidedto do nothingelsebut
to tryto persuadepeopleto build goodbiological
systems.I designedquite a few properties,and
existedfor a while by catchingfish and pulling
of a standard
potatoes.
In 1981thefirstgraduates
permaculture
designcoursealsostartedtodesign
permaculturesystemsin Australia.
Today there are over 300,000 such graduates
throughouttheworld,all involvedin someaspect
of environmentaland social work.
Bill Mollison
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Introduction

Permacultureis a design systemfor creating
sustainablehumanenvironments.The word itself
is a contraction not only of permanent
agriculture but also of permanentculture, as
cultures cannot survive for long without a
sustainableagriculturalbase and landuseethic.
On one level, permaculturedeals with plants,
animals, buildings, and infrastmctures(water,
energy, communications). However, pennaculture is not about theseelementsthemselves,
but ratherabout the relationshipswe can create
betweenthem by the way we place them in the
landscape.
The aim is to create systems that are
ecologically-sound and economically viable,
which providefor theirown needs,do notexploit
or pollute, and are thereforesustainable in the
long term. Permaculture uses the inherent
qualities of plants and animals combined with
the natural characteristicsof landscapes and
structuresto produce a life-supportingsystem
for city andcountry,using the smallestpractical
area.
Permaculture is based on the observation of
natural systems, the wisdom contained in
traditional farming systems, and modern
scientific and technological knowledge.
Although based on good ecological models,
permaculturecreatesa cultivatedecology,which
is designedto producemore human and animal
food than is generally found in nature.
Fukuoka, in his book The One Straw
Revolution, has perhaps best statedthe basic
philosophy of permaculture.In brief, it is a
philosophy of working with, rather than
against nature; of protractedand thoughtful

observation rather than protracted and
thoughtlesslabour; and of looking at plants
and animals in all their functions,ratherthan
treatingelementsas a single-productsystem.I
havespoken,on a moremundanelevel,of using
aikido on the landscape,of rolling with the
blows,turningadversityinto strength,andusing
everythingpositively. The other approachis to
karatethe landscape,to try to make it yield by
using our strength,and striking many hard
blows. But if we attack nature we attack (and
ultimately destroy)ourselves.
I think harmony with natureis possible only
if we abandonthe idea of superiority over the
natural world. Levi Strauss said that our
profound error is that we have always looked
upon ourselvesas "mastersof creation",in the
senseof being above it. We are not superiorto
other life-forms; all living things are an
expressionof Life. If we could seethattruth,we
would see that everything we do to other lifeformswe also do to ourselves.A culturewhich
understandsthis does not, without absolute
necessity,destroyany living thing.
Permacultureis a s)'stemby which we can
existon theearthby usingenergythatis naturally
in flux and relatively harmless,and by using
food and naturalresourcesthat are abundantin
sucha way thatwe don't continuallydestroylife
on earth. Every technique for conserving and
restoringthe earthis alreadyknown; what is not
evident is that any nation or large group of
peopleis preparedto makethechange.However,
millions of ordinary people are startingto do
it themselves without help from political
authorities.

Wherever we live, we should start to do
something.We can startfirst by decreasingour
energy consumption-you can actually live
on407oof theenergyyou arenow usingwithout
sacrificinganythingof value.We canre-fit our
houses for energy efficiency. We can cut
ourvehicleuseby usingpublic transportation
and sharingwith friends.We can saveu'ateroff
our roofs into tanks,or recycle greyu'aterto rhe
toilet systemor garden.We can a.lsobeein to
takesomepartin food production.Thi s doesn'r
meanthatwe all needto gIow our o\Á'npot3lreS.
but it may mean thatwe will buy themdirectlr'
from a personwho is alreadygro*'in g poratoes
r e s p o n s i b l y .I n f a c t , o n e w o u l d p r o b i b l rd o
g;oupin
betterto organisea farmer-purcirasing
the neighbourhoodthanto gro\\ F,o:3r(Fs.

is regardedas a commodityinvolvesa shiftfrom
a l o w t o a h i g h - e n e r g ys o c i e t y , t h e u s e o f
land in an exploitative and destructiveway,
and a demand for external energy sources,
mainly provided by the third world as fuels,
fertiiisers,protein,labour,and skills.
Conventional farming does not recognise
and pay its true costs:the land is mined of its
fertilityto produceannual grain and vegetable
crops; non-renewableresources are used to
supportyields;theland is erodedthroughoverstockingof animals and extensiveploughing;
land and waterare pollutedwith chemicals.
When the needsof a systemare not met from
q'ithin the system,we pay the price in energy
consumptionand pollution.We can no longer
afford the true cost of our agriculture.It is
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ELEMENTS OF A TOTAL PERN,IACULTUREDESIGN

In all permanent
agricultures,
or in sustainable
human culture generally,the energy needs of
thesystemareprovidedby thatsystem.Modern
crop agricultureis totallydependenton external
energies.The shift from producrivepermanent
systems(wheretheland is held in common),ro
annual,commercial agricultuleswhere land
)

killing our world,and it will kill us.
Sittingat our back doorsteps,all we needto
lrve a goodlife liesaboutus.Sun,wind,people,
buildings,stones,sea,birdsandplantssurround
us. Cooperationwith all these things brings
harmony,oppositionto them brings disaster
and chaos.

I
PERMACULTUREETHICS
Ethics are moral beliefs and actions in
relation to survival on our planet. In
permaculture,we embrace a threefold ethic:
careofthe earth,careofpeople, and dispersalof
surplus time, money, and materials towards
theseends.
Care of the earthmeans care of all living
and nonliving things: soils, species and their
varieties, atmosphere,forests,micro-habitats,
animals, and waters. It implies harmless and
rehabilitative activities, active conservation,
ethical and frugal use of resources,and "right
livelihood" (working for useful and benef,rcial
systems).
Care of the earthalso implies care of people
so that our basic needs for food, shelter,
education,satisfyingemployment,andconvivial
human contact are taken care of. Care of people
is important,for even thoughpeople make up a
small paÍt of the total living systems of the
world, we make a decisive impact on it. If we
can provide for our basic needs, we need not
indulge in broadscale destructive practices
againstthe earth.
The third componentof thebasic "care of the
earth" ethic is the contibution of surplus time,
money,and energy to achievethe aims of earth
and people care. This means that after we have
takencare of our basic needs and designedour
systemsto the bestof our ability, we can extend
our influence and energies to helping others
achieve that aim.
The permaculturesystemalso has abasic lift
ethic, which recognises the intrinsic worth of
every living thing. A treeis somethingof value
in itself, even if it has no commercial value for
us. That it is alive and functioning is what is
important. It is doing its part in nature:
recycling biomass, providing oxygen and
carbondioxide for theregion,shelteringsmall
animals, building soils, and so on.
So we see that the permaculture ethic
pervades all aspects of environmental,
community, economic and social systems.
Cooperation, not competition,is the key.

Ways we can implement the earthcare
ethics in our own lives are as follows:
. Think about the long-term consequences of your actions. Plan for
sustainability.
. Where possibleusespeciesnativeto the
area,or thosenaturalisedspeciesknown to
be beneficial.The thoughtlessintroduction
of potentiallyinvasive speciesmay upset
naturalbalancesin your home area.
. Cultivate the smallest possible land
area.Plan for small-scale,energy-efficient
intensivesystemsratherthanlarge-scale,
energy-consuming
extensivesystems.
. Be diverse,polycultural (asopposedto
monocultural).This provides stability and
helps us to be ready for change, whether
environmentalor social.
. Increasethe sum of vields: look at the
total yieldof thesystemprbvided by annuals,
perennials,crops, trees,and animals. Also
regard energy saved as a yield.
. lJse low-energy environmental
(solar, wind, and water) and biological
(plant and animal) systems to conserve
and generateenergy.
. Bring food-growingback into thecities
andtowns,whereit hasalwaystraditionally
beenin sustainablesocieties.
. Assist people to become self-reliant,
and promotecommunityresponsibility.
. Reafforesttheearthandrestorefertilitv
to the soil.
. Use everythingat its optimum level and
recycle all wastes.
. See solutions,not problems.
. Work where it counts (plant a tree
where it will survive; assist people who
want to learn).
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Permaculture Principles

speciesfor a productive,interactive system.
. Use of edge and natural patternsfor best
effect.
There are two basic stepsto good permaculture
:e sign. The first deals with laws and principles
::at can be adaptedto any clirnatic and cultural
:ondition, while the second is more closely
'ssociated with practical techniques,which
:hangefrom one climate and cultureto another.
The principles discussed in the following
rages are inherentin any permaculturedesign,
in any climate and at any scale. They are seiected from principles of various disciplines:
ecology, energy conservation, landscape design,andenvironmentalscience,andare,briefly,
as follows:
. Relative location: every element (such as
house,pond,road,etc.)is placed in relationship
ro anotherso that they assisteach other.
. Each elementperforms many functions.
. Each important function is supportedby
many elements.
. Efficient energy planning for house and
settlement(zones and sectors).
. Emphasis on theuseof biological resources
over fossil fuel resources.
. Energy recycling on site (both fuel and
human energy).
. Using and acceleratingnatural plant succession to establishfavourablesites and soils.
. Polyculture and diversity of beneficial

The core of permacultureis design.Design is a
connectionbetweenthings. It's not water,or a
chicken, or the tree. It is how the water, the
chicken and the treeare connected.It's the very
oppositeof what we aÍetaughtin school. Education takes everything and pulls it apart and
makesno connectionsatall. Permaculturemakes
the connection,becauseas soon as you've got
the connection you can feed the chicken from
the tree.To enable a design component(pond,
house,woodlot,garden,windbreak,etc.)tofunction efficiently,we mustput it in theright place.
For example, dams and water tanks are locatedabovethehouseand gardenso thatgravity
ratherthan a pump is used to direct flow. Home
windbreaksare placed so thatthey deflect wind
but do not shadethe house from the winter sun.
The gardenis placed betweenthe houseand the
chicken pen, so that gardenrefuse is collected
on the way to the pen and chicken manure is
easily shovelledover to the garden,and so on.
We set up working relationships betu'een
each element.so that the needs of one element

. The inputs needed by one element are
supplied by other elementsin the system;and
. The outputsneededby one elementareused
by other elements(including ourselves).

arefilled by the yields of anotherelement.To do
this, we must discover the basic characteristics
of any element,its needs,and its products (see
Box).
The elementsin a typical small farm might
include: house, greenhouse,garden,chicken
pens, water storage tank, compost pile, beehives, nurseryarea and pottingshed,woodlot,
dam, aquaculturepond, windbreak, barn, tool
pasture,hedgerou',
shed,woodpile,guest-house,
worrn beds, and so on. These can be moved
about,on paper, until they are working to best
advantage.
In thecaseof everyelement,we can baseour
linking strategiesto thesequestions:
"Of whatuse aretheproductsof thisparticular elementto the needsof otherelements?"
"What needsof this elementare suppliedb1'
otherelements?"
"Where is this element incor.rpatibleu'ith
otherelements?"
"Where doesthis elementbenefitotherparts
of the system?"
It is bestto startwith themostimportantnode
of activity (e.g.the house,or even a commercial
centresuchas nursery,free-rangechicken farm,
aquaculture,etc.).For things to work properly,
we must rememberthat:

EACHi..,ELEMENT...1P-ER
EOR
.i.i.iii.
:,:,,:::::i:,:,:::,it:::::::::::::i:iii:i:iii:i:iiiiiiiiiiirliiiiiiiiiiitii.,FUNC
Each elementin the systemshould be chosen
andplaced so thatitperforms as many functions
as possible.A pond can be used for irrigation,
u ateringlivestock, aquatic crop, and fire control.It is alsoa habitatfor waterfowl,a fish farm,
and a li-ehtreflector(Figure 2.8). A dam wall
functionsas a road, a firebreak,and a bamboo
productionarea.
We can do the samewith plants.Simply by
selectinga useful speciesand puttingit in a
particularpiace u'e can useit for one or moreof
the following purposes:
animal forage
windbreak
privacy
fuel
erosion control
trellis
wildlife habitat
fire control
climatic buffer
mulch
soil conditioner
food
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needs,and productsof each elementin the systemin orderto put
FIGURE1.1 Analysingthe characteristics,
place
relativeto otherelementsin the system.
it in the right

FunctionalAnalysis of the Chicken
This is how the processof relativelocation
uorks,usingthechickenas an example.

ane).It alsoconsumesmostfood wastescoming
from the house.
The Garden needsfertiliser,mulch,water.It
givesleaves,seeds,vegetables.
The chickenproFirst, we list the innatecharacteristicsof the
manures
vides
and eatssurplusgardenproducts.
chicken:its colour,size andweight,heatandcold
young,
close
to the garden ensure easy
rear
its
Chicken-pens
rolerances,ability to
own
etc.
li ghtcollection of manuresandathrow-over-the-fence
Chickenshavedifferentbreed
characteristics:
feedingsystem.Chickens can be let into the
colouredchickenstolerateheatbetterthandarkgarden,butonly undercontrolledcircumstances.
colouredones; heavy breeds cannot fly as
The Greenhouseneedscarbondioxide for
fencingheight
high as light breeds(whichmeans
plants,methanefor germination,
manure,heat,
requirements
aredifferent);somebreedsarebetter
mothers,othersarebetterlayers.We alsolook at
and water.It gives heat by day, and food for
people,with some crop wastesfor chickens.
thebehaviourof thechicken:whatis its "penonThe
for
food,
chicken can obviouslysupply many of
We
see
that
all
chickens
scratch
ality"?
perches
needs.andutilisemostof thewastes.It can
walk,
fly,
in
night,
these
roost
trees
or
at
form
1
in the
also supplynight heatto the greenhouse
flocks,andlay eggs.
formof bodyheatif we placethechicken-house
adjoiningit (Figure 7.8).
Secondlywe list basicneeds:
I
The Orchard needsweeding,pest control,
need
shelter,
water,
a
dust
Chickens
bath
to
I
protected
manure,
lice,
roosting
nest
andsomepruning.It givesfood(fruitand
a
area,
and
deter
I
provides insects for chicken forage.
grit
grind
nuts),
They
need
source
and
boxes.
a
of
shell
to
I
Thus. the orchard and the chicken can interact
I foodaroundin theircrops.And theylike to bewith
beneficiallyif chickensareallowedinfromtimeto
I otherchickens.A solitarychickenis a prettysad
give
it
few
to
a
cornpanions.
That's
time.
affair-best
all
I
provide
fire control,
more
The Woodlot needsmanagement,
enough
to
and
wouldn't
take
us
easy
I
givessolid
pest
It
perhaps
manure.
few
up.
need
food,
control,
some
than
a
days
to
set
Chickens
also
I
insects,
and some
where
we
make
seeds,
shelter,
that's
start
to
connections
to
fuel,
benies,
and
I
in
feedupon
in
roost
the
trees,
our
system,
because
we
want
warmth.
Chickens
can
the
other
elements
I
place
put
in
fire
by
scratchin
where
insectlarvae,
and
assist
control
the
chicken
a
and
situation
to
I
grasses.
grazing
for
its
living.
Any
ing
fuels
such
as
it
will
scratch
own
time
we
stop
or
I
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A windbreak can be made up of ffees thar
provide fodder or sugar pods for cows (willow,
honey locust, tagasaste,taupata, carob); coppice for kindling or firewood (Leucaena); give
nectar and pollen for bees (Acacia fimbriata):
andprovide for their own nitrogenrequirements
(leguminoustrees).Acacias fulfil many functions: they provide seeds for poultry forage,
foliage for larger stock, and fix nitrogen in the
soil, while blossoms provide pollen for bees.
They are also pioneer plants which prepareand
protectthe soil for slower-growing,more sensitive plants.
Selectingappropriatespeciesrequiresa thorough knowledge of the animal or plant cultivar
underconsideration,its tolerances,its needsand
its products.When considering plants, for example, we want to know: Is it deciduous or
evergreen? Are its roots invasive? To what
heightdoesit grow? Is it fast-growingand shortlived, or slow-growing and long-lived? Does it
have a dense or light canopy? Is it diseaseresistant,or susceptible?Can it be brou'sedor
cut, or will it die if over-prunedor coppiced?
To begin,stafia speciesindey..or keepnotes
tolerances,
on eachplant(itscharacteristics.
and
(see
uses)on cardsin a file system
theannotated
species lists in the Appendix). Some of the
thingsto note are as follows:
1. Form: life style (annual, perennial, deciduous, evergreen) and shape (shrub, vine,
tree),including heights.
2. Tolerances: climatic zone (arid, temperate, tropical, subtropical);shade or sun tolerance (preferringshade,partial shade,full sun);
habitat(moist,dry, wet, high or low elevation);
soil tolerance (sandy, clayey, rocky); and pH
tolerance(acidic or alkaline soils).
3. Uses: edible (human food or seasoning);
medicinal; animal forage (for specific animals,
e.g. chickens, pigs, deer); soll improvement
(nitrogenfixing, cover crop and greenmanure);
site protection (erosion control, iiving fence,
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windbreak); coppicing (fuel, poles, stakes);
building material(poles,timber,furniture);and
other uses (fibre,fuel, insect control, ornamental, nectar and pollen for bees, rootstock, dye).
There are various factorsthatmay limit species selection:
. Unsuitable for climate or soil.
. Locally rampantor noxious.
. Unavailable or rare (usually not traded
outsidethe country of origin).
. Preference (vegetariansmay not choose
fodder speciesor animals used for meat).
. Area of land available(smallerspeciesfor
small properties).
. IJsefulnessin relationto difficultyof growing, small yield. or rime takento reachmaturity.

l
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Imponantbasic needssuch as water,food, energl',andfire protectionshouldbe servedin two
or more \\'a)'s.A careful farm design, for example,will include both annualand perennial
pastweandfodderrees (poplars,willows, honey
locust, and tagasaste)which are either cut and
fed to domestic stock, or the stock let in for short
periodsof time to eatthe leaves,pods,orlopped
branches.
In the same way, a house with a solar hot
watersystemmay also containa back-upwoodburning stove with a waterjacket to supply hot
water when the sun is not shining. And for fire
control, many elements (the pond, driveway,
slow-burningwindbreak trees,and swales) are
incorporatedin thehomesteadorvillage design
to reduce damage should wildfire occur.
In other examples,water is caught in a variety of ways, from dams and tanks to swales and
chisel ploughing (to replenish ground waters),
and on seacoasts,winds are containedfirst by a
strong,frost-linewindbreakof treesand shrubs,
andcloserin by semi-permeablefencesor trellis
systems.

The key to efficient energyplanning (which is,
in fact,efficient economic planning)is the zone
and sectorplacementof plants, animal ranges,
and structures.The only modifiers are local
factors of market, access,slope, local climatic
quirks, areasof special interest(flood plains or
rocky hillsides), and special soil conditions,
such as hard lateritesor swamp soils. The following sectionscover zone, sector,and slope
plans for an "ideal" site, say a gentle slope
facing the sun side where few variables are
encountered."Real" landscape,however,will
differ, so that your designs will be more complex thanthoseillustrated.
l

zoNE PIÁNNING
Zone planning meansplacing elementsacHi e g

),

cording to how much we use them or how often
we need to service them. Areas that must be
visited every day (e.g.the glasshouse,chicken
pen, garden) are located nearby, while places
visited less frequently (orchard,grazing areas,
woodlot)are locatedfurtheraway (Figure 1.2).
To place elementsin zones, startfrom a centre
of activity,usuallythe house,althoughthis can
also be a barn,a plantnurserybusiness,or, on a
largerscale,an entirevillage.
Zon\ngis decidedby (1)thenumberoftimes
you need to visit the element(plant,animal or
stmcture)for harvestor yield; and (2) thenumber of timesthe elementneedsyou to visit it.
For example,on a yearly basis, we might
visit the poultry shed:
. for eggs,350 times;
. for manure,20 times;
. for culling, 5 times;
. other.20 times.
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FIGURE1.2 The relationshipbetweendistanceand intensityof use. Frequently-visited
areas are
olacedclosestto the house.

For a total of 395 visits annually; whereasone
might visit an oak tree only twice a year, to
collect acorns.The more visits needed,thecloser
the objects need to be. Those componentsneeding very frequent observation,constantvisits,
work input, or complex managementtechniques
mustbe placedvery closeby, orwewaste agreat
deal of time, effort, and energy visiting them.
The golden rule is to develop the nearestarea
first, get it under conEol, and then expand the
edges.Too often,thebeginnerchoosesa garden
far from the house, and neither harvests the
plantsefficiently,norcaresforthemwell enough.
Any soil can be developed for a garden over
time, so stayclose to the home when placing rhe
garden and orchard.
Zone 0 is the centreof activitl' (house.barn,
or village if the designis on a largescale).It is
laid out to conserveenergy and to suit its occupants'needs.
Zone I is close to the house. It is the most
connolled and intensively-usedarea and can

contain the garden,workshops, greenhouseand
propagation frames, small animals (rabbits,
guinea pigs), fuels for the house (gas, wood),
compost, mulch, clothesline, and grain drying
area.There are no large animals on range, and
perhaps only a few large trees (dependingon
shaderequirements).Any frequently-visitedor
essentialsmall tree can be placed in this zone,
e.g.a reliably-bearinglemon tree.
ZoneII is stiil intensively maintained,with
dense plantings (iarger shrubs, small fruit and
mi xed orchard,*'indbreaks).S tructuresinclude
terraces,hedges,trellis,and ponds.There are a
feu' large trees *'ith a complex herb layer and
understorel',especially small fruits. Plant and
animal speciesthatrequirecare andobservation
are located in this zone, and water is fully
reticulated(drip irrigation for trees).Poultry is
let into selected areas (orchard, woodlot) to
range, and an area for one milk cow can be
fenced in from the next zone.
Zone III contains unpruned and unmulched

TABLE 1.1 SOME FACTORS WHICH CHANGE IN ZONE PLANNING AS DISTANCE INCREASES
Factor or Strategy

Zone I

Zone II

Zone ÍII

Zone IY

Main design for:

House climaie
Domestic sufficiency

Small domestic
stock and orchard

Main crop,
forage,

Gathering, forage,
torestry,pasture

Establishment of
plants:

Complete sheet
mulch

Spot mulch and
tree guards

Soil condition and
green mulch

Soil conditionine
only

Pruning of trees:

Intensivecup or
espalier, trellis

Pyramid and
built trellis

Unpruned and
naturaltrellis

Seedlings, thinned to
selectedvarieties

Selection of
trees and plants:

Selecteddwarf
or multi-graft

Graftedvarieties

Selected
seedlingsfor
later grafts

Thinned to select
varieties, or managed
by browse

Water provision:

Rainwatertanks,
well, bore,
reticulation

Earth tank and
fire control

water storage
in soils,
dams

Dams, rivers, bores
and wind pumps

Structures:

House/glasshouse,
storage
integration

Greenhouseand
bams,poultry
sheds

Feed store,
Field
shelter

Field sheltergrownas
hedgerowand woodlot
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orchards, larger pastures or ranges for meat
animalsor rearingflocks, and main crop. Water
is available only to some plants,althoughthere
are watering aÍeasfor animals. Animals are
cows, sheep, and semi-managedbirds. Plants
includewindbreaks,thickets,woodlots,andlarge
trees(such as nut and oak) for animal forage.
ZoneIY is semi-managed,semi-wild, used
for gathering,hardy foods, unprunedtrees,and
wildlife and forest management.Timber is a
managedproduct, and other yields (plant and
wildlife) are possible.
Zone Y is unmanagedor barely managed
natural"wild" systems.Up to this point, u'e

design.In Zone V, we observeandlearn;it is our
essential place for meditation, where we are
visitors,not managers.
Table 1.1 showsthefactorswhich chansein
zone planningas distanceincreases.
Zones aÍea convenient,abstractway to deal
with distances;however,inpractice,zoneedges
will blur into each other, or landforrn and site
accessmay meanthatsometimestheleast-used
area(ZnneV) is nextro themostintensely-used
area(Zone I): for examplea steepforestedhill
directly'behindthehouse).
\\'e can in fact brin*e
u'edgesof Zone V right
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FIGURE1.4 Scmple groundplanfor a small mixedfarm design.
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.

ro our front door as a corridor for wildlife, birds,
and nature. Or we can extend Zone I along a
path(aloop pathwhichtakesus
irequently-used
irom the house, to the barn, past the chicken
shed, into the garden' neaÍthe woodpile, and
back to the house).Figures 1.3 and 1.4 show
sample zone plans for a small farm.
Zonation pattems may changewhen we are
* orking with two or more centresof activity,
saybetweenthehouseanda guestcottage,or the

houseandbarn,or, on a largerscale,betweenthe
buildings in a village. In this case we must
carefully work out linkages betweenthesecentres, consisting mostly of access, water and
energy supply, sewage, and fencing connections.This is what David Holmgren calls "network analysis", which plans for more complex
sitesmakingconnectionsbetweenroads,pipes,
windbreaksand so on to service more thanone
cenre.

F I G U R E1 . 5 U n d e r s t a n d i nt g
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siructuresand vegetation.
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SECTOR PLANNING
Sectors deal with the wild energies,the elements of sun, light, wind, rain, wildfire, and
water flow (including flood). These all come
fromoutsideour systemandpassthroughit. For
these,we arrangeasector diagram basedonthe
real site,usually a wedge-shapedareathatradiates from a centre of activity (commonly the
housebut it can be any other structure).Figure
1.5.
Some of thefactorsto sketchout on a ground
plan are:
. fire danger sector
. cold or damaging winds
. hot, salty, or dusty winds
. screeningof unwantedviervs
. winter and summer sun angles
. reflection from ponds
. flood-prone areas
Weplace appropriateplantspeciesand structuresin each sector (1) to block or screenout
the incoming energy or distant view, (2) to
channel it for special uses, or (3) to open
out the sectortoallow, forexample,maximum
sunlight.Thus, we place design tomponentsto
manage incoming energy to our advantage.
For the fire sector,we choose components
thatdo not burn,or thatcreatefirebreaks,such
as ponds, stoneu'ails, roads,clear areas,fireI
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suppressingvegetation,or grazing animals to
keep the vegetationshort.
I

SLOPE
Finally, we look at the site in profile, noting
relative elevationsto decide on the placements
of dams,waterheadertanks,or wells (abovethe
house;waterfalls);to plan accessroads,drains,
flood or flow diversions;and to place wastewater or biogas units and So on. Figures 1.ó and
1.7 illustratesome ideal relationshipsof structuresandfunctions,given thatthereis a reasonable slope. Starting from the plateau or
ridge:
. Dams placed above the house take overflow from high tanks, which rely on the roof
catchmentof hay storagesheds,workshops,or
meetinghalls,all of which needlittle waterbut
have large roof areasfor catchment.Diversion
channelsaround high ridges leading to dams
serve the same purpose.
. All coveredtanksat high elevationarevery
useful, and these can in fact be built as the
basementor foundationof the buildings,forming a heaVcold buffer in the sub-floor of workshops.Water from coveredtanksis guaranteed
free of biologicalpollunon.and shouldbe kept
strictlyfor drinkin-gat lou'er levels, the settlement area.Bulk domesticx'ater (for showers,
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:rilets, gardens)are supplied from the high
-'j'll15.

. Above the house, particularly on rough,
:rxk"v and dry sites, there should be careful
selectionof dry-country plants needing "spot"
'*ateringonly for establishment.These forests
or orchardshelp with erosion control and water
.erention. On lower sites choose plants with
ni gher water requirements.
. At the house, small tanks are needed for
emergency water supply, and the house sited
ixhind the lower dams or lakes for fire proteciion. Household greywater (wastewaterfrom
sinks and showers,not toilets),is absorbedby
dense vegetation either in the garden or
orchard.
. Downslope, water from the valley lake or
large-volume storage at lower levels are
pumpedto the highertanks or dams in emergencies such as fire or drought.
A factor often left unplannedis the high
slope access,either as a tracll or road. Such
accesscan provide water drainageor diversion
to midslope dams, fire control on slopes, and
harvest-timeaccess to forest and to sheds or
barns. Often enough, on small properties,the
mulch from forests and manuresfrom upslope

barnscan be easily moved downhill to establish
a barn-to-housegarden.Slattedfloors in upslope
shearingsheds,goatsheds,and stablesallows
easy accessto manures.
g rules:
To re-statethebasicenergy-conservin
. Place eachelement(plant,animal,or structure) so that it serves at least two or more
functions.
. Er,ery important function (water collection, fire protection)is servedin two or more
wa)'s.
. Elementsareplacedaccordingto intensity
o f u s e ( z o n e s ) .c o n t r o l o f e x t e r n a le n e r g i e s
(sectorst.and efficientenergyflow (slopeor
convect10n.).
Oncethiscommonsense
analysisis done,we
knori thatevervcomponentis in a goodplace
for three reasons (relative to site resources,
external energies, and slope or elevation).To
sum up,thereshouldbe no tree,plant,structure,
or activity that is not placed according to these
criteria.For instance,if we plant a pine tree,it
goes in Zone IV (infrequentvisits), away from
the fire danger sector (it accumulatesfuel and
burns like a tar barrel),towards the cold wind
sector (pines are hardy windbreaks), and it
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should bear edible nuts as forage.
If we want to place a small structuresuch as
a poultry shed, it should border Zone I (for
frequentvisits), be away from the fire sector,
border the annualgarden(for easy manurecollection),back onto the forage system,attach to
a greenhousein temperateclimates, and form
part of a windbreak system.

In a permaculturesystem,we use biological
resources (plants and animals) wherever possible to save energy and to do the work of the
farm. Plants and animals are used to provide
fuel, fertiliser,tillage,insect control,weed control, nutrient recycling, habitat enhancement,
soil aeration,fire control, erosion control, and
so on.
Building up biological resourceson site is a
long-terminvestmentwhich needsthoughtand
managementin theplanning stagesasitis a key
strategy for recycling energy and developing
sustainablesystems.We usegreeilmanuresand
leguminousEees insteadof nitrogenfertiliser;
weeder geese and short herbs rather than
lawnmowers;biological insect control rather
ns or
andanimalssuchaschícke
thanpesticides:
pigs instead of rotary'hoes, ueedicides. and
artificial fertilisers.
However, carefulandappropriateuseof nonbiologicai resources (fossil-fuel -basedmachi nin
ery, artificial fertilisers,technicalequipment.t
the beginning stagesof a permacultureis oK Íí
they are used to create long-term, sustainable
biological systems and an enduring physical
infrastmcture.
For example, technologicalequipmentsuch
as photovoltaic cells, solar water heaters,and
plasticpipeshaveusednon-renewebleresources
in their manufacture,but we can use theseeffectively to produceour own energy on site.Similarly, we can hire earthmoving machinery to
build roads, dams, swales and diversion
drains; tractors to chisel-plough hard, unpro-
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ductive groundor to disc-pit in drylands to trap
silt and seedsfor eventualplant growth;trucks
to cart in manures and mulch from nearby
sources so that we can get our own systems
started.
In the sameway, artificial fertilisers applied
to worn-out soils will produce a green manure
crop to startbuilding up biological fertility. The
problem comes when we are locked into an
annualfertiliser or machinery treadmill instead
of using theseresourceswisely to build up our
own biological systems on site or in the
community.
By all meanscarefullyuse whatis available,
use it for the bestpossible reasons,and develop
alternativesas fast as possible.
Following are someexamplesof using plants
and animals to increaseyield andvigour, and to
reduce the need for fertilisers and pesticides.
Rather than relying on machines or brute force,
we can insteadthink our way into managing
and maintainingour properties.
Animal Tractors: Chickens and pigs are
well-known for scratching and digging up
the ground in search of worms, insects,and
roots. Although animal tractor systemsare describedin Chapterl. in brief chickens,pigs, or
goatsenclosedin a weedy or brambly areawill
destroy'all vegetation,partly cultivatetheearth,
and manure the area. They are then rotated to
anotherenclosurebeforethey actually do damage through too much manure or soil disturbance.
Pest Control : Umbelliferous and composite
plants such as dill, fennel, daisies, and marigolds placed around garden beds and in the
orchard attractpredatorinsects (insects which
feed on or parasitise pests).Ponds in the garden
attractinsect-eatingfrogs. Suitable nest-boxes
or thorny shrubsprovide a habitat for insectivorous birds. Fungi and beneficial bacteria or
nematodes have also been used to control insects,and many plantsprovide insectcontrol or
nematodecontrol.
Fertilisers: All animals recycle nutrientsby
eatingvegetationorother animals and excret-

ing nitrogenousmanuresto fields,orchards,and
gardens.Duck andpig manuresin a largelake or
pond increasethe nutrientsfor many speciesof
fish. Earthworrnspump air into soils and provide humus and nutrients for plants, or are
harvestedfor use as poultry and fish food. Garden and orchard wastes are recycled through
worms, thus cleaning up potential pests and
diseases.
Comfrey can be combinedwith manuresand
compostedor fermentedto a liquid mixture to
provide essential nutrients for garden plants.
Many vigorous and deep-rootedtree species
probe the soil below the upperlevel and "mine"
nutrientsthat are unavailableto more shallowrooted plants. The leaves can then be used for
mulch and to build up soil humus.
Legumes and leguminous trees (lucerne,
beans,leucaena,acacias)which also provide
nutrientsto the soil by taking nitrogenfrom the
air and processingit throughroot nodules,have
a suitablebacteria(rhizobium)working in their
root nodules.By addingthe right rhizobiumto
pottingsoils, plant growth can be raised up to
807ooveruninoculatedindividuals.(Note:not
all legumesare nitrogen-fixing;notableexceprions are honey locust and carob). More than
150 non-leguminousplants, such as alder
rAlnus),autumn olive (Eleagnus) and casuarinas, are also known to fix nitrogen.
Leguminous pasture, shrubs, and trees are
interplantedamongst orchard and forest trees,
and crop legumes such as broadbeansand field
peas are planted in gardens and used as an
plantingin orchards.Ifthey arecut
understorey
or prunedback beforeflowering, nitrogenfrom
:he root nodules is releasedirrto the soil. to be
:akenup by surroundingplants.
Many of theseplants,especiallythelegumes,
:ave other uses; the Siberian pea shrub
C aragana) and tagasasÍ'e(Chaemocytisus
:dntensis) for example, not only improve the
soi1.but are usefulas a winclbreakhedge,poul:r iood (seeds),and fodder for larger animals
. : a v es ) .
Otherbiologicalresourcesincludebees(pol, :.aringf,lowersand gatheringnectar),spiny

plants(fencing),allelopathicplanrs(plants suppressing weed growth), and dogs (livestock
guard dogs, especially for sheep).
The key to using biological resourceseffectively is management.If not managed, such
resourcesmay become out of conüol and destructive,often ending up as pollutants.This
can be seen as unfenced cattle eating forest
saplings,escapeegoatsin theorchard,chickens
polluting their pen; and untendedleguminous
treesshadingout the garden.
l\'lost managementsnategies are based on
timing.For example,geesewill weedthegrasses
from a garden containing strawberries,gooseberries.root crops such as onionsand potatoes,
tomatfts.etc.The key,isto allow thegeeseinto
the gardenajrer rheplantsare largeenough(to
prevent them tiom bein-edamaged by geese
feet)and beiore fruit ripens (geese*'ill eatripe
strau'berriesand tomatoes1.
Chickens.for all theiradvantages
in manuring, and eatinginsectsand u'eedseeds,should
not be let into a mulched gardenor orchardas
theywill scattermulch while scratchingaround
for insects.If the orchard is not mulched, but
rathermanagedthroughan understoreyof nitrogen-fixinglegumes,chickens are let in to forage
for fallen fruit, insects,and greens.Mulches in
chicken pens can be coveredwith stonesor with
a metal mesh.

In modern food-supply systems,full nutrition
and a varied diet are provided by a world-wide
transport,storage,and marketingnetwork.This
reticulationof food is, of course,more energyexpensive than local agricultural diversity and
is only possible due to fossil fuel subsidy. Already, the costs of food reticulation are out of
hand and are having their effects back at the
farm. "Efficient" methodshave been forced on
the producereven if it is to the long-termdetriment of the land or quality of the produce.
Pesticides,large amountsof fertilisers,and un-
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FIGURE1.8 The designer'swork is to set up usefulenergystoragesin a landscapeor building(goingfrom
state A
tc State B). Such storagesbecomeres0urcesfor increasedvields.
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\\ise cropping sequencesand cultivation techriques have becomecommon-placein an effort
:o reducecostsandto raiseyieids in thehopeless
race to remain economically viable.
A community supportedby a diverse permaculture is independentof the distribution
rradeand assuredof a varied diet, providing all
nurritional requirementswhile not Sacrificing
quality or destroyingthe land thatfeeds it. The
gÍeatest
savingson energyarein theelimination
of costly transport,packaging,and marketing.
Permaculturesystems seek to stop the flow
of nutrientand energy off the site and instead
turn them into cycles, so that, for instance,
kitchen wastesare recycled to compost;animal
manuresare directedto biogas productionor to
the soil; householdgreywaterflows to the garden; green manures are turned into the eaÍth;
leaves are raked up around tregsas mulch. Or,
on a regional scale,sewageis treatedto produce
fertiliser to be used on farmland in the district.
Good designusesincoming naturalenergies
with those generatedon-site to ensure a complete energy cycle.
The second law of thermodynamicsstates
that energy is constantlydegrading,or becoming less usable to the system. It is through
constant cycling, however, that life on earth
proliferates.The interactionbetweenplantsand
animals actually increases available energy on
the site.The goal of permacultureis not only to
recycle and thereforeincreaseenergy,but also
to catch,store,and use everythingbeforeit has
degradedto its lowest energy use and so is lost
to us forever.Our job is to use incoming energy
(sun,water,wind, manures)at its highestpossible use,thenits next highest,and so on. We
can create use points frorn "source to sink"
before it runs off our property.
Water catchment and storage systems, for
example, are constructed uphill for use in a
complex pattern of ponds, smaller storages,
energy generation,and so on, until the water is
at last allowed to run off the píoperty(Figure
f .8). If we ignore the hills and put a dam down
in the valley, we have lost tire advantageof

gravity and needenergyto pump the waterback
up. It is not really Íheamounr of rainfall that
counts,it is the numberof cycles we can set up
to usethatwaterto our bestadvantage.The more
useful storagesto which we can direct energy
betweenenergy coming into or generatedon
the site and energy leaving it, the betterwe are
as desisners.

Rather than large harvestersand transport
tn:cks, a perrnaculturesystem is tuned for
handtools(scythe,handmower,pruning shears,
axe, wheelbarrow)on a small site,and modest
fuel-users (tractor,mower, whipper-snipper,
chainsaw)on largersites.
Although permaculturemay seem to be labour-intensiveto startwith. it is not a return to
peasantsystemsofannual crops,endlessdrudgery, and total dependenceon human labour.
Rather it focuses on designing the farm (or
garden, or town) to best advantage,using a
certain amount of human labour (which can
includefriendsandneighbours),a gradualbuildup of productiveperennialplants,mulching for
weed control, the use of biological resources,
alternativetechnologiesthat generateand save
energy,and a moderateuse of machinery,as
appropriate.
Small-scale,intensivesystemsmeans that
( 1)much of theland can be usedefficientlyand
thoroughly,and(2) thesiteis undercontrol.On
a small site, this is no problem; however,on
larger sites it is easy to make the mistake of
spreadingout too quickly with extensivegardens,orchards,woodlot,andchicken-runs.
This
is a wasteof time,energy,andwater.If you want
to know how to control your site, staÍtat your
doorstep.If you see a farm where the doorstep
leads to weeds, then the weeds will go to the
boundary;the land area is too big in terms of
available time, labour, money, or interest.
If we cannotmaintainor improve a system,
we should leave it alone. thus minimisine
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damage and preserving natural complexity. If
we do not regulateour own numbersand appetites,and the area we occupy, naturewill do so
for us, by famine, erosion,poverty and disease.
What we call political and economic systems
stand or fall on our ability to conserve the
naturalenvironment.Closer regulationof available land, plus very cautious use of natural
resources,is our only sustainablefuture strategy. Perhaps we should control only those
areaswe can establish,maintain and harvestby
small technologiesas a form of control on our
appetites.This means that settlementsshould
always include total food provision, or else we
risk the fatal combination of sterile city and
delinquent landscape, where city, forest and
farm are all neglectedand lack even the basic
resourcesfor self-sufficiency.
What we frequently observe in the western
world is a delinquentlandscape-the suburban
plots under lawns and cosmetic flowers, and
areas of urban blight around cities, more land
cleared at the edge of the wilderness, and a
desperatemisuseof land in between.This syst e m i s n o t s u s t a i n a b l eA. t t h i s m o m e n t ,i t
seems clearthatplanningfor higlil"v-intensive,
biologically-basedfood productionat thedoorstepis the only way out of futurecrises.
Contrastthelarge,clearedareasof Australia
and North America with the small,intensivelyfarmed areasin the Philippines, where the total
land around the house is usually only twelve
square metres: out of this comes most of the
food for the family. The house is often on srilrs,
w i t h a n i m a l s p e n n e d b e n e a t h .G a r d e n s u r rounds thehouse.Scrapsand trimmingsarefed
to the animals;manuresare used on the garden.
Trellis, holding passionfruit,gourds,beans,and
other climbing vegetables,shelters the house
from extreme heat and provides food for the
family. Fast-growing trees (Leucaena) are
coppiced for fuelwood.
So stayclose to the house,and work towards
developing small, intensive systems.We can
plant ten critical trees, and look after them,
whereasif we plant 100,we can lose up to 60Vo
of them from lack of site preparationand care.
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Ten trees and perhaps four square metres of
garden,well protected,manured,and watered,
will start the Znne I-II system.
The smaller nucleus plans are always in
relation to a larger plan. They are the designs
that surroundthe house,make up the orchard, or
occur in the chicken run. The importantthing to
remember istofully develop the nucleus before
going on. The nucleus can be as simple as a
large clump of pioneertrees,infrequentlymaintained,but establishedwith good groundpreparation and water provision if necessary.Or it
can be a fully-planted, fenced, mulched, and
wateredgarden,animal foragesystem,orchard,
or pond margin.To save energy and water,and
to preventweed invasion,thedevelopedsystem
should be fully-occupiedwith plants, even if
some will need to be thinnedout later.Even if
it appearsto take more time and energy at first,
it pays in the long-term through reduced plant
deathand easy systemmaintenance.
T PLANT STACKING
In every ecosystemdifferentplant species
occur at varying heights above the ground,and
root srructuresat different depths.Plants grow
in responseto availablelight, so thatin a forest
the mature üees form the uppermost(canopy)
layer, with a lower treestratumof smaller trees
using some of the remaining light. The shrub
layer, adaptedto low light levels, grows beneath,and if thereis any more availablelight, a
herb layer forms as the lowest strata (Figure

1.e).

We can construct our own variation of the
forest by establishingan intercropof taller and
shorter species, climbing plants, and herbs,
placed accordingto their heights,shadetolerance, and waterrequirements.For example,on
land with adequatefertility and a water source,
we put our system in all at once, with climax
species(long-livedorchardtreessuch as walnut
or pecan); shorter-lived smaller fruit trees
(plums, peaches);faster-growingleguminous
pioneers (acacia, autumn olive, tagasaste)for
mulch, shade, and nitrogen; short-lived perennials (comfrey, yarrow) to provide weed control
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and mulch;perennialshrubs(gooseberry,blueberry);andeven annualssuch as dill, beans,and
pumpkin.
The spacingbetweenplants dependsmainly
upon water availability and light requirements;
dryland plantings require more spacing between them,while plantsin hot,humid regions
can be placed very close togetheÍ'Cool climate
design requires fairly open systems to allow
light to lower layers and to oveÍcomethe lack
of heat for ripening. Also, many temperate
orchard trees and even plants in hot, humid
environments need air movement between
them to reducethe chanceof fungal problems
when unseasonalrains o{cur.

Insteadof waiting for yields for 6-20 years from
treeandnut crop, we getyields from 5-6 months
on.

NDI

Natural ecosystemsdevelop and change
over time, giving rise to a successionof different plant and animal species. Abandoned
pastures,for example, will be successively
colonised by a weed and herb layer, pioneer
plants, and eventually a climax species appropriateto soils, landformand climate.Each stage
I TIME STACKING
createsthe right conditions for the next stage.
The British devised a s)'sremof farming in
Pioneer plants may fix niffogen, loosen heavy
whichpastureswerebrokenup aftertheanimals
soils, reduce salt in soils, stabilise steepslopes,
had been on them a fe*' years. The proper
absorb excess moisture, or provide shelter.
rotationwas every sevenyears.The pasturewas
They colonise new habitats,making it easier
plowed up and put into a high nun-ient-demand for other speciesto follow on by modifying the
crop, say lucerne, followed by a grain crop,
environmentto a more favourable state.
followed by a root crop. One year it was left
Figure 1.10showstheprocessof succession
fallow to rest the soil. This was sustainable, in a pasturesystem.
but it took a long time to cycle. Masanobu
In conventional agriculture,vegetationis
Fukuoka, that masterstrategist,deals with rirne
kept at the weedor herb level (e.g.vegetables,
stacking.He doesnot haveto falicw, becausehe
grains,legumes,pasture),using energyto keep
never removes the main part of the crop from
it cut, weeded,tilled,fertilisedand even burnt;
the soil. He stackshis legumes with his grains,
thatis, we areconstantlysettingthesystemback
his
with
ducks, and with his frogs. He sets his
and incurringwork and energy-costswhen we
livestock in his crop at certaintimes instead of
stop naturalsuccessionfrom occuring.
having a livestock site and a crop site.And
Insteadof fightingthisprocess,we candirect
he stacks different sorts of crops together.He
and acceleratert to build our own climax spegoesone stepfurther;he also stackssequences
cies in a shonertime.We can do this by:
into each other. He starts the next crop
Using rvhat is already growing, usually a
"u'eed"
before the last crop is finished.
laver,ro build soil fertility.Soft weeds
We can do the same thing by placing piocan be sheet-mulchedwith cardboard and old
neers, young fruit trees,palms (or pole crop),
carpet. or slashed and used as mulch around
shrubs,windbreak,groundcover,and even anotherplants before seedheadsdevelop.Woody
nual beds all togetherand at one time. Evenrup e r e n n i a ls h r u b ss u c h a s l a n t a n aa n d g o r s e
a l l y a n n u a cl r o p s w i l l b e s h a d e do u r b ) ' p e make excellent soils when they break down
rennial shrubs and smalirrees,andin 20 i'ears
after being slashed,and are eventually shaded
trees will dominate most of thc area. it{ean- out by forest trees.Roots may have to be dug
while, we will have han'estedmany years of
out if we want a faster change, but for annual
produceand built up the soil thru.ughthe addiweeds,digging or turning under only produces
tion of vegetablewastesand greenmanuring. more weeds as seedssproutin responseto light
))
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A . s y s t e me s t a b | i s h m e nat n; a r e a i s f e n c e da n d a m i x t u r eo Í s p e c i e s p | a n t e d
is
a n d protectedfromgrazers.
Onlygeese, ducks, and some annualcrops are harvesteo.

B' The systemevolvesto a semi-hardy
stage.chickens are introducedon an occasionalbasis.

C. An evolvedsystemprovidesÍorage,Íirewood,
and anima|products,and producesits own mu|chand Íerti|isers.
The maturesystem requiresmanagementratherthanenergyinput,
and has a varietyof marketabte
yields.
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and water.
Introducing plants that will easily survive
in the particular environment and which will
help to bring up soil fertility. Dependingon the
types of soils we are working with (which may
be eroded, salted, swampy, worn out, acid,
alkaline, clayey, or sandy),we can plant both
annualand perennialtypes of a locally-adapted
legume (for green manure arrd mulch), and
shrubbyusefulperennialsknown to survive and
thrive. We may need to wait to plant our "climax" crops until more favourable soils are established.
Raising organic levels artificially by using
mulch, greenmanurecrops, compost and other
fertilisers to change the soil envircnment.This
enablesus to plant more quickly, or, if used in
combinationwith theprevious method,toplant
a nucleus of climax tree crop in marginal
ground if we are willing to put in the work of
caring for those trees.
Substituting our own herb, pioneer, and
climax species which aremore useful to us than
the existing natural or disturbed vegetation.
Comfrey, for example, will come up through
weed growth, helping to control the area if
planteddenselyenough,and providingyields
in the first year.

VERSITY
In his book Plants, Man, and Life. Ed_gar
AndersendescribesthegarderVorr.hard
plantings
groupedaroundthe housesin Central America.
Close to the houseand more or less surrounding
it is a compact garden-orchardsome 20 square
metres in extent. No two of these are exactly
alike. There are neat plantationsmore or less
grouped together.There are various fruit trees
(citrus,custard apple, sapote,mango and avocado), and a thicket of coffee bushes in the
shade of the larger trees. Therc are tapioca
(cassava)plants of one or two varieties,grown
more or less in rows at the edge of the trees.
Frequently there are patchesof banana;corn
24

and beansare hereand therein rows or patches.
Climbing and scrambling over all are vines of
various squashesand their relatives:thechayote (choko)grown for its squashes,as well as its
big starchyroot; and the luffa gourd, its skeleton usedfor dishragsand sponges.The cucurbits clamberover the eavesof thehouseand run
along the ridgepole,climb high in the trees,or
festoonthe fence. Setting off the whole garden
are flowers and various useful weeds (dahlias,
rosemary, gladioli, climbing roses, asparagus
fern, cannas and grain amaranth).
Andersen is contrastingthe strict, ordered,
linear, segmentedthinking of Europeans with
the productive,more naturalpolyculture of the
dry tropics. The order he describes is a seminatural order of plants, in their right relationship to each other (guilds),but nor separated into various artificial groupings.It is no
longer clear where orchard, field, house and
garden have their boundaries,where annuals,
andperennialsbelong,or indeed wherecultivation gives way to naturally-evolvedsystems.
To the observer,this may seem like a very
unordered and untidy system; however, we
shouldnot confuseorder and tidiness.Tidiness
separatesspecies and creates work (and may
also invite pests),whereasorder integrates,reducing u'ork and discouraginginsect attack.
European gardens,ofren extraordinarilytidy,
result in funcrionaldisorder and low yield.
Creativin'is seldomtidy.Perhapswe could say
thattidinessis somethingthathappenswhen
compulsive activity replaces thoughtful creativitr'.
Although theyield of a monoculturalsystem
u'ill probably be greater for a particular crop
than the yield of any one species in a permaculture system, the sum of yields in a mixed
systemwill be larger.In the former,a hectareof
vegetableswill yield only vegetablesthroughout the year. In the latter, vegetables are a
smaller part of the total yield of nuts, fruit, oil
crop, timber,poultry, firewood, fish, seedcrop,
and animal protein.
For self-reliance,this means that a family
can satisfy all its nutritional needs with the

ailable fruits,vegetables,proteins,and min_
"r
erals.Economically, having more saleableprod_
-rrs at different times of the year protects a
:amily from market downturns and severe
,o s se s of one crop due to pestsor bad weather.
If the market for beef is down one year, for
example, only firewood, nuts, fruit, seedcrop,
and herbs are sold, keeping the cattle for better
times. If frosts wipe out the fruit crop, other
produceis available to eat or to sell.
Our aim should be to disperse yield over
time,so thatproductsare availableduring every
season. This aim is achieved in a varietv of
\Áays:
. by selection of early, mid and late season
varieties;
. by plantingthe samevarietyin early or late_
npening situations;
. by selection of long-yielding species;
. by a generalincreasein diversity or multi_
usespeciesin the system,so thatleaf, fruit, seed
and root are all product yields.
. by using self-storingspeciessuch as tubers,
hard seeds,nuts or rhizomes which can be dug
on demand;
. by techniquessuch as prcserving,drying,
pitting, freezing,and cool storage;and
. by regional tradewithin and betweencom_
munities, or by purchasing land at different
altitudesor latitudes.
Diversity is often related to stability in a
permaculture.However, stability only occurs
among cooperative species,or species that do
each other no harm. It is not enough to simply
place as many plants and animals as you can
into a system,as they may compete with each
other for light, nutrient, and water. Some
plants, such as walnutsand eucalypts,inhibit
the growth of others by releasing chemicals
from their roots into the soil (allelopathy).
Other plants provide overwinteringhabitatfor
pests and diseases harmful to nearby plants.
Cows and horses grazed on the same pasture
will eventually degrade it. Lar.geffees compere
with grain crops for light. Goats in the orchard
or woodlot debark trees.Therefbre, if we are to

use all theseelementsin a system,we must be
carefulto place an interveningplantor structure
betweenpotentially harmful elements.
So the importance of diversity is not so
much thenumberofelementsin a system;rather
it is the number of functional connections
between theseelements.It is not the numberof
things,but the number of ways in which things
work. What we seek is a guild of elements
(plants, animals or structures)that work har_
moniouslytogether.
I

GUILDS
Guilds are made up of a close associationof
s p e c i e sc l u s t e r e da r o u n d a c e n t r a l e l e m e n t
( p l a n to r a n i m a l ) .T h i s a s s e m b l ya c t si n r e l a tion to the elementto assist its health,aid in
management,or buffer adverseenvironmental
effects.
We have long recognisedcompanion planting in gardens,and crop mixes of various species in agriculturethat do well together.Hence
the concept of guilds which rely on composition and placementof species which benefit
(or at least do not adversely affect) each other.
Benefits can include:
. Reducing root competition from invasive
grasses.Almost all cultivated fruit treesthrive
in herbal ground covers, not grasses.Comfrey,
for example, allows free roots to feed at the
surface and produces mulch and worm food
whenit dies down in winter,while springbulbs
(daffodils,Allium species)die down in thesummer and do not compete with trees for water
during summer-dr1'periods.
. Providing ph1'sical shelter from frost,
sunburn,or the dtuing effects of wind. Examples are hedges and borders of hardy
trees and shrubs*'hich deflectstrongwinds,
and scatteredrrees which provide partial
shade for crops such as coffee and cocoa.
. Providing nutrients in theform of leguminous annuals,shrubs,or trees.
. Assisting in pest control by providing
chemical deterrents(Tagetesmarigolds fumigate the soil of certain types of nematodes);
hosting insect predators(umbelliferousplants
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such as dill, carrot, and fennel);and using animal foragerssuch as chickens to clean up fallen
fruit.
It is this last item which interests me in
regard to pests in the garden, orchard, and
cropland. Plants can be defined as interacting
positively or negatively.Of greatimportance
in crop mixturesare pest interactionsand functions of the plant speciesinvolved:
. Insectary plant: the plant acts as a host (a
food plant) for predatory insects which prey
on the crop pests.
. Sacrificial plant: pests attack this plant
preferentially,which neverthelessdoes not prevent it settingseed.Other plants nearbyescape
severepredation.
. All-season host :pestsoverwinteror live in
this type of plant, enabling them to build up
largerpopulations(e.g.pestsof citrus arehosted
off-seasonby oleanders).
. Predator or pollinator attractor plant:
the crop or hedgerowspeciesprovides flowers
to feed the adult predators(e.g.buckwheat in
or near a strawberry crop).
. Trap crops: somecrops can attractandkill
pests,or thepestscan be caughtor destroyedon
thosecrops.
These important functions are served by
trees, shrubs, flowers, and vines, so that any
farmer who carefully selectshedgerowspecies
to be in one or more of the abovecategorieshas
substantialpest control capabilities.
If we have a system with diverse plant and
animal species,habitats,and microclimate,the
chanceofa bad pest situationarisingis reduced.
Plants scatteredamongstothersmake it difficu lt for peststo go quickly from one food plant
to another.However, once pests do breed on
a n y o n e t r e e ,i n s e c t p r e d a t o r sp e r c e i v et h i s
as a concentratedfood source and will congregateto take advantageof it. In the monocultural
situationthe food for pestsis concentrated;in a
polyculture,the pestitself is a concentrationof
food for predators.
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An edge is an interfacebetweentwo mediums: it is the surface between the water and
the air; the zone arounda soil particle to which
water bonds; the shoreline between land and
water;the area betweenforestand grassland.It
is the scrub, which we can differentiatefrom
grassland.It is the area betweenthe frost and
non-frostlevel on a hiilside. It is the border of
the desert.Wherever species, climate, soils,
slope, or any narural conditions or artificial
boundariesmeet,we have edges.
Edges are placesofvaried ecology.Productivity increases at the boundary between two
ecologies (land/u'ater:forest/grassland;estuaryI ocean;crop/orchard; because the resources
from both systemscan be used.In addition,the
edgeoftenhasspeciesuniqueto itself.In nature,
reefecologies(theedgebetu'eencoralandocean)
are someof the most hi_ehlvproductivesystems
in the world, aS ale mangÍoveecologies (lanÜ
sea interface).
There is hardly a sustainabletraditionalhuman settlementthatis not sitedon thosecritical
junctions of two natural economies,here the
area between foothill and forest and plains,
elsewhereon the edgeof plain and marsh,land
andestuary,or somecombinationof all of these.
A landscapewirh a complex edgeis interesting
and beautifui:it can be consideredthe basisof
theartof landscapedesign.And mostcertainly,
increased edge makes for a more productive
landscape.
Plannerswho place a housingsettlementon
plain
a
may havethe"advantage"of plain planning, but abandon the inhabitantsto failure if
transportfuels dry up, when they will have to
depend on a limited natural environment for
their varied needs. Successful and permanent
settlementshave always been able to draw from
theresourcesof atleasttwo environments.Similarly, any settlementwhich fails to preserye
natural benefits, and, for example, clears all
forestsand poisons estuaries,rivers or soils, is
bent on eventualextinction.
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We can eitherplace our homes and settle:rents to take advantageof theresourcesof two
cr more ecosystems,or we can increasethe
:omplexity of our propertiesby designing and
--onstructing
our own varied ecosystems.If we
:aven't settlednear water,we can make dams
,nd ponds; if we are on flat land, we can use
:rachinery to shape soil mounds or bunds up
round us; if we have no forest,we can grow a
'.roodland,nomatterhowsmall.Evenwithin
the
.rrgerproperty,we can think in termsof "edges"
:or smallerelements.For example,a pond can
:rther be of one shape and dcpth (and host a
.rmpleecology),or we can build it with varying
:epths,shapesand islands.Then we can plant
:ushesat the edge of the pond, waterliliesand
.\aterchestnutin the shallows,and have carp
:eedingon fringing vegetationar the top of the
:ond, catfish roaming the pond bottom, and
:irdlife on a shelteredisland (Figure 1.11).
The edge (boundary)acts as a net or sieve:
:nergiesor materialsaccumulateat edges,e.g.
.oil and debris are blown by wind againsta
:ence;seashellsform a line at tiretide-markson
b e a c h ;l e a v e s a c c u m u l a t ea t k e r b s i d e si n
"
: city. By noting how edgestrap materialsin
:..rrure,
we can designto take advantageof the

natural drift of materials or energies in our
system.Peoplevrhobuild roadsin snowcountry
recognisethe value ofconstructingspeciallattice fences to interceptsnow so that it does not
settle on the road. In desert country, where
mulch is scarce,we can construct"mulch traps"
in streambeds simply by adding a large log or
fence at an angle to the stream.During floods
the debris (silt and vegetation)carried by the
wateris depositedjust beforeor aftertheselogs
or fences.
Edges define areas,and break them up into
manageablesections.Edges can be defined
along fencelines,accessroads,pond shores,the
area betweenthe house and the driveway,the
patharoundthegarden,terraces,andin fact any
area that can be defined by a structure(fence,
trellis,house,or chickenrun),access(walkway,
pathor road)or a line of vegerarion(windbreak
or barrierhedge).So edge is also importantin
permaculturefrom the standpointof implementing and ntaintaininga sectionof the designedsystem.
only by deÍiningthe edges aroundan area
can we begin to controlit. If we do not control
the edge aroundour garden by planting barrier
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plants and weed suppressors,elements from
outsidethe garden(animals,weeds)will invade
it. In addition,we walk at theedgeand we pause
there;our energies are devoted to species we
have accessto ratherthanto thosewhich may be
in the middle of a large expanseof unbounded
territory.
Now we come to the concept of edge in a
different way: from its geometry,or pattern.
Think abouttheconfigurationof our brains,our
intestines.There are yards of material packed
into a small space,and a lot of edge or function
possible.Perhapswe too can increasethe yield
of our system by manipulatingthe shape of the
edge.A curved edge can be more useful than a
straightedge,particularly if the cr.rrvealso spirals up. A wavy (crenellated)edge is more
usefulstill,allowingaccesstomorearea.Mounds
or earthbanksalso show a lot of edge; more
plants can be placed on a spiral ramp around a
mound, especially in a small garden space.So
let's seewhat can be done when we play around
with edge confi gurations.

