












































































































































































































































































during the cool Colorado nights, which aids plant growth and fruit production. PHOTO BY JEROME OSENTOWSKI.

Jerome’s Guilds and Guild Plants

• Deer fence guild: hops, sweet pea, Russian olive, gooseberry, sunflowers, clover, strawberry, garlic.
• Apple-tree guild: red currant, Siberian pea shrub, red and white clover, borage, garlic, fava bean, dill, lupine, astragalus, native wildflowers, mint,

basil.
• Peach-tree guild: Siberian pea shrub, sunflowers, cabbage, clover, comfrey, horseradish, calendula, nicotiana, cosmos.
• Douglas-fir guild: currant, Siberian pea shrub, salad burnet, crotolaria, Mexican marigold.

Other plants used in Jerome’s fruit tree guilds

• Shrubs: black and white currants, gooseberries, Hansen’s cherry, Nanking cherry, elderberry, cranberry.
• Vines: grapes, hops, sweet pea, scarlet runner bean, nasturtium, squash.
• Ground covers and herbs: strawberry, claytonia (miner’s lettuce), salad burnet, celery, arugula, mustards, amaranth, chrysanthemum, parsley,

cumin.
• Nitrogen-fixers: Siberian pea shrub, Russian olive, fava beans, clovers, lupine, bird’s-foot trefoil, fenugreek, alfalfa.
• Insectary plants: borage, buckwheat, comfrey, fennel, celery, dill, coriander, oregano, chamomile.
• Pest fumigants and repellents: horseradish, Mexican marigold, garlic mustard, walking onion.
• Medicinal plants: astragalus, echinacea, mullein, St. John’s-wort, artemisia, spilanthes.
• Root plants: garlic, walking onion, Jerusalem artichoke, carrot, potato.

The conditions have given Jerome a graduate education in food forestry. Dwarf fruit trees, the usual choice for small spaces and high production, fared
poorly. They are bred to have feeble root systems, which keeps them small. But in these nutrient-poor soils and harsh conditions, the skimpy roots meant
starvation. Standard-size fruit trees, with expansive roots, survived, and in Jerome’s environment haven’t grown much larger than dwarfs.

Osentowski has invented what he calls “Polish swales.” Instead of digging swales into the rocky soil, he does it backward: he piles up small branches
along the contour lines, adding compost and discarded greenery, along with stones and other available debris. This forms berms that trap soil, leaf litter,
manure and bird poop, and anything else sluicing down the steep slopes. The berms of these inverted swales slow down water and force it to percolate
down into the food forest’s root zone.

What inspired me the most on my later visit was Jerome’s integration of two large greenhouses into his home and garden. One, which he has
christened Mana after the Hawaiian spiritual force, grows like a gossamer bud from his house. It’s dual purpose, heating air that is circulated through his
home and also sheltering a semitropical food forest. The second greenhouse, also with a name from the tropics, Pele, for the Hawaiian fire goddess,
holds a sauna amid the greenery as a backup heat source. I was astounded to see bananas, figs, pomegranates, jujubes, chayote squash, and other
plants not often found north of Los Angeles. Yet here they thrived at 7,400 feet in winter temperatures that can dip to twenty below zero. One key to his
success is an inflatable double-walled clear plastic that insulates far better than glass and is much less expensive. Also, the thermal mass of the soil and
the rock walls capture daytime heat. A fan pushes warmed air through a set of underground pipes to distribute this heat where it is needed, which includes
the house. In the high Rockies, Jerome is developing methods that will allow people in virtually any climate to enjoy tropical food, without massive energy
use. This immensely expands the possibilities of forest gardening and might offer us clues to dealing successfully with climate change.



The Seven-Story Garden
It’s time to look at forest garden design. A simple forest garden contains three layers: trees, shrubs, and ground plants. But for those who like to take
advantage of every planting opportunity, a deluxe forest garden can contain as many as seven tiers of vegetation. As the illustration below shows, a
seven-layered forest garden contains tall trees, low trees, shrubs, herbs, ground covers, vines, and root crops.

Here are these layers in more detail. Table 10-1 suggests plant species for each layer.

1. The Tall-Tree Layer. This is an overstory of full-sized fruit, nut, or other useful
 
The seven layers of the forest garden.

trees, with spaces between to let plenty of light reach the lower layers. Dense, spreading species—the classic shade trees such as maple, sycamore,
and beech—don’t work well in the forest garden because they cast deep shadows over a large area. Better choices are multifunctional fruit and nut
trees. These include standard and semistandard apple and pear trees, European plums on standard rootstocks such as Myrobalan, and full-sized
cherries. Chestnut trees, though quite large, work well, especially if pruned to an open, light-allowing shape. Chinese chestnuts, generally not as
large as American types, are good candidates (see Table 10-1 for botanical names of all species mentioned here). Walnut trees, especially the
naturally open, spreading varieties such as heartnut and buartnut, are excellent. Don’t overlook the nut-bearing stone piñon and Korean nut pines.
Nitrogen-fixing trees will help build soil, and most bear blossoms that attract insects. These

 

Table 10-1. Plants for the Forest Garden The herb layer has been omitted from this table, as there are thousands of suitable species and many of
them are listed elsewhere in this book.





include black locust, mesquite, alder, and, in low-frost climates, acacia, algoroba, tagasaste, and carob.
Since much of the forest garden lies in landscape zones 1 and 2, timber trees aren’t appropriate—tree felling in close quarters would be too

destructive. But pruning and storm damage will generate firewood and small wood for crafts.
The canopy trees will define the major patterns of the forest garden, so they must be chosen carefully. Plant them with careful regard to their

mature size so enough light will fall between them to support other plants.
2. The Low-Tree Layer. Here are many of the same fruits and nuts as in the canopy, but on dwarf and semidwarf rootstocks to keep them low growing.

Plus, we can plant naturally small trees such as apricot, peach, nectarine, almond, medlar, and mulberry. Here also are shade-tolerant fruit trees such
as persimmon and pawpaw. In a smaller forest garden, these small trees may serve as the canopy. They can easily be pruned into an open form,
which will allow light to reach the other species beneath them.

Other low-growing trees include flowering species, such as dogwood and mountain ash, and some nitrogen fixers, including golden-chain tree,
silk tree, and mountain mahogany. Both large and small nitrogen-fixing trees grow quickly and can be pruned heavily to generate plenty of mulch and
compost.

3. The Shrub Layer. This tier includes flowering, fruiting, wildlife-attracting, and other useful shrubs. A small sampling: blueberry, rose, hazelnut, butterfly
bush, bamboo, serviceberry, the nitrogen-fixing Elaeagnus species and Siberian pea shrub, and dozens of others. The broad palette of available
shrubs allows the gardener’s inclinations to surface, as shrubs can be chosen to emphasize food, crafts, ornamentals, birds, insects, native plants,
exotics, or just raw biodiversity.

Shrubs come in all sizes, from dwarf blueberries to nearly tree-sized hazelnuts, and thus can be plugged into edges, openings, and niches of
many forms. Shade-tolerant varieties can lurk beneath the trees, sun-loving types in the sunny spaces between.

4. The Herb Layer. Here herb is used in the broad botanical sense to mean nonwoody vegetation: vegetables, flowers, culinary herbs, and cover
crops, as well as mulch producers and other soil-building plants. Emphasis is on perennials, but we won’t rule out choice annuals and self-seeding
species. Again, shade-lovers can peek out from beneath taller plants, while sun-worshiping species need the open spaces. At the edges, a forest
garden can also hold more traditional garden beds of plants dependent on full sun.

5. The Ground-Cover Layer. These are low, ground-hugging plants—preferably varieties that offer food or habitat—that snuggle into edges and the
spaces between shrubs and herbs. Sample species include strawberries, nasturtium, clover, creeping thyme, ajuga, and the many prostrate
varieties of flowers such as phlox and verbena. They play a critical role in weed prevention, occupying ground that would otherwise succumb to
invaders.

6. The Vine Layer. This layer is for climbing plants that will twine up trunks and branches, filling the unused regions of the all-important third dimension
with food and habitat. Here are food plants, such as kiwifruit, grapes, hops, passionflower, and vining berries; and those for wildlife, such as
honeysuckle and trumpet-flower. These can include climbing annuals such as squash, cucumbers, and melons. Some of the perennial vines can be
invasive or strangling; hence, they should be used sparingly and cautiously.

7. The Root Layer. The soil gives us yet another layer for the forest garden; the third dimension goes both up and down. Most of the plants for the root
layer should be shallow rooted, such as garlic and onions, or easy-to-dig types such as potatoes and Jerusalem artichokes. Deep-rooted varieties
such

 

as

 

carrots

 

don’t

 

work
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because

 

the

 

digging

 

they

 

require

 

will

 

disturb

 

other

 

plants
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I

 

do

 

sprinkle

 

a

 

few

 

seeds

 

of

 

daikon

 

(Asian

 

radish)

 

in

 

open

spots because the long roots can often be pulled with one mighty tug rather than dug; and, if I don’t harvest them, the blossoms attract beneficial

bugs and the fat roots add humus as they rot.
spots because the long roots can often be pulled with one mighty tug rather than dug; and, if I don t harvest them, the blossoms attract beneficial



Designing the Forest Garden

The forest garden design process largely follows the sequence laid out in Chapter 3: observation, visioning, planning, development, and implementation.
As well, extra focus on a few points will be helpful:

• In an exposed site, wind barriers (fences and hedges) will greatly speed the establishment of the other plants.
• Trees and woody plants should go in first because these take the longest to mature and define the shape of the garden. Remember to design for the

full mature size of trees—it’s easy to place spindly seedlings too close together, leading to overcrowding and dense shade when they mature. Leave
room for sunlight to penetrate between full-grown trees, rather than creating a closed tall-tree layer. The more northerly the garden, the weaker the
sun will be, so more space will be needed between trees.

• Early on, include plenty of nitrogen-fixing and other soil-building plants. The dense plantings of the forest garden will demand lots of nutrients during
their youth, so the soil must be in great shape. The fertile, organic-rich soil built by nutrient-accumulating plants will accelerate growth and speed
succession along.

• Buying the plants for a forest garden all at once can get expensive, so those with a limited budget should consider setting aside a small area as a
nursery for seed-starting, rooting cuttings, and general plant propagation. It’s best to place the nursery in zone 1, so you can keep close watch on the
tender youngsters. Here, you can start perennials for the herb, root, and ground-cover layers from seed en masse; propagate cuttings for trees,
shrubs, and herbs; divide established plants to yield numerous progeny; and create a swelling population of plants to colonize the new garden. You
can nurture these for a year or two and then move them to their permanent homes. Those with the expertise can graft tree varieties, too. A nursery is
invaluable for furnishing huge number of plants very cheaply.

• The open spaces between trees and shrubs can at first be filled with annual vegetables, flowers, nitrogen-fixing cover crops such as clover, and
nursery stock. As the upper layers grow and the nursery plants become ready to transplant, these beds will shrink.

For a design example, let’s look at the typical case of a homeowner wanting to take out a lawn and install a more ecologically sound forest garden.
We’ll select a U-shaped design, which provides a private, warm, and sheltered space in the center (see the illustration on page 210). Ideally the U would
open toward the south for maximum sunshine.

This design will emphasize food—three dimensions of fruit, berries, vegetables, and herbs, with a minor emphasis on flowers. We want plenty of
vegetables and flowers in the lower layers for the first few years, but we know that as time goes by, the upper layers will be the principal providers. With
these goals in mind, we can begin the design.
 
A freshly planted evolving ecological garden, about 40 feet by 50 feet. A nursery and propagation bed lies conveniently close to the house for regular
care. Temporary, well-composted beds line the lawn in Zone 1 for fast, early food and flower production. Young trees and shrubs—as many as can be
afforded—begin to fill the more distant Zones 2 and 3. Zone 2 is deeply sheet-mulched to quickly build soil, while the less-urgently needed Zone 3 is
cover-cropped for long-term soil restoration.

First, map the area for the new garden and sketch in any existing foliage that will be saved. Then draw in the new plantings. The sunny, open area in the
center of the U can be kept as lawn or converted to flower and vegetable beds. Many parents opt to preserve an expanse of lawn for children to play in,
but once the forest fills in, I guarantee that the kids will abandon the open grass for the more enchanting shrubbery, a perfect place for hideaways and
forts. The lawn can be kept just big enough for a little sunbathing.

For a windbreak and privacy screen, we’ll create an edge of hedge and wall plants: espaliered or cordoned fruit trees, berry bushes, shrub willows,
roses, dogwoods, elderberries, and useful native shrubs.

Then sketch in the tree layers. Tall trees are best placed to the north to reduce the shade cast on other plantings, but wide spacing will also allow ample
sunlight to fall between trees. The spacing reflects the mature size of the tree. Since this is a fair-sized suburban property, we have room for some full-
sized trees: apple, pear, walnut, plum, and cherry. We want some nitrogen fixers, so we’ll add black locust and golden-chain tree. In the low-tree layer are
dwarf and semidwarf fruit trees plus, under the taller trees, naturally small persimmons, pawpaws, and mulberries. In this example, no tall trees are close
to the house, which will allow ample light for the zone 1 understory.

The shrub and lower layers require some thought because we want to have constant food production while the upper layers mature. To give the owners



lots of zone 1 and 2 vegetables and herbs until the trees begin to bear, we’ll design some keyhole beds near the house: temporary ones under the low
trees and permanent beds in the open center. One of the short-term beds is reserved for plant propagation. This arrangement means that the low trees
near the house won’t be underplanted with perennials as densely—yet—as those farther away.
 
After five to ten years, the garden has filled in. Since the perennial shrubs and trees are now producing abundantly, the temporary keyhole beds have
shrunk to narrow, edge beds. A ground cover of edible, flowering, and insectary herbs and shrubs fills in the gaps between and below major trees.

Three factors interact to mold the design of the more distant parts of this forest garden. One is the zone effect: The farther-off places—zones 2 and 3
—won’t be visited as often as the nearer zones, so they can’t demand as much care. A second factor is that of time: The young plantings will start small
and need one or more years to mature. And the third is budget: Many gardeners won’t want to spend the large sum necessary to plant the entire yard
densely all at once, and this far-off zone is the best place to plant sparsely until more stock is ready. So we need to develop a planting strategy that
reflects these constraints. This less-maintained zone will sport only a few small specimens at first, thus it is prone to weed invasion and neglect while the
woody plants mature and the low layers fill in.

My recommendation is this: In zone 2, mulch heavily between the young trees and shrubs and plant the herb, root, and ground-cover layers as time,
nursery stock, and money become available. Renew the mulch once or twice a year to build the soil quickly and smother weeds. To try to cultivate and
plant this large area would probably be biting off too large a chunk at once. Remember, the wisest strategy is to get zone 1 established first and then
expand outward. With the above approach, the shrubs, trees, and soil of zone 2 will be ready when zone 1 is up and running.

The farthest reaches of this yard elicit yet another approach. It’s doubtful we can conjure up enough mulch to cover the entire forest garden, and since
the full-sized trees and large shrubs of zone 3 will take longest to mature, soil-building isn’t as urgent a task. Once the trees and major shrubs are in place
in this more distant zone, I’d advise planting a soil-building, habitat-providing cover crop mix. This will keep weeds at bay and boost fertility until we’re
ready to plant the lower layers. One choice for a cover crop is clover and annual rye mixed with beneficial-insect-attracting herbs such as yarrow, dill, and
fennel, and maybe a little subsoil-loosening daikon thrown in. This lush mix need be mowed only once or twice a year, so it needs very little maintenance
while it boosts fertility. Cover crops are a good strategy for less-visited parts of a garden.

Thus, we have created three zones in this forest garden: an intensively cultivated zone 1, a well-mulched but lightly planted (for now) zone 2, and a long-
term set of soil-building cover crops beneath the young shrubs and trees of zone 3. Of course, the lucky gardener with sufficient money and access to
labor and materials might, if confident enough in the design scheme, just joyously install the whole design at once, with dense plantings and mulch in place
of the cover crops.



Guilding the Food Forest

Let’s look at the possibilities for guilds that will connect the pieces of our food forest design. Creating guilds based on the major fruit trees is fairly
straightforward; we can plug in many elements from the apple-tree guild described in Chapter 9 or from Jerome’s list earlier in this chapter. This means
placing grass- and rodent-suppressing bulbs near the tree trunk, insect-attracting and soil-building plants in the herb and shrub layers, and additional
food-providing plants and other useful species.

Remember, though, that this guild doesn’t stand in isolation—it’s nestled among other trees and large shrubs, so the pattern of planting is tugged and
shaped by the neighboring vegetation. One lone guilded tree could be surrounded by concentric circles of its companion plants, but not in the forest
garden, with its numerous trees. Concentric rings of mulch plants and others beneath the tree’s dripline are no longer the right pattern now that other
shrubs and trees are close by. Instead, mulch plants, insect-attractors, and other guild members—depending on their need for light—should be tucked
into openings between neighboring trees and shrubs, nestled into pockets under the branches, or lined alongside paths to allow access for picking and
pruning. Plants that suppress weeds—bulbs and some of the thick mulch plants—can form, instead of a circle under one tree, a natural boundary around
a whole cluster of trees and shrubs, or can define the outline of a clearing or a sunny edge.
 
In this Santa Barbara, California, garden, black sage (Salvia mellifera) and California poppy (Eschscholzia californica) in the foreground represent the
drought-tolerant vegetation of the area’s native chaparral landscape, while figs, citrus, persimmons, bananas, with a backdrop of a date palm, illustrate
the wide variety of fruit trees that can be grown in this arid California climate by adding water. Contour pathways that help percolate water into the soil are
lined with locally collected stone. Design by Larry Santoyo of Earthflow Design Works. PHOTO BY LARRY SANTOYO.

In addition to fruit-tree guilds, we can also design a walnut-tree guild for this garden. Remember, though, that walnuts are allelopaths, whose mildly toxic
root secretions will stunt the growth of many other plants. This is where the use of buffer plants, described earlier, is essential. The lofty walnut, together
with its guild of hackberries, currants, and solanaceous annuals such as peppers and tomatoes, will go at the north end of the yard. Then we can insert
buffering black locusts, mulberries, and Russian olives between the walnut and any fruit trees.

The semidwarf fruit trees closer to the house can also be guilded, but we’ll underplant these trees with smaller shrubs and fewer of them because the
central trees aren’t very large and we want plenty of light and edge for the zone 1 herb, root, and ground-cover layers. Good candidates for these guilds
are nitrogen-fixing small shrubs such as buffaloberry, ceanothus, and indigo; weed-suppressing and mulch plants including comfrey, borage, and
nasturtium; and any of the wealth of smaller insectary plants.

A guild next to the house will have a different composition than one that’s located farther away. Guilds very near the house should emphasize plants for
food, medicine, and other human use, with less florae for wildlife, mulch production, and the like. Our own labor can substitute for the natural mulching,
weed-prevention, and other guild functions that we give up in exchange for having enhanced yields right outside our door. It’s no problem to add a bit of
compost and squish a few cucumber beetles right off the back porch, but I’d rather that out in zone 3, seventy-five feet away, nature did those jobs.

To install the forest garden, first eliminate most of the grass, preferably without toxic herbicides. This means either stripping the sod by hand and
composting it, power-tilling the sod at intervals a few weeks apart to kill emerging grass remnants, throwing a giant sheet-mulch party to smother the lawn,
or a combination of all three (for a review of creating and planting sheet mulch, check back to Chapter 4). This is the best time to amend and improve the
soil with lime, organic matter, and long-term fertilizers, because much of the yard will soon be covered in perennials, which makes digging-in fertilizer less
easy. As mentioned, the center of the U-shaped garden can be left in grass for a play and relaxation space.

Next, plant the trees. The back one-third of the yard (zone 3) should then be planted with the cover crops and green manures mentioned above. Zone 2
and much of zone 1 now receive a soil-building layer of deep sheet mulch, with some of the closest zone 1 beds getting a topping of rich compost to get
them ready for immediate use. Keep the mulch pulled back from the tree trunks to discourage bark-gnawing rodents.

Finally, plant shrubs and other perennial plants, bulbs and other members of the root layer, and ground covers right into the sheet mulch.



How the Food Forest Evolves
Besides bringing food and blossom nearly all year, the many rhythms and cycles of a forest garden can fascinate and inform. In a garden full of annuals or
even in a single-layer perennial garden, most plants follow a simple yearly cycle: growth in spring, dieback in fall, and renewal—or replanting—the next
spring. But in a forest garden, the life spans of many of the occupants are measured not in one year but in decades or more. Thus, the garden’s character
will constantly change over its entire existence. Besides the regular annual cycle of all florae, the trees, shrubs, and perennials have different life spans
and growth rates, and varying responses to the seasons and to each other. Complex natural rhythms play off one another, interlocking and contrasting in
varied syncopation.

Even the seasonal cycles are more complex than in a conventional garden. In a staggered sequence of green that ripples from the garden floor to the
canopy, each layer of the garden shares light and nutrients with the others. Each spring, the lower layers of a forest garden are the first to leaf out and
drink in the early sunlight, just as in a natural woodland. Next, the shrubs put on their green covering, followed in a few weeks by the trees overhead. Many
of the plants also reach peak size at different times of the season, further sharing resources. This cooperative aspect of the forest garden is balanced,
however, with a little competition. The plants, particularly in the lower layer, do a little jostling of each other, spreading and shrinking as they compete for
light, water, and nutrients. The gardener also affects these cycles, with trowel, pruners, and harvest basket.

These rhythms and diversity are augmented by the movement of wild plants into the forest—both so-called weeds and unusual natives—and the
gardener, after observing the newcomer, can vote on whether it should stay or go. Birds, insects, snakes, lizards, and small mammals will also find safe
harbor here, further adding to the complexity and interest. Watching and learning these varied rhythms provides the best possible introduction to ecology
and the natural world. Yet we can do a little intelligent tinkering, too, favoring a useful or attractive species here, encouraging a nascent guild there.

The evolution of the forest garden over the years—not just over the seasons—offers its own benefits. Though the beauty and value of a mature
landscape can’t be denied, we’re not just idly passing time until those tiny seedlings and baby shrubs grow up. Each phase of the garden carries a new
set of rewards. When the garden is young, and the scattering of freshly planted trees is at the “twig farm” stage, the sunny spaces between seedlings can
be filled with annual and perennial vegetables and flowers. In a year or three, the shrubs and berry bushes will begin to show their true colors and fruit, and
for the next five to ten years, before the trees cast much shade, they will be at peak form. Meanwhile, the open ground for annual beds will slowly shrink,
soil fertility will grow from the thickening leaf litter, and niches for wildlife will compound by the minute.

After three or four years, the fruit trees will begin to bear, and the backbone of the garden will be apparent. By the fifth year, as trees and shrubs fill out,
the herb and ground layers will thin in the reduced light, and herbs, flowers, and vegetables can migrate to the edges and deliberate clearings. In spots,
flowering and fruiting vines will tie the upper layers together. The gardener won’t need to import much fertilizer and mulch any more, as the forest, through
the rain of leaves and the upward tug of deep-soil nutrients through roots, will be just about self-sufficient. In ten years, the trees will approach their full
height, and the canopy will begin to close. The garden will take on the serenity and majesty of maturity but will continue to fill out for another ten or twenty
years. By then, much of the original herb layer will have been renewed with new plantings, and some shrubs and small trees will have reached the end of
their lives. The substitutes will continue the evolution of this garden. Even at maturity, the garden continues to change gracefully.

The changes in the evolving forest garden are mainly these:

• From most plants being in full sun in the early years to only the upper layers, clearings, and edges receiving all-day sunshine.
• From drought-prone and vulnerable to the vicissitudes of weather and neglect to evenly moist, self-regulating, and filled with mild microclimates.
• From windy and exposed to calm and sheltered.
• From most of the flower and food production, habitat, mulch, and biomass being created by the lower layers to much of these being produced by the

shrub and tree layers.
• From needing imports of mulch and fertilizer to generating abundant fertility and soil via leaf fall and deep-rooted nutrient collection.

Earlier, I’ve sung the virtues of extending the garden upward into the third dimension. The forest garden reaches yet further, into the fourth dimension of
time. The long unfolding of this growing garden brings new opportunities and benefits into reach.



