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A Planet to Fit Your Needs
John Wages

EARTHLINK’S SLOGAN is “A Plan to Fit Your 
Needs.” Normally, the slogan flies across the screen, 
and doesn’t register with me at all. For some reason, 

the other day, I misread it as “A Planet to Fit Your Needs.” 
I checked just to be sure, but Earthlink doesn’t offer such a 
plan! I did find one though, and I didn’t have to look very far.
 Earth is the perfect place for humans. We evolved here 
over millions of  years (see the first chapters in Yuval Harari’s 
book Sapiens for the best up-to-date, concise description of  
hominid evolution I’ve seen). We fit the environment here 
much better than, say Mars (too cold) or Venus (too hot). 
Earth is just right.
 Humankind has been manipulating our environment, be-
ginning slowly when we first learned to use fire, accelerating 
through the Agricultural Revolution, and going exponential 
with the fossil fuel bonanza, the Industrial Revolution, and 
the Information Age. Yet, hominids evolved, like all other 
species, to fit their environment. Arguments rage about what 
to do, in the face of  multiple impending crises, but perhaps 
a more fundamental problem is this kicking and screaming 
humans have been doing to avoid fitting their environment.
 A recent BBC story by Peter Ray Allison (June 13, 2018) 
asked, “Will we ever colonize an asteroid?… The asteroid 
belt is rich with precious metals. There are already plans for 
asteroid mining but could we ever build a colony on one?” 
Allison raises several issues, including radiation. Even the 
largest asteroids have no shielding to protect the surface from 
UV and other solar and cosmic radiation. Well, we’ll put the 
colony underground or maybe shield it with huge vats of  
water. Gravity is low, and actually just loosely holds together 
many asteroids that are agglomerations of  aggregates, like 
a bunch of  boulders jammed together. “One suggestion is 
to create a metal mesh or cage surrounding the asteroid to 
prevent it disintegrating.” This story reminded me of  the lost 
feeling I had when I moved to Baltimore for graduate school. 
Baltimore was the first big city I’d ever lived in, coming from 
the rural area outside of  a town of  27,000. While the food, 
the local markets, the proximity to the coast and to DC and 
New York were great, it wasn’t home. I remember writing a 
short piece about feeling as if  I were on Mars. Despite fond 
memories, I was pretty unhappy most of  the time in Balti-
more. It didn’t seem to “fit” the way the West Coast did a 
decade later, and it sure didn’t seem like home.
 Trying to change our environment to fit us, we’ve gone to 
the extreme, changing the environment so that it no longer 
fits us like it did (depletion of  ozone layer, pollution, dam-
age to ecosystems and loss of  biodiversity), and in fact seems 
poised to destroy us (climate change). Sure, we’ve gotten a lot 
right. Life for humans is better in many respects than it has 
been in a long time. Plagues don’t sweep through the streets 

of  London and Tenochtitlan... at least not the old plagues 
like smallpox and the Black Death. And daily life is more 
peaceful, here in the heart of  the Empire. Out there in the 
hinterlands, they’re still fighting the Battle of  Tours. And the 
nuclear arsenals of  the US and Russia are still on hair-trigger 
alert, waiting for one mistake by man or computer. We have 
a lot of  money, and yet as 2008 made us all realize: it’s a 
house of  cards waiting for a shift in the breeze. One earth-
quake leads to one tsunami leads to meltdown. Same old 
story: Man imagines he’s smarter than the gods, so he builds 
a tower to reach heaven—this story has many versions, and 
they all end the same. Icarus’s wings melt in the sun, and he 
drowns in the Aegean.
 The idea that we need to escape Earth, as the late Stephen 
Hawking said, illuminates our fundamental problem. How 
did we get to feeling so desperate as to imagine building big 
wire cages around asteroids to hold them together so we 
could colonize them? We already have a perfectly serviceable 
planet. Why try to escape the environment we evolved to fit? 
The answer may be, “because we can.” As much as I love be-
ing outside in the unspoiled wilderness (haven’t seen much of  
that in a while, now that I think of  it), humans have been and 
seem likely to continue to transform their environments. It’s 
what we do.
 But, what if  we adjusted the focus a bit and turned our 
imagination, our accumulated knowledge, and our technical 
abilities to fitting ourselves to our environment? By turning 
our energies toward adapting to nature’s processes, we could 
transform our landscapes to be more productive for humans, 
while making room for other species and the cycles we all 
share. Of  course, that’s the point of  permaculture: not to try 
and escape natural processes, but to learn how we can inte-
grate ourselves into ecosystems in a regenerative way, while 
modifying our environments with a soft touch. Soil illustrates 
both the problem and the solution. A careless, exploitative 
approach led to disaster and desertification long ago in 
Mesopotamia and elsewhere. Instead of  learning from that 
mistake, we repeated it over and over again, on ever-increas-
ing scales. The solutions are many, as taught by indigenous 
practices (terra preta), observation (Ruth Stout, “soil up-
pens”), and experiment (Sir Albert Howard, Elaine Ingham). 
In this issue, we explore a regenerative approach to rebuild-
ing our soils. Many of  the techniques our authors describe 
have been proven in backyard-scale models, while others can 
function in broadscale agriculture. All can play a part in building 
living soil, by observing and adapting to nature’s processes. The 
soil—it’s where it all begins.       ∆                                                                                                                                      