Spiral: When we make our gardenbeds,we
usually get the string and rake everything out
and make it level. If the gardenwasn't level to
start with, we soon level it. But what if our
gardenswent up into the air, or even down into
the ground?The shapeof a type of seashellthat
spiralsup is a very efficient way of stackinga lot
of digestion into a little space.A herb spiral is
just this (Figure 5.1). The base is 1.6 metres
across, with a planting ramp spiralling up the
middle.Herbs areplantedinto the spiral according to their needs,with sun-loving herbsfacing
thesun,and shade-lovingoneson theotherside.
with just one move, we condensedspace,createda variety of micro-climates,increasededge
for greateryield, and relieved the monotony of
a flattenedlandscape.
Lobular or Crenellated:I usedto live by the
seaand my treeswere always gettingblastedby
the wind. However, over the road I had a large
clump of spiny boxthorn(Lyciumferroc issimum)
and one day I got the brushhook and cut out a
complex seriesof bays (Figure I.12),leaving
the perimeter intact for protection against
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',rind and cows. Now
I had a variety of micro_
climates:warm spaces,areaswith cold winds,
shadyspaces,and dry and wet areas.And I
:ad a lot of edgein which to plant:so I put in
:n1,fruit trees surroundedby a smaller herb
^averof marigolds and comfrey. One dripline
$ atered the area, and for mulch around the
:rees, I slashed a bit more of the growing
rcxthorn.
A crenellated form (large or small lobes)
sives far more edge thana straightline (Figure
1.13),andhencemoreyield.The roundpondon
:he left has exactly the same area as thaton the
:r_eht,
but yield has doubled due to more water/
^andedge.
Chinampa: The chinampa system of
\Íexico and Thailand consistsalmost entirely
of edge (Figure 1.14).These ditch-and-bank
;onfigurations are highly-producrive systems;
plantsgrowingonthebankhaveaccessto water,
and fish in the ditch make use of the fringing
\ egetation.Muck from thebottomof theditch is
orought up in buckets and used to keep the
:arden beds on the bank fertile.
Edge Cropping: Edge cropping has been
;sed extensively in many parts of the world
'*here two crops (e.g. wheat
and lucerne, tree
;rop androw crop) areplantedin srips. We can
oevelopmore complex systems(Figure 1.15)
cy' planting strips of tree crop, comfrey (a per_
rJanentmulch and nutrientplant),legumes(ei_
:herfor harvest or for use as a green ma_
rure), sunflowers (forhumanor animalfood),
and vegetables.The vegetableresidues (sun_
llower and corn stalks) are used as mulch and
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nurrientfor the rrees.Harvestingand maintenanceis greatlyassistedby contouredtracksor
cropping in strips.
In tropical areas,a system of avenue crop_
ping employsa legume tree (leucaena,sesbani a, C aja nus spp.,A cacia spp.,gliricidia)which
is planted in strips with vegetablecrop (maize,
pineapple,sweet potato).The legume ree,
coppiced or used as shade annually,provides
nitrogen and mulch to the crop. It also produces firewood (Figure S.l0).
Edge patternscan be zigzag (zigzag fences
stand up to wind betterthan straightfencesl;
lobular (keyhole beds create different microclimates);elevated(moundsand banksprovide
wind protection,greatergrowing surface,and
good drainage);pitted or "waffle iron" (for
gardenbeds in dry climates,and to trapmulch
and debrisblowing acrossthe landscape);gen_
tly curved(pathscut on thecontouralonehill-
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FIGURE1.14 Ditchand bank (chinampa)systemsare highryproductive
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sides allow access for planting, mulching and
watering);and sharply curved (suntrapdesign
to enhanceheat and protect from cold winds).
Figure 1.1ó shows sometypesof edgepatterns.
We need to selectappropriateedge patterns
for climate, landscape, size, and situation, as
different kinds of systems and plant species
needdifferentapproaches.Small-scalesystems
allow greater pattern complexity; large-scale
systemsmust be simplified to minimise work.

The foregoing ideas are environmentaland
permacultural principles. They deal with the
site, or the environment,or the actual design.
The following are people-orientedprinciples,
and deal with principles of attitude.
EVERYTHINGWORKS BOTH WAYS
Every resource is either an advantageor a
dependingon the use madeof it.
disadvantage,
A persistentwind coming off the sea is a
disadvantagefor growingcrops,butwe can turn
I

it into an advantageby building a wind-generator andplacing our gardenwithin shelterbeltsor
in a greenhouse.
Disadvantagescan be viewed as "problems"
and we can take an energy-expensiveapproach
to "get rid of the problem", or we can think of
everythingas being a positive resource:it is up
to us to work outju st how we can make useof it.
"Problems" can be intractableweeds (e.g.lantana in the tropics),huge boulders lying on the
perfect house site, and animals eating garden
and orchard produce. How can we turn these
into useful componentsof our system?Lantana
is an excellent soil builder; it can be shadedout
with a vigorousvine such as choko (chayote),
or slashed and used as rough mulch around
pioneer trees (which will eventually shadeout
the lantanaif planteddensely).Boulders on the
perfect house site can be incorporatedinto the
house itself, for beauty and as a heat storage
system.Animals can be trappedandeaten;blackbird pie was a standardfavourite in England
with good reason; possum skins are warm;
and venison is undoubtedly a better protein
than beef.
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T PERMACULTUREIS INFORMATION
AND
NTENSIVE
IMAGINATION.I
Permacultureis not energy- or capital-in::nsive. ratherit is information-intensive.
It is
::e quality of thought and the information we
j s e t h a t d e t e r m i n e sy i e l d , n o t t h e s i z e o r
:.uality of the site.We are using not only our
::ry'sicalresources,but our ability to access
::formationand to processit.
Informationis themostportableand flexible

investmentwe can make in our lives; it represents the knowledge, experience,ideas, and
experimentationof thousandsof people before
us. If we takethetime to read,observe,discuss,
and contemplate,we begin to think in terms of
multidisciplines,and to design systemswhich
saveenergyand give us yields.
The yield or living that can be made from a
particularsite, for example,is not limited by
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size, but ratherby how effectively we can use a
particular niche. It is the number of niches in a
system that will allow a greater number of
species to fit into our design; our job is in
working out how we can create them. For example,the numberof pairs of pigeonsbreeding
in a cliff dependson the number of ledges.If
we want pigeons on our property (for their
manures,orto eat),we can provide more ledges
in the form of pigeon houses around the
garden. We see how things work in nature,
and take our ideas from there.
Even if we have an energy-efficientproperty
(where the waste products of one element are
used for the needs of anotherelement),fullyplanted,andunderconEol, thereis always some
betterway in which it can work, always another
niche to fill. The only limit on the number of
usesof aresourcepossiblewithin a system,is in
the limit of the informationand the imasination
of the desisner.
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Broadscale Site Design

This chapterfocuseson sitedesignin a broad
sense: analysing resources;working with the
sitelimitationsof landform,microclimate,soils,
and water; and siting the house, access, and
fencing for maximum benefit and to avoid catasüophes such as fire and flood.
Planning thedesignis the singlemost importantthing we can do beforeputting anythingin
place.The overall plan, if done thoroughly,will
save time, money, and needlesswork.
There are several ways to start the design
process, depending on your nature and needs.
You can start out by defining your goals, as
precisely as possible, and then look at the site
with thesegoals in mind. Oryou can takethesite
with all its characteristics(bothgood and bad),
and let goals suggest themselves.Of the two
questions-"What can I make this land do?"
61-"$y'[31does this land have to give 6s?"thefirst may lead to exploitatic.nof land without
regard to long-term consequences,while the
second to a sustainedecology guided by our
intelligent control.
Defining goals and identifying site potentials and limitations go hand-in-hand.It is always easier to see the site with goals in mind,
even if those goals later turn out to be unrealistic. In fact, goals may need to be re-definedin

view of site limitations.Design is a continuous
process,guided in its evolution by information
and skills derived from earlier experienceand
observations.All designsthatinvolve life forms
undergoa long-teÍmprocessof change;eventhe
"climax" stateof a forest is an imagined concept.

Observationand researchare used to identify the resourcesand limitations of a particular
site. We get maps of the property, and consult
recordsof wind, rainfall, flood, fire, and species
lists of thearea.We ask local peopleaboutpests,
problems and techniquesthey use. This informationgives us a broadpictureof the area.They
set the scene.However, they tell us nothing
aboutthesiteitself.Only by walkingthesiteand
observingit in every seasoncan we discoverits
limitations and its resources.We can change
many of these over time by good design,
appropriateplant and animal species, water
storage,windbreaks,and so on.
I

MAPS
A good feature map is a great help in site
design;it revealswaterways,vegetation,soils,
geology, and access (all essentialor useful in-a
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formation).We can make a map or buy one,and
combine severalspecialistmapsor aerialphotos
to picture the site. If the maps shcw good contour lines, these can help us to design water
systems and to place components that need
specific aspect,slope, or altitudinal advantage.
Things to map are the natural featuresthat
include landform (size, shape,geological features, slope, and aspect),existing vegetation,
streams,and soils; and built environment("improvements")such as fences,roads, buildings,
dams and earthworks,power and waterconnections,etc. If we walk aroundthe site and colour
in all thesefactors on the map, the site almost
beginsto designitself.Plantedtrees,pasturesor
windbreaksmay be consideredeitheras partof
the naturalor the built environmentdepending
on whether they are clearly recent improvementsor long-established
evolved.partsof the
landscape.
Maps are useful only when they are used in
combinationwith observation.Never try to design a site by just looking at a map, even if it is
thoroughlydetailed with contour lines, vegetation, erosiongullies, and so on markedin. Maps
aÍenever representativeof the complex reality
of nature.Obtain good maps if you can, but pay
more attentionto theground,to thebehaviourof
organisms,pioneers, water, wind, and to seasonalchanges.Remember,"The map is not the
territory." (Korzybski, G eneral S emantics).
I

OBSERVATION
As we walk abouta site and talk to people,
we can noteour observations.At this stage,we
try to store the information we gain in some
accurateway' caÍTya notebook,cr a cameraand
tape-recorder,and make small sketches.The
noteswe end up with can laterbe used to devise
design strategies.
We do notjust see and hear,smell and taste,
but we senseheatandcold, pressure,stressfrom
efforts of hill-climbing or prickly plants, and
find compatible or incompatible sites in the
landscape.We note good views, outlooks, soil
coloursandtextures.In fact,we use(consciously)
all our many sensesand become aware of our
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bodies and responses.
Beyond this, we can sit for a time and notice
patterns andprocesses: how some ffees prefer
to grow in rocks, some in valleys, others in
grasslandsor clumps. We see how water flows
on the site, where fires have left scars, winds
have bent branches or deformed the shape of
rrees, how the sun and shadows move, and
wherewe find signsof animalsresting,moving,
or feeding. The site is full of information on
every naturalsubject,and we must learn to read
it well.
Readingthelandscapeis a matteroflooking
for landscapeindicators.Vegetationin particuIar provides information about soil fertility,
availability of moisture, and microclimate.
Rushes, for example, indicate boggy soils or
seepages;dandelionsand blueberriesacid soils;
and dock compacted and clayey soils. Large
treesgrowing in dry regionsindicatea sourceof
deepwater.An abundanceof thorny or unpalatable weed species(thistle,oxalis, sodom apple)
indicatesovergrazingor mismanagement;erosion gullies and compactedpathwayswill confirm this. A plant flowering and fruiting earlier
than others of the same species indicates a
favourablemicroclimate,andtreesgrowingwith
most of their brancheson one side indicatesthe
direction of strongprevailing winds.
These examplesare specific to differentclimatesandevento differentlandscapes.Locallydeveloped rules of thumb come from knowledgeof the local region.
Fire frequencyanddirectioncan also be seen
by notingchangesin vegetation.Fire produces
dry, scrabbly,summer-deciduous,
thick-seeded
species;lack of fire develops broadleaf,evergreenor winter-deciduous,
small-seededplants
and a deep litter fall. Often, trees and other
plants will indicate frost-lineson slope properties by a changein vegetationtype.
As we observe,we can notepotential"problems",suchas noxiousvegetation,erosiongullies, boggy ground,rocky areas,orcompacted,
leachedsoils. These are areasofspecial consideration,and might be selectedfor specialyields,
or left untouchedfor wildlife areas.Some prob-

lems, with a little thought,are turnedto advantage.Boggy groundis an indicatorof thenatural
drainagepatternsof the area,and reflects impermeable subsoils;thesecan be rnadeinto a wetland area, or dug out to provide open water.
Sometimesbelow swampsand marshesthereis
an accumulationof peat,or high-valuepotter's
clay. If ponds are made in the marsh,somepeat
can be harvested for potting soil or to improve
sandy areas.
There are many resources to look for. Are
therestreamsor water sourcesat head (for water
supply and possible energy supply)? Are there
forestscontainingvaluabletimber,or evendead
logs useful for wildlife or for firewood? Is there
a good wind site for wind power?
Therearemany categoriesof resources:earth
resources;biological resources (plant, animal,
and insect life); the energy resourcesof wind,
water, wood, oil crops and gas; and the social
resources.The social resourcesinclude the potential of the site for teaching and seminars,or
recreational activities, which depends mainly
upon location,facilities available or thatcan be
constructed,and local planning laws.
By observingthelandscapewe draw inspiration from the survival strategiesfollowed by
naturalsystems,and imitate themusing species
of more direct use to us. We observe, for example, that large treesgtow on the shade side of
deep dryland canyons; this is where we can
place our own treesfor assuredsuccess.Or we
see that pioneer plants are establishing at
fencelines and posts from bird droppings; we
can set dozens of perch posts throughoutthe
landscapeto encouragesuch plants,or we set
out perches near small fruit trees to provide
phosphatefor our trees.
OFF.SITERESOURCES
We can find out about opportunitiesin the
local area. Sawmills, dumps, markets, horse
stables,restaurants,and chicken farms are all
potentialresources;wasteproductscan be used
to improve the site while our own resourcesare
being developed.
One of the most overlookedfactorsis access
I

to non-siteresources,e.g. shops,schools,markets,andotherservices.Estateagentsrecognise
the value of locating closer to towns, with land
prices higher the closer they are to essential
services.While permacultureplaces more emphasis on site resources,externalresourcesarg
often critical not only in establishinga system,
but in the time and money it takesto get to town
(for work or school). Parents far from a main
highway will often need to travel twice a day to
deliver and pick up school children.
It is also important to take your own resourcesinto account.Are your skills and financial assetsequalto thedesignyou would like to
implement?Can your skills and products be
used in the local area?Is therea market for fine
herbs, nursery stock, free-range poultry, organic fruit and vegetables,seeds,water lilies,
freshwaterfish, or whateveryour perrnaculture
systemcan provide? Can you use local revolving funds to assist changes, given a realistic
businessplan?

Topographyor landform is an unchangeable
featureof a site,and althoughminor earthworks
can alter some of the nature of the site, large
earthworksare expensive and usually unneces-

sary.

Topography has an effect on the microclimate, water drainage patterns,soil depth and
character,access,and view of a site.To understand its influence on the land, the topographicalfeaturesthatmustbenotedandmapped
are:
. Sun-facingand shade-facingslopes;
. Cliffs or rocky outcrops;
. Drainagelines (watercourses);
. Rough terrain;
. Good and bad views;
. Hill heights,gtadients,and access;
. Boggy aÍeas,aleas susceptibleto erosion,
and so on.
Obviously a small site will be easy to map,

35

while a large acreagewill take some days or
weeks.
A variable site with many of the above features is most useful, especially in regard to
slope.Slopes are notedas to aspect(whetherit
faces north, south, east or west), and gradient
(gentle,medium, or steep),the latter being a
good indication of potential erosion problems,
especially if treeshave been cleared off a steep
hill. The effect of slope on microclimate is
discussedin the following section.
It is important to note that permaculturecan
be developed on any type of country: rocky
hills, swamps,alpineregions,alluvial riveÍfl ats,
or deserts.It is not necessaryto try to changea
stable landscape to achieve particular conditions,as every landscapeand naturalecosystem
will dictatethegeneralnatureof thepermaculture
possible; this is necessaryif the system is to
have long-termviability.

Climate is the basic limiting factor for plant
and animal diversity in an area.Although any
siteplanningmust considerthe overall climate
of the region (humid-hot,dry-hot,arctic,temperate,etc.),we must takeparticularnoteof the
differentmicroclimatesdueto topography,soils,
vegetation and other factors. Two properties,
located only a few miles apaÍt,can var}, in
rainfall, wind speed,temperature,and relative
humidity, so it is vital to analysethe siteclimate
in detail ratherthanto rely on thebroadclimatic
statisticsfor the district. This important basic
step can mean the difference betweenliving in
pleasant surroundings or in miserable conditions on a property that will probably change
hands every few years.
If we studythe microclimateson our site,we
will be able to:
. Place structures,plants,and animals in the
most favourablesites,(e.g.the housefacing the
sun in temperateclimates, or the house on the
shadeside of a hill in hot climates);

36

. Focus beneficial energiesand scatterhostileenergiescomingintothesite(e.g.plantwind
barriersnear the house and crop, or conversely,
plant trees in such a way as to funnel breezes
towards a house);
. Extend favourablemicroclimates.
The next sectionsdiscuss factors which can
mostaffectmicroclimateon a site,andso should
be consideredwith the house site and growing
areasin mind.
I

TOPOGRAPHY
Topographyrefers to the landscapefeatures
of a site,usually to what degreeit is hilly or flat.
Flat areas will have very little difference in
topography(meaninglittle or no differencesin
microclimate), whereashilly areas show great
variationin microclimate.
Aspect
Aspect refers to how slopes are oriented in
relation to the sun, and affects site conditions
due to the amount of direct sun they receive.
Slopes facing "sunwards" (northin the southern hemisphere and south in the northern
hemisphere)receive the most sun; if they are
also facing east, the maximum temperatureis
reachedin the morning, while if they are facing
west, the maximum temperatureis reached in
the afternoon.A slope facing "the shade side"
(northin the northernhemisphereand south in
thesouthernhemisphere)will receivevery little
directsolarradiation.
The influence of aspecton plants in natural
plant communitiescan be seenwhere sun-facing slopesarecoveredby dry sclerophyll forest,
while on thecooler, wettershade-facingslopes,
they may be occupied by wet sclerophyll forest
(Fi gure 2.lc) .The u seof aspectin permaculture
usually means taking advantage of the sunfacing slopes since theseare useful for ripening
fruits, siting the house for the most waÍmth
during winter, and planting vegetation that is
"marginal" for thatparticularclimate, such as a
tropical tree in a subtropicalregion.
Conversely, plants or structuresthat need
shadeor additionalcoolnessareplacedon shade-
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side slopes,e.g.a cool cellar for storingwines,
or cool-climate berriesin subtropicalclimates.
For energy-efficienthouse design in particular, but also for placing gardensand orchards,it is essentialto note the seasonalvariation of the sun's path,particularlyits absolute
height in the sky between summer and winter
(Figure 2.la) and the distanceit travelson its
pathfrom eastto west (Figure 2.1b).
Aspect is not as importanta factor in cloudy
climates, or when the sun is shaded by even
larger topographicfeatures,such as a mountain
or ridge oppositethe site.
The effectof aspectplusthe actualsteepness
of the slope is quite marked.As can be seenin
Figure 2,2, a gentle slope is waÍmer in the
summer as it receives sunlight coming in at a
favourable angle. However, the best slope for
winteris a steepone, as it receivesthe sun at a

betterangle than a gentleone.
Cold Air Drainage
The steepnessof the slope affectsboth water
runoff and soil stability,but in terrnsof microclimatic planning, it mostly influences cold air
drainage.Cold air is heavierthan warm air, and
tends to flow from convex hills into concave
valleys.It will pool in thevalleys,increasingthe
likelihood of frost. Hilltops are also prone to
frost as pools of cold air remain on flatterridge
tops and plateaus.The most frost-freesites are
usually on the upper or mid slopes of valleys
above 20 metres. Because they are waÍmer'
night and day, than either valley floor or ridge,
such areasare known as the thermal belt (Figure 2.3).This areahaslong beenusedfor siting
villages,houses,and favouredgrowing areas,
e.g.vineyardsin France and Germany.
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However, this simple determinationof frost
u'orks only on simple landscapes.Actual landscape,with its complex vegetationaland topographicalfeatures,needsmore observationand
planning.Because cold air flows like treacle,
ratherthan like water,it moves slowly around,
over,andundersturdyobjects,andis blocked by
obstacles(buildings,trees,and landforms).For
example,cold air flowing downhill towardsthe
r,alleyfloormay be stoppedby a forestabove:in
thatcase,thecold air is effectively dammedand
r,r'illpool above the forest rather than in the
valley. In order for the cold air to move dou nu'ards,large openingsmust be cut for air drainage (Figure 2.4); unless,in facr, the foresr is
protectinga house or vegetationimmediatelv
downslope.
Often, a constrictionon the slope or nearthe
valleyfloor will allow cold air to pool,andfrosts
may occur in any month (in temperateto cold
climates).Houses sited above theseconsrrictions will always be cold, whereas20 merres
awaytheperfecthousesitemay well exist.Even
in the subtropics,valleys below large bare plateauscan expect regular or occasionalfrosts

following clear nights.
Winds
Although any site will be subject to global
wind patternsor even catastrophicwinds (cyclonesandhurricanes),only thelocal prevailing
winds matterwhen planning for microclimate.
Topography can have quite an effect on local
and regionalpersistentwinds; in some mountain areas,regional prevailing winds may even
come from the wrong direction because of a
particularvalley shape.
In valleys, slope winds aÍecaused by rapid
heatingandcoolingofthe landon cleardaysand
ni_ehts.
Cooler air, being heavier,flows downhill. In a largevalley system,small local winds
follou a daily cycle (upslopeand up-valleyby
day. dou nslopeand down-valleyat nighg.
\\'ind speedsincreaseon the windwardside
nd_se
oi
s:decreaseon theleewardside.(For any
nieanin_sful
protectionof theleewardside,however. \\ind speedsneed to be atleast5 metresper
secondandtheslopes5oor more.)Wind speeds
increasegoinguphill:decreasegoingdownhill
tFigures 2.5a and 2.5b).And wind speedin-

SLPW

FIGURE2.5 Howwind behavesgoingup and downhills (A and B). In C, wind speeds increaseat constrictionsin
landscapeor vegetation.
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creasesgoing past a constriction(whetherlandform or vegetation);this is called a "Venturi"
effect(Figure 2.5c).
Near lakes or the sea, breezes play an
important part in microclimate.Because of the
marked temperature difference between large
bodiesof waterandtheland surface,aircurrents
setup a cycle of offshorebreezes.By day warm
air rises over theland, allowing cool, heavierair
from theseato rush in. At night,as theland cools
down, the processis reversed(Figure 2.6).In
the tropics and subtropicsthese breezes bring
welcome relief almost all year around,whereas
in temperateregions they are more seasonal,
usually appearing in summer. Houses, especially those in the tropics, are built to rake
advantageof the naturalventilationprovidedby
thesesea breezes.Conversely, in cool climates
hedges are used to deflect these winds from
house and garden.
We can tell from which direcrion the wind

usuallycomesby examiningthetreesandbushes
on the site. If they are bent in a particular
direction, it means they are responding to frequent winds. At the sea-side,trees are almost
flattenedin responseto strongbreezesand salt
spraycoming off theocean.If thereis no vegetation on the site,stakes(1.5-1.8metrestall) with
cloth or plastic strips attachednear the top can
be driven into the ground at various places.
Observinghow oftenand in which directionthe
strips are blowing will tell us the usual wind
direction.This method,of course,means observing the site throughoutthe year, so it is
much betterto analysethe surroundingvegetation, if possible.
Information on how to control winds with
vegetationis given in a following section.
Elevation is also an importantmicroclimatic
factor.Temperaturesdecreasegoing uphill; every 100 metres(330 feet)of altitudeis equivalent to 1o of latitude,so that at 1000 merres

o,,,frjáür

t4'vD ffifE?E

F I G U R E2 . 6 H o wl a r g eb o d i e so f w a t e rh a v ea n e f f e c to n c o a s t a lc l r m a t e .

FlGuRE 2.7 EfÍectof e|evationon vegetation:
coo|ers|opeseven in tropica|c|imatesenab|ethe growingof
temperatespecies at higherelevations.
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(3300feet)on the equator,the temperaturesare
aboutequivalentto a climate 10ooff theequator.
This means that in a subtropical or tropical
mountainousregion,differentvegetationcan be
grown.A typical planting sequenceoftenfound
in the tropics from seashore to mountain is
coconut, sugar cane, banana, tea, and pine
(Figure 2.7), with each succeedingcrop needing cooler conditions.
WATER MASSES
Large water masses such as the sea and big
lakes warm up and cool off slowly, modifying
the temperatureof the surrounding area. In
temperateclimates, frost is rarely a problem
near the sea, whereasjust 20km inland frosts
may occur during much of the winter.
Water also modifies temperaturethrough
evaporation.During evaporation,energy is
drawn from the surrounding air, and as the
temperaturedrops, the humidity increases.So
even small lakes,pools, and pondscan be effective climatemoderators,especiallyin arid areas.
Fountains, for example, are found in many
Mediterraneancountriesto provideevaporation
and cooling of the courtyard.
Reflectedlisht from wateÍis alsoa considerI

ation when designinga site. Although diffuse
reflection from water surfaces is low, mirror
reflectionis usuallyhighduringthewinter(when
the sun is low in the sky).In the Main valley of
Germany, reflected sunlight from the river is
used to ripen grapes on steephillsides. Th6refore, thesun-facingbanksor hills behindponds,
dams, lakes, and rivers can be considered
favourable areas for marginal plants needing
extralightandwarmth.Housessituatedon these
banksor bermsreapextrawarmth(Figure 2.8).
I

STRUCTURES
Structuressuchastrellis,earthberms,greenhouse,fences,u'alls, and gazeboscan affect
microclimateon a small scale by modifying
wind speedor temperature.
The greenhouseis the most useful structure
for microclimate control in temperateregions,
enablingalmostany plant to be grown.Greenhousesattachedto the houseare bestfor winter
heating,savingwinter fuel by day.
Earth berms or mounds affect microclimate in a variety of ways (Figure 2.9). They
can:
. Block low sun on the west side, giving
relief to houseand gardentowardsevening.
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. Block or channel winds.
. Offer insulation (soil retainsheatand loses
temperaturegradually).
. Give privacy and block unpleasantviews.
. Block traffic noises (sometimesby 8OTo);
Iargeearthbermsbetweensuper highways and
subdivisionsare now commonplace.
. Provide more complex spacefor plants by
increasingvertical space.
Sun-facing walls are also important in microclimatecontrol.Like a sun-facingforestedge,
walls provide shelter from winds and can be
used to reflect winter sun. Dark stone walls
absorb heat and re-radiateit at night, reducing
frostrisk. Plants placed in front of theseu'ill put
on maximum growth.White-paintedwalls reflect heat (and so reduce heat gain);plants in
front of these will ripen best. In Germany,
experimentswith tomatoesandpeachesagainst
both black and white walls showedmore rapid
plantgrowthagainsttheblack wall; yield, however,due to betterripening,was higher against
a white wall.
Trellis is useful for quick wind protection,

fordividing spacearoundthehouseandgarden,
for making a microclimate(dueto shadingand
heating),and as a temporaryshelterover small
treesto preventsunburn.
Small structuresaround individual treesor
plantscreatea microclimateof more moisture,
lessu'ind,andoccasionallymoreheat.For &ees,
a vanety of windbreaksare in use in various
partsof theu'orld:tyres,strawbales,old fertiliser
bags.-1-1-_eallon
drums,etc.(Figure2.10).Inthe
garden.cold fiames,cloches,andinvertedplastic bottlescan all be usedto StaÍt
plantsin early
spnng.
I

SOILS
Soil has a small influenceon microclimate
dueto theantounrof heatir conductsandlighrit
reflects,and also becauseof its differing\Á'ater
and air content.
As mulchconductsvery littleheatthroughto
the soil, it is best to remove the mulch from
growing areas in the spring so that the ground
can warm up.
Mulch absorbswaterreadily and releasesit
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slowly to the soil, so it is an importantaid in soil
moistureretentionduring warm or windy periods.
VEGETATION
Vegetation has a profound effect on microclimate. It is the planting and use of vegetation
(forest,woodland,windbreak,shrubs,andvines)
that most shapes the microclimate of the site.
Vegetation can modify the temperatureof any
particularsite by:
. Transpiration
. Convective transferof heat
. Shading
. Wind protection
. Insulation

fukeM A{R FtálNá
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Transpiration
Plants convert water in their leaves into
water vapour which then passesfrom the leaf
into thesurroundingair.This processconsumes
energy,which causestheair aroundtheplantsto
grow cooler (ust like sweatingin animals).As
the temperaturedrops, humidity increases.For
transpirationto work, water must be available.
Many arid land cultures have techniques for
making small areas,usually aroundthe house,
cooler.Canary Islandersuse largeearthenware
pots filled with waterand coveredwith hessian

coolsambient
FIGURE2.11 Planttranspiration
in hot-dry
climates.
temperature

44

cpL'%-Í"a€ ,

guel*Á

űxBtnr*Í??Í9 fttvlJ^o{í *aT

l|.l-Ío(,oov

FIGURE2.12 Forestis coolerduringthe day and
air.
warmerat nightthan surrounding

in sma1l,plant-filledcourtyardsto cool thetemperatureof thesurrounding rooms (Fi gu re 2.1 I ).
Convective Transfer of Heat
During the day plantsabsorbsun energy;in
a forest or woodland large amounts of sun
energyis absorbedby the leaf canopy,and the
surroundingair is heatedandrises.Cooler air is
dra*'ninto the forest,which remainscool during the dai'. At nrghtthis processis reversed,
u'ith u'armerair than the ambientnight temperatureflou'ingout of theforest.The forestis
insulatedb;' its densecanopy of leaf cover, so
thattheflow is at theedges.Anyone who walks
tou'ardsa forest at night will be able to feel the
differencein air temperature(Figure 2.I2).
Shade
Blocked sunlighthas a powerful effect on
microclimate.A piece of bare ground can cool
down to2}Voof its original temperatureafterthe
arrival of a shadowline from overheadfoliage.
Leaves have 3-6 times as much surfaceareafor
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FIGURE2.13 (A)Deciduoustree with seasonalshade effecton house.(B)Shape of shadowcast by differenttypesof
ITCES

energy interceptionas a canvas awning, dependingon thedensityof thefoliage.Treeswith
dense foliage can filter 75-907o of the sun's
energy, while trees with loose foliage allow
filteredsunlight.Also, treeswith coarseor hairy
leaves,and thosewith dark leaves.absorb sun1ightandhenceheat.Shiny,light-coloured
plants
reflectsunlight.
Designerscan use this informationto place
appropriate plants in selected locations. For
example,in climateswherelateafternoonsunis
a problem,a densehedgeplantedon the west
sideof a housenotonly providesshade,but also
deflectswesterlywinds in winter.In contrast,a
loose-foliagetreeplantedon thc eastor sun side
of the house allows some protectionfrom the
sunin summerbut letsin wintersun.Deciduous
trees work in the same way as they drop their
leavesin winter.The shapeof amaturetreemust

also be taken into account,be it round, oval,
pyramidal,or columnar,astheshadeit castswill
also be of thatparticulaÍshape(Figure 2.l3),
To takeadvantageof sunreflectionoff shiny
leaves,treessuch as poplarscan be plantedin a
parabolic arc around an orchard or house.With
this arc facing the sun, the reflectionoff the
shinyleaveswill concentrare
heatonto a point
withinthearc,makingthisareadrierandwarmer
(Figure 2.11). Such suntrapsalso work on a
slope,as thevegetationu'i1ltrapwarm air rising
up the hiil. This shapeallou's cold air coming
downhill to flou' around it, minimising frost
danger,and,dependingon wind direction,helps
to deflectcold u inds aroundbuildinesor fields.
Wind
Windbreaks have been used for years to
shelterhouses,animals,and crops from wind,
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FIGURE2.14 Sun trap shapes for house and fields

and aÍethe most effective in microclimate control. The benefitsof windbreaksare as follows:
They
. Reduce wind velocity and soil erosion.
. Protectwind-sensitiveplantssuch as kiwifruit.
. Reduce crop losses causedby the shaking
out of seed or grains.
. Modify air and soil temperatures(the soil
can be as much as 10oF higher in a sheltered
area).
. Increaseavailable moisture due to dew
formation on the leaves of trees.
. Reducethenumberofanimaideathsduring
cold storms.
. Reduce animal stresscausedby summer
heat.
. Reduce feed requirementsif animals can
browse some of the windbreak trees (honey
locust,carob).
. Provide timber and fencing materials for
the farm (from thinnedor old windbreak).
. Enhancethe habitatof insect-eating
birds.
. Improve living and working conditions
around the house and farm.
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. Provide sources of nectar for bees and
improve conditionsfor pollination of crop (less
wind to deflect bees).
Windbreak shape depends largely on the
crop, site,and climatic condition.Figure 2.15
shows a variety of windbreak groupings.
Dense and permeablewindbreaks are used
for differentpurposes.Dense windbreaks give
the greatestprotectionleewardat2-5 times the
heightofthetrees(Figure 2.15c).However,the
protectionfalls off rapidly because negative
pressureforms downwind and draws the wind
back down. The pressuredifferencealso dries
out the soil. On the other hand, a permeable
windbreak (Figure 2.15d) allows air to flow
through,and althoughthe initial protectionis
not as great as with a dense windbreak,the
protectioncontinuesfor a greaterdistance(2530 times the height).Figure 2.16,7-9 shows
other effective windbreaks for intensive cropping,while Figure 2.16,I-6 illustratessome
ineffective windbreaks.
As shelterbeltscan be used to serve other
useful functions,considerthe inherentcharacteristics of particular trees. Almost any tree
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provides wind protection (as long as it is not
itself wind-sensitive),privacy, and shelter for
animals. What else can it do? Some species
(leguminous trees, alders) fix nitrogen in the
soil, can be coppiced for firewood (willow,
eucalypts),provide foliage for animal fodder
(Coprosma repens,leucaena,willow), provide
yield nutsfor
leatherwood),
honey(eucalyptus,
(oak,
human
food
or
animal
chestnut),act as a
fire retardant(Coprosma repens,black wattle),
and are useful in erosion control (strong-rooted
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freessuch as willow and poplar).
The negativeaspectsof treesmust also be
taken into account. Some have vigorous root
systemsthat competefor water and nutrients
with cropsor pasturenextto them.We can either
accept this in exchangefor the benefitsthey
provide, or maintain a yearly deep ripping to
partially cut back the root system, reducing
competition.
Windbreaks are quickly startedusing fastgrowing shrubs and trees interplantedwith

slower-growing(butlonger-lived)trees.As these
uees (usually hardwoods)are slowly growing,
fast-growingtreesprovide nectarfor bees,forage for animals, and mulch for the garden,and
are later harvested for firewood or polewood.
Note that trees used for windbreaks will not
yield much fruit (as the wind shakesthem off),
and should not be relied on for commercialuse.
Coastlines present particular difficulties.
Across the great unmodifiable plain of water,
winds arrive at gale force, carrying salt and
abrasivesandgrains.To proteetourselvesfrom
thesewinds we choose vegetationwith:
. rough bark, like palms (able to withstand
sandblast);
. hard, needle-like leaves, such as hardy
coastal pines (A r auc ar i a), tamarisk s, c asuarina
(to resist severedessication);or
. fleshy leaves, like the ice-plant, taupata,
agaves, and Euphorbias (which retain moisture).
The bestguide,when choosing species,is to
observe successful species already growing in
the local area. Figure 2.17 shows a possible
seasideplantingsequence.
Insulation
Bushes and vines plantednext to a building
protect it from wind and also add a pocket of

insulatingair betweenthe building and the vegetation,thus protectingit againstheat loss.
Snow is also a good insulatorfor buildings if
it is piled up on theroof or againsttheshade-side
wall, thus reducing heating costs. Shrubs and
treeshelp to trap snow in preferredareas.Snow
beneathwindbreaksinsulatesthe glound, ensuring an even temperature(actingin much the
sameway as deeplitter,or mulch).Snow thaws
slowly on sunnydays,ensuringa slow warming
of the ground.Dependingon what is planted
neaÍthe shelterbelt,this can have a negativeor
positive effect. Spring bulbs will bloom later
thanbulbsplantedin fast-thawing
environments.
Special VegetationStrategies
Plants in the form of vines, groundcovers,
and shrubsare very useful in microclimatecontrol.
Vines andTrellis
In very windy areas,plants suffermost from
lack of wind shelter.The fastestpossible aid in
thesecasesis to build trellis at nearright angles
to the house walls. Such trellis has a multiple
effect: it separatesliving space into a recreational, garden, or service area; prevents the
flow of cold winds alongwalls (andactsasa sun
trap); and itself presentsa basic structurefor
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vine crop. Trellis structuresmay curve out from
the house corners, or simply break up a facade
on institutional buildings (schools, prisons),
offering severalplaces for benches,lawns and
gardens.
Frequently, large buildings and roads converge to make wind tunnels. Large boulders,
trees and shrubs, and trellis conveÍt them to
shelteredand sinuous access, and block dust,
cold, and noise as a side effect.This is trueof all
driveways, service roads, blind entriesand minor trafficways.
Besides their windbreakpotential,vines are
fast-growing (4.5-6 metres a year in hot, *'et
climates) and can be used for fast shadewhile
trees are growing. Be careful in selecting the
right species for the climate and situation, as
vines can be rampant and difficult to eradicate
once established.Pruning mav be an option in
thesecases.Somevinesgrow into monar.r,r'ood
shingles,window frames,and downpipesand
gutters,so it is bestto find outthecharacteristics
of any particularvine beforedesigningit in.
Vines have good insulating propertiesif
placedoverroofs and on walis.Thick vinescan
reduceheatgain by 707oand heatloss by'307o.
Ivy in temperateregions have been used for
hundredsof years to insulatebrick buildings in
both summerand winter.Deciduousvines such
as grape,wisteria and Virginia creepercan be
placed on the sun-sideof housesor gardensin
temperateor hot, arid regions for shading.
Ground covers and mulch
Bare ground is much hotterand colder seasonally than protectedground. Ground is best
uncoveredin the spring when new plantingsare
underway and the soil needs warming; otherwise earthis bestcoveredwith mulch and living
groundcovers. Natural groundcovers (grass,
creepingplants) and mulch have the following
features:They
. Reduce heatbuild-up by evaporatingwater
and shadingthe ground.
. Do not re-radiate heat (as plastics and
pavementsdo).
. Protect the ground from erosion.

50

. Do notreflectlight,so can be usedtoreduce
glare.
. KeeP the ground waÍmor cool, depending
on the weather.
. Act as a weed barrier (although occasional
weeding may be necessary).
Non-grass groundcoversareplanted beneath
trees (young fruit trees grow poorly in grass) as
"living mulch". Depending upon climate, these
can be dichondra,Dolichos,lupin, and mass
plantingsof marigold.If thegroundcoverisalso
a vine, it may have to be chopped back every
now and then. A locally-occurring or native
legume is most useful for nitrogen-fixing.
Shrubs
Shrubs provide a moistureenvelope around
a Eee, and can give frost protectionin marginal
aÍeas.\{iriam and Jim Tyler in a marginal area
of Neu' Zralandplantedtagasaste0.6-0.9metres
from avocadoes to protect young trees from
tiost. The tagasastewas slashed2-3 timesduring the summerfor firewood and mulch around
the tree,and eventuallycut out altogether.
Shrubs make good garden dividers and are
used for wind protection,especiallyin seaside
gardens. Suitable species must be chosen to
eliminate time spent in trimming and dealing
with roots.
Shrubs and even existing "noxious weeds"
used as nursevegetationprovide mulch, shade,
nitrogen fixation, and protection from frost,
wind. and animals. On the north coast of New
Zealand Ian Robertson planted a commercial
tamarillocrop directly into slashedgorse,while
Dick Nicholls has developed a sequence for
establishingnative forest in country taken over
by gorse. Both are using this already-present
weed for its positive qualities (mulch, soil amelioration, frost protection), slashing it over a
four-year period around a nucleus planting of
trees.Gradually the trees shade out the gorse.
The samecan be done in large patchesof blackberries.

In permaculture soils are not considered to
be a severe limiting factor. The soil ecology,
over some years and with the proper attention,
can be changed and improved. The house site
andZone I is not selectedpurely on the basis of
soils, althoughif good soils exist on a pafiicular
area and most other factors make it a good
location,by all meanssetthe houseand gardens
there to save a year or two.
Very few soils are totally worthless;theÍeale
always colonizing or pioneer species to start
with. Almonds andolives do well on rocky areas
with very little soil; blackcurrantsand butternuts grow on poorly-drained sites;blueberries
thrive in very acid soils; and honey locust can
grow on the most alkaline of soils.
On any site, a basic soil surr'eyis necessary
to find out the pH (for garden and orchard),
drainage capacity, and types of vegetation
already growing. From there we can decide the
species we need to plant and the type of soil
improvement we need to make, depending on
the scale of land use. Obviously, the greatest
effort will go into the home garden and orchard,
while outlying areas will receive broadscale
attention.
Bare soil is damaged soil, and occurs only
where people or introduced animals have interfered with the natural ecological balance.
Once soil hasbeenbared,it is easily damagedby
sun, wind, and water. Cultivating the soil then
not only damages soil life prcwesses,but may
even cause more extensive soil losses.
The three main approachesto minimal soil
loss in permaculture,which aerateand add nutrients to the soil, are:
. Growing forests and shrubberiesto protect
the soil (afforestation).
. Using ploughs thatdo not turn the soil (soil
conditioning).
. Encouraging life forms, especially worrns,
to aerate compacted soils (mulching or
composting).
The first two deal with large areas, the last

with small areas.Forestry and soil conditioning
producetheirown mulch, whereasmulch can be
applied to small gardens.
Often, the pestplantsof which we complain
(lantana,capeweed,blackberry,mullein, thistle
and so on) are an indication thatsoil damagehas
occurred.Some of theseplantsLre pioneers,and
will eventually modify the soil so that other
speciesare able to grow.
The mark of a good soil is an adequatelevel
of soil moisture, oxygen,nutrient,and organic
matter.Soils are formed and nourished by the
cyclic processof plantrootsdrawingwaterand
mineral nutrientsfrom the subsoil. and the fall
of leaves,fruit, and otherdetritusto the ground.
The stepsfor soil rehabilitationinclude:
. Preventingerosionby covering all exposed
soil, afforestingpotentialerosion areas(such as
steep slopes, gullies, creek banks, and road
embankments),and controlling overland water
flow (by useof swales,diversiondrainsorchisel
plow). Use local fast-growing plant species.
Logs can be placed acrossslope to catch silt and
water,and plants placed behind them.
. Adding organic matter to the soil. Broadscale: cover crops, green manure crops. Small
scale:kitchen scraps,dead vegetation.
. Loosening compactedearthand providing
air to the soil. Broadscale:chisel plow and soil
reconditioningmachinery. Small scale: loosening with a fork.
. Modifying the pH, or growing plants suitable for specific pH areas (more economical
thanchangingthepH). For acid soils,chalk and
limestone,gypsum, magnesite,and dolomite
are all usedto slowly raisethe pH. For alkaline
soils,useacidicphosphate,andurineforpotash.
For all soils, blood and bone, manures, and
compost help to bring the pH toward neutral.
. Correcting nutrientdeficiencies with organic minerals (e.g. manganese,phosphorus,
potassium)andanimalmanures,greenmanures.
Pelleted seedsand foliar spraysare economical
ways to add nutrientsto plants.
. Encouraging biological activity; earthworms and other soil oreanisms indicate a
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healthy soil.
In general,soils can be createdor rehabilitatedby the following methds:
. Managementof plants and animals.
. Mechanical conditioning (broadscale).
. Building a soil (gardenscale).
I

MANAGEMENT OF PLANTS AND
ANIMAI.s
Managing livestock to minimise compaction and over-grazingis part of the skill of soil
building and preservation.On severely-eroded
land, livestock may have to be totally excluded.
Some farmers introduce earthworms to their
pastures,and sow deep-rootedplants (daikon
radish, chicory) to break up and aerate soils.
Daikon radish, tree or shrub legumes, earthworms, root associatesfor plants (rhizobia)all
aerate,supply soil nutrient,or build soil by leaf
fall and root action.
Mulch, covercrops, and greenmanurecrops
prevent erosion, add organic matter and nutrientsto the soil, buffer soil from extremesof heat
and cold, and protect soil water from evaporation.
There aÍetwo categoriesof mulch:..dead'',
which is dried out, decayed,or dying (straw,
dried leaves,recently-cutvegetation);
and"living", which growsunderneathtreesand shrubs.
Dead mulch mustbe collected(sometimesfrom
scatteredlocations),while living mulch needs
management(sowing and cutting back. sometimes re-seeding).
Cover crops are thoseplanted to protectrhe
soil after a main crop has been harvested.In
temperateclimates,theseare usually plantedin
winter and includo rle, vetch, clover, buckwheat,lupin, barley, oats,etc. which can either
be harvestedor turnedinto the soil to increase
organic matter.
Green manures are grown specifically for
soil improvement,and are usually leguminous,
supplying both carbon and nitrogento the soil
(cowpea, clover, field peas, lupins, vetch,
Dolichos).Legume crops aremulshed,orturned
into the soil before the plants mature, to take
advantageof the nirogen releasefrom theroots
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as the plant dies (if allowed to flower and set
seed,most of the nitrogenis used up).
I

BROADSCALESOIL RECONDITIONING
Australia,Europe and theUnited Statesnow
manufacturechisel ploughsthataerateandloosen
large acreagesof soil. A circularcoulter slits the
ground (which must be neither too dry nor too
wet),andthe slit is followed by a steelshankand
subterraneanshoe which opens the ground below the surface to form an air pocket without
turning over the soil (Figure 2.18).Rather,it is
gently lifted. Rain penetratesand is absorbed;
soil temperaturesrise, roots grow and die to
make humus, and the country comes to life
again.
There is no point in going more than 10cmin
the first treatment,and to l5-22cm in subsequenttreatments.The roots of plants,nourished
by warmth and air, will then penetrateto 30cm
in pasture,more in forests.
Seed can be dropped in the thin furrows;
legumes sown in this way produces a green
manurecrop or a bumper harvest.No fertiliser
or top dressing is needed,only the beneficial
effectofentrappedair beneaththeearth,and the
follow-up work of soil life andplantrootson the
re-openedsoil. However, on severelydegraded
soils, an initial top-dressingof phosphate or
grossly-deficienttrace elementscould be used.
Once the soil is on the way back to health,
tree and field crops can be planted. A season
spenton bringing the soil to life is not a season
u'asted,for treesrespondmore vigorously to the
neu' soil conditions,and make up for lost time:
an olive or carob struggling to survive in the
originalconditionof compactedsoils will make
90cm to 1.2merresgrowthin improved soil, and
may well bear in 3 or 4 years insteadof 10-15
years.
There is only one rule in the patternof this
sort of "ploughing", and that is to drive the
tractor and plough slightly downhill from the
valley acrossslopeto theridges,making herringbones of the land. The slit channels, many
hundredsof them,thus become the easiestway
for water to move. Because the surfaceis linle
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disturbed,roots hold againsterosion even after
fresh "ploughing", water soaks in and life
processesare speededup.
To summarise,the resultsof soil rehabilitation are as follows:
. Living soils: earth WofÍ'rlSadd alkaline
manureandactaslivingplungers,suckingdown
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air and hencenitrosen.
. Friable and open soil throughwhich water
penetrateseasily as weak carbonic and humic
acid,freeingsoil elementsfor plants,and buffering pH changes.
. Aerated soil, which stayswarmer in winter
and cooler in summer.
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. Absorbent soil, preventingrunoff andrapid
evaporationto the air. Plant material soaks up
night moisrurefor lateruse.
. Dead roots as plant and animal food, making more air spacesand tunnelsin the soil, and
fixing nirrogen as part of their decomposition
cycle.
. Easy root penetrationof new plantings,
u'hethertheseare annual or perennialcrops.
. Permanentchange in the soil, if it is not
again rrodden, rolled, pounded, ploughed or
degradedby chemicals into lifelessness.
What soil conditioners achieve, Fukuoka
does with deep-rootedplants such as daikon
radish and lucerne,but his systemhas not been
compacted by heavy machinery or domestic
stock. Even strongroots often cannot break up
hard pans.
I

BUILDINGA GARDENSOIL
Gardenersnormally build soil by a combination of threeprocesses:
. Raise or lower beds (shapetheearth)to aid
waterretentionor drainage,andsometimescarefully level the bed surface for effective flood
irrigation;
. Mix compostor humic materialsin the soil,
and also supply clay, sand,or nutrientto bring it
to balance;and
. Mulch to reduce water loss and sun effect.
or erosion.
Gardeners can, by these methods, create
soils anywhere.Allied techniquesinvolve growing suchcompostor manurial"tea" materialsas
hedgerow,herbs,or soft-leafplants (e.g.comfrey) as plots or rows within or around the
garden,and by the use of trellis, shadecloth(or
palm fronds),greenhouse,and trickle irrigation
to regulatewind, light, or heat effect.
Mulching shouldbe recognisedas one of the
largerinitial costsin developingapermaculture.
Although materials such as seawoed,bean and
grain husks,spoiledhay andanimalmanuresare
very cheap(or free),transportationand application can be costly, usually as labour. This is
becauseof the greatbulk of such materials.For
example,15 cubic me&esof sawclustdoes not
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go far when sheet mulching. Chipping machines-as used by councils to dispose of tree
prunings-would be useful fordirect mulching,
using the scrub vegetation,tree tops and bark
from land clearing and timber felling.
T SPECIAL CLIMATICCONSTDERATIONS
Tropical Soils
In the tropics, as elsewhere,bare-soil cultivationis not sustainable.Wetterracesandponds
will sustainproductionif they form I 57oor so of
the total landscape,but for areasover t hectare
we must plant borders, hedges and woodlots,
and intercropwith woody legumes.About 80857o of all plant nutrienrs are held in the
vegetationin tropicalareas,andcrops therefore
cannotbe sustainablewithout the nutrientfrom
tree leaf-drop and root mass. Soil organisms
will build up only after shrubs and trees are
established.
Soils clearedof vegetarionare likely to need
calcium, silica, and such easily-leachednutrients as sulphur, potash and nitrogen. Initially,
phosphates(as bird manuresor rock dusts)may
also have to be added.Try somecementdust,or
use bamboo or grain husk mulches in gardens
for adding calcium and silica. For nitrogenand
potash, plant leguminous trees and add their
leaves to soils, if necessary via livestock as
forage and manure.Restrict agricultural crops
to 207a of the total plant cover, preferably as
strips in forest systems;this should build soils
and preventnutrientloss. Even grasslandsneed
large legume trees at 20-30 metre spacing (or
20-40per hectare)to sustainproduction.Above
all, keep slopes of 15o or more terraced or
woodedto preventsoil loss and to avoid severe
erosion.
Dryland Soils
The major characteristicof arid soils is that
of alkalinity (pH 8.0-10.5)causedby calcium,
magnesium,or alkalinesalts(carbonates)
evaporated from surface soils. Thus, we are most
likely to find that trace minerals (zinc, copper,
iron) are hardly available, so that deficiency
symptoms show up in both plants and people.

Once we analyse the soil for such deficiencies,
however,we can supply themto plants as foliar
sprays,and to the earthas compost and mulch.
In drylands, soil humus can rapidly decompose (in dry, cracked soils) to nitrateswith heat
Jnd water, giving a sometimes lethal flush of
ni trateto new seedlings.Mulches or litteron top
of the soils and tree roots prevents both soil
;racking and the effect of rapid temperature
sains that cook feeder roots at the surfaoe.
In home gardens,soils can be treatedon a
small scale.Where free-drainingor non-wetting
sand is a problem, bentonite (a volcanic fine
clay which swellsup andholdswater)is of great
help in flood-irrigatedbeds.Conversely,where
clay is causingproblemswith waterabsorption,
addinggypsum lets waterpenetratefurtherinto
the clay paÍticles.Where salty soils or salty
$'atersare a problem, the garden beds must be
moundedup orraised,so saltcan leachdown out
of the growing bed onto the paths.

Available water affects the type of permaculturefor a site,and dependson thefollowing:
. distributionandreliabilityof local rainfall;
. drainageand water retentionpropertiesof
the soil;
. soil cover (vegetation,mulches);animals
(stockingdensities,species);and
. plants(species,requirements).
Although the first factor is fixed, the other
threecan be controlled.
A priority on any properry is to identify

water sources and reserve sites for water storages (dams,tanks).Wherever possible, use the
slope benefits (or raise tanks) to give gravity
flow to use points.
Fitting speciesto specific sitesreduceswatering needs.For example,olives and almonds
on dry hillsidesrequireno warer(besidesrain)
onceestablished.
Water sroragesfor growing fish and plants
are usuallyvery differentlydesignedstructures
thanthosefor stockwateringor irrigationalone.
For instance,man),smallpondsarebettersuited
to fish culturethanvery large storages.Graded
bottomsof from 75cm to 2 metresdepth suit
manyfish,while storagepondsfor waterneedto
be 3-6 metresdeep to be wonhwhile on large
acreages.
I

WATER COLLECTIONAND DISPERSAL
We can getwaterfromrainrunoff (surfaceor
underground),springs (groundwaterseepage),
andpermanentor intermittentstreams.To bring
this water to storage areas, we use diversion
channels (sealed or otherwise impermeable),
pipes leading from springs, and roofs or any
other sealed surfacecollecting direct rainfall.
Diversion channelsare gently sloping drains
usedtoleadwaterawayfromvalleys andstreams
andinto storagesand irrigationsystems,or into
sandbedsor swalesfor absorption(Figure 2.19
and2.20).They are builttoflow afterrain,and
can be constructedso thatthe overflow of one
dam entersthe feederchannelof the nexr.
Direct rainfallcan be capturedby largeroof
areas,sealedroads,or even sealedhillsidesin
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FIGURE2.19 Diversiondrainsflow fromstreamstodams,
or collectwaterflowand carry it to dants.Theyare a vital
partof any rainwaterharvestingsystem.
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arid areasleading to water tanks.
I

SWALES
Water absorptioninto the groundis usually
achieved through soil conditioning, and by
swales.Swalesarelong,levelexcavations,
which
can vary greatly in width and treatmentfrom
smallrid gesin gardens,rock-pilt's Íhrolr'nacloSS
slope, or deliberately-excavatedhollows in
flatlands and low-slope landscapes (Figure
2.2I).
Like soil conditioningor soii looseningsystems,swalesare intendedto store\Á'ater
in the

underlying soils or sediments.They work to
interceptall overlandwaterflow, to hold it fora
few hours or days, and to let it slowly infiltrate
as groundwaterrechargeinto soils and treeroot
systems.Trees are the essentialcomponentsof
swale planting systems, and must accompany
swaling, especially in arid areas (to reduce salt
buildup).
Swales are built on contour or on dead level
survey lines, as they are not intended to allow
water to flow. Their function is just to hold
water,thus,thebaseis ripped,gravelled,sanded,
loosened,or dressedwith gypsumto allow wa-
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rer infiltration. The earth spoil is normally
mounded downhill or (in flat areas) spread.
Water entersfrom roads,roof areas,tank overflows, greywater systems, or diversion channels.
The distancebetweenswales can be from 3
to 20 times the averageswale width (depending
on rainfall). Given a swale base of 1-2 metres,
the interswale space (area between swales)
should be 3-18 metres. In the former case (3
metres), rainfall would exceed IZTcm (50
inches),and in the latterit would be 25cm (10
inches)or less. In humid areas,the interswaleis
fully planted with hardy or mulch-producing
species.In very dry areas,it may be fairly bare
and exist mainly to run water into swales,with
most of the vegetation planted on the banks
(Figure 2.22).
After an initial series of rains that soak in a
metre or more, trees are seededor planted on
eitherbank or side slopesof the swales.This can
take two wet periods. It may take about 3-10
yearsfor treebelts to shadethe swale base.and

BLea

to starthumus accumulationfrom leaves.Early
in the life of an unplantedswale, water absorption can be slow, buttheefficiency of absorption
increaseswith age due to tree root and humus
effects.
Swales are usedin arid landsto collect silt. to
rechargegroundwaterand to preventrapid erosion; and in humid lands mainly to retard erosion. In all cases,they also serye as planting
aÍeas.
I

TANKS AND DAMS
Most usable water is stored in tanks and
dams. Tanks are made from rolled galvanised
iron; concrete;ferro-cement;wood; or c lay (rendered),and can acceptwater from roof runoff;
runoff over a sealed surface into a silt trap (if
necessary);or pumped from a dam.
The minor problems associatedwith tanks
are easily solved.For mosquiÍoes,Gambusiaor
other type of small, larvae-eating fish are
introduced,or thetankcompletelyscreenedand
covered.The inlet is screenedto excludeleaves.
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FIGURE2.23 TwoWaysto reje'ctlhe íirstwaterfloWoff a roof(íordlrtand debris).Boththese
systems
automatically
resetwhen empty.
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etc. from the roof or sealed ground (Figure
2.23).Some people object to algae on the sides
and bottom of the tank; however, this velvety
film is composed of life organisms, filtrating
and purifying the water.The water outlet pipe
should be at least 6cm from the bottom of the
tank so as not to disturb the algae.
Small dams and earth tanks have two primaÍ.yuses.The minor use is to provide watering
points for range animals, wildlife, and domestic
stock. The second and major use is to store
surplusrunoff waterfor useoverdry periodsfor
domestic use or irrigation. These need to be
carefully designedwith respect to such factors
as safety,water harvesting,total landscapelayout, outlet systems,and placementrelative to
the usage areas (preferably providing gravity
flow).
open-water storagesÍLre
most appropriatein
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FIGURE2.24 Sadd|edams are usefu|íor Íirecontrol.
wildlife,limitedirrigation.
lt is the highesttypeof dam in
the landscapethat fllls from hill runoff.
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FIGURE2.25 Ridgepointdams are builton plateau
areas of ridges.
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FIGURE 2.26 Keypointdam. lf used in a series, no
spillwayis built and the overflowgoes to the nextdam,
and eventuallyto a stream. Fitted with an irrigation
systemfor lowerslopes.

hurnid areas. There is a danger that similar
storagescreatedin arid to sub-humidareaswill
have negativeeffects, as evaporationfrom open
w aterstoragesinevitably concentratesdis solved
salts.
The following are common dam types and
their uses in humid landscapes:
Saddle dams are usually the highest available storages, on saddles or hollows in the
skyline profile of hills. Saddledamscan be fully
excavated below ground (grade) or welled on
either side of, or both sides of, the saddle (Figure2.24).Uses are for wildlife, stock, and high
storage.
Ridgepoint dams or..horseshoe''dams aÍe
built on the sub-plateausof flattened ridges,
usually on a descending ridgeline, and below
saddledams.The shapeis typically of a horse's
hoof. They can be made below gtade,or walled
by earth banks (Figure 2.25). Uses are as for

saddledams.
Keypoint dams ue located in the valleys of
secondary,or minor, streams.They are built at
the highest practical constructionpoint in the
hill profile; this place can be judged by eye, and
a descendingcontourwill thenpick up all other
keypoints on the main valley (Figure 2.26).
Uses are primarily to store irrigation water.
Note that a second or third series can be run
below this primary series of dams to larger
barrier dams, and that the spillway of the last
dam in a seriescan be run along the contour to
meet the main valley, effectively spilling surplus to streams(Figure 2.27).Barrier dams are
built acrossa flowing or intermittentstreambed
and thereforeneed ample spillways and very
careful construction.
Contour dam walls can be built on contour
whereverthe slope is 8Voor less, or sufficiently
flat. Contours (anddam walls can be concaveor
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íorfarmswithvery|owmaintenanceand
F|GURE2.27 P.^.Yeomans' "Key|ine"systemprovidesdrought-proofing
operatingcosts; his books covertotalwaterdesignfor foothillfarms,access, tree belts, soil creation,low tillage,
and creativewater storage.
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FIGURE2.28 Contourdams are practicalon slopes oí8o or less, as partof a genera|series of dams on farms.

convexto thefall line acrossthesiope.Uses are
for irrigation,aquaculture.or flood-flow basins
in semi-aridareas(Figure 2.28).
W A T E RD I V E R S I O N
A N D S T O R A G EI N
DRYLANDS
In most dryland areas of the world,
groundwatersand aquifersare over-drawn,and
agriculturesand cities dependingon such temporary events are doomed to failure. It is sad
indeed that instead of being used to grow a
sustainableüee crop and forest s\'stem,these
precious aquifers and ground\\'atersgo mostly
to produce an annual export crop of grains or
grain legumes.
Thin sheetsof runoffwater,wltichgenerally
appear after 1-2cm of rain, can ire led crossslope to storages.These diversion drains are
made of earth,stone,concrete,or piped to storages,or end in artificial hollows and basinsdug
to receivethem.As a generalrule, such growing
basins, terraces,or pits are built to harvest a
runoff areaabout20 times their own area (8-10
hectaresof runoff areais led to 0.4 of a hecare
of treesor seasonalcrop).
Native or adaptedtrees aÍethe best use of
such sites, but at times of good rains, grains,
I
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melons,or vegetablecrops can be grown on an
opportunisticbasis.
When we concentrateoverland water flow,
especiallyin thefragile desertenvironment,we
must also allow a safe overflow or outlet of
excessive rains, or we risk creating gullies.
Where we can grow grasses, a grassed and
fenceddownhill spillway will resist erosion;or
we can build a carefully-laid stone spillway
down very steepslopes or steppedterraces.
Every dryland situation,given some studyof
water movement, sand movement, and some
dataon infiltratíonand runoff, can be shapedto
make a growing site. If regeneratedareas are
protectedfrom browsing and exploitation,such
useful trees as figs, mulberries,pistachio nuts,
and acacias will persist and even spread.