CHAPTER 11

Permaculture Gardening in the City

Much of what’s been offered in earlier chapters assumes the reader has a fair-sized yard: not much less than a quarter-acre or so. But plenty of people
live in cities, where yards are small or even nonexistent. And since I’ve returned to city life since writing the first edition of this book, I know that creating an
ecological garden in the city carries with it some special challenges. Fortunately, they are matched by a pile of opportunities even larger.

Many of the urban gardener’s dilemmas arise because city life puts a premium on space. The crush of people in cities makes every bit of ground
heavily trafficked, intensely used, and fiercely sought for a host of competing uses. What you are eyeing as a sweet garden spot, your kids will deem their
play-ground, your spouse as perfect for the comfy chaise lounge, your dog as an ideal site for digging (or worse), and the letter carrier as the quickest
path to the next yard. Right off, it’s obvious that urban yards need to be exquisitely multifunctional. In keeping with the principles of permaculture, though,
rather than viewing this as a liability, we can think of the necessity for multiple-use yards as a spur to greater creativity and a more engaging landscape.

In case any suburbanite readers are thinking “this won’t apply to me” and are ready to skip ahead to the final chapter, I’ll suggest that these space-
saving, high-intensity design approaches will apply to everyone. As houses both urban and rural have swollen in size since World War II—the average
square footage has doubled—they’ve left less room around them to garden. Yards have shrunk, too: Many recent suburbs offer lots that are no bigger than
those of urban houses, 5,000 square feet or less. Not only are these yards small, they are usually fragmented by the house, driveway, walks, and other
hardscapes into even littler spaces. Those yard splinters won’t hold many large guilds, so we’ll need to come up with other options. Doing more in the
small spaces of any metropolitan area, urban or suburban, is one focus of this chapter.

The techniques for creating life-filled home ecosystems in urban settings are similar to what we would use in any ecological landscape, but the
strategies that guide how we assemble and organize those techniques are different. To garden ecologically in metro areas, a smart strategist will play to
the city’s strengths and mitigate the weaknesses. The great strength of any city—the reason people go there—is the social capital: the synergies and
opportunities generated by creative people working together. As I’ve noted, a major weakness, especially for gardeners, is the paucity of land.
Fortunately, if we play it right, the social resources are exactly the force needed to make up for the scarcity of land.

Here’s an example. In moving to Portland, Kiel and I traded our ten rural acres for a fifty-by-one-hundred-foot lot. My first thought was, “How am I going
to fit all my favorite fruit trees into this tiny space?” The yard was almost a blank slate: mostly grass, some bark mulch hastily installed by the seller to mask
formerly weedy spots, and a dog run. The sole trees were a sapling Japanese maple and a mature European prune plum that straddled the property line.
The plums came ripe just after we arrived. One morning I was chatting with my next-door neighbor, a retired electrician and fervent gardener named
Johnny, while we harvested plums on our respective sides of the fence. Johnny asked me if I liked figs. My strong affirmative resulted in a plastic tub
brimming with ripe Mission figs wobbling my way from his side of the fence. For the next few weeks, whenever I returned the empty basin to Johny, it
come back moments later loaded with fruit.

I had also met my neighbor Theressa, who lived across the street, and because I had a surfeit of plums, I carried a bag of them over to her. She smiled
ruefully and said, “Sorry, I don’t need plums—I’ve got a tree of my own.” Theressa then told me that I had just missed peach season, when she had been
giving fruit away. But in a few weeks, she said, her Granny Smith apples would be ready, so I should load up on those. The neighbor next door to
Theressa, a computer guy named Will, overheard us and said if I needed fruit, I should come right over and help him harvest the enormous Bartlett pear
tree in his backyard. Will got my bag of plums, and I came home with twice as many pears. My neighbors’ yards had become my orchard.

I realized that I didn’t need to plant all my favorite fruit trees. I just needed to plant the ones that were missing from the neighborhood. The next spring I
bought an Asian pear, a Hachiya persimmon, and a sweet Stella cherry to fill our community’s gaps. I added an espaliered apple grafted with four
varieties, even though there were a few apples in my neighbors’ yards, since the tree could provide storage and pie apples that we lacked, as well as
acting as a hedge. The four-way apple also taught me how to maintain an espalier. With those plantings, most of the tree niches in our yard were filled.
 
A plum tree in front of Will Hooker’s Asheville, North Carolina, yard, planted through a street-tree improvement grant. Will says that neighborhood children
love riding their bikes under the tree to grab free fruit. PHOTO BY WILL HOOKER.



Urban yards are rarely big enough to encompass more than permacultural zone 1 and a modest zone 2, the areas of intensive use. Larger zone 2 and
zone 3 functions such as orchards and woodlots usually won’t fit. But your neighbors’ yards can be your zones 2 and 3, just as your yard can be part of
theirs. Most mature fruit trees bear too heavily for any but the most fanatical fruit lovers to consume, leaving most of us with the choice of letting fruit rot or
giving it away. As Bill Mollison says, where you have fruit, you have friends. For millennia, food has been at the center of community creation and rituals of
friendship, and sharing it is one of the most natural ways for neighbors to meet and trust each other.

The sharing goes well beyond food. Resources such as mulch and firewood, normally grown in zones 3 and 4, can come from your neighborhood and
nearby parts of the city. These places are the city-dweller’s outer zones.

I was surprised to find that mulch, fertilizer, and other organic matter are more abundant and easier to come by in cities than in rural areas. To get
manure when we lived in rural Oregon, I had to drive to a stable three miles away or to a more distant chicken farm, load the manure myself, and pay the
farmer. The supply was hit-or-miss, as neighboring farmers and gardeners competed for it. Mulch was equally hard to find because anyone generating
wood chips, leaves, or clippings would simply dump it on their back forty, where no one could use it.

But in the city, I don’t even have to leave home to get organic matter—I can have vast amounts of mulch, manure, and compost materials delivered right
to my door. That’s because organic matter in a metropolis is considered waste. It is a surplus that must be disposed of. It can’t just be piled up in a tiny
yard; there would soon be no yard left. Anyone creating more than a modest amount has to pay to haul it to the dump. So a person or business that
generates organic matter is usually pleased when someone will dispose of it for free. When my neighbors and I, hearing the clash and roar of the wood
chipper, ask the tree-trimming crew if we can have this fresh mulch, the arborists smile with relief. We’ve just saved them a hundred-dollar dumping fee,
and they will gladly drop ten cubic yards of freshly chipped wood and leaves in our driveway.

We also get free manure from a rabbit-rescue nonprofit agency in town. Zoos are another source. Restaurants and grocery stores disgorge food
scraps by the cubic yard. And don’t get me started on the volume of coffee grounds in cappuccino-crazed Portland. Spent coffee is excellent compost
fodder, particularly for a worm compost bin, which is a space-saving soil technique perfect for urban houses and even apartments.

The flow of free and cheap resources of all types in the city is vast. Websites such as Craigslist and FreeCycle can apprise us of the abundance out
there in urban zones 3 and 4. Now we begin to see that in urban zones and sectors, elements and flows are dictated more by humans and commerce
than by biology and landscape, and their cycles are at least as complex and productive as those of large yards and farms.

My own introduction to the uniqueness of city zones and sectors came at a workshop I gave at the Los Angeles Ecovillage, an ecologically based
community in a neighborhood of apartment buildings, freeways, and stores in East Los Angeles, on the edge of the downtown core. After introducing the
concepts of zones and sectors to the class, I asked them to think of some specifically urban sectors. (Remember that sectors are forces and influences
coming from off the site, such as wind and sun, that affect a landscape design.) Someone immediately described the “billboard sector.” Behind the
ecovillage yard loomed an enormous billboard that faced nearby Highway 101. It cast deep shadow over the backyard for much of the day, and at night
was ablaze in a battery of sodium-vapor lamps. Because of the billboard sector, the student explained, they had been forced to garden in the front yard.

Another student piped up, “That makes me think of another sector!” She explained that when the community moved their vegetable garden to the front
yard, they had planted tomatoes along the sidewalk. But an elementary school sat across the street, and a half-dozen times a day, hundreds of children
would boil out of their classrooms and swarm past the yard. Every tomato showing the slightest blush of red was snapped up. The ecovillagers rarely got
tomatoes. “We forgot about the schoolchild sector,” the woman announced.

In response the ecovillagers evolved a clever strategy, which was to plant tomato varieties such as Green Grape, which never turns red but sports
delicious green fruit. Black Krim, which ripens to an unappealing green-purple with black stripes, was another choice, along with White Wonder, Kentucky
Yellow, and others that won’t display the iconic tomato redness. The kids remained clueless, and the tomato harvest was safe. In this way, the schoolchild
sector was deflected, just as any sector’s energy can be blocked by good design.
 
A suburban front yard in southwest Houston, Texas, designed by Kevin Topek of Permaculture Design, LLC. Plantings between sidewalk and street to
create habitat and privacy. These native and drought-adapted species need little maintenance and a minimum of water. Species in the foreground include
Mexican Turk’s cap, almond verbena, bulbine, rudbeckia, ruby grass, cassia, and thryallis. PHOTO BY KEVIN TOPEK.



Other sectors that the Los Angeles class identified were:

• The bad-smell sector, coming from the fast-food joint around the corner.
• The noise sector, primarily the nearby freeway, but also the schoolyard and street.
• The workshop sector, because holding events at the ecovillage brought many people to their site, with concomitant activity, excitement, and

disruptions.
• The crime sector, which was the alley behind their buildings, an unsafe place at night. A student pointed out that the crime sector at intervals became .

. .
• The police sector because two beat cops patrolled the alley periodically after dark.

 
Zones and sectors in an urban context. Here, the zones, instead of being defined by their distance from your doorstep, represent places reachable by
foot, bicycle, public transit, car, and plane. Sectors are the influences and forces that affect a city-dweller, such as family, community, multinational
corporations, and local businesses. REDRAWN WITH PERMISSION FROM “ADAPTING ZONES AND SECTORS FOR THE CITY” BY BART
ANDERSON, WWW.ENERGYBULLETIN.NET/12052.HTML

Viewing zones and sectors through an urban filter lets us see the influences on our landscapes, as well as our lives, in a new perspective. When Bart
Anderson, a former reporter and current coeditor of the website EnergyBulletin.net, took a permaculture design course, he was inspired to expand the
use of zones and sectors. Many of the traditional elements, such as fire sectors or zones for timber crops, didn’t apply at all to his urban life. But he



realized that the concept was a powerful tool for viewing his home and habits in the context of an entire city and social network.
Bart saw that when looking at a city person’s movements as a whole, zone 1 could define places accessible by walking. Zone 2 encompassed

destinations reached by bicycle; zone 3, by public transit; zone 4, by car; and zone 5, by plane. Sectors, in turn, became the social and economic
influences on an urbanite’s life. In Bart’s plan, sectors could be divided into family and friends, personal activities, associations such as churches and
nonprofits, community and local government, local businesses, and non-local corporations. A zone, such as the area reachable by public transit, may
intersect with a local business sector at a farmers’ market, with the community at a recycling center, and in the friend sector at a buddy’s garden. The
figure shown above shows how Bart defined the zones and sectors for his own metropolitan life.

This way of viewing zones and sectors makes explicit many of the differences between urban and nonurban landscapes. In rural life, many activities,
such as socializing, meal preparation, and relaxation, most often occur on a home owner’s property. Rural people are more likely to have orchards, large
production gardens, and firewood trees and may even homeschool their children and do maintenance such as car repair at home. In the city, much of this
occurs away from home, and so urbanites do more activities in “zones” that are not owned by them and are commonly businesses or public places
instead of private homes. Thus for urbanites, their “site” frequently expands beyond the boundaries of their property line. Just as I discovered my urban
orchard in Theressa, Johnny, and Will’s yards, I find my office is sometimes in a coffee shop, and my firewood comes from city parks. Even food
harvesting can occur away from home, as many fruit trees are on public property or are otherwise open to our use. Tools like the Internet have made these
resources even more available. One website, urbanedibles.com, is a user-created database of harvestable fruit trees and other edible species
throughout my city of Portland, with addresses and hints for making best use of the plants.

For the idea of zone and sector to be a useful tool for design and efficient resource use, in urban spaces it must encompass a different set of places
and forces than in wilder lands. The roles of large natural elements such as fire and wind lessen, while the importance of human influences such as traffic,
billboards, neighbors, authorities, and businesses enlarges.



The Edge of the City
In proper permaculture assessment style, let’s look at some influences that affect metropolitan dwellers who want to garden ecologically and find ways to
turn them into productive assets rather than destructive liabilities.

We’ve seen in Chapter 3 and elsewhere that understanding and working with edges in the permacultural sense—the boundary between two
environments—lets us create microclimates, increase yields and biodiversity, and better manage our landscapes. Viewing the urban environment from
the perspective of its edges gives us a powerful tool for adapting our gardens to these challenging places. As a general rule in metro areas, edges are
often sharp and abrupt. In contrast, natural and even rural boundaries are frequently gradual, soft, and often permeable. We can learn a great deal by
examining the different types of edges found in city landscapes. These include:
 
The sun/shade edge. Moving from sun to shade in nature, we amble from open, full daylight to speckled dappling beside a tree and finally to deep
shadows under the shroud of the canopy. We’ve traversed a gentle edge from light to relative dark, but even the shady places are bright enough for many
plants to grow. Out between the trees, and even beneath branches, we find light gaps that shift daily and by season. At some time of day or year, almost
every spot in the wild receives direct sun.

In the built environment, though, the north sides of buildings are in eternal shade, something almost never experienced in nature. In the city, we can step
with no transition from glaring white light into inky shadow. Changes in albedo, or the amount of reflected light, are extreme: A city can be a checkerboard
of reflectivity contrasts, shifting in a fraction of an inch from light-devouring black asphalt to glaring whitewashed walls. Those are serious design
challenges. And if that dark north edge is under the eaves of a house, it becomes the gardener’s nemesis: dry shade, a place where few plants can thrive.
So these edges guide our choices. We can select plants from the short list of dry-shade lovers, or perhaps this confluence of tricky sectors is telling us to
consider the spot for some function other than planting, such as storage or socializing. After all, it’s shady, which in summer heat can be a fine place for a
deck or patio, and humans, unlike plants, don’t require moist soil.
 
Moist/dry edges. Dense settlements spawn wild variations in soil moisture. Soil under a building’s eaves may stay dry all year, while inches away the
downspout might create a permanent bog. That’s a harsh habitat transition that few plant species can bridge. Moisture gradients also exist in time as well
as space. Some places dry out instantly, such as soil alongside a blacktopped driveway that’s baking in the sun. A few feet away, though, a low spot in
shade may seem to stay soggy forever.

These observations shape our planting. Once we’ve assessed the conditions, we can choose solutions from many possibilities. We could select plants
that thrive in the existing conditions, whether by finding species flexible enough to span the broad moisture gradient, or putting water-lovers in the wet soil
and xeric plants in the dry areas. We could soften the harsh edges in several ways, such as by creating better drainage in the wet spots through raising
them, incorporating sand or gravel in the soil, or creating a physical drain. In the dry places, we can increase organic matter so they’ll absorb and hold
more moisture. Another edge-blurring technique is to redirect excess water away from the wet spots and into the dry ones, using swales, berms, or other
earth contours.
 
Warm/cold edge. Urban temperature gradients can be harsh because the built environment contains impermeable objects that block wind and dense
ones that hold heat. That means shockingly abrupt changes between microclimates. The west side of a house will cook in afternoon sun, while just around
the corner, the permanent shade of the north face is cool. Dryer vents, air conditioners, car exhausts, and other machinery pump out heat in sporadic
blasts, sowing confusion among plants trying to guess what season it is. With all this heat being generated, spread about, and absorbed, the entire
metropolitan belt is usually several degrees warmer than the surrounding countryside. That heat evaporates soil moisture quickly, creates wind, and dries
the air, stressing plants.

Again our task is to temper the harshness or, if that’s impractical, find landscape elements, living or inanimate, tough enough to take the punishment. In
the sun-baked hot-spots, we can create shade; or, if sun and its accompanying warmth are rare commodities, we can capture and enhance those sunny
microclimates through U-shaped hedges, walls and rocks that store heat.
 
Soil edges. Urban soil profiles yield another puzzling hodgepodge of conditions. Let me describe our yard as an example. Most of it is rich Willamette
Valley loam, one of the finest agricultural soils in the world. But on the edges of the backyard lies orange clay mineral soil that is probably fill, from who
knows where. Two perennial collards, planted just a few feet apart in these contrasting soils, display disturbingly different characters, the one in the loam
being robust and deep green while the other, in clay, is anemic and small. In the front yard, a brown clay was used as fill, different in pH and drainage from
the backyard’s fill dirt. The parking strip contains a grayish silty soil covered with about two inches of black commercial topsoil. That’s four soil types in a
fifty-by-one-hundred-foot lot.

The pH of our urban yard varies from very acidic to roughly neutral, which I discovered when acid-loving blueberries did poorly in the backyard but were
thriving in front. I’ve also found one patch that is toxically alkaline. A little probing there revealed a deep layer of debris-filled ash, where a trash burner had
stood for perhaps decades.

The drainage on our lot is irregular. The loam holds moisture but drains well; it’s great soil. But in one strip the soil is underlain with loose pebbles,
perhaps an ancient drainage ditch, while elsewhere is a subsurface belt of tightly compacted gravel, marking an abandoned driveway. In one patch, next
to thriving vegetation, plants withered quickly after only a few days without rain. My shovel revealed that eight inches below them was a buried sidewalk.
After another archaeological exploration, a subterranean brick walkway appeared. The house was built in 1885, so time and many owners have left a
deep and varied legacy.

Let’s move on to toxics. Soils in cities often contain lead, deposited in a light dusting everywhere during the era of leaded gasoline and in concentrated
bands along the foundations of most houses built before 1960, when lead-based paints were the rule. Backyards were once the traditional place to
change oil, dump paint thinner, and generally treat as a petrochemical refuse site. All these remnant hazards may lurk beneath an innocent-looking lawn.

As cities have gentrified, neighborhoods that were formerly industrial have been converted to residential uses, and unknown poisonous residues from
manufacturing may fester in the soil beneath. Samples of groundwater downhill from cemeteries show high levels of mercury and other compounds used
in embalming. Rainwater running down road gutters could be an abundant resource for irrigation when shunted onto yards via curbcuts and bioswales, but
since it is blended with petroleum drippings, it must be cleaned up first. In colder regions, yards can be salted along the edges where road deicers have
washed onto them. Concrete itself is alkaline, thus runoff from streets, sidewalks, and foundations raises soil pH.

Urban soils in general have less organic matter and soil life than their country counterparts. High densities of people, pets, and the occasional parked
car means compacted ground, causing shallow roots in plants, with attendant poor drought tolerance and nutrient uptake, sluggish drainage, and lack of
aeration.

All this adds up to abrupt and unpredictable edges between patches of soils that are acid or alkaline, compacted or aerated, well-drained or boggy,
fast-drying or eternally damp, clay or silt or sand, toxic or safe, dead or life-filled, fertile or impoverished. No rural property is apt to offer such a diverse set



of soil conditions.
The correction for most of these soil difficulties begins with a simple assessment. I’m a big fan of urban archaeology: digging test pits a foot or two

deep at intervals, just to see what’s there. This will detect old driveways, walkways, dump sites, ash pits, and an astounding number of children’s toys from
bygone eras. Of course, holes dug in the course of planting trees will yield this information, too, but it’s preferable to make shocking discoveries such as
buried sidewalks when you don’t have a rapidly drying root ball to worry about.

You could spend a small fortune doing complete soil tests in a regular pattern around the yard, but much of what you need to know will be told simply by
checking the pH. A basic pH meter is inexpensive and comes with instructions. Or pH-testing paper from garden or aquarium supply stores will do; just
thoroughly mix soil and water in equal proportions, let the soil settle out, dip the pH paper in the water, and compare the color to the chart in the kit. Soils
that are outside a pH range of 6.5 to 7.5 can be corrected with lime (for acid soil) or gypsum (for alkaline soil).

It’s wise to test urban soils for lead and perhaps for other metals if they are known to be a problem in your neighborhood. Many city governments
provide lead test kits. In most of these cases, the cure is that old refrain: Add organic matter. Where lead levels are high, such as along house
foundations, we can use a multipronged strategy. First, have the soil tested and, if lead is present, ask an expert (often a city employee) about the relative
risk it poses. Lead is relatively immobile and won’t drift too deep into the ground. Because of that, if lead levels are high, the usual course is to remove the
top six to twelve inches of soil. Replace the soil with a healthy topsoil covered by deep mulch, totaling at least as thick as the former soil.
 
Newly installed earthworks including swales, berms, permeable pathways, French drains, and keyhole planting in this Willits, California yard. The standing
water seen in the foreground was common throughout the site before the earthworks, compost, and mulch were installed. Posts for trellising the mini-food
forest can be seen where the lawn once was. In the background is the downspout leading to the water storage under the house and to the left the
garage/guest room features trellises for vertical gardens in front of it. Design by Maximillian Meyers of the Mendocino Ecological Learning Center.
PHOTO BY MAXIMILLIAN MEYERS.

If you are still concerned about residual lead after this, options abound. One is to grow no food-producing plants in those areas. But if those spots are
some of the only places available for food production, to further clean the soil use plants that specifically accumulate lead (see Table 6-2 for a list). Also,
fungi such as oyster mushrooms (Pleurotus ostreatus) sequester heavy metals, so you can grow these in the mulch as well. Kits for growing oyster
mushrooms can be bought via the Internet or from many garden-supply stores. The mushroom spawn can then be inoculated straight into a mulch of fresh,
moist wood chips. The resulting plants and mushrooms are lead contaminated, so dispose of them as your city directs and then test the soil again.

Mushroom guru Paul Stamets has accumulated research showing that fungi are superb at pulling both metals and petroleum-based pollutants out of
soil. In his revelatory book, Mycelium Running, Paul proves that mushrooms can remove petroleum products and other toxins from soil, improve fertility,
and boost soil’s ability to hold water. Mushrooms fill a crucial and neglected niche in the urban garden. Fungi can knit together mulch and buried organic
matter into what Stamets calls “nature’s Internet,” shuttling nutrients, water, antibiotics, and other compounds from where they are abundant to where they
are needed and scarce. A further boon from mushrooms is that, once all toxic - ity is gone, many of the cleanup fungi are delicious edibles and so can be
grown for food. The powerful combination of organic matter, fungal abundance, and accumulator plants can quickly turn unhealthy city soils into clean
bastions of fertility.
 
The same view 10 months later showing the developing mini-food forest with deciduous fruit trees and guild designed to provide food, medicine, mulch,
fertility, beneficial insect and wildlife habitat, micro-climate creation, beauty, water harvesting, conservation and more. Plans include peaches, nectarines,
plums, pluots, persimmons, apples, pears, Maximilian sunflowers, artichokes, asparagus, lupines, comfrey, fennel, lovage, rudbeckia, Russian sage,
alyssum, chamomile, yarrow, leonotis, calendula, lavender, teucrium and many others. Design by Maximillian Meyers of the Mendocino Ecological
Learning Center. PHOTO BY MAXIMILLIAN MEYERS.



Most other soil-edge difficulties can likewise be solved, or at least abated, by adding organic matter, whether by compost, mulches, or cover crops.
Organic matter buffers pH problems, restores nutrient balance, lightens clay soils, helps sandy and silty soils hold moisture and nutrients, fluffs and
aerates compacted earth, and I believe it can leap tall buildings with a single bound, too.
 
Windy edges. Average wind speeds in cities are less than in the country because the skyline acts as an immense windbreak. But, paradoxically, in cities
we find more air turbulence and extremes of wind speed. That’s because the urban windbreak isn’t exactly well designed. The buildings vary enormously
in height, spacing, and bulk, which is a recipe for roiled air. One result is the so-called Venturi effect: Wind is “squeezed” and speeds up between
buildings, which creates near-permanent gales of chilly or dry air. This can cool and desiccate soil and plants. Yet around the corner from those howling,
drying gusts, wind blockage from the same building might create a hot, still microclimate.