Our mistake...we printed an article by Ceira Young, but mis-
spelled her first name. Please take note of  this person’s amazing 
work from our last issue, “In Your City.”
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AGRICULTURE CHANGED DRAMATICALLY 
after World War I. Gunpowder was made from ni-
trates, and when England blockaded nitrate sources 

in 1914, Germany was defeated. But German scientists 
discovered how, by using large amounts of  energy, nitrates 
could be synthesized from the atmosphere, which is 78% ni-
trogen. Weapons facilities sprouted up all over Germany and 
not only sold their products to the German military, but to 
England as well. A new power structure emerged, and after 
the prolonged war, these weapons facilities became fertilizer 
factories. 
 Nitrogen is triple bonded to itself, and it is extremely hard 
to break the atoms apart. As the limiting factor in chemi-
cal reactions, nitrogen plays a major role in farming. Before 
WWI, farmers got nitrogen from legumes and composting 
manure, as you can read in any textbook written before 1914. 
After the military got involved, all agricultural textbooks quit 
explaining that all farms need cattle or other ruminants, must 
grow a diversity of  crops in rotation, have to let fields rest 
in grass and legumes, and to return manure and crop refuse 
back to the land through compost. 

 Rudolf  Steiner studied the new science of  biochemistry 
and saw the detrimental effects this new “fertilizer” was hav-
ing on soil biology. In 1924, he gave the Agriculture Course 
which is the foundation for the biodynamic method. It 
recommends we utilize the diversified farming practices per-
fected in the 19th century, along with some preparations for 
re-enlivening the soil with the biology that artificial fertilizers 
destroy. 
 A quote from the textbook, Soil Fertility and Permanent 
Agriculture, from the USDA’s experiment station at the Uni-

An Early Response to Chemical Fertilizer
Biodynamics
Jeff Poppen

versity of  Illinois in 1910 clearly explains what we now call 
permaculture:

To maintain adequate amounts of  phosphorus [and calcium] in 
the soil makes possible the growth of  clover and other legumes 
and the consequent addition of  nitrogen from the inexhaustible 
supply in the air; and, with the addition of  decaying organic 
matter in the residues of  these crops along with the wastes from 
livestock fed on these pastures and hay fields, comes the possibil-
ity of  liberating from the immense supplies in the soil sufficient 
potassium, magnesium, and other essential elements for the 
production of  large crops at least for thousands of  years.

 Within a few years, USDA land grant colleges shifted 
180° to teaching the separation of  cropland from animal 
husbandry and the application of   chemical fertilizers (gun-
powder) annually on crops which are then fed elsewhere to 
confined animals. When I became aware of  biodynamics and 
started an organic farm, the official word was that it was im-
possible. This just lent fuel to my fire for growing the highest 
quality produce on humus-rich soils teeming with life. 
 A common question is, “What is the difference between 
organic and biodynamic?” Both are farming methods which 
contrast drastically with the chemical agriculture so com-
mon today. They both attempt to build up the soil’s humus 
content, and rely on biological activity for fertility and pest 
control. The use of  toxic chemicals—whether insecticides, 
herbicides, fungicides, or fertilizers—is strictly forbidden. 
Their differences are not as numerous as their similarities.

Jeff  in the clover fields. Photo credit: Anthony Villa.

This just lent fuel 
to my fire for growing 
the highest quality 
produce on humus-rich 
soils teeming with life.
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rotenone, pyrethrin, soaps, oils, and other non-synthetic bug 
deterrents. Again, these are less toxic than what else is avail-
able, but biodynamic farming simply doesn’t deal with bugs 
directly. We rely on a humus-rich soil growing healthy plants 
that don’t attract excess insect damage.
 Plastic is not used much on a biodynamic farm, although 
we’ve grown strawberries on it. We have no greenhouse and 
no irrigation system; we grow in-season produce and use the 
water nature provides. Organic farms often use plastic mulch 
and irrigation, and plastic hoop houses are common. I just 
don’t like plastic.
 Food, like wine, has a sense or taste of  the place where 
it’s grown when the soil is full of  humus. Traditionally, farm-
ers relied on the manure from their animals to keep their 
fields fertile. Biodynamics articulates the need to use compost 
and manure from within the farm itself. The organic move-
ment sprang forward with the writings of  Albert Howard, J.I. 
and Robert Rodale, Bill Mollison, and many others, who also 
spoke out against chemical agriculture, and emphasized the 
need to have animals on the farm to rebuild the soil humus.
 After the recent rise in demand for organic food, a new 

type of  organic farming appeared, one that relied on off-farm 
inputs. It is disheartening to see the desire for organic food 
drive the industry to lower its standards. When the goal of  a 
farm is to be self-sustaining instead of  just to make money, 
agriculture becomes healthier. In biodynamics, what a farm 
can export must be generated from within the farm itself. The 
relative importance of  self-sufficiency is the essential differ-
ence between modern organic agriculture and the original 
model of  biodynamics.
 When I give a talk or consult on a farm, I find myself  
quoting from Steiner’s Agriculture Course. In an effort to 
stimulate your interest in reading them, I’d like to offer a few 
quotes from each of  the eight lectures. 
 In Lecture I, he makes it clear that farming knowledge 
comes from farmers. “One can not speak of  agriculture, not 
even of  the social forms it should assume, unless one first 
possesses as a foundation a practical acquaintance with the 
farming job itself. That is to say, unless one really knows 
what it is like to grow beets, potatoes and corn!”
 In Lecture II, discussing the need to be self-sufficient, he 
says, “Whatever you need for agriculture production, you 
should try to possess it within the farm itself  (including in 
the farm, needless to say, the due amount of  cattle). Properly 
speaking, any manures or the like which you bring into the 
farm from the outside should be regarded rather as a remedy 
for a sick farm. That is the ideal. A thoroughly healthy farm 

We are studying the way 
things incarnate on Earth. 