The boundariesof the property have been
walked during the observation and research
stages, and many favourable niches and resourceshavebeendiscovered.We can now look

-

:r otherfactorsinvolved in sitingsuchimportant
:rfrastructureas access,the house,and fences.
ACCESS
Access to the house site and around the
troperty is importantfor establishingandmain:aining the site. During the first few years,
naterials are continually broughtin to build up
:nfrastructure.
Dependingon thetypeof transportationused
,car, four-wheel drive, tractor, wheelbarrow),
:oads,tracks,and paths will have to be sited,
made,andmaintained.Access shouldbe sitedin
such a way thatit will need little upkeep,as a
:nisplacedroadwill costmorein time andmoney
ihan almostanythingelse.Although the layout
designwill vary accordingto climate,landform,
and availableresources,a few principles are as
tollows:
1.Roads shouldrun alongcontours,with no
steepslopes and with good d.rainageto reduce
I

erosion.If possible,they are sited,in hill country' on the cenüe of a ridge, so that water can
easily drain off. Roads can be built in valleys,
but will require more upkeep, especially in
high-rainfallareas.
2. Roads should, wherever possible, fulfil
other functions,such as dam walls and.firebreaks.The road as a water-collectorcan also be
considered,lr'ithrunoff led to swalesanddams,
or pooledand usedas a silt trapfor pottingmix
oÍtreemulch (Figure 2.29).
3. On hilll' sites,a high roador tractoraccess
shouldbe establishedto give accessto all areas
from above (it's easier to move materials
downslopethanup).
4. Smaller roads and foot tracks are worked
out to complementaccessroadsin an integrated
layout plan worked out early in the design
process.
Water drainageis the most importantaspect
of building aroad. The road shouldbe shapedto
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FIcURE 2.29 Road runoffled to silt t;ap;silt dug out
periodically
for pottingsoil.

FIGURE2.30 Water from hill roads led into under-road
pipe and then to swales to preventsoil erosion.
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accommdate drains and their outlets.If water
cannot be drained off on the same side as the
ditch orculvert on theinsideof theroad,it needs
to be piped under the road (Figure 2.30) to a
drain led either to a sEeam or other area where
erosion will not occur (dam,diversion channel,
swale).
Always finish the driveway upgradeto the
house,no matterif you have to drop it a little in
order to run it upgrade to the house. There are
several reasons for this: most driveways that
descendto the house carry water down around
the house area,making it hard to drain properly.
Also, when yourcarbatteryis flat, you'll be able
to geta gravityroll. In a snowy climate,it is wise
to have a road in the sun for a faster melt; the
same is true in a particularly wet climate when
roads are muddy and slippery.
I

SITINGTHE HOUSE
Although house siting varies with climate,
there are certain rules to follow and errors to
avoid.
The closer to a main road, the better.Long
roadsto a housesitearecostly,difficult to maintain,and give rise to a senseof isolation.
In climateswherehouseheatingis needed,
choose the aspect which receives the sun.
especially in winter. In nopical or equatorial
areas,any aspectwill do, but the house is onented to receive cooling breezes rather than
direct sun.
Do not build on any slopeabove 14oor below
2-3o (for reasonabledrainage).Mid-way up a
gentleslope is bestin order to avoid frost and to
receive cooling breezes.
Site the house so that its water source is
upslope for gravity-feed.Also make sure that
wasteproducts(sewage,greywarer)are not discharged where they will pollute streams or
groundwaters.Use treesorvegetationbuffersas
nutrientsponges.
Build close to power supplies,whetherthey
arepublic supply or water,solar,or wind power.
It is very expensiveto pipe energy from source
to house as thereis a loss of power in transmission (for alternativeenergies)and costly poles
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and cable to lay (public sources).For village
needs,use communal sourcesof energy to save
money.
Use the sitelandformsor existingvegetation
to shelterfrom damaging winds, or locatq the
house to take advantage of cooling breezes.
Strongwind sitesenablethe use of wind power.
Don't build thehouseon thebestsoils.Also,
check the subsoil fordrainage (testby digging a
hole a metre deep and fill with water; within a
minutethereshouldbe a visible lowering of that
water).
Consider both current and future privacy
needs; to avoid noise and exhaust pollution,
houses should be built off the main highway.
Privacy is achievedby vegetation,but to lessen
traffic noise, large earthbanks must be built
betweenthe road and the house.
Although most of us put "view" as a priority,
it can lead to siting a house inappropriately,
usually on a hilltop where accessis difficult and
winds are frequent.So we may have to sacrifice
the view from the house. and insteadbuild a
little rereat up on the hill, with comfortable
chairs.You can go alongwith your guestsacross
Zone ÍI and into 7nne III for the panoramic
effect,and stay at home for the close-in view.
You can havebird-atrracting
shrubsrightnextto
the u'indo*'.or a largefish and duck pond with
an island or t\r'onearby where there's always
somethingmovingaround,alwayssomethingto
look at.
Sometimesyou can build upwards,andlook
at yourview from a cupola on theroof. A retired
sea captain might have a house with a bridge
deck up above, so that the view to the sea is
always clear. He'll have a telescope on the
bridge deck. When StoÍTnS
come, he goes up to
his wheelhouseand getsout onto theopen deck.
He's up theremaking sure no rocks come up in
the middle of the night!
The most coÍnmonerors in housesiting are:
. Building at the top of an exposedridge or
hill. Windscancomefromanydirection,andthe
house is at risk from fire (fire speedsintensify
going uphill). Water must be pumped,addingto

.nergy costs (the major energy cost will be in
neatingand cooling the house).
. l,ocating a house in the bush, settingup a
conflict betweenthe forest (andits inhabitants)
and yourself for light, nutrient,and space.Vegerationmust be cleared for the house, garden,
and orchard.
. Building on riverflats orlow gullies (prone
to flooding or waterlogging); steep, unstable
land (slips, mud flows, avalanches);infilled
land (subsidence);near active volcanoes;near
rising sea levels (due to global warming);or in
fact anywhereinevitable disasterthreatens.
FENCING
Fencing and enclosuresare essentialand
priorities should be decided early in the planning stages.A general boundary can be established first, to keep out stock and wildlife. Total
control of animals (especially small wildlife
such as possums and rabbits)is not possible on
a large scale,and should be confined toZnneI.
From this sturdy,small-meshinner fence,other
fences can be built as needed,perhapseventually enclosingZnne II (with large mesh or even
barbed wire, thorny trees/shrubs, or electric
fence).Fencingprioritiesmightincludea chicken
run and orchard.
Instead of wire fence, unpalatable hedge
speciescan be grown over time. A dense,spiny
hedgerow with a low stone wall is virtually
impenetrable to most animals, and is used
throughouttheworld wherewire is expensive or
hard to get. Fences, ditches, stone walls, and
hedgerows should function not only as enclosures or protection from stock, but have other
uses.Fences serve as trellis, and stonewalls as
specialripening areas.Hedgerowsprovidefruit,
nuts,animalforage,beeforage,bird habitat,and
wood products (bamboo). In temperateclimates,
a mixed hedgerow of tagasaste(fast-growing,
provides seeds for chickens, bee forage, and
shelter),hawthorn (slow-growing,'toughand
spiny, provides berries, forage for bees and
nestingsitesfor small birds),and hazel (thicketforming and impenetrable, provides nuts) is
much more useful than a single-specieshedge.
I

Different plants such as Prosopis, Euphorbias,
and spiny acacias do the same work in tropical
and desertregions.
PRIORITIES
DECTDING
Once access and house site have been decided upon, the design can become more'complex and focus on the built-up area and its
surroundings.This is when zones, sectorsand
slopecan be analysedin a broad sense(saving
detailfor later).andevenat this point thehouse
locationcould changeas a resultof theseinvestigations.
Sectorsarethensketchedin as areasdefining
wind direction. aspect,good and bad views,
flood or fire-proneareas,and water flow direction. Zones are sketchedout on a ground
plan,with 7nne0 markingthehouseand Zones
I-V marking increasingly distant or difficultaccessÍrreas.
Once we have broadly placed our elements
by zones,sectors,elevation,andfunction,we go
further into the design process by considering
specific plant and animal species.
The plan should be drawn up to be taken in
stages,to break up thejob into easily-achieved
parts.Importantcomponentsareplaced in those
stages that are needed early in development,
which might include:accessroads,waterprovision, fences or hedges,energy systems,windbreaks, house and garden, and plant nursery.
Secondarypriorities might include fire control,
erosion control, and soil rehabilitation.
So many plant species and individuals of
eachspeciesareneededin thefirst2-6 yearsthat
a small plant nurseryshould be establishedto
supply the 4,000-10,000plants that might be
placedon a hectare.While theseare growingin
their pots and tubes.we can fence and prepare
the soil, lay in the u'aters)'stem,and thenplant
them out to a carefully-designed, long-term
plan.
hovision for future energy conservation
systemsmust be left open,so thatthe whole site
is marked out for wind, tide, water, or sun
systems.Even if thesecannot be implemented
in thefirst few years,the spaceis reservedunder
I
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annual crop or short term use.
When it comes to implementation,the first
structuresand designsshouldbe thosethatgenerateenergy;second,thosewhich saveenergy;
and only finally, those which consumeenergy.
Applying such criteria,many questionswill
answer themselves,for example:
Where should I build my greenhouse?
On considerationof energy alone:
. First, againstdwellings as heatsourcesand
storages,and to grow food.
. Second,againstnon-dwellingstructures,as
heat sources.
. Thirdly, as part of animal housing, with
heat,manure and gas exchange.
. And only finally, or perhapsnever,as freestanding,all-glazed structures.
How shouldI dealwithwindwhichpreventsmy
growing on site?
. First, by planting any treeor shrub,useful
or not (wormwood,pampas,pine, taupata)that
is cheaporfree locally, grows very quickly, can
be grown from large rooted cuttings or divisions, and that wlll survive.
. Second, by structures,especially trellis,
loose or dry-stonewall, ditch, bank, and small
hedgerowthroughoutthe garden.
. Third, by broadscale cutting or seedling
plantings of hardy species.
. And lastly, by useful peÍTnanenthedge
planted under the protectionof the above strategies.
What is worth main-cropping?
Only a few plant speciesare worth extensive
main cropping. Ignoring the commercial value
for the moment,there are threemain considerations:
1.main crop which needslittle amentionafter
establishment(potatoes,corn, pumpkin, hardy
fruits and vines);
2. andwhich is easy to harvest,storeanduse;
3. also, may form a staplein the diet (potato€ s , taro, caSSaVa'corn' pumpkin, nuts, and
high energy-valuefruits).
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Commercially, we should also consider crops
of:
4. high economic value, even if they are
difficult to harvest(berries,cherries,crocus for
saffron);
5. or hard to keep (melons, peaches,
papaya);
r
6. or rare but in wide demand (ginseng,
spices,teas,dyes,oils);
7. or particularly suitedto site (sugarmaple,
cider gum, pistachios, water chestnut, cranberry, cactus).
The designer should be ever alert to local
features,microclimates,and needs,endeavouring to turnwhat is alreadyin place to advantage,
ratherthanto bring in new structures,andhence,
new energy.

Every areain the world has the potentialfor
such catastrophic events as fires, floods,
droughts,earthquakes,
volcanoes,or hurricanes.
The bestwe can do is to designthe site with such
events in mind so that we lessen damage to
property and loss of life.
I

FIRE
Fire is the most common catastrophe,occurring in dry, windy periods after forest litter
build-up. Fire intensity depends on the fuel
quantity,type,and distribution,wind speedand
direction, and general topography(fire travels
fast uphill, so ridges are most likely to be severely burned).The greatestdanger is radiant
heat from the fire front, which quickly kills
plantsand animals.
Fire usually comes from a specific direction
(varyingaccordingto location andtopography),
so thatthereis generally only one fire sectorto
be concerned about. However, fire can come
from any direction, so it is best to protect the
mostvaluableelementsof thesystemfirst (buildings, animal pens, machinery,and orchards).

Snategiesfor dealingwith fire include:
. Reduce the fuel in the fire sectorby (a)
:ranagingtheforestfloor (clearinglitter,cutting
::ad logs for firewood), (b) mowing or using

short grazers (geese, wallaby) to keep grass
short,and (c) using non-fuelsurfaces,such as
roads,ponds and dams, sheetmulchror green
crop, betweenthe fire sectorand the house.
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. Create fire shadows to reduce the effects
ofradiantheatby (a)non-fuelstnrctures(ponds,
earthbanks,stone walls), and (b) plantingsof
fire-retardantspeciessuch as lilies, coprosmas,
willou's (which may be killed, but will slow
down the fire).Figure 2.31.
. Plant a windbreak of fire-retardantspecies to reduce wind during a fire (Figure 2.32)
As the houseis usually themost difficult and
expensivepart of the site to replace,it is important to plan for house safety by providing:
. A brick or concrete apron (to 1 metre)
around the house,with doormatsremoved;
. Metal screenson the windows;
. Corrugated iron or fire-resistant roof;
. Large sprinklers on the roof and around the
house,and at least one hour's worth of water at
a sourceeasily broughtto the house (fire burns
throughunburied plastic waterpipes,and electric pumps may fail);
. Tennis balls to plug up the Cownpipes of
rain gutters(which can then be filled with water).
Fire-resistantplants for the fire sector are
thosethatcombine the following features:(a) a
(b)highashcontent,(c)little
highwatercontent,
mulch or litter drop, or fast-decornposinglitter,
(d) are evergreen and (e) are fleshy or sappy.
Some fire-resistanttrees are: figs, willows,
mulberries,Coprosma, Monsterq and some of
the acacias (Acacia dealbata,A. decuruens,A.
saligna, A. sophorae,A. baileyana,amongothers).
Some fire-resistantground covers include
passionfruit,ivy, comfrey, taro,various succulents, wormwood, Dichondra repens,aloe and
agave species,iceplant, sweet potato,wandering jew, onionweed,sunflowersand pumpkins.
I

EARTHQUAKE,FLOODS,AND
HURRICANES
In earthquake-proneareas,build houses of
materialsthat bend or breathe(bamboo,ferrocement, wood). During an earthquake,escape
into a clump of bamboo;it hasa strongstructural
root mat which is difficult to teaÍapart.
For floods, look up the flood periodicity and
66

height records,allow a large margin of safety,
and do not site houses on floodplains. Steep
slopes that have been cleared of vegetationare
death-trapsduring severe rains, as mudflows
acceleraterapidly downhill.
In hurricane-or cyclone-proneareas,build
out of flexiblb materials,and make the shapeof
the house roof sharply angled at 45o so that
windforce pushes the building down. Plant a
bamboowindbreak(itbendswith thewind),and
consider a survival gardenin a shelteredplace.
Many Pacific Islandershavesuchgardens,made
up of importantplant stock,in a shelteredpartof
the island,so thatgardenscan be replantedafter
everythingelse blows away.
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P attern lJnderst anding

While elevationdrawingsandcontourmapscan
be used to depict various componentsof a land_
scape,they fail to depict the dynamic or living
quality of a site. "The map is not the territory"
(BatesonI97Z).
In a natural landscape,each element is
part of the greater whole, a scphisticatedand
intricateweb of connectionsand energy flows.
If we attemptto createlandscapesusinga strictly
objectiveviewpoint, we will produce awkward
and dysfunctional designs because all living
systemsare more thanjust a sum of their parts.
Our culture has tried to define the landscape
scientifically,by collectingextensivedataabout
its parts.
These methodsaremuch iike thegroup of
blind mullahs in the Sufi tale, who try to describe an elephant.
"I see" said the first, grasping a leg, ,,an
elephantis like a tree".
"f see", said the second,holding the tail,
"an elephantis like a snake"
Another,feeling theear,said..anelephant
is surely much like a thick carpet".
Traditional societieshaveusedpatternsto
effectively understandand interact with their
landscape - they do not differentiatebetween
themselvesand their environment but see the

elementsasrelatives.Thusall traditionalknowledge and science was recorded in the form of
motifs or patternsas carvings, weaving, stone
and earthconstructionsand tattoos.Every motif
was accompaniedby songsor storiesthattold of
its meaning,and song was reinforcedby sacred
dances to ensure 'muscle' memory of the stories. The important records were of history
(sagas),creationmyths, genealogiesof ances_
tors, navigation,and cyclic phenomenasuch as
tides, weather, star cycles, and crops or wild
harvest seasons.Everybody in tribal societies
had access to a good part of this knowledge,
includingthenamesandusesof importantplants.
Many intact tribes still maintain this knowledge.
After writing was invented, patterned
knowledgewas neglected,andmodernsystems
work entirelywith alphabetand number,with
symbols,books, or electronicstorageof data.
Much of humansocietvcannotaccess,andnone
can accuratelyremember,knowiedgestoredin
these ways. That is, parrernedand rhythmic
knowledgeis unforgettable;symbolic knowledge is unmemorable.
All throughthis book, we evolve patterns
of groundplanning,as in all design,and all the
parts of any design have to be fitted into a
common-sensetemplateor pattern.To under_
stand the basic pattern into which all natural
systems fit, we will dissect a tree, and try to
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make senseof therules of flow (sapmovement)
and form, of growthandexpansion.We will use
theform of a tree,which is typicalof all natural
phenomena.(Figure 3.1)
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The essentiallines of a tree can be imposed on
a real tree,andform a sortofdouble-headedaxe.
(Figure 3.2A) This is the motif of older European tribes- the "woman's symbol".If we cut
the treeoff the line A-A' (Figure 3.28) we see
thebranchstubsin plan' notunliketheScatteÍ
of
limpets on a stone;each branch section is of
roughlyevendiameter.But if we cut acrossthe
tree on the line B-B1 (Figure 3.2C) we ger
anothergradedpattern,which is like a scatterof
lichenon a stone,theoldestat centre,thesmallest and youngeston the outside.A cross-cutof
thetrunk,C-Cl (Figure 3.2D) gi'.resus a classic
68
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crystals,bloodvessels etc,.
FIGURE3.4 Dendriticor tree-likepatterntypicalof lightening,mineral

target pattern which is an annular record of
growth seasons, found in shell fish and fish
scales.We would get such a patternin a nestof
bowls. As Latin for nest is Nidus, we call this
patternAnnidated or nested(eachin the other).
In effect, the whole tree is an annidation of
younger trees,grown-over year after year.
As we know thatthe treespiralsout of the
ground, the branching from above describesa
whorl; or more specifically, the flow path of a
molecule of sap whirls. (Figure 3.3A) Sap flow
in the stemsis on the outside (thexylem cells),
and the roots a whorl in the opposite sense.
(Figure 3.38) Sap flow in the roots is along the
core (the phloem cells). If we combine branch
and root whorls, (Figure 3.3C) we get the twin
overlaid spirals we find in all leaves, flower
petals, sunflower seed-heads,pine-cones,and
pineapples,andobviously at thepoint wherethe
seed germinated,the origin, we get a weave of

cells changing from inner to outer, left spin to
right spin or plus to minus.
The treebranches5-8 times,as do rivers,
and the numberof branchesarising from each
larger stem average3, while each is about 2
timeslongerthanthe next smailest.The angle
(Figure
bet*'eeneach branchis about36-3s'q.
3.{).This form is t1'picalof lightning,mineral
crystals,bloodvesseisetc.,u'hichfollow roughly
thesamerules.Suchpatternsarecalledtree-like
or dendritic.
The Roman numeralsI to V are called the
Ordersof branching,and rarelyexceed7 in all;
a countat laÍgeror longersizes.
eachrepresentS
This number of orders of size is common to a
very large range of phenomena,which can be
assembledinto bins or clumps of sizes,e.g.for
\'e name such bins, cities, towns,
settlements,
villages,hamlets.Also clouds, mountains,celestial bodies,and dunes,waves etc.,etc.,etc.;

Sand Res'.sIntoThe Following
Bins:

/rA
FlGURE 3.5 Sand dunes ÍormÍlveordersof size commonto a verylargerangeof phenomena.

all havealimitedsetofsizes,asdo treebranches.
We can speakof cascadesof size,or quanta,and
this meansthatmost sizesgo into specificbins,
and there are few (if any) sizes between.For
instance,sand dunes set into 5 ordersas illustratedin Figure 3.5.
Thus everythingin nature(cats,kangaroo,whirlpools, whirlwinds,roads,etc.,etc.,)occur in a
very few sizes, and the speedof movementin
each size differs.Large thingsmove slowly due
to greater inertia, small things fast, and very
small things again move slowly because of
viscosity. Orders are limited in their sizes at the
larger scale, by sheer mass and at the smaller
scale,by molecular forces.It is ber:omingclear
that the patternsin a single ffee form represent
all thepatternsfound in nature.Even the bark of
many treesexhibit furrows like a web of cells or
an elongatedhoneycomb net.
To return to the general tree form as a
whole, we see thatthe axe illustration(Figure
3.24) is the simple form. A set of such forms
createsa vertebra,or a skeleton,(Figure 3.6A)
and it fits together,as if tiled. Latin for tile is
Tessera,and we call tiled surfacesTessellated.
A cloud form contains a torus or doughnut,
(Figure 3.68) and various "single paths" of a
molecule in the model, show traditionalmotifs.
(Figure 3.6C)
A generalsenseof form is emerging,and
we can see many such forms in nature, thus
gaining understandingof function,and a clear
7A
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FIcURE 3.6 Analysingthe characteristics,
needs,

insightinto how to designin orderwith nature.
Many natural'curled'formsexistin explosions
or fast-growingfungi.The shapes(Fi gure 3.óD)
are called 'Overbeckjets' and occur in fluids,
often in complex folds. They also appear as
motifs, e.g. in Maori tattooingas stylised fern
shoots.You will seethemwhen rivers flood into
the sea,in lava flows, and when the sea attacks
the land.
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FIGURE3.7 Drylandriversystemshowingordersof streams,each havingits own differencesin factor.

We can build all natural forms fromparts
of a tree and such forms are called "self-similar"; seashells demonstratethe same geometric
spirals as trees.It was the studyof thesenatural
forms, and their meanings, that gave rise to
patternliteracy in tribal peooles;a simple pattern which can contain vast knowledse.

Good designersEry to fit all tbeir components
into a pleasing and functionalform, to obey the
rules of flow and order,and to compactspace.A
weli-designedhouse allows airflow to heatand
cool its mass,and avillage or town road system
based on natural branching will have no gridlock of traffic.
The herbspiral (illustratedonPage96) is a

good exampleof applying pattern.All the basic
culinary herbs can be planted in an ascending
spiral of earthon a 2m wide base,ascendingto
lm high. All the herbs are accessible,thereare
variable aspects and good drainage, and the
spiral can be wateredwith just one sprinkler.
Using our observationsof plantguilds,or
harmoniousassemblies,we can design forests
which mimic naturalsystemsbut use climatically-adaptedfood plants.
Moreover, as the diagram of a dryland
river (Figure 3.7) shows,not only run-off for
water harvesting,but species,sediments,and
flow, all vary according to the order of the
streams;once you absorb this sort of information,you can muchmoreeasilyplan for stability
and productionin landscapes.(Figure 3.8)
As this river illustrates,all life forms, all
sediments,all run-off in storms of l2mm (112
inch)or morevarieswith theorderof thesüeams.

7I

<Orders>

Factor

I
Sediment:

IV

v

Gravels

CoarseSands

DeepSands

Taller shrubs

Occasional
Irees

LargeLight
Tree

GreatTrees
& Vines

55-65Va

40-507o

II

AngularStones AngularShingle

Vegetation:

Hard Dark
Shrubs

Runoff:
(7oof total)

86-9OVo

ilI

30-35Vo
("average")

8-15Vo

and
FIGURE3.8 Forminga chan accordingto orders and Factorsassists in more easi|yabsorbinginÍormation
planningfor stabilityand productionin landscapes.

If we know where we are in the order, we know
not only what vegetationto expect,but what to
plant; not only what run-off the expect,but the
spacing of swales or water harvestingsystems.
Most desert villages are located in orders III or
IV where run-off is ample, some good soils and
fresh minerals occur, and where the distance
between streamsis large enough to allow for
fields, but not so large as to incur drought.
If we observe the meanderingsof rivers,
in orderIV and V, we find thatlarge,leafy,often
white-barked trees (white gums, sycamores)
'inside'
grow on the
curves *'here the river
depositssand;and dark treeswith thick fissured
bark (alligator juniper, casuarinas, ironbark
gums) grow on the outside curves, above the

cliffs where the river is cutting in to the landscape. At each curve, these tree groups swap
over as does the cliff or sediments,so we have a
yang-yin-yang-yineffect.
Close observationwill show you where
rodents and reptiles burrow, where baboons
live, where pecaries forage for fruit and roots,
and (for the birds) in which order of rivers and
branchesin treesthey belong. Fish, of course,
are often highly adaptedto one order of flowspeed,or spawnin one order and live in another.
In designing with nature, rather than
againstit, we can createlandscapesthatoperate
like healthv naturalsystems,where energy is
consen,ed,\r'astesare recycled and resources
made abundant.

Alexander, Christopher et al, A Pattern
Language, Oxford University Press, 1977.
Instancessuccessfuldesignstrategiesfor towns,
buildings

Murphy,Tim andKevin Dahl, Patterníng:A
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Mollison, B., Permaculture - A Designers'
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Thompson,D'arcy W., On Growth and Form,
CambridgeUniversity Press, 1952. Mutiple
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Structures

Efficient house design is based on the natural
energies coming into the system (sun, wind,
rain), on surroundingvegetation,and on commonsensebuilding practices.Many housesare
alreadybuilt, orbeing built, withoutany thought
of future oil shortagesand presentrising fuel
costs.However, with correct house placement
anddesignfor theclimate,simple technological
aids such as solar hot waterheaters,andperhaps
someadjustmentin behaviour(sothatwe choose
warmerclothing or open and shutvents leading
to an attachedgreenhouse),we can reduce or
eliminateour dependenceon tbssil fuel energy
for heatingand cooling the house.
General rules for siting the house,and planning the surroundingvegetaticn for microclimate control are discussedin Chapter2, which
shouldbe read in conjunctionwith this chapter.
THE HOUSEAS AWORXSPACE
Houses have become more fully occupied
places, especially with the modern trend towards using the house as a workplace. It is
cheaperto adaptthe house to a small manufacturing and office area than to buy or rent these
facilities separately(andis especiallycheaperin
transportcosts).Some home intlustriesand occupations are: cabinet-making;pottery; small
seedcompany;honey production;desktoppub!

lishing (magazines,newsletters,books); preserves,pickles;accounting,computer,and secretarial services; medical and psychotherapy;
advertising,photography,and real estate services.
The living/working areas may need careful
thoughtandre-design.Bedrooms,for example,
aÍe converted to office, computer, or studio
spaceby elevating beds to sit on low chestsof
drawers or by raising the ceiling and building
the bed into a small, waÍm alcove above the
office. Space-savingdesign involves the same
kind of "stacking" found in nature,whereshelves,
elevated beds, and ceiling or roof structures
mimic herblayer species,understorey,andplant
canopy.
HOUSEAND GARDEN INTERGRATION
Just as thereis no reasonto strictly separate
gardenfrom farm, so houseand gardenarevery
much integrated.Turf roofs, and wall and nellis
vines added to the house provide external
insulation,and greenhousesand shadehouses
producefood and climate modification. One of
the most pleasantsummerviews I know is that
from Elizabeth Souter's kitchen in Ballarat,
which looks out into a cool, enclosedcourtyard
garden from the kitchen counter. Inner courtyards are important sourcesof cool air, which
can be drawn throughscreensto cool the house
in summer.
Whether we aÍe designing new houses or
I
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FIGURE4.1 Shadehousedesignbackingon to
the kitchenwindowfor bothcoolness and
interestwhiledoingthe washingup.

modifying existing ones, we can arrangeit so
thatwe walk from thekitchen tc the shadehouse
or greenhouse,or with a direct view from the
washing-uparea(Figure 4.1).Put somelife into
theseareas;perhapsa covey of litile quail. The
quail run aboutcatchinginsects;frogs climb out
of thepond,into theleaves,andevencling to the
kitchen window. If you have to stand somewhere doing tedious work, at least make it
interesting.Put a few little turtles-not snapping ones-into thepond.They oftendisappear
into the mulch, eatingslugs and worms. And in
waÍmerclimates you can't beat a gecko. The
averagegecko is designedfor greenhousesand
will go anywhere:upsidedown,downside up,
and round about.
The showercan be part of an attachedglasshouse,releasing steam,heat and water into the
gro*'ingarea(Figure 4.2).Usedbathandshower
waterheld in a sealedearthtank or pipes below
the glasshousefloor keepsearthiieathigh.
The pathfrom the gardento theentry should
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be designedto save housework.Tracking mud
or dirt into the house is usually the problem, so
it is worth whatever time it takes to raise up,
camber,drain,andcap (withflagstones,pebbles,
concrete,or stabilised earth) the path leading
from the garden to the house entry. Just before
the entry itself, a special mud-grate can be
installed to scrapemud off boots (Figure 4.3).
Of particularinterestto thecook/gardeneris
the layout and inclusion of a preparationand
storage room just off the kitchen, called the
..mudÍoom''(Figure 4.4).This room servesas a
link between garden and kitchen, and might
contain:
. Food storageareassuch as pantry shelves,
freezer and refrigerator for home-canned
products;pickle and olive crocks; wine or beermaking equipment;dried herbs,fruits, and root
crop storage;and preservedmeats or fish.
. Washing and preparingareasfor immediate use or for preserving garden and orchard
produce;a compost bucket near the sink takes
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FIGURE 4.2 Bathroomgreenhouse
showeroverapebblebed keepsplants
moist.Can be attachedto an existing
bathroom.
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Japanesestyle bath in the greenhouse uses waste heat from all
sources:stove,greylilaterfrom bath,
d r a i n , l a u n d r ya n d k i t c h e n . H i g h
thermalmass heat storagesare:
o Water (bath,holdingPond, bottle
wall;
o Stone and coveredconcrete(bath,
floor,walls).
T h e g r e e n h o u s ei s t r e l l i s e d a n d
plantedfor PrivacY.

tl
il

u

Sfaví

túLL

4zIJÉ fur-Íb

JAPANESESTYLE BATHING
Rinse,soap up, and rinseagain
beforesittingin the bath. This
keeosthewatercleanandsaves
water.
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Hot water for the bath is Provided
eitherby a slow combustion(woodburning)stove,or bY solar Panels.
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large leaves, roots, and vegetable tops, to be
returnedto garden soils.
. Dark area for growing mushrooms.
. Spacefor hangingwetweathergear,garden
shoesor boots,and small, importantfood-gathering items (secateurs,knives, baskets).

. Modest home woodwork and workshop
bench;tool storage.
. Cool, dry area for seed storageand desk
space for garden calendars,plans, and yearly
diaries.
. Firewood storage with an access flap to
serve the kitchen woodstove.

Unless located at the sea edge (where temperaturesaÍemore even), temperateareas are
cold in winter and hot in summer.Thus, house
designmust accornnodatetwo differentobjectives. During the winter, cold must be kept
outside,and heatin. During summer,heatmust
be excludedand the houseopenedup to cooli4g
evening breezes.Energy-efficient houses can
accommodateboth goals through careful design.The essentialsof a well-designedtemperate house follow.
F|GuRE 4.3 Grateand doormatto removemud írom
boots at house entry.
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and storagearea,linkingthe gardento kitchen.
FIGURE4.4 The mudroomas a preparation
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FIGURE4.5 Temperateclimate house design features
layoutof bedroomsto the cool side of the houseand living
areas to the sun side for winter warmth.Kitchen and
bathroomshare water pipes and shouldbe placedclose
together.
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T HOUSE PROPORTIONSAND WINDOW
PLACEMENT
Houses should be no more than two Íooms
(10 metres)deep,with east/westaxis 1.5times
longer than the north/southaxis. The easVwest
axis should face the sun (north in the southern
hemisphere,south in the northern).House layout is planned so that bedroomsor other littleused rooms are placed on the shade-sideof the
building, while activity areasaÍelocatedon the
sun-facingside for winter warmth (Figure 4.5).
The eaves of the house, and the height or
depth of windows, are designed so that winter
sun strikes directly into the house through the
windows (ontoa slab floor or inner wall of brick
or other heat-holdingmass),but does not enter
in summer(Figure 4.6).

Smaller windows arelocatedon theeastside
for morning sun.There are few windows on the
west and shade-facingsidesof the building,as
thewesternaspectbuildsup heatin summerand
glare from snow in winter. Windows are fitted
with heavy,floor to ceiling,pelmettedcurtains,
which are closed on winter evenings.In summer,windowsareleft open at nightto allow the
houseto cool, then shutin the morning.Rolled
bambooblinds placed outsidethe east and west
windows preventsun strike into the house on
particularlyhot days.
The shadeaspect(southin thesouthernhemisphere;north in the northern)accommodatesa
shadehousewith a well-insulatedwindow opening into thehouseto bring cool airinto thehouse
during hot summers.
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FIGURE4.6 Houseeavesand windowsare placedso that
w i n t e rs u n c o m e s i n t ot h e h o u s e ,w h e r e a ss u m m e rs u n
d o e sn o te n t e rT. h eg r o u n db e l o w t h es l a b f l o o r i isn s u l a t e d ,
and shade-sidewindowsare double-glazed.
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INSULATION
The house is well-insulated(floors,ceiling,
and at least 1 metre in the ground aÍoundthe
house perimeterif using a concreteslab floor).
The groundinsulationis of rigid foam, which is
only 4-5 cm thick.
Usually, heavierorthickerinsulationis placed
in the ceiling to keep waÍm air inside during
winter months.
Vents are placed in attics and crawl spaces
to control damage by condensatiorrand to allow
excess heat to escape during rhe summer.
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Draughtsarounddoorsandwindows areblocked
with weather-stripping.
Sun coming in throughthe windows in winter strikes a thermal mass such as a concrete
floor, brick or rock wall, or water tanks.These
act as heatbanks which re-radiateheatin to the
houseat night.During summertheyremaincool
during the day if exposed to cool night air
(windows open at night).
Outbuildings, adjoining the house on the
shade-sideor wind sector, insulate the house
from cold winter winds.

NATURAL !NSULATIONMATERIAI.S
There are many excellent heat insulators
found in the natural world, some of which
have been tried in refrigeration, house building, or noise suppression.Few are flammable, or they can be treated to smoulder
ratherthanflame by using calcium chloride.
Some are pest-immune (e.g. sawdust from
treesknown to be pest-immune),but all can
be treatedfor pests using such naturalproducts as white cedar tree leaf powder or oil,
derris dust, and similar substances.
A list of potentialnaturalinsulatorsaÍeas
follows:
. Sawdust:was used widely in old-style
refrigerationrooms andice-houses;a vapour
barrier is needed,or the sawdustbagged in
plastic and sealed.
. Wool: excellentfor fire retardationand
warmth, as are felt and wool products or furs.
. Feathers:used for centuriesin bedding
and are useful in walls, ceilings; they needto
be enclosedin mesh bagsto keep from blowing around in draughts.
. Kapok: extensively used for bedding,
also in walls and ceilings.
. Seagrass(Zostera,Posidonia, Ruppia):

PLANTINGAROUNDTHE HOUSE
Deciduous treesplantedon the sun-sideand
the east side of the house allow winter sun to
penetratein autumn/winter.In full leaf, they
shade the house in summer, preventing sun
strike on all parts of the roof. Trellis of deciduous vines (wisteria,grape) located at srategic
places around the house provide some shade
effect while large trees are growing (Figure
4.7).
The west and shade-facingwalls are available for evergreen trellis and shrubbery to protect theseareasfrom exposure(heatin summeÍ
and cold winds in winter).
!

The goal of house design is to reduce or
eliminate the need for electric or gas energy

Dried and partly-compacted; a traditional
wall and roof insulation of low fire risk.
. Straw:a good insulatorwhere fire is not
a problem; now available commercially as
flreproofed compressedboard sheetsforceiling (wire-boundor stitched).
. Cork: as gtanules,slabs, tiles, pressed
blocks.
. Fibrouswaste:e.g.from processedlicorice root and the fibre of coconuthusk (coir),
which also suits roll matting;coir is pestimmunein most cases.
. Paper:shreddedwastepapersoakedin 1
part brax and 10 pans water is a good
insulation.
. Balsa: both the wood itself and the
cotton from the seed pods have been long
used as insulation.As the tree grows fast in
the humid tropics, it is a good use of land to
produce insulation blocks.
Insulationis essentialin temperateto cold
areas;however, care must be taken to maintain adequateventilation,especially in cases
where housesare sited near areassubjectto
radon emissions (a gas emittedfrom gtanite,
dolerite,and most igneous rocks).

input for inside heating and cooling. Because
the sun heat is regulatedand storedin the heat
masses of floors, walls, and water tanks, and
draughtsare excluded,thenthe slight heatyield
from body warmth,cooking, and a small woodburningstoveis all thatis neededto keep theair
SpacewaÍm.
In areasof severecold winters,specifichouse
problemsare heatcosts,snow load, condensation,cold winds,anddamp.The typesof houses
found in theseaÍeasareconjoined,multi-storey,
steep-roofed,radiant-heated,and insulated.In
rural areas,housesare attachedto barns, and if
possible,with earthinsulationup to 1.2 metres.
Basementsorcellars arecommon forcoaVwood
storage,worrn beds, large manure pit (below
barn) and root storage.
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FIGURE4.7 Vinedtrellison buildingsgivesummer
shade. lf vines are deciduous,they let sunlight
penetratethe house duringwinter.lvy on walls
bufferseasonaltemperatureextremes.
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ATTACHEDGEENHOUSEAND
SHADEHOUSE
A greenhouseattachedto thehouseneed
not be very large in order to provide heat
(Figure 4.8). The most important criteria
are heavy insulation of the base,especially
around the foundations, and any exposed
walls; and well-sealed, insulated top and
bottomvents for proper air circulation into
the house.
Water in 45-180 litre (10-40 gallon)
containersis the bestheatstore;thesemay
beplacedbelowbenchesoratthebackofthe
greenhouse above the growing benches.
Black-paintedbarrelswill absorbsolar heat
quickly, but white-painted barrels reflect
light for more even plant growth. A mix of
the two might be best.
Double-glazed panels are the most du-
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l withhouseheating,especiallyincoldwinterclimates.
F l G U R E 4 . 8 A g r e e n h o u s e o n t h e s u n s i d e o f t h e h o u s ehwei l p
Vents are essetentia|íorbringingheat intothe house duringwinterand coolingit in summer.
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FIGURE4.9 Cool air circulatesfromthe shadehouseintothe house,drawnin by the greenhouse.
Deciduousvines (grape)are on i.hesun side, whereasevergreenvines are on the shade side.
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rable and efficient, holding heat in longer than
single sheetsof glass.Wooden framesare used
to prevent heat escape (metal frames lose heat
too quickly).
To circulate a cooling breezein the summer
(usuallyin theevening),anattachedshadehouse
on the shade-sideof the house is an important
partof thegreenhousesystem.Figure 4.9 shows
how this system works. In summer, when the
house is too hot, open Vent 1 at the top of the
greenhouse;air escapes, drawing in cool air
from Vent 4, over the damp mulch and through
thevine-coveredandferny shadehouse,wherea
fine spray or drip of water on the mulch keeps
the aircool. In winter,close Vents 1 and4, open

,rx
,12

Vents 2 and3, so thatby day warm air from the
greenhousecirculates in the insulated rooms.
Close at evening,trapping warm air.
Water tanks can be vine covered in the
shadehouseas a cool air/wateÍblock. Both the
shadehouseand greenhouseyield food for the
family while cuttingdown on fuel costs.
I

H O U S EM O D I F I C A T I O N
Many already-builthousesmustbe modified
so thatthey are as energy-efficientas possible.
The main problem lies in the often perverse
aÍTangement
of older houses, which face the
road rather than the sun, and in the mania for
glass windows on all outside walls. We can
summarise ways to make older houses more
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FIGURE4.10 Attachedwindowboxgreenhouseand skylight.Note insulationto retainheat and detercold.
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energy-efflcient,in order of most concern:
. Careful draught-proofing of all doors and
windows. Sealing all cracks is essentialto prevent heat leaking from the house or cold air
entering.
. Insulationof walls and ceilings; this alone
will reduce heating and cooling bills by 507o.
. Attaching a greenhouseto the sun-side,if
possible; even a window greenhouseand skylight is an improvementas it brings in sunlight
and green $owth (Figure 4.10).Double-glass
is essentialin temperateaÍeas,and in cold regionsthegreenhouseneedsto be closedoff from
the rest of the house.
. Adding heat mass as concreteslabs' tanks,
andbrick or stoneworkwithin thegreenhouseor
insulatedwaÍmrooms.
. Attaching a shadehouseto theshade-sidein
hot summer climates to draw cool air into the
house, saving on air conditioning.
. Placing a solar hot waterheateron theroof
to reduceor eliminatefuel-poweredwaterheaters.
. Using vegetation for microclimatic control, e.g. planting trees in a sun trap shape,
attachingtrellis or shrubberiesto the shadeand
western aspects, planting deciduous trees or

- .'LI|,4t4t€L|1ct!€N|

vines on the sun-side,and placing windbreak
treesin the wind sector.
Well-designed homes are cheaperto maintain thanhouseswhich need expensiveenergyconsuming heaters and air conditioners, and
enable people to survive in warmth and comfort
without recourse to oil-based fuels. It is no
longernecessary,or even sensible,to build any
type of house other than one which saves or
generatesenergy.
Subtropicaland cold/arid house design is
can
similarto temperatedesign,as temperatures
get down to freezingin almostall areasexcept
mid-slopesand above.However, the subtropical housecan also have someof the featuresof
the tropicalhouse.

The humid tropics are usually more subjectto
periodic catasnophe than the temperatelands
(with the exception of fire); thus the only safe
long-termhouse sites are:
. Above the reach of tsunami (tidal wave).
. Shelteredfrom cvclone andhurricanetracks.
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. Above valley floors subject to mud-flow or
volcanic ash flow.
. On ridge points or plateausout of the path
of rock or mud slides triggeredby clear felling,
torrential rain, or earthquake.
. Inland from easily-erodedsandy beaches.
The main aim in hot, humid regions is to
prevent the sun from striking the house, and to
dissipate built-up heat (from humans, appliances,cooking) from the house.Thus, shading
thehouseandorientingit tocatchcoolingbreezes
are primary considerations(Figure 4.11).Find

siteswheremoderatewinds blow, whereforests
or deep valleys help shade and cool the house,
or, in strong wind areas,where the structureis
protected from severe winds by forest, earth
ridges,or is naturallyshelteredin narrow crosswind valleys.
The shape of the house is elongatedor
irregular to increasesurfacearea.There aÍeno
solid, insulated walls to accumulate heat, and
houses are most often open-plan style for air
circulation. If internal walls are used, they are
made of light materials(matting,louvres,net-

F I G U R E4 . 1 2 V e n t e dc e i l i n g sa l l o wh o t r o o ma i r t o e s c a p e ,a n d c o o lt r e l l i sa i r t o e n t e r .

F|GURE4.13 Based on Japanesetyphoon-prooí
coasta|
house. Bamboo groves providea í|exib|ewind barrier.
Houses are alwayswell-braced
and anchored.
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dng) and stop short of the ceiling to allow free
air flow.
Ventilation is essential,through the placement of windows (with vertical louvres acting
as air scoops) and roofvents. Or a shadehouse
can be added to the shade side of a house and
cross-ventilatedto a well-ventedceiling or solar
chimney (Figure 4.12).
There are wide verandahson all sides of the
house,often supportingvine crop. (In the subtropics,the verandahis partially omittedon the
sun-sideof the house in order to let winter sun
penetrateinto the house.
Vegetation shades the house; particularly
useful are tall trees with smooth trunks (no
dense branching) such as palm treesthat grow
up past the verandah and overshade the roof.
Care must be taken,however,not to completely
surroundthehousewith plants,as densevegetation blocks cooling breezes and raises the humidity aroundthehouse.Grass ratherthanpaved
areas prevent heat reflection to the walls or
eaves.

Heat sources such as stoves and hot water
systemsare detachedfrom the main structure;
many traditional houses in the tropics have
outdoorkitchens for summertimecooking.
Insectscreensare on all doors and windows
in areaswith high concentrationsof mosquitoes
and other noxious insects.
The roof is painted white or is reflective,
sendingheat back into the atmosphere.Roof
angles aÍeSteepboth to shed heavy rain and to
withstand strong winds. In known hurricane
areas,\'erJ' strong cross-bracing,deep ground
anchors, and strapped timbers are necessary.
Large bamboo -qrovesplaced to windward will
bend to the u'ind *'ithoutbreaking,protecting
the house(Figure 1.13).
A hurricane cellar or stone-concretecore
(e.g.bathroomarea)can be built inside or outside for emergencies,and should have a concreteroof. Alternatively,anearthcave or trench'
preferably roofed solidly, can be made outdoors.All windows and doorsareprovidedwith
shuttersand solid wooden locks (drop-in bars).
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housewiththick walls,internalcourtyardsand overheadtrellis.
FIGURE4.14 Drylarrds
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. Induced cross-ventilation:This is most
easily achievedby fitting a black-painredsheetmetal solar chimney to open from ceilings or
There are several designs for the dryland
roof ridges. As these heat up, they effectively
house, depending on seasonal temperatures. draw air into the rooms from
any of the above
Somedryland areasexperiencecold wintersand
cool-air sources,and create a cool air flow in
hot summers,while others (closer to the equaliving areas (Figure 4.12).
tor) enjoy mild winters.
For both heat and cold control, thick walls.
In shape and orientation,the basic temperedge-insulatedfl oors,draught-proofingof doors
ate-areahouse design applies for the hot, arid
and windows, insulated ceilings, and efficient
regions with cold winters. However, there is
cross-ventilationareall importantways to modmore emphasison providing cool air sources:
erate the extremesof daily and seasonaltem. Internal courtyards: preferablylatticedor
peraturetypical of many desert areas. Whiteshadedoverhead by trees (Figure 4.14). They
paintedexterior walls help to reflect excessive
are even more effective if they aÍetwo or more
heat, and well-placed shade trees,palms, vine
storeyshigh and naturally shadedby the buildtrellis,andcourtyardpondsorfountainsassistin
ing, althoughsmall courtyardswith shadecloth
buffering heatextremes.
can also be added to single-storeyhouses.
As in tropical climates, an energy-saving
. Extensive fully-enclosed vine arbours
design featureis to locate an outdoor screenedwith mulched floors and trickle-irrigated (Figin summer kitchen part-roofedunder a thickly
ure 3.7) These suit single-storey dwellings.
trellised area,where occupantscan spendmost
Arbors need to be about 307oof total floor area
of the day out of doors.
to provide cool air; hanging houseplants aid in
In many dryland ÍIreas,
rooftops are flat and
cooling, as does a watertank.
contain many of the features usually found
. Earth tunnel: a 20 metrelong, 1 meÍe
aroundthe housein temperateor tropical areas.
deeprrenchslopingdownhillro rhehouse.In the
Theseincludeheadertanksfor 1-2weeks'water
tunnel,largeunglazedpotsfull of *,ater,pansof
supply;laundryandclothesline;pigeonpensfor
wet coke,or curtainsof coarsefibreglass\r'eave eg_es,
squabs,manure;grain and vegetabledrycan be drip-fed to provide evaporarivecooling.
ing flats:eveningsittingareas;andpottedplants
Cool humid air continuallyfalls throughthese
( F i g u r e1 . 1 6 ) .
tunnelsto the houserooms (Figure 4.1S).
It is particularly importantin desertareasto

FIGURE4'15 Earthtunnelprovidescool humidair to dry deserthouses.Tunnel
slopes downto the house,has a
shaded intake,moist cinderbed, anclunglazedpot of waterat oulet; length20 metres.
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FIGURE4.16 Rooftop"furniture"of hot-dryclimates,wherehouses are oftenjoinedand there is littleor no yard
avai|able'Many yard functionsthereíoretake p|aceon the rooí.

conservehouseholdwater.Modest water use is
easily achieved if efficient shower heads are
usedforwashing, andboth showerandhandbasin
or laundry water is first diverted to the flush tank
of toilets (if sewagelines are provided), or to the
garden. To get shower water to a flush toilet

cistern,the shower and handbasincan be raised
a few steps above floor level, and a low-level
cisternused(Figure 4.17). All roof areasshould
collect waterinto storagetanks,whicharelocated
on the shade-sideof the house,under trellis, to
provide cool water for drinking.

FIGURE 4.17 Ways to diven handwashingand laundrywater
to toiletsin
areas wherewateris scarce.
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T UNDERGROUNDHOUSING
In both ancientand moderntimes,cavesand
underground houses were the preferred dwellings in deserts (panicularly those with mild
winters).Theirpracticality dependson thelocation having softish rock, or a softer stratabelow
a calcrete or ferricrete "ceiling". Cave houses
can be totally below ground,with skylights,but
they are more commonly built with one wall

facing out from the open (sunny)side of a hill.
Sunroomscan be built out in front of the undergtound rooms, or front rooms built on as a
facade.
Decorativefacadesmay be built at theentry,
and shadedby grape trellis. Where occasional
rains are expected, sections of the hill slope
above the cave can be sealedwith concreteas a
roof or water runoff area for water cisterns: thi s

VÉNÍ

FIGURE4.18 Earthbermedhouse for arid climateskeeps house insulatedand cool. Vines can shade sunward
walls.
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FIGURE4.19 Differentwaysto use trellisin
makir€ planthouses.Ear|yAustraIia
nstrained
vines overtheir shelters.whichsometimes
c o n s i s t e do n l y o f t i n .
Evergreenvines keep rainwatertanks
s h e l t e r e da n d c o o l .
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also sffengthensthe strataabove the rooms and
preventswater seepageinto the cave.
A cool house for deserts,duplicating cave
conditions,is thedwelling with earthbanksbuilt
up to the eaves (and if required,over theroof) as
seenin Figure 4.18.
The cool conditions of caves, brick tanks'
fire refuges and root cellars offer great advantage in storing and preserving a great variety of
goods. Cool caves greatly prolong the life of
citrus, root crop and leafcrop in storage,and are
cool air sources in summer.
Also, a cave near the house has value as a
family refugein catastrophicwind, fire, war, or
heat wave. Such structuresmay be dug into
banks. Also possible are underfloorcellars enteredfrom floor trapsor outsidecellar doors,or
above-groundstructuresofribbed steelor pipes
earthedover forprotection. Radiation from fire
is preventedby a "T" shapeor a "dogleg" in the
entry of shelters.

There are varying degreesof integrationof
house and plants:from the totally grown house
to vine-covered or sod-roofed conventional
StÍucrures.
Rudolf Doernach,in Germany,hasdesigned
a housewith a light steeland timberframe.This
frame is grown over with eveÍgleen,waxyleaved climbing plants (severalspecies of ivy,
geranium,andcoastalclimbers suit this description). Only doors and windows need to be kept
clear of vine, and as the structureis designedto
take creepers, trimming is unnecessary.The
building is igloo-like in form, a necessity for
cold winters.
In the early part of the century, settlersin the
arid area of Western Australia built an outsize
structureover their sheetiron buildings. On this
they trainedclimbing plants so that eventually
theentirebuitding was covered(Figure 4.19)to
moderate the extremes of hot and cold.
This techniquecan also be used in any cli-

matic zone, with appropriateclimbing species.
In mild to warm temperateareas,examples of
vines are as follows:
Fast-growing deciduous vines: kiwifruit,
Chineserumpet creeper,sweetwoodbine,Chile
jasmine, Virginia creeper,grape,wisteria.
Edi ble fruit climbers: kiwifruit, passionfruit
(bananapassionfruitwithstandslight frosts),
grape.
Self-clingingclimbers for brick and stone:
Cross vine. cat's claw creeper,climbing fig,
English or vanegatedivy, Mexican bloodtrumpet.
T SOD ROOFS
Sod roofs are anotherplant/housesystem,
and may be newly constructed,or rollet over
strongexisting structures,using a plastic film
stapledbelow as a moisture barrier.The metal
cog carrieswaterto the spout,while leavesdrop
off (Figure 4.21). The slotted angle or log
(indispensableon steep roofs) holds the sod
from slipping.
Trials of smaller roofs on shedsand animal
houses are probably the best way to get the
techniqueand speciesright, andas theweight of
winter sod roof is great,loads must be carefully
calculated.
I can always bring a nervous titter from an
Australian audience by suggesting that they
shift their lawn onto their roof. But I am being
fairly serious, as sod roofs are great active
roof
insulators,andany strong(or strengthened)
in
lawn
ready-rolled
would take sod, either as
succulentssuch as iceplantsor
humid ÍLIeaS,
andwith daisies,bulbs,and
pigfacein dr..'areas,
herbselserr'here.
Evapo-nanspiration,plus judicious watering,keepsthesummerheatout.In wintertheair
and foliage keeps *'inter cold at bay. Sod roofs
act,in fact, like ivy on walls. Neither increase
fire risk to the house.
For weak existing roofs, especially thoseof
zinc or aluminium cladding sheet,ivy or light
vines over the roof serves as a light insulation,
provided the gutteringis adaptedas shown for
sod roofs.
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A

FIGURE4.20 Cheap livestockshelter:plan (A)aboveand elevation(B) below.Concreteor tiled slab on ground,
with a spiralof bambooor poplarcentredon an existingtree or pole.Walls are wovenand ivycoveredto the roof.
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The "wasteproducts"of a houseare all too often
viewed as disposal problems rather than as
resources.These wasteresourcesare wastewater from showers, sinks, and laundry; sewage;
food scraps;and paper,glass,metal and plastic
garbage.
Glass and metal can be recycled,while plastics arekeptto aminimumif you takeyourown
shopping bags to market. Nevrspapersand office papers are used as a mulch barrier in gardens and orchards,or soakedand fed to worrns
(in limited quantities).
The most importantproductsare wastewater
and sewage,and these are treatedin different
ways according to climate and preference.In
drylands or dry seasons,where water is at a
premium, sink and showerrvateris divertedto a
grease-trapand from there used to irrigate garden beds. Handbasin water can also be used to
fill the cisternsof flush toilets,thus performing
a double-duty. All roof water is carefully di-

vertedto storagetanks.
In thetropics,where summerdownpoursare
frequentand storagetanks are easily filled, roof
water should be directed away from the house
and garden into gravel-filled channels and
planted swales to prevent erosion of the driveway, garden,and house surrounds.During the
dry season,when rain is infrequent,roof gutters
lead to storagetanks for drinking water.
Sewage from flush toilets can be routed via
a septic tank or methane generator to plant
systems (orchardcrops) as shown in Figure
4.22.Compostfrom dry toiletsis buriedbeneath
trees:or, in the case of moveablepit toilets,a
treeis plantedon top of a closed pit.
Food scraps are fed to animals (including
u'orms)and their manuresused in the garden.
Alternatively'.scraps are compostedor even
directlyburiedinto gardenbeds,althoughthese
will becomehot underthe groundas theybreak
down, so caution must be taken not to plant
immediatelyin the area.Thus householdwaste
productsare usedin the systemto producefood
and nutrientsto plantsand animals.
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TECHNOLOGI
CAL STRATEGI
Modern western houses use about 5 kilowattsof power,but by using a combinationof
strategies,especiallygood housedesign,solar
hot water,insulation,and sensibie,responsible
behaviour,this can be reduced to 1 kilowatt or
less,permittingrnuchsmallerenergysystemsto
be installedfor peak loads.The generalcategoriesfor technologicalenergyconservationin the
home may be summarisedas follow,s:
Climate control: space heatingand cooling
. Woodburning stoves:fast-burning,massive radiantheaters,or slow-burning,efficient
cast-ironstoves.
. Greenhouseattachment
forwinter heating.
. Shadehouseattachment
for summercooling.
. Trellis systemsfor sundeflection;cooling.
. Conducted heat:usually large under-floor
systemsusing water pipes or electrical wires
connectedto wasteheat.
Cooking and Cookstoves
. Wood-fuelledcookstoves(bestin cold tem9Z

perateclimates)provide heatas they cook.
. Gas/propanestovessuit hot and hot-humid
climates;a gas systemleavesopenthepotential
10 use methane from biogas digestersusing
sewageand otherwastes.
. Solar cooking units are divided into two
types: reflective parabolic arcs focusing onto
one point and solar ovens (home-made)which
are glass-frontedinsulated boxes lined with
reflectivealuminium foil. Both types must be
moved by hand to follow the sun unlessfitted
with a solartrackingdevice.
. Insulatedcontainercooking is an effective
method for items which need a long cooking
time. Essentially,one boils a pot (of stew,casserole,beans,soup) for between1-3 minutes.
The hot pot and its contentsare then immediately transferredto an insulatedbox where it
continuesto cook (Figure 4.23).
Hot Water Supplies
. Wood cooking or heating stoves with a
1Scm copperor stainlesssteeltubeloop in the
fire-box (to the back or one side) will provide
hot waterto an insulatedstoragetank.
. Solar collectors on the roof can be pur-

roundingan uninsulatedhot watercylinder.In
wet temperateregions a rack above the woodstoveis traditionallyused for clothes drying or,
in autumn,for drying herbs, flowers, or seedheads(Figure 4.24).

d o x c o o k e rf o r s l o w { o o k i n g
F I G U R E4 . 2 3 I n s u l a t e b
foods (legumesand grains).

chasedcommerciallyor handmade,andinclude
flat plate,bread-box,andcylindricalcollectors.

Refrigerationand Cooling, Food Drying
. Gas and kerosenerefrigeratorsare available,andareusuallysmall andefficient.A large
photovoltaic system, wind power, or hydropowersa refrigerator.
electricityeasi11'
. An air)', screenedcupboard,open on one
areas,canbe
in temperate
sidetotheshadehouse
vegetables,
eggs, and
used to store fruits and
an)'thingelse thatdoes not requirecold refrigerat10n.
. For drying fruits and vegetibles,a solar
food dryeror a semi-empt)'greenhousein summer will do thejob.

Etectricityand Lighting
. Solar photovoltaiccells and storagebatteries are used to power house lights and appliances.
. Wind power or small-scalehydro-electric
in appropriatelocationsprovide for all lighting
and applianceneeds.
. Energy-conservingand long-lastinglights
such as low pressuresodium lamps are recommendedfor rooms that are in almost constant
use (kitchens).
. Gas andkerosene(mantleandwick lamps)
lightingis usefulfor thosein thecountry*'hodo
not need much light or haven't the funds to
purchasemore expensivesYstems.

Water Conservation
. Water tank off barn/garageroof is ideally
located uphill from the house for gravity flow.
. Hand-basinwateris usedto flush toilets;or
hand-basinand shower wastewaterdiverted to
garden/greenhouse.
. Low water use shower nozzles are
commercially-available.
. Toilets with two flush modes(11 litresfor
solids, 5.5 litres for liquids) are now used in
most new homesin Australia.
. Composttoiletsor pit privies use no water,
andprovidecompostedmanuresfor use around
treesand shrubs.