Here, vegetation provides most of the answer. Trees and shrubs will calm the air in turbulent zones and offer shade in sun-seared microclimates. Where
the Venturi effect has created near-permanent blustery spots, thick rows of evergreens may be necessary to soften the winds. But most everywhere else,
shrubs and small trees separated by gaps roughly the width of their mature-growth canopies will ease those turbulent winds.

Edges of all kinds in cities, then, are extreme: abrupt, highly contrasting, and often spanning a wider range of conditions than in less built-up places.
Much of the work of ecological design in cities is to soften the harshness of these sharp edges.

Small Space, Big City
So many souls competing for space in cities has jolted urban land prices into the stratosphere, thus yards—for those lucky enough to have one—are
small. Simply acquiring enough land for a garden is a challenge for many urbanites. The fact that land is so precious in cities suggests two broad
strategies for gardeners, and each offers many options. One approach is to make the most efficient use of the land available through space-saving
garden techniques. The second is to find more land to garden on. We’ll explore both.

Making the Most of Space

Lack of space isn’t a new problem for gardeners; thus, many garden writers and thinkers have cogitated on the question of getting more from less.
Strategies for growing in a small space abound. A permacultural assessment of these strategies leads us down two possible design paths. Our choices
are to make better use of the space, and/or to get more from the time available. Thinking in terms of space, we have techniques to pack more plants into
a horizontal area and ways to stack more in vertical space. But how can we expand our options in time? Well, for one thing, we can extend the growing
season by protecting our plants from extremes of cold and heat, and we can choose plants that are able to tolerate the less hospitable ends of the
growing season. We can also devise ways to make the most efficient use of our own time. In combination, these diverse strategies yield options galore.
Here are some of them.



Horizontal Packing Techniques

1. Keyhole beds. In Chapter 3 and elsewhere I have described this space-saving garden-bed pattern. It’s perfect for urban yards since it minimizes
path area and maximizes growing space. One strategy is to use this single shape to hold groups of plants with similar functions. One keyhole bed
could be dedicated to herbs and salad greens, another to production vegetables such as canning crops, another to berries and perennial food
plants. Or, for the polyculturally inclined, all those types of plants, along with insect-attracting flowers as well as soil-building mulch and nutrient-
producing species, could be combined in one or more beds. To give order to such a complex polyculture, place the plants used most often, such as
greens and herbs, nearest the path and less frequently harvested varieties, such as beans, onions, peppers, and storage crops, farther back. Soil-
building, insectary, and habitat plants can go along the outer edges or in margins between beds.

2 . Interplants and polycultures. Chapter 8 described interplanting, a technique for combining in one place several plant species that physically fit
together well. One example of a space-efficient annual vegetable interplant is carrots, onions, and lettuce. Another is bush beans and lettuce.
Radishes and young salad greens can be tucked in among other plants to boost yield and fill bare spots. An out-of-print book by Marjorie Hunt,
High-Yield Gardening, lists many more interplanting strategies.

The dense polycultures developed by Ianto Evans and by Jajarkot Permaculture, also described in Chapter 8, are ideal for small gardens. My
urban yard contains perennial polycultures of sea kale and bush collards underplanted with a groundcover of strawberries and Nepalese
raspberries, with chives, parsley, and garden sorrel in the openings. Self-seeded arugula and chard have packed into any remaining bare patches,
and these I harvest young, while the leaves are tender and mild.

3. . Square-foot gardens. Mel Bartholomew’s popular book, Square Foot Gardening, offers a high-density approach ideal for urban yards, even those
limited to balconies and rooftop gardens. However, his recommended soil mix uses vermiculite and peat moss—two ingredients that are very fossil-
fuel intensive—and he focuses on annuals. I’ve altered his method in my own yard to reduce the oil-gobbling inputs by using well-prepared native soil
and homemade compost, and my beds contain many perennial greens and vegetables. The essence of his technique—dividing a raised bed into
individual one-square-foot compartments and planting each separately—is an efficient approach to intensive garden management that may appeal
to slightly compulsive urbanites with a penchant for organization.

My experimental urban variants on Mel’s square-foot beds show great promise in the yard’s zone 1. The high yields are matched by fairly high
inputs (wood for the bed walls, lots of compost, and the optional vermiculite and peat moss), so I have reservations about the relatively large
ecological footprint of this method. But organic matter and used lumber are easy to procure in many cities, and as long as that is true, using often-
wasted resources assuages my guilt over this high-input method. Square-foot gardening really cranks out the crops in a tiny space.

4. . Biointensive gardening. Evolving far beyond its origins in the intensive techniques developed for Paris market gardens, this method is covered in
detail in John Jeavons’s practical book, How to Grow More Vegetables . It relies on deep double-digging and regular infusions of compost to create
loose, rich soil and boasts extremely high yields. John and his team are fanatical about data and have compiled numbers for planting densities,
seed requirements, yield per square foot, and much more. For those with the energy to turn large volumes of soil, it’s a useful zone 1 technique,
where intensive management is the rule. Jeavons recommends double-digging all beds each time a crop is planted, but I know many, including
myself, who have relaxed into engaging in this strenuous task only once every few years or when yields seem to decline. Besides, if beds contain
perennials, double-digging is nearly impossible. Instead, after an initial double-dig when I first prepare the bed, in subsequent seasons I surface-
cultivate compost and other amendments into the soil.

Unlike most authors of books on high-density techniques, John carefully accounts for inputs. He calculates how much of a garden should be dedicated
to crops for compost because a true accounting of yield must include land needed to provide fertilizer for the plants. John has found that the necessary
compost crops take up three or four times as much land as the production beds. This finding reveals the heavy ecological impact of high-density
vegetable gardening. This isn’t to say you must grow all your own compost plants, only that these resources are part of any garden’s ecological footprint.
Somewhere, land is being used to produce your fertilizer, and the people doing that may not share your high ecological standards. However, an
alternative for urbanites to sacrificing precious yard space for compost crops is to harvest the urban waste streams. As mentioned, in urban areas
organic matter is often surplus, so diverting landfill-bound compostables toward a productive yard pares down your garden’s impact while shrinking
landfills and the energy they use.

Jeavons’s biointensive method specifically includes fruit trees, berry bushes, flowers, and compost crops; thus the technique has already been
designed for a broad palette of perennial and annual plants that serve many functions. It fits well in urban permaculture strategies.

Any of these four approaches to high-density gardening, or a mixture of them, can bring productivity and biodiversity to an ecological gardener’s
landscape. Their focus on big yields in small spaces makes them ideal for city yards.



Vertical Stacking Techniques

I’ve mentioned how extending plants into the third dimension opens up new niches and possibilities for more diversity and complexity, richer food webs,
and beauty. Natural ecosystems are almost always densely stacked and layered. By mimicking this quality of the wild landscape, we can make our yards
behave more like nature while making the best use of our limited land. Techniques for doing this include the following.
 
The stacked food forest. Chapter 10 described ways to arrange up to seven tiers of plants in vertical space: tall and small trees, shrubs, herbs, ground
covers, root crops, and vines. Paul Stamets, the fungi expert mentioned earlier, exhorts us to interweave an eighth layer, edible mushrooms. With seven or
eight densely stacked, food-producing, habitat-offering, fertility-enhancing, and otherwise multifunctioning layers, we would be hard-pressed to come up
with a more vertically efficient way of creating an ecological garden. In smaller urban yards, the tall-tree layer may need to be omitted or scaled down to a
more modest size, using a semidwarf or naturally small fruit tree. This, in turn, will shrink the small-tree layer; but, fortunately, recent breeding work has
expanded the array of semidwarf, dwarf, and minidwarf trees available, so there is much to choose from.

Trees such as pears and plums, formerly only available in larger sizes, now exist in petite proportions. Quince rootstocks have long been used to dwarf
pear trees but are known for their frequent graft failures because the two species are not always compatible. Now, a series of true dwarf pear rootstocks
have come to market, including Pyrodwarf, Pyro 2-33, and BP1. For plums and other stone fruit, Pixy, Krymsk #1, and Mariana 26-24 are a few of many
dwarfing rootstocks. Since dwarf apple varieties abound, and most other fruit trees, such as persimmons, Asian pears, peaches, and apricots are
naturally small, we have a near-complete selection of diminutive fruit trees for the urban garden. Nut trees are more challenging because most of them are
towering. Walnuts and pecans that are both small and bear tasty nuts aren’t widely available. A pecan/hickory cross called a hican is both smaller (to
twenty-five feet) and more cold-tolerant (to USDA Zone 4) than the pecan itself. Filberts, or hazelnuts, form a large bush that can be pruned to a treelike
shape, and variants of the hazelnut, called trazels, tree hazels, hazelberts, and filazels, also develop into diminutive trees. Pine nuts can be had via the
Siberian dwarf pine, which reaches only ten feet in height. Thus our selection of city-scaled food-producing trees is wide enough to give us room to
experiment.
 
Urban guilds. Guilds in cities, too, will often need to be based around smaller central elements. Again, a dwarf tree is a natural here, but using a shrub or
large herbaceous plant as a guild focus is another way to shrink a spatial footprint while preserving vertical density. The Three (or four or five) Sisters offer
one inspiration. This combination stacks a central grain crop, a climbing nitrogen-fixing bean, a weed-smothering squash, and possibly some insect-
attracting food-producers into a space-conserving pattern that is further tied together by the multiple interactions among its member species.

Urban guilds often contain fewer species than their more expansive large-yard counterparts. In my Portland yard I’ve experimented with two small-tree
guilds. One holds a persimmon tree, which, when planted, had a nitrogen-fixing bladder senna inserted into the same hole. I trim down the vigorous N-fixer
two or three times a season, and the persimmon appears to be thriving on the regular shots of nitrogen, and mulch from the feathery branches, that this
clipping yields. The persimmon is in a tight nook against a fence and beside a small sauna, so there is little room for much else. But I’ve packed a few
dozen daffodil bulbs around the trunk and ringed the small space with edible daylilies and a perennial onion relative called ramps (Allium tricoccum). The
guild could hold a bit more, once the sauna construction is over, and I will inject a few insectary plants and some perennial greens into the openings.

The second guild is based on a peach tree. Beneath the peach is a goumi, mentioned in Chapter 6 as a nitrogen-fixing shrub with edible berries. Also
tucked under the peach are a honeysuckle bush, sea kale with its edible greens and shoots, a couple of purple-flowered Veronica spicata (speedwell)
plants to attract insects, and a ground cover of Himalayan raspberry. I’ve pruned the peach to an open form to allow plenty of light to reach the plants
beneath.
 
Espalier, cordon, and related pruning techniques. Fruit trees in small spaces have long been pruned into forms such as espalier, where branches
are grown horizontally in a single, flat plane; cordon, in which a single stem is planted at a 45- to 60-degree angle and pruned down to short side shoots
or fruiting spurs; and fan training, for vigorous trees such as peaches and plums, where branches are made to radiate in a fan shape from a short trunk.
Sensitive but ironic New Age types sometimes call these severe pruning techniques “hortitorture.” Yet they are ideal for jamming an immense amount of
fruit production of many varieties into a tiny space. My four-variety espaliered apple also doubles as a barrier to persuade our dog to stay out of a raised
bed. Under the espalier I have tucked small greens and herbs. Lettuces and other cool-season greens enjoy the shade of the apple in the heat of summer.
Espalier and related methods require frequent pruning and attention to preserve the form, but they reward this labor with vast productivity. The regular
management and observation needed is not difficult when the trees are in a small yard’s zone 1.
 
Trellises and other stacking tactics. Arbors, trellises, fences, walls, hanging planters, stakes, tepee frames, suspended netting, tree trunks, and almost
any other vertical surface can be used to train plants upward (or downward), conserving space. Obviously, any vining perennial such as grape, jasmine,
wisteria, or kiwi, as well as annuals like beans and peas, should be boosted into the air to take up less room. But I see a surprising number of other plants
sprawled across expanses of precious earth when they could be stacked skyward. Winter squash, melons, and cucumbers are often left to ramble, yet
their natural habit is to climb. For these, some people fashion slings from netting and old pantyhose to hold the fruits, believing squashes and such will
break off if left hanging unaided. I stopped making slings after a Hubbard squash ran a furtive tendril up a lilac bush and, before I noticed it, had dangled
an unsupported 30-pound squash from a straining branch. I concluded that nature could build tough enough hangers without my help, and since then our
melons, cucumbers, and squash have hung on their own successfully.

Less obviously vining plants can also be coaxed into the vertical dimension. Indeterminate tomatoes can be trained to grow up a single string if side
shoots are religiously trimmed. I’ve seen zucchini, normally a floppy bush, carefully taught to climb. The key to maintaining climbers is to locate them
where they are noticeable, in zone 1 or inner zone 2, and spend a moment every few days in gentle training, instead of launching a panicked prune-a-thon
once a month, after the plant form is established wrongly.
 
Examples of high-density pruning technique for small yards, which allow multiple varieties of fruit tree to fit into tight spaces or against walls and fences.



Almost any garden site can be stacked. Rounded spaces such as keyhole beds can be edged with a flexible trellis made from concrete reinforcement
panels or stiff wire mesh. Rectangular raised beds can receive trellises along their northern edges, where they won’t shade other plants. Tepee frames
can be set over small mounds and odd spots. And poles can be tucked anywhere.
 
Dwarf apple trees grown in a variation of espalier called a Belgian fence, in the Asheville, North Carolina, yard of Will Hooker, a professor of landscape
design at North Carolina State University. This high-density technique allows several varieties of fruit trees to produce an enormous amount of fruit in a
tiny space. PHOTO BY WILL HOOKER.



Stacking tactics can themselves be stacked, such as suspending plant baskets from the edges of an arbor, or directing snow peas, mashua, or another
short vine up a fence while a grape is trained horizontally onto supports along the top of the fence. Ideally the under-crop will leaf out before the late-
budding grape casts its shade, just the way, in a forest, the understory and herb layer green up before the canopy does.

Most of these vertical aids serve other functions as well. A leafy arbor or trellis casts cool shade on hot days. Our west-facing deck would otherwise be
uninhabitable on summer afternoons, but an overhead wisteria blocks the sun until midafternoon. When the sun drops lower, beans and squashes
climbing the deck railing and a trellis above it protect us from the slanting but still fierce rays. This plane of annual vines also forms a perfect privacy
screen, turning the deck into an intimate room with living walls and roof. How many functions can we create by stacking plants into the vertical? Shade,
cooling, privacy, higher and more varied yields, habitat, visual interest, screening of ugly views, pet barriers, windbreak—and I’m sure I’ve missed a few.

Expanding Gardens in Time
To make better use of limited garden space in cities, we need to make the best use of the time for growing. Adding a few weeks to either end of the
garden-friendly season and growing more in the allotted season gives us the same benefits as having more room: larger harvests, more biodiversity,
richer habitat, and so on. Strategies for making better use of time fall into two categories. The first comprises time- and labor-saving tricks, and the
second covers ways to create microclimates that lengthen the growing season or let us grow plants from outside our climate regime.

Saving Time in the Garden

Much of this book, and permaculture itself, is really about making efficient use of time and labor. That’s one way to think about many of the design
techniques covered in these pages. The permaculture concept of zones tells us how to arrange the plants, hardscapes, and other elements in our design
in relationships that let us spend the least time and effort caring for them. What we use most or needs our closest attention goes nearest us, which
conserves effort.

Using sectors in the permacultural sense likewise saves time by creating conditions, such as shade or still air, that shrink our need to be watering or
waiting for that deck to cool off so we can relax. And the strategy of matching needs to yields places the pieces of a landscape in relationships to provide
more for themselves. We don’t have to fertilize, spray, mulch, or water if these tasks are being done automatically through good design. Guilds, too, save
time in the same way, by tying together plants that serve each other. A review of the strategies and techniques in this book reveals that nearly all, at heart,
are ways of giving us less weeding time and more hammock time. So I won’t expend more verbiage on time-saving techniques here—they fill most of this
book already.



Expanding Time with Microclimates

We can also coax time to stretch by expanding the length of the growing season. This also broadens the palette of plants we can raise by letting us grow
species usually found in warmer or cooler climes than ours. Both of these enlargements are achieved by creating the right microclimates for our plants.
Microclimate management also offers some side benefits because the conditions that most plants prefer boil down to “not too hot, or cold, or wet, or dry,”
and these are the conditions that we like, too. Plus, benign microclimates can lessen our need to heat or cool our homes and can otherwise protect them
from harsh weather.

The what and how of microclimates were covered in Chapter 6, so here we’ll dive into the topic in specifically urban ways. Because urban lots are so
small, often our efforts can improve the climate of the entire yard—the “macromicroclimate,” if you will. In hot parts of the country, that means creating
cooler conditions over much of the yard. In northern regions, we’ll want a landscape that warms up sooner in spring and preserves heat into the late fall
and beyond. In places with wild seasonal swings, such as the high desert, our challenge is to cool off the summer highs without exacerbating the bitter
winter lows. In other words, microclimate management is about creating the Goldilocks effect: not too much of anything—just right.

We create that happy medium by shaving off the city’s extremes. In small urban spaces, one seemingly modest area that generates a harsh effect can
push the entire site into unpleasantness. A baking south-facing wall, asphalt driveway, or shaded and breezy corner can bleed its effect over tens of feet
—too much for us and our plants to escape when the backyard itself spans no farther. Those are the places to tackle first. Once the swings in these high-
impact spots are damped down, we can identify and enhance smaller climate zones and even aid individual plants. Thus, begin by observing. Perhaps
the extreme places in the yard are already obvious, such as that immense black driveway that cooks the plants on either side in summer. If you don’t know
where your yard’s extreme climates are, walk around on a day when conditions are leaning toward, but not fully at, the ones you hope to avoid. In other
words, where heat is the enemy, walk around and find the unpleasantly toasty spots on a warm sunny day, but not on the hottest day of the year when the
heat is so miserable you can’t sense where hotter places are. Where cold is the problem, a morning after a light frost is ideal for finding the trouble spots.
See where frost remains the longest as the day warms up. Those are potential chill zones that you’ll want to modify.

Creating Warm Microclimates

Where the cold season is long or harsh, catching and storing heat in the small yard is crucial. Doing this begins by remembering that, in microclimates,
heat moves around in two principal ways: by radiating from a warm place to a cooler one and by air mixing. So, to warm up a yard, we want to catch heat
when it’s coming in, keep it from radiating out, and stop breezes from carrying it away.

Usually, heat arrives from the sun. Thus creating sunny openings, permanent or seasonal, is where we begin. Observe where shade falls in the yard and
how it changes over the year. High pruning, pruning to an open shape, and trimming back of trees will let in more light. Another strategy is to favor
deciduous plants with seasonally bare branches that allow winter sun to warm cold ground. This doesn’t mean we need to eliminate evergreens, but they
should be placed where their chilling via shade won’t be a problem, such as on the north side of a yard. (They may then shade your northern neighbor’s
yard or house, which is something else to consider.)

Now we need to store the sunlight we’ve allowed in. Note that, even under trees, sun reaches the east, south, and west sides at some time of day or
year. Sun-loving plants can be located in these places, and they will often be warmer than if they are in the open. That’s because plants, and the ground
around them, catch the sun’s heat during the day but radiate it back out at night. Under branches and leaves, this heat can’t escape as quickly as in the
open, will be reflected back down or absorbed by the tree, and then will radiate out again to warm what is near it. The south and west sides of any object
will usually get warmer than the east side, so those are the best places for storing heat.

Once the sunny spots are created or enhanced, we need to catch and store that heat. Here the answer is thermal mass, that is, dense objects such as
rock and concrete that don’t cool quickly once warm. We’ve all noticed that after a sunny day, a brick or stone wall stays warm into the evening longer than
a light metal railing. That’s because the wall, being more dense, can store more heat. Thus rock terraces and walls in sunny spots are a great way to
create warm microclimates, by storing up the day’s heat and slowly releasing it at night. In cities, we can build terraces from broken concrete, known to
natural builders, because it is the city’s most abundant rock type, as “urbanite.” Urbanite, when arranged in evenly thick chunks and smothered by plants,
is almost indistinguishable from rock, and it can be stained with iron oxide or other natural pigments to further disguise its origin. Many design clients,
skeptical that urbanite can ever be made attractive, have quickly seen that, when installed neatly, it becomes a natural part of even a formal landscape.

Having captured and stored radiant heat with thermal mass, we can tackle the other factor in microclimate creation: air mixing. A greenhouse warms up
because sunlight’s energy is converted to heat inside the structure, but it stays warm because there is no breeze to carry off that heat. So, to warm a cool
place, we want to slow or stop the wind from stealing our heat. Large-scale strategies for doing this include fences and walls, dense plantings of trees and
shrubs, enclosed courtyards and gardens, and, in general, fashioning cozy, enfolding spaces that let in light but not wind. On a smaller scale, we can use
cold frames, cloches (small enclosures of glass or transparent plastic), and spun row covers known by trade names such as Reemay.

Again, this kind of intensive management, potentially overwhelming in a large lot, is very feasible in the intimacy of an urban yard. For details on
building heat-trapping devices both large and small, as well as a clear explanation of strategies for gardening well into the cold seasons, I recommend
Eliot Coleman’s book, Four-Season Harvest. Coleman lives in Maine yet grows vegetables year-round. For techies and tinkerers, another fine book on
sun-capturing techniques and structures is Solar Gardening by Leandre and Gretchen Poisson. The Poissons have delved deep into what they call “solar
architecture,” inventing a set of sun-trapping devices such as solar cones and solar pods that push the growing season through frost and beyond.



Creating Cool Microclimates

If catching and holding heat is the strategy for nurturing warm microclimates, in hot regions we want to do precisely the opposite. Here we avoid letting
warmth build up, use air mixing to carry it off, and treasure and enhance cool places and times. In hot climates, shade and breezes are your friends.
Arbors, roof overhangs, and the canopies of large trees and shrubs should cover as much ground as is practical. South of roughly 40 degrees latitude,
summer sun is intense enough to super-saturate plants’ ability to photosynthesize. The green engines of vegetation can only whirl so fast, and this limit is
quickly reached by the power of strong sunlight, so in low latitudes, most plants can be fully productive in partial shade.
 
In this design for a Portland, Oregon, garden, designer Leonard Barrett of Barrett Ecological Services oriented paths to radiate outward from the front
door, creating a sense of expansiveness and possiblity and allowing efficient movement between the kitchen garden and the house. REDRAWN BY
KRISTA LIPE.

Fences and privacy screens may be necessary in city lots, but in hot climates, make them permeable rather than solid so wind can flow through them.
Avoid dense materials like stone and dark-colored objects, unless they are in shade during much of the day. At high altitudes and other places where
nights are much cooler than days, large massy objects such as rocks, masonry walls, and even tree trunks—which are mostly water—will chill down at
night and keep the surrounding area much more comfortable during the day as long as they are kept in shade. Structures in sun should be thin and light
—boards or thin metal rather than rocks, say, for edging beds or for fences—so they will lose their heat quickly when the sun is gone.



Finding Your Urban Garden
We’ve explored ways to grow more in the small spaces available in cities, but what can we do for apartment dwellers, renters, and others who have no
land at all? Once again, knowing that the most abundant resource in the city is people and that our outer zones are not necessarily on our own land, we
can find some answers. Land that is ripe for gardening turns out to be surprisingly available in many cities, especially outside of the downtown core. The
first place that many landless urbanites look is often the community garden program. These are usually run by the municipal parks department and can be
found by contacting them. If your city doesn’t have a community garden program, why not suggest starting one? Be forewarned, though, that the small
plots in these great programs often have long waiting lists, so a bit more cunning may be necessary to scare up arable urban soil.

To find garden space in cities, a good permaculturist starts with assessing resources. Who owns land in cities? Schools, churches, senior residences,
and community centers increasingly offer garden programs that are in search of gardeners and mentors. Enterprises such as the Edible Schoolyard and
Farm-to-Cafeteria projects have cropped up in many cities, and blueprints for establishing them in your city can be found at websites such as
www.edibleschoolyard.org.

Vacant lots and margins of commercial property can be gardened. My neighbors and I raised vegetables and berries at an empty lot down the street
—with the owner’s permission—until it was sold to a developer.