 Everything we do on our biodynamic farm allows us to 
be certified organic, but the reverse is not true. Biodynamics 
has stricter rules on what can be used, and also has further 
requirements that organics doesn’t. The restrictions are in 
regards to soil fertility, pest control, and cultural techniques. 
The requirements are the use of  homeopathic preparations 
made from herbs and animal organs.
 How a farm maintains soil fertility is at the heart of  the 
agricultural question. A biodynamic farm is ideally self-con-
tained, having the proper amount of  land with livestock on 
it, so that excess fertility is available for other crops. Cattle, 
sheep, and goats transform plant growth and can fertilize 
more land than is needed to feed them, which is why all 
farms need them. All the feed for the animals and the farmer 
is grown on the farm. The only inputs allowed are ground 
rock powders such as limestone, granite meal, or rock phos-
phate to help re-mineralize the soil. Compost is made from 
materials found on the farm. As a remedy to help rebuild 
worn-out farmland, a limited amount of  a neighbor’s beef  
cattle manure can be allowed, provided it’s free of  chemicals 
and composted before it’s used.
 Organic farms also use manure and compost, but it 
doesn’t have to be generated from the farm. They do not have 
to raise livestock as a biodynamic farm does. The manure can 
come from commercial animal operations such as chicken lit-
ter, large scale confinement feed lots, or modern dairy farms. 
These places use practices that biodynamics doesn’t support.
 An organic farm can use fish emulsion, cottonseed meal, 
potassium sulfate, calcium nitrate, and other fertilizers in 
limited amounts. The fish are of  unknown origin, cotton is 
highly sprayed, and water-soluble fertilizers hurt soil mi-
croorganisms, so we don’t use these fertilizers. But they are 
better than what commercial agriculture uses.
 For insect control, organics permit insecticides such as 

Jeff  in the potatoes.
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should be able to produce within itself  all that it needs.”
 There is some kind of  microbial intelligence that farm 
animals can pick up from the soils they graze on which gets 
imparted in their wastes. These cows, goats, and sheep are 
traditionally moved around land to make it more fertile. A 
cow can live off  of  2 acres but make 4 acres fertile, and this 
ability is why the domestication of  animals is the precursor 
to the rise of  civilization. 
 “If  in any farm you have the right amount of  animals, 
they will give you just the right amount of  manure which you 
need for the farm itself… They eat the right quantity of  what 
the Earth provides and give back the right amount of  ma-
nure… The animal which eats the plant will in turn provide 
manure on the basis of  this fodder. Thereby it will provide 
the very manure which is most suited for the soil on which 
this plant is growing on. Naturally, this will necessitate our 
developing a proper science of  the number of  animals of  a 
given sort which we need for a given kind of  farm.”
 We get a very enlightening lesson on chemistry in Lecture 
III as we learn about nitrogen and her four sisters: “Carbon, 
oxygen, hydrogen and sulphur is actually the carrier of  the 
spiritual… In olden times they named light-bearers these sub-
stances like sulphur and phosphorus which have to do with 
the working of  light into matter.”
 “Carbon is the bearer of  all the creatively formative 
processes in Nature… Truly to see the carbon as it works 
in Nature, we must behold the spirit activity of  the great 
universe, moistening itself  so-to-speak with sulphur, and 

working as a plastic artist- building with the help of  carbon 
the more firm and well-defined form of  the plant, or again, 
building the form in man… Underlying all living things is a 
carbon-like scaffolding or framework—and along the paths 
of  this framework the spiritual moves through the world. The 
spiritual here must always have physical carriers.”
 This carbon framework is the trunk of  trees, the skeletons 
of  animals, and anywhere there are carbon compounds hold-
ing things together. But what about life?
 “The physical element which with the help of  sulphur 
carries the influences of  life out of  the universal ether into 
the physical, is oxygen… The oxygen must somehow find its 
way along the paths mapped out by the carbon framework.”
 We are studying the way things incarnate on Earth. How 
is life brought to physical?
 “Nitrogen guides the life into the form or configuration 

which is embodied in the carbon… everywhere the bridge 
between carbon and oxygen is built by nitrogen… In man, ni-
trogen is so essential for the life of  the soul, for the soul itself  
is the mediator between the spirit and the mere principle of  
life.”
 We can see why we want to grow our own nitrogen and 
not get it from elsewhere. 
 “Nitrogen not only becomes alive but sensitive inside the 
Earth, and this is of  the greatest importance for agriculture. 
Nitrogen has sympathetic feeling if  the right plants are there 
for the given soil…So you can penetrate into the intimate life 
of  nature if  you can see the nitrogen everywhere, moving 
about like flowing, fluctuating feelings.”
 Food is carbohydrates, proteins and fats are made up of  
mostly carbon, hydrogen, oxygen and nitrogen. Guess what? 
These elements are given to every farm freely in the form of  
the rain and air above our soils. Add a little sunshine and 
plants can’t help but grow, just like they’ve been doing for 
eons. They don’t need artificial fertilizers, which, although 
promoting quick growth, lead to an unhealthy, unbalanced 
plant that is more susceptible to insect and disease problems. 
By moving the cattle around the farm, and carefully making 
hay and compost, a farm becomes a self-contained entity, 
capable of  exporting some of  the free carbon, hydrogen, 
oxygen and nitrogen which is in the air and rain above it.
 In nature, everything is interrelated. Biodynamic farms 
keep hedgerows, wetlands, forests and meadows not only for 
their beauty and wildlife, but because they harbor forces ben-
eficial to the cropland. We try to imagine the forces hidden 
behind what our senses perceive.
 Biodynamics has fostered the development of  a new 
marketing strategy, too. People used to be able to make a 
living selling garden produce, and now, through Community 
Sponsored Agriculture, they can again. A group of  custom-
ers cover the farmer’s annual budget, and they in turn receive 
weekly baskets of  produce during the growing season. The 
farmer is thus salaried and guaranteed an outlet for the farm’s 
produce, which gets to the consumer without any extra costs 

Jeff  Poppen speaking at a garden workshop. Photo credit: Anthony 
Villa.