Washing and Drying Clothes
. In Australia and Europe small hand-operated pressure washers (Jordashe, Bamix,
Presawash)are run by waterpressurethrougha
hose;thesehave a small capacityand suit individuals or couples.
. For bigger families and communities,a
shared coin-operatedwashing machine saves
money.
. Clothes can be dried on a clothesline,in a
greenhouseor similar airy ard roofed area,or,
for small items, in an insulated cupboard sur-

of nationaland internaEnormoussavin-gs
and
sas are achievableif
tional petrol,coal
h o u s e s a n d c o m n t u n i t i e sa r e d e s i g n e da n d
Níostof the
enlrinned
v for enercr'conSen'ation.
vY uryyr
home energvsvstemsaboveare non-polluting
and beneficial.Given the atomic fallout and
acidrainfrom reactors,power stations,andcars,
our only possible future is to develop clean
energy and to reduce energy use; that is, the
ultimate saving we may make is to our own
lives, and thoseof the forestsand lakes of the
planet.
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Home Garden Design
Zone I is that area closest to the house,
startingjust outside the kitchen door, and contains the annual garden, small important perennials, espalieror miniaturefruit trees,seedling and nursery beds, and small quiet animals
suchas rabbitsand pigeons.It is the zone which
we visit daily, and which is intensively planted
and controlled.
The size and shapeof Tnne I dependsmainly
on site acreage, access, schedules, and time
available, so that if there are daily visits to the
barn or laying shed to collect eggs,then TnneI
would stretchfrom the house to the barn. Those
with time to devoteto theland and a largefamily
might have alargeZnne I, while thosewho work
offsite might limit their TnneI to a 4-8 square
metre sectionjust outside the door.
The structuresassociatedwith Zonel are üe
(discussedinChapandshadehouse
greenhouse
ter 3), potting shed, propagation frames,
compostingarea,clothesline,barbecuepit, and
gardenstoragearea.Other structuresmight include a pigeon loft on the roof or off the house
to collect manure and raise squabs;small pens
for rabbits or guineapigs; and a workshop.
When planning Zonel, we need to look at:
. Climate and aspect:From which direction
does the wind blow? Which is the sun side?
Shady areas?Where do frosts strike?
. Structures: Where can structuresbe placed
so that they fulfill two to three functions? Can
they be used as: water collectors; trellis supports;windbreaks;food production areas?
. Access: How should access be arranged:
roads,entries,clothesline,piay area,woodpile,

barbecue,pathways,mulch heaps?
. Water source: What are the gardenwater
sources:tanks,hoses,greywaterfrom thehouse,
and how is water to be disrributed(sprinklers,
drip irrigation)?
. Animals:Whatsmall,usefulanimalsshould
be in Zone I, and what systems need to be
provided for them (food, shelter,water)?How
can large animals be excluded by hedges or
fences?
Everything should be consideredin relation
to eachother,so thattheproductsof one element
provide for the needs of another.
If you are having trouble knowing where to
start,always startat the doorstep,as the house
provides a central focus and an edge from which
to work outwaÍds.If you need to, first make a
layout map of the house, trees, fences, pathways, and any other existing structuresor features.Then decide what you want close to the
house (garden structures,garden beds, small
animals,ponds,etc.)and place them according
rules.
to the basic energy-conserving

,,,,.,..
...,,..,,

GARDEN LAYOUT,,..
. ,,.,
..,., ..',:,,,,'

The gardenis fulll'-mulched,u'ith its soils
aeratedand humus-rich.Plants are constantly
beingrecycled;topsareeaten,leavesdiscarded;
greenmanuresareturnedinto the soil to provide
nutrientsfor a summercrop; some dill, carrots,
and fennel are allowed to go to flower to atÍact
parasitic waspst and volunteer tomatoes and
cucumbers from the compost heap are planted
out along the fence.
There is no attemptto form the gardeninto
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sffict neat rows; it is a riot of shrubs, vines,
garden beds, flowers, herbs, a few small trees
(lemon, mandarin), and even a small pond.
Paths are sinuous, and garden beds might be
round, key-holed,raised, spiraled,or sunken.
It does not matterwhat methodsyou use to
makeyour garden,whetheryou chooseto doublewithnewsdig yourbeds,or simply sheet-mulch
papersandstraw.It's a matterofwhatsuitsyou.
I'm lazy-full mulch suits me. You are vigorous--{ouble-diggingsuitsyou.Double-digging
suits you now becauseyou may be young. Full
mulching,you will grow into!Techniqueis not
a fixed thing (nor is permaculturegenerally);
it is something appropriateto occasion, &ge,
inclination,and conviction.
So theimportantthing is to lay cut thegarden
based on frequency of visits and size of crop,
and to allow arange ofplants for greaterinsect
control.Even whendesigningi small areasuch

as a garden,we can follow the general perÍnacultureprincipleof placing plantingbeds depending on how many times the beds are visited.
I

KITCHENDOORCULINARYHERBS
Imaginea clumpof parsley6 metresawayin
the main garden.You've just made soup and
want to seasonit before serving.It's raining
outside,andyou arein yourfurry slippers.There
is no way you are going to rush out and get that
parsley!It and many otherherbsin the garden
remain unharvestedbecause they are too far
away.But if we havea herbbedjustoutsidethe
kitchen door, harvestingfreshrherbsis no problem.
A herbspiral(Figure 5.1)accommodates
all
the basic culinary herbson a mound of earthon
a 1.6metrewide base,rising to 1 or 1.3metres
high. This spiral gives variable aspects and
drainage,with sunny,dry sitesfor oil-rich herbs
suchas thyme,sage,androsemary,andmoistor
shaded sites for green foliage herbs such as
mint, parsley, chives, and coriander.At the
bottomis a small plastic-linedpond in which
watercressor waterchestnutcan be grown.The
herbspiralis convenientlywateredby one sprinkler placed at the top.
I

SALAD CLIPPINGBEDS
These beds, not far away from the herb
spiral,arenarrowandcloseto thehouse.In them
go moreherbs(thosethatdon't fit ontotheherb
spiral,or which you want to grow in quantity)
andsmall saladherbsandgreenssuchas garden
cress.garlicchives,shallots,andmustardgreens,
u'hich can be cut with scissors.They are very
fast-growingthroughoutspring and summer,
and yield a large quantityof greens.They are
oftenvisited,watered,cropped,andmulchedto
restoresurfacehumus (Figure 5.2a).
I

FIGURE5.1 Gardenherbsoiralwith small watercress
p o n da t t h e í o o t .o n e s p r i n k l ew
r a t e r si i a l | .
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PATHSIDEPLUCKINGVEGETABLES
Thesearetheuseful,long-bearingvegetables
for saladsor cooking thatwe can eithercut, or
pull leaves from for months of yield. Most are
from a seedlingbed,andcomprise
transplanted

suchvegetablesas Brusselssprouts,silver beet
(Swiss chard),celery, bunching onions, broccoli, kale, mustard,spinach,and Florencefennel. Capsicumand zucchini are also vegetables
which can be picked frequently.
Thesevegetablesare alongthepathside,and
and
aÍeconStantlybeingremoved,transplanted,
for
is
taken
leaf
stalk
a
or
NÍost
often,
replanted.
saladsor stir-friedvegetabledishes;it is rare
thatthe u'holeplant is harvested.Some are left
in thegarden(Figure5.2b).
to seedthernselves
NARRow BED PLÁNTS
\o* ue get to the gardenbedsthemselves,
intd narrowbed plants
r,rhichcan be separated
p
l
a
n
t
s
B
.
o
t h t v p e sc o n t a i np l a n t s
u
i
d
e
bed
and
*'hich needa long penod of picking (overthe
The narrowplant
summerandautumn,usually').
beds containplants that need more accessand
fairly frequentpicking,andmightbe madeup of
beans,tomatoes,zucchini, caÍTots'peas' eggplant, salsify, broad beans,and such herbs as
caÍaway'chervil, cumin, and chamomile(Fig.
l

ure 5.2c).
Tomatoplantsneeda naÍTowbed so thatthey
arereachedandpickedeasilyas tomatoesripen.
As they dislike wind, they can be plantedin a
"keyhole" bed with a sunroot (Jerusalemartichoke) surround(Figure 5.3).
BROAD BEDS
Here we plant thosecrops which requirea
long time to mature,or are harvestedall at once
for storageor processing.These include corn
ntelons,pump(bothsu'eetandmaizevarieties),
ieeks,beets,turnipsand
kins,onions.potatoes,
self-mulched,
are
close-spaced.
Thev
su'edes.
have no paths betrieenthem, and are blockplanted.Some of thesebeds can also go into
Z o n e1 l f o r m r i n c r o p p i n e .
T

c|{w nÉrftFt

rr
o'l
F I G U R E5 . 2 G A R D E NB E D S
( A ) : N a r r o wb e d s f o r c l i p p e d g r e e n s ( B ) : P a t h s i d e
, a r s l e ye, t c . )
v e g e t a b l e(sf l l al n yh o l e sw i t hg a r l i cc. h i v e s p
(C):Rotatingcrops each season or year.

B A R R I E RH E D G E S
Around the garden,and perhapsbreakingit
sections,are hedgecrops.
up into mana-seable
Hedges are oftenused as wind, weed, and animal barrierplants,andif careis usedin selecting
species,theycan also be usedas mulch sources,
I
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animal forages,nitrogenfixers, andedible crop.
Whetherfrom neighbours'untendedfences,
or from the uncontrolled edge of your own
cultivation,themulchedareaof Zone I is under
constantattackfrom ground invaders.Kikuyu,
couch or twitch grassesreachout to smotherthe
pamperedannuals.Unless you can afford deep
concretesills under the fence, you must look to
naturefor the solutions.
After sheetmulching the garden (discussed
laterin this chapter),planta living barrieraround
your protected area, and mulch it well with
cardboardand sawdust or straw (Figure 5.4).
Use vigorous,shady,or mat-rdotedusefulplants
immuneto there-invadinggrasses(non-runner
bamboo,comfrey); an inspection of your local
areawill reveal more speciesthatdo not permit
the invaders' approach.
Sunroot (Helianthustuberosus)plantedin a
band about1.2metreswide, acts almostimmediately as a windbreak to supplementslowergrowing hedges. The Siberian pea shrub
(Caragana aborescens)fixes nitrogen,forms a
thick hedge,can be grown in cold climates,and
its seedsusedto feedpoultry.Taupata(Coprosmn
repens),planted closely togetherand clipped

FIGURE 5.4 Barrier hedge to deflect wind, keep out
a n i m a l s ,a n d s h a d e o u t r u n n e rg r a s s e ss u c h as kikuyu,
twitch and couch. In-gardenlow hedges give a garden
"edge"definition.
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occasionally, forms a barrier between Zones I
and II. Its berries are prized by chickens, and the
leavesarean excellentsourceofpotash,so it can
be productively used in both Zones as a forage
crop and as a rough mulch for garden plants.
Cannalilies (Canna edulis)plantedwith lemongrass (Cymbopogon citatus) and comfrey
(.symphytumfficinale) form an impenetrable
barrier for kikuyu grass in subtropical aÍeas.
Other successful barrier plants are wormwood,
and autumnolive. In-gardenhedgesare smaller,
often made up of rosemary and other perennial

herbs and shrubs. There are excellent barrier
hedgeplants for every climate and condition.
In very windy areassuch as on sea coasts,
you can establish garden barriers immediately
with a setof 3-5 tyres stackedin an arc against
the wind (Figure 5.5). First newspaperand
mulch the baseof the tyre againstweeds,then
fill u'ith earth,compost,scraps,hay, etc. and
plant speciesable to withstandwind. The tyre
aÍcnot onl1,blocks Strongwinds, but acts as a
heatbank,protectingagainstfrost and evening
variations.
out temperature
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usingold tyresfor a protectedgardenin verywindyareas, e.g.sea coasts
FIGURE5.5 Hedge/windbreak
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VINE AND TRELLISCROP
Using trellis to support both annual and
perennial plants is the single most important
space-saving device for both urban and rural
gardens.
Trellis is placed against walls, fences, the
carport, shed, shadehouse,verandah and patio;
orcan be specially-builtasfree-standingarbours
(Figure 5.6),or even establishedover canals to

provide shadefor fish in hotclimates.Trellis has
a multitudeof uses,including:
. Permanent barrier hedges around the garden (perennialssuch as passionfruit,hops, and
vanilla).
. Deciduous shading of the house against
summer sun (grape,wisteria).
. Permanentshadingnext to west walls (ivy,
ramblingroses).
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. Summerplayhouses(beantipis) and living
areas.
Figure 5.7 shows some trellis systems.
Sturdy trellis should be provided for all the
vine plants, and care must be taken not to let
rampantvines get out of control, especially in
tropical and subtropicalregions. Edible perennial vine plants include kiwifruit, passionfruit,
grape,and hops. There are mmy other perennial, useful scramblers(flowers, leafy vegetation) providing shadeand mulch material.
Annual vines include the cucumber,melon,
and squash families, as well as the climbing
legumes (beans,peas). Tomatoes (especially
thecherrytypes)needto be treatedas a vine, and
can be stakedor twined aroundmesh and srnng.
In-garden trellis is provided for the smaller
climbers,while themelon and squashvines are
trainedon outer fences, up arbours,or up onto
the roof in urban aÍeas.Be sure to provide a
trellis structureconsistentwith theplant'sclimbing mechanism.Figure 5.8 shows the different
types of trellis supportsused for differentvine
twining systems. Vines should be planted at
frequentintervals for vertical growth.
GARDEN POND
A small garden pond used to grow water
lilies or water chestnut is a haven for insecteating frogs. Although such ponds are commercially-available from garCensupply shops,
they can be made from old tubs,plastic' or any
non-leakymaterial.
I

MESH for tendril
c l i m b e r se, . g .g r a P e ,
passionfruit

P O I . E Sf o rt w i n e r s , e . g .
norrnq

Tyre Pond: An o1dtruck or tractortyre (not
steel-belted!)is easily turned into a pond by
cutting off one edge with a sharp knife. Dig a
two-foot hole in the ground, wide enough to
accommodatethewidth of thetyre,and tapering
down (Figure 5.9). Line the hole with thick
plastic, set the tyre on top of the plastic, and
shovel dirt into the hole. Stones are set around
the tyreto cover it, and a small,perennialflower
suchas alyssumis plantedfor decoration.Plant
waterlilybulbsor waterchestnutsinto theearth
at the bottomof thePond.
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SEEDLINGBEDS AND NURSERY
Seedling beds should be close to hand in the
garden,with easy path access.Eanh from the
seedling beds is always being taken away as
vegetablesareplantedout and must be replaced
from time to time. Or, raise seedlingsin pots or
trayscontaininga seed-raisingmixturefor easier
handlingfrom greenhouseto coldframeand out
into the garden in appropriateweather conditions.
The nursery, an important feature in any
initial permaculture,is placed where it will get
plenty of waterand attention.A greenhouseand
shadehousemay be necessary in large-scale
operations,but usually cold framesanda shadecloth structureis all that is needed.Depending
upon the scale of operations, the nursery is

situatedinZone I or in ZoneII, with consideration given to vehicle access(for nurserymaterials and perhapssales),water, aspect,windbreaks,loading area,and so on.
Figure 5.10 showsan idealizedZnnellayout for the temperategarden.
T

K E E P I N GA N N U A L SP E R E N N I A L
In mild temperateclimates, several techniques have been developed by gardenersto
keep annualsin the,garden"turningover". If a
few leeks are left to run to seed,then dug up,
manysmallbulbilscan be foundaroundthebase
of the stems.These are plantedout in the same
way as onion sets.\lature leeks cut at ground
level (withtherootleit rn the_eround)
will sprout
againfor another.smaller,harvest.
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IntheonionAeekgroupofplants,many areln
any case perennial. Near the kitchen door we
can plant two varieties of European chives
(coarse-or fine-leaved),Asiatic garlic chives,
and shallotsof various types.Furtheraway, as a
border,setout potatoonions (which give about
6-10 onions for every one planted),Welsh onions, evergreenbunchingonions,thetop bulbils
of tree onions, and plant the cloves of garlic in
thestrawberrypatchin autumn,orany spaceleft
in raisedbeds.Garlic bulbs,if allowed to multiply for two years, give a constantcrop.
If the large pods at the base of broad bean
plantsarelefton thegroundto dry andaÍeStra\^.mulched in late sulÍImer,they will resprout in
autumn;or the crop may be pruned back hard
afterharvestand will sproutagain.Seed potatoes left under mulch sprout in spring, and
lettuceleft to go to seed will scatterseedlings
around their base for replanting. Parsley and
manyflat-seededspeciesre-seecifreelyin mulch,
and their seedlings can be set out to grow. In
fact, a small proportion (about 4-67o) of all
crops sown can be let run to seed or ripen for
scatteringunder mulch, rather than buying annual seedcrop.
Various fruits and vegetables (tomatoes,
pumpkin, melon),placed whole undermulch at
harvest,fermentand rot, throwing up seedlings
for new plantings.Carrot tops kept in a dark or
cool place will sproutagain, and can be set out
to grow in soft soil (Figure 5.11a).Cabbages
are cut low, and the stalk split crosswisewith a
knife. Smaller cabbageheadssprout,which are
harvestedin their turn, or ciivided up and replanted(Figure 5.11b).
In warm climatestheaxil shootsof tomatoes
andrelatedspeciescan be pinched out andreset
as small plantsall summer(Figure 5.1lc), the
last lotpottedandbroughtin to fruitover winter.
Capsicum andchilies treatedin this way may be
winter pruned and then set outsidein spring.
All these methods minimise resowing or
making seedbeds, and keep the gardenturning
over constantlY.

Sheet mulching for gardens is a technique
which has beendescribedby many people,with
as many variations.It is my favouritetechnique
as it gets you going immediately, without the
back-breakingworkof diggingthesoil for beds.
You can stafi on almost any type of soil, except
for those leached-out,rock-hard soils looking
very muchlike concrete.With these,
andfeelin-e
ui off the ground and cart in
boxes
build
1'ou
to fill them.
earthand compostn.raterials
all weeds:ivy,
Sheetmulching suppresses
onion and spear tultch, kiku,vuand buffalo
grass.docks. dandeiions,oxalis, onion weed
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and even blackberries. The important thing is to
fill up the areawith plants, according to theprior
plantingplanyou haveworkedoutonpaper,and
to totally cover the area with mulch. For that
reason, start with an area of about 4 square
meffes, and branch out as time and materials
permit. Your first attemptshould be very close
to the house, preferably starting from a foundation or path which is itself weed-free.Thus,
you are protectedfrom an invasion of weeds
from the rear. Figure 5.L2 shows the sequence
for sheetmulching.
First, plant any large trees or shrubs. It is
easierto plant thesenow thanto dig throughrhe
mulch layer at a later date. Next, sprinkle the
area with a bucket of dolomite (and gypsum. if
the ground is particularly clayey), and chicken
manure or blood and bone (to add nitrogen ro
start the process of reducing the carbon in the
following layers).A bucketor t\ o of compost
scraps can also be scattered.for the riorms. If
you have a source of weed-seedi'ha1'or like
material,place this also over the area.
Don't botherto dig. level. or ueed. No*',
proceedto tile and overlapthe area*'ith sheet
mulch material.This can be cardboard,wallboard,newspaper,old carpet(non-s)'nthetic),
underfeltandanythingthatu ill eventuallybreak
for p Iants.Cover the
down andprovidenuLrients
areacompletely,leaving no holes for weedsto
poke through.If you have a valuabie tree or
shrubin theway, tearpaperhalfu av acrossand
pull it aroundthe stem.Serve another.at rightanglesto thefirst.Go on, leavingonll,valuable
plantswith their stemsand leavespoking out.
Water this layer well; it will starr the processesgoing.Then applya7.5cm iayerof either
(or mixed) horse-stablestraw; poultry manure
in sawdust;leaf mould orraked leaves;SeagÍass
or seaweed.
All of thesecontainessentialelements,and
hold water well. Follow thesewith dry, weedseed-freematerial on top, of at least 15cm of
pineor casuarinaneedles;rice husks;nut shells;
cocoa bean husks; leaf mould o,'raked leaves;
seagrass;dry straw (not hay); bark, chips, or
sawdustor any of thesemixed.
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Water until fairly well soaked. Now, take
large seeds (beans, peas), tubers (potato,
sunroot), small plants (herbs, tomato, celery,
lettuce,cabbage)and small potted plants. Set
themout as follows:
With yourhand,burrowdowna smallhole to
the base of the loose top mulch. Punch or slit a
hole in the paper,carpet,etc. with an old axe or
knife. Place a double handful of earth in this
hoie, and push in the seedor tuber,or plant the
small seedling in it. For seeds and tubers,pull
the mulch back over. For seedlings,hold the
leavessoftlyin onehínd,andbringthemulchup
to the base of the plant.
If you must use small seed,do it this way:
Pull back themulch in a row; lay down a line of
sand,or fine soil, and sow small seedsof radish,
carrot, etc. Water, and cover with a naÍTow
board for a few days, or until the seeds have
sprouted(or sproutthem first on damp paper).
Then remove the board and draw mulch up as
the tops grow.
Root crops do not do well in the first year,as
the soil below is still compactedand theremay
be toomuch manure.Plant daikon radish,whose
30-60 cm root will begin to break up the compacted ground. Plant most root crops in the
second year (or dig a separatebed for them),
when it is only necessaryto pull back the loose
top mulch to reveal a layer of fine dark soil.
By the end of the first summer, the soil is
revolutionised, and will contain hundreds of
worrns and soil bacteria. Just add a little top
mulch to keep levels up, usually a mix of chips,
bark, pine needles,and hay. Scatter some lime
or blood and bone. Annual plants need occasional fresh mulch after harvesu their outer
leavesare"tuckedunder"themulch layer,as are
all your food wastesfrom the kitchen. Worms
are so active thatthe leaves and peelings disappearovernight.Leatherbootstakea little longer,
old jeans a week or so, and dead ducks a few
days.
In the first year, you need to water fairly
frequently, as the layer of fungal hyphae and
plants at the base of the mulch are slow to
develop. As in normal gardening, all newly-

l
1. Rough original sudace with
weeds, shrubs, grasses. WoodY
olantsare slashed and laid flat.

2. AREAis sprinkledwithbloodand bone,decayedleaforthinscatterof
foodwastesplussomelawnclippings.Then,carpetedwithcardboard'
softboard'
sheets ot maíriat
old carpet,lino,orclothes,hardboard,
newspaper,underfelt,
grasses
etc. (all organicmaterials).Crushedand darkenedweeds ancl
B l o o da n d b o n e
vellowand die, soil fauna startwork'
S l a s h e dw e e d s

-\
-\

zstm seaweed'stable
'sweepings
or manure.
\ (E, F, and G weed free)
\ Layers as Per 2 above'

3. Appearanceof Plantedarea in
(l)largeseeds
firstyear.(H):tubers
Ü) trees and shrubs.A||are new|y
plantedas soon as mulch is
comoleted.

FIGURE5.12 Steps in sheet mulching.

planted seedlingsneed water initially.
There is no need to rotate plants in this
system,or to rest the ground.Potatoesare simply placed on top of the old mulch, and remulched.There is no need to leave room to hoe
or dig either,so plants may be stackedmuch
more closely, and preferably in mixed beds
ratherthan in strict rows. By frequentand random replanting,the gardenu'ill startto assume
the healthy appearanceof a mixed herbal pasture. This diversity of plants act as hosts for a

rangeof insects,frogs,and birds and is a major
factor in successfulpest control.
Some strongweedsmay forcethrough'Push
theweeddown in themulch,put damppaperon
its head, cover with saq'dust.If 107o of the
kikuyu or twitchcomesup' sheetwith paperand
cover with mulch. All eventuallydie out under
this treatment,leavingthe areaclear of weeds;
only ,vourplants have their heads in the air'
Another ploy is to dig up dock roots, bury
kitchen scrapsthere,and re-mulch.
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Never bury sawdustor woodchips;just put
themon top where atmosphericnitrogenbreaks
down the wood. Worms add sufficient manure
to supply the base manure. Keep the mulch
loose,don't let it mat, and thus mix lawn clippings or sawdust with stiff dry material like
chips or pine needles,bark, etc.

Urban/suburbandesign takesthe sameprinciples of permacultureand appliesit to a smaller
scale.Usually,thereis spaceforonly Zone I and
some Zone II plants, animals, and structures.
The important thing to remember is that the
smallerthe available space,the greatercarethat
must be takento bothintensify food production,
and to minimise waste space by using spiral,
keyhole,trellis,least-pathsystems,and stacked
or clumpedplantings.
I

SMALL URBAN SPACE
This situationrequiresmostthorght,butit is
surprising how much food can be -grou'non
w i n d o w - s i l l s . r o o f s . v e r a n d a h s .n a r r o \ \ '
walkways,andpatios.Plantscan evenbe grou'n
indoorsin pots as long as they are wheeledout
to a sunnylocation;most plantsneedat least6
hours of sunlight a day during the growing

season.
Containerscan be of almostanything:plastic
gardenpots,wastepaperbins,old baskets,halffilled sacks, toy boxes. Poke holes in them so
that water can escape,and be sure their combined weightdbesnot bring the balconycrashing down onto the peoplebeneath.A light soil
mixtureis madeup speciallyforcontainerplanting on balconiesand roofs; it may need more
frequentwatering.
Deeper containersare neededfor root vegetables. Potatoes are grown in a small area
throughthe use of a potatobox, which is made
from a 44 gallon drum, a wooden box, or (outdoors)old railu'aysleepersor car tyres.Potatoes
areplacedon a bedof mulchinsidethebox,with
mulchput overthem.As thepotatoessproutand
grow, more mulch is piled in, until the green
leafy topsare stickin,sup out of the box. In this
way, potatoesare formedfrom thecoveredstem
andaremoreeasilvpickedthanif grownin hard
g r o u n d( F i g u r e5 . 1 3 ) .
Chooseplants}'ouaÍecertainto eat,which
a-reparticularlvnutritious,and which can be
pickedat leasttu ice a u'eek,suchas capsicums
(bellpeppers).tomatoes,
parsley,chives,silver
(Su
iss
lettuce.
chard),and
If spaceis limbeet
ited, stick to herbs that are frequently used
(thy'me,
marjoram,basil).
Window-sill spaceis betterused if hanging
baskets or 2-3 shelves are added (Figure
5.1;l).Betterstill is a window-boxgreenhouse
1 /

FIGURE5.13 Potatoboxes.Left:200 |Ítre
drumwith
mulchlevelraisedas potatoplantgrows.Right:Box
sectionsaddedas potatoplantgrows.

kr
set out from the wall, facing the sun, as illusrratedin Chapter 4 (Figure 4.10).
Onverandahsandsmallpatios,plantsshould
be in tiered plantings with taller plants at the
back so as not to shadesmaller species.Two or
threeshelves of pots or long planterboxes can
be stackedvertically (Figure 5.15a).
Other well-known ways to grow food in a
small spaceinclude sproutingalfalfa,sunflower,
and mung seeds,and growing a sack or two of
mushroomsin a cool dark place.
Kitchen scrapsarecompostedin a two-bucket
systemunderthesink, addinggardentrimmings
to food. Some scraps,such as orangepeels and
uncrushedeggshells,take a long time to break
down, but this is easily achievedif you take the
time to cut and crush them.
For apartmentdwellers,trellis is besttrained
or set up against
aroundthe verandah/balcony
walls outsidethewindow (Figure 5.15aandc).
SUBURBAN BLOCKS
Most peoplein Australiaown orrenta house
with a small to medium-sized front and back
I
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yard.Many of thesehousescould accommodate
a small greenhouseor shadehouse,trellis systems, fruit trees, a golyculture of annual and
perennialplants, and some small, quiet livestock such as duck, quail, bees, and bantam
chickens.See Figure 5.16 for an idealised"before" and "after" view of a typical suburban
block.
Trellis takestheplaceofshadetrees,manyof
which aretoo largefor urbanblocks.Always be
carefulto designthetrellis systemsso thatthey
do not shadeout groundbedsof smallerplants,
unlessrhoseplantsbenefitundershade.
Fruit Trees: \Íiniaturefruit trees,which are
n eitherin the -rroundor in largepots,are
-s.ro\Á
onll' 2 metrestall atmaturity)
compact(usually'
andbear normal-sizedfruitsu'ithina few years.
Their disadvantages
are initial cost,more care,
lifespan.
and a shorter
Grafted trees are also very valuable in a
small garden.Branchesof one varietyof apple,
for example,can be graftedonto anothervariety
to ensurecross-pollinationor fruits thatripen at
differenttimes.Better still, it is possible to graft
three or more types of fruit onto one tree. A
peach tree, for example, can bear almonds,
nectarines,apricots, and Japanese and Europeanplums. Apples, cherriesand pears will not
grow on peach but any one of these can be
grafted to support different varieties of that
particularspecies.
Always consider the height and spreadof
trees, as they may eventually shade out the
garden.Almost all fruit treescan be prunedand
trainedagainsta wall or fence (espalier).Although it requirescareful pruning and tying,
advantagesare easierpicking, netting against
birds, and saving space.
Garden Beds: Any sort of gardenbed can be
used,from mounded,sunken,keyhole,circle,to
earth-andcompost-filledboxes.One technique
on hard ground or rubble is to build compostfilled circle beds.The main advantagesof these
round beds are:
. Water savings:A circle is wateredby one
sprinkler more efficiently than a long row of
vesetables.
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. Nutrientconcentration:thecircle is a"dumping ground" for all kitchen scraps, vegetable
trimmings,manures,and other addedorganics,
forming a rich areaof compost and humus.
. Circle gardenscan be constructedin difficult climates (particularly arid regions) and in
placeswhere the groundis unsuitablefor growing, e.g.rubble,hardpan,sand,and clay, as they

growentirelyinsoil thathasbeencollectedfrom
the areaor compoqtedon site.
To build an above-groundcircle bed (Figure
5.17a),proceedas follows:
1. If possible, dig a circular hole in the
grounda little bigger thanthe circumferenceof
the circle. The diametershould be as far as you
can reach to the centre from any point, say 1.2

A
'{

\4

FIGURE 5.15 (A)Cut-awayvielvof a patioset up for herb,vegetable,and small fruitin beds and pots
t B l o u t s i d ew i n d o wb o x a n d t r e | | i (sC )V e r a n d a h
t r e | | i ís o rs h a d ea n d Í r u i t .
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maÍntenance,
highyie|d.(Adapted
froma drawlngby RobynFrancis:Chickensin a Permaculture
Garden.

metresacrossin total.The depthis one shovel
deep,with the earthput aside (on a canvasor
plastic sheet).The bottomof the hole is turned
over or loosened.
2. Place a 60cm high circle of chicken wire
aroundthehole.Throw eartharoundtheedgeof
the wire to secureit in place. To keep earthand
other fine materialfrom oozing out of the wire,
use Straw as a barrieÍ il€ ' rt to the wire. As
materialis put into the circle, it will bulge but
remain taut.
3. Start filling the hole with food scraps,
compost,leaves,twigs, etc. in layers with the

earth you had taken out before.From tinte ro
time, sprinklein nurrients:co\\ manure,aged
chicken manlrre.some form of phosphate,a
sprinklingof ashes,lime. blood and bone,seau'eed.etc.
4. Build it to thetopof thechickenwire,and
sprinkleu'itha laverof fine earth.
The actual _ero*ingis done in this small
space,but the plantsuse up a biggerareabecause they can spreadout from the circle. Cucumbersand zucchini drape over the bed and
trail off onto the ground,while tomatoesare
stakedup outsidethe circle.
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Insidethe circle any sensiblepiantingcombinationcan be followed,particularlyof planting a fast-growingcrop with a slow-growing
one (carrots,shallotsand radishes;broccoli and
lettuce)as one is removedwhile theotheris still
growing. Care must be taken in the winter garden not to shade out small plants with tallergrowing species;this is not such a problem in
the summer gardenwhen the sun is overhead.
As plants are harvested,others are put in
theirplaceif thereis enoughlight. (With enough
waterand nutrients,theonly limitation is light.)
Three beds will keep threepeople in salad and
other vegetablesall year, and once set up need
little attention.
Wateringis easy,as a sprinkleris placed at
the top of a stake in the middle of a circle, or a
tube of spray emitters from a drip irrigation
system is tied to poles. For early raising of
110

springvegerables.drapea sheetof plasticover
the stakeand aroundthe circle, leaving a small
openingaroundthebasefor air circulation(Figure 5.17b).
Added to the circle gardensand trellis systems,a flattishroof can be usedto grow pumpkins and waterrnelons.If you have a wooden
fence next to the house,constructa column of
black plastic (not clear plastic-the roots will
burnup)andchickenwire inthe corner (Figure
5.17c),nailing the chicken wire into the fence.
Fill the column with nutrient-rich earth and
plant seeds.As the seedlingsgrow, clip off all
but two strong stalks for each plant and lead
them to the roof, where they can spreadfreely.
The important thing to remember is to water
frequentlyasthecolumn driesoutfairly quickly;
it is best to have a drip system operating on
automatic,if possible.
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FIGURE5.17b Circlegardenwith plastictent.

The Suburban Lawn
The American lawn uses more resources
thanany otheragriculturalindustryin theworld.
It uses more phosphatesthan India,and puts on
more poi sons thanany otherform of agriculture.
The American lawn could feed continents if
people had more social responsibility.If we put
the same amountof manpower,fuel and energy
into reforestationwe could reÍbrestthe entire
continent.A house with two cars, a dog, and a
lawn uses more resources and energy than a
village of 2000 Africans.
Often you will see a little house on a
residential block, surroundedby flowers and
lawn and perhapsa bit of shrubbery.Behind the
house,way in the back and maybe hidden by a
discreettrellis,will be a small vegetablegarden.
You recognisethepattern.It is so universalthat
to move a cabbageup on to this lawn is a cause
for total neighbourhood consternation.My
favouritestoryis thatof a man in Tasmaniawho
daredplantcabbageson his "naturestrip"-that
sacredand formal grassy areabetweensidewalk
and street.Having thus demonstratedhis total
lack of the sense of fitness of things, he was

columnfor rooftop
FIGURE5.17c Chicken-wire
vegetables.

sharply reminded of his error when the local
council sent trunks and men to uproot the vegetables (which were merely useful, and therefore of no aestheticvalue).I must,in all fairness,
say this occurred in I97l and by 1979 the
council had tentativelybegun to plant fruit and
nut treesin their public parks.
Yet why should it be indecentto have anything useful in thefront half of your propertyor
aroundthehousewherepeoplecan seeit? Why
is it low-statusto make that area productive?
T h e c o n d i t i o ni s p e c u l i a rt o t h e B r i t i s h l a n d arereallylookingathere
scapingethic;u'hat\,\'e
is a miniatureBritish countn,estate,
designed
for peopleu ho had sen'ants.The traditionhas
moved right into the cities, and right down to
quarteracre patches.It has become a cultural
statussymboi to presenta non-productivefaandits shrubberyis a forcingof
cade.The lar,r'n
natureand landscapeinto a saluteto wealthand
power,and has no otherpurposeor function.
The only thing that such designs demonstrateis thatpower can force men and women to
waste their energiesin controlled,menial and
meaninslesstoil. The lawn sardeneris a schiz111

oid serf as well as the feudal lord, following his
lawnmower and wielding his hedge clippers,
and contortingroses andprivet into fanciful and
meaningless topiary.
If you've inherited a large lawn, never fear:
help is at hand! It is easily turnedinto productive
space in a few hours by sheet mulching with
newspaper and straw (depending on family
needs, a small space might be saved as a
children's play area),and can be designed to be
both aesthetically-pleasíng and productive by
planting:
. S hrubs: Gooseberries,blueberries,currants,
rhubarb.
. Flowers for salads: borage, nasturtium,
calendula, daylily (for a list of edible flowers,
see Appendix B).
. Herbs: thyme,lavender,rosemary,oregano,
marjoram.
. C olourÍulvegetables :variegatedkale, chili
peppers, capsicum (red, green, yellow), eggplant (elongated,black, yellow), yard-long cucumbers,watermelons,squashon trellis, scarlet
runner beans (beautiful flowers), cherry tomatoes,asparagus,pumpkin.
, Carpettngplants:chamomile,alpinestrawberries.
. Trees: citrus, persimmon (orange fruits
hang off leafless nees in auturnn),almond and
apricot (pink and white flowers in spring).
Thus, an energy-consuming,unproductive
lawn is turned into a large food-producing area
containing100-200plantspeciesin less thansix
months.If all suburbanlawns were so transformed, urban food needs could be cut bv at
least20Vo.

The main design considerations in cold
areas are in extending the growing season
throughthe use of plastic or glass;protecting
plants from frost for as long as possible;using
locally-adapted shrubs and trees for windbreak, mulch, and fodder, growing vegetable
TI2

varieties which are specially developed for
short-seasongrowing; and storing fruits and
vegetablesin autumn for winter use.
Vegetable gardens should be sited close to
the house for easy access and so that plants can
be quickly covered on frosty nights. If the
gardenis on a sloping site, ensure thatcold air is
allowed to drain downhill and that there are no
barriers such as a dense hedgeorwall which can
act to dam the cold air. Try to provide a break or
pathway through this barrier to allow cold air to
flow downslope. [n mild frost areas,raised beds
can save plants from ground frosts.
The single most important garden/house
structureis a well-insulated greenhouse,where
the floor inside the walls is insulated from the
cold earthoutside. Heat masses are a bank of 44
gallon drums Íilled with water or even large
plastic tanks serving as fish ponds,a successful
strategy used by the New Alchemy Institute in
Massachusettsin their large bio-shelter.(Figure 5.18)
The areas below plant benches, if used to
houserabbits,guineapigs,poulüry,or any small
domestic animals at night, will provide considerable winter heat (see also Chapter 6 for a
chicken-heatedgreenhousedesign). Insulated
boxes of actively "cooking" compost located
inside or just outside the greenhousewill provide warmth, as will hot water pipes and storages filled from solar heat collectors. Even
water pipes connected from the shower can be
usedunder growing beds,afterfirst going through
a filter.
Another style of greenhouse, particularly
suitedfor inner-city dwellers, was designedby
Dr Sonja Wallman for intensive production of
food in a densely built-up area of Berlin. An
enthusiastic gardener, Dr Wallman has also
developed similar greenhousesin cold climate
areasof New Hampshire, in the USA.
This greenhousediffers from other models in
that, even in the cold continental climate of
Berlin, it needs no additional heating.
This is achieved by the following design
principles:
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FIGURE 5.18 Greenhousefor fish and
incoldclimates.Bioshelter
foodoroduction
designby the New AlchemyInstitute.
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. The greenhouseis not free-standingbut
attachedto an existing house.
. Orientationto thesun-scctor(south-east
to south-west)following theexactsun-anglesof
summer and winter.
. The wall of the house and the use of
double-sheetedglass provide extensive heat
insulation.Thus the greenhouseis even able to
conserve energy as it acts as a suntrap and
buffer-zone.
. It also acts as an airfilter,improving air
quality throughout the house, an important
considerationin areasof heavy trafficpollution.

úsreq. cul-ATe5.

In winter,the sun heatsthe rear wall of the
housewhich servesas a heatstorage.The heat
thus collectedduring the day radiatesinto the
houseduringtheeveningand thushelpsto save
on domesticenergy costs, during the average
250 days per year u'hen temperatehousesrequire heating. In summer,the insulatedsolid
part of the sloping roof protectsthe rear wall
from directsunra)'s.Ventilationflaps,arranged
in the greenhouseandrearwall, directair flow.
By overlappingplant species and size, as
well as harvestingmethods,(ie plucking outer
leavesof lettuceratherthanthe whole plant),it
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FlGUBE 5.18a Greenhousep|anproducing707ooÍthe sa|ad needs of typica|Íami|y.

is possible to produce within tbe 2Orű gleenhouse (Figure 5.18a), approximately 70Vo of
theneedsof fruit and saladsfor a family of three
to four persons.
Organic wastefrom the kitchen,household
and greenhouseis turnedinto high-valuecompost by worrns (in a wormbox). Togetherwith
mulch, the soil is regeneratedcontinuously.
Along the wall of the house are planted herbs,
while along the outer glass wall are different
cabbagesand lettuces. When the soil temperature reaches 23o C, the summer planting with
annualscan follow. The winterplants will then
be replacedone by one by tomatoes(on trellis),
cucumbers,pole beans,nasturtiums,basil, etc.
The hardy or perennial planrs remain in their
place.
Raised insulatedbedsareconstructedof brick.
The height of 80 cm allows working and harvesting without backaches.
Work inputfor thegreenhouseis estimatedto
be one weekend each for the summer and the
winter planting respectively. The need for upkeep and wateringis about L5-2Cminutesdaily.
However, this is more thancompensatedfor by
the savings of money and time in not having to
shop for fruit and vegetablesevery day.
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See Box oppositefor a list of suitableplants for
the inner-city greenhouse.
Other "mini-greenhouse"devices that have
been used by cold area gardenersare cloches,
invertedgiassj ugs,andmoveableplasticframes
in various shapes.(Figure 5.19).
Rock walls backedby suchreflectíveffeesas
birch give an early warm site to plant out vegetables. Stone walls in a gentle arc form waÍm
early growing sites, as do semicircles of tyres
facing into the low sun. Such embaymentscan
be piastic or glass-coveredto assist heat retention, or piles of tyrescan be toppedwith glass as
miniaturegrow-holes,especially if the tyresare
earth-filledto retaindaytimeheat. The Chinese
useslantedbambooandstrawlean-tosto achieve
this early growth of vegetablesand to extend
their growing season. The shade side of such
sheltersaccumulatesnow for insulation.
Vegetables that withstand most frosts are
some root crops (carrot, leeks, turnips); these
must be covered with bales of hay to keep the
ground from freezing. It is best to group such
plants together,althoughthe entire gardenwill
benefitfrom a thick layer of hay in winter. Kale
also withstandswinter frosts. Many vegetables

Plantsfor a Solar HeatedGreenhouse
Dr Sonj aWallman

Annual Vegetables, Herbs & Edibte Ftowers

Hardy Edible Fruit, Herbs & Flowers

Oriental CabbageSpecies
(hardy,fastgrowingcabbageandgreens)

Fruit
Alpine Srawberry
ChineseGooseberryftiwi - a vinelike,climbingcordonplantwith sweetfruit:it is
necessaryto growmale andfemaleplants
to ensurefruitins)
CitrusFruit (lrÍe1.er's
iémon,
Persianlime &

Hon Tsai Tai (red-purplefloweringstemwith
dark greenleaves)
DelicateGreen (darkgreenleaves,tastingmild,
similar to spinach)
ChineseKale (ediblegreenleaves,flowers
Calamondin orange are all kinds suitable
smellof roses)
for a greenhouse;
thesekinds produce
ChineseBroccoli (ike broccoli,flowersstems
su'eetsmellingflo*ers and edible fruit.
andleavesare edible)
throughoutthe rear)
Kyona Mijuna (biennialJapanesemustard,rasr; Tomatoes (Srreet100 Cherrl'tomatoesgrow
ing mild, yieldingwell underextreme
andhavefruitfor severalvearsin a
temperature
variations)
greenhouse,
if thetemperárure
doesn't
sinkbelowzero)
Tumip Tops
Broccoli
Okra
ButteCabbage Lamb'sLettuce SorreHerbs
WinterEndive Leaf Lettuce
Corn Salad
Spearmint
Peppermint Bergamot
Swiss Chard
Japanese
Greens Cos
Sage
Sorrel
Mugwort
Chives
Woodruff
Thyme
Annual Herbs
Tarragon
Rosemary
Coriander (edibleherbwhich is importantfor
thelifecycleof ladybirds)
Flowers
Dark Opal Basil (a kind of sweetbasil wirh
Jasmin(tea)
dark purpleleaveswhich is morehardv
thanthe betterknown basil)
Special Plants for lnsects
Cucumber(femalecucumberwitiroutpips
Pelargonium (hostplantof the waspEncarzia
whichis trainedup trellisesin green
formosa - parasiteof whitefly)
_
houses:an exampleof this kind - 'Sandra') Sun-Dew
(Drosera- Insecteatingblantwhich
catchessmallflies;attractiveplant;grows
Aniseed
Camomile
Chervil
well)
DellSoup
Celery
Caraway
ItalianParsley
Aromatic Plants of Non-EdibteFtowers
Lavender(infusionfor nervousailmentsas bath
Edible Flowers,r
additive,extemallyfor rheumatism,
Marigold
Nasturtium
bruises,sciatica,neuralgicpains)
Jasmine Hibiscus
can be harvestedin autumnand kept clean and
dry in cellars; these are often layered in sand
(carrots)or wrappedindividually in newspaper
(tomatoes).Tomato plantsmay also be pulied
wholefrom thegroundandhungupsidedownin
the cellar; tomatoeswill then slowly ripen.
A look around the district wrll reveal useful
hedge, windbreak, mulch, and animal forase
species suited to the climate. There -" -uiy
cold area fruit varieties of apple, quince, blue-

berry,rosehip,grape,persimmon,and even a
hardykiwifruit (Actinidiaar_suta).
Nutsinclude
walnutandAmericanchestnut.Animal forages
are honey locust, oak (acorns),and autumn
olive. The SeedSaversExchanges,bothin the
USA andAusrralia,carry a fascinatingrangeof
open-pollinatedand heritageseeds,including
many speciallyadaptedfor cold climatecondi_
tions. Contacrderailsareincludedin Appendix
E: PermacultureResources.
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FIGURE5.19 Variousstylesof mini-greenhouses
for startingplantsin spring.
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Like temperategardens,the tropical garden
needs a variety of perennials, annuals, vine
crop, and barrierhedges.In addition,it contains
papaya(pawpaw)
and nitÍogen-fixing
thin-foli.
age trees as a canopy above the gardento give
shadefrom the sun.
Tropical soils are thin and leachedout due ro
heavy rains, so it is essentialto interplantleguminous greencrops (bothperennialand annual)
within the garden as a cut-and-rnulchsystem.
Mulch can be cut all year from a variety of nonlegume hedgeand understorey.Such speciesas
Nicotiana, wild ginger, lemongrass, bamboo
(leaves),vetiver grass, and crop wastes from
maize, sesbania, and soft gtound legumes or
comfrey provide constant mulcii so that the
coppicing of susceptible tree legumes is reduced. All garden wastes are returned to the
beds, and beds are replanted as they are harvested.A top mulch of straw,bark,dry manure,
or woodchips is added annually, or whenever
needed.
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GARDEN BEDS
Garden beds should be mounded to shed
water,particularlyin the wet season;otherwise
they will become waterloggedand plants will
rot. There are various possible bed shapes.
(Figure 5.20), depending on climate. Briefly,
earÍhmoundingis best for humid tropics while
sunkenbeds are best for dry tropics.
Ridges.Ridgesof 0.5mx 1m increaseyields
in cassava,sweetpotato,potato,and yam crop.
N'íulchandgreencrop can be grown betweenthe
ridges.Pineapple and ginger also prefer ridges
in wet areas.lrucaena intercropfor mulch is on
mounds,while maize and greenmulch (beans)
occupy hollows.Ridges permit deepmulching
for low crop such as pineapple, with mulch
being applied betweenthe ridges.
Basins: Even shallow basins, aid dryland
taro and banana,or patches of Chinese water
chestnut.Soil is more easily saturated,and deep
mulch keeps it from drying out.
Boxes made from palm trunks are ideal
mulch-holders for yams, banana, vanilla orchids, vines generally, and borders of beds in
home gardens.

gardenbed shapes for tropicalclimates.
FIGURE5.20 Mounds,boxes,ridgesand basins are some appropriate

Cut palm trunks aÍealso useful for holding
beds acrossmedium slopes.
earthfor teÍTace
BANANA/PAPAYA CTRCLE
A wet, mulched circle surroundedby baand sweetpotatois a
nanas,papayas(pawpaws)
useful Írreato compost scraps,to accommodate
excess runoff, or to contain an outdoor shower
(Figure 5.21).
Steps in the process are:
1. Describe a circle 2 metresacross and dig
thetopsoil (or subsoil)to adish shape,ridgeson
the outside, and about 0.6-1 metre deep from
hollowtorim. Anarrow inletat groundlevelcan
be dug to accept rainwater runoff.
2. Cover the circle with wet paper or cardboard, banana leaves, or any mulch material
such as coarse twigs, hay, rice husks, etc. Add
manures,ash, lime, dolomite, c-rrother fertilisers.Building thesematerialsup in layers of 1520cm, overfill the circle so that it bulges up at
the top (it will soon sink down). If stones are
I

i/
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F I G U R E5 . 2 1
Mulch.Íl||ed
banana/papaya
circle(above)and
o u t d o o sr h o w e r
(left).
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available, bank them to the outsideof the rim.
3. Plant therim to 4-5 papaya(a tall variety),
4 bananas(dwarf types),and 8-10 sweetpotatoes.Yams or tarocan be plantedinside therim,
or a wooden, slattedplatform placed inside for
an outside shower.
I

WEED BARRIERSAND MULCH SUPPLY
Becauseof theprolific growthin the tropics,
weeds are often a problem. Around the annual,
mulched gardens,a band of grass-barrierplants
preventsweed re-invasion.
A combinationof the following usually works:
. a deep-rootedbroadleaf (comfrey);
. a clump grasswhich does not seeddown or
is not browsed (lemongrass,vetiver grass);
. a calpeting plant such as sweetpotato;and
. a bulb such as Canna edulis.
Bordering a garden,woody legumessuch as
moringa (horse-radishor drumstick tree), sesbania, leucaena, calliandra, and sunn hemp
(Crotalaria) provide mulch for the garden beds
and fodder to domestic livestock. Behind that,a
tallerborderofcassava,banana,papaya,pigeon
pea, and leucaenaforms a hedgeor windbreak.
To discourage animals, thorny or inedible
hedges are planted around the garden. Plants
thatmake good live fencesaÍe:cassava,cactus,
hibiscus, bamboo, and a double row of soinv
pineapples.
I

TROPICAL POLYCULTURE
As usual, diversity of garden speciesworks
best.
The following are some common planting
arrangementsfound in SoutheastAsian home
gardens (from The UNICEF Home Gardens
Handbook, P. Somers):
. Multi-storey tree crops: top layer of coconut, with middle layer of jakfruit and avocado.
Next layer of banana,papayaand coffee, under
which are plantedwinged beanand otheredible
vines growing on the tree trunks. l,owest layer:
pineappleand taro.
. Climbing legumes:yardlongbeans,winged
bean and lima beans planted to one leucaena
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stake or untrimmed piece of bamboo.
' Circle plantings: banana growing in the
middle surrounded by cassava and tomato;
winged bean growing on the banana; sweet
potato as a ground cover. Mushrooms growing
inside the hill of bananas.
. Water canal from the kitchen/shower feeding banana,sugarcane,kang kong, and taro.
. Trellis overan irrigationcanal:bittermelon,
squash,climbing legumes.
When plantingtreesin thegarden,orclose to
each other,it is importantto know their characteristics,such as heightof maturetrees,fruiting
habits (plant a rree that fruits on rhe outside
branchesnext to one that fruits on the inside to
minimiselight competition),drought-resistance,
and shape. Generally, small trees with open
foliage are the best to plant near the annual
garden, with trees gradually getting larger towards the edge and inside of Tnne II.
While a complex polyculture of many hundredsof speciesdelights both the naturalistand
the householder,it becomesdifficult to control
an extensive rich polyculture and collect its
products.Very complex polycultureswork best
at a small scale and with close attentionfrom
people.
I

TROPICALGARDENPROBLEMS
Problems are numerousin tropical gardens,
especially insect and rodent pesrs, wild pig,
snails, and sometimesmonkeys and larger animals. Thus there is a need for spiny or woven
fences of Euphorbia, yatay palm, bamboo.
By planting a mixed, multi-storey system,
insect pest problems are minimised; frogs, spiders, small insectivorous birds, geckoes, and
bats help to control plague conditions of pests,
as do ducks, bantams,and a pig to eat waste or
fallen fruits. If eel-worms (nematodes) are a
problem, plant sunn hemp (Crotalaria juncea)
and Tagetes marigolds throughout rhe garden
beds,one or two every few metres.Sunn hemp
root associatesffap nematodes,while marigold
root exudates suppressweeds and soil fungi,
nematodes,and grasses.

The desert garden is likely to suffer from
light saturation and excess evaporation; the
formerreducesphotosynthesis,henceleaf bulk,
and thelattercauseswilt and slowed growth.To
overcome the problems of high pH, heat and
light stress,risk of salting in soils, dry winds,
and poor water supply, we need to create a
special environment around the desert house
and garden.
The following are some solutions to the
problems of desertgardening:
I

YNDALKALINE
N U T R I E N TD E F I C I E N C A

sorLs

Plants need three major nutrients to gÍos'
well:
1. Nitrogen (N): naturally found in urine,
roots and leavesof Acacia spp.,casuarina,legumes,hair,wool, old woollenclothesor blankets.
2. Phosphorus(P): found in bird and animal
manure.Easily collectedfrom underbird roosts
and in chicken yards.
3. Potash (K): found in the leaves of comfrey, wood ash, and some volcanic ash.

Plantsalsoneedtraceelements,andalthough
thesemay exist in dryland soils, they are usually
chemically unavailableto plantsdue to high soil
alkalinity.Mulch and compostare essentialto
create humus, a soil environment where trace
elementscan become available. In addition,
gardenbedsshouldbe treatedwith a light scatter
of sulphurto reducepH to 6.0-7.5.Ifplantslook
deficientin traceelements.thesecan be chemicall5'provided as a foliar (leaf) spray,or added
in small amountsto compost rather than put
d i r e c t l vi n t ot h es o i l .
W r N D / S H A D E / S U NP R O T E C T T O N
Gardensmustbe carefullysitedout of direct
r,rindblast.
and an extensiveuse of major and
minor ri indbreaksshouldbeconsmrctedaround
the house and garden.Wooden fences, tyres
stacked3-6 high,thick-vinedtrellisstructures,
andhedgesall serveto deflectdry winds.Leguminoustreesare acacia,mesquite,albizia,etc.,
which can be grown on the edgesof the garden
as windbreak.
To protectyoung plants from the desertsun,
constructa moveable shadehouseout of poles
orplantnextto already-existing
andshadecloth,
shade-providingbushes.
Cast light shadeover crops in hot desertsby
I

FIGURE5.22 Slottedpipe delivers
sink water to plants. Higherwaterdemandcroos should be located
nearesthe house.
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FIGURE5.23 Pipe (withstockingfitter)
flowingdirectlyinto plastic-lined
trench
garden.

<r(TtoN
using spaced vine crop on overhead trellis, or
plant open-crownedpalms and light-crowned
or prunedacaciaand mesquite.The trellis system should be integral to the house.
I

WATER
Water is the limiting factor in dryland gardens, but with careful design plenty can be
available. Conservationand re.-useof water/
wastewateris essentialfor gardencrops, with
thehandbasinand showerwaterrun into slotted
pipes along a plastic-lined shaliow planting
trench(Figures 5.22 and5.23).
Beds are wateredvia drip irrigition, preferably below 18cm of mulch or 18cm below the
soil surface.Where wateris high in salts(most
arid areas),it is necessaryto apply the water to
the surfaceof flattenedmoundsor ridges,.rather
thanrun it down furrows betweencrop rows; in
the first case, salt gathers harmlessly in the
furrows or paths, but in the second (furrows
irrigated)it concentratesat the crop roots.Figure 5.24 shows some gardenbed shapes.
Trickle irrigation via commercial pipe systems,or home-madesystemsof crnbeddedearthenwarepots,leaky invertedbottles,gravel-filled
pipes are in wide use world-wide.Under tree
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canopies(citrus,for example),small sprinklers
are usedin the shadedareato wetJjVo or more
of the root spread.Sprinklers are, however,not
only wasteful on the broadscalebut damage
foliage by the evaporationof salt on crop foliage,andcausesoilcrusting.Wateringatevening,
overnight,or at dawn is preferableto adding
waterby day due to sun evaporation.
Soil gelscan be addedar a rarioof 1:100to
garden soils, as can illite (claypan)clays and
bentoniteclays in sandsto assistwater retention.
T

MULCH
Mulch is the key srrategy for moisrure
retentionand humusbuild up. Mulch materials
arecardboard,newspaper,seagrass,leaves,wellrottedmanure,old cottonor wool clothes.sheets
of plastic,woodchips,and old carpetor felting.
Mulch sources in arid lands may seem bare at
times,but in fact thereis a greatdeal of material
which can eitherbe grown ín the garden(comfrey, legumes),collected after harvest (spent
vines and other green material),or gathered
from the wild. Trees such as casuarina,pines,
and someacaciasyield up abundantleaf material. Cattle manuresare plentiful at vards and

sheds;and near runoff gullies, flood lines leave
deepdepositsof leavesand twigs. Such mulch
is gathered after rains from the creeks and
waterflow areas,especially if logs are set at an
anglein thecreek to trapdebris.Stonesareoften
found in drylands, and are useful especially
around trees.
Almost any plant does well in the desert
gardenprovidedit is adequatelywatered,which
is usually possibleonly in ZoneI and possibly
ZoneII, as trickle irrigation. Cucurbits, beans,

somegrains,and both tomatoesandpeppersare
very successful desertplants for home garden
vegetables,as aresuchdesert-adapted
treessuch
as date and doum palm, jujube, mulberry, fig,
pomegranate,olive, peach, and apricot. Given
good site selection,some basin or swale runoff.
and care in establishment,such trees will producein mostseasonsoverlongperiods.
Thus,an
essentiallong-termstrategyis to selectadapted
plantsof low waterneed,deep-rootedandheattolerant.
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F I G U R E 5 . 2 4 ( A ) m u l c h e dp i t s f o r t r e e s ( B ) c i r c l e
gardensaroundmulchhole(C)ridges/D)Mulch"baskets'.
at clump plantings(E)Log boxes of mulchoveralkaline
sands (F)Broadfloodbays for broaciscale
crop (G)Topwateredraised beds for salty water supply (to 12OO
ppm).
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Orchards, Farm Forestry and
GraínCrops

Zone n extends out from Zone I and is
intensively planned and maintainedwith spotmulchedor closely-plantedorchards,main-crop
beds, and ranging domestic animals, whose
sheltersor shedsmay adjoinZonel. Herewe can
grow home orchards and grain or main crop
vegetables.Commercial orchards and crops are
likely to go here and into ZonellI,using Zone II
mainly for home use. Remember that zones are
not fixed, and,in fact, are not strictly delineated.
We can put the importantelementsof a system
wherever it is most suits us for easv access.

We can best start the orchard by planting
legume (nitrogen-fixing)plants-small species
like white clover, lab-lab bean and lucerne,
larger speciessuch as acacia,albizia, and black
locust, and a scatteringof shrubs (tree medic,
tagasaste).
Prepare the orchard site by soil conditioning,
if necessary,and setout theleguminousspecies.
Interplant selected orchard trees. In home orchards, trees need not be in rovzs;however, if
planning a small commercial orchard,rows are

easiestfor mowing andharvestingmachinery.If
plantingon a slope,always plant along contours
or on contour banks (Figure ó.1).
I

PLANNINGTHE INTERCROPSPECIES
For every element,speciesand breedsmust
be chosen to complementthe design.Orchards
will be made up of disease-resistant
main crops
(fruit and nut trees),possible windbreak (species that won't compete for light, water, and
nutrient), and scattered alternative trees (for
pest control, bee atÍactants).In addition' you
will have to decide on the understoreyof the
orchard.Itcould be used to grow greenmanure
crops or nitrogen-fixingclovers;provide forage
for animals (geese,chickens, sheep);provide a
variety ofinsect- and grass-repellingspecies;or
be usedto grow vegetablecrop (until eventually
shadedout).
Trials of black and red culrants, gooseberries,lucerne,feijoa,tagasaste,clov er,N arcissus
spp.,perennialdahlia, sunroot,globe artichoke,
and the like will reveal successfulunderstorey
species for the site. Any deciduous trees removed as diseasedcan be replaced with evergreen (feijoa,citrus, loquat,olive) and the species mix varied by long-terminterplantof chestnut, walnut, almond and plum.
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FIGURE6.1 Fruittrees on contour,in rows.Croosare
shelteredbetweenmixedhedgerows
of fruitand nuts,and
insectary
andleguminous
trees.Sometreesarecutoutas
orchardmatures.

Should you be so unfortunateas to inherit a
monoculturalorchard,add3-4 hens,a pig, and
4-6 larye leguminous trees per 1000 square
metres(Il4 acre),with many smaller legumes.
Fordecorationandvariety,plantfuchsias,banksias and red hot poker (Kniphofia) for the insec124
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tivorous birds; borage and white clover for the
bees,andaddmorespeciesasthesystemevolves.
Always try to maximise flowering plantsbelow
orchards,as wasp predatorrefuges.
For a commercial orchard,the samenumber
of fruit trees can be grown, with the area en-

largedto fit in theinterplantspecies.Secondary
yields such as honey, nuts,foliage, and berries
from these added species contribute to the total
income.Plannedvariety gives a good display at
wayside stalls and enablesdirect marketingof
varied products, from flowers to fruit to seeds,
nuts, and herbs.When deciding which orchard
trees are worthy for a commercial venture, select fruit or nuts that:
. bear easily in the climate or microclimate;
. ripen all at once for easy picking;
. ripen evenly;
. have a shelf life and good marketvalue.
When deciding which trees grow best together, it is importantto know:
. The structure of the mature tree: Is it
umbrella-shaped,like mango and walnut, or
open like guava and almond? Generally, umbrella-like trees cast dense shade, preventing
many crops from growing below them. Open
trees,or those with featheryleaves, let enough
light to the ground for other crops.
. Trees that tolerate shady conditions:
Coffee, papaya,hawthorn,most citrus, andblack
mulberry grow beneathtaller treesand may not
require full sun to produce fruits.
. Tree height at maturity: This is useful to
know when deciding a Eee's locationand space
requirement. Smaller trees planted underneath
large ones are eventually shaded out, unless
pruned severely as is done on the small home
gardenplots of southernItaly, where maturefig,
olive, loquat and even pine trees are pruned to
allow sunlight to grape rellis and even vegetableplots (growing betweengrapes).
. Moisture needs: Place drought-resistant
trees(carob,almond, guava)andmoisture-needy
plants(papaya,banana)in separategroupingsto
aid in watering.
. Allelopathy: Make sure selectedtreesdo
well together.Walnuts, for example, secrete a
substancein theirrootswhich causemany fruiting trees to gÍowpoorly.
We should also consider the need for crosspollination, placing male and female speciesof
the same tree near each other.