I’ve known of a few guerrilla gardens, too, established on vacant property or park edges without consent. The risks here are obvious. Some of the more
anarchical garden fanatics I know have installed guerrilla gardens in empty lots or unused commercial property or parks and then walked away from them,
partly in hopes that neighbors or local homeless people would adopt them, but partly from a “stick it to the Man” attitude, simply enjoying the knowledge
that they have gotten away with something. Virtually all of these gardens that I know of have vanished. Just building a guerrilla garden and leaving it to
unknown others to take over rarely works. It takes people to keep a garden.

Many property owners, especially older and retired people, unable to garden as easily as they once did, often respond happily to offers to garden in
their yards, especially when the request is sweetened with the offer to share the produce. As proof that there are many homeowners willing to share their
gardens, urban farms based in multiple lots are springing up in many cities. Near me, an enterprising urban farmer named Kollibri Sonnenblume raises
vegetables for market in plots spread over twenty different yards across southeast Portland. Much of his travel among these plots is on a bicycle, and he
hauls produce and supplies in a bike trailer. If Kollibri can find twenty households willing to open their yards to other gardeners, that points to an abundant
resource and generous people.

Farmers’ markets have sprung up by the thousands in many cities, and often this produce is grown locally. Talk to some of the farmers at these markets.
Many of them—who are often large-scale gardeners rather than full-fledged farmers—tend small plots of land nearby and may be willing to share a bit of
one in exchange for help with farm or market chores.

Rooftops are increasingly sprouting gardens, both because land is expensive and because covering the dark, heat-absorbing surfaces of urban roofs
helps cool our cities and reduce stormwater runoff. Cities from Boston to San Diego are stacking functions via gardens on the flat roofs of schools,
offices, warehouses, and apartment buildings. Often these require light soil mixes using vermiculite or perlite to minimize weight, but, to my mind, the
benefits of cooling, carbon sequesteration, and local food production offset these high-energy inputs.

A few progressive businesses are creating employee gardens on company property, converting those sterile expanses of immaculate office-park
grass to more useful food, flowers, and habitat. Perhaps your employer is willing to join these visionaries. I look forward to the day when businesses,
eschewing the wasteful, life-denying grass that often surrounds offices, point proudly to the carbon-sequestering, water-purifying, habitat-rich food forests
thriving on their grounds.

As city governments and citizens begin to feel the pinch of high energy prices, they are increasingly aware that food often comes from thousands of
miles away. A far-off food supply is a tenuous one, and this realization has spurred many cities, from my own Portland to Rochester, New York; to Santa
Cruz, California; and to countless cities in between to establish food-policy councils and other efforts to develop a secure, local foodshed. These groups
are quickly creating a farm- and garden-friendly environment for urbanites. Local laws are toppling that once made urban food growing difficult, such as
prohibiting certain plants—often vegetables—from the front yard. Some cities have begun inventorying land that could be used for food growing, and this,
too, will expand the real estate available for gardening. So think creatively about urban land: almost any space not covered by pavement and buildings is
potentially a garden spot, if the owner can be shown the benefits—for them, for the city, the planet, and you—of life- and food-giving plantings.



Roadside Attractions: The Parking Strip

One oft-overlooked bit of potential garden space in cities is the parking strip, also known as the right-of-way or, indicative of its landscape challenges, the
hell strip. Not only is it the most distant piece of ground from where we usually hang out in the backyard, it is across the sidewalk, making it difficult to
plumb with irrigation lines, and it’s not a pleasant place to be, near the street’s traffic and under the view of every house on the block. It’s also not really
under the homeowner’s control: Although the homeowner must maintain it, it’s usually encumbered with a file-full of easements to the power utility, the
phone and cable companies, and the city, often with restrictions on what can be planted there. Plus, it’s the public right-of-way. Any citizen has the right to
freely pass across this strip of ground, for access to parked cars, for relieving dogs, and for anything else on the legal side of loitering and vandalism. Yet
at current land prices and scarcity, it’s a shame not to use it to the fullest.

To pull the parking strip into the home ecosystem, start by learning what your city will allow there and how those ordinances are enforced. My own
decidedly unscientific survey of several cities suggests that the most common restrictions are on tree size beneath power lines. Fortunately, many useful
trees are small. Another common rule prohibits fruit trees along streets since the fruit may drop on cars. (How rich we must be to value automobiles more
than food!) And some cities insist that any plants other than trees and shrubs must be shorter than one foot, to allow easy access to cars. However, every
official I spoke to, when pressed, said that these rules were almost never enforced, even after complaints. Cities simply lack the resources to pester
residents about their plantings unless they are creating a fire hazard or reducing property—and thus tax—values. Thus, without encouraging anyone to
violate local ordinances, I think there is leeway in streetside planting possibilities.

Soil on hell strips is often badly compacted. A first step is to fluff it up by adding compost and mulch. Grass can be quickly eliminated via sheet mulch,
although the long edges along sidewalk and curb need to be done carefully so that underlying cardboard or newspaper doesn’t protrude, which is both
unsightly—we want to stay friends with neighbors here—and slows decomposition.

The parking strips in locales with ample rainfall are often soggy because the rain captured by the sidewalk usually runs onto it, doubling or tripling the
water load. Applying a deep mulch or otherwise raising soil levels to shed water helps here. Raised beds on the parking strip will also help direct foot
traffic away from planted areas. We can’t stop passers-by from trampling the public right-of-way, but we can guide their feet to safe places via soil
contouring, paths, and hardscapes such as flag-stones and brick. Excess water can also be deliberately guided to swales and shallow depressions lined
with water-loving plants.

In arid regions, we go down rather than up: A sunken parking strip will hold precious rain and can harvest runoff from the sidewalk, so here we want to
dig basins and swales. These depressions don’t have to be caverns, just an inch or two below sidewalk level. These can be mulched, too.

With broad-scale soil preparation taken care of, we can consider plantings. Parking strips in cities are dosed with pollution from car exhaust, runoff
water from dirty pavement, and dog feces, which raises questions about how safe it is to grow food there. Studies suggest that plants on less busy
streets, those with fewer than 1,000 cars per day (about one per minute during the daytime) don’t accumulate worrisome levels of pollutants from cars.
Some authorities put the limit at 2,500 cars per day. My own preference is not to grow food on the parking strip, but then, I have the rest of my yard for that.
If it’s the only place you have for growing food, and you don’t live on a busy street, go for it. But there are many other useful roles the parking strip can play:
a place for bird and beneficial-insect habitat, carbon sequestering, soil building, and ornamental plants.

The hell strip lends itself to small guilds. A shrub or small tree accompanied by a few smaller insectary, nutrient-accumulating, and other functional plants
will need little care once established. Envision the magic of a street edged with guilds of bird-habitat plants, or scented herbs and flowers. Parking strip
enhancements can attract another important species, too: people. On rights-of-way from Seattle to Tucson and Atlanta, I’ve seen benches installed on
once-sterile strips, encouraging passers-by to tarry a bit and chat with their neighbors. In this way, empty neighborhoods of strangers who never see each
other become welcoming communities of friends again.
 
This Houston, Texas, parking strip eliminates resource-guzzling grass and instead harvests valuable rainwater, which relieves overtaxed storm drains and
grows carbon-sequestering plants that also offer beauty and habitat for birds and insects. The design is by Kevin Topek of Permaculture Design, LLC.
PHOTO BY KEVIN TOPEK.



In designing for the parking strip, keep proportion in mind. On narrow parking strips, or those overhung by power lines, trees must be small to avoid
eventually buckling sidewalks or inciting the electric company to cut them down. There is, however, one big incentive for planting the largest practical trees
on parking strips: They raise property values. A California realtor’s association estimates that a mature street tree adds $6,500 to the sale price of a
house. The most appealing, and expensive, neighborhoods in any city are those with tree-lined streets. Cutting street trees takes money out of your
pocket.

I invite you to think of plantings in the city as creating the urban forest. What kind of city forest do we want? Too often, street plantings are chosen for
what they won’t do: not crack pavement, not reach power lines, not choke on pollution, not drop messy fruit. Instead, we can envision positive roles for our
city’s forest and design it not for what it won’t do but for how it can serve our needs and nature’s. The forest created by street-side trees can cool the air;
regulate humidity; shelter birds, bats, and helpful insects; reduce heating and cooling bills; feed the poor; provide income for homeless through harvesting,
compost-making, craft materials, and wood gathering; preserve biodiversity and endangered species; quiet the bustle of the city; offer food and
enjoyment to passersby; and create neighborhood cohesion by giving us beauty, comfort, and a lovely place to be with one another. City forests, often an
unproductive by-product of random plantings, can be designed to serve many needs, instead of being simply accreted.



Urban Animals: Domestic, Wild, and Feral
Most of the techniques and suggestions in Chapter 7 for involving birds, insects, and other useful animals in the landscape apply to urban yards as well.
One difference is that, in cities, there are fewer problems with large animals and more with small ones. Rat-proof compost bins are needed, but eight-foot
deer fences aren’t. However, most of the animals that enhance the quarter-acre and larger lot can also be attracted to or raised in a small city yard. Even
apartment dwellers can have worm bins and bird feeders.

Tying cities back into natural ecosystems is important, and creating habitat for birds and insects is one of the best ways to do this. These small
creatures weave connections among individual species, plant communities, and whole ecosystems by transporting seeds, pollen, and nutrients. Their
presence makes those flows possible and is also an indicator of the health of any environment. Plantings of multifunctional species that proffer habitat for
animals can prevent cities from becoming ecological deserts and barriers between biomes. If, one yard at a time, we refashion our cities and suburbs to
be forests and greenscapes, they can tie together wild areas and serve as corridors for species that migrate or have large ranges. A yard planted to
animal-friendly species, whether natives or exotics, becomes an important link among natural communities. To dispel the grayness that can creep into
urban life, there are few sights better than that of a bright-winged butterfly or colorful songbird.

Cities are also becoming friendly again to small livestock and poultry. Many towns have dropped their prohibitions of poultry in urban yards. The revised
ordinances usually exclude roosters and limit hens to three or four. However, I’ve known many city chicken raisers who began with the legal number of
birds, got their neighbors addicted to the taste and farm-bright color of fresh eggs, and quickly increased the size of their flocks to meet local demand.
Ordinances covering chickens are usually complaint-driven (we rarely see black helicopters in search of too-full henhouses), and when neighbors are
happily breakfasting on your chickens’ offerings, they won’t gripe. But even three hens will provide a dozen or more eggs per week during warmer
months, enough for a family.

Rabbits are another natural for city yards. Urban permaculturist Connie van Dyke raises rabbits for meat in her backyard, and she offers instruction to
those who want to take responsibility for their carnivory in this way. This gentle woman has shocked more than a few people when they learn that she
butchers her bunnies, but Connie is honestly addressing one of the most challenging problems for the urbanite wishing to become less dependent on
shipped-in food: How do you obtain protein? For those reluctant to pick up the knife themselves, rabbits have many other uses besides meat. The
sheared or naturally shed fur of breeds such as Angoras makes soft and supple fiber for weaving and spinning. Plus, all rabbits trim grass and weeds and
produce a manure that is high in nutrients but less liable to burn plants than chicken droppings. And the urban livestock spectrum can expand beyond
poultry and bunnies: Some cities allow pygmy goats and pot-bellied pigs as well.

How can we integrate pets into urban permaculture? In the confined space of a small yard, a dog becomes a significant force. When we lived on rural
acreage, our dog had plenty of room to roam and rarely bothered our plantings. But in our small city lot, Bella can wreak havoc. Some of my first plantings
were along the fence—I was getting my edges under control—but I soon found that Bella took her watchdog duties seriously. She patrolled the yard
perimeter relentlessly, pounding young seedlings and baby shrubs into green mush and splinters. In places I have pulled back from the fence, leaving a
narrow path for her reconnoiters. In others my strategy was to buy large plants or put up temporary barriers of bamboo or stakes. These latter are only
marginally effective, as a large dog excited by a squirrel or passing rival will barrel through flimsy stakes. In dog-occupied yards, some edges must simply
be designated sacrifice zones, or they’ll be sources of eternal frustration for the pet owner.

As with any design element, understanding the habits of your dog will help solve the problems. Different breeds have varying characters. Ours is a
digger and the neighborhood cop, but she’s not a ball or Frisbee chaser. I’ve dedicated a small patch of soil as a digging spot, and to redirect her when
she’s in hot pursuit I’ve used raised beds with wooden sides and low railings for annual vegetables and moved some of my garden to the front, outside of
the fenced backyard.

Cats, too, can be a challenge in multifunctional landscapes. To have joyfully created some enticing bird habitat and then see a cat convert it into a
private killing ground brings on both horror and guilt. In some cases it comes down to a stark choice between having either birds or outdoor cats, but often
it’s neighboring cats that are the problem. Frequently, the solution to an animal problem is another, competing animal. Our dog will tolerate only our own
mostly indoor cats in our yard, so the neighbors’ cats give our yard a wide berth. But not everyone wants to own a dog. I know a few people who have
meticulously cat-proofed their fencing, which is tedious but effective. Commercial cat repellents are moderately useful. Another solution is to concentrate
bird habitat well off the ground by limbing up trees and thinning shrubs, so that ground-feeding birds are not attracted.

Cats will also use bare soil as their litter box, which is yet another reason to mulch. I’ve also used floating row covers specifically to thwart cats. Other
gardeners spread bramble branches on newly seeded beds, or lay a pattern of bamboo poles a few inches above the beds.



Form, Function, and City Permaculture
Urban sites inspire a complex array of challenges and opportunities for permaculture design. There’s a lot to fit into a small space. I haven’t mentioned
graywater reuse (covered in Chapter 5) in this chapter, but it, too, is ideally suited to urban yards, as a way to conserve water and also to recycle wastes
into nutrients, turn them into greenery, and hold them in the home landscape. A graywater wetland in a city lot not only purifies water that can then flow into
a pond and be used for irrigation, but it can double as a productive bog garden. Water harvesting and storage in tanks and small ponds also is a perfect
city strategy. I know of many city gardeners who have weaned themselves from outdoor use of municipal water with just one or two 55-gallon rain barrels
to irrigate their small gardens.

When the many strategies and techniques of permaculture are packed into a tiny urban lot, it becomes an exciting and dynamic place. In a few
thousand square feet, we can fit dozens or hundreds of plant species that feed us as well as the helpful birds and bugs and that nourish the life of the soil.
Rainwater caught by rooftop and pavement and graywater from sink and shower courses through swales, wetlands, and ponds, nurturing plants and
critters above and below the soil line. Plants and water themselves cycle through chickens and other small animals, and these in turn offer eggs and
manure in their own cycles. The harsh forces of weather, noise, traffic, wind, and sun are caught by these nested loops and transformed into gentle oases
of life and welcoming microclimates. Though an urban ecological garden feels like a welcome island of tranquility in a busy city, beneath its green and
lush surface is a complex web of dynamic life. Good ecological design lets us fit a lot into a tiny yard.

Although one trajectory of this book has been toward the forest garden and a natural-looking landscape that also serves people, much of what I’ve
described in this chapter won’t give a forestlike feel to the yard. Raised beds and espalier fruit trees, rain barrels and graywater wetlands, dog paths and
water-harvesting curbcuts are not elements found in wild forests. This points us to a broader understanding of what permaculture can be. It is not simply
forest gardening or mimicking the look and feel of a natural ecosystem.

Permaculture is a design approach to create landscapes that function like ecosystems, but that doesn’t mean they must always look like what we see in
nature. The essence of permaculture is to nurture the same processes that occur in the wild. An native oak and an espalier fruit tree both perform similar
roles in the environment, offering habitat, breaking the force of rain, holding and building soil, and all the rest. A graywater wetland lined with butyl rubber
purifies water and grows cattails and rushes just as well as the ancient swamp forty miles downstream of town. In the end, it is the ecological function we
are after, not the appearance.

It is probably easier to design a landscape that functions like nature if it looks like nature, particularly for the less experienced designer. For most of us,
appearance and process are deeply interlinked, as we are told in the timeworn architectural adage that form follows function. But, at heart of the
ecological garden, we not mimicking the form of nature. We are cultivating the conditions for natural processes to occur, so that our landscapes behave
like ecosystems and tie into the rest of the harmonious relationships that knit this planet together. By realizing that form and function can be distinct, new
and broader avenues of design open up to us.

A well-mulched raised bed and a forest floor, though looking very different, are both homes for the talented microbial alchemists that decompose dead
tissue and stitch it back into the dynamic flows of life. A mandala-like labyrinth of keyhole beds looks unlike anything in wild nature. But in the way it
maximizes planting area yet shrinks path edge to a minimum, it is following the same rules that guide the natural creation of the bubble-shaped alveoli of
the lungs and the lobelike homes of coral reef inhabitants. That is, mandala garden, lung, and coral are all choosing a pattern that stretches surface area
to the utmost to catch and move resources, whether those resources are sunlight and soil, oxygen and carbon dioxide, or nutrients dissolved in seawater
that pass by. When we learn to recognize the patterns of life, at whatever scale and in their many and often cryptic manifestations, and become adept at
speaking their language, we can design with those patterns in many forms. We are no longer limited to copying appearances because we have
discovered deeper resonances with nature.

In a permaculture design, we may want the ecological functions and wholeness of a forest edge, but in the city we don’t have room for tall trees and six
or seven other layers stacked underneath them. But once we grasp the pattern of a gentle edge that arcs to the ground in a graceful curve instead of a
harsh right angle, and as we understand how nature nests shapes inside each other like Russian matrioshka dolls and orders them so each can catch
light, water, and fertility, we can incorporate the essence of these patterns, instead of relying on an uninformed mimicry of form.

Permaculture author and designer Patrick Whitefield points out the difference between what he calls “original permaculture,” meaning designs that look
like natural landscapes, and “design permaculture,” which he says focuses on processes and the connections among them. Though I think the distinction
is very useful, Whitefield’s terminology is less so, since many “original” permaculture sites, such as Mollison’s and Holmgren’s own early designs, don’t
resemble nature at all, with their keyhole beds, on-contour rows of trees, and deep straw mulches. And all permaculture uses design to create
connections. The distinction is not between original and later designs but between what is better captured in the terms form permaculture and function
permaculture.

In form permaculture, mimicking the shape and visible arrangements of nature allows us to more easily capture her processes as we design. In function
permaculture, our deeper understanding of process allows us to work directly with natural functions in a way that may not look like nature. Ecological
urban landscapes will more often use function permaculture than form permaculture because small urban spaces don’t easily allow the grand
arrangements found in the wild but force us to concentrate on processes and functions. In the city, adhering to a natural form is not critical as long as the
shapes and patterns we use work well and appeal to us.

Thus city permaculture gardens will rarely look like wild land, and the appearance of both the overall design and the pieces within it may have novel
forms, such as spiral or branching garden beds that hold stacked arbors, and curbside swales paralleling dwarf tree guilds. Although city yards are still
influenced by sun and wind just as wild land is, their design and function is also shaped by children, pets, local ordinances, your social life, traffic noise,
easements, the neighbors’ comments, and a host of other forces not felt in any native forest. They won’t look just like nature; but, with an understanding of
nature’s pattern and process, they can act like it.



CHAPTER 12

Pop Goes the Garden

In the previous eleven chapters I laid out a tool kit for assembling an ecologically sound garden. Here I’ll quickly review where we’ve been and describe
what happens when theory meets practice: how real ecological gardens work, what the limitations are, and what to expect as the garden matures. For
those who like the big picture, I’ll also discuss some of the underlying principles that make ecological gardens tick—why connections, not just pieces, are
so important—and suggest some directions for further exploration.

At the heart of any garden or landscape, at the base of the ecological pyramid, is soil. Create healthy soil, and the rest of gardening simplifies.
Because of techniques such as composting, deep mulches, cover crops, and nutrient-storing plants, the ecological gardener’s soil teems with worms and
beneficial microorganisms that shunt fertility to plant roots. This rich, humusy earth supports a broad array of soil life, which in turn nurtures diverse plant
species and the wide spectrum of helpful insects, birds, and other animals that come to share in the bounty.

Healthy soil ensures that the second element of a self-sustaining garden, water, is in abundance. Deep, spongy humus will hold every drop of rain and
irrigation water better and more cheaply than any other medium. Deep mulches slow evaporation. To weather long droughts, we can also store water in
ponds and tanks that are filled by rain, recycled through graywater systems, or, less sustainably, piped from a well or municipal source. All this means that
the natural condition of this garden is abundantly moist.

Soil and water are the behind-the-scenes elements that make the garden work. A third element, on center stage, is the vegetation. Chosen to play
many roles, the useful and beautiful species have here been selected from native plants, naturalized varieties, noninvasive exotics, indigenous and
foreign rare species needing preservation, heirloom crops, and cuttings from neighbors’ and friends’ yards—in short, from as many sources as are
available and ethical. Each plant serves at least two functions—oh, perhaps a handful of them just look pretty; we’re human, after all—and in combination
they offer benefits both people and the rest of nature.

Finally, by choice and by serendipity, the garden extends a home to many animals. In the right circumstances, rabbits, chickens, ducks, or even a pot-
bellied minipig may be at work here, tilling and manuring soil, converting weeds and waste to fertilizer, and connecting us to a more-than-human nature.
But even without domestic animals, an ecological garden swarms with niches for pollinators, pest controllers, and scavengers that work the blossoms,
nibble the ample foliage and wild berries, or search for prey. The garden is alive with buzzing, fluttering, soaring, scampering allies.

Soil, water, plants, and animals are the four dynamic components of the ecological garden. To this list I might add a fifth, the designers and occupants,
who will interact with and shape all the others. The garden also contains a sixth, static element: the structures. Though inert, greenhouses and other
buildings, fences, trellises, compost piles, paths, and gates shape the flows that move through the garden.

But, as I’ve said before, these are just pieces. The beauty and effectiveness of the ecological garden is in how the parts are connected. It is the flows
between objects, not the objects themselves, that define a natural, sustainable environment.

This garden combines many strategies to create a dense web of connectedness. Stacking functions is one method we use to ensure that everything is
linked to one or more other elements. Here, elements serve multiple functions. A Maximilian sunflower hedge at one edge of the garden, for example,
provides an impenetrable weed barrier, edible shoots, late fall color, seeds for birds, and plenty of mulch material. These uses tie the sunflower to many
other parts of the garden and reduce work and imports such as fertilizer.

Also, each function is performed by multiple elements. The sunflower hedge reduces cold fall winds and could be combined with other hedges and
trees, a carefully placed greenhouse, a rock wall, and even an earth berm to form a sheltered place for tender plants or a little sunbathing. Combining
several techniques that serve the same purpose provides backups in case one method fails and often yields unexpected synergies. Look: That
combination of windbreaks has also blocked noise from the nearby highway and screened the view from the neighbors. Now we have a perfect sanctuary
or a hot-tub site.

The garden’s pieces are also connected by careful use of the zone-and-sector method, which locates each plant or other feature by how often it needs
attention and how it interacts with sun, wind, a view, or other energies from outside the site.

Patterns from nature shape the garden’s design. Paths and plantings curl into mounded spirals to save space, bend into keyhole beds for easy reach,
and use branch, net, lobe, and other patterns to catch and save energy. The right balance of edge and interior gives both diversity and protected habitat.
The garden is stacked in layers to broaden its reach into the third dimension, where it can reap sunlight effectively and also supply many niches for
wildlife.

Here, plants harvest and store sunlight, ponds catch water, graywater wetlands capture and use wastes that would otherwise be lost. All these pieces
link together to forge a complete and harmonious whole that replenishes and enlarges itself. The garden is a net, a sieve, sifting and sorting energy and
nutrients from whatever passes through it and transforming them into a community of flowers, birds, insects, food, and healthy people.

The diversity of this landscape makes it flexible and resilient. With so many inhabitants, connected by such a multitude of interactions, there are many
pathways, loops, and possibilities. Cycles ebb and flow with changes in the environment, adapting to new conditions. Too many aphids in one corner are
met with a sudden surge of ladybugs that have lain semidormant amid yarrow and fennel, waiting for such a feast. A heavy load of fallen fruit, rotting
because the owners are on vacation, is pounced on hungrily by birds, insects, and soil life, to be reincarnated as soil and more life before the owners
return, unaware of the janitorial frenzy that’s gone on in their absence. Small miracles like these are commonplace here.