These elements are given 
to every farm freely 
in the form of rain and 
air above our soils.
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for the middleman.
 So we have spirit incarnating with the help of  sulphur, 
carbon, oxygen and nitrogen. How does it excarnate? 
 “All that is developed in the living creature, must be able 
to vanish again. This is achieved by a substance which is 
nearly as possible akin to the physical yet again nearly akin 
to the spiritual- hydrogen… Our chemists speak only of  the 
corpses of  the substances, not the real substances, which we 
must rather learn to know as sentient and living entities.”
 These elements, C, O, N, and H, are given freely. Lim-
stone, silica, phosphorus, potassium, and trace elements in 
the earth receive them and microbes make them available for 
plant growth. We can observe this process wonderfully in the 
legume family of  plants, known as the nitrogen collectors. 
“The limestone in the Earth is dependent on a kind of  nitro-
gen in-breathing. All other plants are akin to an out breathing 
process, they have other functions… Every plant species must 
appear to us, placed in the total organism of  the plant-world, 
like the single human organs in the total organism.”
 “That which is imaged in a single plant, is always the im-
age of  some cosmic constellation.”
 This is a lot to think about. Steiner next mentions that he 
grew up entirely out of  peasant stock, and felt like it served 
him more than his extensive academic education. “Far rather 
would I listen to what is said of  his own experiences in a 
chance conversation, by one who works directly on the soil, 
than to all that issues from our learned science.”
 In the next lecture we hear “The important questions in 
the metabolic process is not the proportion of  weights (of  
food), but it is this: Are the food stuffs providing us with the 
proper living quality of  forces?”
 He wants our food to be grown on living soil, and ex-

plains why a raised bed has more vitality. One of  my favorite 
quotes follows; “I am telling you all this to awaken in you 
an idea of  the really intimate kinship between that which is 
contained within the contours of  the plant and that which 
constitutes the soil around it. It is simply untrue that life ceas-
es with the contours—  with the outer perimeter of  the plant. 
The actual life in continued into the surrounding soil. There 
is absolutely no hard and fast line between the life within the 
plant and the life surrounding the soil in which it is living. 
We must be thoroughly permeated with the idea.”
 This sounds like a modern description of  the fungi that 
live symbiotically from root exudates and connect throughout 
the soil as mycelium. The use of  composted animal manures, 
garden refuse, legumes, lime and thoroughly loosening the 
soil creates the condition for fungal population explosions. 

These were all common practice in Steiner’s youth. 
 Sure enough, the next thing we learn about in the course 
is the importance of  compost and developing a personal 
relationship with the manure. “It may seem as unpleasant 
task, but without this personal relationship it is impossible.” 
He suggests layering the manure with granulated peat when 
making compost to hold the nitrogen in. 
 A further discussion of  manure reveals that it is perme-
ated by nitrogen-carrying forces and oxygen-carrying forces. 
We are learning how life comes about in the plant world. The 
cow horn preparations are then introduced as methods for 
re-enlivening the soil. 
 Cow manure has great plant growing potential in it, as 
any farmer will tell you. We strengthen this by burying cow 
manure in cow horns over the winter months, to create a ho-
meopathic fertilizer. We stir one-third of  a cup of  it into three 
gallons of  water for an hour, alternating deep vortexes one 
way for a half  a minute, and then the other way for a half  a 
minute. Then we sprinkle the water on an acre of  land in the 
evening, in a seemingly ancient ritual, which inoculates the 
soil with life-promoting enzymes and beneficial microbes, 
which help turn the soil into a rich, dark brown humus.
 To balance this powerful earth energizer, we need to work 
with silica. So we grind quartz crystals, mix the powder with 
water, and bury it in cow horns during the summer months. 
One half  of  a teaspoon is again stirred homeopathically for 
an hour, and sprayed on the plants in the morning to pro-
mote ripening and nutritional qualities.
 “So long as we try to improve manure by mineral meth-
ods (artificial fertilizer), we shall only succeed in quickening 
the liquid element—the water. We must vitalize the earth 
directly, and we can only do this by working with organic 
matter… We can best approach these matters by turning to 
the most unassuming kind of  manure— compost.”
 In answering a question as to whether using a spraying 
machine would waste the spiritual forces, Steiner makes an 
interesting observation. “Altogether, when you are dealing 
with spiritual things, unless you drive them away yourself  
from the outset, you need not fear that they will run away 
from you nearly as much as with material things.”
 In explaining the phenomenon that some people’s flowers 
thrive while others do not, he recommends practicing medita-
tion. “For when you meditate you live quite differently with 
the nitrogen which contains imaginations. You thereby put 
yourself  in a position which will enable all these things to be 
effective, you put yourself  in this position over against the 
whole world of  plant growth.”
 By stiffening our backs and holding in the carbon we be-
come aware of  the nitrogen in the air, which is connected to 
everything. The nitrogen is aware of  all that goes on around 
our farm yards. 
 In Lecture V, after indicating that the cow horn prepara-
tions were an enhancement, he says, “Needless to say, you 
will go on manuring as before,” referring to pre-1914 prac-
tices. He then describes preparations to add to the compost 
pile in homeopathic doses. Compost plays a key role on the 