T ANIMALSIN THE ORCHARD
Once young orchardtreesand their associated plant guild speciesare established,small
livestock can be introduced.In the beginning,
bantams and small poultry breeds can be on
range. Poultry scavenge most soft fruits (and
anylarvaeorpupaeofpests),helpcontrolweedy
vegetation,provide manuresfor orchard trees,
andforagefor seedand greens.Chickens atI2A240hadonot greatlyaffectthedensityofshrubby
groundcovers.When orchardtreesare 3-7 years
old, foraging pigs can be introduced as fruit
maturesto takecareof windfall fruits thatbreed
orchardsoffrom 7-20
pests.In standard-pruned
yearsold, first sheepand latercontrolledcattle
grazing can be permitted.Watch to see that
sheepand cou's do not damagetreebark;if so,
they must be removedor the treesprotected.
T T E M P E R A T EP L A N TG U I L DF O R T H E
F R U I TO R C H A R D
The enemy of deciduousorchardsis grass,
thusnon-grasscrop below treecanopiesis ideal
(Figure 6.2). A mix of the following plant
groups can be made:
. Spring Bulbs (daffodils,hyacinth):These
flower anddie back by early summer,as do most
of theonion species(Allium),andcreatea grassfree area below trees in fruit, plus a crop of
bulbs, flowers, and honey. Iris and tuberousrooted flowers also assist grasscontrol.
. Spike Roots (comfrey,dandelion,globe
artichoke) cover the ground and encourage
yield mulch and crop. Soil below their
woÍTns,
opento rootsfeedfoliageis soft,free-draining,
ing nearthe surface,cool.
. Insectar)'Plants andsmall-flou'ered
plants:
fennel,dill, Queen Anne's lace, tansy,carrot,
Predatory
and parsnipflou'ers(umbelliferous).
jewel
beetles,
wasps,robber flies, ladl'birds,
in
interplants
to
attracted
pollinator
bees
are
and
the orchard.In the herb layer, catnip, fennel,
dill, small varieties of daisy (or any of the
Compositaefamill'),andfloweringgroundcovers generallyattractwasps,beesand insectivorous birds.
. Nitrogen and Nutrient Crop: Cloversand
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FIGURE6.2 ldealisedguildassemblyfor an apple orchard.Legumetrees are loppedfor mulch;perennialand annual
f|owershe|p in pest control;grass is e|iminatedby comíreyand hertcs.

r26

interplantsof tagasasteor acaciasprovide rootievel nitrogen.Marigolds (only theTagetesspecies)plantedaroundtrees"fumigate"thesoil, as
does the greencrop sunn hemp for nematodes.
Such guilds of plants are neededespecially
in the first few years of orchard establishment.
Trees of l0-plus years of age are far less
susceptible to grass competition, and thus
groundcoverguild plants are less needed.
In general,we aim to reduce or even eliminate grasses,to plant as many flowering plants
as possible to attract a variety of pollinators,
predatoryinsects, and insectivorousbirds (using Kniphofia spp., Fuchsia spp., Echium
fastuosum, Salvía spp.) and to provide ground
cover, stone piles, logs, pits, and tussocks for
frogs and insectivorouslizards. Small ponds
throughoutorchards will breed frogs for leaf
insectcontrol.
Soft groundcovers such as nasturtiumpreventthe soil from drying out andgive mulch,as
do the interplant and windbreak trees,and the
herb layer generally.
To sum up, pestspeciesin theorchardcan be
reduced by a combinationof thesestrategies:

. Selecting diseaseresistantstock for the
main fruit crop;
. Planting flowering crops and refuges for
predation by birds, frogs, lizards, wasp and
predatoryinsects;
. Interplantingleguminoustrees and small
treesotherthanthe main crop species;
. Reducingorchardstressby removinggrass
coverandprotectingwith windbreakandmulch;
and
. Ground foragingby chickens,pigs, geese
to clean up *'indfalls and depositmanures,or
thecarefulcoilectionof windfallsfor juice processingor disposal.
I

T R O P I C A LO R C H A R D S
papaA mix of treelegumes,fruits,bananas,
yas,arrou'root(canna),cassava,sweetpotato,
andcomfreycanbe co-plantedon loosenedsoils
and in mulched swales.There should be large
speciesplantedevery 8- 10metres(mango,avocado, jakfruit) with smaller species (citrus,
tamarillo,guava)interplantedwith coconutduring the establishmentperiod. Smaller shrubs
andplantsareplantedasgapfillers (Figure 6.3).
The planting areaaroundthe small treescan
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also be seeded with nasturtium,lab lab bean,
Haifa clover, broad bean (Fava), buckwheat,
dill, fennel,lupin, dun peas,pigeonpea,or any
usefulnon-grassmix available,and suitableto
climate, landscape,and available water. The
aim is to completely carpet and overshadethe
groundin the first 18-20monthsof growth.
Ideally,denseplantingsof this type should
be sheet-mulchedwith newspapers/cardboard
and toppedwith availablecut grassesand later
the tops of arrowroot,comfrey, banana,acacia,
and greencrop. Later still, shade-lovingspecies
such as coffee and dry tarocan be placed in any
openspots.Turmeric,taro,ginger,sweetpotato,
and cassavaare cropped below tree systems.
It is far better to occupy a quarter hectare
thoroughlythanto scattertreesand herbsover a
largearea.Much of thesmall vegetationis used
for mulch and nutrienr,and should be thickly
appliedto suppressgrasses.
When planting on slopes,treesshould be on
thecontour,wi th stripp lantings of Co nna,v etirv
er
grass,lemongrass,or elephantgrass.These are
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set out to form an unbrokencross-slopehedge,
or across on earth walls or dam banks at spillways. They dispersewater and createsilt traps;
behindsuchself-perpetuating
walls,soil is deeper
and treescan be planted.
When pioneeringin grasslandor expanding
the systems outwards,use wet hollows, small
dams, and cross-slopedswales to hold wetseasonwater (Figure 6.4).Around theseplant
hardy legumes such as leucaena,Inga, Acacia
mearnsii and other acacias, Gliricidia,
Calliandra,C as sia,G meli na, Albizia,B auhinia,
Tamarind, etc. All of these withstand grasses
after the second year.
Weed speciessuchaslantanaandP ennisetum
give excellent early cover, and are later cut to
make rough mulch piles 3-6 metres across in
which vines,palms,and usefullegumesare far
more easily established.Also use rampantand
vigorous soft vines (choko, yams, passionfruit)
to clamber over and shadeout shrubby weeds,
which are later slashedfor use as tree mulch.
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SAMPLE SPECIES LISTSFOR SUBTROPICALORCHARD INTERPLANTS
Setting up the orchard guild means that first
pnnds,swales,accessroads,tracks,large circular
mulch pits, and sub-guild areasor natural openings are developed and connectcd to infiltrate
watcr and to provide good wet-scasondrainage
(moundsfor avocadoand citrus,banks and small
mounds for yam and pineapple).Waterlines and
taps are set in for the cssentialtwo to threeyears
wateringof the young treesduring thedry season.
It is far easierto place thescpermanentelements
at the beginning than to work around the plants
oncc thcy are in Place.
The sub-guild areasare bcst kept small (300400 squaremetres)and "edged"with shortperennial speciessuch as lemongrassand comfrcy (cut
seasonally for múch) or with swales. Larger
plants(pioneers,large trees,windbreaklegumes)
can be planted throughout,widcly-spaced, and
later each bloc is fully-plantedand mulched,onc
small bloc at a time.
Major windbreaks: Silky oak, casuarina,
pongamia,sesbania,Prosopis spp.,Golden Goddessbamboo (a clumping variety),makcs a dense
windbreakwhen plantedin a mulched line or arc.
In -crop windbreaks :Gliricidi a,Tlpuanatipu,
and acacia plantedas individual treeswhich may
eventually bc cut out and used as mulch.
Pioneer plants: Usually alreadygrowing on
siteandusefulas shade,mulch,andsoil improvement,e.g.lantana;wild tobaccobush,macaranga,
acacias.
Legumes: Albizia spp. and Acacia spp.(Á.
fimbriata, A. auriculiformis, A. longifolia),
leucaena,Inga edulis (ice cream bcan tree),sunn
hemp, Cassia multiiuga and spp.
Large trees: Macadamia, mango, jakfruit,
pecan, avocado,lychee.
Medium trees: White and black sapotes,cuscarambola,
tardapple,olive, fig, rambutan,loquat,
mulberry, pcrsimmon.
Smaller trees:Tamarillo,citrus,feiioa,cof-

fee, papaya, banana,jaboticaba, small guavas,
rosella, rose apple, Brazilian cheny.
Palms: Datc palm,coconut,butia,adaptedtall
palms gencrally.
Trellised vines:Thesecan bc placedbetwcen
ZnneI and II, andin and aroundtheorchardin the
firstfew yean. Black andyellow passionfruits(56 good varieties,includinglillikoi), choko (chayote),grape(speciessuitedto subtropicsareavailable),oystemut(a vigorous cucurbit yielding a
nut, grown cxtensively in southern Africa),
kiwifruit, luffa, a varietyof bcans,and gourcls.
Tubers and ground covers: sweet potato
(permancntgroundcover;may bc harvestcdcvcry
few years if necessary), turmeric, ginger,
cardamon,C anna edu lis (Quecnslandarrowroot),
Chilecayote (a rambling percnnial squashwhich
must be cut off trccs occasionally), pigeon pca
(C aj anuscajan),pineapple,comfrey,lemongrass.
Wetand swampy areas:Chinesewatcrchestnut, taro, Sagittaria, lotus, watcrlily, tea trcc.
Bananas do bcst near a grcywateroutfall.
In the tropics and subtropics, nutricnts arc
cycled throughthe vegetation,not the soil, hcnce
thc emphasison mass plantings and stacking of
vegetationlayers. If thc plantings gct too dcnsc
(as the larger trees gain maturity),simply chop,
mulch some of them out, or transfer thcm elsewhere. The orchard,especially in its first fivc
years,is a dynamic and changingcomponcntof
the systemand the componcntsof lowcr storcys
can be splitup by bulbs,cuttings,divisions,andso
on.
Water demandsarc greatcrin the first fcw
years;howcvcr,almostall the spccicsmcntioned
abovearedormantor slou'-growingin wintcr,the
dry seasonin the subtropics.Watering may be
necessaryin the few monthsbeforethe summer
rains, althougha fully-mulchedand shadedorchardwill notneedasmuchwaterasonc withbare
ground.

After2 to 3 yearsof leguminoustreeculture,
therewill be a greatimprovementin soils; after
3-7 years,a high thin canopy of palms, feathery
legumes,or wet-seasondeciduouslegumes(e.g.
Acacia albida) will enablea complex assembly
of understoreyvines, shrubs, trees, and strip
crops to flourish.
Pigeon pea, cow-pea,daikon radish,clover,
and lucerne can be broadcast and raked into
areas of disturbed soil around tree seedings.
These all loosen and create humic (organic)
soils.
Specieswhich growfrom largecuttings(some
mulberries,horseradish tree,any local species)
can be placed at the edge of clumped forest
plantings, as these can be quickly propagated
after a few years by coppicing.
I

DRYLANDORCHARDS
Any dryland area will supportfruit and nut
trees if there is an adequatesupply of water.
Trees set out in drylands include date palm,
jujube, cork oak, pistachio, plum, white cedar,
tamarisk, chestnut,honey locust, carob,
mesquite,paulownia,with bulk cuttagasaste,
tings of grape, fig, and mulberry. Other plants
which withstanddry conditions are apricot,almond,pomegranate,
olive, andcactus(Opuntia

)sti:l\\

spp.) These represent a range of fruit, nuts,
nitrogen-fixinglegumes, and other useful species (Figure 6.5).
Because of the lack of water in drylands,
plantsarenot crowdedtogetheras in the tropics,
and in fact orchards usually mimic the plant
structureof natural drylands, where plants are
spaced so they do not compete for water and
nutrient.All importanttreesshould be mulched
and put on drip irrigation.
In stony deserts or dry slope areas, where
surface stone is readily available, stonesalone
make a peÍTnanent
mulch around trees. In the
Canary Islands,volcanic pumice is spreadliberally in orchardsas a stonemulch. Stonesare of
benefitto plantsby:
. protectingand shadingroots from intense
day heat;
. releasingstoredheatto the soil at night;
. preventingpoultryor small animaldamage
to roots;
. preventingwind lifting of roots;
. providing shelterfor worms and small soil
organisms;
. causingwaterto condenseon theirsurfaces
on very cool nights.
The most successfuldryland tree-planting
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FIGURE6.5 Palms can be used as highshade overothertree and suíace crops.
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FIGURE6.6 TREE ESTABLISHMENT
IN DESERTS:(A)
The "perfect"plantingis fenced,shaded,mulched,and
has drip irrigationflttedto wet 1 m depthoÍsoi|.
(B) Mud.|inedpits used in Erypt íor Va|uab|etrees
preventssand collapse.

strategy is to plant on the eoges of swales.
House-roof water and stormwaterdrains lead
into the swales, which will slowly filter down
into the earth.Road runoff arrdstreamflowcan
be led into tree-linedswales to greatadvantage.
The following is a checklist for planting
valuable treesin drylands:
. Select suitabletree species for the area;if
native, give preferenceto local seed.
. Plant well-grown treesfor a bettersurvival
rate.
. Plant in the rainy seasonto ensureenough
water gettingto the tree.
. Plant trees and shrubs togetherin a group
planting,yet not so close thattheywill compete
when gtowing.
. Install a drip irrigation systemto each tree.
water deeply and slowly to encourageroots to

go deepinto the groundto find their own water.
. Hold water around the tree by making a
shallow basin, lining it with newspaperand
placingstrawand thenrocks on top for theslow
releaseof moisture.
. Suppressall grassfrom aroundthe treeby
mulching;othersuitablesmallplantscan grow
in themulch.
. Protect the tree from sunburn.u'indburn,
andanimalsby'shadrn_s.
plantingwindbreaksor
b a _ e g i nagn. d f e n c i n gr F i g u r e6 . 6 ; .
P l a n t i n go n H i l l s
The "nerandpan"plantingpatternof Figure
6.7is an effectiveerosioncontrolin overgrazed,
eroded,mined or bulldozed sites.If tyres are
available,the "pans" can be made from these,
filled with mulch,andthediversiondrainsled in
abovethetreadlevel.If logs areavailable,these
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FIGURE6.7 NETAND PAN PLANTINGSFORARIDHILLSLOPES.
(A)Cresttrees;hardyneedle-leaf
species and narrow-leaf
t r e e st o s u i tt h i ns o i l s ,e . g .s t o n ep i n e ,o l i v e ,c a s u a r i n aa, c a c i a( B )H a r d y t r e e sw i t hk n o w nd r o u g h rt e s i s t a n c ee, . g . R g ,
S p a n i s hc h e S t n u tp, o m e g r a n a t ae c, a c i a( C )M i d - s I o paen dd e e p e rs o i I ss u i t e dt o c i t r u s Í
, l gp, i S t a c h i(oD )D e e p e rs o i | sW i t h
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are staked cross-slope,on a slight downhill
gradeso thatwateris madeto zig-zagacrossthe
erosionface,and henceabsorbinto theground.
Even small logs and branches,peggedacross
erosion channels,build up a layer-cakeof silt
and leaves,beside which tagasaste,acacia,or
any other fibrous-rootedand hardy speciescan
be planted,which then act as a perrnanentsilt
trap. Mulch behind logs and barriersquickly
stabilisesthe areafor planting.
On very steep slopes there is often no recourse other than to plant bamboo and rootmat
pioneers, and to make upslope plantings of
chestnut,acacia, carob, olive or other large
species which will cascade seed downslope
over time.
Corridor Planting
Although home orchardsshouldbe close to
thehouseandto a watersource,anothermethod
of establishingtree systemsin drylands is to
departfrom strictzone and sectordesignin Zone
II to IV, and adopt a more flexible strategyof
corridor development.This follov's valleys and
steambeds,and intermittentstreamflow to take
advantageof shade,water,and mrtlchaccumulation. Thus, fromZnne II outwards,we plant
our treesalong the corridorsof flows developed
by watersystems,plantinghardytreesalongthe
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edgesof river bedsandin theshadyvalley flows
of wadis.Palms anddates,in particular,likethe
sandyedgesof streambeds.
By observingtheway plantsalreadygrow in
nature,we canplacenew plantswith a greatdeal
more successthanby trying to bring waterto dry
land and use it there.Areas of barerock act as
runoffsurfacesto concentrate
waterin soils,and
by findingthesenaturally-damp
or rich-nutrient
sites,we can grow almond,olive, citrus,chestnut,bamboo,mulberry,fig, anddatein suitable
areas.This gives us a lot less work thanlaying
out a "forest" on a flat site,as thetreesare grown
where they are suited.
There aÍe Several broadscale methods of
establishingtrees in drylands.Tree seedlings
from the nursery are set out, during the rainy
season,with minimal preparationand followthrough(exceptfor stonemulch) to see which
specieswill grow,with neglect,in arid regions.
This strategywill work bestif the areais fenced
to keep out hoofed animals and otherbrowsers.
Anotherapproachis to mud-pelletseed,using an old meatmincerwith the bladesoff, and
a damp slurry of mud, rock phosphate,urea,and
seeds.These are put through the mincer and
rolled or shaken in dry dust to form pellets,
which arethencarefullvburiedin likelv sitesfor

trees, to await rain. The mud keeps birds and
ants from eating the seedpellet.
There are many ways of placing treesin arid
areas where they will get a chance to glow. In
rock gullies, around rock domes, in sandy runnels betweenrocks, on dry, stony hillsides, on
the banks of creekbeds and floodplains, trees
can be planted with success.
The object of semi-arid sustainablebroadscale design is to achieve theseends:
1. To exclude large browsers from crop,
crop-savannah,or orchard by planting thorny
and inedible hedgerow.
2. To diversify hedges with large useful
timber, forage trees,and low useful flowering
shrubs to harbour birds and predatoryinsects,
and to provide a place for cucurbits and other
yielding vines, beans,and fruits.
3. To exclude drying winds by main windbreakof 5-8 treeswide, every 50- 100 meres; an
in-crop windbreak of legumesevery 30 metres
or so, and tall strip crop interplant to act as
smallerin-crop windbreakevery 2- 10 metresas
either alley cropping at 2 metres or broad strip
crop at 5-10 metres.
4. To shape the ground to harvest all overland flow from rains and to absorb it into the
ground;all such systemsneedto be able to hold
10-30cmofrain in one continuousepisode,and
to soak it in from 2to 40 hours.This can be done
throughswales,pittingtheground,walled fields
on floodways, and teÍTaceson low cropped
slopes.

. Concern about soil erosion on steepslopes
and along watercourses.Trees also lower the
groundwater table and so prevent salting of
soils.
. The need to diversify farm products, which
buffereconomicchangesin prices for crops and
livestock. Early diversification can be into honey
andpollen production,with laterdiversification
into a wide range of animal and plant products
(fruit, nut and vine products).
. The need to have a source of on-farm
firewood and building materials.
. Concern for *'ildlife refuge areas, especially'for birds.importantto crop pestcontrol.

In recent decadesfarmers have starteddeveloping tree systemson farms,v.,hichhave seena
change from annual cropping to a mixed crop of
annual grasses (or crops) and ffees. There are
many reasonsfor this change,including:
. The realisationthattreesprovide foragesin
hard times for both livestock and wildlife, and
that they buffer conditions of extremeheat and
cold.

FIREWOODPRODUCTION
Firewood comes as cones from nut pines,
fallen wood, coppice, forest thinnings,or pioneer treescut out at the end of their useful life.
As the forest matures,however,these types of
woods become less available, and the system
should be expandedby frequentreplantingfor
perrnanentyield.
Woodlots are often plantedon farms to pro-

Layouts of farm forestscan vary depending
on machinery or labour available, landscape
features,and farm priorities or purposes.Some
systemsare as follows:
TIMBER CROP IN PASTURE
Selectedhigh-valuetreesare widely spaced
in rows to permit good pasture development
between the trees. Ideally, tree rows are on
contour. Animals are let in to browse pasture
when the trees aÍe hardy (timing usually dependsonspeciesplanted),andbeforethatgrasses
are harvestedfor hay or silage.Crops may even
be grown or the area cover-cropped continuously to build fertility.
Some successful pasture-timberintercrops
includeblackwalnut,somepines(P irutspinaster,
P. caribaea, P. elliorii), poplar, paulownia,
silky oak (Crevillea robusta), white cypress
pine (Callitris columellaris). Some of these
may need management(lopping lower limbs,
etc.) to be worthwhile timber.
I

I
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vide a fast turnover of firewood. These are
usuallyon a2-7 yearrotation(one-halfto oneseventhof thetreescut annually).Dependingon
the tree, firewood can be cut as coppice or
stickwood,or grown to 4- 1Ocmlog size.In most
cases,firewood speciesarechosenforpersistent
coppiceability (regrowthfrom stump)andgood
fuel value. Some eucalyptusand acacia species
have this ability.
I

A . D e n s ef o r e s ts t a n d :M a x i m u mn u m b e ro f t r e e sp e r
unit area. Straightstems; firstclass timber. Full,
c l o s e d c a n o p y ;l i t t l eu n d e r s t o r epyo s s i b l e .M i n i m a l
bearingsurface.
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POLEWOOD
Polewoodis importantfor fencing,andhouse
and furniture construction.Durable woods for
outdooruses aÍechestnut,raspberryjam acacia
(Acacia acuminata),osage orange, black or
honey locust, cedars generally,and eucalypts
known to be rot resistant (river red gum,
turpentine).Polewoodof lessdurablequalityis
usedfor indoor work, furniture,and as scaffolding or formwork supportin building.
I

L O N G T E R MF I N ET I M B E R S
A section of the farm can be reserved for
growinglongtermtimberssuchasblack walnut,
rosewood, teak, cedar, blackwood, oak, redwood and any local fine timber.Although these
can be plantedon land not readily usefulto the
farmer, they need to be managed to maintain
straight trunks. Figure 6.8 shows different
forest stands due to different plant spacing,
species,and management.
Some very valuable trees, such as black
walnut,not only produceyoung treesas poles,
butmay be sold out asrootstockfor grafting,and
at maturityenablethefarmerto retireon the sale
income. Timber treescan be interplantedwith
fast-growing,multi-usespecies.Black locust,
for example, is a pioneer tree and good soil

builder. A durable wood, it will $ow to postheight in 6-10 years, and can also be coppiced
for fuelwood.Lastly, it provideschicken forage.
Bamboo is anotherwood thathas numerous
domestic uses. Although slow-growing, large
clumps can be broken up and propagated for
fasterproduction. Species of bamboo grow from
the temperateregions to the ffopics, with tropical and subropical species large enough to be
used as scaffolding, furniture, gutters, and
reinforcement forconcrete.Bamboo shootsare
also eaten,and the small leavesusedas mulch in
the garden. Care must be taken, however, in
situationswhere bamboo will spread and displace important native vegetation,particularly
It is bestto use a clumping
along watercourses.
bamboo ratherthan a running type.
I

HEDGEROWS
Shelterbelt, hedgerow, anci animal barrier
forestssystemshave specialshapesas windbreaks around the house and farm site, and
shelter for animals against heat and cold.
Hedgerow and windbreak species are chosen
for fruit and nut yields, forages,honey, special
wildlife foods, browse, and both mulch and
stickwoodproduction.Unlike someotherforest
types,hedgerowandwindbreakforestscan contain numerous species,as the trees aÍenot cut
down for theirproduct,butratherfruits and nuts
are selected and gathered.Barrier hedges made
of thorny, unpalatable,or impenetrableplants
keep most livestock from strayinginto gardens
and field crops. See Chapter 2 for a full commentaryon windbreaks and hedgerows.
To build up a mixed forest, the essential
precursorsarethepioneerspecies.Thesearethe
fast-growing, leguminous trees that build the
soil, and provide mulch and shelterfor slowergrowing trees. And depending on the species
selected,they also provide nectaÍfor bees and
seed for poultry forage, with their branches
coppiced for firewood.
Trees are establishedin clumps (fed by several drip-points if necessary) as this allows
them to self-shelterand spread by seed. Indi-

vidual plantings tend to get ignored, and often
dry out, suffer windpruning,and are smothered
by grasscompetition.
Understorey shrubs are an important part of
the forest system,as they help to establishmicroclimatic conditions and aid in grass suppression. Leguminous shrubs enrich the soil,
and are necessaryin any cut-and-takesystem.
All forestryshouldbe designedas a multi-tiered
canopy and plants chosen to yield many products.Forestproductsotherthanwood aremulch,
mushrooms(shiitake),honey,herbalmedicines,
and oils.
T

NATURALFOREST
In anv forestq e shouldleavea sectionthatis
not managed:it is left in its natural statefor
wildlife habitatandforage,andto protectfragile
upperslopesagainsterosion.Theseundisturbed
areasarevery beautiful,peacefulplaces,andof
intrinsic worth. We are able to contemplate
naturehere.and to learn about ourselvesin the
natural world. Those of you who have been
alonein a forestfor a long time-more thanfive
weeks-know that you can totally lose your
identityasa humanbeing.You can't distinguish
yourself from the trees, from the animals, or
from any otherliving thing there.All aboriginal
people, tribal people, have to undergo such a
period on their own in the environment.Afterwards,they never again perceive themselvesas
separate:me here and tree there.You become
simply a part of all life.
Tropical forestsare of greatdiversity and of
greatimportancein the healthand maintenance
of the global atmosphere.A grave error is to
settlepermanentlyin such a forestand clear any
part of it (as is now being done in Brazil and
Sumatra).Far betterto make the already-settled
areas more productive, and to govern population increase.
Protection and enlargement of remaining
forests are not only a global but an individual
concern.Forestis the greatestresourceon earth;
value it for its many gifts of medicine,clear
water,breathableair, and materialsfor our future,and its honey,diversity of species,rubber,
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and nuts that can be gatheredonly from living
trees.

The following sectionscontain examplesof
a temperate and a tropical grain-growing system.Thesecan be as small or as largeas we like,
and placed in Zones II or III according to size
and access.
I

FUKUOKA.STYLEGRAIN CROPS FOR
TEMPERATE REGIONS
Until I read Masanobu Fukuoka'sThe One
Straw Revolution, I felt there was no satisfactory basis for including grain and legume main
cropping in permaculture.However, this system has solved the problems of no-dig grain
culture.
In brief, the systemcombines the usualrotation of legume/grain/rootcrop/pasturefallow/
legume into a single grain/legumemixed crop.
The idea is to broadcastthe next crop into the
maturing crop.The systemusestheprinciple of
continuous mulch (with clover) plus doublecropping using winter and spring sown grains.
This is what makes it possibleto use small areas
(400 squaremetresor less) to supply a family's
grain needs.
If paddy rice is to be grown, the area must
first be graded or levelled, and a low bund
(water-retainingwall) built around the plot, so
that 5cm or so of watercan lie on the groundin
the summer.
After levelling or preparation,lime or dolomite is spread over it, watered in, and made
ready for autumnplanting (Figure 6.9). I will
deal with more than one plot here,to show how
differentplants can be treated.
In autumn,seed is broadcastas follows:
Plot 1: Rice, white clover, rye.
Plot 2: Rice, white clover, barley
Plot 3: Rice, white clover, millet
Plot 4: Rice, white clover, winter wheat
Plot 5: Rice, white clover. oats
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The rice lies until spring, and other crops
germinate soon after sowing.
Early autumn: A thin layer of chicken
manure is broadcastover the area.Use clover at
I kg per ha (1 lb/acre),rye and other grains at 716kgperha,andriceat6-11 kgperha(5-10lbs/
acre). Use inoculated clover if this is the first
crop. The seedcan be scatteredfirst, then strawcoveredto protectfrom birds.Alternatively,the
grain seedsaremixed with mud, pressedthrough
wire-meshand rolled into small balls, or dampened and shaken in a tray of clay dust to form
mud-coatedpellets.In the secondyear, rye and
clover aÍeSown into the ripe rice crop at this
time.
Mid-autumn: Last year'srice is reaped,the
crop dried on racks for 2-3 weeks,and threshed.
All rice strawand husksarereturnedto thefield.
Unhuskedrice is now resown within a month of
harvesting,just before the straw is returned.
Winter: Light grazingofthewintercrops by
ducks assistthe stoolingof plantsand will add
manure.Check and sow any "thin" areasas soon
aspossible.When thecrop hasreached15cmor
thereabouts,abour 100 ducks per ha (4}lacre)
will reduce pests and add manure. Fields (or
paddies)are kept well-drainedduring this time.
Spring: Check thatrice is growing,and resow thin patchesif necessary.
Late spring: Rye, barley,etc. is harvested
and stacked to dry for 7-10 days. The rice is
trodden, but recovers. When other grains are
threshed,all srrawand husks are returnedto the
fields, moving each straw type on to a different
plot thus:
Plot 1: Oats Plot 4: Millet
Plot 2: Rye
Plot 5: Wheat
Plot 3: Barley
Early summer: Only rice remains.Summer
weedsmay sprout;theseareweakenedby flooding for 7-10 days,until theclover is yellow but
not dead. Rice grows on until harvest.
Summer: The field is kept at 5O-80?osaruration under rice, while seedsof other grains are
preparedfor sowing in early autumn.The cycle
thencontinuesas before,but now using thecrop
straw for mulch.

I
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1 . A U T U M N :O r i g i n asl u r f a c ei s m o w n( A ) ,c h i s e lp l o u g h e d( B ) ,a n d m u l c h e d( C ) .E s s e n t i a m
l a n u r e sa r e a d d e d ,
and rice,rye,and whitecloverbroadcastsown.

2. WINTER:Cloverand rye sproutand grow,rice lies dormantin husks.

3. SPRING/SUMMER: Rye ripensand is harvested.Rice sproutsand grows.Rye strawis returnedto field
Laterrice is kept saturatedand is harvested.Rice strawis returned.
4 . A U T U M N :c o m m e n c ec y c l ea g a i na s a t l c ; v a r yc r o pt o m i l l e t w
, h e a t ,b e a n s ,l e n t i l s e, i c .
F | G U R E6 ' 9 S c h e m a t i co í n o . t i I | a gger a i na n d l e g u m ec r o p p i n g .

Each person must evolve their own techniquesand speciesmixtures,butonce a cycle is
perfected there is no further cultivation, and
strawmulch is theonly weedcontrol.It helpsif
the areaof bundsaroundthe crop is plantedto
Coprosma, comfrey, citrus, rnulberry, lemongrass,tagasaste,
pampas,or otherweed-controlling shelterplant. Mulch rvith sawdustunder
thesebordersto preventweeclre-invasionfrom

the bundsor surrounding
land.
Where a paddf is not possible,dry-landrice
or othergrain speciescan be used,and spray
in-igationreplacessummer flooding. In monsoon areas.summerrain shouldsuffice.Where
rice cannotbe grown(e.g.very cool areas)other
grainsmay be substituted
and short-termcycles
may be developed(springwheatorcorn sownin
early spring,for example,with oats,barley or
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wheat as winter crop). Other legumes can also
be tried.
Further useful systemsand data is given in
No-Tillage Farming by Phillips and Young,
Reiman Associates, Wisconsin, 1973 (a book
unfortunately oriented to heavy machinery and
chemical sprays).Rye and wheat are broadcast
into soybeancrops when the leaveson thelatter
begin to fall-the falling leaves hide the seed
from birds. Soybeans (or other legumes) are
broadcastinto the stubbleof oats,barley,wheat,
or rye, as is lespedeza, which is autumnharvested.Peas areplantedaftercorn,andgreen
peas are followed by corn. Othercrops suitedto
no-tillage are cucumber, watermelon,tomato,
cotton, tobacco, sugar beet, capsicum, vetch,
and sunflower.
Fukuoka's book gives much more data on
no-tillage gardening for vegetables and fruit.

For the treecrops he used 12 acaciatrees (silver
wattle, for example) to the hectare (5/acre)insteadof clover. He has maintained this no-dig
cycle for 35 years, and his soil has improved
with no fertiliser other than chicken and duck
manure,no sprays,and no herbicides.
I

AVENUE CROPPTNGTECHNTQUES
FOR
MONSOONTROPICS
Avenue cropping is the growing of crops
betweenrows of frequently-pruned
legumetrees
such as leucaena and gliricidia, and using the
branchesandleavesof theseto provide fertiliser
and mulch for crops. As the mulch layers decompose,they contributevaluable nutrientsto
the soil and feed earthworms.
A main crop area of rice, mustard seed,taro,
wheat, maíze,potatoes'etc. can be grown in 2.
4 mene stripsbetweenthelegumehedges,which

*<_

(1)Bothcropandtreelegumesare planted(2)Branchesare loppedand used as mulch
FIGURE6.10 AVENUECROPPING:
in the crop;whenthe crop is haruested,
(3)Cyc|eis repeated;trees may
trees may be |oppedto the groundíorÍlrewood
shade crop,whichis desirablein some situations.
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are repeatedly cut back to 0.3 metres to sprout
again. Winter (cool dry) crops are mustard,
wheat,clovermulches,millets;wet seasoncrops
are maize, rice, taro, beans. Semi-commercial
crop is ginger, turmeric, pineapple, melons, aíd
gourds.To reduce risk of soil diseases,plan to
rotate bed use so that, for example, potatoes
move every year over a 5-year period.
The groundispreparedby diggingandis laid
out in long mounds along the contour.Ideally,
soil deficiencies are corrected at this time, with
some blood and bone added, and the area is
mulched with straw.Both crop and leguminous
treesaÍeplanted,as shown in Figure 6.10.
At the International Institute of Tropical
Agriculture (IITA) in Nigeria, studiesshow that
Leucaena leucocephala and Gliricidia sepiurn
can be cut five times a year for seven years
before they have to be replaced.Depending on
needs, these hedges are allowed to grow on
(leaving the crop area fallow or planting to
shade-tolerantspecies such as pineapple) to
producelivestock fodderduring thedry season.
Grown with such gnsses asPanicurnmaximum
and Pennisetum purpureum, they supplement
the feed of sheep and goats on a "cut and feed

out" basis.
Some rows can be left to grow to sapling size
for stick firewood, useful in countries where
frewood is needed for cooking.
The idea of avenue cropping should be not
limited to the tropics (althoughit is most suited
for that climate becausemoisture and warmth
make for increasedvigour). Cut-and-mulchor
cut-and-feedsystemshave been developed for
temperateclimates and include tagasaste,poplar, and willow.
I

TRADITIONAL
INTER-CROPPING
SYSTEMS OF A DRY MONSOONAREA
The Deccan is an arid areain southernIndia
wheremany small-scalefarmersplantfi eld crops
in rradirionalw,aysusingnon-hybridseeds.The
traditional small fields of the Deccan form a
crop guild with its accompanyingtree-croprees
and hedgerowswhich supply honey, nitrogen
(legumes)and fruit and nuts,and consistof the
following broad groups growing together:
. Main crop: usually a grain, grain legume,
ortuber/rootcrop suchas sorghum,millet, maize,
rice, wheat, oats, barley, rye, potato, cassava,
sweet potato, turmeric, ginger, chick pea, pi-
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FIGURE6.11 Fieldcroppingwith legumetrees, swales,hedgesand windbreak.
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geon pea, black gram, horse gram, mung bean.
. Legumes: Trees,shrubsor vines providing
nitrogen and humus to soils, micronutrients
from leaves,honey, and predatorrefuge.Trees
are Prosopis spp. Acacia spp. sesbania spp.,
Cassia spp. gliricidia, pongamia. Smaller legumes are velvet bean, cow pea, pigeon pea,
vetches,clovers, winged bean.Permanenttrees
planted at 35-50 trees per hectarestand in the
crop fields all the year.
. Flowers: Often herbs of the family
Umbelliferae (dill, fennel, coriander,etc.) and
Compositae (sunflower, marigold, safflower).
Also useful are many of the flowering oilseed
crops such as sesameand mustard.
. Soil fumigantsor nematicides:Marigolds,
sesame mulch and roots, nasturtium, many
Crotalaria species,castorbeanplants,tamarind
roots,custardappleroots,etc.The mulch actsas
a host to predatory fungi and alsc suppresses
weeds.
Such crop guilds are rarely attackedby insects.The occasionalcrop that is heavilv attackedcan be left alone to build up predators;
however,a lossof one croprepresents
very little
lossin thetotalyield of all thecrops.All gardeners know of this occasionalloss due to seasonal
effects, and also of special good seasonsproducing heavy yields.
Hedgerow, along with weedv headlands,
unmown roadside verges, ponds, stone-filled
hollows, piles of old timber,mulch-filled holes
in the ground, and fallen logs left on borders
harbourmanyspeciesof predatorssuchas frogs,
birds, lizards, dragonflies,etc., which assist in
keeping pest numbers to a minirnum.
Common Interplants of the Deccan
A three-cropstandardis of sorghum,cowpea, and pigeon pea, alley cropped in rows 2
metresapart.Sorghumis harvestedfirst,andthe
dried stalks are storedas fodder. Pigeon pea is
harvestedOctober and November, and can be
coppicedif perennial;thetopsareaddedtorows
with sorghum straw and cowpea vines. Sunflower is oftenplantedon the edger of the field.
It is possibleto sow oats or wheacas a winter
740

crop between pigeon pea rows, thus giving a
four-crop sequence,which could be done if
maize replaces sorghum.
A commonrandomscatterofflowering crop
contains coriander, celosia, safflower, and
fenugreek.Rows of flax can be plantedthrough
this crop, along with black sesameseed.Occasionally fennel or dill is added. Such a crop is
alive with flowers and insects in mid to late
November.Celosia is more of a scatteredweed,
harvestedfor buffalo fodder at times, and is the
dominant weed of abandonedfields in this period. Mung bean may also be harvestedin late
October-earlyNovember.
Another three-cropmix is sugarcane,with
sesbaniadominant and a turmeric understorey.
Here, sugar cane is the main crop and is irrigated.In Octoberthe cane is tied in bundlesto
allow more light to theturmeric,or every 3 years
it is cut andthesesbanialeft in thefield or cut for
poles or forages.A variation is where turmeric
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F|GURE 6.12 Difíerent
patterns
types of geometrica|
for mixedcropping.

is the main crop, and scatteredsesbania and
castor oil plants are scattered throughout the
crop, so that it looks like a low savannah.
Edging mosaics of taller sunflower, castor
bean,or strips of maize or Sesbania bispinosa
can shelter small or more wind-prone crop.
Hedges at 30-50 metressupply many yields and
functions to the crop. Figures 6.11 and ó.13
illustratefields with hedge,windbreak,avenue
crop, and swales.
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Geometry of Crops in Monsoon Areas
The ways in which soils are ridged and
shapedto preventwater runoff and subsequent
erosion is important in subtropical to tropical
agriculturalsystems.Many hill farmersuse terraces.swales.andditch andbank,while flatland
(less than 37o slope) farmers can adopt simple
scattersof mixed seed.Some of the main geomerricalplantingmethodsof polyculturalfields
are givenin Figure 6.12.
Soils are often ridged (to 20cm high at the
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forthe humidtropics;includespig orgoat pen and Íoragecrops. Strip p|antings
FlGuRE 6.12 Nigerianpo|ycu|ture
are on contour,with zerowaterrunoff.
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walls) in oblongs; theseare c alled "waffl e-iron"
fields, in which each little oblong is only 2x3to
3x4 metres, so that during rainy periods no
runoff can occur. Even one off-season or winter
rain can grow vegetables and pearl millet crops
using this method of field configuration.
Obviously, all these systems can be combined. Flax and sunflower in strips can lie between pigeon pea avenues2-3 metresapart,and
in thesemay be planted some large legume trees
or field treesat about40 per hectare.Some strips
are planted to random scattersof up to 5 species
or more of flowering crop and "encouraged
weeds" such as Clwrnpodiurn andAmaranthus
spp. Rows of grains lie between avenues of
pigeon pea.

Fuel as methane can not only be derived
from animal manures,but also from leaf litter
and branches under mature forest. Chipped
leaves and branches aÍe processed through a
biogasdigesterto producemethanefor cooking,
heating,and vehicle needs.All wasteproducts,
however, should be returned to the forest as
nutrientfor further growth. For a full explanation of such a bio-energy system, refer to Another Kind of Gardenby Ida and Jean Pain (see
referencesat the end of this chapter).
For liquid fuels, speciesyielding sugarsfor
conversionto alcohol (toddy palrn,carob, fruit
trees)areplanted.The treeitself is not cut down,
rather the sap (palm trees)or fruits are gathered.
Low or no-tillagegrains and starchyroot crops,
of sugar-rich carob beans, plums, sugar cane
and beets can all be fermented to alcohol fuel.
After fermentation,wasteproducts are returned
to the farm in the form of mulch, stock feed, and
soil additives. No critical materials are lost,
rather all products not directly used for fuel are
recycled via animal feed (pig, worrn, fish) to
plant food, thus cycling nutrientson the farm.
About 5-107oof farm land devoted to fuel
production would provide fuel seIi'-suffic iency,
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with somesurplus.lrss areawould be neededif
sugar-pod-producingtree crops are also developed.
The technology is well-known, but the pretenceis thatwe needmore "resea.rch"to develop
this in Australia. Hogwash! Sixty percent of
Brazil's vehicles run on alcohol, and thousands
of U.S. farmers now use on-farm stills. These
are especially important as energy costs spiral
upwards.Perhaps the best argumentfor alcohol
fuel is thatthe insidious lead pollution from car
exhausts is eliminated, thus reducing health
hazards in cities. The long-term advantageis
that the threat of climatic change due to the
burning of fossil fuels and the felling of forests
can be reduced or avoided.
Farms and city waste centres are the potential future energy base for essentialfuels. With
bicycle "freeways" increased and more efficient rail, canal, and sea transport,any society
canbe self-sufficientin essentialtransportneeds.
The problemis thecentralisationof power in
large utilities. Vast sums are spenton advising
peopleto "save petrol",whereasthesameamount
spent on the low-cost distillation plants that
would make a community or small town selfsufficient is "not available".The intentionis
obvious:we are expectedto stick with petrol or
gas products, lead and pollution, until the oil
companiesgain control of alcohol fuels. Sometimes one can be pardonedfor thinking that we
are all crazy,or dumb, or thatthereis a gigantic
conspiracy to keep people down and out. I am
inclined to think both factors are operating.

For commercial orchards, grain and seed
crop,marketgardens,and small animal systems
(poultry, pigs), small areas of 5 acres or less
work betterthanlargeacreagesdevotedto single
or even double cropping. It is impossible to
completely mulch, water, maintain and raise a
large variety of plants and animals for multiple
functions and multiple yields over a large area

(as can be accomplishedon aZnne I or Zone II
level). Extensive systems, therefore, tend to
simplify.
However, this factor can be overcome by a
"commonwork" model, where families or
groups agree to divide up the work and the
products, so that one is responsible for the
orchard, while another grows green crop beneathorruns poultry.Someoneelsemight bring
bees in during flowering for pollination (and
honey production), and manage the firewood
crop interplantedwith the fruit and nur crops.
Smaller systemsare usually easily managed
by a farm family with seasonal helpers, and
provide high yields due to mixed cropping and
intensive management.
Some rules for cash crops are as follows:
. Choose a crop with low bulk (nuts,berries,
oil, honey) which cuts down on tÍanSport
costs.
. Choose a crop suitable for small-scale
processing,which reducesthe size of the prduct, prolongs shelf life, and returns a better
profit (forexample,saleof blackberryj am rather
than the blackberriesthemselves).
. Market your primary produce in (1) organic markets,or (2) special productsmarkets
such asdelicatessensandrestaurants(for truffles,
herbs,shiitake mushrooms).
. Grow or produce non-perishableproducts
(grains,nuts,honey,firewood)forsalesthroughout the year.
. Minimise your costs by using wasteproducts, and by harvestingany unrrsedtreesin the
district.
. Grow crops in reasonablymarketablequantities;also try a few little-knowncrops or products to experimentwith local nrarketacceptance
(tamarillos,pepinos,feijoas).
Selling strategiesinclude: direct selling locally at markets or at roadside stalls; self-pick
sales; market cooperatives; mail-order catalogues and through subscribernetworks (producer-consumercooperativeswhere the farmer
grows crops by agreement with a town/ciry
consumergroup).This strategybeganin Japan
and is now gaining popularity in the United
States where families pay $20 per week in

advancefor seasonalfruit andvegetables;growers deliver a range of up to 50 products each
week to their door.
Some suggestedoccupations and products
aÍeas follows:
Aquatic and edgeplant nursery, including
fish forages,insectary species, and marshland
perennials for bee fodders, duck forage, and
wildlife refuges.Also sale of edible and ornamentalwaterplants,e.g lily, lotus,waterchestnut.
Berrl,fruit and vine nursery, especiallyin
temperateareas,with plants for sale, self-picking service,arbourdesignplans.
Specialtl' nurseries, with hard-to-findedi b l e a n d o t h e r u s e f u l p e r m a c u l t u r ep l a n t s
(tagasaste.
honer,locust,feijoa,tamarillo,cardoon, autumn olive, comfrey, winged bean,
etc.).Also beefodderplanrs,and bird, butterfly, and insectivorousinsectattractants.
Seedcompany,gathering,growing,andselling usefuland unusualseeds;can be combined
with nurseryabove.
Unusual or useful animals, e.g. silky bantams for gardens,weedergeese,silkworms and
eaÍthworms,draught horses, milking goats or
cows, specialtygoatsor sheep(for fine wools),
and quail for greenhouses.Can also have rentan-animal services (chicken or pig ffactoring
and manuring, sheep and geese lawnmowers,
blackberry-eatinggoats).
Hedgerow and tree species nursery, specific to local region; includes forestry treesfor
regenerationof farm forests, windbreak trees,
forage speciesfor animals,pioneers,bamboos,
and selectedhigh-valuerreecrop species.
General farm crop of organic fruits,nuts,
vegetables,eggs, milk, sheepskins,firewood,
freshmeats,aquacultureproducts,cut flowers.
Processedfarm crop for higherincome(but
more effort), such as smoked fish and meats,
dried fruit,jams, pickles,feathers(goosedown
and peacockplumes),dried flowers (bouquets,
wreaths).
Craft suppl iesfrom coppicedwillow, birch,
cumbungi,andbamboo.Also naturaldyesfrom
barks,flowers, and fruit.
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Insecticidal preparations, such as ground
white cedar tree leaves and berries; also sale of
insecticidal plants (e.g. garlic, tansy, yarrow,
pyrethrum daisy, T agetes marigold, crotalaria).
Herbal preparations, such as natural
shampoos and soaps, skin care, comfrey and
other medicinal ointments. Also herbal teas
(chamomile, raspberry leaf, lemongrass,
hibiscus,mints).

Accommodation : healthfarm, holiday farm,
suÍnmercamp,venueforworkshops andcourses.
Teaching and consulting in permaculture
systems,a career that startsout locally and may
take you globally!
There are many, many more livings which
can be madejust from intensivelyandefficiently
using even a small amount of land. All it takes
is initial planning, somecapital,andimagination.
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AnimaI Forage Systems
and Acquaculture
"You don't have a snail problem;you've got a
duck deficiency!"
Bill Mollison

In consideringa permacultureas a complete
ecosystem'anímalsareessentialto controlvegetation and pests and to complete the basic
nutrient cycle of a farm. Despite their inefficiency in proteinconversion,theirdiverseproducts make them invaluable. Figure 7.1 shows
the needs,products,and functionsof animalsin
the system.
In essence,animals can be used as:
. Providers of high quality manures.
. Pollinators and foragers, collecting dispersedmaterialsfrom a permaculture.
. Heat sources,radiatingbody heatfor use in
enclosedsystemssuchasgreenhouses
andbarns.
. Gas producers (carbondioxide and methane),again for use in enclosed systemssuch as
greenhousesand methanedigesters.
. "Tractors", which dig soils. Poultry and
pigs are efficient soil-turning, weeding and
manuring "machines" for enclosed spaces.
. Draught animals operatingpumps and vehicles.
. Pioneers for clearing and manuring difficult areasprior to planting,e.g. goats in black-

berry patches.
. Pestcontrolmechanisms,devouringpupae
and eggs of pests in fallen fruit, or in treesand
shrubs.
. Concenffatorsof specific nutrients,such as
nitrogenand phosphatesfrom flies and wasps.
. Cleansing filters for water (e.g.mussels).
. Short grazersaiding in fire control.
Vegetariancommunities are still able to use
animals (one-sex or sterilised populations) as
providers of fibres, eggs, and milk; as grazers
for fire control; and as manure providers for
gardensand orchards.
In permaculturesystems,a range of animal
feeds (fruit,foliage,pods, nuts, seeds,and tubers) are planted so that animals self-forage,
taking most of what they need from the natural
world,and at the sametime manuring,controlling vegetationandpests,andconvertingplants
to protein.Animals in a free-rangesystemwill
put on weight more slo*'11'thanwhen fed concenrratedfeeds,but fat accumulationis lessand
fats are soft and unsaturated.
The diversityand
regularityof free range diet is basic to animal
health.
To lay out importantforages,we must study
theneedsandcharacteristics
of eachanimaland
plan our plantsystemaccordingly(i.e.chickens
are scratchers,geese are grazers, and pigs are
rooters). The following sections give a brief
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overview of severalimportantanimals, including their needs,characteristics,and products.

tion. Rabbits, pigeons, and quail are generally
close in (Zone I or II), while other birds can
range from Zone II to IV.
T RABBITS
Rabbits supply both manuresfor the garden
and meat for the table. They are grazers and
browsers,and will eat grass,soft vegetationand
twigs, and selectedhouseholdscraps.They bur-

The following small animalscan be placed in
any appropriatezone,accordingto theirpopula-
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row into the ground and will cause damage to
soils and vegetation if not properly enclosed'
They yield fur (angora rabbits produce a valuable hair which is combed out periodically for
sale or home use),meat and manures.
When pennedaboveworm boxes,theirdroppings areturnedinto rich compost (Figure 7'2)'
Or, rabbit pens lead to runs planted with such
forage crops as lucerne (atfalfa),tagasaste,and
clover. Rabbits can also be placed in the garden
to eat grass in a moveable cage betweenrows'
PTGEONSAND QUAIL
Pigeons are kept all over the world and valued for their phosphate-richmanures.They are
caged above ground and their manures swept
out ftom undemeath,or dovecotesare built and
manuresandsquabsperiodically collected(Fi g'
ure 7.3). Pigeons eat seedsand grains' which
can be grown and harvestedfrom the garden
(corn,sunflower seeds,peas,wheat).They provide eggs and squabs.
Quail, in Japan,are an integralpart of smallscale farms,providing eggs and meat and needI
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ing little attention.As they are insect-eaters,
they do not harm gardenvegetablesand may be
placed in the greenhouseto greatadvantage(as
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long as they are able to move outdoorsdurins
hot summer months).
I

G U I N E AP I G S
Guinea pigs, an importantsource of protein
in some South American countries, are kept
very close by the house (or may actually livein
the house), and fed garden scraps and seeds.
They are useful in weeding around small trees,
either through a large-meshcage, or even on
their own (theymust be given a small house,or
shelter,however,to protectthem from hawks).
I

DUCKS
Ducks are excellent peÍmacultureanimals
and have many advantages.Theycan be raised
withoutelaboratehousing,andwill readilythrive
on natural foods. They clean up waterwaysof
green algae, water weeds, and tubers, at the
sametime fertilising watercourseswhich aids in
fish and eel production. They eat insects, and
slugs and sna.ilsin orchards ancl gardens,and
becausetheydo not scratchor eatmaturegreens,
can be let into the gardenat appropriatetimes to
consume insects.Caution: they will desroy
small plants with their feet; also some duck
species(Muscovies) are vegetationeaters,al_
though they confine themselvesmainly to
grasses.
Because ducks do not scratchmulches,they
can be rangedin mulchedgardensandorchards.
Ducks will also lay gBToof their eggs before 10

a.m., so they can be let out early to range;they
respondtoroutineandcome home atnight to thé
pen (butmustbe trainedfor this with handfulsof
grain).
Therearea few disadvantages,in thattheydo
not readily eat many of the scrapschickens can
consume,andwill turna smallpenintoa mudbath
unlessthe groundis sandy or easily_drained,or
coveredwith 10- 15cm of coarsepea gravel and
located upslope.
Duck foods include:
. Meat:watercrustaceans,
slugs,snails,grubs,
larvae.
. Greens: wilted comfrey, clover,
lucerne,
dandelion,succulentgrasses.
. Waterplants:Azolla, duckweed (Lemna);
water ribbons (Triglochin); sweergrass
(Glyceria) and wild irce (Zizania aquatica).
. Tree-food:pin oak, cork oak, swamp
holly,
waterelm, mulberry.
. Grains: corn, oats,wheat (preferably
ham_
mer milled or ground,or soakedfor severaldavs
until sofr and partially sprouted)
Figure 7.4 illusÍatesways in which ducks
can lay eggs unmolestedby foxes, goannas,or
snakes.
I

GEESE
Geese are cheap to feed; living on grasses
,
(bermuda,nut grass),clover, lucerne,and vari_
ous weeds such as ragweed.They find many
broad-leafedplants unpalatable,and so have

F|GURE7'4 Protection
írompredators
(fcxes):
(1)covered
cage,opening
in water(2)islandwith pampasgrass,
bamboo,ho||ow
|ogs(3)sha||ow,
marshyareawithcumbungí
r|.i"e;.
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been used to control grasses in commercial
crops, waterways,and lawns. They will weed
strawberries,tobacco,cotton, mint, asparagus,
corn, sugar cane, sugar beet, flowers, gÍapes,
fruit orchards, nut gIoves' anc tree nursery aÍeas. They manure fields and orchards without
scratchingaway mulch. They work s.evendays
a week, without pay, vacations,or strikes.Who
could ask for more?
Geese can also be used as "watchdogs" as
they set up a noisy alarm at a stranger's approach. They have even been trained to herd
sheep. Other advantagesare their eggs, meat,
and goose feathers.
Geese need careful managementif being
usedas weedersin crops or orchardsas theirfeet
will destroysmall plantsand theywill eatripening fruit. Also, although they are excellent
lawnmowers, they prefer pasture that is short
and succulent,so areasmay need to be mowed
in spring once or twice during prolific $owth.
BEES
Bees are very useful in the garden and orchard as pollinators.Their products are honey,
pollen, and beeswax,and their needsaÍewater
and a constant source of nectar (flowers). To
keep bees on site all year round, a complete
forage systemmust be plannedforeach month.
However, flowering and yields of nectarvaries
greatly from year to year, Cepending upon
weather conditions, so at times bees are fed
sugarwater or the hives are moved some miles
away to anothernectaÍSource.
Bee foragesto considerare nativevegetation
and pasturespeciessuch as clover and luceme;
orchard trees (apple, cherry, almond, peach,
plum); berry bushes;and herbs (lavender,bergamot, borage, comfrey). A mixture of these
supplyof nectaÍ,
willensurean almost-conStant
in
areas
experiencing
severe winters
except
(snow).

the range of some high manurial animals like
chickens,and they should be housedat theedge
ofZonel, orvery close toit. Here we can exploit
a largersystem(ZoneII) to enrich a smallerone
(7nneI),throughtheuseof an animal converter.
Chickens, besides their direct products of
eggs, meat, feathers,and manure, also eat insects,greens,and fallen fruit. They scratchan
areaclean if confined in a small space,and can
be used to patrol a fenced boundary area (e.g.
between garden and orchard) to keep weed
speciesfrom invading thegarden).This scratching featureis especially useful for fire control in
the fire sector.
Although poultry do need care and maintenance,the permaculturesystem is designed so
that chickens range to feed and take care of
themselves.Therefore, we need to carefully
plan a chicken forage system that accommodates the needs of the chickens and uses its
products.

I

Whenever possible, Zone Il should include

Strawyard
The strawyardis a small area connectedto
the hen house containing productive trees,
bushes, forage plants, and spiny shelter for
raising young chicks. This is either planted
before chickens are introduced, or protected
from them in early years. To protect trees, a
roughmulch of twigs or stonescan be used,with
medium-meshscreen holding the mulch from
being scratched away by the chickens. The
strawyarditself is continuallyheavily mulched
with straw, sawdust,corn stalks, hedge clippings, wood shavings,small branches,pine
needles, leaves, weeds. and bark. With the
strawyardborderingthegarden,greensandshrub
clippings can be throu'nover the fence for the
chickens.
The stra*'1'ard
opens to variouspensor"runs"
which have been planted in successionwith
greens.grains, roots, and fruit. Chickens are
rotatedeitheron a seasonalbasis,or whenever
the vegeution is ready (Figure 7.5).Additionally, the strawyardcan open on to Zone II and
Zone III forage systems.
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FIGURE7.5 Rotationalchickenruns or "tractor'svstemand
forages.

Plant Species
Useful plant species should be developed to
suit the climate, as well as available water and
plants.Such a list should include plants which
provide:
. Armoured and spiny shrubs for protection
of chicks from predators(usually hawks), e.g.
Prosopis juliflora, Acacia armata, boxthorn or
any locally-adaptive thorny plant.
. Fruits thatcan be eatenas they ripen and fall
from treesand shrubs, e.g. mulberry, boxthorn,
taupata,elderberry,passionfruit.
. Grain foods, e.g.corn, millet, wheat,buckwheat,oats,beansandpeas,pigeonpea,taupata.
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Many grain and seedfoods can be collected and
storedfor the winter months,when feed is thin
on the ground.These include acorns,sunflower
seeds,corn, and carob pods.
. Seed foods, such as tagasaste,sunflower,
amaranth,acacias,black locust and honey locust,pea tree,salt bushes.
. Greens.Chickens wlll eatany young greens,
includinggardengreens,somecomfrey,lespedeza, lucerne,buckwheat,cleavers, pea shrub,
young grass,parsley, etc.
. Other.Household scraps, excluding citrus
peels, coffee and tea grounds, onion skins.
Minerals: grit, ground eggshells, bonemeal,

cinders, crushed oystershell.Medicinal herbs:
garlic, wormwood, chopped nettles.
In addition,chickensneedproteinin theform
of insect foods. A termite and slater (pillbug)
trapcan be constructedby arrangingold logs in

the strawyardand turning them over occastonally for a chicken feast.Rolled-up newspapers
placed in Eees and shrubs in the evening are
shakenout the next morning into the strawyard
for a chicken feast.
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FIGURE7.6 Ruralchickenforagelayout,showingall possiblecomponents(greenhouse,
and orchards).Note moveab|echicken"cage'overgardenbeds, so that chickensdo not rangeíree|yoverthe garden.
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WARM/TEMPERATE

SPECIES LrST FOR POULTRY FORAGE

The followinglist is certainlynot exhaustive.
Thereare many more local or nativespecies in your own area whichcan be added.
Species with seeds and pods in summer
Tagasaste:Early to mid-summer seeddrop. Foliage
edible, also for sheep,cattle,goats.Leguminous nitrogen hxer.
Siberian pea shrub: Poultry fodder and predator
cover; seeds also edible. Used as windbreak, ground
cover, bee forage, and soil builder (a legume).
Honey locust: Seeds and pods stored for milling.
Also windbreak, fodder for larger animals. Also black
locust for seed (leaves may poison larger stock).
Acacias such as Á. albida, A. aneura, A. victoriae,
etc. for hard-seededspecies. Acacias make good windbreaks, are nitrogen-fixing, and leaves are fed to stock.
Tree and shrubs yielding nuts for storage (autumnspring)
Black walnut and Persian walnut: Nuts can be
stored for 12 months. Also a valuable timber tree,
windbreak.
Chestnul Smred for 6 months only, unless chilled
or dried in the sun.
Oaks: Almostall acoms areedible forpoultry.They
aÍeeasy to collect and st,,ore
either in damp earth,dried,
or fresh for short periods of the year.
Berries and fruits yielding flesh or seed (late
summer-mid winter)
White and black mulberries: Important poultry
food of high protein value. Also elderberries.
Boxthorn: Thorny hedges with berries and seeds
eagerly soughtby poultry. Wind tolerant.
Taupata: A useful and hardy set of New Tr.aland
plants for coasts, swamps, understorey,shelter plants.
Most are dioecious and need around 5Vo male plans.
Almost all grow from cuttings.Stock like the foliage,
which is also of good manurial value. Trees prunewell
to hedgeshandy for any chicken-rearingtopiarist!).
Amelanchier spp.:Provide arange of berry fodders
(e.g.serviceberry);also hawthorns (Craetagus) and
Elaeagnus spp. (autumn olive, Russian olive). These
pians provide thorny hedge for protection of chicks.
Tamarillo: Short-lived tree-shrubmaturesin 2 years,
yielding copious amounts of tasty fruits. Other So/cnlrn species include kangaroo apple, pepino, tomato,
capegooseberry,andsodom apple,all very goodchicken
forases.
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Vines for Fencesand Trellis
Passionfruit:Most passionfruitsare nopical and
subtropical;however,bananapassionfruit(Passiflora
mollisima)can toleratelight frost.
A climbingperennialvineyieldChoko(chayote):
ing largegreenvegetables.Is rampantin the tropics,
andcan be usedto coverareasof noxiousvegetation,
e.g.lantana.
Dolichosspp.:Annualandperennialbeans;speciesrangefromtemperate
to tropical,evergreenperennial to annual.
Greensand Seedsas Herb Layer
On extensivefreerange,anherballayerofclovers,
medics,luceme,chicory,and fennelmay be sown,
alongwithmixedgrasses.
Ducksandgeesealsoappreciate the seed-headsof rye grassesand clovers.
Pokeweedis eatenby birds,especiallypigeons.Also
growncan be millet,lupin species,perennialbuckwheat.
Speciesfor BroadcastSowingin RotatedStrawyards
Sunflower:Greenseaten:headssfrored
in autumn
for winterfood.
Millets, corn,buckwheat,and Úre usualgrainsof
wheat,rye, barley,oats, etc.: sown in rotationso
poultryget small greens,somesavedfor winter seed.
Also legumessuchas field peas.
Amaranth:Wide rangeof tolerances;seedgrains
suitedto poultry.Also quinoa.
Herbs, Weeds,and Throw-overCrop
Shepherdspurse:This herbis anexcellentpoultry
forageand has a beneficialeffecton egg production.
As it is usuallya nuisancein areaswhereit is not
wanted,poulry are a valuablecontrol.Also chickweed(poultryeat theseeds).
Cleavers:Another"weed",it is a usefulseedand
greensplantfor poultry,containingimportantsources
of iron andiodine.For free-rangepoultry,plantingsof
cleaversmay need!o be protectedby brushor netted
fenceenclosures.
Chard or silver beet: An easily-growngarden
plant which can be over-sownespeciallyfor poultry
and thrown from úe gardenover the fence to the
strawyard.