Ecological gardens are constantly evolving, and the process of their evolution—not just the final product—is fascinating to watch. It’s exhilarating to see
once sterile soil enrich and heal itself each year, to watch new birds or insects find a home, to taste the first lingonberry, grape, or heirloom apple. Each
year brings new treats and is an endpoint in itself, rather than some stage to be impatiently hurried through.
 
Terraces made from broken concrete (“urbanite”) hold perennial food and habitat plants in the Los Alamos, New Mexico garden of Mary Zemach,
designed by Ben Haggard and Nate Downey, Santa Fe.



Choosing the Right Pieces
Providing the right pieces and getting important cycles going is most of the work in creating an ecological garden. And once again, by “pieces” I don’t
mean simple objects—trees, shrubs, fences—but pieces that do things: soil builders, sunlight harvesters, and the like. So here I’ll summarize much of
what is spread over the pages of this book by listing the key functions (the roles for plants and ways to harvest and store resources) and relationships (the
nutrient cycles and other important interactions) that make up a successful ecological garden. Some of this section will be simple recap, but I’ll also
present some ideas in new or larger contexts. With these elements in the right places, the garden is almost guaranteed to coalesce into a miniecosystem.

Building Fertility

Catching and holding resources is the key to a sustainable garden (or society, for that matter). All plants harvest carbon and minerals and, if left to
compost in place, will add them to the soil. Some plants are better at this than others, though. Particularly in the young landscape or in gardens that are
harvested regularly, fertility-building plants are critical to create and maintain healthy soil because they channel nutrients to impoverished earth and
replenish what is taken by the harvest basket. Fertility builders can make up as much as half of a young garden. These plants, many of whom we met in
Chapter 6, can be divided into three groups (species are listed in the appendix).
 
Nitrogen fixers. Nitrogen is often the limiting nutrient in a garden, thus N-fixing plants like legumes and the many others listed in the appendix will slash
the need for fertilizer and at the same time pour more organic matter into the living soil than fertilizer ever could. This is perhaps the most important class
of plant to have in a young garden. In poor soils, having 25 percent N-fixing plants to begin with is not too many. They can be culled as the garden matures.
Remember to use nitrogen-fixing trees and shrubs, too, not just perennial and annual herbs.
 
Nutrient accumulators. These deep-rooted plants mine minerals from the subsoil, ferrying nutrients into the garden where they can be swept into the
intermeshing cycles of matter and energy by other plants, microbes, and animals. They balance the nitrogen and carbon added by other soil builders.
 
Mulch plants. All plants add mulch to the soil at leaf fall, but some excel at this. Plants with large leaves and dense canopies that can tolerate heavy
pruning are the best choice. Initially, most mulch will come from the herb layer, but as the garden matures, trees and shrubs will take over much of this role.



Including Life’s Other Kingdoms

Though plants are the central feature of a garden, to truly thrive a backyard ecosystem must extend its connections into the rest of nature. These links
draw energy and nutrients into the garden in ways that the flora and the gardener can’t and create more complex and resilient cycles. When a bird flies
into the garden, it often carries new seeds from elsewhere that will broaden diversity or fill an unused niche. Also it will likely plop a small offering of
manure that it harvested from outside the garden. To some this may just be bird poop, but from the ecological viewpoint it’s a useful input that the
gardener didn’t have to work for. Each visitor to the garden shuttles in energy and nutrients garnered from elsewhere. Plus, every arriving bird, insect, or
other animal creates new links in the food web, reaping unused resources, providing food for others, and adding to the dynamic balancing act that is an
ecosystem.

To attract beneficial visitors and encourage them to stay, we need plant varieties that forge partnerships with the other kingdoms of life. Here are some
classes of vegetation that will do this.
 
Insectary plants. Familiar by now, these are species that offer nectar or pollen, attract prey species (such as aphids and caterpillars), or furnish homes
for insects. The category should include native plants to attract indigenous beneficial bugs but exotics as well since a huge proportion of the insects
around us are imports that have become naturalized and need nonnative hosts. A wide variety of insectaries should be included so they’ll bloom and
otherwise work their magic over a long period. This way pollinators and pest fighters will always be ready to buzz in when needed.
 
Wildlife attractors. Herbs, shrubs, and trees that offer food and shelter for birds, mammals, reptiles, and amphibians will bring layers of diversity to the
garden and reduce pest problems. Again, variety is important. Choose plants of different heights, both woody and soft-tissued ones, having diverse fruit,
flowers, leaves, and twigs to support the many types of feeding styles, with dense and open foliage and a selection that offers food at all seasons.
 
Feed and forage species. I’ve shown how small animals such as chickens, ducks, rabbits, and others can make us less dependent on imports such as
fertilizer and do useful work in the course of their normal activities. So why not further close the loop and give our animal helpers their own feed and forage
from plants that provide seeds, nuts, pods, fruit, fodder, and browse?
 
Plants for people. All gardens need to offer something for humans, thus we also tailor the flora to suit ourselves by including plants for food, income,
crafts, fiber, medicine, building supplies, nursery stock, seed saving, and just plain beauty.

Harvesting and Recycling Resources

An ecological garden is like a net, sieving and holding whatever resources (minerals, organic matter, sunlight, water, and organisms) flow through it. And,
just as important, these landscapes are consummate recyclers, shuttling each bit of matter and energy from soil to plant to animal and back again, over
and over until every last bit of benefit has been extracted. This careful stewardship of all resources is one key to a sustainable garden. So we employ a
spectrum of techniques to grab and recycle as many of the resources entering the garden as possible. The best of these methods are passive, needing
no work from the gardener beyond setting them up, after which they harvest resources and cycle them in the garden, day in, day out. That’s a simple way
to build abundance. Here are several strategies, and their related techniques, for resource gathering and recycling.
 
Harvesting water. Digging swales and channels to catch runoff, adding humus to soil, using deep mulches and dense plantings, and capturing rooftop
rain in tanks and ponds are all good methods to catch and hold most of the water needed to keep the garden growing. This will reduce the demand on
wells and other high-input, less renewable water sources.
 
Catching nutrients. A graywater system will net minerals and organic matter that would otherwise be lost down the sewer. Humus-rich soil will prevent
that precious matter from leaching away in rains. Composting and mulching (as opposed to leaving trimmings at the curb for pickup) will keep fertility on
the site. Neighbors will often happily part with their own yard waste (silly them!), a great free source of organic matter. And the plants themselves will pull
nutrients out of rain and harvest dust and wind-blown debris.
 
Gardening in layers. The immense leafy area of a multistoried garden that mixes trees, shrubs, and low plants will capture sunlight and turn it into life far
more effectively than a one-layer landscape. Multiple layers will also slow moisture loss from evaporation and perhaps even harvest fog to boost total
precipitation. Plus, the three-dimensional garden will attract more birds and beneficial insects to its varied habitat, with all the bonuses they offer.
 
Using sectors. By locating plants, buildings, paths, windbreaks, and other elements in the right relationship to seasonal sun and wind patterns, views,
fire and wildlife corridors, and other energies coming from off the site, we can harvest these forces’ benefits and reduce their draining effects.
 
Adding animals. Animals are often overlooked as garden elements. But they have many roles. They will eat whatever is in excess and turn it into useful
work, more animals, products, and manure. We can choose which of these multiple gifts we want. Techniques for drawing animals into the garden can be
as simple as hanging a bird feeder where we want soil scratched and manure dropped or as complex as incorporating multispecies plantings that
provide nutritious chicken forage and raising poultry for eggs and meat in chicken tractors.

Animals will chow down on surplus and unusable fruit and foliage, prepping it via their digestive tracts so that decomposers can easily pump it back
into the garden ecosystem. They are the consumers that bind producer plants and decomposer soil life together.



Building Interconnections

In the rich interconnectedness of an ecosystem, small failures are shrugged off. The loss of a few plants or an outbreak of disease isn’t the setback it
would be in an orderly row-crop garden. That’s because the connections and redundancy turn the garden ecosystem into a resilient net. Sever a few
threads, and the whole remains. And in a living net, the breaks are quickly repaired by the shifting, breeding, swarming surge of life. It is this webwork,
more than any other factor, that distinguishes the ecological garden from the more conventional, vulnerable forms. So creating these connections—deep,
multiple, and strong—is a chief goal of the ecological gardener. Here are some strategies for forging this webwork.
 
Designing with zones. The first links to build are the ones that tie the gardener to the elements of the landscape. A garden that is not well connected to
a gardener, that offers no reason to linger and nurture it, will speedily revert to vacant-lot wilderness. The zone system forges links whose length—the
distance between the design element and the house—depends on how often that element needs attention. The busiest connections are the shortest,
which saves time and ensures that fussy or oft-used plants don’t suffer from neglect. And, best of all, using zones means living in the center of a garden.
 
Offering niches for the gardener’s allies. The vast majority of wildlife, whether bug, microbe, or vertebrate, is helpful or harmless to the garden. And in
general, the more varieties of species, the less chance that any one will get out of control. I’ve described plants that attract wildlife. Other niche-enhancers
include birdhouses and feeders, mulch to hide predaceous beetles and attract insect-hunting birds, rockeries for helpful lizards and snakes, brush piles
for bugs and birds, and ponds to offer homes for fish and amphibians and drinking spots for other animals.
 
Enhancing survival and growth with nurse plants. Nurse, scaffold, and chaperone plants (Table 6-4) will help ensure that young or tender species
will become established. They will also boost their protégé’s growth rate far beyond what a young plant could achieve alone. Providing nutrient
accumulation, shelter from wind and fierce sun, and natural mulch and often harboring beneficial insects and wildlife, nurse plants and others mediate
critical connections between young transplants and the forces that can kill or aid them. Helper plants are one of the biggest factors that propel a garden
toward behaving like an ecosystem. Use them liberally.
 
Community-building via guilds. Guilds, or plant communities that mimic those in nature while providing for people, let plants and animals pick up much
of the gardener’s work. A stand-alone fruit tree, for example, must be watered, fertilized, and sprayed, and its pollination chances and susceptibility to
disease and pests are at the whim of the elements. But if we design a guild that connects the tree to plants and animals that will do these tasks, not only
are the gardener and the tree happier, but the rich, multilayered webwork of the guild will harvest more resources, sculpt new niches, and boost
biodiversity.
 
Stacking functions. Designing each element to have multiple functions—a nurse plant, for example, that provides shade and nitrogen to its young
charge, nectar to hummingbirds, berries for wildlife, and fast-growing mulch—builds a dense network of connections. Each role played by a plant or other
garden element connects it to something else. As this web grows thicker and more interlinked, the garden becomes easier to maintain because most of
the tasks are done by the garden itself, and if one organism fails, another is there to pick up the slack. Also, a deeply interwoven landscape begins to act
as a single being, with its own character and novelties. This makes the ecological garden a fascinating place.
 
Growing by chunking. Imposing an arbitrary, large, and untested pattern on a landscape all at once is a recipe for disaster. This often results in
unsuitable plantings, disconnected elements that don’t work well together, and constant rescue efforts. Instead, start small and close to the house, find out
what works, get one area growing successfully, and then repeat this pattern (with appropriate variations for new sites). In time, these many small patches
of fertility and thriving plants will link up, bonding into a resilient, healthy whole. Ecological designers call this approach “growing by chunking.”



The Garden Gets Popping
Although every moment in the ecological garden is gratifying, there is one stage in a site’s evolution that is particularly exciting. That’s when, after an initial
period of sluggish plant growth and imperceptible soil improvement, the garden suddenly explodes into life and seethes with greenery, fruit, blossoms,
and wildlife. The early establishment phase can take a few years, but then look out! The whole place suddenly “pops” as if some critical mass has been
reached. The garden surges into vital action, moving from near-desert to lush jungle in a seeming instant, bursting with living energy. Everyone who
practices permaculture and ecological gardening for a few years has seen this amazing transformation. Let me describe one example.

In the first chapter, I introduced Roxanne Swentzell’s garden in New Mexico. Remember that when she and her two young children moved in, the place
was gravel desert. “At first, everything we planted died,” Roxanne had said. “It was just too harsh.” The plants would cook in summer and freeze or dry out
in winter. “We’d bring in big old rocks or logs for protection and plant little trees behind them,” she recalled. “That helped a little. But we still had to plant a
lot of things over and over.” They trucked in manure and mulch and built rock walls to hold heat on cold nights, trying to foster benign microclimates that
would enfold tiny pockets of fertility.

On my second visit, permaculture designer Joel Glanzberg, who helped design and install the garden, arrived to show me around. Explaining their
strategy for coaxing plants to survive, he told me, “In the beginning we’d find a sheltered spot, like along a swale. We’d mulch it and put in pioneer
species, usually native and exotic nitrogen fixers like New Mexico locust, Russian olive, and Siberian pea shrub.” In the shade of these, they planted fruit
and nut trees that would eventually soar past the nitrogen-fixing nurse plants to form the canopy. “We’d work on creating a favorable spot, concentrating
our resources there, and then grow out from those nuclei,” Joel said. “And those nuclei started to link up. Rox figured out quickly that you get little areas
under control, and once you’re successful there, move on and repeat the pattern.” This strategy, duplicating small successes rather than trying to do
everything at once—growing by chunking—pares down the chance of failure by building on past successes.

The strategies worked. In about the fifth year, life began to take hold and gain momentum. The soil was rich enough, the shade amply dense, the leaf
litter so abundant, the roots sufficiently deep, for the pieces to coalesce into a whole. The system “popped.” Plants that had struggled in the harsh desert
for several years suddenly were detonating, growing several feet in a season. The soil stayed moist through month-long droughts. Glistening fruit
shouldered through the thick foliage. The most useful tools were no longer shovel and sprinkler, but bushel basket and pruning saw. Birds filled the new
forest with song. And a nearly closed canopy of greenery now cast cool shade that offered refuge from the intense New Mexico sun and kept the soil from
burning to dry powder. A completely different energy now suffused the place. Someone with a mystical bent would say that a spirit had come to inhabit the
land and give it life.

As Roxanne described the garden’s beginnings, I watched honeybees fly from a hive near the back door to a thick carpet of flowers ringing a small
pond. Roxanne clipped more branches from a luxuriant Russian olive. “Our biggest problems now are too much shade and too much water,” she said.
“And I can’t even throw a peach pit into the bushes, because next year there’ll be a peach tree growing there.” Yet only a few years back the place had
been barren, as it remained outside Roxanne’s fence. There the ground was still naked gravel, and the air blistering hot, while just inside, the temperature
was ten degrees cooler. In winter, frosts were fewer and nighttime lows less severe. The garden’s design had changed the merciless high-desert climate
into something sweet and benign. That’s a significant feat.

I looked over the surrounding bare, eroded hills and imagined the Southwest covered in a rich food forest such as this one. Each house could be a
nucleus for an expanding net of green canopy and deep soil, eventually linking into a continuous carpet of lush, abundant nature.
 
In just a few years, Flowering Tree Permaculture Institute grew from a sun-baked, barren desert into a lush oasis that hums with life.

The phenomenon I was seeing, the “pop” of a young ecological garden into a self-sustaining ecosystem, is well recognized. It’s happened for the
Bullock brothers, for Penny Livingston, for Roxanne, for Jerome Osentowski. It happened to me in southern Oregon. Kiel and I began improving our own
zones 1 and 2 there when we arrived there, and in the fourth summer we watched once-struggling trees shoot skyward. Wildflowers we had not planted
blossomed everywhere. The ground outside the house had been hard clay that baked to pavement in summer, broken only by a few tufts of grass burnt
brown by July. After deep mulching and dense planting, that soil was black and full of worms and grew deeper each year. I went from having to fire up the
irrigation system a few days after the rains ended in May, to not having to water anything until six weeks into the dry season. Many plants thrived without
water through the entire hot, dry summer. The once-baked ground was shaded by fruit trees, a wealth of shrubs, and bush-sized perennial flowers
interspersed with salad greens, herbs, and strawberries.

In the wilder, untended parts of our yard, where three or four stunted weed and grass species once labored to survive, a dozen or more wildflowers and
native grasses soon grew tall and thick—and I didn’t plant them. Without looking hard, I counted over fifteen bee and beneficial wasp species,
innumerable beetles, and four different lizards. Birds that had once only visited briefly, such as western tanagers, took up residence. And each
succeeding year got better.

In my Portland yard, the process is repeating. Our soil didn’t need as much work as it had in southern Oregon, but the yard began as a badly
compacted expanse of nothing but grass. Three years later, fruit trees, surrounded by thickly stacked guilds, are bearing; dense foliage cools us and the
house on hot days; and wrens, flickers, jays, sparrows, chickadees, and a host of other birds spend much of their day here. Turning a shovelful of soil
anywhere in the yard reveals black earth busy with worms. The once-empty yard froths up so much biomass that I am giving away compost and topsoil,
else we’d be buried under it. The new trees are nearly big enough for Kiel to string her much-beloved hammock between them.

It’s useful to ask two questions here: What’s happening when a garden pops? And, how do we make it happen quickly?



The Garden as Organism

First, what’s happening? For one thing, an ecological garden moves rapidly through the pioneer phase—full of fast-growing, low plants with limited habitat
for other species, rather like conventional gardens—into a more mature, many-layered, high-biomass, high-diversity, closed-loop ecosystem.

Many of the techniques described in this book are designed to accelerate this natural process of succession and to make the connections among
organisms tight, many-layered, and efficient. Deep mulches, for example, quickly boost the amount of energy and food available for soil life. Thousands of
species of soil organisms arrive with this mulch, drift in on air currents and raindrops, or are present but dormant. In the welcoming habitat, they spring to
life. This rapidly enlarges the decomposer component in the all-important producer-consumer-decomposer cycle.
 
The producer-consumer-decomposer cycle. All three elements of this cycle are equally important. In most yards, the decomposers (worms, bacteria,
fungi, and other soil creatures) are neglected, which starves the producers (plants), and in turn the consumers (animals), of resources. If each link
flourishes, the others grow stronger, too.

As I’ve said before, in most gardens, the decomposers are few and weak, able only to cycle and release low levels of nutrients. This poverty constricts
the vigor and number of the producers (plants) and consumers (birds, insects, and you) that depend on the decomposers to provide raw materials for
growth. Ramping up the activity of the decomposers by adding plenty of organic matter unchains the once-stunted plant and animal life. The vigorously
cycling soil life pumps out an enormous surplus of nutrients, throwing off food and energy in wild abundance and in many forms, so that more plants and
animals, both in terms of diversity and sheer numbers, can thrive. Deep mulch also generates humus, which becomes a capacious reservoir for water and
for minerals like calcium, potassium, and others essential for plant growth.

Think of the whole garden as an organism. Deep-mulching the area around a house, combined with dense planting, creates an expanding circle of
vigorous life and fertility. The densely interconnected soil, plant, and animal life are now surging with nutrients, water, pollen, chemical messages, and
other “information flows.” As the gardener gradually expands this intensely planted area farther from the house, the area of thick interconnections expands,
nutrient and energy flows link up and fatten, new niches appear, and more species can thrive in this vibrant place. The living interconnectivity of the garden
is so boosted that it becomes a fibrous knot of life, virtually impossible to wound, invade, or otherwise destabilize.

This resilience exists for many reasons. Having so many species from all of life’s kingdoms provides a huge assortment of food types and habitat. This
means each inhabitant of the garden has several places to feed instead of a single “all-eggs-in-one-basket” food supply that might fail. And with so many
habitats present, every inhabitant has a good chance of finding the right microclimate, soil type, branch height, or other quality needed to survive. This
high biodiversity—lots of species—means that if one species dies out, many others that play similar roles stand nearby to plug into the gap and keep the
community functioning.

This garden is hard to damage. A new species may appear from the wild or the nursery, but rarely will it become invasive. The odds are high that it will
find fertile soil and the right conditions to grow. But with so many other species present—potential competitors—it’s not likely to find enough unused food
or space to become a pest. If it spreads too fast, it becomes a delicious and abundant food source for one of the thousands of species of insects, soil
fungi, or other consumers that will keep it in check. Remember how muskrats at the Bullocks’ bog were knocked back by the arriving otters? Be assured
that this wasn’t an isolated case. The brothers had a similar problem with slugs, too, until ducks moved in and munched the slimy invaders down to
manageable numbers. This will happen in any balanced ecosystem.

Also, this kind of garden fills out quickly because nearly any potential resource that enters it will be grabbed by some waiting organism. That translates
into fast growth and dense interconnections. Here’s why. In conventional gardening, with expanses of bare soil and little variety, fertilizer can leach out of
uninhabited ground, precious water evaporates, sunlight falls on empty space, and with many links missing in the producer-consumer-decomposer
webwork, many resources—from dead branches to dried leaves to old corn cobs in the compost—go unused because the creatures capable of recycling
and using them are missing.

But in a diverse garden, nothing goes to waste. Something is always there to use it. Any potential food or habitat source is seized on hungrily by one of
the zillion species present and incorporated into the ever-building structure of the garden. It’s another example of the “rich get richer” phenomenon, more
formally called the law of increasing returns. Once an ample framework for harvesting wealth is built—in this case, wealth being sunlight, food, and
incoming species, the framework being fertile soil and a multistoried assemblage of plants—the garden keeps getting richer and more diverse. The ever-
enlarging wheel of life just gets better and better at harvesting and using nutrients and the constant stream of free energy from the sun, which powers yet
further growth and interconnection.

Also, the design itself makes sure that little goes to waste. Using graywater means that nutrients that would otherwise go down the drain are captured
and stingily held by the soil, then fed to plants and recycled in the garden. Designing with zones ensures that the places that need the most care are the
closest to hand, making it easy to notice the little bare spot that needs mulching, the drooping ground cover crying for water, or the slugs perforating the
lettuce. Taking sectors into account effectively uses free energy such as sunlight and damps down the battle against wind or fire, freeing our time for more
productive work. Using insectary and wildlife plants extends the garden’s reach beyond the plant kingdom into the realms of microbes, insects, and other
animals. This lets us bring oft-overlooked allies and energy into the garden, filling it with busy workers while we sip lemonade in a hammock.

Another reason for the “popping” phenomenon is that we’ve mimicked natural plant communities. This takes advantage of a few billion years of
groundwork done by evolution. A plant community’s species have coevolved over eons and so are familiar partners. They know what to do with each
other. The interconnections and flows of nutrients, chemical signals, and pollen, as well as the niches for the beneficial supporting cast of soil life, have



already been worked out. This is why the guild approach is so much more successful than just planting blocks of a single species. Like a great sports
team, the members have rehearsed their moves so many times that, when we bring them together, they blend into a smoothly performing ensemble and
get to work. Ecologist Stuart Pimm, who has studied natural communities, described this process in an interview with author Kevin Kelly. Pimm said that
in these communities, “The players have played many times. They know what the sequence is. Evolution not only evolves the functioning community, it
fine-tunes the assembly process of the gathering until the community practically falls together.” So putting together the members of an existing plant
community fattens the chance of a successful and rapid meshing and shrinks the possible niches for invaders such as pest species.

In a garden this full of life, seething with complex food webs and a rich supply of nutrients, plenty of opportunities exist for successful, mutually beneficial
links to form and thicken. That makes the system pop. Now let’s look at how we can speed up the process to accelerate our arrival at that delightful
popping stage.



Where to Begin?

I’ve described the process of designing the garden and given lots of techniques to use. But ecological gardening is a new field crammed with fresh
information, so I wouldn’t be surprised if you are looking at your design sketches, nicely drawn according to zones and sectors and full of multifunctional
plants, and asking, “Yes, but what do I do first?” Sure, begin at your doorstep, but begin doing what? What are the very first things to do that will help a
garden become an ecosystem?

The title of an excellent book by Grace Gershuny gives the answer: Start with the Soil. Not only is the soil the base of the ecological pyramid and thus
the logical place to begin, but very shortly the soil will be stuffed with perennial plants and thus be much harder to work on. Bringing the soil to rich, loamy
fertility will accelerate and invigorate all that succeeds it. So the first step is to create a small bed of rich soil near the front or back door or in other close-in
site (how to choose the exact spot for this bed is explained in a few paragraphs).

Think of this luxuriantly fertile region as the heart of zone 1, the place that will support the first set of dense plantings and will probably be heavily
harvested. So this soil needs to be immensely fertile. This will be the initial nucleus of high fertility and diversity, to later be linked up with others, just as
Joel Glanzberg described.