Compost plays a key role 
in the biodynamic farm.
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biodynamic farm, and again we make use of  healing ho-
meopathic remedies. The herbs yarrow, chamomile, stinging 
nettle, white oak bark, dandelion and valerian are sewn up in 
animal organs, or otherwise prepared, and buried in the earth 
for a year. Then they are inserted into our compost piles in 
small doses to give their enhanced qualities to the entire com-
post heap, and eventually the land it is applied on, the food 
grown there, and the people who eat it.
 Lecture VI discusses preparations to combat weeds and 
pests. There is a lot of  talk about forces. “Nature is a great to-
tality; forces are working from everywhere. Those alone can 
understand Nature who have an open sense for the manifest 
working of  her forces.”
 Lecture VII is known as the permaculture lecture. “Nowa-
days, one generally considers a single plant by itself. Yet in 
nature it is not so at all. In Nature all things are in mutual 
interaction, the one is always working on the other.”
 After noting that we must observe the intimate relation-

ships among plants and animals on the farm, Steiner suggests 
we also observe the many-colored world of  insects and learn 
to look with understanding at the birds. Comparing a field 
of  herbaceous pants with a forest, he says, “In this realm it 
is easiest of  all for one to attain to a certain higher devel-
opment. If  you make the necessary effort, you can easily 
become esoteric in these spheres. I do not say clairvoyant, 
but you can easily become clair-sentient with respect to the 
sense of  smell, especially if  you acquire a certain sensitive-
ness to the diverse aromas that proceed from plants growing 
on the soil, and on the other hand from orchards, woods and 
forests.”
 Another great permaculture insight is, “So we must look 
for a due distribution of  wood and forest, orchard and shrub-
bery, and meadow lands with their natural growth of  mush-
rooms. This is the very essence of  good farming, and we shall 
attain far more by such means, even if  we reduce to some 
extent the surface available for tillage.”
 Chapter VIII deals with feeding animals, and it comes as 
no surprise that Steiner does not want them confined, but led 
outside over the pastures. “Truly, the farm is a living organ-
ism. Truly a wonderful interplay.” There are many more 
compelling thoughts about animals, manure, plants and even 
topics like electricity, use of  machines and the history of  con-
sciousness. I encourage anyone interested in agriculture to 
read this book. I’ll end with a quote by Dr. Ehrenfried Pfei-
ffer, Steiner’s student who brought biodynamics to America. 

 “I was particularly anxious to get an answer to the ques-
tion as to how one could build a bridge to active participation 
and the carrying out of  spiritual intentions without being 
pulled off  the right path by personal ambition, illusions and 
petty jealousies; for these were the negative qualities Rudolf  
Steiner had named as the main hindrances. Then came the 
thought-provoking and surprising answer: ‘This is a problem 
of  nutrition. Nutrition as it is today (1924) does not supply 
the strength necessary for manifesting the spirit in physical 
life. A bridge can no longer be built from thinking to will and 
action. Food plants no longer contain the forces people need 
for this.’”
 The most important thing is that food grown on living 
soils gives health to humanity.                                       ∆

Jeff  Poppen, also known as the Barefoot Farmer, owns and operates 
one of  the oldest and largest organic farms in Tennessee. For the past 
15 years, Poppen has appeared on Nashville PBS’ television program 
Volunteer Gardener. For over 20 years, he has written a gardening 
column for the Macon County Chronicle, and he is the author of  
two books, The Best of  the Barefoot Farmer Vol. 1 & Vol. 2. 
Poppen runs a Community Supported Agriculture (CSA) program 
with the food he grows using about 8 acres of  his farmland and 
about 40 head of  cattle.

Jeff  with coffee. Photo Credit: Michael Shumate. 

Truly the farm is 
a living organism. 
Truly a wonderful interplay.
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ing on the feedstock, the technique used to make it, the tem-
perature at which it’s made, the length of  time it’s exposed 
to heat, the cooling and aging, and what, if  any, elements 
you add to ‘charge’ it. The delight of  playing with biochar 
is that you can get as simple or as scientifically technical as 
you want. Once you understand a few simple things about 
biochar, you’re good to go, and so is your soil. 
 The added benefit to biochar in this day and age is the ex-
tensive research and experimentation that’s been done in the 
public, academic, and private sectors. A quick online search 
for “biochar surface area” yielded over 500 results from the 

USDA’s Agricultural Research Service alone. The plethora 
of  biochar websites and online videos could keep you busy 
reading and watching for years. 
 Two past issues of  Permaculture Design (formerly Permac-
ulture Activist) had excellent, in-depth articles about biochar 
(2). The one entitled “55 Uses of  Biochar” by Hans-Peter 
Schmidt and Kelpie Wilson actually identified 54 uses and 
challenged us readers to find the 55th. I say McCrae’s casket-
packing qualifies!
 Biochar seems mysterious, but once you understand what 
it is and how it functions from a permaculture and soil-
building perspective, this comprehensive but simplistic article 
will equip you with enough information to confidently start 
experimenting with biochar. Then you can go exploring for 
more—the creativity, insights, and experience of  biochar en-
thusiasts and researchers from around the world will engage 
and inspire anyone who loves hands-on soil building. 