Chickens ranged in the garden under controlled conditions "tractor" an area and leave it
completely manured. Permanent or portable
stmctures (enclosed by chicken wire) are designed to fit garden beds or garden areas with
chickens allowed in after a harvestand before
re-planting.This usually works only for broad
bedswherea crop is harvestedall at once,rather
than the small pathsidebeds close to the house.
Bantam chickens are small and eat mainly insects, cutworms, and slugs, leaving grown
vegetationalone.
Figures 7.6 and 7.7 give some ideas for
chicken forageforests,centredboth on a homestead and on the suburbanbackyard.
Figure 7.8 shows a chicken-heatedgreenhouse, which is a self-regulatedstructure.In
winter, the greenhouse,via vents, heats the
chicken-house(and the heat from the bodies of

chickens maintains a warm temperaturein the
greenhouse),
while in summer,ventsareclosed,
and chickensspendmost of their time foraging
outside.The two sidesare screenedoff from one
another,but contain a door or other accessto
collect eggs from nest boxes and to feed chickens any greensfrom the hothouse.Chickens
providecarbon dioxide and featherdust to the
greenhouse,along with manurelitterwhich is
eventuallvcomposted.
I

TROPICALCHICKENTRACTORSYSTEM
Follo*in_eis a samplesystemdevelopedby
Dano Gorsich of \íolokai.Hawaii. The system
itself is not confined to the tropics and with
modificationcan be adaptedto remperateregions and even drylands if thereis a plentiful
sourceof water.Plantsdo notgrow asquickly in
theseclimatesas in the tropics,so adjustments

This design, adapted írom Robyn Francis'
information|eaÍlet"chickens in a Permacu|ture
Gar-den",providesa supplyof foodfor G8 laying
hens and a substantialamount of fruit for the
family.

VINESgrowingaroundthe fences could include:
o bananaoassioníru|t
.
.
.
.
.
.

variousgrapevarieties
logan,boysen,and raspberry
cucumber
varioussquashes
tomato
peasandbeans

TRACTORBEDS: rotationalbeds for grain,seed,
and greencrop such as wheat,barley,oats, rye,
miIlet,buckwheat,suní|ower,lucerne,fat hen
(ChenopodÍum
spp'),cIover'

FlGuRE 7.7 Backyardpermacu|ture
chickeníorageforestfor a Mediterranean.type
c|imate.
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FIGURE 7.8 Self-regulating
chickenheatedgreenhouse.Chickens leave
the greenhousewhen it is too warm
(usuallyin summer)and come inside
duringcold weatherand at night.
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must be made.
To prepare an area of 0.2 hectare (I/2 acre),
divide theareainto 5 pensof about 10metresby
6 metres or so. Stock with about 50 chickens
(layers)in one pen until all grassesand weeds
are grazed off and removed. (Pens can be laid
out as in Figure 7.5 so thatonly one henhouse
with laying boxes need be used.)Add a scarter
of lime, move the chickens to the nextpen,chip
or rake over thegroundin thefirst pen,andplant
vegetablecrop (melons, Chinese cabbage,tomatoes, etc.). Also plant leucaena or other
legumesjust outsidethepen,along with 15 or so
papaya seedlingsor bananas.
Each pen has a small roost and nestbox in it,
which can be moved around to all pens, and
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water and food are supplied.
After thechickensclean thesecondpen (6-10
weeks),the first pen is harvested,and replanted
with root crops. The secondpen is planted like
the first. In some of thepens,importanttropical
fruit and nut treesare planted.
After the chickens clean the third pen, the
second pen is harvested(10 weeks). The first
pen is dug for roots, the third pen is planted to
green crop (peas,beans,brassica)...andso on,
for the rest of the pens.
The chickens are returned to the first pen
after the root crops aÍeout and fruits and trees
well-grown or adequatelyprotected.This pen
hasbeensown to buckwheat,sunflower,pigeon
pea,rice or barley l}-I2weeks beforethechick-
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ens are returned. Grains and seed-heads are
stored in bundles hung under a roof, and these
are fed out to thechickens as needed,alongwith
papayaand banana.Leucaenaseedsfall into the
pen. Figure 7.9 shows the rotational sequence
of one pen.
After one year,the chickens can self-feedon
grains,crop wastes,and papaya.They can also
be let out of a pen every day to forage greens.If
fruit treesare thickly planted and shadeout the
vegetablepens, the systemcan be expandedon
freshgrassland(nextto theprevious pens) which
is then retainedfor vegetable,root, grain, and
scatteredfruit crop. After two years,an areaof
1 acre is in good production. We see here a
combined system,using chickens as work units
and producers.Pigs could as easily be used.

Pigs are forest and marshlandforagers,and
theylike to graze,forage,androot (dig up tubers
and roots).They will grazea7lgrasses,herbage,
and rambling vines; forage for fallen fruit and
nuts (mulberries, persimmons, figs, mango,
carob,acorns,avocados,etc.);anddig up yams,
potatoes, bamboo, aÍTowroot,bracken, and
sunroot.
Pigs on range are healthier,cheaperto feed,
and have less saturatedfats than pigs kept in
sheds.They are not always suitablefor bacon,
however, and may need grain-feeding for 2-4
weeks to harden(saturate)thefats.Winter shedding may be necessaryin col<iwinter climates,

and a farrowing pen is neededfor a sow and her
litter.
Pigs aremostcheaplykept wheresomedairy,
orchard,root crop, ormeat wastesare available,
and do well on restaurantor household food
scraps.Good range pastureis of legumes (clover, lucerne), comfrey, chicory, and young
grasses.Pigs will eat 11 kg wet weight of this
materialper day, and have larger appetitesthan
confined pigs. They also need seed, fruit, or
kernels.
To prepare a free-rangeplanting area, the
ground should be ripped (not ploughed) and
limed, then sown down to good grass legume
mix, with comfrey, sumoot,andarrowrootpieces
pushed into the rip lines. Trees can be planted
just outside fences and in cornersprotectedby
electric fencing. Any fruit treesare useful, and
pigs are beneficial in mature orchards.
In a large system, 20 pigs per 4000 square
metres(1 acre)will "plough" (by scratchingand
rooting)the areafor planting comfrey, sunroot,
lucerne,chicory, and clover. It then needs to
rest.Pigs will remove gorse,blackberries,and
small shrubs.They can be followed by sowing
to pasture,thencattle,thenpigs again.
it take 3-5 1,'ears
to develop a full complementof foods on range,and even thensomeof
thismustbe thrownover thefenceto thepigs,as
is thecasefor bananasandpapayas,forpigs can
destroyyoungtrees.
Figures 7.10through7.l2show samplepig
systems.
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Besides their value in milk and meatproduction, goats are useful for clearing new counffy.
On abandoned pasture with gorse or blackberries, goats can be used to bring areas under
control for future planting, either temporarily
pennedin numbers,oron individual tethersand
moved every few days.If milking goatsareused
for this process,concentratedfeedis also necessary for good milk production.
For a small number of goats (1-3) we can
develop a pen with mesh fence to 2 metres
surroundedby trees and shrubs.For more edge,
enclosetwo rows of tagasasteinto thepen itself,
as illustrated in Figure 7.13. Some trees that
withstand limited grazrngby goats are weeping
willows, mulberries,tree medic, some acacias,
leucaena,tagasaste,andelderberry.Goats enjoy
acorns and the pods of carob,honey locust,pea
tree, and Prosopis spp.

Goats arevery destructiveto cultivatedplants,
as apartfrom browsing, they debark trees.Tethering and the use of orchard halters will allow
goatsinto themore delicatepartsof the systems
for short periods, but goat husbandry in large
numbersis incompatiblewith permaculture.

PASTU
Pasture crops and forage systems for cows
and sheep are usually fairly extensive (8 hectares or more will carry enough stock for a
modestliving, dependingon suitablelandscape
andclimate).Although much of theareais sown
to gÍassesand legumes such clover, thereis an
emphasison treeswithin the systemto servethe
functions of:
. Feed during droughtor times when grasses
are sparse;

B$@
w?t,ytAÁ

íe rE?rr,FÉY

FlGURE 7.13 MiIkgoat grazingpen and foragesadaptedíroma designby Lea Harrison.
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. Protecting stock from severewind, snow,
rain, and sun (windbreaksand shade-trees);
. Restoring soil fertility to nutrient-depleted
soils through leaf liner and nirogen-fixing legumes.
. Water catchment protection above dams
and on steeper slopes (cattle must be kept off
theseareas);and
. Erosion preventionon slopesand in gullies.
PLANNINGAN EVEN FODDER
DISTRIBUTION
Pastureanimals needa sourceof water,shelter from severe weather,a salt lick, and food,
which can be separatedinto (a) annual and
perennial gmsses and legumes, (b) sugar pods
such as carob and honey locust (summer),(c)
grain andsilage(wincarbohydratesas SpÍouted
(d)
plant foliage for an even yield
ter), and
forage over the year.
The age-oldproblem of a seasonalfodder or
forage shortageis illustratedin Figure 7 .I4.In
temperateclimates,where winterrainfall dominates, both annuals and perennials in pasture
reach peak productivity in spring, with a lesser
autumn flush of growth if therc are early rains.
Although the sale of young stock or the
I

culling of herdsafterbreedingreducesthe summerfeedrequirements,it is obvious thatthereis
a shortfall in midsummer and midwinter feed,
the former because of summer drought and the
latterdue to the cold and slow growth of plants.
Tree-cropinfills shouldbe plannedto takeup
the gapsthatpasturealone leaves.For example,

C**u

Y Waaerz ol

FIGURE 7.15 Nettedtagasasteor taupata.Plantgrows
throughthe net and is browsedoff.The net can also cover
the topof the hedge.
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some midsummerfeed is provided by carob and
honey locust pods, the foliage of taupata,pampas grass, and tagasaste,and autumn/winter
feed by the same foliage plants plus the great
variety ofoaks (acorns)and chestnutand black
walnut (nuts). Both these types of feed are
concenrated, high-energyfoods, enabling the
more efficient use of dry pasture.
Traditionally, the foliage of kurrajong,willow and poplar has been slash-felled to tide
herds over drought. For self-feeding systems
under forage forest, plant strips of low forage
foliage where herds can be turned in for short
periods. Netted hedges of tagasastehave been
used to great advantagein New Zealand; cows
and sheepcannot destroy the plant, but nibble
the succulentleaf growth throughthe nettingif

during plant growth (Figure 7.15).
A gradual (4-10) year change-over to the
correctbalanceof treecrop specieswould eliminate the need for expensive forage harvesters,
feed-grain storage and processing, and haymaking thatis an essentialpartof "pastureonly"
farming we see today.It also suits the comfort
and well-beingof animals,which can rangeinto
forest when temperaturesare extreme, and occupy pasturesin the tolerableperiods of spring
and autumn.
As a secondary effect then, less stress is
placed on the herds from heat and cold shock,
and far less energyis neededby the farmer and
theflock over thewhole year.An estimated I5Va
of beef yield is lost due to lack of shelteralone.
Richard St. Barbe-Baker assertedthat where
227a of the land is planted to productive Eees,
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FIGURE7.16 Rotationa|paddockswith hedgesbetweenÍencedstripsa|ongthe contour'Cows can be rotatedalong
the contourthroughgates A or betweenthe contoursthroughgates B. Paddockscan be sown to foragecrops. Once
established'the hedgestrips can accommodateperiodicbrowsingÍromcows' Gates and fences should a|waysbe
|ocatedon the ridges(notinval|eys)
Íorthispreventserosionoccuringintheseheavi|y-used
areas.Adaptedfroma design
by TonyGilfedder.
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F I G U R E7 . 1 7 P L A N TS Y S T E MF O RA D O U B L E - F E N C ESDT R I PO F B E T W E E N$ 1 5 M E T R E S
Structure:Centralrow of largetrees.
Toughplantsas hedgesagainstfences.
Delicateplantsin centralshelteredspace.
NOTES:

Double-fencing
allowsa tree fodderhedgein an extensivegrazingarea.
T h e e n c l o s e ds p a c ec a n b e c o m ea s h e l t e r e dh a b i t a ft o r b i r d sa n d a n i m a l s .
The mixedstrip acts as a windbreak.
The environment
insidethe stripbecomesshelteredand shady,suitablefor berryfruitsand other
usefulplantsif dripirrigated.
The strip can provideharvestedand foragedyieldsto largeanimalsnextto it.
Fencescan allowpassageoí sma||erdomesticSpecies(poultry)
on range.
The strip can be the begínning
permacu|ture.
of a "ro||ing
System.
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yields double on the remaining787oof the land
surface,so that in reality no yields are lost by
farm forestry.
To build up SuÍTounding
hedgerows'undersow or setplant luceme,comfrey, chicory, dandelion, with a mid-level planting of tagasaste,
Siberian pea tree, taupata' and pampas gÍass'
and a tall overstoreyplanting of willow, poplar
(selected high-value forage cultivars), white
oak, chestnut,honey locust, and known desirable woody browse (hawthorn and Rosa spp.).
Such hedgerowscould be designed to occupy
IUVoof theareaper year,until year4,when 40Vo
of the total area would be broad, complex,
contouredhedgerowofdeep-rootedshrubs,with
tall-ree browse and even high-value timber
trees(Figure 7.16). After years 4-5, stock such
as sheep and some young cows can be let in,
timed and observed, to harvest the area. From
years6-8, longerbrowsetimescan bepermitted,
and in emergenciessuch speciesas willow and
poplar can be cut and fed to animals as drought
rations.
A double-fencesystemis of usein establishing a permaculturehedge or windbreak on an
existingpastoralpropertywith cattle or other
largeanimalson rangein opencounrrySigure
7.17). Fencelines are obvious sites for windbreak trees, and in the inner zones, stacking
stonealong fencesand planting hedgerowscan
eventuallyreplacesomefences.A dense,mixed
hedgerowof spiny shrubswith a low stonewall
is virtually impenetrableto most animals.
Hedgerows greatly add to the productivity of
the system,and provide fruit, nuts,wood prducts (e.9.bamboos),animal forage,bee forage,
bird habitat and food. They also act as windbreaks and suntraps.
Feed concentratesdo have a place in the
system for feeding during periods of poor forage,for fattening,and for maintenanceof milk
and egg production. The tendency to supply
only feedconcentratesforrapid weight increase
shouldbe avoided.Naturally-concenrated foods
should come from within the system (honey
locustandcarobpods,acorns,chestnuts,grains).
Although some animals can be fed these
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concentratedfoods unprocessed, a cracking or
soaking and sprouting process may be necessary,especially as sproutingincreasesthe quality of some vitamins many-fold. Grains which
sprout at moderate temperaturesare most suitable: wheat, buckwheat,lucerne, oats, barley,
rice, soy beans,mung beans,lentils,peas,chick
peas,pumpkin, cress,sunflower seed,fenugreek,
sesameseed and rye. (All these,of course,can
also be sprouted for human food.) Hay and
silage from more valuable forages on site, such
as lucerne,can be usedas a storedfeedfor winter
months.
The goals of such pasture/foragetree systemsis to constantlycycle nutrientsfrom plants
to animals and back to the soil via manuresand
nitrogen-fixinglegumes,and to diversify farm
products.Tree productssuchas carobandchestnut can also be more directly convertedto sugars,fuels,food additives,flours, and so on. This
is of greatvalue when marketsfor wool, hides,
and meat are in flux, and gives the forestfarmer
a very great advantageover the "pastureonly"
grower, who is tied to a single market or product.
In a world whoseeconomicsare governedby
the cost of energy, farmers need to be fully
awareof thepotentialof polyculture.A one-bet
system can fail on one factor. As a local
permaculture is zoned, so are farmers zoned
from market,hence,supply centres.Increasing
distancemeansincreasingcost and greaterreliance on home production of vital materials,
especially manuresand fuels. Attention should
be given, therefore,to the tree species and animals selected,with respect to local needs and
distanceto market.
I

ROLLINGPERMACULTURE FOR LARGE
PROPERTIES
Rolling permacultureis a method of slowly
changing from pastureonly to a more productive and diverse system.Almost all large properties,of about2}haor more, have areaswhich
can be fencedout with little loss toproductivity.
This is particularly true of steep,stony,eroded,
or problem soils, awkward corners,and cold or

pastureis electrically-fenced
at centresand cornersplantedto tree crop.
FIGURE7.18 Rollingpermaculture:
Treesspecies nextto fences shouldbe those that can be heavilvbrowsedor are unpalatableto stock.

windsweptvalleys.We can planttreeswhich at
first provide shelteras hedgerow,and later become a diverse forage and tree crop resource
(Figure 7.18). The first nÍuTow,or nuclear
plantings, contain as many useful species as
possible in almost random assembly, fairly
thickly planted so that thinnings are available
for pole timbers.
The stepsto follow for arolling permaculture
are:
1.Exclude animalsby fencing,usuallyelectric on a solar charge.hepare the area by soil
rehabilitation(chiselploughing)and liming, if
necessary.
2.Plant a nucleusof treessuitablefor w'indbreakand browse.Mulch and fertilisetreesrr'ith
seaweedsolution, blood and bone, or stableor
poultry manure.An excellent ploy is to mulch
within empty tyres around trees.This protects
them initially from wind, rabbits,and drought.
Thorn or thistle mulch in tyres discourages
small browsers.
3. Gradually inroduce poult,:yor light live-

stock into the area,watching for damage.
4. Shift or add fences as the system proves
itself, and continueto roll acrossthe landscape.
5. Cull poorer plant specimensfor pole timber, leaving selected high-yielding or strong
treesand shrubsto continue srowth.
AND
ANIMAL ASSOCIATION
INTERACTION
Like the rest of the system,animals are capableof beneficialand symbioticinteraction,as
Dewell as competitive,negativeassociation.
of theserelationsign which takesadvantages
shipscomesfrom expenenceand observation,
butsomeexamplescan be consideredas below.
Poultr1'aÍeSca\'engers
and u'ill salvagefood
that is u'astedb1'other animals.On the other
hand,chickenscan passon tuberculosistocattle
andthus,to humans.Pigs arealsoeasilyinfected
by chickens.so the two shouldnot mix.
Cattle msnure providesnutrientsfor pigs,
which can fo11owcattleon pasture.On ground
grains,four yearlingsteerswill supportone pig
I
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throughwastes alone. Ducks, also scavengers,
will follow pigs, often gaining tidbits where
pigs have been rooting.
Cats are totally destructive to small animal
life (birds, lizards, frogs, etc.) so are a definite
The insectpestsof suburbiawould
disadvantage.
be greatly reduced by frogs and lizards if cats
were removed.
The successionof grazing speciesand their
mixture must be regulatedby considerationsof
diseasetransmissionbetweenspeciesas well as
by specific pastureconditions.

A pond or lake can act as a mirror, a heat
store,a run-off area,a cleanserof pollutants,a
transport system, a fire barrier, a recreational
asset,an energy storage,or part of an irrigation
system.All this, and it is naturallyproductiveas
well.
Pond systems or aquacultures are far more
productive and efficient than land-based systemsdue to a constantsupply of water,nutrients
in an easily-assimilatedform, and a variety of
plants and animals that can be eatenor sold. A
mixture of fish, crayfish, molluscs, waterfowl,
waterplants,edgeplants,andevenland animals

penned nearby takes advantage of different
niches and foods in the system.
Most books treataquacultureasfish culture,
but thereare as many useful plants as fish to be
planted in water,and a great many algae,molluscs,evenedibleinsectsandfrogs to be considered. We can design the system to make our
main crops any of these:fish, water chestnut,
wild rice, honey from marsh tupelo, bait fish,
brine shrimp, freshwatersnails, aquariumfish,
waterlilies as flowers or root sets,prawns,fish
eggs,rushesor willows for basketry,fungi grown
on rottinglogs,andso on. All are"aquacultures".
It is bener to supply a small reliable specialist
market-to grow red algae for carotene, for
example,than to entera mass marketof pelletfed trout or other highly capitalisedventures.
This chapter can only give some ideas for
small-scale farm dams or home pond production. It is important to recognise that the more
intensivelyfarmedthesystemis, themore it will
needresearch,carefulplanning,and soundmanagement.
T POND CONSTRUCTION
When planning and constructingaquaculture ponds,care should be taken to incorporate
island refugesfor breedingwaterfowl, shallow
shelves on the inside edges of the pond for
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FIGUilE 7.19 Tyreislandfor freshwaterpond.
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waterfowl forage plants, and a deep sump refuge for fish in areaswhere the dam is less than
3 metresdeep and where summertemperatures
arehigh. In addition,underwaterrefugessuchas
old tyres, earthenwaÍepipes, and hollow logs
protect smaller specimens from predator fish
and cormorants.
Stabilisation of pond banks are by stepped
1og,tyre,or hand-cutplantedledges,usingbamboo, pampasgrassor other shallow matted-root
species. Although shrubs can be planted, the
root structure of large trees may eventually
damagethe bank and should be avoided.
When constructinga new pond or dam for
fish aquaculture,do not stock with fish immediately.New dams do not have the ability of wellestablisheddams to provide a range of natural
foods. After the dam has filled for thefirst time,
lay 5-10cm of straw around the waterline and
trampleit into wet soil. This not only minimises
soil erosion but also provides cover and a food
source for small aquatic insects. Water plants
suchas lily, cumbungi,waterchestnutandeven
a small numberof aquaticweeds (ribbonweed,
watermilfoil) also help to gettheprocesssta.rted.
New dams aÍesometimesvery muddy, and
may need an application of ByDSum(addedat
therateof 560 kdha). Reduce the amountof silt
coming into the dam from the inlet by grassing
over the diversion drain or slope immediately
above the dam. Careful management of the
catchmentarea (planting vegetation,directing
waterflow) is critical if the pond is not to be
filled up with silt.
An island is built into a new dam simply by
pushingclay into a largepile and toppingwith
soil; alternatively,tyres are laid in a pile and
filled with earth (Figure 7.19).
Stock should be fenced out of aquaculture
dams; they will muddy the water,desroy vegetation, and may cause serious erosion problems.
T P O N D D E P T HA N D S H A P E
The number of fish that can be stocked in a
pond directly relatesto its surface area, not its
depth or volume. Surface area controls the

amount of food supply in and around the water.
However, depth is also important in that fish
mustbe abletoescapetothepondbottomtocool
off in hot weather and to avoid cormorants and
otherfish-eatingbirds. A usual figure ís2to2.5
metres deep. The following pond configurations arecommonly-usedthroughouttheworld:
Ponds in Series:Fish of differentagegroups
can be sequenceddownstream,in a conveyer
belt fashion (Figure 7.20a) In this way, food is
supplied to the fish via a "trophic ladder" of
nearbyshallowpondsand marshes,which supply an overflow of live food to the main ponds,
but which are safely isolated from predationso
that fast-breedingfood organisms can freely
breed. As food is 70-90Vc of costs, it is far
cheaperto breed it than to buy it.
Such an anangementhas the disadvantage
that any parasite, disease, oÍ water pollutant
flows to every pond;althoughthis is not usualin
small operations,it must be an assessedrisk.
Ponds in Parallel: the advantagesaÍethat
each pond can be isolated for disease,and here
again a food-speciespond can lie above each
productionpond (Figure 7.20b).Note that"food
species"may themselvesbe chosen to be either
directly edible, or of use as bait fish. In general,
ponds in parallel are more easily controlled,
drained and serviced than ponds in series.
Canalised ponds: These are specifically
suited to fish which depend for their food on
pondside vegetation (grass carp, Tilapia) ot
land food (trout).Some of the most productive
fisheriesknown are thoseof slow-flowingcanals with ample food along them (some Swiss
hill farms for trout are virtually contour canals
on quite steep clay slopes).It is often easier
nettingfish in canals than in large, unshaped
ponds (Figure 7.20c).
The ideal pond locationand shapemight be
thatof canalsbuilt througha marshwherefood
speciesbreed.so thatthe canalsare20-307oof
thetotalmarsharea.The canalsare stockedwith
predatorl'fish, w'hichrange through the marsh
foraging on crustaceansand smaller fish. Netting fish for harvestoccurs when the adjacent
marsh area is low, say in dry summer seasons.
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POND SIZE
We need not think pond cultures are suited
only to the standardhalf-acre pond; here are
some useful products from small to large
ponds:
. l-2 squaremetres:Domestic watercress,
taro, water chestnut, and a few frogs for
garden pest control. A rare waterlily, or a
small breeding population of a rare fish or
aquariumplant.
. 5-50 sq. metres:A large range of plant
foods, and at the upper pond size, enough
carefully-selectedfish for a family.
.50-200 sq.metres:Commercial specialist
crop, breedingstock,high value plants,and
a full protein supply for a family. Supports a
duck flock.
,2ffi-20Ú0 sq. metres and up: Commercial
for high value fish and shellfish.Larger size
allows recreationaluses.
(Note thatevery increasein size includes all
the uses of the lesser sizes).
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BENEFICIALPOLYCULTUREOR GUTLD
Although an aquacukure system should be
designedarounda primary purpose(aparticular
fish, crustacean,or water plant),it is important
to combine a rangeof beneficial aquaticspecies
to fill all available pond niches, or to assist the
primary product. The broad classes of aquatic
organismsare these:
.Plants, from edgeshrubstofully submerged
vegetationand phytoplankton.
.Invertebrates,both micro-organisms and
shellfish or crayfish.
. Fish, from foragefish to plant,mollusc, and
predatory species; up to 6 carefully-selected
fish species might profitably occupy one pond
and increaseyield.
. Waterfowl, especiallyducks and geese,and
even pigeons housedover the pond.
Plants associatedwith ponds are:
. Edible root species,such as taro,waterlily,
lotus, and Indian water chestnutgrown underwater in the banks or bottom, perhaps surrounded by an old tyre to mark their location.

. Floating aquatics such as Chinese water
chestnut,kang kong, watercress,and thecarpeting aquaticsAzolla and duckweed.These may
cover whole ponds, but can be raked up and
either fed to animals (ducks thrive on them) or
used as mulch on gardensor surroundingpond
plants.
. Shallow edgeplantsof tall rush,cumbungi
(cattail),or wild rice as frog and bird refuges.
. Seepageedge plants such as bamboo, papaya, banana,comfrey, elderberry and a short
ground cover of grass or Desmodium (a creeping type). This ground cover keeps the banks
stable and green, and is a source of forage for
ducks and geese.
For aquatic animals, a range of specific different-level feeders are useful. Pond bottom
feedersare thosefiltering or eatingdetritusand
zooplankton, while top feeders are herbivores
grazingalgaeand grasses.Ranging throughthe
system are mid-level predators
Detritus feedersare freshwatermussels and
clams that live in the mud at the bottom of the
pond. They can filter up to 9CO litres a day of
impure water through their systems and eject
concentratedsolutions(usuallyphosphorus)into
the mud, which can then be used as fertiliser in
orchards or crops when ponds are drained.
Other bottom feeders (on plankton) are crustaceanssuch as shrimp, crabs, and yabbies.
Herbivorousfish arethosesuchas grasscarp,
which may completely clean up the pond of
weeds and fringing vegetation.They are a fastgrowing fish and reach market size in 3 months
with an adequate supply of food. In Hawaii
ponds are stocked with freshwaterprawns as a
main crop, with a secondaryyield of grasscarp
eating fringing kikuyu grass. Ducks provide
nutrient to the pond (ducks and Íish are an
excellent high-yielding combination).
Predatorfish(e.g.bass,
trout)aÍethoSewhich
feed on otherfish, and in a complex polyculture
are screenedoff from therestof thepond. Small
fish and crustaceansenter the screened-inarea
and are eaten.
Such screened-offareascan be used for:
. Feeding and emergencyaerationof water;

this is usedfor eels, for example,saving energy
on those few summer nights when aerationof
the whole pond would be expensive.
. In the smallerponds,high-valuebutpre daceous fish can be kept to eliminate undersize
fish from the largerponds,via a screenedseparation which allows stuntedor crowded fish to
entertheir a-rea.
. Or the smaller pond sections can breed
shrimp or minnow for larger fish in the main
pond.Swingle (seereferencesat the end of this
chapter)estimatesthat30Voof any pond can be
profitably screenedoff for foragefi sh andshrimp;
nutrientsareaddedto this partof thepond where
shrimp rapidly take them up.
T WATER QUALITYAND POND
FERTILISAT!ON
When building up a guild of species for a
pond, prime considerationsare to provide manures(fertiliser)for thepond system;to provide
food for other organisms;to moderatethe pond
climate (edgevegetation);and to improve water
quality, especially in the matters of waste
utilisation and full use of foods.
Good quality water with a pH of 7-8 is best.
If the water is too acid. nutrientsin the soil are
bound up and are not releasedinto the water.It
is common for pond bottoms to eventually
acidify, and althoughlime may be addedon rhe
pond surface,thepond can be drainedevery few
years. Many South East Asian farmers grow
crops in duck-fertilisedpond bottoms,then fill
again for anotherfish cycle after liming. Drycycle crops can be grown in ponds every 2-4
years to take advantageof the generally high
nutrientlevel built up in bottommuds for a highvalue catch crop of melons, or a "luxury" grain
such as wild rice.
Pond fertilisation is a key factor in raising
yields, and can come from land animals,falling
leaves,and othervegetation.Manures addedto
ponds increase plant growth and zooplankton
blooms, which in turn increase the available
food. Waterfowl on the pond, herbivorousfish
feeding theedge,and land animals housedover
the pond or along a canal leading to it all
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FIGURE7.21 Widelyused in Asia, animalmanuresare used to fertiliseponds.This is easilydone if pens are
|ocatedabovethe pond.F|oorsmust be s|attedso that manuresía||intothe water.

contributevaluable manuresto the water (Figure 7.2I). Shrimp, in particular,rapidly utilise
manuresfrom other species,and prawns fed on
grass carp manure grow as well as on chicken
manure,as they eat algae or diatoms produced
on the surfaceof the manure.
Floating waterplants (confinedin ring rafts)
andfringing rush bedshelp to removeor recycle
pond nutrientsto land crops by using them as
mulch or compost.After fish are nettedout, the
nutrient-richpond watermay be usedto trickleirrigate land crop, with the result of a double
production of leaf or fruit.
In densely-stockedor nutrient-richponds,
the pond must be aeratedin hot weatheror fish
will die. Paddle-pumps are usually used for
aerationin commercial ponds, which are carefully monitoredduring critical times.However,
in farm dams it is best to select species or to
stock the dam so that aerationis not necessary.
The height and shapeofnearby treespeciescan
alsoprovide shadein hot weather;such shading
by winter-deciduouspoplars or willows may
save aerationcosts and provide leaf for worm
beds.
Water quality and waste (fish and other fae.-es)removalis bestachievedby includinga set
of scavengers,in particularfreshwatermussels
; : d surfacealgaeeaters(Vivipar a spp.), but also
'oó

mud carp, catfish, and shrimp.
I

FEEDINGFISH
Ponds shouldbe designedas self-foragesystemsto minimise work. Food can be indirectlyprovided throughmanuringthepond via ducks,
planting fringing vegetationon which insects
feed,e.g. silkworm larvae feeding on mulberry
leaves are shaken into the pond occasionally,
and placing insect traps on the pond surface.
Planting flowering plants attractive to jewel
beetles or wasps, and green "runner" ground
covers such as T r adescantia, Iuceme,comfrey,
and other nutritious plant foods also aid fish
feeding.
Direct feedingmethodsinclude raising highprotein worrns and insects (culturedlarvae) in
specialbeds,or trappinginsectsin the gardenor
orchard for fish-food. We can breed or capture
grasshoppers,fly larvae, pasturegrubs, slaters
(pill bugs),or evenminnows,tadpolesandshrimp
in smallerponds.Rafts andring netsin thepond
itself can be added for special crop or food
supply-worms and pill bugs breed as well on
rafts as on land.
In additionto insectfoods,high-carbohydrate
grains,e.g.sorghumseeds,rice by-product,rice
hulls,supplementprotein
foods.Thesearegrown
on site using nutrient-richpond water.

I

STOCKING
Disease-freestock must be added to ponds
from the beginning, so buy from a reputable
dealer if possible.
Only as fish grow to optimum weight are
naturalfood sourcesfully used;thusfast-growing minnows or shrimp can utilise thesefoods
and store them in their bodies (as growth),for
later use by predators.
As we increase the number of fish per unit
area,thesize of harvestdecreases.Too few large
fish or too many small fish show understocked
or overstocked ponds respectively,with
understockingthemostcommon eÍToronfarms.
The aim is notonly to maximiseyield,but to get
a fish or plant of useful size. Over-maturefish
and plants consume but do not gro\\' at peak
efficiency.
I

MARICULTURE
The sameadvantagesof a mixed ecologyof
wildfowl, geese,fish, moiluscsand algaeapply
to seawater or brackish ponds as they do to
freshwatersystems.The greatestadvantageis a
tide range of 1-9 metres,such as is found over
most coasts. This range enables flushing and
easy draining of ponds; the fiiling of higherlevel impoundmentsfor later release to lower
ponds; and a flow ofopen sea species,fry, and
algal forms as food.
Most shellfishandinshorespecies,including
oysters,crayfish, eels, octopus, seagmsses,algae,shrimp,sandbivalves,and scalefish can be
rearedor managedin pond culture,raft culture,
and fenced or impounded tiCal areas. Many
older civilisations,particularlythe South Sea
islanders,benefitedfrom extensive,sophisticatedfish traps,andtodayseacuhureofoysters,
mussels,and crayfish and lobsterare a multimillion dollar industry.
Sea reef structurescan be developed from
tyres,brokenorfaulty earthenware,and stoneto
provide a substrateand shelterfor larger forms
of fish (octopus, crayfish). Lines of stone or
woven fencing (long used in western lreland)
set out in shallow water "catch" algae as sea-

weed ponds.
Manurial input stimulatesseagtassgrowth,
and guano from seabirds,caught as liquid runoff from solidraftsorstony islands,providesthe
essential local phosphate and nitrogenous
fertiliser for adjacent land crops. Even large
artificial platforms have proved commercially
viable off southwestAfrica, where pelican and
cormorantuse these"islands" for roosting,and
deposit tons of guano for fertiliser. In more
humid climates,rain takesthe guanointo solution, so that storage tanks or covered solar
evaporarivepans needto be provided. Seagrass
mulch and guano close the sea-landcycle of
nutrients.and mal<es
the growingof crops near
seashoresand rr'aterr,r'a)'s
very profitable.
Some structuresfor mud-flatsand intertidal
sandsare:
. reef walls of tyres,pipes,stone;
. drift fencestocatch seagÍass
anddirectfish;
. rafts for rope suspensionof mollusc spat
and algae,ring-raftsto rear fish in tideways (as
in Ireland,wheresalmonarerearedto adulthood
in seaways);
. flow-governed tide pools to permit correct
exposurefor growing oysters;
. evaporative pans for salt, chemical, and
brine-shrimpproduction(thelarteras fry food);
. islands for marine wildfowl refuges and
phosphatecollection; and
. sub-surface(permeable)walls to retardtide
flow in scouredestuaries.
Tide Traps
Where tides fall 1.2menes or more on rocky
coasts,tide traps are made from well-packed
stone, so that rocky clefts or tidal flats are
enclosedby a 90 cm q'all (Figure 7 .22).At high
tide,the small school fish (garfish,squid,mullet, perch)enterover rhe wall, stay to feed on
algae in the enclosed area, or are baited by
crushed mussels,and are trappedinside as the
tide falls. These can be fished or nettedout, and
usedeitherfor food or for stockingmanuredand
managedponds.A door in the wall allows the
whole systemto remainopen when not in use.
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FIGURE7.22 Plan and sectionof tidal pools.
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tlrban and Communiry
Strategies
Before 1900 every city contained farms and
orchardswithin thecity. Although thereare still
such pockets of productivity left in the developing world, the modern need for more commercial buildings, industry, and living space has
effectively pushed food-growing beyond the
outskirtsand into thedistantcountryside.Cities
have become totally unable to provide for themselves in terms of food and energy, and now
consume far more than they can produce.
Permaculture aims to bring food production
back to urban areas,and tore-design orretrofit
buildings to saveandgeneratetheirown energy,
using well-known energy-savingstrategiesand
techniquesof appropriatesolar design for climate, weather-proofing,wind-power, trellis,
insulation, low-cost transport,and cooperative
power generation.It is only our passivedependence on city authorities that stops us from
acting effectively. This chaptershows some of
the ways in which urban and community selfreliance can be accomplished.

All cities haveunusedopen land:vacantlots,
parkland, industrial areas, roadsides,corners,
lawns, areas front and back of houses, tubs,

verandahs,concreteroofs, balconies, sun-facing glass walls and windows. Much of the current suburbanvegetationis aestheticratherthan
functional, and councils have small armies of
people tending ornamentalcity plantings.It is
only a matterof public persuasionand responsible decision to re-direct these activities to
usefulspecies,in a multi-dimensionalandmultifaceted permaculture.
Parks, now largely open lawn, can be carpeted with edible and decorative understorey
species such as blueberry, comfrey, currants,
lavender,strawberries,etc.Useful pine-nutspecies can replace sterile cypress and pines, nuts
replace eucalypts and barren hedgerow, and
espalieredfruit can occupy walls and fences.
Urban woodlots grown around industrial
zones and in greenbeltsor undeveloped city
butalso
land arenotonly aesthetically-pleasing
filter pollutants from the air, produce oxygen,
add to city fuel sources,and act as a wildlife
habitatfor birdsandsmall animals.Sometowns
in West Germanl' nou'have urbanforestrysystems u'ithin and u ithout the city boundaries.
These provide írreu'oodfor sale to residents,
*'oodchipsand brushw'oodforcomposting,and
a s,vstemof fast-growingtreesforpolewood and
slou'-grouing trees for fine timber. With the
addition of a mixture of easily-gatheredfoodproducing trees such as oranges, apples, al-
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monds, olives, pomegranates,dates, walnuts,
etc. (chosenaccordingto climate),city councils
could reduce their dependenceon ratescollection or use these monies to fund recycling
endeavours.
Leaves andclippingsfrom trrbanpermacultures are ideal compost and mulches for annual
crops grown in intensive raised beds in backyards,or even on concretepatios and roof-tops
(seeChapter 4 for urban gardeningstrategies).
Plants insulate againstheat,noise and wind
and give summer shade.Vines, moderatorsof
Summerheat, are a potential crop for waÍmer
districts:scarletrunnerbeans,grapes,kiwifruit,
choko, yellow and black passionfruitand hops
areonly someof thevinesthatcan beusedin this
way.
Windows and greenhousesprovide drying
heat for long-storageproducts slrch as prunes,
apricots,pears,applesand beans.Silveredinsulationpaperormirrorswill reflectlightinto dark
corners.Walls can be paintedblack, or white, to
act as heat radiatorsor reflectors.
The implicationsfor energycorrservationare
obvious.Directuseof householdproducemeans
less use of expensivetransport,packaging,and
wastedueto spoilage.Greatervarietyin dietand
chemical-free food are an addcd bonus. The
oldestandyoungestcan performusefulwork in
urban permacultural systems ancl the underemployedfind usefulactivitiesin expandingthe
system.Much of what is now "garbage"can be
returnedto the soil, building up nutrientsand
lesseningthe waste productionof the city.

NED...SUBURBAN
New suburbansubdivisions catt be planned
for food production and energv self-reliance.
Village Homes in Davis, California is such a
development,and contains the frrllowing features:
. Solar orientation: every house faces the
sun and incorporates passive or active solaÍ
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spaceand waterheatingdesigns.
. Water drainage:all waterrun-offis led to
swales,which provide a naturaldrainagesystem
to replenish groundwater supples. Trees and
shrubs are planted beside swales to take advantageof moist soils.
. Greenbeltsand common areas:the space
savedthroughtheuseof smallfrontyards(fenced
for privacy) and narrow streetsis given over to
community-ownedgreenbelts(for orchards,
mini-parks, bike paths) and common areas.
Housesareclusteredinto groupsof eight,which
havea sayover thecommon aÍea;theydecideon
the use and may plant vegetablegardens,develop a children's play area, or convert it to
orchards,etc.
. Shared resources and food production:
thecommunitylandscontainnotonly a meeting
centre,playing fields, and swimmingpool, but
extensive areas for community gardens,grape
orchards,and stripplantingsof almonds,mandarins,pears,apples,persimmons,plums, and
apricots.Twelve acres have been set aside for
small-scale,non-commercialagriculturalproduction;507oof the development'stotal acreage will someday be in food production.In
1989,607oof the residents'total food requirementswas producedat Village Homes.
Davis itself is an energy-and water-saving
city, with all new housesrequiredto use solar
energyand specific levels of insulationwithin
thewalls andceiling.Streetplantingsof deciduous trees (shadein summer, sun in winter) are
plantedinsteadof evergreens.Drou ght-tolerant
plants are required for public and commercial
sites,and stronglyencouragedforprivate yards.
Shade treesare requiredby law in parking lots.
Bike lanes and parking are especially catered
for 257a of all vehicle trips within Davis are
now takenbv bicvcle.

E.cYciHNsi;iiiiiii
lÜN|r$iiiln
A working example of town solid-wasterecycling system is located in the Borough of

''l
Devonport (Auckland, New Zealand).This innovative urban recycling scheme has been in
use since 1977, when the rapidly overflowing
tip (landfill system)was scheduledto be closed.
There are several key featuresthat make the
system work:

aside for use by local residents.
2. Organic waste:The Council promotesthe
useof homecompostingto handlesmallunitsof
domesticwaste.It preparespublicity materials
andhome-madecompostingbins,andsellsfour
types of bins at cost to residents.This means
individual gardens receive the benefit, rather
L. Separation of refuseat the source:Resithanconcentratingthe compostat the tip site.
garbage
into
dents separate
compostablemateFor rree prunings and other compostable
rials,glass,paper,metals,etc.,whichmeansless
material.a large-scalecompostingoperationis
time spent in sorting at the depot, and easilymountedat the depot.The materialis chopped
available materials can be sold to recycling
andshredded,andsomeanimalmanureis added
companies.The Council publicises the recyto activatethe heap;it is thenformedinto large
cling schemeamong residents,and hands out
u indrou'sb1'a small bulldozer,and when finfree calendars with collection times and dates
ished,sold to local residents.
each month.
gardenat the site,made
Thereis also a lar_ee
Thereis a financialincentiveto recycling:it
from compost,*hich producesvegetablesfor
is picked up free of cost. Unsorted refuse is
local sale.Treesand shrubshavebeenplanted
picked up only if put out in specialbagsbou_ehr along the tip site, so that it has a pieasant
from the Borough (at a cost of $7 apiece!).
appearancefrom the road.
At therefusetip itself, thereare also separate
bins for the following materials:scrap steel,
hardplastics,tin cans,bottles,wasteengineoil,
paper, craft paper, and waste cloth. Firewood
and reusablearticles (such as furniture)are set
F]GURE8.1 RECYCLING:
The
choices.
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3. Recoverablematerial:This includesscrap
metai,tins,bottles,andnewspaper;a contractor
picks up thismaterialatthesametimeasgeneral
refuse.The Auckland areaoffersa widerangeof
re-processingindustries,so thatthe Devonport
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Council has beenable to sell most of its recovered
materials.
Such an exampleshowsthatcouncilshaveno
excusesfor not recycling; not only does waste
cost the ratepayers money, but there is also a
vast wastedisposalproblem. It is up to ratepayers
to elect officials who will recycle sewage and
solid wastes, and to vote out waste-promoting
councils, who "cost the earth".
Figure 8.1 shows the choices of recycling
versus non-recycling.

Urban people who do not have access to land
often work with others to grow food. There are
many examples of this sort of cooperation all
over the world. Some of the more successful are
as follows.
T COMMUNITYGARDENS
Community gardeningis well-known in both
urbanandsuburbanareas.Residentsclearrubble,
put in watertaps,build planterboxes,or whatever needs to be done to create garden space.
They share water facilities, but generally have
their own tools and garden allotrnents.To get
such a project going, community interestneeds
to be stimulated, and signatures gathered to
petition the local council. Council is lobbied to
release vacant land within the city or town. A
long lease is essential,which encouragesresidentsto supportandusethegardenswithoutfear
of abruptchange.
I

FARM-LINK:PRODUCER-CONSUMER
COOPERATIVE
This is appropriate to high-rise or renral
accommodation in a purely urban area,and was
first developedin Japan.From 20 to 50 families
link to a farm in the nearbycountryside,usually
with an already-establishedmarket gardener.
Quarterly meetings are held between both parties to work out a wide range of products, from
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eggs to fresh produce to meats, with the consumers agreeing to accept all that is produced
andto distributetheproduce among themselves.
Lower prices reflect this stable market with no
packaging costs to the farmer.
As the "link" grows, the system might also
accommodateholidays on the farrn,educational
workshops, and city help on the farm at peak
work periods (planting and harvesting).
I

FARM CLUB
Garden or Farm Clubs suit families with
some capital to invest as shares,with an annual
membership.A farm is purchasedby the club
neÍrrthe urban area (within 1-2 driving hours).
The property is designed to serve the interestsof
members, whether for garden, main crop,
fuelwood, fishing, recreation, camping,
commercial growing, or all of these. People
either lease small aÍeas'or appoint a manager'
depending upon the aims of the group and its
finances. A managementcommittee plans for
the whole area (access, water, fences, rates,
etc.), although individual projects/gardens/
cabins may proliferate.
I

CITIESAS FARMS
There are severalways to usecities as farms.
A communitygrouporindividual mightcollect
surpluscitrus and nut crop from treesaroundthe
city, at the same time distributingmore treesto
gardeners on contract for later product off the
trees.Non-profit groupsoftencollect unwanted
producefrom orchards,canneries,etc. and distribute them to the poor, or sell at a small profit
to keep running costs down. This is known as a
"gleaning system";many thousandsof tons of
unwanted food are thus redistributed in the
USA. Farmers or manufacturerstake a tax deduction on gifts to a gleaning trust (any church
or public trus|.
Some city councils (Germany) carry on an
activecity forestryalong roads and on reserves.
From 60-80Voof thecity income is thusderived
from city forest products.

T CITY FARMS
A local group of 100 or more families forms
a city farm association,andlobbies local or state
authoritiesto allot from 1-80 hectares(preferably with a building) to a city farm. Again, a
long-term,legally-binding lease is essential.
Each city farm has a small management$oup
and numerousvolunteers.There could even be
a few paid staff (for continuity purposes).On
this land, the following activitiesarecarriedout
(almostall are income-producing):
. Community gardenallotments(if spaceallows) and demonstrationgardens.
. Domestic animals (rabbits,pigeons, poultry, sheep,goats,cows, pigs, horses)fordemonstration and breeding stock. Children are often
involved in caring for animals after school.
. Recycling centre for equipment and used
building materials such as bricks, pavers,windows and doors, aluminium and glass.
. "Gleaning" operationsof surplusbackyard,
streetand market garden produce.This is collected, sorted, and retailed. Herbs and other
surplusfrom the demonstrationgardencan also
be sold.
.Plant nursery of multi-functional plants:
vegetables,groundcovers,shrubs,trees.
. Children and adult activities:seminars,demonstrations, training programs, educational
outreachto develop community skills.
. Retail sales of seeds, books, plants and
tools.
. Technical teams to provide home energy
investigationandfitting of homeswith weatherstrippingfor doors and windows.
.Information centreon food preparation,insectconEol, nutrition,home energytopics, etc.
The essentialsofa successfulcity farm are that
it lies in an area of real need (poor neighbourhoods),thatit has a largelocal membership,and
that it offers a wide range of social services to
the area.Many city farms become totally selfsupportingfrom salesof goodsor services,plus
modest membership fees. Government grants
are sometimes needed in the first few years of
settingup.

EcoHOrM,lC$
Money is to the social fabric as water is to
landscape.It is theagentoftransport,the shaper
and mover of trade.Like water.it is not thetotal
amountof money enteringa communitywhich
counts; it is the number of uses or duties to
which moneycanbe diverted,andthenumberof
cycles of use, that brings financial independenceto a community.We aretalkingaboutthe
linkages between the community and its finances,its base resources,and its legal structures.If you put a tradingbank in a community
thatdealsonly with takingaway basicresources,
thenwhat you've got is a pump thattakesaway
the community's living and puts it somewhere
else.
The following approaches,which haveoften
beendevelopedand applied by poor, depressed
and often "powerless" groups,may be of use in
your own community.
I

LETSYSTEM
LETS (Local Employment Trading System)
centresin a community; every joining member
must be willing to consider trading in local
"green" dollars. Green dollars are "earned" by
goodsor servicesto others,and"spent"by using
goods and services.Unlike a simple bartersystem (wheretwo people tradeonly with each),a
memberwho has credit can interactwith any of
the membersin the LETSystem and can spend
over the whole range of services or goods offered.
Green dollars are usuaily chargedfor labour,
while federalcurrencyis chargedfor thecostof
the productor service.e.-e.materials,perrolto
andfrom thejob, etc.Pnce is agreeduponby the
individualsinvolved,andreportedto theLETS
Centre by the consumer.Anyone who wants
work can offer sen,ices;they neednot wait for
'JobS". As
onll' memberscan trade with each
other, the community account is at all times
balanced.An ideal member has many transactions, and accumulatesmodest debits and
credits.
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The currency, although equivalent to legal
tender,is not issued and cannot be cashed in; it
is kept only as a record of debits and credits.Any
member can know the balance of any other
member, and every member getsperiodic statements of accounts.Any taxes applicable are the
responsibility of members.
Anyone can start a LETSystem in their own
community.See Resourcessectionat theend of
this chapter for addressesin both Australia and
the USA.
I

REVOLVINGLOAN FUNDS
These are community savings and loans associations appropriate for reducing community
and household costs, and freeing more capital
into the community. It is an easy matter to
researchwhat is lacking in the community,e.g.
does the area make its own bread, yoghurt,
sausages,shoes,clothes,and pots? Does it provide a widerange of services from haircutting to
legal advice? If not,jobs are open and funds to
start them can be available. Two successful
examples are the SHARE and CELT systemsof
loans to community-based groups and businesses.
SHARE standsfor Self Help Association for
a Regional Economy. It is a local nonprofit
corporationformed to encouragesmall businessesproducingnecessarygoods and services
for theregion (in this case,rhe Berkshire areain
Massachusetts,USA), which works in conjunction with a local bank in the area. SHARE
membersopen a SHARE Joint Account with the
bank. They receive only a small amount of
interest(butthis meanssmall loans can be given
out at less interest).The person receiving the
loan must first collect references from people
who know them as responsible and conscientious. They must show that the proposedbusinesswill attractcustomersfrom thecommunity
or even from outside the area. By doing this
preliminary work, the borrower gets to know
many people, and the community has a keen
interestin seeing that the businesssucceeds.
CELT stands for Community Enterprise
Loans Trust, a New Zealand-wide charitable
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trust to promote and support small businesses
and cooperatives. CELT provides advice, runs
training sessions,and gives out loans. CELT is
funded by subscriptions from the public, by
donations,and by government special schemes.
Education and other work is funded by the
interestfrom deposits and loans. The borrowing
criteria is that the entrepreneurmust be willing
to work closely andregularly with CELT during
the loan so that a business has the greatest
chance to succeed. Jill Jordan of the Maleny
CreditUnion in Queenslandreportsthat 85Zoof
small businessesfail within their first two years
of operation.In Maleny, however, businesses
funded by the credit union and supportedby the
local community have a failure rateof less than
207o.

The pastfew yearshas seena new movement
towards innovative and consciously ethical financial systems.The rise of a large, popular,
efficient set of services to divert public money
towards beneficial ends is a reaction to the
currentmisuse of money by governments,large
aid agencies,banking institutions,and investment brokerageswhose sole motive is profit or
power.
We must not lend our money or effort to
aÍmaments,biocides, or to anything that will
harm us or our environment.Insteadof investing in our own desffuction, we need to start
directing our surplus monies into positive and
life-enhancingprojects.
The large amountof invesünentcapital redirected through ethical brokerage firms in the
U.S. and Australia is the tip of an icebergwhich
involves many thousandsof ordinary people.
They are members of guaranteecircles, ethical
credit unions,community loans trusts'coÍnmon
fund agenciesforbioregions, or nonformal systems of labour and workday exchanges,barter
systems,direct market systems,or no-interest,
"green dollar" systems.

Moreover, existing banks,credit unions,cooperatives, and businessesare discussing the
rewriting of their chartersto include the values
ofearth care,peoplecare,and theproductionof
socially useful (or environmentally sensitive)
products.
In earlier yeaÍs'a negative(..non-buy'')emphasis involved taking investmentsout of companies which polluted the earth and caused
deaththroughthe manufactureof poisons,biocides, aÍmaments,and other dangerousmaterials. As the ethical investmentmovement matures,however,this negativeapproachis evolving into a very positive searchfor, and willingness to fund and support,enterpriseswhich:
. Assist conservation and reduce waste or
energy use.
. Grow clean food free of biocides or dangerous levels of contaminants.
. Are involved in communityreafforestation.
. Build energyconservinghousesor villages.
. Produce clean transportor energy systems.
. Found cooperatives,self-employmentventures,or profit-sharingsystems.
.Produce durable. sound, useful and necessary products.
Thus, local funds can establishsmall or large
enterprisesthat are neededin the region, using
moneyraisedby residents.Brokers or enterprise
ffusts can direct surplus investmentto socially
and environmentallyresponsibleindustriesand
developmentssuch as new, well-designedvillages.

The global village community has been developing over the last decade.It is the most
remarkable revolution in thought,values, and
technology that has yet evolved. This book is
intendedto speednot the plough, but ratherthe
philosophy of a new and diverse approach to
land and living, and make the plough obsolete.
For myself, I seeno other solution(political,
economic) to the problemsof mankind thanthe

formation of small responsible communities
involved in permacultureand appropriatetechnology. I believe that the days of centralised
power are numbered, and that a re-tribalisation
of societyis an inevitable,if sometimespainful,
process.
Unwilling as some of us are to act, we must
find ways to do so for our own survival. Not all
of us are,or need to be, farmers and gardeners.
However, everyone has skills and strengthsto
offer and may form ecology parties or local
actiongroupsto changethepoliticsof our local
and state governments,to demand the use of
public landson behalfof landlesspeople,andto
join internationally to divert resources from
wasteand destnrctionto conservationand construction.
I believe we must change our philosophy
before anything else changes.Change the philosophy of competition (which now pervades
our educationalsystem)to thatof cooperationin
free associations,change our material insecurity fora securehumanity,changetheindividual
for the tribe,penol for calories, and money for
products.
But the greatestchange we need to make is
from consumption to production, even if on a
small scale,in our own gardens.If only I07oof
us do this, thereis enoughfor everyone.Hence
the futility of revolutionarieswho have no gardens, who depend on the very system they
attack,and who produce words and bullets,not
food and shelter.It sometimesseemsthatwe are
caught,all of us on earth, in a conscious or
unconsciousconspiracyto keepourselveshelpless. And yet it is people who produceall the
needs of other people, and togetherwe can
survive.We ourselvescan cure all the famine,
all the injustice,and all the stupidityof the
world.We can do it by'understanding
the way
naturalsystemsu'ork, by careful forestryand
gardening,b,vcontemplationandby takingcare
of the ea-rth.
People who force nature force themselves.
When we grow only wheat,we becomedough.
If we seekonly money,we becomebrass;andif
we stay in the childhood of team sports, we
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become a stuffed leather ball. Beware the
monoculturalist,in religion, health,farm or factory. He is driven mad by boredom, and can
createwar and try to assertpower,becausehe is
in fact powerless.
To becomeacompleteperson,we musttravel
many paths,and to truly own anythingwe must
first of all give it away.This is not a riddle. Only
thosewho sharetheirmultiple andvaried skills,
truefriendships,and a senseof community and
knowledge of the eafth know they are safe
wherever they go.
There are plenty of fights and adventuresto
hand: the fight against cold, hunger, poverty,
ignorance, overpopulation and gieed; adventuresin friendship,humanity,applied ecology,
and sophisticateddesign-which would be a far
better life than you may be living now, and
which would mean a life for our children.
There is no other path for us than that of cooperative productivity and communítyresponsibility.Take thatpath,andit will changeyour life
in wavs vou cannotYetimasine.