To get the garden going, we want to build this startup bed’s soil rapidly. If there’s a source of compost available, then the fastest method to boost fertility
in a small space is to remove unwanted vegetation from this bed, and scratch in an inch or two of compost. Also add other necessary amendments such
as lime, phosphate, and potassium (a soil test will show what’s needed). If no compost is handy, then sheet mulching is the method I prefer.

Ecological Compromises, or You Can’t Make an Omelet . . .

In a perfect, environmentally opti- he doesn’t oppose a one-time use and heal broken cycles, we should be mized world, we’d never power-till, of
herbicide to prepare land for tree forgiving. all of our mulch supplies would planting, considering the energy Use techniques that work for you. come
from nearby—ideally from used and destruction caused by the I’ve seen permaculture sites that our own property—and we’d find alternative: bringing
in machines to mix conventional raised beds full of renewable sources of soil amend- clear the site year after year until annual plants with semiwild
forest ments instead of mined, exhaustible the trees are established. And other- gardens. The raised beds are efficient products such as rock
phosphate wise-organic gardener Doug Clayton to harvest, plus it’s easy to see what’s and greensand. But it’s not a perfect now applies the
insecticide Imidan going on. In a forest garden, plants world, and I’m not going to be so once a year to his fruit trees. He occasionally get lost in the
diversity. dogmatic as to demand we create believes a single dose of this effec- Mixing and matching an assortment and use our gardens using only
tive pesticide is far less harmful than of techniques is fine. completely sustainable techniques. what he once used: almost-weekly One rule of thumb for
making When it’s time to get our hands sprayings of organically accept- these sorts of choices is to think dirty, idealism runs into the brick able, yet
very toxic, pyrethrum and long-term. Using nonrenewable wall of practicality. I’d much rather rotenone. resources to create a landscape is see
gardeners consume some nonre- If renting a power-tiller once, or justified if, in the long run, that landnewable resources to create even- buying peat
moss from fossilized scape will conserve or provide more tually self-sustaining gardens than northern Canadian sphagnum beds, resources than it
took to build it. have them sit paralyzed by the fear or bulldozing to grade a site, or Using a less-than-natural technique of committing an
environmentally some other method eschewed by that produces homegrown food and incorrect act. the idealist is what it takes to get reduces the
pressure on wild land is We do what we’re comfortable your backyard ecosystem up and preferable to giving up in exhaustion. with. David Holmgren,
the coorigi- running, then do it. Especially in the Overall, doing an imperfect somenator of permaculture’s concepts, establishment phase, when we’re
thing is better than doing a perfect says, to the horror of purists, that working hard to restore abused land nothing.

As I mentioned in Chapter 4, I consider adding compost to be a short-term method, an emergency technique to quickly bring soil to decent fertility so
that a patch of ground can be pushed into production fast. But to build soil that is truly surging with life, I like sheet mulching—composting in place
—because it encourages multiple generations of soil life (ecological succession in the soil), fills the garden bed with the rich excretions of decomposer
organisms instead of wasting them beneath the compost pile, and leaves the soil creatures undisturbed. Besides, it’s much less work than building a
compost pile in one place and then transporting and working-in full cartloads of the finished product. The downside is that the sheet-mulched bed won’t
reach maximum fertility for a year or two. But it still can and should be planted immediately by using soil pockets or a thin top-dressing of good soil.

How big should this first bed be? That depends on how much compost or sheet-mulch material—and labor—is available. A typical wheelbarrow,
powered by a non-Herculean human, can hold one to three cubic feet of compost, enough to cover ten to thirty square feet of ground one inch deep. That’s
not much—it will take a lot of wheelbarrow loads to do a single garden bed. And, as I explained in Chapter 4, one pickup load of mulch material will cover
about fifty square feet. Also, remember to cover a small area well rather than a large area thinly.

Where exactly to locate these precious first garden beds? Here’s where knowing a little about microclimates comes in handy. Joel Glanzberg talked
about placing their first plantings along swales, where water would collect and linger and where potential shelter from wind and sun already existed. In
high-mountain Colorado, Jerome Osentowski built rock terraces that held heat in his frost-prone garden. And near cool, foggy San Francisco, Penny
Livingston planted a peach tree amid a set of small ponds, where stored heat from the water as well as reflected light would speed growth. Finding (or
creating) and using benign microclimates will boost the odds of success and accelerate plant growth, speeding the arrival of that happy day of system-
pop.

Which microclimates to choose depends on the overall environment and climate. What’s benign in the desert—a moist, shady, not well-drained site, for
example—would be disastrous in a damp northern climate, where a sunny, fairly dry spot is far better. In general, look for sites that have no wild swings of
temperature, moisture, or sunlight. Whatever the local climate extremes are in the region—brutally high or low temperatures, sogginess or drought, leaf-
crisping sun or months of kill-me-now gray skies—find a place that will counter or mitigate those extremes. Desirable in almost any location is lack of
wind, so locate the heart of zone 1 in the still shelter of a house, earth berm, wall, or planted windbreak.

If favorable microclimates don’t exist, as they didn’t for Roxanne Swentzell, then make them. Pile up rocks or logs or build a wall for a windbreak. Dig a
swale for wind protection and added moisture. Create a raised bed to improve drainage or a sunken one in dry climates to catch infrequent rain. Prune a
tree to let in light. Find and create good microclimates to give the garden the edge that it needs for a successful start.

Design guru Larry Santoyo, after giving some specific advice to his permaculture students, will often warn them, “The opposite is also true.” Without
meaning to confuse my readers, I will now illustrate this. In seeming contradiction to the ecological adage, “start at your doorstep,” Australian
permaculturist Geoff Lawton suggests that another important early step in ecological design is to define and control a property’s edges. Edge, after all, is
where flows and energy enter a site. These are opportunities. If missed, they can become problems.

For example, where do weeds and pests come from? From off the site. We need barriers at the edges and predator habitat to intercept them. An icy
north wind can stunt plant growth if left unblocked. An unpleasant sector energy like that needs to be identified early on and dealt with via a fence or other
quick windbreak, and this feature most likely will be located at the edge of the yard. Handled intelligently, flows across edges can be translated into useful
work or materials. Creating hedges, perimeter paths, edge plantings, and screens and simply defining the margins of activities will transmute potentially
destructive dynamics into useful energies. Defining edges can sculpt and organize work patterns, planting areas, and materials flows. Not only do we
want to harvest incoming resources like sun, water, and graywater, we want to make sure that nothing we generate on the site leaves unless we want it to.
Edge definition, which melds zones of activity with sector energies, will keep our efforts from simply diffusing outward by reminding us where we need to
focus our work and in what intensity.



Assembling the Garden Revisited
How hard is it to click together all the pieces of an ecological garden? It might sound daunting. On previous pages I’ve told stories of wild chiles that need
particular nurse plants and hot-sauce- tolerant birds to thrive and saguaro cacti that depend on mesquites and white-winged doves for survival. If nature’s
assembly rules are that specific and complex, what are the chances that a humble gardener can collect all the right elements to make a landscape pop?
What are the odds that we will have the species and conditions necessary to create a smoothly functioning set of plant communities?

Very good odds, as it turns out. Nature is very forgiving and resilient, as both its continued survival in the face of human damage and ecology research
prove. A number of ecologists have looked into the assembly of natural communities, and what they’ve found is encouraging and useful for ecological
gardeners.

Two of these scientists are Jim Drake at the University of Tennessee and Stuart Pimm of Duke University. Drake and Pimm studied how communities
of organisms form. They added fifteen to forty species of bacteria, algae, and microscopic animals (a blend of producers, consumers, and decomposers)
one at a time, in many different combinations and sequences, to tanks of nutrient broth. They were surprised to find how often this random mixing resulted
in a stable ecosystem. Instead of dying in what could have been an unsuitable home, the microbes connected with each other, building food webs,
multiplying, and preying on each other in a well-linked ecosystem. Pimm remarked that, after making these random groupings, the organisms assembled
a network that was much more structured than had been expected from such a haphazard collection.

Drake and Pimm also performed computer simulations to support their findings. They programmed a computer with 125 software “species” and, after
creating an initial stable community of three electronic organisms in the machine, added new species one at a time. At first, each invading species made
the grouping fluctuate in population and often bumped out other species in waves of extinction, but eventually the communities settled down, clicked into
place, and became relatively impervious to new invaders. This showed that simply adding random species together could create invasion-proof
communities of interacting members.

In both sets of experiments, many species would survive for a while and then die off. They didn’t wind up as part of the final community. But they turned
out to be important ingredients of a successful, stable ensemble. If these species were dropped from the assembly process, the community ended up
with a different final composition; it took an alternative path. These short-term species played the same role as nurse plants, performing some useful job
along the way, but weren’t part of the end product.

These experiments confirm what many permaculture gardeners have learned: We don’t know exactly how the assembly of successful guilds and
ecosystems works, but if we begin with a wide array of plant types, nature will usually sort out something that clicks. A skimpy selection takes a lot more
babying and often never “pops” at all.

These experiments, as well as the experiences of the ecological gardeners cited in this book, hint that assembling a backyard ecosystem is not as
difficult as one might think. Nature adheres to a deep order. It is as if living beings “want” to come together to form coherent communities. Given half a
chance, plants and animals will self-organize into a connected whole. Ecological gardeners, take heart; we don’t have to master every detail of guild
design or include every single native bacterium, beetle, and plant species of a community to get a garden to “pop.” Nature will often supply the missing
pieces, click together the right connections, and link up the important cycles. A holistic garden wants to happen. We just need to supply a reasonable
selection of pieces and arrange them in a usable order. Nature will choose the ones that work.
 
A grassy path through the 25-year-old forest garden of the Bullock brothers, Orcas Island, Washington.

I’m not saying that creating an ecological garden will take no work. Building soil, nurturing an array of useful plants to maturity, and awaiting the arrival of
beneficial insects, birds, and other wildlife all require labor and time. And transforming our own viewpoint, from a static bits-and-pieces orientation to one
based on the interconnectedness of nature, may be the biggest hurdle of all. But that initial investment you make will pay off handsomely. You’ll hardly even
remember it as you lie in your hammock, overwhelmed by the choice of fruit, hypnotized by the array of scents wafting your way, and comfortable in the
knowledge that your landscape is allowing some bit of farmland to go free.

This book can only be an introduction to an enormous subject, one that could easily consume a lifetime of study, observation, and puttering among the
plants. The bibliography offers further resources that go into more depth. The best way to learn, however, is simply to take a good look at the natural world,
roll up your sleeves, and begin to create a garden that will provide for you and for the many other beings with whom we live.



APPENDIX

A Sampling of Useful Plants

Thousands of useful plant species exist, thus the plants listed in the following tables represent only a small sample of what is available. I’ve chosen to
highlight these species here because they are relatively common, exceptionally useful, and not too difficult to grow.

Sources for this information include the Plants for a Future Database (www.pfaf.org); Tilth, The Future Is Abundant (Tilth, 1982); and Christopher
Brickell, The American Horticultural Society Encyclopedia of Garden Plants  (Macmillan, 1990).



Key to Appendix Tables



USDA Zone
This refers to the USDA Hardiness Zone system, representing the lowest annual temperature range for a specific growing region and thus offering some
general indication of where a particular plant can be reliably expected to survive. These zones are only approximations and do not take into account
specific microclimates (either natural or created by the gardener).

Also, as of this writing, the USDA has not released new zone maps, which may indicate shifting zone boundaries as a result of global climate change.
However, the minimum temperatures defining the zones remain the same, as follows:

Type
Tr Tree (a woody perennial with a single erect stem and a substantial leaf canopy)

 

Sh Shrub (a woody perennial with multiple stems arising from the base)
 
Cl Climber (a vining or trailing plant with a flexible stem)
 
E Evergreen (retaining its foliage year-round)
 
D Deciduous (losing its foliage year-round)
 
HP Herbaceous perennial (a non-woody plant that grows for several to many years)
 
HB Herbaceous biennial (a non-woody plant that sets seed and dies in its second year)
 
A Annual
 
P Perennial

Light
Prefers full sun
Prefers shade
Tolerates partial shade

Edible Part or Use
Bark Bark 
Fr Fruit 
Fl Flower 
Lf Leaf 
Med Medicinal 
Oil Seed or sap used for oil 
Root Root 
Sap Sap 
Seas Used as seasoning or spice 
Sd Seed 
Sht Shoot 
Tea Tea 
Y Young



Animal Use
Chk Poultry forage 
For Forage, browse, or other animal feed 
Hab Provides habitat 
Hum Attracts hummingbirds 
Ins Attracts beneficial insects

Other Use
Biomass Plant produces large quantities of 
biomass 
Bskt Stem, branches, or root used for 
basketry 
Dye Some or all of plant used to prepare 
dye 
Fiber Leaf, stem, flower parts, or root used in 
paper, cordage, or other fiber product 
Fragrance Has exceptional fragrance, may be used 
as perfume base 
Gourd Fruit used as gourd 
Hr Hedgerow species 
N-fixer Nitrogen-fixing species 
Nutr Nutrient-accumulator species 
Poles Stem or branches used for poles and 
support stakes 
Polish Used as furniture polish 
Repellent Used as insect repellent 
Soap Leaves, sap, fruit, or other part used as 
soap 
Soil stab Used for soil stablization 
Wbr Windbreak species 
Wood Woody parts used for lumber, fire-wood, 
or craft wood

 
Tall Tress, 50 Feet and Larger













Glossary

allelopaths Plants that secrete a toxic substance that suppresses competing plants.
biodiversity The variety of organisms present, considered from many levels: cultivar, species, genus, family, and on up to include all five kingdoms, as
well as the diversity of habitats and ecosystems.
buffer plants Plants placed between guilds or between allelopathic species. They should be compatible with the trees in each guild and should have a
positive effect on one or both of the guilds to be linked.
chaperone plants Species that protect seedlings from harm until the juveniles are ready for life on their own.
companion planting Placing two or more plant species in a way that at least one species benefits the other(s) by deterring pests, attracting pollinators,
and so on.
compost The rich, humusy end product of decomposition, made by piling surplus organic matter into a mound or bin and letting it rot.
cover crops Crops planted specifically to build soil, reduce erosion, and smother weeds.
drip line The invisible boundary under a tree’s outermost leaves.
edge effect The increase in diversity that occurs where two systems meet, creating conditions favorable to inhabitants of both sides of the edge as well
as new conditions at the edge itself that support new inhabitants (as when a river flows into the sea or a pond meets its shore).
forest garden A multistoried, food- and habitat-producing landscape that acts like a natural woodland.
Gaia Greek goddess of the Earth, and the origin of the word root geo-, as in geography and geology. Also, as in Gaia theory, James Lovelock’s idea that
many of Earth’s processes are self-regulating.
graywater The household water from sink, shower, tub, and laundry drains.
guild A harmoniously interwoven group of plants and animals, often centered around one major species, that benefits humans while creating habitat.
hardscaping The term designers use for wood, stone, concrete, and other constructed elements such as walls, sheds, paths, fences, and the like.
humus A fairly stable, complex group of nutrient-storing molecules created by microbes and other forces of decomposition by the conversion of organic
matter.
interplanting Combining plant varieties in ways that avoid competition for light, space, or nutrients and that often discourage pests.
microclimate gardening Arranging plants in a manner that will take advantage of variations in microclimate (such as placing a frost-tender plant against
a warm, south-facing wall) or in ways that will create favorable microclimates (such as using a tree to shade a house from hot sun).
mineralization The process of converting organic carbon-containing compounds into inorganic plant food.
monopodial Forming shoots from a central axis; in this book the term refers to bamboo species that are often described as “running” (and thus
potentially invasive).
narcissistic Plants that thrive on the leaf litter of members of their own family, such as the Solanaceae, or nightshade family.
niche The role or function within an ecosystem played by a particular organism. Think of a niche as a profession and habitat as the workspace for
performing the job.
nitrogen fixers Plants that host symbiotic microorganisms in nodules among their roots that “fix” nitrogen gas from the air by combining it with carbon to
make amino acids and related molecules. Includes most members of the pea or bean family (Fabaceae), plus certain other species.
nurse plants Species that create shelter and other favorable conditions in which more delicate plants can get a start.
opportunistic plant Species that, when introduced to a new environment, use resources more effectively than existing plants and reproduce more
quickly. A less loaded term than “invasive.”
parasitoids Small wasps and flies that lay their eggs inside other insects or insect eggs.
permaculture A set of techniques and principles for designing sustainable human settlements.
pioneer plants Certain fast-growing annual grasses, herbs, and flowers that are the first florae to arrive after a disturbance.
plant communities Groupings of trees, shrubs, and nonwoody plants that naturally occur together and seem to be connected as a whole.
pollinators Beneficial insects that transport pollen for fruit and seed set.
polycultures Dynamic, self-organizing plant communities composed of several to many species.
predator insects Beneficial insects that consume pest insect species.
primary decomposers Invertebrates, bacteria, algae, fungi, and actinomycetes that are the first to consume organic matter.
scaffold plants Species whose physical presence lets young or otherwise vulnerable plants get established.
secondary decomposers Mold mites, springtails, certain beetles, and other organisms that feed on primary decomposers.
sectors Areas where outside energies such as wind, sun, fire, and so forth enter a site. These energies can be mitigated, captured, or otherwise
influenced by placement of elements in the design.
sheet mulching Composting in place to eradicate weeds and build soil without the need for herbicides or tilling.
standing biomass The part of an ecosystem that is permanent, such as branches and large roots, as opposed to seasonal, such as fruit or deciduous
leaves.
succession Change in composition of organisms in an ecosystem, often progressing from pioneer species to shrubs to trees.
swale A shallow trench laid out dead level along the land’s contours to allow water to enter the soil.
sympodial Forming main shoots from secondary ones; in this book the term refers to “clumping” bamboo species, which are usually not invasive.
tertiary decomposers Soil organisms that feed on the secondary (and some primary) decomposers.
tilth The loose, crumbly structure of microbially rich soil, created by certain soil bacteria that secrete gums, waxes, and gels that hold tiny particles of earth
together.
weeds A highly subjective category of maligned plants that even the United States Department of Agriculture admits are simply “plants that interfere with
human activities.”
zones A permaculture design method in which elements are placed according to how often they are used or need attention. The more an element is
used, the closer to the house it is located.
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Yepsen, Roger, ed. Encyclopedia of Natural Insect and Disease Control. Rodale, 1984. Natural pest control, with clear drawings and photos for
identifying insects.



Resources



Magazines
Permaculture Activist 
PO Box 5516, Bloomington, IN 47407 
www.permacultureactivist.net/ 
$23/year, 4 issues.
 
Permaculture Magazine (England) 
www.permaculture.co.uk 
In the United States, contact Permaculture Activist 
(above) for subscription information. 
$29/year, 4 issues.



Permaculture Teaching and Consulting Organizations
Barking Frogs Permaculture Center 
PO Box 52, Sparr, FL 
32192-0052 
www.barkingfrogspermaculture.org/
 
Culture’s Edge 
1025 Camp Elliot Rd., 
Black Mountain, NC 28711 
828-669-3937 
pcactiv@metalab.unc.edu
 
Central Rocky Mountain Permaculture Institute 
PO Box 631, Basalt, CO 81621 
970-927-4158 
www.crmpi.org/ 
jerome@crmpi.org
 
Earthflow Design Works 
739A E. Foothill Blvd. #130 
San Luis Obispo, CA 93405 
310-383-5495 
www.earthflow.com/
 
The Farm Ecovillage Training Center 
PO Box 90, Summertown, TN 38483-0090 
615-954-3574 
www.thefarm.org/etc/
 
Finger Lakes Permaculture Institute 
PO Box 54, Ithaca, NY 14851 
(607) 227-0316 
www.fingerlakespermaculture.org/
 
Lost Valley Educational Center 
81868 Lost Valley Lane, Dexter, OR 97431 
541-937-3351 
www.lostvalley.org 
permaculture@lostvalley.org
 
Occidental Arts and Ecology Center 
15290 Coleman Valley Rd., Occidental, CA 95465 
707-874-1557 
www.oaec.org/ 
oaec@oaec.org
 
Patterns for Abundance 
5421 E. King’s Rd, Bloomington, IN 47408 
812-335-0383 permacultureactivist.net/design/Designconsult.html
 
Regenerative Design Institute (Permaculture 
Institute of Northern California) 
PO Box 923, Bolinas, CA 94924 
415-868 9681 
www.regenerativedesign.org
 
Permaculture Institute USA 
PO Box 3702, Pojoaque, NM 87501 
505-455-0270 
pci@permaculture-inst.org



Plant Databases on the Internet
The Ethnobotany Database 
www.ars-grin.gov/duke
A database developed by James A. Duke and Stephen M. Beckstrom-Sternberg housed at the National Germplasm Resources Laboratory (NGRL).
It contains 80,000 records of plants and their uses worldwide.
GRIN Taxonomy 
www.ars-grin.gov/npgs/tax/
The USDA’s Germplasm Resources Information Network database, with brief descriptions of over 34,000 plant species and links to further
information. The focus is mostly on useful plants.
 
Plants for a Future 
www.pfaf.org
Over 7,000 useful plants are described, with their uses, culture, and much other information in a well-designed searchable website. My favorite source
of data on useful plants.
 
USDA PLANTS Database 
http://plants.usda.gov/plants/index.html
This database includes names, checklists, automated tools, identification information, species abstracts, and other plant information on a large
number of plants grown in the United States.



Seeds, Live Plants, and Garden Supplies
Abundant Life Seed Foundation 
PO Box 772, Port Townsend,WA 98368 
360-385-5660 
www.abundantlifeseeds.com/ 
Nonprofit growers and collectors of nonhybrid seeds. 
Catalog $2.
 
Ames’ Orchard and Nursery 
Rt. 5, Box 194, Fayetteville, AR 72701 
501-443-0282
Specializes in disease-resistant apple, pear, grape, raspberry, and other trees and small fruits for the South. Catalog for two first-class stamps.
 
The Banana Tree, Inc. 
715 Northampton St., Easton, PA 18042 
610-253-9589 
www.banana-tree.com 
faban@enter.net 
Thousands of tropical seeds and bulbs.
 
Bountiful Gardens 
Shafer Ranch Rd., Willits, CA 95490-9626 
707-459-6410 
www.bountifulgardens.org/ 
bountiful@sonic.net
A nonprofit research organization with a wide selection, including many heirloom cultivars.
 
Burnt Ridge Nursery 
432 Burnt Ridge Rd., Onalaska, WA 98570 
350-985-2873 
www.burntridgenursery 
Many nut and fruit trees varieties.
 
The Cook’s Garden 
PO Box 5010, Hodges, SC 29653-5010 
802-824-3400 
www.cooksgarden.com/ 
Retail and wholesale seeds with many heirlooms.
 
DeGiorgi Seed Co. 
6011 N St., Omaha, NE 68117-1634 
www.degiorgiseed.com
Over 1,500 varieties, including perennials, vegetables, and grasses.
 
Deep Diversity 
Box 190, Gila, NM 88038 
www.one-garden.org/deep.htm
The brilliant Alan Kapuler’s delightful and esoteric seed collection.
 
Edible Landscaping Nursery 
PO Box 77, Afton, VA 22920 
804-361-9134 
www.eat-it.com/ 
el@cstone.net 
A wide selection of fruits, nuts, kiwis, and edible shrubs.
 
Fedco Trees 
PO Box 520,Waterville, ME 04903-0520 
207-873-7333 
www.fedcoseed.com/trees.html/
Hardy tree fruits and nuts, small fruits, and berries as well as ornamentals.
 
Fern Hill Nursery 
78703 Echo Hollow Lane 
Cottage Grove, OR 97424 
541-942-3118 
fernhillnursery.com
Small but useful selection of multifunctional species and West Coast natives.
Forestfarm Nursery 



990 Tetherow Rd., Williams, OR 97544-9599 
541-846-7269 
www.forestfarm.com
This may be the most extensive supply of useful plants in the United States—over 3,000 varieties. Catalog $5 and worth it.
 
Garden City Seeds 
778 Hwy. 93 North Hamilton, MT 59840 
406-961-4837 
www.gardencityseeds.com/
A nonprofit carrying over 500 cultivars and green manures.
 