Building Carbon-Rich Soil the (Very) Old-Fashioned Way

Biochar
Gloria Flora

ARE YOU KIDDING ME? Did Woodrow Call re-
ally pack Gus McCrae’s casket full of  charcoal in 
order to carry his remains by wagon from Montana 

to Texas? So claims Larry McMurtry in his novel, Lonesome 
Dove. So there you have it, the 55th use for biochar (more on 
that later). 
 Bizarre as that sounds, it’s a fine concept, and I’m sure 
one that worked quite well for Woodrow. Charcoal is an 
excellent choice for capturing and holding odorous gases 
(important for not attracting bears and wolves in this case), 
liquids (not going there re the casket), heavy metals, and 
toxins. And in burying old Gus, they were doing the soil a 
big favor, adding carbon that’s going to break down so slowly 
it can be considered true carbon sequestration. 
 Charcoal is mostly carbon, with great porosity and thus 
incredible surface area. A single cubic centimeter has thou-
sands of  square meters of  surface area—all the better for 
adsorbing (picking up and holding) all kinds of  things (1).
 Enter biochar, charcoal that’s made with the express pur-
pose of  boosting or protecting soil biology and sequestering 
carbon. Adding biochar to soil tends to increase productivity, 
along with many other benefits. Biochar can be made with 
any clean, relatively dry waste biomass, like woody yard 
debris, slash from forest thinning and agricultural waste that’s 
too coarse for composting. Biochar can be made in pits, cone 
kilns, high-tech ovens, double-barrel stoves, in piles, or even 
in a container in your woodstove. 
 Biochar can exhibit many different characteristics depend-

The creativity, insights, 
and experience 
of biochar enthusiasts and 
researchers from around 
the world will engage and 
inspire anyone.
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What is biochar really?

 Technically, biochar is a highly porous, fine-grained form 
of  charcoal, resulting from thermally converting woody 
biomass in a limited oxygen environment. It’s made specifi-
cally for pro-biological use and carbon benefits versus energy. 
Biochar is a bio-mimetic addition to soil, following nature’s 
pattern of  soil building in grasslands and forests.  
 Why not just call biochar ‘charcoal’? The difference is 
its intended use—charcoal is about using densified carbon 
for energy or filtration; biochar is about saving the carbon to 
help protect and enhance biological functions, particularly in 
soil. Biochar can be used for filtration and remediation and 
still be called biochar if  the actions focus on protecting life in 
terrestrial and aquatic settings. 
 Since humans discovered fire, we’ve been making char-
coal, primarily to concentrate energy by reducing woody bio-
mass to its carbon content by ‘baking’ it, typically allowing 
it to smolder—and produce a lot of  smoke. Charcoal-makers 
bake the feedstock in a container, kiln, pit, or covered pile so 
the amount of  oxygen exposure can be controlled, just like 

biochar-makers, except we aim to do it without smoke. Re-
stricting oxygen and terminating the heat at maximum char-
ring means much of  the carbon component remains instead 
of  being lost to the air as carbon dioxide. Rather than a pile 
of  ash, the resulting lumps of  carbon provide concentrated, 
transportable energy. Charcoal remains a critical heat source 
for cooking (and an economic driver for rural communities) 
around the world. When making biochar, you follow the 
same principles but you ensure your feedstock and your burn 
practices are clean (not smoky!). Do not use modern char-
coal made for grilling or heat as biochar as it may contain 
accelerants or other contaminants.

Nature’s biochar

 Wildfires, as scary as they can be, are vital to building 
soil. Charcoal left after a fire becomes part of  the soil profile. 
The rich, black soils of  the Great Plains exemplify this 
amazing artifact of  repeated fire. A prairie fire turns grass 
blades to ash, but the denser crowns of  the grasses char. 
Over eons, that charcoal, with the help of  grazing buffalo, 
has permeated and enriched the soil, providing the most 
fertile and productive soils in the US.  
 Early indigenous people learned that soils enhanced with 
charcoal produced more and better food and wildlife habitat. 
In temperate climates where wildfires regularly burned, na-
ture was already supplying the biochar. Humans copied na-
ture in setting fires because of  its myriad benefits, but no ap-
parent evidence suggests that in temperate climates, humans 
purposely added biochar to soils. But in tropical and humid 
climates, wildfires are rare. Significant evidence shows that 
indigenous people, over 2,500 years ago, were regularly and 

purposefully adding biochar to soil. Likely through their land 
clearing and burning for agricultural purposes, Amazonian 
natives deduced that where they burned debris produced 
more crops (3).
 Amazonian residents created large nodes of  black soil 
(terra preta) in the otherwise orange, iron-rich, nutrient-poor 
jungle soils. The productivity of  terra preta soils exceeds 
adjacent unenhanced jungle soils by a factor of  five! And 
the amazing thing is, those soils are STILL five times more 
productive, thousands of  years later. A well-researched article 
on terra preta, found in Wikipedia, summarizes it succinctly. 
 “Terra preta is characterized by the presence of  low-