Morehouse, Ward, 1983, Handbook of Tools
for Community Economic Change, ITDG
Group of North America, PO Box 337,Crotonon
Hudson,NY 10520(Available from publisher).
A basic explanation of land trusts, selfm a n a g e m e n t ,c o m m u n i t y b a n k i n g , s e l f financing social investment, and SHARE
programs.Highly recommended.
C.E.L.T. (CooperativeEnterpriseLoan Trust):
p e o p l e ' s b a n k i n ga n d s e m i n a r s a d v i s o r y
services;includes S.C. O.R.E. (ServiceCorps of
P.O. Box 6855,Auckland,
RetiredExecutives).
New Zealand.
LETS (Local Employment Trading System):
organised crediídebit non-curTency systems.
Kits, games, software, information from:
Michael Linton,LandsmanCommunity Services
Ltd., 375 Johnston Ave., Courtenay, B.C.,
Canada V9N 2Y2. Or, for Australia:Maleny
andDistrictCommunityCreditUnion,28 Maple
St., N,Íaleny
QLD 4552, Australia.
Level, 27 - 3I
\ío\EY \{ATTERS, N{ezzanine
\ÍacquariePIace'CircularQuay,Sydney,NSw
2000, Australia. Ethical investmentadvisory
sen'ice.
S.H.A.R.E. (Self-Help Associationfor a
R e g i o n a l E c o n o m y ) ,P . O . B o x 1 2 5 , G r e a t
Barrington,MA 01230,USA.
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Appendix A
L I S T O F S O M E U S E F U L P E R M A C U L T U R EP L A N T S
Mostof the speciesbelow areperennial,althoughsomeannualsareincluded.This list is by no means
complete;it is intendedonly as an informal startto your own local permaculturespecies lists. The
plants below range from temperateto tropical climates;many temperatespeciescan also be grown
in the subtropicsor highland tropics. In most cases heightsare given (in metres- m) but thesewill
vary according to climate, care, soils, and cultivars.
ACACIAS (Acaciaspp.)
Leguminoustreesand shrubsrangingfrom 3-25m,speciesgrowingfromaridregionsto thetropics;oftcnspinl'.
USES: Some speciesare importantfodderplants of
drylands,with leaves,pods,andseedsused;firewoodand
g;Fukuokaplanted
(somespecies)timber.Nitrogen-fixin
(A.
silver wattle dealbata)in his fieldsto boostproduction. Erosion control.
in AusFodder:Mulga (Acaciaaneura)widespread
palatable
to stock;to
and
traliandrylands,fast-growing
7m tall. Camel thom (Faidherbiaalbida) thomy treeto
25m;foliageandpodsimportantfodrieryielding135kg
pods/treein Sudan.Deciduousin wet season,full leaf in
dry. Myall (A. pendula)grows on heavysoils whereno
othertreeswill grow(protecssoil andgivesshadeaswell
as fodder).Other fodder trees are A. salicina (native
willow),A. senegal,A. seyal.
Timber:Blackwood(Ácccia melarnxylon)'fast-growin finefurniture
ing,long-lived,cool climateacacia'.:sed
(in warm climatesA. melanorylonis a scraggly,shortlived tree).Silver wattle(Á, dealbata)andhickorywattle
(A.falci-formis) also importanttimbertrees.
LLBIZIL (Albizia lopantha,A. julibrissin)
Leguminous,evergreen,quick-growingEeeswith feathery leaves.Height:9-15m.Warm temperateto tropical
climates.
leavesandflowUSES: Shaderee, withornamental
ers.Windbreakif loppedtoencouragebushiness.Pioneer
tree;in thetropics,chili peppers,pineapples,banana,and
albizia,profruit treesare grownunderwidely-spaced
system.Most speciesarepalatvidinga 3-tierproductive
Nitrogen-fixing.
ableto stock(Á.lopantha,A.chinensis).
ALDER
treesmainlyformshort-lived
(Á/nzs spp.):Fast-growing,
ing densethickets.Heighr 10-25nr.Althoughnot legumes,are nitrogen-fixing,and createa thick, black
humus. Useful if already presentfor rough mulch,
Use as a nursecropfor othertrees;provides
composting.
shelter,mulch,and nitrogen.Can eventuallybe cut out

altogether,or a fe* trees allowed to grow on for nitrogenfixing, mulch. As fireuood it may bum too hot, but
stickuood is usciul. Some -{/niisSpp' aÍeA. tenuifulia
(mounrain
a l d c - r r . . {c ' i . r p a( d o * n i ' a l d e r ) .
anth/LÍspp.)
A\ÍAR.{\TH l|.7mar
L p n g h t a n n u a l st o l m o f * h i c h g r a i n a m a Í a n t h( Á .
and leaf amarantlr(A. gangeticus)ate
h;-pochondriaci.r,r)
most valuablc. Grown in full sun or even parual shade;
grainamaranÚrneedsa 90-day growing seasonto SetSeed.
Temperateareas throughhighland dry tropics.
USES: Grain amaranth a high protein crop (187o);
seedseatenpopped or ground into flour. Leaves eatenraw
orcooked. Leaf amaranthgrown throughoutyearinwarm
climates; tasty leaves are bright red and green. Valuable
vitamin and mineralplant.Chicken fodder(seeds);leaves
for stock---{an be turned into silage. Cover crop.
ARRACACH A (Arracacfutxanthorrhiza,A. esculenta)
Also known as Pcruvian parsnip.Grown in high-altitude
tropics to subtropical climatcs. Herbaceous perennial,
producing large, stzÍchyroots. Propagatedby tubers'
USES: Eaten like potatocs or cassava.Coarse mun
rootstocksand maturcleavesfcd to animals.Young stems
for salads.Excellent understoreycrop.
ASPARAGUS (Aspar agus officinal i s)
Perennial rootstock wiÚt new, edible shoots each year,
yielding well for at least20 1'earsif m anurcd and *'atered.
Yieldsafter3 years,in spring.Easill propagatedin winter
by crowndivision.Naturalisesalong sandl u'atercourscs,
though does not produce large surlks as does manured
asparagus.USES: human food. bank srabilisersfor sandy
steams.Temperateto subEoplcalclimates.
AUTUNÍN OLI\.E and RLSSIAN oLIvE (Elaeagnus
umbellata,E. angustifolic& othcr spp.)
Fast-grouing.nitrogcn-fixingshrubsto 4.5m and 20m
respectively':Autumn olive forms thickets or hedges
whcn clippcd. Toleratespoor soil, drought.Likes full sun,
although other specics will toleratepaÍtialto full shade.
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Temperateandcold areaPlants.
USES: Good windbreakand erosioncontrol plant.
Edible berriesfor birds and poultry;cold area chicken
forageplant.Omamentalscreenhedges.Silverberry(8.
commutata)and cherry elaeagnus(E. multiflora) also
importantwildlife, poultryberryplans.
LZOLLL (Azolla sPP.)
Free-floating,small water ferns (red or green)which
containa nirogen-fixing bacteria(Anabaenaazollae).
All climates,althoughdiesback in hot weather.USES:
Duck fodder.Nitrogen mulch for rice or taro crop for
nitrogen.Can be skimmedoff surfaceof pondsandused
as a rich mulch on adjacentcrops; or ponds drained'
Azolla turnedunder,and cropsgrown.
BAMBOO (1250species)
Two main types are running bamboosand clumping
bamboos.GenerallythetropicaVsubropicalvarietiesare
clumpersand the temperatevarietiesare runners.In the
caseof runnerbamboos,caÍemustbe takenso thatthey
do not becomerampant;theydo not crosswater,so may
be containedon an island in a dam.
Bamboosgrow from the equatorto about40onorthand
souÚr.Propagationis by division of clumps, rhizome
cuttings,and basalcanecuttings;bamboogrowsbestin
rich organicsoil with plentyof wat€r.
USES: human food (clumps are hilled to produce
large,tendershoos) and foliageas animalforage(some
speciessuchas Arundinariaracertosa,Sasapalmata).
stakes,fishpoles,spears(smallcanes),buildStructural:
Clumps:
concretereinforcing
ingframeworks,
Qig canes).
Other:utensils,mulch,
steepbankstabilisers.
windbreak,
artisanry.
BLACK LOCUST (Robiniapseudoacacia)
Deciduous tree l0-20m, thin foliage, lives up to 200
years.Grows rapidly and formsthicketsby root suckers
(very aggressive).Very hardy and suitedto cool areas,
poor soils.
USES :Pastureimproveron verypoorcountry(nitrogen fixer); erosioncontrol;windbreaktree;bee forage;
seedfor poultry;and timbersuitedto beams,tools and
shafts.Poles last over 20 yearsuntreatedin the ground.
BLAcKBERRY, RASPBERRY (Rrróusspp.)
Cultivars includeboysenberry,loganberry.Vigorouslygrowingprickly thickets(somethornlessvarietieshave
bcendeveloped).High-valuecommercialcrop on trellis.
Blackberryeasilybecomesrampant,spreadby seedsand
tip-rooting.Can be maroonedon islands.Blackberry(R.
laciniatus)has a thomlessvariety (oregon úornless)
uhich is bestfor gardens.Loganberryand boysenbeny
areprefenedcultivars,with very largebcnies.May need
nettingagainstbirds.Bee forage.
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BLUEBERRY, HUCKLEBERRY, CRANBERRY
(Vacciniumspp.)
Deciduousshrubsfrom2.5cmto3.6mtall;cool temperate
to subtropicalclimates.Toleratepartialshadeor full sun.
USES: Understoreyberry crop. Most speciesgood bee
forage.
gtrows
to 1.2High bushblueberry(V.corymbosum)
needs
to be
crop,
grown
as
a
commercial
is
3.óm and
(V.
liwn)
angustifo
Low
bush
blueberry
nettedagainstbirds.
frost
(8-20cm);
avoid
groundcover
as
a
used
can be
pockets.
aÍenoÍ'
ovaturn)
Huck|eberry(V. membranaceum,V.
for
tasty
are
these
grown
but
for
berries,
commercially
huckleberry
Evergreen
poultry
forage.
humanuse;also
producesbest in partial shade.Speciesgrow 30cm-3m
tall.
Cranberry (V.orycoccus)is about25cmtall;it is an
evergreen,prostrateundershrub,and growswell in peat
bogs,with soil pH of 3.2w 4.5.A constantwatersupply
is necessaryfor good fruiting,but plants should not be
swamped.Rich humusandthickmulchesareideal.Avoid
plantingin knownfrostpockets;fruitsmustripenbefore
hardfrosts.High-valuecommercialcrop.
BORAGE (Boragofficinalis)
An upright,self-seedingannualto 0.6mat maturity'Can
be grownin full sunor partialshade;toleratespoor soils
but needsregularwatering.Easy to propagatein large
climate'USES:
quantities;
sowseedin spring.Temperate
Good bee forage,with a long floweringseason.Leaves
teawilh comfrey:
andflowersin salads.Compos/manure
rich in potashand calcium;breaksdown very quickly.
Medrcinalpropenies:anti-inflammatory.
BROAD BEAN (Viciafaba)
Annual legume0.5-1m;temperateto subtropicalclimates,likes full sunbut growswell in cloudymaritime
climatesoverwinter.USES: Humanfood-young leaves'
pods,beans(freshor dried).Also usedas stock fodder.
Cover crop over gardenbeds,fields; greenmanurecrop
and niEogen fixer, with crop cut and used for mulch
beforeflowering(nirogen staysin the soil).
CAPE GOOSEB ERRY (P/ryscllsperuviana)
A perennial,tender,creepingbushof the tomatofamily
fruitssurrounded
withsmallgreenish-yellow
(Solanaceae)
by a paperycalyx or husk.Fruis ripenin latesummerand
areusedfreshor stewed.Used in Mexico as a hot sauce
whenmixedwith chilliesandonions.Easily frost-damaged;grownas an annualin cold temperateclimates.
CAROB (Ceratonia siliqua)
A long-livedtree5-I 5m grownfor is sugarypods.A tree
it does best in dry temperatecliof the MediteÍTanean,
matesand can toleratepoor soil conditions.Frost dam-

agesflowersand youngfruit,but not thetrees;very wet
weatherin autumncan rot theripcningpods.A leguminoustree,althoughdoesnot fix nitrogen.
USES: Humanfood:groundmeal is a chocolateor
coffee substitute,widely used in healthfood products.
Pods as stock feed for energyand proteinconcentrate
(groundas mealor fed wholeo largeanimals).Yields in
Mediterraneanclimates ue 45-225kg/ree. The seeds
qualities,usedin cosyield a gum with water-absorbing
meticand chemicalindusries.
CASSAVA (Manihot esculenta)
Lowland tropicalcrop,with starchytubers.Widely used
in Africa, SouthPacifrc,latin America.Grown on ridges
or mounds,interplantedwith annual food crops. Can
withstandneglect,growsin nutrient-pmrsoils;tolerates
drought(exceptafter propagation).Can be kept in the
grounduntil required.
USES: Eaten(afterpeeling)boiiedor baked.Dried
slicesmay be kept for severalmonths;cassavaflour is
madeby grindingthesedriedchips.Fermentedpulp is
eatenin West Africa. Starch,or tapioca,is used for
puddings,biscuits,andconfectionary.
CHESTNUT (Castaneamollissima.C. sativa)
Luge, spreadingdeciduoustree to 30m; long-lived.
Graftedtreesyield in 7-9 years.TemperateMeditenaLke well-drained
neanclimates;loleratedry conditions.
for best resulÍs.
May not
soils. Need cross-pollinaüon
bearwell in climateswith cool summers.
USES: As food:Spanishor sweet:hestnut(C.sativa)
importantcommercial crop in Europe, while Chinese
chestnut(C. nwllissina)grownin U.S. becauseof resistancetoblightfungus.Chestnutsarecatenwhole,roasted
and husked,or ground for sweet flour, rich in starch.
High-gradestock fodder,especiallyfor pigs.
CHICORY (Cichorium intybus)
Herbaceousperenniallong usedas a regetablein Europe

andtheOrient;growsfrom0.6-1.6m.Likes full sunand
growsfrom temperate
trosubtropicalregions.Naturalises
in fieldsandon disturbedsoils.
Roots
USES: Bee forage;earlyand long-flowering.
Mineral-richleaves(from
roastedforcoffee-likebeverage.
deep taprootmining the soil) excellentcomponentin
pastureas foragecrop;improvesmilk qualityand quantity.Medicinal(bothhumanandanimal);usedfor rheumatism,eczema,blood diseases.
CHINESE WATER CHESTNUT (Eleocharisdulcis)
Aquatic rush with edibleculms,grown in shallowsor
can be grownwherever
dampmud.Subtropics/tropics:
there are 8 frost-freemonths.May need to be netted
againstduckswhengreenshootsareemerging.Caution:
As with many aquaticplants,thesemay accumulate
heavymetals,so makesurepondwateris notpolluted(or
USES:
usethesem helpcleanup water;do notharvest).
usedextenValuablehumanfood,high in carbohydrate,
sively in Asia.
CITRUS (Cltrasspp.)
shrubsor treesto 10m,including
Widerangeof evergreen
mandarin.
Dry,
lemon,lime,c umquat,
orange,grapefruit,
(Meditenanean)
wam temperate
climatesto tropics.In
marginaltemperate
areas,placein warm,sunnyposition.
Tree can wiÚrstandlight frost,but frost at -2. C kills
flowersandyoungfruit.Needshelterin highwindareas.
concentrated
USES: Freshfruitor juice,marmalade,
for cordials.High viraminC source,especiallyif white
pithis alsoeaten.Wastepulp fedto cattle.Peel is source
also
of essentialoils (usedin flavouringandperfumes);
providespectrn.
CHOKO or CHAYOTE (Sechiumedule)
vigorous,perennialon thickrootHerbaceous
scrambler,
stock.Subtropicsto tropics;nothardyto frost.
USES: Rootsusedfor starch,boiledor baked;young
is
Mostcommonl}'-eáten
shootseatenasa salad,steamcd.
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the fruit, a largeblandvegetablewhich can be baked,steamed,or fried with
othervegetables.
Used to smotherless vigorousplantssuchas lantana,andis
a goodroof coveringfor summer.Pig andpoultryfood.
COMFREY (Symphytumofficinale)
Herbaceous
perennial
to lm high.Diesdownin winter,exceptinmild climates.
Easily propagaüedby root division; any part of the root crown will grow.
Clumpsof comfreywill stayin oneplace,butif dugor rototilledwill spread
quickly. High yields on fertile,wateredcountry.2O-25Vocrudeprotein.
USES: Excellent bee forage.Stock fodder if fed in limited quantities
(overfeedinghasbeenshowntocausesomeliver damagein animals).Medicinal herb:roots dried,powderedand used in ointmentsfor bruises,arthritis,
brokenbones.Vegetablesourceof vitaminB 12,andcanbe usedsparinglyin
salads,cooking.Rich sourceofmulch(highpotash)andiscombinedwithother
leavesandmanuresfor a nutrient-rich"manuretea".
CURRANTS and GOOSEBERRIES (Riáesspp.)
Small deciduousshrubs (0.5-1m)toleratingparrial-shade;good hardy
understoreybushloleratingneglect.Hardwoodcuttingstakenin autumnroot
easily.Bear 10-20yean if properlycaredfor. Mostly temperateplants.
USES: Tastysmallfruitswhichcanbeeatenrawor madeintojuice,wine,
jelly. Wildlife foragefood,includingbirds andpoultry(planrsmay needro be
nettedif usedentirelyfor humanfood).Edible species:black currant(R.
nigrum),goldencurrant(R. aureum),redcurrant(R. rubrum)Excellentbee
forage.Also ornamenul,especiallygoldencunantandred-flowering
cuÍTant
(R. sanguinenm).
Goosebenies(R. grossularia)grow successfullyin rock
crevices;like well-drained
posiüons.
CUMBUNGI or CATTAIL (Typhclatifolia,T.orientalis)
Dense,herbaceous
perennialto 4m; growsin full sunor shadearoundpond
edges.Caution:Can be aninvasiveweed.Temperate
to subtropical
climates.
USES: Shoos edible,usedlike aspaÍagus'
Roots are peeled,cooked
or
gratedraw.Seeds,roasted,havenutt)'flavour.Animal forage,mainlyroots,
especially'
for pigs.\\'eavingmarerial,baskerry.
Duck andwaterfowl habirat.
Seedheadis of dounv material;
canbeusedastinder.Extractspollutants
from
waler.
DANDELION (Taraxacumffi ci nalel
Smallperennialherbwith y'ellowflou'ersearlyspringto lateautumn.Grows
in temperate
to subtropica.l
areasandis a commonweedon lawns,pastures.
Growsin full sunor shade.
USES: Leaves,roots,flowerseaten;rootsareusedas a coffeesubstirup.
Flowerscan be usedto makewine. Importantbee foragewittrearly and long
flowering;highpollenyield.Foragecrop,improvesmilk qualityandquanrity;
goodmix with luceme.
DAYLILY (Hemerocalli sfulva)
Herbaceous
perennialto 0.6m,temperate
to subtropicalclimates.Tolerates
paÍtialShade;usefulunderstorey
plant.USES: Edible shoots,flowerbuds,
flowers,tubers.Low-maintenance
plant;erosioncontrolon hillsides.Ornamental.Grow undertreesaspartof guildwithmarigolds,dill, nasturtium,
erc.
CHOKO
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DUCKWEED (Lemnamirar)
Perennialfloatingaquaticof ponds(likes quietwater);temperate
climates.
May completelycover a pond and excludelight.USES: Duck, goose,fish

:orage;may havepotentialas chicken,pig food.Can be
:kimmedoff ponds and used as high-nunientmulch
material.May takeup heavymetalsin pollutedwaters.

unless pruned. Propagatedby cuttings.Importantcommercial crop, eátenfreshor dried.Useful chicken and pig
forage.Mulch from dead leaves in autumn.

nigra,S. canadensis)
ELDERBERRY (Sambucus
full
climate,tolerates
Deciduousshrubto 6m,temperate
propagated
from
cuttings.
sunto partialshade.Easily
USES: Hedgerow shrub; windbreak.Ripe bernes
makewine, dye, conserves(shouldnot be eatenraw).
Flowersfermentedwith lemonjuice andpeelas a beverinflammations.
age,or infusedin hotwaterforrespiratory
CAUTION: leaves,roots,stemsand unripefruit may be
poisonousto humansand to stock.

FILBERT, HAZEL (C, naxinw,Corylus avellarut)
N{an1'r'aneties,most producing edible nuts (filbertsand
hazelnurs).Small. deciduous trees or ttricket-forming
shrubs to 6m; long-lived to 150 years.Grafted varieties
srarty ielding in 5-6 ; ears,* ith peak nut productionat l5
y'ears.\Íajorcommercialproducuonin dry' Meditenanean counLries,but also sultcd to cool tempcrate.Needs
ToL'r3tesshrde.but for nut producLion
cross-pollination.
fertile
needssun; yields best on an edge.\\'ell-drarned,

FEUOA (Feijoa sellowiana)
Also calledpineappleguava,althoughnota Eue guava.
Evergreenshrub 4-6m. Warm temperateareasto subtropics;grows in cool climatesbut fiuits only in hot
summers(placein sunny location).Needs shelterfrom
wind.Growncommerciallyin New Zealand.Ifgrowing
from seed,notice round tips on leavesin nurserybeds;
theseindicatelarge-fruitedformsandshouldbe selected.
Yields 3-4 yearsfrom cuttings(takenin summer).
Petalsof flowers
conserves.
USES: Fruit for dessert,
are very sweetand usedin salads.Omamental.
FENNEL (Foeniculumvulgare,F. dulce)
An upright self-seedingbiennial or short-livedhardy
flowersin summerwhich
perennialwith umbel-shaped
attractbeneficialinsects(insectaryplant).Grows in poor
soils; naturalisesalong roadsidesin temperateclimates.
Growsbothin full sunor full shade.
USES: Seedsfor culinarypurposes;seedsand roots
medicinally.Foliage as freshherb,and root of Florence
fennel (F. dulce) usedin salads(crispy like celery,but
with an anise flavour);prefen rich gardensoil. Stock
fodderin conrolledquantitiesis medicinal.Suppresses
grasses.
FIG (Flcttscarica)
in MediterraDeciduousskub or treeto 8m;widespread
nean climatesand marginalsubtropics(not too wet).
plantedunderneath
Likes full sun;will shadeoutanythrng
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soil is best.
USES: Nuts for human food: also a>animal forage
(low-gradeor small nuts).Good hedgero\r.tÍee* hich can
be coppicedfor poles, stakes,etc.; ma) nr'edu ind sheltcr
in first years.
GLIRICIDI A. (Gliricidia sepium, G. nwculata)
Fast-growing,vigorous dcciduous tree to 9ml out-competes most tropical gmsses.Grows in tropical and subtropical climates.Legume tree.
USES: Widely-used shade tree for banana, coffee,
young cocoa. Can be topped to produce material for green
manuring. Tolerates repeatedcoppicing and is used in
alley farming and for firewood. Also useful as a firebreak
and tropical bee fodder. Durable wood for poles,
fenceposts, and stakes. Legume tree'
GUAVA (Psidium guajava & othcr spp.)
Shallow-rootedshrub or small ree, 3-lOm; can produce
suckers.Adaptable to wide range of soils; susceptibleto
frost. Drought-tolerant.Sometimes become rampant as
seeds are carried by birds.
USES: Fruit eatenfresh,althoughits numerousseeds
make it best for conserves,jellies, paste,juice. Very high
vilamin C (2-5 times thatof oranges).Strawbcrry guava
(P. liuorale) hardier, marginally suited to cool areas;
place in wÍrrm,sunny position.
GINGER (Zingiber officinale1
Herbaceousperennialof the humid tropicsand subrrop-
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ics; reachingto 90cm. Easily propagatedby rhizomes.
Oftengrowncommerciallyas an intercropwith coconut,
coffee,ciüus, andturmeric(whichprovidespartialshade
to younggnger). Rhizomeseatenfreshor preservedfor
flavouring(candied,driedand powdered).
GRAPE (Vitisviniftra & spp.)
Long-lived, deciduousperennialvine, preferringsome
chill factorfor fruiting,but manyvarietiesand cultivars
areadaptedto a wide cümatic andsoil range.Plantedon
trellis,althoughin ancienttimesallowedto scrambleon
mulberryand fig trees.
USES: Fresh fruir; also dried (raisins),wine,juice.
Young leavesare used as a food wrappingin cmking
(Greek dolmas). Seeds are an excellenr cooking oii
Deciduousünes to block summersun from houses.
HAWTHORNS (Crataegil.rspp.)
Tough,thorny,deciduousshrubs/rees2_7mhigh;slow_
growingbut longJived (lm-300 yeaÍs).Toleratepartial
shade,poor soils.
USES: Edible berriesfor jellies, conserves.Hedge
andwindbreakplantfor temperate
climates,grownexten_
sivelyashedgerowsin England.Habitatforbirds:shelter,
nestingand food; useful for poultry.Good bee forage.
Coppicewood.Black hawthorn(C. douglasii)produces
bestfruitsforhumanconsumption.
Englishhawthorn
(C.
monogyna)makesa nanow,densehedge.popularsouth_
ern European variety is Mediterraneanmedlar (C.
azarolus).
HICKORY (Caryaovata,C. laciniosa,C, ovata)
Large,deciduoustrees(1845m) yieldingnursthrough
wintertospring;formupright,cylindricalcrowns.yields
often irregular,need cross-pollination.pECAN (C.
illinoe nsis)mostimportantnut fee of t\e genus.It needs
150-200frost-freedays,
withoutextremes
of coldor heat;
suitablefor subtropicsbut grownevenin New Zealand.
USES: Nutsashumanfood;inferiornutsasforagefor
pigs (alsofor chickensif crackedandsoaked).Excellenr
woodfor tool handles(veryrough)andcharcoal(impars
flavour !o hamsin smokingprocess).
HONEY LOCUST (Gleditsia triacanrhos)
Deciduous nee 6-40m; very üorny when young, althoughthornlesscultivars have been developed(G.
triacanthosinermis). Trees have open canopy which
allowscloversandpasturetobegrownunderneáth.
Frostand drought-hardy;likes temperateregimeof hot sum_
mers, cold winters.Toleratesmost soils. Although a
legumetree,nitrogen-fixingnoduleshavenot beenob_
servedin theroots.
Yields up to I l0 kgs ofpods per treeat yearsg_9;at g6
trees/hectare,
pod productionequivalentto l0 tons/hect_
areof oatcrop.Transplantseasily,growsin full sun.Seed
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podsneedto be gatlreredfrom treesas soonas theyfall in
mid-autumnandtheseedscarifiedorboilingwaterpoured
over them(andsoaked).Select high-yielding,thomless
varieties.
USES: Pods are high in sugar (27-30?o);pú and,
seeds l07o prot€in. Excellent stock fodder, ground or
whole,especiallyduringdroughtor at fte endof summer
qastuÍe.Durable,quality timber.Excellent bee forage.
High sugarcontentmeanspotentialfor fuel productión,
molasses,
wine.
HOPS (Humuluslupus)
Long-lived(80-100years)herbaceous
perennialclimber.
PropagatefromÍootcuttings.
Naturalisesonswampedges
and river banks,scramblesin shrubsand treesor can be
woundon hangingcords,wires.
USES: Mainly grown for beer flavouring,but also
usedasa pillow filling andmild narcotic(hopssteepedin
sherryto enhancecalm and sleepiness).Shootsand tips
usedas steamedgreen.Browsedby sheep,geesewhen
young,althoughsheepcan be used in plantationsfrom
latespringto winterto browsethegrassbeneathttrehops
as commercialhop growersoftencut vines !o theroots.
HORSERADISH (Armoracia rusticana)
Herbaceousperennial0.5-lm growingfrom large,edible
root.Grows bestin cool climates;likes full sun but can
grow well in partial shadeand usefulas an understorev
plant.Propagateby rootdivision;all thepiecesgrow(like
comfrey).Root eatenas a condiment.Medicinal usesare
as a diuretic,for infectionsandlungproblems.
ICE CREAM BEAN (tngaedulis)
Medium,leguminous
treeto l2m; subtropical
andropical
climares.
Whitefruitpulpfrompodsusedin dessers(said
to tastelike ice cream).Shade tree for coffee and tea
plantaüons; mid-level understoreytree.Nitrogen.fixer.
JERUSALEM ARTICHOKE (seeSUNROOT).
JUJ UB E (Ziziphusj ujuba)
Also called Chinesedate.Deciduoustreeto l2m: some_
times a large, spiny, dense shrub. Thrives in hot drv
regions,alkaline soils, and can wit'hst'and
severeheaí'
drought,andsomefrost.propagationby stratifiedseedor
rootcuttings.
USES: Fruir can be earenfresh,dried,pickled (re_
semblesdates).lraves and fruit usefulfodderfor stock,
pigs. Trees coppice well and produce good hrewood.
lraves usedto feedthetassersilkworm.
KANG KONG (Iponweaaquatica)
Aquatic floatingherbaceousperennialfoundthroughout
the tropics.Young terminalshootsand leaves used as
spinach;richin mineralsandvitamins.Vines areusedas

fodder for cattle,pigs; also fish food. ..In Malaya it is
widely grownin fish pondsby theChinesewho feedit to
their pigs; the pig manureis used to fertilise the fish
ponds;thusfish,porkandspinachareprovided."(Tropical
Crops - Dicoryledons,
J.W. purseglove,196g).
KIWIFRUIT (Actinidia c hinensis)
Also called Chinesegooseberry.Large, woody,decidu_
ousclimber,rellised at2.5m,forminga bramble.Dioecious(maleandfemaleplants),althoughmaleandfemale
maybegraftedon onevine.Needsa strongtrellissysrem.
Toleratesfrost;grown from temperateclimatesto sub_
tropics.Needsshelterfrom wind.Actinidia arluta Íoler.
ates heavy frost; has smaller, astringentiruits, but
hybridisedwith kiwifruitwill produceswcereryields.
USES: Deliciousfruits;for eating,wine,consen.es.
May be fed to pigs andchickensif fruit setis abundanr;
also a high-valuecommercialcrop. Useful deciduous
shadevine for pergolas,patios.
KURRAJONG and BOTTLE TREE (Brachychiron
populneumandB. rupestre)
Hot,dry climatefoddertreessuitedtoagroforestry.
Large
trees.Have deeptap-roots;do notcompetewith cropsor
pastures.Can be easily coppiced.USES: Leaf fodder,
especiallyasdroughtrationsfor sheepandcattle.Leaves
lack phosphorus,
whichmustbe providedby stocklicks.
Bottletrees(B. repestre)aÍeoften
cutdowncompletelyto
feed soft inner pith to cattle in ex&emedrought;these
mustbe replanted.
LAB -LAB BEAN (Lab-Labp urp ure us-Sy n.D olichos
lab-lab)
Herbaceousperenniallegume,oftengrownas an annual;
1.5-6mtall. Subnopicalto tropicalevergreenor summer
herbaceousclimber.May becomeraílpant,butmanaged

by slashing3-4 times aye'aÍoÍ grazingby sheep,goan or
cows. In subtropics dies back in light frost and can
thereforebe interplantedwith grains. Tropics: remains
green in dry season.
USES: Young leaveseatenraw or cooked, ripe seeds
as split peas, or sprouted,boiled and mashed to a pasrc,
then fned. High biomass forage crop (either green or as
hay or silage)A useful dryland trellis crop for a sun shield
(must be waEred). Excellent green manure plant and
co!'ercrop; cut and usc as mulch. often grown in rotaúon
wiÚr commercial crop to provide nitrogen.
LAVENDER (Lavandula vera, L. dentata,t
SmaJl,u oodl,shrubeasilygrown fromcuttings.Suitedto
c o o l a r e a s a n d i s d r o u g h t - r e s i s t a n t( o r i g i n a l l y a
\íediterraneanmounlain plant).Well.drained,alkaline
soil is best.
USES: Ornamennlhedgeplant,creatingan.,edge"in
gardens;excellentbcr forage.Flo*,crsand leavesuscd
mcdicinally'.Lavendc'roil is a po*,erfulgermicideand
insrct repellant; dÍiedflolr'ers keep moths out of stored
linen and clothes.Place sachetsof lavenderflowers in
clothes drawers.
LEMONGR ASS (Cymbopogon citatus)
Perennial medium-sized"grass" of subtropicsand trop_
ics. USES: Lemongrasstea,and flavouring used in Asian
cooking. Excellent border plant in gardensand orchards
to createedge;cut and use for mulch. Erosion control on
slopeswhen planfedin rows along thecontour;will catch
and hold silt.
LESPEDEZ A. (Lespedeza spp.)
Sericea (L. cuneata) is a perennial legume (similar to
clover) common in temperatezones. High-value animal
fodder,hay and soil improver (ninogen-fixer).Also uscd
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to stabiliseslopes.Mostly grownin theUSA for hay,cut
before flowers bloom. L, sÍbulaceaandL. striata ue
annuals.
LEUC AENA (Leucaena leucocep hela)
A fast-growing,leguminoustropicalree to l0-20m (althoughcan be kept to a manageablesize if coppicedor
gÍued by cattle).Does beston well-drainedsoils. Con.
tainsa mimosinethatmay causetoxicityin stockif overfed; a low mimosinevariety is L. leucocephelavar.
Cunninglnmil. Also, CSIRO scientistshave isolateda
microbialculturewhich cattlecan use to breakdown üe
As long a leucaenais
toxic substancein theirstomaches.
keptn30Vo-407oof diet,thereareno adverseeffectseven
from normalleucaenavarieües.
USES: Excellenthigh-qualityforage(bothleavesand
pods) for cattle,sheep,goats;palatableand nutritious.
or stocklet in to browse.Also useful
Can be cut-and-fed,
in revegetatingnopical hillslopesproneto erosion.Excellent coppicing for firewood, good timber. Rich in
organicfertiliser;usedas mulch in alley cropping.Fixes
nitrogenin the soil. Used extensivelyas living fence/
hedgespeciesin West Africa and India.
LOQUAT (Eriobotya j aponica)
A smallevergreentreeto 7m.Slow to developfrom seed;
useprovencultivarsgraftedonto loquat,pear,or quince
stock.Yields by 6th year,peaksin 15-20years.Suitedto
temperateareas;needssheltered,sunnyposition.Frosthardybutneedswarmttrfor fruiúng.Suitsmostsoils,but
is a gross feeder(plantnear leachlineoutfall). USES:
Fresh fruit in spring;mediumunderstoreytree.Poultry
andpig fodder(fruits).
LUCERNE/ALFALFA (Medicago sativa)
Perennial,leguminousherb with life expectancyof l0
years.USES: Humanfood:foliageas alfalfa tea;alfalfa
sproutsfor salads.Major temperateanimalfodderplant.
Excellent bee forage,bloomingjust after sweetclover.
Soil improver,drawingup subsoilnutriens;usefulground
cover/ivingmulchunderEees.
Also TREE MEDIC (Medicagoarborea):Perennial
leguminousshrub to 4m; grows in temperatezones.
Importantfoddershrubwithfoliageequivalenttolucerne.
Can be nettedand sheepallowedúobrowse.
MACADAMIA (Macadarniatetraphylla,M . integifolia)
nuttre€ !o 20 m; subtropicalto
Slow-growing,evergÍeen
Need
protection.Grafted
climates.
windbreak
tropical
years.
in
varietiesbear 67
Native to Australia,grown
extensivelyin Hawaii andCalifomia.
USES: High-valuenuts,difficultto crackby hand.
Nut shellsmakeexcellentmulch.As withmanytrees,can
be grown in pasture,with sheep let in after trees are
matureenoughto withstandgrazinganimals.
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MAPLE (Acersaccharum,
A. macrophyllum)
Deciduouscold areatreeto 30m.Long-livedto over200
years.Toleratespartialshade.Sendsoutgrcwthinhibitor
to nearby plants throughroots. USES: Maple sugar,
tappedin winter.Omamental:red and yellow autumn
leaves.Good carvingwood.Bee forage.
MESQ LIITES (Pr osopi s j uliJlora, P . tarnarugo)
lrguminous spreadingshrubsand small trees 10-15m.
Arid climates;totally drought-resistant
and extremely
salt tolerant.Grown from saline desertto semi-desert
zones.P.juliflora (honeymesquite)yields50tonsofpods
perhectare,with 3-5yearstoproduction.Caution:Easily
becomesrampant.
USES: Major foddertreesof drylandsfor stock and
poultry;l4cm-longpodsarehigh in sugar,someprotein.
Pods madeinto a syrup(in Peru).Bee forage.Coppices
easilyfor firewood.Also P . alba,P. nigra,P. pallidaand
P. chilensis.
MORINGA (Moringa oIeifera)
Also called thehorseradishor drumsticktree.Small tree
to l0m; propagatedby cuttings.Tropical, fast-growing.
Tender pods as vegetables;flowers and young leaves
eaten.Fried seeds.Rootsascondiment(like horseradish).
Twigs andleavesloppedfor stockfodder.
MULBERRY (Morus spp.)
Deciduousdome-shaped
treesto20m,growfromtemperate to subtropicalclimates.Man speciesare black mulllr;ny (M. nigra), red mulberry (M. rubra) and white
mulberry(M. alba). Can be grownin full sun but is also
shadetolerant.Easily grownfrom seedor cutúngs.
USES: Edible bemes,M. nigra andM. rubra have
superiorfruit. M . alba is fast-growing,with shortfruiting
season;leaves are used as silk-worm food in China.
Excellent treesfor poulry and pig forageas fruits are
numerousand fall easily to the ground.Leaves can
also be fed to cattle.Useful wood for fencepostsand
barrels.
NASTURTIUM (Trop aeoIumrutjus)
A creepingor climbingperennial,usuallygrownas an
Prolific in moistgardens,
annual;frost-sensitive.
butwill
grow
most
in
also
soils and sites.USES: Good ground
coverandcompanionplant.aroundfruittrees.Seedscan
be pickled as a substitutefor capers;they are also used
medicinallyasanantiseptic.
Iraves andflowersediblein
salads.
NATAL PLUM (Carissagrandiflora)
Thorny,evergreenshrubto 2m;growsin dry subtropics/
tropics.Ripe fruits eatenraw; preferablymadeto conserves.Substitutefor cranberrysauce.Attractiveornamentalshrub;valuedas a hedgein Souú Africa.
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OAKS (Quercusspp.)
Mostly large,spreading,deciduoustreesup to 40m, althoughsome are
smaller or even prostrate.l-ong-lived;many are fast growing and bear
acorns early. l-arge habiratrange from dryland soils to acid swamps;
temperate
to subtropicalclimates(mostspeciesare well-suitedto cold
areas).Good germination,
althoughacomssometimeslose viabilityin a
year.Yield is variable,usuallyyieldingin alternate
years.
MoStvaluablefor
USES: Acornsasanimalforage,highcarbohydÍate.
pigs, althoughcrushedacornsand leaf mould are fed to poultry.Species
used are "sweet",or low in tannin.Excellent hardwoodtimber and
firewood.Somespeciesusedfor winevatsto aid maturationprocess.Oaks
offer shelterfor stockandaregood fire sectorspecies(poorburnerswhen
"green").lraves areusedfor animalbedding.Followingarea list of some
speciessuitedto particularuses:
Human food: Acoms containtanninwhich can bc rcmovcdfrom
groundacornmeal by leachingin streamsand cooking.Some sweeter
acornsaÍe:Q. ilexvar.ballota(acultivarof thcholmoak)whichis thebest
old worldeatingacomusedin Portugaland Spain.Q. alba (whiteoak)a
by Native
commonNorthAmericantreewithacornsboiledlike chcstnuts
Amencans.
Fodder: Best is Q. ilex (holmoak) urd Q.suber (cork oak);mixed
slandsaÍegrown in Portugalfor pig forage,with very high yields on
alternateyears.Such mixed oak forestsyield 68kg/haper year over a ten
year period.Other foddcr speciesareQ. prinoides (chinquapinoak), p.
alba (whiteoak),andQ. minor(postoak).
Timber:Mostoaktrees producesuperiorqualitytimber.Someimportantspeciesue Q. robur(Englishoak)usedfor centuriesin buildingsand
ships;Q. petraea(durmastoak);2. alba (whiteoak),alsousedfor barrel
making;andQ. rubra (redoak),usedextensivelyfor fumiture.
Cork: Quercussuber,thecorkoak,is cultivatedin SpainandPortugal
flooring,etc.Oncemature,
forwine/champagne
insulation,
bottlestoppers,
corkcanbe harvested
every8-10yearswithoutharmingthetree.A hectare
of cork oak will yield an averageof 240kg/year.
Other Uses:Q. mongolicais thehostplantfor thetussersilkwormof
andproducea high-quality
ChinaandJapan;thesearesemi-domesticated
sik. Quercusvelutina(blackor quercitrinoak)yieldsa pcrmancntyellow
dye from its inner bark. Q. ilex and Q. alba are used for high-quality
charcoalproduction.
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OLM (OIeaeuropaea)
Small,evergreentreeto 8m;long-lived(upto 700years).
Dryland plant of Mediterraneanregion, not suited to
maritimeor cold regions (althoughfairly frosrhardy,
fruit needshot summersto ripen).Propagationby cuttings;olives bear in 4-6 years.Can grow on thin,rocky
soilsbut yield is beston fertilesoils.
USES: Fruit is eatengreenor ripe;greenolives must
be soakedin a lye solution beforepickling to remove
Excellentoil crop:fruitpickedwhenfully ripe
bitterness.
(butnot sofÍ),thencrushedto a mashandplacedin cloth
bags.Thesearepressedandttreoil collected.Good olive
varietiesyield as much as 30Vooil. The remainingpulp
afterpressingcan be fed to stock.Olive treesarea good
shelterandoccasionalforagefor stock.
PALMS
Woody perennialswith many uses, from humanfood,
oils, sugar,animalfodder,structuralmaterial,thatch,and
fibre.Most usefulpalmsgrowin dÍyor wettropics.Have
deep tap roots, and many are successfullyused in
agroforestry(cropsand pasture)as they do not compete
for water.
Datepalm (Phoenixdactylifera,P . sylvestri s,P .canariensis):Dioecious, need one male to 60-80 females.
Staplefood yieldingdates;old treesaretappedfor toddy
(sugar).Inferiorspeciesofdates can be usedfor animal
fodderor possiblefuel crop.
Borassus palms (Borassusspp.):Palmyra (8.
flabellifer)tappedfor sugarin India(produces170pounds
of nectarper acre, or 40,000 litres of alcohol fuel).
Timberis hardand durable.Othersue B. aethiopican,
B. sundaicus.
Doumor gingerbreadpalm (Hyphaene
thebaicus):
Multi-stemmed,
branchedpalm to l5m, bearingheavy
cropsof ediblehard-shelledfruis. Staplefoodandfodder
crop of arid lands,mainly Egypt.
Coconut (Cocosnucifera):Essentialplantof many
tropicalislandcultures.Yields coir for rope,thatch,oil,
drinking"water",nutmeats,andsugarfromflowerstalks.
Chilean wine palm (Iubaeaspectabilis):Temper-

ate-zonepalm yielding410 litresof sweetsapannually.
Cold hardy.Fruis with ediblenut,usefulfor fodder.
Peach palm or Pejibaye (Bactis (guilielma)
gasipaes):A spiny-trunkedplant;stapleplantof Central
& SouthAmericaexceedingmaizein proteinandcarbohydrateyieldsper acre.Fruitschestnut-like,
boiledand
driedasfood.Also for poultryandpig forage.Hardyonly
in frost-freeareas.
PA SSIONFRIUTS (Pcssl7ora spp.)
perennials;
Evergreen
vigorousgrowers(sometimes
rampantas they will naturaliseand climb in foresttrees).
USES: Edible fruit,poultryandpig fodder,sundeflector
to shadewalls,used!o cover(andkeepcool) watertanks
andsheds.Ornamental,
with showyflowers.
Black passionfruit(Passrlloraedulis)is a vigorous
climber of subtropicalto nopical areas.Cultivated on
fixedfencetrellis,croppingfor 4-8 years(somevarieties
last longer).Frost tenderin early growth.
Banana passionfruit (P. mollisinn) is grown in
temperatemarit'imeclimates;will withstándmoderat'e
frostonceestablished.
Yields from lateautumnto early
summer,andis a valuablepoultryfodder(fruitseeds).
An
under-usedfruit for winterfreshfruit,moreeasilypeeled
thanP. edulis.
Lillikoi (P. alata)is a hardy,vigorousgrowerof the
subtropicsand tropics;plant two or morefor best.crossfertilisation.
Deliciousfruit.
Otherediblepassionfruits
of thetropicsaregranadilla(P.
qucdrangularis),sweetgranadilla (P. Ii gulai s),md w aterlemon(P. launfulia).
PA ULOWNI A (Paulowniatomentosa,P. far gesi)
drought-resistant
deciduous
treesto l5m.
Quick-growing,
Mild temperate
to subtropicalrange,withP. fargesii in
the coolerclimates.Grown extensivelyin China. Has
deep taprootand will not competewith pasture,crops.
Haslargeleaves,butwithsomepruningandwidespacing
allowslight through.
USES: Timbercropfor fine furniture,
boxcs,chests.
Usedin agroforestrytosheltercereal,soybean,andcotton
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crops; wood taken in 6-12 years (pruning and shaping
necessary to maintain good log growth). lraves contain
nutrients, nitrogen; can be used as stock fodder and
mulch.
PERSIMMON (Diospryros kaki, D. virginiana)
Many varieties, especially in Japan. Deciduous tree to
l5m, yielding fruit in winter. Temperate !o subtropical
climates. Fairly frosrhardy; does well in most welldrained soils. Japanese persimmon (D . kaki) does best in
full sun, while American persimmon (rD.virginiana) can
tolerate partial shade.
USES: Fruit, eaten when over-ripe (harvested when
hard and ripened indoors). Fallen fruit is an excellent pig
and stock food. Omamental plant, with autumn colour
(speclacular red fruits on leafless nee). A good front yard
plant,along with othersuch ornamentalediblesas nasturtium, kale, almond, peach, currant,erc.
PIGEON PEL (Cajanus cajan)
lrguminous woody shrub of dry subtropicsand tropics,
frost sensitive. Quick-growing, short-lived pcrennial;
sometimesgrown as an annual. 1-4m tall.
USES: Major tropical food grain, green seeds and
pods used as vegetables. Ripe seeds for flour, dhal,
sprouls (22?o protein,l07o calcium). Importantforage
plant eatengÍeenor made into hay or silage. Sometimes
planted in pasturesas a browse plant. Ideal windbreak and
shadefor vegetables;leaves cut for mulch on gardenbeds.
Shade tree plantations (coffee, cacao) and vanilla production in India. Useful windbreak hedge species.
Used in Asian medicine as a treatÍnentof skin irrita.
tions. cuts. Leaves used for silkworm culture in Malagasy. Green manure and cover crop. Used in erosion
control. Dried stalks for firewood, thatching and baskes
in India.
PRICKLY PEAR (Opuntia spp.)
Spiny cacti with flat, fleshy padsgrown in dry subtropics/
tropics.Like full sun;grow to 2m. Propagatedby planting

7AR.o wrFH
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pads into the ground. Will grow in poor soils; droughtresisnnt. Caution: can be invasive; birds carry seeds.
USES: Fruit, eaten fresh or stewed (numeroushard
seeds); use gloves to harvest, then scrub off fine spines
and peel. Seeds are nutritious and are sometimes ground
for animal feed. Young Opuntia pads are de-spined and
sold in Mexican, Indian markets for human food; pads
also fed to stock (spines are bumt of|. Good barrier
hedges. Some varieties are: mission prickly pear (O.
nu ga-c antha); common prickly pear (O. fi c us-indica);
O. undulata,O. streptacantha.
PRUNUS SPP.
These deciduous species contains some of the most important temp€ r ate fruits: apricot, plum, almond, pcach,
nectarine,cherr1'.I\íanycultivars,some miniaturevariet'ies. \Íostare small treesand shrubsl-10m tall. Mediterraneanclimates, warm dry summersbest. Semi-tolerant
of drought.
USES: \Íainl;' for |ruit, usually eaten frcsh or in
Almonds are a storableproduct.Some
consenes,.yuice.
sourcherry(P.
speciessuchas damsonplum (P. instilia'),
cerasus),and common plum (P. domestica)will form
thickes, makrngan cxcellent hedgefor windbreak,wildlife habint. All species good bee forage.
QUEENSLAND ARROWROOT (Canna edulis)
A clump-forming perennialof the subtropicsand tropics
(originally from the Americas). One of the hardiest
arrowroot plants, can grow in temperateareaswhere there
is little frost (needswarm, sunny position).
USES: Tubers cooked for a swcetish taste, though
inferior to sweet potaio due m fibre. Arrowroot flour.
Animal forage, espccially pigs. Also used as a garden
windbreak and weed barrier with comfrey and lemongrass;and can be choppcdoccasionally for gardenmulch.
QUINOA (C henopodium q uinoa)
Hardy annualto l-2m, grown in SouthAmcrican Andcs;
cold temperate,dryland. Drought-tolerant.Sow in spring
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after frost. Nutritious grain food, tasty greens. Grind
seedsinto flour or removebittemessof whole grainsby
soaking;useboiled or in soup.Chicken fodder.
OtherusefulChenopodiumspp.for humanfood and
chickenfodderarefat henor lamb's quarters(C. album)
with calcium-rich leaves for salads,seedsrelished by
poultry and birds; and good king henry (C. bonushenricus),youngplanteatenlike aspaÍagus
andspinach.
ROSELLA (Hibiscus sabdariffa)
Fast-growingannual shrub of subropics and ropics.
Grows 1.5-2mtall. Toleratesmost soils:mustbe welldrained.Needslong summerglowing period.
USES: Fruits stewedor usedin dessertsand drinks;
conserves.Tenderleavesandyoungstemsusedas a salad
or steamed;leaves are choppedas a savouryherb (for
curries).Another useful plant of theHibiscns family is
okra (I1.esculentus)with tfretenderpodsboiled or sliced
and fried.Used in soupsand gumbos.
SALSIFY (Tragopogon porrifuli us)
Temperate,
biennialclumpingplantto0.6m,oftenplanted
as an annual.Cultivatedfor its oyster-flavourededible
tap-root(harvestedautumn,
winter,spring).Youngleaves
and flowersedible in springand summer.
SCARLET RUNNER BEAN (Phaseoluscoccineus,P.
multiflorus)
Herbaceousperennial(grownas an annualin cold climates)withthickrootstock.Toleratessomefrost;grown
in mild coastalor islandclimates.Needscool periodsto
fruitheavily.
USES: Edibleyoungpods,beansfreshor dried.Good
trellis plant for shade;bright red ornamentalflo*'ers.
Tuben are boiled as a vegetablein Cenral Amencan
highlands.OtherusefulPhaseolusare teparybean(P.
high-valuedrylandspecies;andlima bean
acutiÍolius),a
(P. lunulatus),a nopical low hedgeplanton fences.
SESB ANIA (Sesbaniabispinosa,S. aculeatc,S. grandiflora)
Fast-growing(4-6 m/year),short-livedsubtropicaland
tropicallegumetree6-9mhigh.Drought-resistant.
Easily
propagatedby seed.
USES: Seedsusedfor poultryfodderand leavesfor
forage. S. aculeata used in Asia as raditional green
manurecrop and border plant (ninogen-fixer)planted
togeÚrerwith rice. S. grandifloragrown in the Mekong
deltain homegardensfor its leavesandflowersusedfor
humanfood and livestock& poultry.Plantedalong rice
paddies,yield up to 55 tonsof greenmaterialperhectaÍe.
Usedas temporaryshadetreesin nurseries.Windbreakin
citrus and coffee, banana.Living fence and firewood
source.Used for large-scalereafforestation
of bareland
outsideforesüsin Indonesia.
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SIBERIAN PEA SHRUB (Caragana spp.)
Tall, leguminous shrubs l-5m, forms thickets.
Caragana arborescens is the only speciesthat grows
intoa tree.Very coldandwind hardy,growingfromarctic
circle to warm,dry climates.Seedsburstoutof 6cm-long
pods and shouldbe collectedin bagsbeforecompletely
ripe if neededfor seed.
USES: Windbreak and hedge shrub for very cold
climates.Seeds are excellentpoultry forage food, and
pods can be left on the shrubsto buÍstopen.Wildlife
habitat,shelteringsmallanimalsin thethickets.C. arborescensleavesproducea blue dye.Nitrogen-fixer.
STONE PINE (Plnaspinea & otherspp.)
Coniferup to l0-30mtall;slow-growing
andlong-lived.
Suitscool areasandcangrowonexposed,dry,rockysites.
USES: Pine nutsor kernelsarerich in oil, havea very
good flavour.Cones are collectedwhen maturebut unopened;openedin summersun or dryer and nuts are
shakenfree. Many specieshave excellentedible nuts,
including pinyon pine (P. edulis),Coulters pine (P.
coulter), P. cembra@urope),P. gerardiana(Afghanistan).
SUNFLOWER (Heli anthusannus)
Annual plants0.7-3.5mtall; remperateto tropicalclimates(notsuitedto thewet.tropics,however).Droughtresistant,
butdo bestwhenwateredat intervals.Grow on
a widerangeof gooddrainingsoils.Releaserootexudate
;
somecropsdo not.grownextto them.
USES: High-valueproteinseedfor humanandlivestock,especiallypoultry,pigeons.Whole headsmay be
siven to stock.Sa.ladandcookingoil madefrom seeds;
* ith seedcakeresiduefed to stock.Also usedin blends
* ithlinseedforpaintsandvarnishes.
Lubricantandlighting. Stalksandhullsaremulch,beddingfor livestock.
StNN HEMP (Crotalariajuncea)
Tall shrubbyannual1-3msubnopicsand tropics;frostsensitive.Quick-growing,large leavedlegume.Hardy
anddroughfresistant.
USES: Cultrvatedfor fibres usedas twine,paper,
nets, sacking (betterthan jute). Root exudatesaid to
controlnematodes
in thesoil. Easily grownin gardens,
with leavesusedfor mulch.Crotalaria brevidensusedas
annual fodder in ropical Atrica. Green manurecrop,
often grown in rotation with rice, maize, cotton;and
interplantedwith coffee,pineapple.When thickly-sown,
will smotherall weeds,evenvigorousgrassweeds.
SUNROOT (Heli anthustubero sus)
Also called Jerusalemartichoke.Tall perennialwhich
diesbacktoroots;l -3mtall.Propagatedby tubers.Yields
areoften4-5 timesthatof potatoes.Hardy,wide climatic
range from temperateregions to nopics. Will tolerate

poor soils, drought.Like sunflowers,sunrootsreleasea
root exudatewhich is toxic !o someplants.
USES: Humanfood;tuberseatenas vegetable.Animal forage:dry stalksandleaveseatenby goats;tubersby
pigs.Fastgardenwindbreaktalso usefulto breakup hard
soils. Leaves used for mulch in gardensafter tubers
harvested.
SWEET POTATO (Ipomoeabatatas)
Perennialtwiningplant,oftentreatedas an annual.Temperate to ropical tubers usually planted on ridges or
Propagatedbystem
waterlogging).
mounds(cannotstand
cuttingsin nopics; tubersproutsin temperateclimates.
Needsfrost-freegrowingperiodof 4-6 months.
USES: Importantfood source,eatenboiledor baked.
Used for canning,drying, flour manufacture,and as a
sourceof starch,glucose,syrupandalcohol.Also fed to
livestock. Vines are widely used as fodder for stock.
Grown in subropics as a groundcoverfor orchards,but
mustoccasionallybe slashedfrom treetrunks.Die back
in frost.
TARO (Colocssiaesculentus)
Tropical wet culture plants with over 1000 cultivars.
with Azolla fern (for
Grown either in wetlandteÍTaces
nitrogen fixation) or on mulched and irrigated plots.
slaple food of the tropics.Large ÍootiS eat€n, although
somelarosaregrownfor theirleaves.Theleavesof many
taÍosare poisonous.
TAUPATA (Coprosnwrepens)
Also calledNew Zealandmirrorplant.l-arge,evergreen
shrub2-3m with shiny leaves;dioecious(separatemale
andfemaleplants).Easily grownfromcuttings.Temperateclimates;windhardyandresistant!osaltspray,drought,
and fire. Common ornamentalseasideplant in New
TealandandTasmania.
USES: Hedgerowplantand fire retardant.Fruit and
seedsare excellentpoultry forage.Leaves are eagerly
eatenby sheep,horses,cows.huned clippingsmakea
goodmulchor compost.
TAGASASTE (Chamaecytisuspalnu nsis)
NOTE: Previouslynamedree Iucernei C,vti suspr oIifer us).
legumeree 6-10m,iivingfor morethan
Nitrogen-fixing
grow from seed(scarifyor pourboiling
years.
Easy
to
30
soak).Tolerantof poorsoils,fuought,
and
seeds
waterover
Meditenanean-type
climate,but
in
dry,
originated
wind;
light
withstanding
in
temperate
areas,
well
cool
does
fross. Tagasasterecoversafterpruningor defoliationby
animals.
For bestresultsfertilisewith traceelementsand lop
branchesregularly(eitherby handor browsing)to givea
morebushyfoliage.Seedcan bc directdrilled into pasture,butplantsshouldbe protectedfromstockfor up to 3

years (or stock let in for brief periods to graze).If sheep
ringbark trees,cut to theground toencouragenew growth;
this will form thickets more resistant to sheep damage.
USES: Foliage an important protein-rich fodder for
stock during drought and at the end of summer. Bee
forage; many small white flowers. Chickens eat seeds.
Windbreak hedge.Nurse plant surroundingfrost-sensiLive trees in early years. Excellent cut mulch; tree can be
lopped 3'{ trmesin summer.
or TREE TOMATO (Cyphomandra
TAMARILLO
betacea)
Short-lived shrub to 3-6m, of the tomato family. Sown
from seed or propagatedby cuttings from I or 2 year old
wood. Yields in two years.Subtropical,marginally suited
to cool areas (place in a sheltered,sunny position-will
toleratemild frost).Well-drained soii. USES: Fruit high
in vitamin C; used fresh, stewed, conserves.Commercially grown in New Tr,aJand;high-value crop.
TRAPA NUT (Trapa natans,T. incisa)
Also called Indian water chestnut.Several species,temperate to fopical regions. Aquatic perennial, floats in
water 2-3 feet deep. Necds high nutrients. USES: Important starchy food plant, rich in iron; flour like arrowroot.
WALNUT (Juglans regia, J. nigra)
Spreading,deciduoustrees to 30m; long-lived. Temperate climate, cold areas.Yields best on deep, well-drained
rich soils. Release root exudate which inhibits some
understoreyplants, although pasture does well. USES:
Both species are important for nut production, timber,
specialty woods. Husks produce a dye. Black walnut
(J. nigra) rootstock is resistant ÍoArmillaria root rot; all
commercial English walnut stands are graftcd. Black
walnut is a particularlysought-afterwood, with vcry high
prices paid for good, sraight timber (yields in 40-50
years).
WHITE CEDAR ( Melia azedarach)
Short-lived (20 years),drciduous tree 9-12m Lall.Suited
to a wide range of warm ciimates (tropics to \{editenanean climates,e.g.South and \\'estAustralia).
USES: Fast-gro*'ingshade tree; good for afforestation. Valuable trmber:resistantto o*rmiteattack(doesnot
need to be ueated) and used for polcs, furniture, and
roofing matenal' FueI* md. Coppices well; tre€ s lopped
for green manurL'.Ltaves, bark, and fruits are credited
llent qualiues.ExtÍactsof the leavesare
* ith insect-repe
usedas a spra)'againstgrasshoppers,and leavesplacedin
books and u,ool clothing to protect.against moths.
Caution: fruis are very'poisonous.
\\'ILLO\l'S (Sa/ixspp.)
Around 300 species.Mainly spreading,deciduoustre€ S ;
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water-loving.Mostly temperateclimate.Easily propagatedfrom stem cuttings.May becomenaturalisedor
rampant,especiallyalong streams.
USES: Salixviminalis (osierwillow) and otherspecies usedfor basketry.Long l-2 year old shootsare cut
frompollardedwillow stumps,or fromthicketsof willow
stems(trunkcut at groundlevel).S. matsudanais usedin
New Zealand for erosion control. Weeping and pussy
willows (5. discolor), among others,are excellentbee
forages.Willows are fire retardants(steamratherÚtan
burn).S. matsudanavu. Tortuosahas lush foliage for
emergencysheepand deer fodderduring drought;one
hectareof willows can maintain1000sheepfor 6 days
(datafrom Agroforestryin Australia andNew kaland).