Greenmantle Nursery 
3010 Ettersburg Rd., Garberville, CA 95542 
707-986-7504 
www.greenmantlenursery.com 
Specializes in fruit and nut trees for homesteaders.
 
Harmony Farm Supply 
PO Box 450, Graton, CA 95444 
707-823-9125 
www.harmonyfarm.com/
Seeds, irrigation supplies, fertilizer, and more for farm and garden.
 
Hidden Springs Nursery 
Rt. 14, Box 159, Cookeville, TN 38501 
615-268-9889 
www.hiddenspringsnursery.com/
Unusual fruits and the like, including medlar, autumn olive, and other permacultural plants.
 
J. L. Hudson, Seedsman 
PO Box 1058, Redwood, CA 94064 
www.jlhudsonseeds.net/
Sells open-pollinated varieties from all over the world. A wide array of useful food and medicinal species. Catalog $1.
 
Native Seeds/SEARCH 
525 N. 4th Ave., Tucson AZ 85705-8450 
520-327-9123 
www.nativeseeds.org/
Specializes in heirloom varieties from Mexico and the Southwest. Catalog $1.
 
Nichols Garden Nursery 
190 N. Pacific Hwy., Albany, OR 97321-4580 
541-928-9280 
www.gardennursery.com/index.html 
info@gardennursery.com 
A wide assortment of herbs and vegetables.
 
Oikos Tree Crops 
PO Box 19425, Kalamazoo, MI 49019-0425 
616-624-6233 
Edible native fruits, nuts, tubers, and perennials.
One Green World 
28696 S. Cramer Rd., Molalla, OR 97038 
www.onegreenworld.com/
Large selection of multifunctional fruits, nuts, shrubs, bamboos, and more.
 
Oregon Exotics Rare Fruit Nursery 
1055 Messinger Rd., Grants Pass, OR 97527 
541-846-7578 
www.exoticfruit.com/
Mouth-watering selection of exotic tubers and fruits, though a small inventory at present.
 
Ornamental Edibles 
3522 Weedlin Court, San Jose, CA 95132 
408-946-7333 
www.ornamentaledibles.com/
Over 400 varieties of gourmet and edible flowers for urban landscapes.
 
Peace Seeds 
2385 S.E. Thompson St., Corvallis, OR 97333 
http://peaceseeds.com



An extensive selection of heirloom varieties and high-nutrition vegetables, maintained by the brilliant Alan Kapuler.
 
Peaceful Valley Farm Supply 
PO Box 2209, Grass Valley, CA 95945 
530-272-4769 
www.groworganic.com
Seeds, irrigation, and natural pest-management supplies, and a very educational catalog.
 
Permaculture Seed and Plant Exchange 
3020 Whiteoak Creek Rd., Burnsville, NC 28714 
704-675-5664
An annual catalog that links growers and collectors with buyers.
 
Plants of the Southwest 
Agua Fria Rd., Rt. 5 Box 11A, 
Santa Fe, NM 87501 
800-788-7333 
www.plantsofthesouthwest.com/ 
Native plants and seeds from the Southwest.
 
Redwood City Seed Co. 
PO Box 351, Redwood City, CA 94064 
www.ecoseeds.com/
An early leader in untreated heirloom seeds; specializes in hot peppers.
 
Sandy Bar Nursery 
PO Box 347, Orleans, CA 95556 
530-627-3379 
www.sandybarnursery.com/
Heirloom and unusual fruit trees, wide selection of vigorous, healthy stock.
 
Seed Savers Exchange 
RR 3, Box 239, Decorah, Iowa 52101 
www.seedsavers.org
Now offering its own retail seed catalog, Seed Savers is a nonprofit grassroots organization of gardeners who grow and preserve thousands of rare,
nonhybrid plant varieties. Members receive an annual Yearbook from which they can order seeds from other listed seed savers.
 
Seeds of Change 
521 Old Santa Fe Trail, #10, 
Santa Fe, NM 87501
Open-pollinated, organically grown, non-GMO seeds selected for nutrition, drought tolerance, and genetic diversity.
 
Shepherd’s Garden Seeds 
30 Irene St., Torrington, CT 06790 
203-482-3638 
www.shepherdseeds.com/
Large collection of heirloom vegetable, herb, and flower seeds.
 
St. Lawrence Nurseries 
325 State Hwy. 345, Potsdam, NY 13575 
315-265-6739 
www.sln.potsdam.ny.us
Specializes in fruits and nut trees for northern climates, managed organically.



Index



A

Abelia grandiflora (abelia, glossy)
Abies spp. (fir)
Acacia spp. (acacia)
Acer spp. (maple)
Achillea

A. filipendulina (fern-leafed yarrow)
A. millefolium (yarrow)

achira
Achlys triphylla (vanilla leaf)
acid soil
Acorus calamus (sweet flag)
Actea rubra (baneberry)
Actinidia (kiwifruit)

A. arguta
A. delciosa
A. kilomikta (hardy)

aesthetics, garden
Agastache foeniculum (anise hyssop)
Agrostis spp. (bentgrass)
Ailanthus altissima (tree of heaven)
Ajuga reptans (ajuga, bugle)
Albizia julibrissin (silk tree, mimosa)
alder. See Alnus spp. (alder)
alfalfa. See Medicago spp.
algoroba
alkaline soil
Allicaria officinalis (garlic mustard)
Allium spp. (onions)

A. cepa proliferum (walking onion)
A. moly (garlic, golden)
A. sativum (garlic)
A. schoenoprasum (chives)
A. tanguticum (lavender globe lily)
A. tricoccum (ramp, wild leek)
A. tuberosum (garlic chives)
A. ursinum (garlic, wild)

almond. See Prunus spp.
Alnus spp. (alder)
Aloe vera (aloe vera)
alpine cinqufoil
Alstomeria ligtu (alstomeria)
alum root
Alyssum

A. murale (alyssum)
A. saxatilis (basket of gold)

Amaranthus spp. (amaranthus)
A. retroflexus (pigweed, red root)

Amelanchier spp. (serviceberry)
A. alnifolia (Saskatoon serviceberry)

American chestnut
American cranberry
American groundnut
American vetch
Ammi majus (toothpick ammi)
ammonium. See also nitrogen
Amorpha fruticosa (false indigo)
Amphicarpaea bracteata (hog peanut)
amur cork tree
amur honeysuckle
Anagallis arvensis (scarlet pimpernel)
Anethum graveolens (dill)
Angelica gigas (angelica)
animals. See livestock; wildlife habitat



anise hyssop
annuals

cover crops
perennialized and reseeding
perennials vs.
polyculture

Anthemis
A. arvensis (chamomile, corn)
A. tinctoria (golden marguerite)

Apache plume
aphids
Apiaceae family
Apios americana (groundnut)
Apium graveolens var. rapaceum (celeriac)
apple pomase
apple trees. See Malus spp. (apple, crabapple)
apricot trees

Manchurian
wild

Aquilegia vulgaris (columbine)
Arachis hypogaea
Aralia cordata (udo)
Arbutus spp.

A. menziesii (Pacific madrone)
A. unedo (strawberry tree)

Arctium spp. (burdock)
A. lappa
A. minus

Arctostaphylos spp. (manzanita)
A. uva-usi (bearberry)

Arizona
Armoracia rusticana (horseradish)
Aronia spp. (chokeberry)
arrowhead
Artemisa absinthum (wormwood)
artemisia
artichokes
arugula
Asarum canadense
Asclepias spp.

A. cornuti (common milkweed)
A. tuberosa

ash
Asian pear
Asian plum
Asimina trilobita (pawpaw)
asparagus
Aster alpinus (dwarf alpine aster)
Asteracea family
asters
astilbe
Astilbe spp. (meadow sweet)
astragalus
Astragalus crassicarpus (groundplum milkvetch)
Astrantia major (masterwort)
Atriplex spp. (sagebrush)

A. canescens (four-wing saltbush)
A. hastata (fat hen)

Austrian winter peas
Autumn olive. See Elaeagnus spp.
Avena sativa (oats)
Azolla filiculoides (mosquitofern, Pacific)



B

bacteria
Balsamorhiza sagittata (balsamroot)
balsamroot
bamboo
banana
baneberry
banksia
Baptisia australis (blue false indigo)
Barbarea vulgaris (wintercress)
barberry. See Berberis spp.
bark mulch
barley. See Hordeum vulgare (barley)
Barnhart, Earle
barrel medic
Bartholomew, Mel
Basella rubra (Malabar spinach)
basil
basket of gold
bayberry
bead tree
beans

bush
fava/bell bean (See Vicia faba [bell bean, faba bean])
pinto
pole
scarlet runner beans

bearberry
bee balm
beech
bees See also pollen and pollinators
bell bean. See Vicia faba (bell bean, faba bean)
bellflower, trailing
beneficial insects . See also bees

attracting (See insectaries)
examples
types

bentgrass
Berberis spp.

B. thunbergii (Japanese barberry)
B. vulgaris (barberry)

berms
Bermuda grass
berry bushes
Beta vulgaris (Swiss chard)
Betula spp. (birch)
big-eyed bugs
big-leaf maple
bindweed
biodiversity

annual gardens
birds attracted by
in compost
food forest
forest
interplanting and
pest control and
of soil(See also soil building)
swales and

biointensive gardening
biomass
bioswale
birch
birds

in food forest
nurse plants for



plants attracting
birdsfoot trefoil
biscuit root
bitternut hickory
bittersweet
black chokecherry
black cohosh
black-eyed peas
black-eyed Susan
black hawthorn
black locust. See Robinia pseudoacacia (locust, black)
black sage
black walnut tree
blackberry. See Rubus spp. (blackberry, raspberry)
bladder senna. See Colutea arborescens (bladder senna)
blando brome grass
blue false indigo
blueberry. See Vaccinium spp. (blueberry)
bonemeal
Borago officinalis (borage)
boxthorn
bracken, eastern
branch garden patterns
Brassica spp.

B. napus (rapeseed)
B. oleracea ramosa (kale)
B. oleracea viridis (collards)

broad-petaled strawberry
broccoli
Bromus mollis (blando brome grass)
Brookes, John
broom
Brussels sprouts
buartnut
bubble diagram
Buchanan, Rita
buckbrush. See Ceanothos spp. (wild lilac, California lilac, buckbrush)
buckeye
buckthorn. See also Hippophae rhamnoides (sea buckthorn)
buckwheat. See Fogopyrum esculentum (buckwheat)
buffalo grass
buffaloberry. See Shepherdia argentea (buffaloberry)
buffer plants
bugle (ajuga). See Ajuga reptans (ajuga, bugle)
bulbs
Bullock, Joe, Douglas, and Sam
bulrush
Bunias orientalis (Turkish rocket)
Bunium bulbocastanum (earth chestnut)
bur oak
burdock. See Arctium spp. (burdock)
Burkhart, Kevin
bush beans
bush cherry

Hansen’s
Nanking cherry

bush clover
bush kale. See Brassica spp.
bush peas
butter and eggs
butterfly bush
butterfly pea
butterfly weed
butternut trees



C

cabbage
calcium
calendula
California
California hazelnut
California poppy
Callirhoe involucrata (purple poppy mallow)
camas
Camassia quamash (camas)
Campanula pascharskyana (trailing bellflower)
Canna spp. (canna lily)

C. edulis (achira)
canopies

city garden
forest garden

canopy, leafy
Capsella bursa-pastoris (shepherd’s purse)
Capsicum aviculare (chiltepine)
Caragana arborescens (Siberian pea shrub)
caraway
carbon
carbon dioxide
carbon to nitrogen (C:N) ratio
cardboard. See newspaper/cardboard
cardoon. See Cynara cardunculus (cardoon)
Carduus nutans (thistle, nodding)
Carex spp. (sedge)
carob
Carolina bush pea
carrot. See Daucus carota (carrot)
Carum carvi (caraway)
Carya spp. (hickory)

C. avata (shagbark)
C. illinoensis (pecan)

Carylus spp. (hazelnut)
cascade niches
cash crops. See commercial farming
Castanea spp. (chestnut)

C. alnifolia
C. dentata (American chestnut)
C. mollisima (Chinese chestnut)
C. pumila

casuarina
Casuarina spp. (casuarina)
catmint
cats
cattail. See Typha spp. (cattail)
cauliflower
Ceanothos spp. (wild lilac, California lilac, buckbrush)
cedar trees
celeriac
celery
Celtis spp. (hackberry)

C. accidentalis
Chaemocytisus palmensis (tagasaste)
Chaenomeles spp.
Chamaemelum nobile (chamomile)
chamomile

corn
German

Chamomilla rectutita (chamomile, German)
chaperone plants
chard
cheese mallow



Chenopodium spp.
C. album (lamb’s quarters)
C. ambrosioides (epazote)
C. bonus-henricus (good King Henry)
C. quinoa (quinoa)

cherry tomato
cherry trees

Stella
wild

chestnut trees. See Castanea spp. (chestnut)
chicken. See poultry
Chicken Tractor
chickweed
chicory. See Cichorium intybus (chicory)
chiltepine
chinaberry
chinampas
Chinese artichoke
Chinese chestnut
Chinese mountain yam
Chinese water lotus
Chinese yam
chinkapin
chives. See Allium spp.
chokeberry
chokecherry
Chryptotaenia japonica (Japanese parsley)
chrysanthemum
Chrysanthemum parthenium (fever few)
chunking
Cicer arientinum (garbanzo bean)
Cichorium intybus (chicory)
Cimicifuga racemosa (black cohosh)
cinnamon vine
Cirsium arvense (thistle, Canada)
Cistus albidus (rock rose)
Cistus ladinifer (crimson-spot rock rose)
citrus trees
city, gardening in

animals
edges
efficient use of space
finding place for
microclimates
permaculture challenges
saving time in
zone-and-sector method for

Clayton, Doug
claytonia
cleavers
Clematis spp. (clematis)
Clethra alnifolia
Clitoria mariana (butterfly pea)
clover .

See also Melilotus spp. (clover);
Trifolium spp. (clover)
alsike
berseem
carbon to nitrogen (C:N) ratio
crimson
Dutch
hop
nitro Persian
red Kenland
strawberry
sweet white
sweet yellow



white Dutch
white Ladino
white New Zealand

coffeeberry
Colacasia esculenta (taro)
cold air, eliminating
Coleman, Eliot
collards
color, microclimate created by
color scheme, garden
Colorado
coltsfoot
columbine
Colutea arborescens (bladder senna)
comfrey. See Symphytum officinale (comfrey)
commercial farming

large-scale
zone III for

comminution of leaves
common milkweed
common rush
communities, plant. See plant communities
companion planting
composite family
compost . See also

sheet mulch
carbon to nitrogen (C:N) ratio
leaf, composting into nutrients of

connectedness . See also plant communities
contoured land
conventional gardens
Conyza canadensis (horsewood)
cool microclimates
cool weather cover crops
cordon techniques
Coriandrum sativum (coriander)
corn
corn chamomile
corn salad
corn stover
Cornelian cherry dogwood
Cornus (dogwood)

C. florida (flowering)
C. mas (Cornelian cherry)

Corylus spp.
C. avellana (hazelnut)
C. cornuta (California hazelnut)

Cosmos bipinnatus (cosmos)
cotoneaster
cottonseed meal
cover crops

annuals
for fertility
for forest garden
to open compacted soil
perennials
selecting

covercrops
nitrogen-fixing plants

cowpeas
crabapple trees
crabgrass
Craetagus douglasii (black hawthorn)
Crambe maritima (sea kale)
cranberry. See Viburnum spp. (cranberry)
Crataegus spp. (hawthorn)

C. aestivalis



C. apaca
C. azarolus (red azarole)

creambush oceanspray
Create an Oasis with Graywater
creeping phlox
creeping thyme. See Thymus (thyme)
creosote bush
crimson-spot rock rose
crimson thyme
crotolaria
Crotolaria juncea (sunn hemp)
Crytotaenia japonica (Japanese parsley)
cucumber
Cucumis

C. melo (melon)
C. sativus (cucumber)

cumin
Curcurbita spp. (squash)
curlytop-gumwood
currant. See Ribes spp. (currant)
Cydonia oblonga (quince)
Cynara cardunculus (cardoon)
Cyperus alterufolius (umbrella palm)
Cytisus × spachianus (hybrid broom)
Cytisus spp.



D

Dactylis glomerata (orchardgrass)
daffodil
daikon radish. See radish
dandelion. See Taraxacum vulgare (dandelion)
date palm
Daucus carota (carrot)
Daucus carota (Queen Anne’s lace)
daylily
deer

hedges, deer-deflecting
plants resistant to

dense plantings
desert climate
design, garden. See garden design
Designing and Maintaining Your Edible Landscape—Naturally
dill. See Anethum graveolens (dill)
Dioscorea batatas (Chinese mountain yam)
Diospyrus spp. (persimmon)

D. kaki (Asian)
D. virginiana (American)
dwarf persimmon

dock. See Rumex spp. (dock, sorrel)
dogs
dogwood, flowering. See Cornus (dogwood)
domestic production zone
Douglas fir
Drake, Jim
drought-tolerant plants
Druse, Ken
ducks
duckweed
dulse
Dutch clover
dwarf alpine aster
dwarf pear trees
dwarf yarrow
Dyer’s greenwood
dynamic nutrient accumultors
Dyrness, C. T.



E

earth chestnut
earthworms
eastern red cedar
eastern wahoo
echinacea
ecological gardens

basics of
design (See garden design)
features of
labor saved by
principles of

edges, plants at
Edible Forest Gardens
edible landscaping . See also food forest; vegetables

bulbs
multifunctional plants

eggplant
Egyptian onion
Elaeagnus × ebbingei (elaegnus)
Elaeagnus spp.

E. angustifolia (Russian olive)
E. multiflora (goumi)
E. umbellata (autumn olive)

elderberry. See Sambucus spp. (elderberry)
Eleocharis spp. (spike rush)
elm
English ivy
English lavender. See Lavandula angustifolia (English lavender)
environmental impact. See also fertilizers

of trees
urban/suburban landscape

epazote
Equisetum spp. (horsetail)
Eriobotrya japonica (loquat)
erosion control
Eruca vesicaria sativa (rocket)
Eryngium maritimum (sea holly)
Eschscholzia californica (California poppy)
espalier techniques
eucalyptus
Euonymous spp.
Euphorbia spp. (spurges)
European bittersweet. See bittersweet
European cranberry
European pear
European wahoo
Evans, Ianto
evergreens. See also specific plants
exotic plants



F

Fabaceae family. See legumes
Fagopyrum esculentum (buckwheat)
Fagus spp. (beech)

F. grandiflora
F. sylvatica

Fallugia paradoxa (Apache plume)
false indigo. See Amorpha fruticosa (false indigo)
Fargesia spp. (bamboo)
farm zone
farmers’ markets
fat hen
fava bean. See Vicia faba (bell bean, faba bean)
feather reed grass
fedges. See hedges
Feijoa sellowiana
fences
fennel. See Foeniculum vulgare (fennel)
fenugreek
Fern, Ken
fertility. See soil fertility
fertilizers.

See also manure
chemical, effect on soil of
soluble, use of
tied to organic matter

fescue
creeping red
zorro

Festuca rubra (fescue, creeping red)
feverfew
Ficus carica (fig)
fig
figwort
filazels
filbert
fir trees. See also Douglas fir
fire sectors
firethorn
fireweed
firewood
flax
flood management
flowering quince. See Cydonia oblonga (quince)
Flowering Tree Permaculture Institute
flowers. See also specific flowers

bird-attracting
city garden
insect-attracting
Zone
Zone

Foeniculum vulgare (fennel)
Fogopyrum esculentum (buckwheat)
food forest

design
evolution of
history of
plant guilds

forage zone
Forest Gardening
forest gardens. See food forest
forests

biodiversity of
edges, opportunistic plants at
edible (See edible landscaping; food forest)



layers of
soil

Foriestiera spp.
fortress plants
fountain grass
Four-Season Harvest
four-wing saltbush
Fragaria spp. (strawberry)

F. virginiana (broad-petaled strawberry)
fragrant sumac
Franklin, Jerry
Fraxinus spp.
French sorrel
fruit set
fruit trees.

See also specific fruits
in city gardens
dwarf
in food forest
graywater for
in guilds
in net patterns
nitrogen-fixing plants with
for poultry forage

fuchsia
functions, stacking
fungal diseases
fungi



G

Galium aparine (cleavers)
Gambel’s oak
garbanzo bean
garden design

checklist
color schemes and other aesthetics
development
food forest
guilds
implementation
maps/sketches (See maps/sketches of garden)
natural patterns
observation
planning (See planning, garden)
process
visioning

garden work
city garden
low maintenance plants

garlic. See Allium spp.
garlic chives. See Allium spp.
garlic mustard
Gaultheria shallon (salal)
Genista tinctoria (Dyer’s greenwood)
geranium, scented
Geum japonica (large-leaved avens)
ginger

hardy
wild

Glanzberg, Joel
Gleditsia triacanthos (honey locust)
gloriosa daisy
Glycine max (soybeans)
Glycrrhiza glabra (licorice)
Glycyrrhiza spp.
golden-chain tree. See Laburnum anagyroides (golden-chain tree)
golden marguerite
goldenrod. See Solidago spp. (goldenrod)
good King Henry
gooseberry. See Ribes spp. (currant)
goumi, Elaeagnus spp.
grain hulls and chaff
grains
grapes. See Vitis spp. (grape)
grasses. See also lawns

Bermuda
birds attracted to
blando brome grass
carbon to nitrogen (C:N) ratio
in compost
controlling invasion of
as mulch
perennial

Gratiola virginania (hedge hyssop)
graywater
“green manure” plants
greenbrier
greenhouses
greens. See also specific greens

in keyhole beds/herb spirals
location in garden
perennial
shade for

ground covers.