Making biochar in a cone kiln

The amazing thing is, 
those soils are STILL 
five times more productive, 
thousands of years later.
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2. Always use clean, dry, uncontaminated feedstock. 
Ideally, your feedstock will contain 10-15% mois-
ture. More than that, and a lot of  your heat is spent 
evaporating excess moisture and creating smoky 
steam. Biochar-makers want to use the smoke (car-
bon monoxide, methane, hydrogen… they all burn) 
for added heat instead of  pollution. 
 Some elements (O, N) in the biomass will 
be lost in the charring process, but others (mainly the 
same as would have been in the ash) will not. To add 
a boost of  calcium and phosphorous to your soil, 
you can char bones. For winter fun, pressure-cook 
bones from a butcher and use the broth and scraps as 
dog or chicken food. Then put the bones in a stain-
less restaurant steam table pan, place that on the top 
of  the woodstove to dry out the bones, then pop a lid 
on (snug but not tight fitting) and put the container 
in the wood stove for 24 hours. Crunch them up and 
spread them in your garden. 
 Don’t be tempted to add other waste to 
your charring operation—cardboard, trash, par-
ticle board, pressure-treated wood—no matter how 
minimal. For example, whereas pressure-treated 
wood has improved in recent years by reduced toxic-
ity through contact, those toxins are released when 
cutting or burning. The green-tinted preserved wood 
is called CCA because it contains copper, chro-
mium, and arsenic. Copper is an important trace 
element for soils, but chromium and arsenic can be 
highly toxic, even fatal, to humans, birds, plants, and 
animals. Burning releases some of  those toxins into 
the air, while the rest is retained in the ash and char. 
Even if  the preserved wood makes up only 5% of  
the burn pile, chromium and arsenic are still found 
in levels high enough to qualify the whole pile as 
hazardous waste (5).

3. In raw form, biochar is not a fertilizer—it’s a soil 
amendment. Biochar, fresh out of  the kiln, or how-
ever it’s made, is a clean, raw product. Its surface 
area, particularly when rinsed, is highly active and 
open for business. Adding fertilizers or nutrients is 
called “charging.” Uncharged biochar has many 
uses, but adding uncharged biochar to your garden 
soil can actually slow growth until the biochar stops 
pulling in nutrients and starts to release them. If  
you’re looking for biochar for reclamation or want 
to add your own fertilizer, buy raw biochar or make 
your own. Then add compost or manure tea, or 
urine—even easier, put biochar in your compost pile!  

How biochar functions

 Biochar performs all of  its seemingly overstated functions 
because of  its physical and molecular structure. Biochar’s 

temperature charcoal in high concentrations; of  high quan-
tities of  pottery shards; of  organic matter such as plant 
residues, animal feces, fish and animal bones, and other 
material; and of  nutrients such as nitrogen (N), phosphorus 
(P), calcium (Ca), zinc (Zn), manganese (Mn). It also shows 
high levels of  micro-organic activities and other specific char-
acteristics within its particular ecosystem. It is less prone to 
nutrient leaching, which is a major problem in most rainfor-
ests.” (4)
 Interestingly, research today continues to confirm that the 
poorer the soils, the greater the positive impact of  biochar. 
Yet, even on the best-of-the-best soils in the Midwest, biochar 
can have a positive impact. The Agricultural Research Ser-
vice conducted a biochar study on three grades of  what are 
considered the best soils in the US. There was some minor 
productivity improvement on the ‘good’ and ‘better’ soils, but 
nothing notable on the ‘best’… until a drought. All biochar 
amended sites showed marked improved productivity and 
resilience during water stress in comparison to control plots. 

Key points if you’re in a hurry

 If  you don’t have time to read this whole article, here are 
three points about biochar that you need to know. 

1. All biochars are not alike. Their key characteris-
tics—which affect their performance—vary based on 
the feedstock used, the temperature at which they’re 
made, the length of  time they’re baked (called 
time-in-residence), and how they are handled after 
baking. Biochars made from softwoods like conifers 
tend to be easier to crush and have higher porosity. 
Biochar made through pyrolysis (high-temperature 
kilns with no oxygen) tend to be higher in pH, more 
finely grained, and similar to a thoroughbred horse, 
a little more challenging to handle for the novice. 
Low-temperature biochar may still retain a smoky 
smell meaning that not all the volatile organic com-
pounds have been burned away. Some biochars may 
not be fully quenched or may not have been exposed 
to air and rain, which help oxidize (activate) the 
surfaces. 
 Despite these differences, all biochars made 
from clean biomass can be highly functional. Buying 
your biochar from a professional with a tested prod-
uct or learning about/making biochar yourself  can 
help you select the right char for your intended use. 
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oxidized surfaces have a negative charge, so they attract 
and loosely hold water, nutrients, and greenhouse gases 
(methane, nitrous oxide, and carbon dioxide in particular). 
Additionally, research strongly suggests that because biochar 
can hold 5.6 times its weight in water, biochar adds 23-30% 
more water-holding capacity to soils, thus reducing irrigation 
needs and moisture-stress on plants (6).
 Biochar has a high porosity, meaning it has a plethora of  
little pores and pockets reflecting the cellular structure of  the 
original feedstock after the water and gases are driven out 
by high heat. Different processing temperatures change the 
pore structure and cellular organization of  biochar (7). These 
pores make great habitat for microbes, bacteria, and mycelia. 
And that’s very important. It gives these little life-enhancing 
species protection from predators or physical displacement 
by rain and a moist, nutrient-rich environment. 
 Besides being a condo for tiny soil-builders, biochar func-
tions like a trading post. Plant root hairs wrap themselves 
around biochar particles, while the biochar pore-dwellers 
bring minerals and nutrients to roots in exchange for the 
sugars and carbohydrates from plant photosynthesis. Roots 
quickly “learn” to seek out biochar. 
 The electrochemical actions of  biochar pull in soil green-
house gases and holds them for at least three years—that’s 
as long as research has tracked this phenomenon. It’s quite 
likely it holds those gases for considerably longer. Studies 
have demonstrated up to 80% reductions in nitrous oxide 
(N