YARRow (Achillea milleÍolium)
Herbaceousperennialto I m, with white flower heads.
naturalisesalong roadsidesand
Drought-resistant;
disturbedsoils.Bee forage.Insectaryplant(a memberof
the compositefamily which attractsbeneÍicialinsects).
Flowering tops and foliage of medicinal use for stock,
especiallysheep.
VIG^/AUNGUICUL^TA
(ror,r pga.,

WINGED BEAN (Psophocarpustetagonolobus)
Irguminous,twiningvine, growing!o over 3m when
supported.Valuable,nutritiousnopical gardenbean.
USES: Edible pods,youngleaves,shoots,flowersas
immaturetuberousrootseatenrawor cooked.
vegetables;
Very high proteincontent.Can be usedas for soy beans
forprocessingtobeancake.Seedscontainoil forcooking,
soap,and lighüng. Dry flowers eatenlike mushrooms.
(heavynodulation),
soil condiExcellentnitrogen-fixer
tionerand covercrop for theropics.
YAM BEANS (Pachynhizuserosus,P. tuberosus)
Herbaceous,twiningplant2-6mtall.Warm-climate,dryland perennialbeanswith crisp,edible tubers;harvested
after4-8 months.Matureseedsand leavestoxic,
USES: Tuberswidelyeatenin Mexico,Philippines,
SE Asia, raw or cmked. Called jicama (P. erosus)in
Mexico andeatenin saladsor slicedthinly andsprinkled
with salt,lemonjuice andchilli sauce.Youngpodsof P.
erosussometimeseatenlike French beans.Old starchy
tubersare fed to cattle.
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Acacias
Hickories
*Icecreambean *Irucaena
*Pigeonpea
Amaranth
*Sesbania
Quinoa
*Wingedbean Carob
B. Foliage
Bamboo
Chicory
Comfrey
Tagasaste
Sunroot
*[ab-lab bean
Tree medic
*Sesbania

[,espedeza
Lucerne
Lupin
Pampasgrass
Vigna spp.
*Leucaena
*Pigeonpea
Taupata
Kunajong
Willow
*Wingedbean Dandelion
Choko/chayote

D. Roots,tubers,rhizomes
*Yam beans
* Arracacha
Chickory
Sunroot
*Yam
Choko
Sweetpotato
Comfrey
Arrowhead,duck potato
*QueenslandÍuTowroot
Table 7. Edible Flowers For Salads
Borage
Daylily
Feiioa
Calendula
Black locust

*Sesbania

Nasturtium

Dandelion

Sweet violet
Salsify
*Winged bean
Zucchini
Rose (Rosc rugosa, R. canina)
Table 8. Hedge Plants

Taupata
Alder
Hazel
Autumnolive
I.aurelberry
Coprosma

Someclumpingbamboos
Hawthorn
Russianolive

Elderberry

Pampas grass
*Queensland arrowroot

Pomegranate (closely-spaced; clipped)
Some Prunus spp. (Damson plum, sour cheny)
Table 9. Animal Barrier Plants
(Spiny or unpalatable dense thickets.l
Euphorbiaspp. Hawthorn

Gorse
Honeylocust

Sloe

Natal plum

Prickly peaÍcactus & other cactus Spp

Table 10. Useful PerennialVines
A. Deciduous
Wisteria
Grape
Kiwifruit
Scarletrunnerbean
*Yam beans
Scarlettrumpetvine
Virginia creeper
B. Evergreen
*Passionfruit
*Vanilla
Jasmine

Table 11. Pest Control Plants
*Sunnhemp(nematodes)
Marigold (Tagetesspp.)nematodes
Pyrethrumdaisy (broadspectruminsecticide)
White cedarand neemtree(insecticide)
Tobacco(insecticide)
Derris root (Deruiselliptica)
Rhubarb(insecticide)
Table 12. Umbelliferous Plants
Angelica
Celery
Florencefennel Parsley
Dill
Chervil
I.ovage
Queen Anne's lace
Coriander
Caraway
Fennel
Cumin
Anise
Sweetcicely
Parsnip
Carrot

Table 13. CompositePlants
Tarragon
Southernwood
Tansy
Chamomile
Daisies
Wormwood
Artichoke
Salsify
Sunroot
Sunflower
Table 14. Water or WetlandPlants
Rush (Sclrprsspp.)
Azolla
Watercress
Water chestnut
*Kangkong
Mint
*lntus
Waterlily
Rice
Wild rice
Duckweed
Duck potato(arrowhead)
Willows
Cranberry
Highbush cranberry
Cumbungior cattail
Rend(Phragmtesspp.)
Table 15. Bee Forage
Almond
lavender
Apple
I.oganberry
Bergamot
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Choko/chayote
*Lablab bean
Ivy

Lucerne/alfalfa

Lupin
Blackberry
Black currant
Mesquites
Apricot
Mins
Borage
Black locust
Leatherwood
Cherryplum
Comfrey
Clover
Dandelion
Peach
Pear
Tagasaste
Raspberry
Gooselrerry
Rosemary
Citrus spp.
Hawthorn
Sage
Hyssop
Sloe
l,aurelb".rry
Sour cherry
Pride of MadeiraSomeEucalypts
Osier willow (& otherwillows)
Tab|e 1ó. Speciesfor Very Dry Sites
Almond
Mesquites
Mulberry
Black locust
Bun oak
Olive
New Zealandspinach
Carob
Pampasgrass
Cork oak
Tagasaste
hickly pear
*Pistachio
Many Acacia spp.
Pomegranate
Jujube
Fig
Quandong
Rosemarv
Holm oak
Honey locust
Stonepine
Taupata
lavender
Most aromaticherbs
Table 17. Legumes& Other Nitrt gen-fixingPlants
The treescanbe coppicedfor greenmanuringandanimal
fodder.* denotesnon-legumenitrogen-fixer.
A. Temperate
Trees
Tagasaste
Autumnolive
*Alder
Albizia
Tree medic

Black locust
Russianolive
Siberianpea shrub
*Ceanothus

Small species
Azolla (aquatic)Fenugreek
Lucerne
Clover
Vetch
Beans& peas
lrspedeza
Lupin

C. TropicíSubtropics
Trees
Acacias
Albizia
Gliricidia
Calliandra
lrucaena
Sesbania
Pongamia
Tamarind
Cassia
Ice cream bean tree
Tipuana tipu
Small species
Pigeon pea
Lab lab bean
Peanut
Winged bean
Beans & peas
Clover
Lucerne
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B. Warm/dryclimates
Trees
Mesquite
Acacias
Tagasaste
Albizia
Casuarina
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Appendix C
coMMoN AND LATINP|ÁNT NAMES
A: PLANTS
MENTIONEDIN TEXT BY
COMMON NAME
Acacia, Acacia spp.
Blackwood, A. melanoxylon
Brisbane watt|e,Á. fimbriata
Cootamundrawatt|e,Á.
baileyana
Go|den watt|e,Á' bngifolia, A.
sophorae
Green wattle,A. mearnsii
Kangaroo thorn,Á. armata
Mulga, A. aneura
Raspberry jam acacia, Á'
acuminata
Tropical acacias, A. auriculiformis
+ spp.
Silver wattle,A. dealbata
Weeping watt|e,Á. saligna
White acacia, A. albida
Aíricanmarigold, Tagetes erecta,
T. minuta
Agave, Agave spp.
Albizia, Albizia spp.
Alder,Alnus spp.
A|ía|Ía,
Medicago sativa
Aloe, Aloe spp.
Alyssum,A|ssum spp.
Amaranth,Amaranthus spp.
Anise, Pimpi nella anisum
Angelica, Angelica archangelica
Apple, Malus pumila
Apricot, Armeniaca vulgaris
Arracacha, Arracacha esculenta
Arrowhead, Sagittaria sp.
Arrowroot(Queensland), Canna
edulis
Arrowroot(West Indian), Maranta
arundinaceae
Asparagus, Asparag us ofíicinatis
Asparagus tern,Asparagus
setaceus
Autumn olive, Elaeagnus umbellata
Avocado, Persea americana
Azolla, Azolla spp., A fiticoides
Bamboo, Bambusa, phyllostachys,
Aru ndÍnaria, Dend rocalam us.
and alliedgenera
Banana, Musa paradisiaca + spp.
Banana passioníruit,
PassiÍlora
mo!lissima
Banksia, Banksiasp.
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Barley, Hordeum vulgare
Basil, Oc imum basiIic um
Bayberry, My rica californica
Bean, broad, Vicia faba
common, Phaseolus vulgaris
Dolichos, LabJab purpureus
tava, Vicia Íaba
Lab-lab, Lab-labpurpureus
lima, Phaseolus lunatus
mung, Vigna radiata
soya, Glycine max
y am, Pachy rrhizos tube rosus
winged bean, psophocarpus
tetragonolobus
Beet, BeÍa vulgaris
Bell pepper, Capsicum annuum
Birch, Betula spp.
Bittermelon,Momordica charantia
Black locust, Bobinia pseudoacacia
Black walnut,Juglans ngra
Blackwood, Acacia me lanoxvlon
Blueberry, Vaccinium spp.
Borage, Borago offbinaiis
Boysenberry,Rubus ursinus
Boxthorn,Lycium Íerrocissimum+
soo.
B r a z r l i a nc h e r r y ,E u g e n i a
brasiliensis
Breadíruit,
Artocarpusahilis
Brussel sprouts, Beta oleracea var.
gemnifera
Buckwheat, Fagopyrum esculentum
Cabbage, Brassica spp.
Ca|endula, Calendula oÍfbinalis
Cal|íandra,Calliandraspp'
Carambola, Ave rrhoa carambola
Cape gooseberry,physalis
peruviana
Capeweed, Arctotheca calendula
Caraway, Carum carvi
Cardamon, E lettariacardamomum
Cardoon, Cy nara cardunculus
Cassia, Cassia spp., C. muttijuga
Castor oil plant,Rbinus communis
Casuarina, Casuarina spp.
Cat's claw creeper, Dexantha
unguis-cati
Catmint, Nepetea cataria
CauIiÍ|ower,
Brassica oloeracea
Cedar, Cedrus spp.
Celery, Apium gravalens
Ceriman, Monstera deliciosa
Chamomile, Chamaemelumnobile
Chayote, Sechium edule

Cherry, Prunus cerasus,p. avium
Chervil, Anthriscusce refolium
Chestnut, Castanea sp.
Chicory, Cichorium intybus
Chili pepper, Solanum frutescens
Chile jasmine, Mandevilla laxa
Chinese gooseberry,ActinidÍa
chinensis
Chinesetrumpetcreeper, Campsis
grandiflora
Chinese waterchestnut,E leoch aris
dulcis
Chinquapin,Castaneapumila
Chives, Allium schoenoprasum
Choko, Sechium edule
Cilrus, Citrus spp.
Cleavers, Galium aparine
ClimbingÍig,Ficuspumila
Clover, TriÍoliumspp.
Cocoa, Theobromacacao
Coconut, Cocos nucifera
Coffee, Coffea sW. C. robusta, C.
arabica
Coriander, Coriandrum s ativum
Cordia, Cordia abyssinica
C,orn,Zea mays
Cotton, Gossypium spp.
Cowpea, Vigna sinensis
Cranberry, Vaccinium marocarpon
+ spp.
Crocus, Crocus sativus
Cross vine, Bignonia capreolata
Crotalaria, Crotalaria spp.
Cucumber, Cucumis sativus
Cumbungi, Typha spp., T.
angustifolia
Cumin, Cuminum cyminum
Currants, Black, Ribes nigrum
Gold, Ribes alJreLtm
Red, Brbes rubrum
Custard apple,Annona spp.
Cypress pine, Caltitris columellaris
Daffodil, Narcissus spp.
Dahlia, Dahlia spp.
Daikon radish, Raphanus sativus
Dande|ion, Tarascum oÍficinale
Day|i|y,H e merocallis Íulva
Derris, Derris spp., D.eltiptica
Dichondra,Dichondra repens, D.
micrantha
Dill, Anethum graveolens
Dock, Rumex spp.
Duck potato, Sagittaria spp.
Duckweed, Lemna spp.

Eggplant,Solanum melongena
Elderberry,Sambucus spp.
Fennel, Foeniculum vulgare
Fenugreek, Trigonellafoenumgraecum
Fig, Ficus carba + spp.
Filbert, Corylus avellana + sp.
Flax, Linum spp.
F|orenceÍenne|,Foeniculum
vulagare var. dube
Fuchsia, Fuchsia spp.
Garden cress, Lepidium sativum
Geranium, Pelargoniumspp.
Ginger, Zingiber officinale
Gingseng, Aralia quinquefolia
Gladioli, Gladiolus spp.
Globe artichoke,Cynara scolymus
Glycine, Neonotonia wightii
Gliricidia, Gli ricidia sepium
Gooseberry, Ribes grossularia,B.
uva-crispa
GooseÍoot, Chenopodium album
Gorse, Ulex europaeus
Granadi||a,PassiÍloraquadran.
gularis
Grape, Vitis vinifera
Grass, banna, Pennisetum
purpureum
buÍÍalo,9tenotaphrum
secundatum
elephant,Pennisetum spp.
guinea, Panicum ma:<ium
Johnson, Sorghum halespense
kikuyu,Pennisetum
clandestinum
lemon, Cymbopogon citratus
pampas, Cortaderia sellowiana
rice, Oryzoides hymenopsis
vetiver. Vetivaria zizanoides
Guava, Psidium guavaja
Hawthorn, Crataegus oxycanthus
+ sppHazelnut, Corylus avellana + sp.
Hickory, Carya ovata
Hops, Humulus lupus
Honey locust, Gleditsia triacanthos
Horseradish,Armoracia rusticana
Horseradish|ree, Moringa oleiÍera
Huckleberry,Gay lussacia,
Vaccinium
fce cream bean tree, lnga edulis
fceplant,Mesembryanthemum
spp.
lndian water chestnut, Trapa spp.,
T. natans
lnga, lnga spp., l. edulis
fvy, English, Hedera helix,
Varigated,H. corymbosa
Jaboticaba, Myrciaria cauliflora
JakÍruit,Attocarpus heterophyllus

Jerusalem artichoke.Helianthus
tuberosus
J icama, P achyrrhizus eros us
Jujube, Ziziphus jujuba
Kale, Brassba oleracea var.
acephala
Kang kong, lpomoea aquatica
Kiwiíruit,Actinidia chinensis
KiwiÍruit(hardy)'Actinidiaarguta
Kniphofia, Kniphofia spp.
Kurrajong,Brachychiton
populneum
Lab-lab bean, Lab-labpurpureus
Lamb's quaders, Chenopodium
album
Lantana, Lantana camara
Lavender, Lavendula spp.
Leathemood, Eucryphia billardierii
Leeks, Allium ampeloprasum
Legumes, F ams: Fagaceae,
Vigna, Papilionaceae
Lentils,Lens culinaris
Lespedeza, Lespedeza spp.
Leucaena,Leucaena
leucocephala
Lettuce.Latuca sativa
Loquat, Eriobotrya japonica
Lotus. Ne/umbo nucifera
icinale
Lovage, Levi sticum oÍÍ
Lucerne, Medicago sativa
Luffa gourd, Luffa aegyptiaca
Lupin, Lupinus alba + spp.
Lychee, Litchi chinensis
Marigold (AÍrican),Tagetes
erecta, T. minuta
Macadamia, Macadamia
integriÍolia
Maize, Zea mays
Mango, Mangifera indica
Maple, Acer saccharum
Marsh tupelo, Nyssa aquatica
Mesquite,Prosopis spp.
Mexican blood trumpet,
P h a edra nth us b uc:cinatorius
Millets,F ams: Pennisetum,
Panicum
Minl, Mentha spp.
Mirror plant, Coprosma repens
Moringa, Moringa oleifera
Mulberry,Morus spp.
Mullein,Verbascumthapsus
Mustard,Brassba nigra,B. hirla
Nasturtium,Tropaeolummajus
Neem tree, Azedarachta indica
Nettle, Urtba dioica
Nutgrass, Cyperus rotundus:
Eleocharis
Oak, Quercus spp.
Chinquapinoak, O. prinoides
Cork oak. Q. suber

Black oak. Q. velutina
Durmastoak, Q. petraea
English oak, Q. robur
Holm oak, Q. llex
Pin oak, O. palustris
Red oak, Q. rubra
White oak, Q. alba
Oats. Avena sativa
Okra, Abelmoschus esculentus
o|ive, olea europ€a
Onionweed, Allium triquetrum
Onions, Allium spp.
Osage orange, Maclura pomifera
Oxalis, Oxalis spp.
Oysternut,Pelsairia occidentale
Palm, butia, Butia capitat
borassus, Borassus flabellifer+
spp.
Chilean wine,Jubaea spectabilis
date, Phoenix dactylifera
doum, Hyph ae ne th ebaicus
oil, Elaeis gu ineaensis
peach, Bactris Gasipaes
Papaya, Carica spp., C. papaya
Parsley, Petroselinum crispum
Parsnip, Pastinaca sativum
Passioníruit,Passiflora spp'
Paulownia, Paulownia spp.
Paw paw, Carica papaya
Peach, Amygdalus persicae
Peanut, Arachis hypogaea
Pear, Pyrus communis + sp.
Peas, Pisum spp., P.sativum
Pecan, Carya illinoensis
Penniselum, Pennisetum spp.
Pepino, Solanum muricatum
Pepper, chi|i,Solanum Írutescens
Sweet, Solanum annuum
Persimmon, Diospyros kaki
Pigeon pea, Cajanus cajan
PigÍace,Mesembryanthemum
spp.
Pine, Araucaria,Araucariasp.
Austra|ian,Callitrísspp.
Cluster,Pinus pinaster
Cuban, Pinus caribaea
NoríoIk|s|and,Araucaria
heterophylla
Pinyon,Pinus edulis
Slash, Pinus elliottii
SIone, Pinus pinea
Pineapple,Ananus comosus
Pineapple guava,Feilca
sellowiana
Pistachio, Pistachia vera + spp.
Plum, Prunus domestica + spp.
Pokeweed, P hytolacca americana
Pomegranate,Punica granatum
Pongamia, Pongamia pinnata
Poplar, Populus spp.
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Potato, Solanum tuberosum PP.
Prickly pear cactus, Oquntia sPP.
Pride of Madeira, Echium
fastuosum
Prosopis, Prosopis spp.
Pultenea, PufteneasPP.
Pumpkin, Cucurbitamaxima
Pussy willow, Salix caprea
Pyrethrumdaisy, Pyrethrum sPP.
Queen Anne's Lace, Daucus
carota var. carota
Quinoa, Chenopodiumquinoa
Rape, Brassica napus
Rambutan,Alectryon subcinereus
Raspberry, Rubus idaeus + spp.
Ragweed, Ambrosia spp.
Redwood, Sequoia semPivirens
Red-hot poker, Kniphofia sPP.
Reed grass, Phragmites sPP.
Rhubarb, Bheum rhaponticum
Rice, Oryza sativa
Rosella, H ibiscus sabdariffa
Rose, Fosa multiÍlora
Rose apple, Eugenia malaccensis
Rosemary, Hosmarinus officinalis
Rosewood (Burmese),
Pterocarpus indbus
Round rushes, Juncus effusos +
spp.
Rubber hedge (AÍrica),Euphorbia
tirucalli
Russian olive, Elaeagnus
angustifolia
Rye, Secale cereale
Saff fower, Caftham us tinctorius
Sage, Salvla oÍficinalis
Salt brushes, Atriplex spP.
Salsiíy' Tragopogon porriÍolius
Salvia, Salvia spp.
Sapote, Ciospyros, Casimiroa &
genera
Scarlet runnerbean, Phaseolus
coccineus, P. multiflorus
Seagrasses, Posidonia,Zostera
spp.
Sedge, Scirpus spp. S.validus,
Cyperus spp.
Serviceberry,Amelanchier
canadensis
Sesame, Sesamum indicum
Sesbania, Sesbania spp.
Shepherd's purse, Capsella
bursa-pastoris
Shallot,Allium aggregatumgrouP
Siberianpea shrub, Caragana
spp.
Lentinusalmum
Shiitake(Íungus),
Silky oak, Grevillea robusta
Silverbeet,Beta oleracea var.
acephala
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Silverberry,Elaeag nus commutata
Sodom apple, So/anumspp.
d, Artemesia
Southernwoo
abrotanum
Spinach, Spinacia oleracea
Strawberry,Fragaria vesca + spp.
Sugar beet, Beta vulgaris
Sugar cane, Saccarum
officinarum
Suní|ower.Helianthusannuus
Sunn hemp,Crotalariajuncea
Sunroot(Jerusalemartichoke),
Helianthus tuberosus
Swamp holly, llex, Amelanchier
Swede, Brassica napus var.
napobrassica
Sweet cicily, Myrrhis odorata
Sweetgrass, Glyceria
Sweet potato,lpomoea batatus
Sweet woodbine,Louicera
capriíolium
Swiss chard, Beta oleracea var.
acepahal
Tagasaste, Chaemocytisus
palmensis
Tamarillo,Cyphomandra betacea
Tamarind, Tamarindus indicus
Tamarisk, Tamarix apetala & spp.
Tansy, Tanacetum vulgare
Tapioca, Manihot esculenta
f aro. Colocasia esculenta
Tarragon,Artemesia dracunculus
Taupata, Coprosma repens
f ea, Camellia sinensis
Teak, Tectona grandis
Tea tree, Leptospermum,
Melaleuca spp.
Thistle. Cnicus benedidus
Thyme, Thymus sW., T.vulgaris
Tipuana tipu, Tipuanatipu
Tobacco, Nicotiana tabacum
Tobacco bush, Nicotranaspp.
Tomatillo, Physalis ixocarpa
Tomato, Lycopersicon
lycopersicum
Turmeric, Curcuma domestica
Turnip, Brassica rapa var.
septiceps
Vani||a, Vanilla planiÍolia
Ye|ch, VicÍaspp.
Virginiacreeper,Parthenocissus
quinqueÍolia
Walnut,Juglans regia
Wandering iew, Tradescantia
albiflora
Water chestnuts, E leocharis,
Trapa spp.
Water elm, Ulmus aquatica
Waterlily,Nymphaea spp.
Water mint, Mentha aquatica

Watercress, Rorippa amphibia +
spp.
Watermelon,Citrullus vulgaris
Water ribbon, Triglochin
Wattle, green,Acacia mearnsii
silver, Ac aci a d e alb ata
Wheat, Triticumspp., T.aestivum
White acacia, Acacia albida
White cedar, Melia azdarach
White clover, Trifoliumrepens
Wlld rice, Zizania lacustris
Willow, Salix spp.
Wisteria. Wisteria Íloribunda
Wormwood,Artemesia
absynthium
Yam, Dioscorus spp.
Yarrow, Achillea millefolium
Yatay, Butia capitata, B. yatay
Yew, Taxus spp.
Youngberry,Rubus ursinus

B: PLANTS
MENTIONEDIN TEXT BY
SPECIES NAME
Abe Imosc hus escule ntus, Okra
Acacia spp., Acacias
A. acuminata,Raspberry jam
acacia
A. albida,White acacia
A. aneura, Mulga
A. armat4 Kangaroo thorn
A. auriculiformis,A. mangium,
Tropical acacias
A. baileyana,Cootamunora
wattle
A. dealbat4 Silver wattle
A. fimbriata Brisbane wattle
A. mearnsii,Green wattle
A. melanoxylon, Blackwood,
sally wattle
A. salign4 Weeping wattle
A. sophorae, A. longifoli4
Golden wattle
Actinidia arguta,Hardy kiwiíruit
A. chinensis,Kiwifruit,Chinese
gooseDerry
Agave spp., Agave
Albiziaspp. Albizia
A. Iopantha,Coast albizia
Allium spp' Onion group
Á/oe spp., A|oe
Alyssum spp., Alyssum
Am aranthus spp., Amaranth
Am elanch ier canadensis, Serviceoerry
Amy gd al us pe rsicae, P each
Anacard ium occidentale, Cashew
An anus comosus, Pineapple
Aneth um g raveolens, Dill
Annona spp., Custard apple
Apium gravalens, Celery
Arach is hypogaea, Peanut
Aralia q uinqueÍolla,Gingseng
Araucaria spp., Araucaria pine
A. heterophyl/a,Norfolk lsland
ptne
Arctotheca cal enduIa, Capeweed
Arm e niaca vulgar is, Apricot
Armoracia rusticana, Horseradish
Artemes ia absy nthium, Wormwooo
Attocarpus spp., Jakíruit
A' altilis,BreadÍruit
Arundinaria spp., Bamboo
Asparag us officinal is, Asparagus
ÁsÍerspp.,Aster,daisies
Atriplexspp., Salt bushes
Avena saÍlya,oats
Azedarachta rndrba,Neem tree

AzoIIaspp', A. Íilicoides,Azo||a
Bambusaspp., Bamboo
Banksiaspp., Banksia
Beta vulgaris,Beets, sugar beet,
silverbeet,swiss chard
BeÍulaspp., Birch
Borassus Ílabellife r, Borass us oaIm
B rachychiton austral is,Bottletree
Brassica napus, Rape
B, nigra,B, hÍr[aMustard
B. olerace4 Broccoli,cauIiílower.
kale
B. rap4Turnip
Butia capitata,Butia palm, lelly
oatm
B. yatay, Yatay
Cajanus cajan, Pigeon pea
Calocarpumspp., Sapote
Calliandra spp., Callianora
Callitrisspp., cypress pine
Camellia sinensis,Tea
Canna eduls, Oueenslano arrowroot
Capsicum annuum,Capsicum, bell
pepper
Caragana arbo rescens, Siberian
pea shrub
Carica spp., C. papaya, papaya,
paw paw
Cartham us tinctorius, SafÍ|ower
Carya ovata, Hickory
Casimiroaspp.,Sapote
Cassiaspp.,Cassia
Castanea spp.,Chestnut
C. pumila, Chinquapin
Casuarinaspp.,Casuarina,she-oak
Cedrus spp., Cedar
Celosia, Woo|í|ower
C e ratonia s iIiqua, Carob
C hae mocytisus pal mensi s,
Tagasaste
Chenopodiumspp., GooseÍoot,íat
nen
C. quinoa,Quinoa
C ichorium intybus, Ch icory
Citrullus vulgaris, Watermeron
CÍrus spp', Citrus
Cocos nucifera, Coconut
Coffea spp., CofÍee
Colocasia escuIenta,f aro
Coprosmarepens,Taupata,mirror
plant
Cordia abyss inba, Cord ia
Co rtaderia s e Ilowia na, pampas
grass
Corylusavellana+ spp..Hazelnul.
ÍiIbert
Crataegus oxycanthus+ spp.,
Hawthorn
Crocus sativus,Crocus

Crotalariaspp., Crotalaria,rattle
pod, sunn hemp
Cucu mis sativus, Cucumoer
C. melo. Melons
Cucu rbita maxima, Pu mpkin
Cu rcuma domestica, Turmeric
CydonÍa oblonga, Quince
Cy mbopogon citratus, Lemongrass
Cynara scolymus,Globe artichoke
Cyperus rotundus, nutgrass
Daucus carota. Carrot
Derris spp., D. elliptica, Denis
D ichondra rere ns, Dichondra
Digitaria decumbe ns, pangola
D. exilis,Couch grass
Dioscorus spp., Yam
Diospyros spp. Sapote
D. kaki, Persimmon
Echium fastuosum,Pride oÍ
Madeira
E laeagn us angustifolia,Russian
olive
E. umbellataAutumnolive
Elaeis guineaensrs,Oil palm
E leocharis sph ace Iata + spp.,
Nutgrass
E. dulcis, Chinese water chestnut
E riobotrya j apo nica, Logu al
E ucalyptus spp., Eucalypts
E ucryph ia billardierii, Leatherwood
Euphorbia tirucalli, Rubber hedge
(Africa)
F agopyrum escuIentum, Buckwheat
Ficus carica + spp., Fig
Fe ijoa se llowiana,Feijoa, pineapple
guava
Foe niculum vulgare, Fennel
Fragaris vesca + spp., Strawberry
Fuchsia spp., Fuchsia
GalÍum aparine, C|eavers
Gay lussacia spp., Huckleberry
Gladiolus spp.,Gladioli
Gled itsiatriacanthos,Honey locust
GIiricidiasepium. Gli ricidia
Glycine max, soya bean
Gmelinaspp.,Gmelina
Gossypiumspp., Cotton
Grevillearobusta,Silky oak
Helianthus ann Uus, Sunílower
H. tuberosus,Sunroot,Jerusalem
a di c h o k e
H ibiscus s abdariffa, Rosella
H orde um vulgare, Barley
Hyphaene thebaicus,Doum palm
lnga edulis, Inga,ice-creambean
tree
lpomoea aquatica,kang kong
l. batatus,sweet ootato
Juglans nigra, Black walnut
J. regia, Walnut
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Juncus efíusos+ spp., Round
rushes
K niphofia spp., KniphoÍia,red.hot
ooker
Lab-lab pu rpureus, Do lichos
bean, lab-labbean
Lantana camara, Lantana
Latuca saliya, Lettuce
Lavendula spp., Lavender
Lens culinaris,Lentils
Lemna spp., Duckweed
Lentinus edodes, Shiitake
musnroom
Le ucaena leucocephala,
Leucaena
Litchi chinensis, Lychee
Lupinus a/ba+ spp., Lupin
Lyci um ferrocissimum +spp.,
AÍricanboxthorn
Lympe rsicon lycope rsicum,
Tomato
Macad amia integrifolia, Macada m i an u t
Malus pumila, Apple
Mang ifera ind ica, Mango
Man ihot esc ulenta, Cassava,
taoioca
M aranta arundinaceae, Arrowroot
(West Indian)
Medicago saÍiya,Lucerne, a|Ía|ía
Melia azdaracá, Me|ia, white
cedar
Mentha aquatica,Water mint
Mesembryanthemum spp.,
Pigíace,icep|ant
Mo nstera del iciosa, Ceriman
Moringa oleiÍera, Horseradishtree
Morus spp., Mulberry
Musa paradislaca + spp., Banana
rVarcissus,Daffodil
N asturtium var..Nasturtiu
m
N e Iumbo n uc ifera. Lolus
N epeta cataria,Catmint
Nicotiana spp., Tobacco, tobacco
bush
N. alata, Floweringtobacco
Aruacaria heterophylla, NorÍoIk
lslandoine
Nymphaea spp. Waterlily
Ocim um basilicum, Basil
Olea europea, Olive
Oryza sativa, Rice
oxaÍs spp.,oxa|is
P achyrrhizos tuberosus, Y am
bean,jicama
Panicumspp., Millets,panic grass
P astinaca sativum, Parsnip
P assiíloraspp., PassionÍruits
Pennisetumspp., Pennisetum,
elephantgrass
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Persea americana. Avocado
Phaseolus spp., Beans
Phoenix dactyliÍera,Date p|am
P hy salis pe ruviana, Cape
gooseberry
Pinus spp., Pines
P. caribaea,Cuban oine
P. elliottii,Slash pine
P. pinaster,Cluster pine
P. coulteri,Big cone pine
P. edulis, Pinyon pine
P. pinea, Stone pine
Pistachia vera+ spp., pistachio
Pisum spp., Peas
Po ngamia pinnaÍa,Pongamia
Populus spp., Poplar
Prosopisspp., Prosopis,mesquite
Prunus spp., Cherry, plum,
almond
Psidium guavaja, Guava
P soph oc a rpus tetragonolobus,
Wingedbean
Pulteneaspp., Pultenea
P unica g ranatum, Pomegranate
Pyrethrum spp., P' cinerariiÍolium,
Pyrethrumdaisy
Pyrus communrs+ spp., pear
Quercus spp., Oaks
Raphanus sativus,Daikon radish
Rh eum rhaponticum, Rh ubarb
Bibes spp., Currants,goosebernes
Rob inia ps e udoacac ia.Black
locust
Borippa amphibia+ spp., Watercress
Rosa multiflora,Rose (hedgerow)
Rosmarinus ofÍici
nal is,Rosemary
Bubus spp., Blackberry,raspberry,loganberry,etc.
Rumex spp., Dock
Ruppia martina, Watergrass
S acch a rum officinarum, Sugar
cane
Sagittariaspp., Arrowhead,duck
potato
Sa/xspp., Willow
Sa/viaspp., Salvia, sage
Sambucus spp., Elderberry
Scirpus spp., S. validus,sedge
Secale cereale, Rye
Sechium edule, Chayote, choko
Sesbaniaspp.,Sesbania
Sequoia sempivirens, Redwood
Setariaspp., Millets,grass
Solanum spp., Eggplant,sodom
apple,pepino,nightshade
Sorghum almum,silk sorghum
S. halapense,Sudan grass
Spinacia oleracea, Spinach

Sy mp hyt un oíficinal e, ComÍrey
Tagetes erecta, T. minuta, African
marigold
Tamarindus indicus, Tamarind
Tamarixapetala+ spp., Tamarisk
Tarascum oÍÍicinale,DandeIion
Tectonagrandis,Teak
Theobroma cacao, Coaa
Thymus sW., T.vulgaris,Thyme
Tipuanatipu,Tipuanatipu, Pride
oÍBoIivia
Trade scant ia albiflora, Wandering
lew
Trapa natans,Indianwater
chestnut
TriÍoliumspp., C|over
Trigonella foen um-graecum,
Fenugreek
Triticum aestivum, Wheat
Typha spp., Cattail,cumbungi
Ulex europaeus,Gorse
Urtica dioica, Nefile
Vaccinium spp., Blueberry,
huckleberry
V. macrocarpon + spp.,
Cranberry
Vanilla planifolia, Van illa
Vetiveriaz iz anoid es. Vetiver
grass
Vicia faba, Fava bean. broao
oean
V(rna spp., Beans
Vitis viniÍera,Grape
Zea mays, Corn, maize
Zi ng iber officinale, Ginger
Ziziph us jujuba, Jujube
Zosteraspp.,Seagrass
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Appendix D
GLOSSARY

Aspect: View that is facing a certain direction, e.g. a
sunnyaspectfacesthe sun.An easternaspectreceivessun
in the morning, whereas a westem aspect receives afternoon sun.
Afforestation: Planting treesin an area where logging has
occurred or where Eees have not previously grown.

Espalier: A treeor shrubwhich is Eainedagainsta wall,
fence, or rrcllis. Uscful mostly for small gardcns as it.
requrresumc and energ)'.
Guild: A speciesassemblyof plantsand animalswhich
benefit each other. usualll' for pest control.
Green manure: Plants rrhich are turnedinto the soil to
enhancefertility; theseare mostli, legumes.

Allelopathy: The processby which plants releasetoxins
tkough their leaves orroots to inhibit the growth of other,
nearby plants. Some examples are black walnut, sunflower, SunÍoot,and barley.

Intercropping: A systemof grou ine t\\'oor morc crops
side by side or intermixedon the samc arca of ground.

Annual: A plant that completesits life cycle in a single
growing season, setting seed and dying. Annuals take
more energy (work, power) so should be located close to
the home.

Keyline: System of water conservation developed by
P.A. Yeomans using undcrgroundchannels to rechargc
groundwatersupplics.Seriesof well-placeddamsarc also
intcgral to the systcm.

Aquaculture: Raising and managingfish, other aquaric
organisms,and plants in specially-preparedponds rather
than harvesting from the wild.

Legumes: Plantsof thefamily Leguminoseae(e.g.beans,
peas,clovers,and treelegumessuchas acacia,albizia, and
cassia). Most legumes (but not all e.g. honey locust,
carob) fix atmospheric nitrogen in the soil through a
symbiotic relationshipwith a bacteriawithin lhcir roots.
This nitrogenis available to the plant,but not necessarily
to other plants unlcss coppiccd or turncd into the soil.

Biennial: A plant which flowers, setsseed,and dies in irs
second year. Examples of brennials include pineapple,
leeks, kale, and fennel. Many biennials are grown as
annualsin cold climatcs.
Coppice: Cutting of treesor shrubs which then resprout
via branches or root suckers. Examples of such trees are
willows, eucalypts,alder,and leucaena.
Cover crops: Plants grown to protect soil from crosion
and to provide organic material.Cover crops arc usually
grown in young orchards,gardens,and cropland during
the cold season,and are sometimesturned under before
flowering and settingseed (seegreen manuring).

Microclimate: The localised climate around landscapc
fcaturesand buildings; important for selecting sites for
spccific crops or spccies.
Monoculture: A crop of plantsof thesamekind on a piecc
of land, usuallygivrng rise to severcpestinfcstation.
Multi-storey: A mixtureof plant spcclcs comprr:inga
groundlayer,shrubs,and treesof r an ins hcights.

Deciduous: Plant which loses its leavesin winter, useful
when planting near the house so that summer sun can
shine throughthe bare branches.

No tillage: No cultiiation of the soil. using insteada
combinationof trce crop. mulch. and grecn manurc to
build soil fcrtility'.\\'eeds are conrrolledby slashing,
mulching,brorising.or tloodrng.

Dioecious:Plants which bearmale and femaleflowers on
separateplants; both are needed for pollination and fruit
set, usually with a raüo of 1 male to 5.20 females.

Nurse plants: Pron..crspecics used to providc grecn
manure.nutricnt.or shadefor succeedingcropsor trees.

Edge: The junctron/zoncthat lies betweentwo mcdia or
landscapeforms; a border wherc materialsor resourccs
accumulate.

Perennial:Plant* hrchliveslongerthanoneortwoyears,
and *hich usuallr si-.[stlowcrs/fruitevery year (afte'ra
certalnagc rs rcacheci).
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Pioneers: Plant species which populate vacant ground
and which eventuallygive way to other species.
Predator species:Insectsor vertebrateseatingpest.species, e.g. ladybird larvae controlling aphids.
Polyculture: The planting of multiple crops in the same
ground or area.
Rhizobia: Bacteria which form nodules in the roots of
most legumesand fix atmosphericnitrogenin the soil.
Solar chimney: A black, thin metal chimney which acts
as a heat engine to exhaustair from a room or enclosed
place, thus drawing in fresh or cool air.
Stacking: Arrangement of plants to take advantageof all
possible space,using tall and medium-sizednccs with a
lower shrub and herb layer. Carc must be taken so that
wat€ r and Iightcompetitionare at a minimum.

Succession: Progressive change from one plant (and
animal) community to another.Permaculture seeks to
acceleratesuccession by using and managing pioneer
species (weeds) rather than setting the system back by
weeding.
Swales: Long, level excavationsmade to interceptand
hold runoff water. The water slowly infiltrates into the
ground, benefiting treesand shrubs planted on the downhill bank.
Thermal belt: Sun-facing mid-slope site defined by
fewer frosts (hence earlier leaf and bud formation); a
good site for homes and crops.
Wildlife corridors: Belts of trees.marsh.or rivcr forest
connectingtwo or more larger habitatareas.

K TOGETHER!
tentialprojectwhereyou believethatdesign
e social, environmentaland economic imd i s c u s si t .

\L'rite.plnne or,far usfor more
informailon on Permuculture design
sert'ices.
and corlsultarrc\'

InternationalPhone: 61 3 64450945
InternationalFax:

613 64450944

http ://wwu'.tagari.com

Illustrationfrom Energt' Front Nature, The Rainbow Power Company Manual
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PERMACULTURE INSTTTUTEPRoFILE
26May 2000
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Promotion of sustainablesystem design known as Permaculture,through education,publishing,
translation,implementation,the developmentof curricula. and the establishmentand administration
of aid projects.

ORrcrNs

The PermacultureInstituteis a non-profiteducationaltrust.Foundedin 1978 by Dr. Bill Mollison,
itwasbasedin StanleyTasmaniafor ten years. In 1988 the Institutemovedto the sub tropicsof
NorthernN.S.W. returninsto Tasmaniain 1998.
FUNCTIONS
The Institute'sprimary focus is education,with emphasison producine indigenousteachers. Thus,
the skills gained spread exponentially with the Permacultureglobal movement.the transfer of
information is immeasurable.There are no boundaries or limitations goveming the extent of
influence of Permaculturepractices.The Institute targets internationalerposure. with particular
emphasis on producing teachers, and the general populace of dereloping countries and
communities in need.
PBnITICULTURE DBpInBn
Taken from the Latin Permanens - to endure or persist throush time and culturcr - cultures:
meaning pemanent cultures. Permacultureis an interdisciplinarydesign science. fbcussed on
sustainablesystemdesign.As statedby Dr. Mollison in 1978,"Sustainableis definedas a sysrem.
which over its lifetime producesenergyequivalentto or in excessof what it consumes
A DyxNuIC PRoCESS
We live on a planet in crisis. Often individuals feel powerless to effect change. Permaculture
offers positive solutions to the problems facing the world, using ecology for the basis of study,
design and implementationwhich produces enduring,functional, sustainableand integratedsystems
that support human settlementsand naturalecosystems. Permaculturedesign includes but is not
limited to the principles and practices of sustainable development of soil, water, crop, forest,
architectural,business and f,nancial systems. domestic food and water securitv. communitv
developmentand micro-banking.By understandingPermacultureone can createa ielf-sustaining
environmentin any situation,whetherit be a large tract of land or a small urban setting.
Following Permaculturedesign principles,the placementof system componentsis determinedby
the needs of each componentand the use of its produce. For the system to be sustainableall
componentsmust provide or conservesufficient energy over their life span to build and ntaintain
themselvesas well as produceexcessyield which can be returnedto the svstem.
In a nutshell,Permacultureis the science of best relativeplacementof componentsin a plan or
pattern,in order to increase resources,conserye or create energy and to reduce or eliminate
pollution or waste. It is an informationrich, interdisciplinarystudy'crossingall boundaries,enabled
by the bridging of ancient wisdom and new technology. 81' embracing neu information and
technologicaladvancement,
Permacultureadvancesas a dynanÍcproces\.
PERMACULTURE ETHICS
Permacultureoperateson threeethics:1. Care of the Earth.2. Care of Species.3. Retum of Excess
to the First Two. Courses are given from an introductoryleiel to the 7}-hour Permaculture
De sign Certificate C ourse.
PERMACULTURE NETWoRK
The Permaculturenetwork is truly global; groups. associationsand organisationsthat work with
Permaculture design principles cunently number over ;150. Permaculture Global Directorn,
PermacultureInternationalJournal. 1999.
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Since the founding of this Institute,PermacultureInstituteshave flourished worldwide in Europe.
^as
\orth and South America, Asia, Africa, Middle East, Pacific Island countries and Australia,
independent,yet often, interconnectedbases for local Permacultureteaching and projects. The
constituency is truly global; whereverwe have an impact on the environment,there is á need for
sustainablesystemdesignand sustainableenvironmenlalpractices.
FOUNDER AND EXECUTIVE DIRECTOR oF THE PERMACULTURE InsTTTuTB
Dr. Bill Mollison, is a researcher,author,scientist,naturalist,and founder of Permaculture. Dr.
Mollison's work is translatedinto 26languages.He has receivednumerousmaior awardsincludins.
i981 The Right Livelihood Award, - Swedenknown as the alternativeNobel-Prize
1989 Honorary Fellow of the SchumacherSociety-England
I99I Russian Academy of Agricultural ScienceMembér- first foreigner
I99I Vavilov Medal- Russia for contributionsto sustainableagriculirral & communitysystems
1993 outstandingAustralianAchiever - National Australia Day council
1993 Banksia Environmental Award - WA Australia
1996 Stewardof SustainableAgriculture- Asilomar, CA USA
1999 Australian Icon - one of 45
OTHBn DIRECToRS
Lisa Mollison has been a Director since January 1991. Lisa was raised on a California rice farm
9'ryq Py}.". family for five generations. She worked for oveÍa decade in commercial agriculture.
In 1991, Lisa set out to promote sustainableagriculture on a personal scale and foünded the
business,.Foodscapes
organic. During five years of operationFoödscapes installedover 300 back
yardmini farms. She is,experiencedin businessmanagement,surveying,soil analysis,broad-scale
small grain production.licensedlandscapecontractingánd publishing.
Scott Pittman became a Director in 1996. Since 1986, he co-taught and set up permaculture
projectswith Bill and on his own. Locations of Scott's work include: Troisk. Chernobvl.
Colombia. Nepal. Balr. Austraiia.Israel.Brazil. Ecuador.Mexico. Belarus. Siberia,Korea, Vietnám
and the USA. He is also Director of the PermacultureInstituteInc and Dry Lands Permaculture
Institutein Neu'Mexico, Scott orersau the estabiishment
of a nation r','idePermaculturecredit
unionfor the USA. u'hichis now resistered.

FuNorxc

Overthe years,Mollison taug!1,andworked in the USA and Europe; this paid expenses to teach
courses.andset up projectsin Thrrd World countries. Additionally,all proiit from the publishing
arm of the Institute,Tagari Publications is transferredto the Instituie annually. No govérnmentoí
non-governmentorganisationhas funded the Institute'swork to date. The present diréctorsare self
fundedvolunteers'who donatetheir time overseeingthe Institute'soperatións.

SurrunRv

Over 4,000 Permaculture_projectsoperate independently around the world today. Permaculture
grows exponentially as Permaculture teacheri produóe more Petmaculture [eachers. After
personally planting the seeds of Permaculture in 120 countries, true to Mollison's vision.
Permacultureis a part of every day life for millions.
" OLt-rown personal effortsto effectchangemay seeminsignificantto us but when our actions are
cornbinedwith the actions of others who are also working towards a more sustainable and
healthl-world this is in ffict a signfficantmovementtoward iustainabilitrn."BlllMollison
To learn more aboutPermaculturecheck out www.tasari.com.
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BrocnaprnBs
Brll MoILISoN was born in 1928 in the small fishing village of Stanley, Tasmania and left
school at fifteen to help run the family bakery. He soon went to sea as a shark fisherman, and
until 1954 fitled a variety of jobs as a forester,mill-worker, snarer,and naturalist. Bill joined the
CSIRO Division of Wildlife Survey Section in 1954, and for the next nine years served as a
senior technical officer working in many remote locations of Australia conducting surveys in
agricultureand forestry. In 1963 he spenta year at the TasmaniaMuseum in curatorialduties,
then returnedto fieldwork with the Inland Fisheries Commission conductingsurveysof inland
estuaryand waterwayfauna.
Returning to formal studiesin 1966, he lived on his wits running cattle,bouncing at dances.
shark fishing, and teaching at an exclusive girls' school. At University he majored in
Biogeographyand Social Psychology, and was appointedto the lJniversity of Tasmania as a
teacher in the area of post-graduateenvironmental sciences, specialising in the effect of
environmentalstresseson the behaviourof vertebratepopulations. He developedand taughta
coursebasedon StressPhysiology and the endocrinefunction. In I914, he and David Holmgren,
then a studentat University, developedthe Permacultureconceptleading to the publicationof
Permaculture One.
After leaving the University in 1918, Bill establishedthe PermacultureInstituteand Tagari
Publications, and devoted all his energiesto furtherin-sthe system of Permacultureby spreading
the principles and strategiesworldwide. He has tau-ehtthousandsof students,and assisted,
designed,set-upand fundedcountlessprojects.communitiesand institutesin all continents.He
'key-note' speakerof conferenceson sustainabilityaround the world. He has
was often the
contributedmany articles, curricula, reports. and recommendationsfor farm projects, urban
clusters,and governmentbodies. He has receivedmanv au'ardsincluding:
Steward of SustainableAgriculture, USA, 1.996;
The Banksia EnvironmentalAward Australia, 1994 for the promotionof sustainablesystems
worldwide;
OutstandingAustralian Achiever Award, L993;
Vavilov Medal, Moscow, Russia, 1991from the RussianAcademy of AgriculturalSciencesfor
contributionsto sustainableagriculturaland community systems;
Member of the Russian Academy of Agricultural Sciences, 199I, the first foreignerto be so
honoured;
Reconocimiento,Mexico, 1989awardedby the Governorof Sonora,Nlexico for u'ork u ith poor
urban and rural campesinos;
Surrey, UK,1989;
Honorary Fellow of the SchumacherSocierl,n,
1988;
Holland,
Award,
Tree Tax
Right LivelihoodAward,l981 which honourspeopleworking on practicaland erernplary
solutionsto the social and environmentalproblemsfacins the uorld lreferredto as the
alternative Nobel prize).
Driven by his passionfor Permaculture,Bill continuesto researchand w'ritematerialsrelatingto
sustainablesystem design.
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Rr:ly Mta Slav grew up in the Canary Islands, where her father was a teacher and market
gardener. She moved to the United Statesfor university studies,and became caught up in the
'back to the land' movement of the early 1970s. She co-authoredthe HomesteadersHandbook
and worked for a summeron one of California's first organic farms.
After a job in Mexico, Reny spent three years with The Farallones Institute,which served as a
pioneering centre for teaching and research in appropriatetechnology and sustainabledesign.
Reny's time was divided between Office Manager, Workshop Organiser, Tour Guide, and
Apprentice in Edible Landscaping. Drawn to Permaculture,Reny moved to Tasmania Australia
'Expedition Leader' arranging
teaching trips to Europe, New Zealand, USA,
and became Bill's
,
Australia.
Reny
was a managerof Tagari Publicationsuntil 1998. During
Nepal and outback
this time, she worked closely with Bill editing Permaculturebooks. Reny is now a professional
artist and her work is exhibited widelv.
THB PBnUACULTURE DBsrcN CnRrrrrcarE CoURSE - 72 HouRs
Permacultureis a subjectcalled design science. The pragmaticapproachof this work largely
omits referenceto those visions or beliefs classified as spiritualor mystical; not becausethese
are not part of human experience, but because they are arrived at as a result of long
contemplation or intense involvement with the mysteries that eternally surround us. We may
dream understandingbut it is something we cannot demand, define or teach to others;it is for
each of us to develop. If we try to educateon the subjectof design science we must omit belief.
Permaculturedesign utilises methods and strategiesof design for nearly every conceivable
situation, producing a predictable result, because of this, in theory and practice, it has
universality. Like acccounting, Permaculture design utilises foundation rules, principles,
strategies,educationand terminology which are studiedand applied worldwide.
Many courses are offered in Permaculture,but only one of them is eligible for a certificate in
PermacultureDesign. The certificatecourse is a standardisedcurriculum which includes all
topics found in PERMACULTURE: A Designers' Manual. Mollison, Bill, 1988. This book is
the foundation text and the curriculum for the certificate course as well as the definition of the
scope of Permaculture. A teachermust give the entire curriculum. during the course. Material
may not be omitted, however, teachersare encouragedto add relevant material from their own
and local knowledge,and to utilise any teacher'saides they choose. Studentsneed to ensure
teachersare giving the full curriculum prior to enrolling with a teacher. As Permaculture laps
the globe, many teachersare springing up and the best teachersproduce the best teachers. Also,
many people claim to have taught with Bill Mollison, or claim to have endorsementfrom
Mollison. Studentsplease note that such claims may be false. You are encouragedto ensurethe
validity of the claim by contactingwww.permaculture.org.au
or www.tagari.com.
RBsouRcBs
There are five journals in English and most associationshave a newsletter. The web is showing
8,000 Permaculturesites as of June, 2000. To streamlinethe resourceslisting we have listed the
following. If you have trouble contactinganybody, give us a yell. We are happy to help.
Permaculture Global Directorl- * May 1999: A Contact list to hundreds of worldwide
Permacultureprojects, available from: Permaculture International Journal, PO Box 6039,
Lismore NSW, 2480. Australia InternationalPhone: 61 2 6622 0020 & Fax 61 2 6622 0519
American Permaculture Directory, Shade Tree Publishing 5515 N 7'h Street Suite 5144,
Phoenix.Arizona 85014.USA International
Phone L 602 219 3l 13 Fax I 602 219 1814
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TAGART PUBLICATIONS PROFILE
PUBLTSHERS FOR THE PERMACULTURE INSTTTUTE STNCE 1979
26 May 2000

MISSION
To publish and distribute the best in Permaculture research.
HISTORY
;íug*i'' is a Tasmanian Aboriginal word meaning ''those of us rvho are .eatheredhere'' or ''uS mob''.

r"!?.i u.g"n in 1978 u, u.o-áunity of peopler1ho r1o.rfd and lir.edon eighty acres of swamp land
* Siánr"v]Tasmania,researchinganá experimentingwith Permaculturec-oncepts.The developmentof
'u'tuinuúá design principles bógan heie and togétherwith the establishmentof the Petmaculture
Institute,was thö catalyst.for the"birth of the Permaculture ethic, whrch has since spread.worldwide.
p'. Bill Mollison.
Í;Á* Éublicationsopóratesund9rJ!9 McAlistair Trading TruSt Set up in 1979.!l'
ihE p;i*..y function of Tagari Publications is to help súpportthe work of the PennacultureInstitute
to the Permaculture
tv pitri.'t'úg and selling bóoks about sustainabili|váno then transferring^pro11ts
on tlre Institute's
for
details
Profile
Institute's
Permacullure
ií,titut. at yőar's end. Pieaserefer to the
are sold from its
which
booklets
8
and
published
books
8
has
work. Sincét9zg Tagari Publications
distributors.
intemational
4
and
national
3
shops
and
bóok
offices in NSW' andiasmania, through
into eEntn'
tools'
and
calendars
T-Shirts,
postérs,
aáaitionatty, Tagari retails 80 titles, charts.
commerceis currentlybeing established'
PUBLISHED TITLES
Tagari cunently publishesall of Dr. Mollison's books in English. They-include:
Numbers in Print
Titles
m Permaculture One: A Perennial Agriculture.forHutrtcnSettlements
145,000
co-authoredwith David Holmgren,
m

permaculture Two: Practical Designfor Toyvnand Courttrt'

145,000

m

Pennaculture:A Designer'sManual

150,000

m

Introductionto Permaculture

80,500

m

Ferment and Human Nutrition

11.600

m

Travels In Dreams, an autobiography

3.5-10

ru

Foundation Year Book of the Permaculture Academy

6.000

FUTUNB BOOKS BY BILL MOIT,TSONDUE OUT SOON IXCTUNE:
4. The PotatoPapers:A Tasrnanian\lemoir
i. TraditionalFood Processing
5. The Allium Alliance
2. SustainableLiving in cold etmates
3. Patternsand Designs in Nature
BoOKLETS PUBLISHED BY TICA.NT:
by John Fargher
The Oaks Booklet
by Andreu Jeeres
Useful Bamboo SpeciesBooklet
by Reny \Iia Slay
Useful Cactus,Agave and Aloe SpeciesBooklet
bv Bill \lollisotr
Useful Climbing Plants Booklet
U!'lotrnFargher
Useful Legume SPeciesBooklet
br Bill \lollison
Useful Onion SPeciesBooklet
nv gitt Nloliison
Useful Palms of the World Booklet
u!'sitt Mollison
Useful Plants of the Wetlands Booklet
NEW AUTHORS PUSLTSHND BY TA'CANI
The Power of Duck, IntegratedRice Duck Farming

by Takao Furuno
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OrnBn Boors sy BILL MollrsoN

PERMACULTURE: A Designer'sManual
580pageshardbound

RecommendedRetail
Australian

$ 8s.00

GST inclusive$ 93.50

This is the definitive Permaculture
design manual which has been in print
since 1988. It is the text curriculum for
the l2-hour Certificate course in
Permaculture Design. Written for
teachers, students and designers, it
follows on and greatly enlarges on the
initial introductory texts, Permaculture
One (1978) and Permaculture Two
(1919) both of which are still in demand
over twenty years after publication.
Very little of the material found in this
book is reproduced from the former
texts. It covers all aspectsof property
design and natural farmin-stechniques
including:
design methods
understandingpatternsin nature
climatic factors
water
soils
earthworksand their use in earthrepair
techniquesand designstrategiesfor both
urban and rural applications
the temperateclimates
dry lands
cold climates
humid cool climates
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humid tropics
treesand their energy transactions
aqua-culture
wastemanagement
energyefficientarchitecture
legal strategiesand trusts
effective working groups
right livelihood
money and finance
ethical investment
bio-regionalorgani sation
effective aid

-t

The Permaculture Book of Ferment and Human Nutrition
288 pagessoft bound
RecommendedRetail
Australian

$ 40.00

GST inclusive$ 44.00

Emphasising the enhancement of
nutrition, this is one of the most
comprehensivebooks available today
on the subjectof storing and preserving
Recipes and processing
foods.
methods have been collected from
indigenous people worldwide. These
practical and traditional techniques,
many of which were nearly lost
forever.have been collated and set out
in a well-defined and easy to follow
manual which is of value to anyone
interestedin processing and storing
food.
Chaptersare set out under the following headings:
+ Storing - Preserving- Cooking Foods
* The Fungi - Yeasts- Mushrooms,
Lichens
+ The Grains
* The Legumes
+ Roots - Bulbs - Rhizomes
+ Fruits - Flowers - Nuts - Oils - Olives
* Leaf and Stem - Aguamiels
+ Marine and FreshwaterProducts.
Fish-Mulluscs-Alsae

Meats-Birds-Insects
Dairy Products
Beers - Wines - Beverages
Sauces
Condiments- Spicesít AgriculturalComposts- Silages
- Liquid Manures
+ Nutrition and Environmental
Health

"A truly fabulous book, a quirky gem, a classic. Mollison has uritten a
comprehensivemonographon the internationaluse of microbial fennentationin food
and biological
and beverageproduction,from a cross-cultural.anthropoio-siL^al.
perspective."
Dr. Marion Nestle,Dept, of l'lutritiottand Foocl Sndies. \-ev York
Universitl
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Travels in Dreams
An Autobiography
863pagessoftbound

RecommendedRetail
Australian

$.{9.00

GST inclusive$ 53.90

"What mattersit what went before or after.
now with myself I shall begin and end"
W. Shakespeare.
Although the sagacontinues,the readerwill
get a good honest look at a man who has
managedto cram many lifetimes into one,
being reborn and starting life anew, armed
with the knowledge gained from past
endeavours. Bill has enchanted and
transported groups the world over by
mesmerizingand instructingthem through
his actions,words and song..."Whatwill
you talk about?"they ask, o'Idon't know,
but I will try to paint landscapesin their
minds, throw pictures on the clouds of
tomorrow'ssky." Bil/ Mollison.
Written in themechapters.the readercan choosea themeto explore. The origins of
Permaculture.
in searchof meaning.travelsin the home countr\'.storiesof the bush,
forests,workingenvironments.
coasts.islands.lakes.r'illageand urbanlife. industry,
institution,nostalgia.fantasies.traveisof a Permacultureapostle.\\oo-\\'oo
worlds,
sex and relationships,theoriesfor all occasionsand sprinkledthrou,ehout
are heaps
of Bill's poemsboth naughtyand nice.
"Interesting,
rambling,spontaneous,
funny..."
Ari Clare Akermon, fisherman
'What will the world
think of Australians if this sort of scurrilousrubbish becomes
known?"
Diocesan Newsletter, Melbourne
"I've not enjoyeda book so much in a very long time - it is sheerserendipity."
John Bottoms,Bottoms English Lawyers

2r0

l

Permaculture Two
Practical Design for Town and Country in Permanent Agriculture
150pagessoft bound
RecommendedRetail
Australian

$ 32.00

GST inclusive$ 35.20

This book, which follows on from PermacuLtureOne, is about design. lt is a
practical book dealing with the elementsof design to createa sustainablesystem.
Energy beneÍitsare discussedrelatingto both domesticand broadacreenvironments.
" ...PermacultureTwo is about design, not gardeningor livestock per se but as
elementsin a systemintendedto serve man, and the ends of good ecology... Good
teachershave nothingto give but enthusiasmto learn; they cannotwith the best will
'how' to design,ratherthan
in the world, give their studentsknowledge. Thus it is
here..." Bill Mollison
designingyour sitewhich I am attempting
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The Power of Duck

Rice Duck Farming Takes Asia by Storm !
Find out what ten thousandJapaneserice farmers have been using for years. The Power of
Duck is the most completetreatmentof rice paddy poly culture available.l.earn this sound
method of organic rice production. Endorsed by Bill Mollison, Takao Furuno is Tagari
Publications,first new author.You will see intelligentsustainablesystem design put to use
in a crop notorious for chemical dependency. Furuno, demonstrateshow to sensibly plan
the cropping calendarto grow rice and ducks in such a way that the system works/or you,
not the other way around. Rice duck farming reducesinput and labour. Asian farmers are
working smarter not harder - making money and building soil. Discover why Asia is
riding the wave of Rice Duck Farming. If you can't beat 'em, you may as well join 'em.
"A classical case history"
Bill Mollison
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TAGARI PUBLICATIONS
Pr"rblishers
for the PermacultureInstituteSince 1978

Order Form

Postase & Handline to be added$
We offer discounts on quantity purchases - prices are available upon request. Because postage costs van
worldwide, we will confirm the postageexpensew ith vou prior to shipping. Please note, GST does not applv to
overseasorders. Please provide conlact details below:

Postcode

Facimile:...
Paying by (pleasetick box):
Credit Card:
tr

Phone:

tr
tr

Cash
Visa

tr
tr

Card Number:... ...

Cheque
Mastercard

tr

Bankcard

Exoirv Date:

Cardholder'snarne:...

Signature:

D a t e .: . .

Mail or Far a copv of this form to:
Thereareover300,000
graduates
of Permaculture
coursesgloballyand
growingeachhour. Up to
4,000projectsareunderway
in 120countnes.Your
purchasecontributesto the
easingof worldwide
suffenngand hunger.

TAGARI PUBLICATIONS
31 Rulla Road
SistersCreek 7325
Tasmania,Australia
Facilmile: 61 (0) 3 ffiS 094/.
Telephone:61 (0) 3 64/.50945

Thank rtru for lour
f-:alras .{ll revenuesare
usecibr the Permaculture
insütute to furtheríts
trorldwide work oí
rmplementingPermaculture
ethics: Care ofEarth, Care
oi People and the Return of
Surplus .
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The following pages are excerptsfrom two Permaculturedesigns;the first is extractedfrom a
reportpreparedby Bill Mollison and Birgit Seidlich for a sub-tropicalfarm.
The seconddesign,by Robyn Frances,shows how a well-designedsuburbanblock can supply
largequantitiesof fresh fruit & vegetablesyear-round.

This report contains an analysis and a
permaculturedesignconcepttbr thepropertyof
E & J Brown, Rosebank,NSW. The analysis is
basedon an inventoryof the naturalfeaturesof
the proper-tysuch as landform, water,existing
vegetation,soil structure,accessandbuilt structures.......
The design concept provides guidelines and
general construction schedulesfor the impiementation of organic agricultural systems, a
nursery, a tearoom and seminar buiiding, the
residenceand home garden.We have aiso provided a resourcelist with referencesandconract
detailsfor additionalinformationon marketing,
and the constructionof buildings,energy systemsanddams.A plantiist recommendsuseful
plant specieswith a descriptionof their individualneedsand uses.......
OBJECTIVES
Following consultationwith theclient, we have
agreedon a set of objectives for the development of the property.
- self-sustainableagriculturalsystems
- maximumyield on minimumarea
- low labour intensity
- potential for social income via services or
workshops
- energy self-sufficiencyfor residentialliving
- minimal soil disturbanceand erosionprevention
- minimalwaterrun-offandoptimumutilisation
of on-sitewaterresources...
MANAGEMENT ZONES
We identified eight managementzones on the
property.Each of thesezones will have a primary function suited to its naturalcharacteristics and production potential. The zones will
require individual managementto ensuretheir
propermaintenance.They are designedto sup214

port eachotherto developinto ecologically balancedsystems.The eight zonesare definedas:
1
2
3
4
5
ó
7
8

Residenceand homesarden.
Nursery
Teahouseand seminarroom
Orchard
Agricultural land
Riverine forest and recreationarea
Ridgeline road
Camping

The zonesaremarkedon Map 1 in theappendix.
The generallayoutand positioningof structures
will ideally achieve a light net of interrelating
elements.
We wanttoavoidwastinghumanenergyequally
as much as the unnecessaryuse of fuels and
electricity, thus places frequently visited are
groupedtogether.
The residence,thenurseryandthetearoomform
the centralcore of the propertyand herepeople
will spendmostof theday workingor at leisure,
and thereforemost resourcesshould be located
near them, such as water supply, tools, workshop, animal shelters,and of course food.
It is very time-consumingto walk 15 minutes
uphill every day to pick corn for dinner and
would be an unpleasanttask in bad weather.A
10 minutewalk to pick lemonsfrom theorchard
addsup to 20 minutesa day becausethefruithas
to be brought back to rhe house. If we pick
lemons twice a week for one year,thetime adds
up to 36 hours= 1.5days work,just to be ableto
squeezelemonjuice onto our salads.With the
lemon treesituatedin the kitchen garden,a few
stepsaway from the door, 36 hours= 1.5davs
can be saved towardsthe annual holiday.
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Sample designfor a long narrow
t/qacre block in Sydney's inner
westernsuburbs. An outdoor living
area merges houses& garden.
Afoodforest in the lower backyard
incluties chickens & bees.
Design crcated for Frank & Laurcl
Pink by Robyn Francis,
PermacuhureEducaLion,
PO Box 379, Nimbin NSW 2480.
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Access 15,35, 61-62
roads 61-62
Allelopathy25, 125
A n i m a lt r a c t o r s1 6 , 1 5 3 - 1 5 5
c h i c k e n s1 5 3 - 1 5 5
Animals 145-164
bees 149
c a t t l e1 5 8 - 1 6 2
c h i c k e n s1 4 9 - 1 5 5
ducks148
goats 158
g u i n e ap i g s 1 4 8
in the orchard125
interaction163
p i g e o n s1 3 9
p i g s1 5 5
rabbits146-147
sheep158-162
.|45
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l 02-103
k e e p i n gt h e m p e r e n n i a 1
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g u i l d1 6 6 - 1 6 7
pond construction164-165
p o n ds h a p e 1 6 5
s e a Í a r m i n g1 6 9
w a t e rq u a l i t y1 6 7 - 1 6 8
Architecture73-94
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