See also specific plants
for forest garden
nitrogen-fixing

groundcherry
groundnut
groundplum milkvetch
groundsel
guilds. See plant guilds
gypsum



H

Hachiya persimmon
hackberry. See Celtis spp. (hackberry)
Haggard, Ben
Hanamelis virginiana (witch hazel)
Hansen’s bush cherry
Hardeum vulgare
hardscaping
hardy ginger
hardy kiwi
Hart, Robert
harvests
hawthorn. See Crataegus spp. (hawthorn)
hay
hazelberts
hazelnut. See Carylus spp. (hazelnut)
hazelnut community
heartnut
heat transfer
hebe
Hebe salicifolia (hebe)
hedge hyssop
hedges

deer-deflecting
edible (fedge)

Helianthus spp.
H. anuus (sunflower)
H. maximilianii (Maximilian sunflower)
H. tuberosus (Jerusalem artichoke)

Hemenocallis fulva (daylily)
hemlock
herb spirals
herbicides
herbs

birds attracted to
for food forest
in keyhole gardens
native
perennial
for poultry forage

Heteromeles arbutifolia (toyon)
Heuchera glabra (alum root)
hican
hickory trees
high-bush blueberry
high-bush cranberry
Himalayan raspberry
Hind’s black walnut
Hippophae rhamnoides (sea buckthorn)
Hobhouse, Penelope
hog peanut
holly
Holmes, Roger
Holmgren, David
Holodiscus discolor (creambush oceanspray)
Home Landscaping
honey locust. See locust, honey
honeysuckle. See Lonicera spp. (honeysuckle)
hops. See Humulus lupulus (hops)
Hordeum vulgare (barley)
horseradish
horsetail
horsewood
How to Make a Forest Garden
hugelkultur



human uses, guild plant
hummingbirds
Humulus lupulus (hops)
humus

cover crops, built by
making
moisture held by
nutrients in
swales and
tilling and

hybrid broom



I

iceberg lettuce
Ilex spp. (holly)
immature ecosystems. See also pioneer plants
Indigofera tinctoria (indigo)
insectaries

in forest garden
multifunctional plants for
in plant guilds

insecticides. See pesticides
insects. See also beneficial insects

harmful
microclimates and

installation of garden
interplanting
invasive plants. See also opportunistic plants
iris, yellow
Iris pseudoacorus (iris, yellow)
ironwood. See oceanspray
irrigation. See also water conservation methods

catchment water used for
city garden
graywater
swale as



J

Jacke, David
Jajarkot Permaculture Program
Japanese barberry
Japanese beetles
Japanese honeysuckle
Japanese maple
Japanese parsley
Japanese persimmon
Japanese radish. See radish, daikon
Jasminum spp. (jasmine)
Jekyll, Gertrude
Jerusalem artichoke. See Helianthus spp.
jostaberry
Juglans × bisbyi (buartnut)
Juglans spp. (walnut)

J. ailantifolia cardiformis (heartnut)
J. cinerea (butternut)
J. hindsii (Hind’s black walnut)
J. nigra (black walnut)

jujube
Juncus effusus (soft rush)
juniper
Juniperus virginiana (eastern red cedar)



K

kale. See Brassica spp.
kelp
keyhole garden beds
kinnickinnick
kiwifruit. See Actinidia (kiwifruit)
knapweed
knotweed
Korean nut pine
Kourik, Robert
kudzu



L

Lablab purpureus (lablab)
laburnum
Laburnum anagyroides (golden-chain tree)
lacewings
Lactuca scariola (lettuce, wild)
ladybugs (lady beetles)
lady’s mantle
Lamaceae family
lamb’s quarters. See Chenopodium spp.
large-leaved avens
Larrea tridentata (creosote bush)
Lattarula fig trees
Lavandula angustifolia (English lavender)
Lavatera spp. (tree mallow)
lavender, English. See Lavandula angustifolia (English lavender)
lavender globe lily
Lavertera spp. (tree mallow)
lawns
Lawton, Geoff
layers of vegetation. See also canopy, leafy

forest garden
multiple
for water conservation

layout
lead in soil
leaves

carbon to nitrogen (C:N) ratio
composting into nutrients of
as mulch

Lee, Andy
leeks. See also Allium spp.
legumes. See also beans; peas
Lemna minor (duckweed)
lemon balm
lemonadeberry
lemongrass
Lespedeza thunbergii (bush clover)
lettuce

iceberg
wild

Levisticum officinale (lovage)
licorice
licorice fern
lilac. See Ceanothos spp. (wild lilac, California lilac, buckbrush)
Lilaceae family
lily. See also Canna spp. (canna lily); daylily
lime
Limnanthes douglasii (poached-egg plant)
Limonium latifolium (statice)
Linaria vulgaris (butter and eggs)
Linaria vulgaris (toadflax)
Lindera benzoin (spicebush)
lingonberry
linkages. See connectedness
Linum usitatissimum (flax)
Lirodendron tulipfera (tulip tree)
little bluestem
livestock

larger animals, homesite for
small animals, homesite for

Livingston, Penny
Lobelia erinus (lobelia)
Lobularia maritima
locust



black (See Robinia pseudoacacia [locust, black])
honey
New Mexico

Lolium (ryegrass)
L. multiforum (annual)
L. perenne (perennial)

Lomatium spp. (biscuit root)
Lonicera spp. (honeysuckle)

L. maackii (amur honeysuckle)
loosestrife. See purple loosestrife
loquat
lotus
Lotus corniculatus (birdsfoot trefoil)
lovage
Ludwig, Art
Lupinus spp. (lupine)
Lycium spp. (wolfberry, boxthorn)
Lysichiton americanus (skunk cabbage)



M

Maackia amurensis (amur Maackia)
Maclura pomifera (osage orange)
madrone, Pacific
magnesium
Magnolia vine
mahogany, mountain
Mahonia aquifolium (Oregon grape)
maidenhair ferns
malabar spinach
mallow
Malus spp. (apple, crabapple)

M. pumila (dwarf or semi-dwarf)
Malva parviflora (cheese mallow)
Malva sylvestris (mallow)
Manchurian apricots
Manchurian plum
mandala garden
Mantia spp.
manure

carbon to nitrogen (C:N) ratio
for city garden
“green manure” plants
from livestock

manzanita
maple trees. See Acer  spp. (maple)
maps/sketches of garden
marigold. See Tagetes spp. (marigold)
mashua. See Tropaeolum spp.
masterwort
Matricaria matricarioides (chamomile, German, pineapple weed)
Matteuccia pennsylvanica (ostrich fern)
mature gardens

features of
immature gardens compared

Maximilian sunflower. See Helianthus spp.
mayhaw
maypop
mazzard cherry
meadow sweet
Medicago spp.

M. lupulina (clover, hop)
M. sativa (alfalfa)
M. truncatula (barrel medic)

medicinal plants. See also specific plants
Mediterranean climate
medlar
Melia azedarach (bead tree)
Melilotus spp. (clover)

M. alba
M. officinalis

Melissa officinalis (lemon balm)
melons
Mentha spp. (mint)

M. piperita (peppermint)
M. pulegium (pennyroyal)
M. spicata (spearmint)

mesclun
Mespilus germanica
mesquite. See Prosopis spp. (mesquite)
metals in soil
Mexican marigold. See Tagetes spp. (marigold)
Mexican primrose
microbes
microclimates



city garden
fruit trees
herb garden
moisture in
suntrap
swales
water tank, warmth from

milk thistle
milkweed

common
purple
swamp

millet
mineralization
minerals

cover crops and
in humus
sheet-mulch, adding to
in soil

miner’s lettuce
mint. See Mentha spp. (mint)
mitsuba. See Japanese parsley
mock orange
Mollison, Bill
Monarda

M. didyma (bee balm)
M. fistulosa (wild bergamot)

monocultures
morning glories
Morus spp. (mulberry)
mosquitofern, Pacific
mountain ash. See Sorbus spp. (mountain ash)
mountain mahogany
mountain yam
mulberry. See Morus spp. (mulberry)
mulches . See also sheet mulch

carbon to nitrogen (C:N) ratio
for city garden
deep
for fruit trees
graywater absorbed by
leaves for
living
plants for
plants producing
soil temperature, effect on
in swales
weeds controlled by

mullein
multifunctional plants

examples
microclimates and
nurses, scaffolds, and chaperones
roles filled by
trees

multifunctionalism. See also biodiversity; connectedness
Murphy, Tim
mushrooms
muskrats
mustard greens
Mycelium Running
Myrica spp.

M. pensylvanica (bayberry)
Myrica spp. (bayberry, wax myrtle)



N

Nalumbo lutea, N. nucifera (lotus)
Nanking cherry
nasturtium. See Tropaeolum spp.
Nasturtium officinale (watercress)
native plants

exotics vs.
North American
water used by

natural garden patterns
nature, gardens that work with. See also ecological gardens
Navarretia squanosa (skunk cabbage)
nectar-producing plants
nectarine trees
needs and yield analysis
Nelumbo nucifera (Chinese water lotus)
Nepalese raspberry
Nepeta faassenii, N. mussinii (catmint)
net garden patterns
nettle, stinging. See Urtica urens (nettle, stinging)
New Jersey tea
New Mexico
New Mexico locust trees
New Zealand flax
New Zealand spinach
newspaper/cardboard
niches
Nicotiana spp. (tobacco)
nightshade
nitrates
nitrogen

aphids attracted by
carbon to nitrogen (C:N) ratio

nitrogen-fixing plants
covercrops
Elaeagnus spp.
in food forest
in guild
multifunctional plants for
nurse plants as
in shelterbelt

nurse plants
nut husks
nut trees
nutrients

accumulator plants
from cover crops
forest soil
in humus
leaching of
leaf, nutrients from composting of



O

oak trees
bark
Gambel’s
many uses of

oats. See Avena sativa (oats)
oca
oceanspray
Oenothera

O. biennis (primrose)
O. speciosa (Mexican primrose)

oil seed radish
Olea europaea (olive)
oleander, evergreen
olive
onion. See Allium spp. (onions)
opportunistic plants
orange stonecrop
orchard. See also fruit trees; nut trees
orchardgrass
oregano
Oregon
Oregon grape
Oregon white oak. See Quercus spp. (oak)
organic matter . See also humus; mulches
Origanum vulgare (oregano)
osage orange
Osentowski, Jerome
ostrich fern
otters
Oxalis tuberosa (oca)
oyster mushrooms
oyster root
Ozmorhiza chilensis (sweet cicely)



P

Pacific madrone
Palmaria palmata (dulse)
Panicum miliaceum
parasitic insects (parasitors)
parking strip, gardening in
parsley. See Petroselinum crispum (parsley)
parsley, Japanese
parsnip
Passiflora spp. (passionfruit)

P. incarnata (maypop)
passionflower
passionfruit
paths, limiting
pawpaw
pea
peach trees. See Prunus spp.
peanut
pear trees. See Pyrus spp. (pear)
peas

Austrian winter
bush
winter

peat moss
pecan
Pelagonium spp. (geranium, scented)
pennycress, alpines
pennyroyal
Penstemon spp. (penstemon)

P. barbatus
P. strictus (Rocky Mountain penstemon)

peppermint
peppers
Perennial Vegetables
perennials

annuals vs.
cover crops
vegetables

Permaculture: A Designer’s Manual
permaculture, defined
Permaculture Institute of Northern California
persimmon. See Diospyrus spp. (persimmon)
pest repelling plants
pesticides
pests. See also insects, harmful; predators; specific pests
Petasites palmatus (western coltsfoot)
Petroselinum crispum (parsley)
pH of soil. See soil
Phacelia tanacetifiolia (phacelia)
Phaseolus spp. (bean)

P. coccineus (scarlet runner bean)
P. vulgaris (pinto beans)

Phellodendron amurense (amur cork tree)
Phelum pratense (timothygrass)
Phlomis fruticosa (sage, Jerusalem)
Phlox stolonifera (creeping phlox)
Phormium tenax (flax, New Zealand)
phosphorus
Phragmites communis (reed canary grass)
Phyllostachys spp. (bamboo)

P. aurea (golden)
P. nigra

Physalis heterophylla (groundcherry)
Picea spp. (spruce)
pickerel weed



pigweed
Pimm, Stuart
pine. See Pinus spp. (pine)
pine needles
pineapple guave
pineapple weed
pinto beans
Pinus spp. (pine)

P. edulis (piñon pine)
P. pinea (stone pine)

pioneer plants
in conventional gardens
defined
in mature gardens
nutrient-accumulator
opportunistic plants as

pirate bugs
Pistacia spp. (pistachio)

P. vera
Pisum

P. arvense (Austrian winter peas)
P. sativum (pea)

planning, garden
conceptual design
layout
lists for

plant communities
plant guilds

apple tree-centered
city gardens
designing
food forest
guidelines
limits of
research for
superguilds
three sisters

Plantago spp. (plantain)
Plantain. See Plantago spp. (plantain)
plants

insect-attracting (See insectaries) multifunctional (See multifunctional plants)
for poultry forage

Plants for a Future
Platanus (sycamore)
Pleurotus ostreatus (oyster mushrooms)
plum trees

European
European prune
Manchurian
wild

poached-egg plant
poison oak
Poisson, Leandre and Gretchen
pollen and pollinators
pollination
polycultural plantings
Polyedulis (yacon)
Polygonum cuspidatum (knotweed)
Polypodium glycyrrhiza (licorice fern)
pomegranate
pond plants, edible
ponds

edges
graywater
location
water catchment

Pontederia cordata (pickerel weed)
poplar, hybrid



poppy, California
Portulaca oleracea (purslane)
potassium
potato. See Solanum tuberosum (potato)
Potentilla spp.

P. anserina (silverweed)
P. recta ‘warrenii’ (sulfur cinquefoil)
P. villosa (alpine cinqufoil)

Poterium sanguisorba (salad burnet)
poultry

chicken tractor
forage plants for
raising

prairie
prairie willow
predators . See also deer; pests
primrose
privacy
privet
Prosopis spp. (mesquite)

P. dulcis, P. julifora (algoroba)
prostrate verbena
pruning
Prunus spp. (cherry)

P. armeniaca (apricot)
P. avium (cherry)
P. avium (Mazzard cherry)
P. besseyi (Hansen’s bush cherry)
P. cerasus (cherry)
P. domestica (plum)
P. dulcis (almond)
P. persica (peach)
P. tomentosa (Nanking cherry)

Pseudotsuga menziesii (douglas fir)
Pteridum aquifolium (bracken, eastern)
Pueraria lobata (kudzu)
Punica spp. (pomegranate)
purple loosestrife
purple poppy mallow
purslane
Pyracantha spp. (firethorn)
Pyrus spp. (pear)

connections of
dwarf pears
P. communis (European)
P. pyrifolia (Asian pear)



Q

Queen Anne’s lace
Quercus spp. (oak)

Q. alba
Q. garryana (Oregon white oak)
Q. macrocarpa (bur oak)

quince. See Cydonia oblonga (quince)
quinoa



R

raab
rabbits
radish

daikon
oil seed

rainwater
roofs, collecting water from
trees, absorbed by

raised beds
ramp. See Allium spp.
rape
rapeseed
Raphanus sativus (oil seed radish)
raspberry
red azarole
red-hot poker
red mustard
redundancy
reed, common
reed canary grass
resources

assessment
for city garden
reinvesting
renewable

Rhamnus spp. (buckthorn,
coffeeberry)

rhubarb
Rhus spp. (sumac)

R. diversiloba (poison oak)
R. glabra (smooth sumac)
R. integrifolia (lemonadeberry)
R. typhina (staghorn sumac)

Ribes × Rubus hybrid
Ribes spp. (currant)

R. hirtellum (gooseberry)
Robinia pseudoacacia (locust, black)
Robinson, Josh
rock rose
rocket
rocks, as mulch
Rocky Mountain penstemon
rodents
Roland, Ethan
roofs, collecting water from
rooftop gardens
root crops. See also specific plants
roots

of cover crops
polyculture planting
taproots/spike roots
of trees

Rosa spp. (rose)
R. eglanteria (sweetbriar rose)
R. rugosa

rose
native
wild

rosemary
Rosmarinus officinalis (rosemary)
round-leaved snowberry. See Symphoricarus albus (snowberry)
Rubus spp. (blackberry, raspberry)

R. fruticosus (blackberry)
R. idaeus



R. nepalensis (Nepalese raspberry)
R. parviflorus (thimbleberry)
R. ursinus (trailing blackberry)

Rudbeckia spp.
R. fulgida (gloriosa daisy)

rue
rugosa rose
Rumex spp. (dock, sorrel)

R. acetosella (sheep sorrel)
R. crispus (yellow dock)
R. obtusifolias (broad leaved dock)
R. persicarioides (curly dock)
R. scutatus (French sorrel)

Russian olive. See Elaeagnus spp.
Ruta graveolens (rue)
Ruth Stout No-Work Garden Book, The
rye
ryegrass. See Lolium (ryegrass)



S

sage. See Salvia spp. (sage)
sage, Jerusalem
sagebrush
Sagittaria spp. (arrowhead)
saguaro cacti
salad burnet
salad greens. See greens
salal
Salix spp. (willow)
salsify
Salsola pestifer (thistle, Russian)
salt hay
salvia
Salvia spp. (sage)

S. mellifera (black sage)
Sambucus spp. (elderberry)

S. nigra
Sanchus arvensis (sow thistle, creeping thistle)
sand, as mulch
Santoyo, Larry
Saskatoon serviceberry
Satureja spp. (savory)

S. douglasii (yerba buena)
S. hortensis (summer savory)

Savanna
savory
sawdust
scab
scaffold plants
scarlet pimpernel
scarlet runner bean. See Phaseolus spp. (bean)
Schisandra chinensis
Scirpus validus (bulrush)
Scorzonerica hispanica (scorzonera)
Scotch broom
Scrophularia californica (figwort)
sea buckthorn. See Hippophae rhamnoides (sea buckthorn)
sea holly
sea kale
seagrass
seaweed
Secale cereale (rye)
sedge
sedges
Sedum spp. (stonecrop)

S. kamtschaticum (orange stonecrop)
S. spurium & album

seed, plants used for
seed crops, poultry forage
seed set
self-reliance, zone for
Senecia vulgaris (groundsel)
serviceberry. See Amelanchier  spp. (serviceberry)
Sesbania macrocarpa (sesbania)
shade

from chaperone plants
city garden
food forest
plants providing
plants tolerant of
polyculture planting
water conservatio and

shagbark hickory
shallots



sheep sorrel
sheet mulch

materials for
preparation of
starting plants in

shelterbelts. See also windbreaks
Shepherdia argentea (buffaloberry)
shepherd’s purse
shiso
shrubs. See also specific shrubs

birds attracted to
in food forest
graywater for
in guild
mulch makers
multifunctional plants
nitrogen-fixing
planting in sheet mulch
for poultry forage
in shelterbelt

Siberian dwarf pine
Siberian pea shrub. See Caragana arborescens (Siberian pea shrub)
silk tree, mimosa. See Albizia julibrissin (silk tree, mimosa)
silverberry
silverweed
Silybium morianum (milk thistle)
sketches. See maps/sketches of garden
skunk cabbage
slope. See also contoured land
Smilax spp. (greenbrier)
smooth sumac
snow peas
snowberry. See Symphoricarus albus (snowberry)
soft rush
soil

in annual gardens
compost, adding to
density of
forest
nitrogen in
pH of
plants to improve
scaffold plants to control
sheet mulch, use in
tilling, effect of

soil amendments
soil building . See also compost

pioneer plants
plants for
startup bed
wood, use of

soil fertility
annual gardens
minerals
soil organisms, supplied by

soil fumigant plants
soil organisms . See also earthworms
Solanum tuberosum (potato)
Solar Gardening
Solidago spp. (goldenrod)
Sorbus spp. (mountain ash)
Sorghum bicolor (Sudan grass)
sorrel. See Rumex spp. (dock, sorrel)
sow thistle
soybeans
Spanish broom
Spartium junceum (Spanish broom)
spearmint



spearmint
speedwell
spicebush
spike rush
spike speedwell
spilanthes
spinach
spirals, herb
spirea
spruce
spurge
square-foot gardens
squash. See Curcurbita spp. (squash)
St. John’s-wort
Stachys

S. affinis (Chinese artichoke)
S. officinalis (wood betony)

stacking functions
staghorn sumac
Stamets, Paul
star thistle
statice
Stellaria media (chickweed)
Stevens, George
stinging nettle. See Urtica urens (nettle, stinging)
stone pine
stonecrop
stories, plant. See layers of vegetation
Stout, Ruth
straw
straw-filled swale
strawberry. See Fragaria spp. (strawberry)
strawberry, wild
strawberry tree
succession gardening. See also mature gardens
Sudan grass
sugar maple
sulfur
sulfur cinquefoil
sumac. See Rhus spp. (sumac)
summer savory
summersweet clethra
sun sector
sunflower. See Helianthus spp,
sunn hemp
suntraps
swales

dead wood
soil

swamp milkweed
sweet alyssum
sweet cicely
sweet flag
sweet pea
sweet violet
sweetbriar rose
Swentzell, Roxanne
Swiss chard
sycamore
Symphoricarus albus (snowberry)
Symphytum officinale (comfrey)
synergy. See connectedness
syrphid flies



T

tachinid flies
tagasaste
Tagetes spp. (marigold)

T. erecta
T. minuta (Mexican marigold, wild marigold)
T. patula
T. tenuifolia

tamarisk
Tanacetum vulgare (tansy)
tansy
Taraxacum vulgare (dandelion)
taro
Taylor’s Master Guide to Landscaping
Tetragonia tetragoniodes (New Zealand spinach)
Thalia spp. (water canna)
Thermopsis villosa (Carolina bush pea)
thimbleberry
thistle

Canada
creeping
milk
nodding
Russian
sow
star

Thlaspicaerulescens (pennycress, alpines)
thrift
Thymus (thyme)

T. praecox
T. Serpyllum coccineus (crimson thyme)
T.vulgaris

tilling
timothygrass
toadflax
tobacco, stems/stalk
Toensmeier, Eric
tomato plants
toothpick ammi
Topek, Kevin
toxins, dealing with
toyon
trailing bellflower
trailing blackberry
trazels
tree hazels
tree mallow
tree of heaven
trees. See also specific trees

birds attracted to
espaliered
for firewood and timber
at forest edges
in forest garden
graywater for
in food forest
many uses of
net pattern for
planting in sheet mulch
for poultry forage

trellises
Trifolium spp. (clover)

T. alexandrinum
T. fragiferum
T. hybridum



T. incarnatum
T. pratense
T. repens
T. resupinatum

Trigonella foenum-graecum (foenugreek)
Trillium ovatum (trillium)
Tritium aestivum (wheat)
Tropaeolum spp.

T. majus (nasturtium)
T. tuberosum (mashua)

trumpet vine
tubers
Tulbaghia violacea (garlic, society)
tulip tree
Turkish rocket
Tussilago farfara (coltsfoot)
Typha spp. (cattail)

T. latifolia

U

udo
Ulmus spp.
umbrella palm
urban gardening. See city, gardening in
Urtica urens (nettle, stinging)
usnea
Usnea spp. (usnea)



V

Vaccinium spp. (blueberry)
V. corymbosum (high-bush blueberry)
V. macrocarpon (cranberry)
V. vitis-idaea (lingonberry)

valerian
Valeriana officinalis (valerian)
vanilla leaf
vegetable waste
vegetables

cool season
interplanting
perennial
polycultures

Vegetation of Oregon and Washington
Verbascum spp.

V. thapsus (mullein)
Verbena peruviana. tenera (prostrate verbena)
Verey, Rosemary
Veronica spicata (speedwell)
vetch. See Vicia spp. (vetch)
Viburnum spp. (cranberry)

V. opulus (European cranberry)
V. trilobum (high-bush or American cranberry)

Vicia faba (bell bean, faba bean)
Vicia spp. (vetch)

V. americana (American vetch)
V. atropurpurea (purple vetch)
V. sativa (common vetch)
V. villosa (hairy vetch)

view
Vigna

V. sinensis (cowpeas, red)
V. unguiculata (black-eyed peas)
V. unguiculata (black-eyed peas, cowpeas)

vines
for forest garden
for shade

Viola odorata
violet, sweet
Virginia creeper
Vitis spp. (grape)

V. vinfera
Vulpia myuras (fescue, zorro)



W

wahoo, eastern and European
walking onion
walnut. See Juglans spp. (walnut)
walnut trees
Ward, Tom
warm weather crops
Washington
wasps, parasitic
water. See also irrigation

availability of
for birds
city garden
for composting
for herb spiral
plants, purified by
for sheet mulch
too much water, controlling

water canna
water chestnut
water conservation methods . See also graywater

catchment
deep mulching
dense plantings
plant selection and placement
rich soil
soil contouring

water tanks
watercress
wax myrtle
weed seeds in mulches
weeds. See also opportunistic plants

barriers
from compost
edible
as insect trap crops
insects attracted by
nutrient-accumulator
plants controlling

western coltsfoot
wetlands
wheat
white oak. See Quercus spp. (oak)
Whitefield, Patrick
whitefly
wild bergamot
wild ginger
wild leek. See Allium spp.
wild lettuce. See lettuce, wild
wild lilac. See Ceanothos spp. (wild lilac, California lilac, buckbrush)
wild lupine
wild plum
wild strawberry
wilderness zone
wildflowers
wildlife habitat . See also specific animals

building
city gardens
in food forest
forest
native plants for
nurse plants, created by
observation at garden site
plants nurturing
ponds
sectors for



trees and
willow. See Salix spp. (willow)
wind sector
windbreaks
Wingate, David
winter peas
wintercress
wisteria, trellised
witch hazel
wolfberry. See Lycium spp. (wolfberry, boxthorn

)

wood, as soil builder
wood betony
wood chips
wood shavings
woodlots
work of gardening. See garden work
worms
wormwood

X

Xanthocera sorbifolium (yellowhorn)

Y

yacon
yarrow. See Achillea
yellow dock. See Rumex spp. (dock, sorrel)
yellow iris
yellowhorn
yerba buena
yew
yields
yields analysis. See needs and yield analysis

Z

Zea mays
Zemach, Mary and Charles
Zingiber mioga (hardy ginger)
Zinnia elegans (zinnia)
Ziziphus jujuba (jujube)
zone-and-sector method

for city garden
food forest
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1
The term guild is used by ecologists to mean something slightly different (a set of different species that use a common resource in a similar way, as in
“the guild of seed-eating birds”). This overlap is unfortunate and potentially confusing, but permaculture’s use of the term guild is well established, and I
will stick with this common usage rather than introduce another term.