2
O) off-gassing from soil amended by biochar. Biochar not 

only reduces damaging N
2
O (8), but also holds the nitrogen 

in place where it can be used by plants and soil biota. 
 Why is holding nutrients stable in soil so important? Fer-

tilizer run-off, particularly nitrogen and phosphorous, poses a 
major environmental problem. Whether chemical or organic, 
nitrogen and phosphorous (a non-renewable resource) tends 
to either off-gas (N

2
O) or travel through soil to surface water. 

The nutrient-enriched water exacerbates algae growth, which 
depletes oxygen needed by aquatic species. These errant nu-
trients move downstream until reaching the ocean, creating 
the extensive ocean dead-zones—larger than some states—
tragically found at the mouths of  rivers around the world. 
 Case in point: nutrient loading in the Chesapeake Bay 
nearly destroyed much marine life, including the life-blood 
of  many local communities: the Chesapeake blue crab (Cal-
linectes sapidus). Recent progress on slowing that trend came 
about in large part due to an extensive nutrient-regulatory 
system for agriculture throughout the headwaters, with strict 
limits per farm or ranch.
 Biochar holds those nutrients in place, helping keep 
streams alive, while allowing plants—the intended recipi-
ents—to flourish. That means less applications of  fertilizer. 
That’s particularly beneficial to the planet if  those fertilizers 
are made from fossil fuels and mined resources and spread 
by fossil-fuel burning equipment. For those of  us fertilizing 
with beneficial organics, that means greater efficacy and a 
few less wheelbarrow loads of  work! 
 The moisture-holding boost from biochar speaks for itself: 
less water, less work for the same results. The California 
Department of  Agriculture is keenly interested in biochar 
to help the ag industry reduce water consumption through 
repeated droughts and slow the depletion of  hydrologic sys-
tems. 

Putting the bio back in the char

 Permaculture and biochar are so compatible! Biochar 
shines as an example of  stacking functions and inserting key 
elements at specific locations and times to leverage greater 
results throughout the system. Biochar in the garden builds Microscopic view of  biochar pores

Hercules, the ox, enjoying a biochar snack
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soil through a chain of  mechanisms, direct and indirect, 
while performing a few other neat tricks, there and on the 
way to the garden. 
 Directly, biochar delivers the nutrients that charged it as 
well as attracting and holding existing nutrients (with gentle 
covalent bonds so they are bioavailable). If  your soil already 
is well nourished, biochar adds to the party. If  your soil needs 
help, charged biochar can move it to the next level. 
 Biochar’s physical structure and long-lasting carbon can 
hold more moisture in sandy soils. Biochar adds tilth (fluffi-
ness) to clay soils by propping open pore spaces that would 
otherwise collapse into hardpan when dry. Likewise, bio-
char allows for greater gas exchange and oxygen movement 
through soils, benefitting all the living creatures. 
 Biochar typically attracts mycelia and microorganisms. 
Essential to living soil health, these creatures, along with 
worms, help to build soil. But a caveat: some biochar can 
temporarily negatively affect earthworms, depending on 
feedstock, soil type, and the biochar’s pH. Test your biochar 
before applying to a large area by adding your biochar to one 
end of  a wide container of  your soil and earthworms in the 
middle. You’ll be able to assess, in a couple of  days, whether 
the worms are in the biochar end or have moved away from 
it. The International Biochar Initiative (IBI) provides an easy-
to-follow guide to conducting worm avoidance tests, which 
can be found online (9).
 Research continues to evolve on earthworm/biochar rela-
tionships, but is complicated by the many variables in soils, 
worm species, and specific attributes of  the biochar. Anecdot-
ally, glowing reports about the compatibility of  biochar and 
worms abound, but anecdotes don’t substitute for research. 
If  in doubt, conduct your own experiments—only you have 

access to your unique combination of  biochar, soil, amend-
ments, and worms! 
 Biochar can also get to your soil via a more circuitous 
route of  stacked functions. Feeding biochar to livestock and 
poultry (1% of  their feed by volume) has many benefits: 
removal of  internal toxins, neutralizing and cooling the 
digestive system, reducing methane off-gassing (belching and 
passing gas) by 50% in ruminants, and for poultry, also add-
ing necessary grit to their system. When the creatures drop 
manure, it’s already enhanced with biochar. 
 Adding biochar to stalls, coops, and animal bedding 
reduces odors and flies while soaking up excess moisture 
and nutrients. I can easily go all winter without cleaning 
out the chicken coop for my 20+ chickens—just sprinkle 
biochar over each new application of  straw, and your flock 
will enjoy clean air and charcoal snacks. Cleaning out the 
coop in the spring is a breeze: loose, dry, heavily pooped litter 
that doesn’t smell. When you harvest the barn and chicken 
coop litter to add to your compost or garden, there’s already 
charged biochar in there, ready to rock your garden. 

 

Where to get biochar

 Commercial biochar can be surprisingly easy to find, but 
perhaps confusing, once you locate sources. Containers of  all 
sizes are available. Most sell by volume, as weights can vary 
depending on feedstock and moisture content. You’ll have a 
series of  choices to make. Primarily, do you want charged or 
uncharged biochar, which differentiates between treated or 
untreated with any nutrients, ferments, or minerals? Charged 
is convenient and usually companies pride themselves on the 
effectiveness of  their proprietary additions to their char. The 
mystique is reminiscent of  secrets of  brewers of  craft beer.  
 Keep in mind that shipping has a notable carbon foot-
print. Look for chars within your region. Although the nexus 
has never been investigated, it makes sense to mimic nature 
and select a biochar made with a feedstock that’s common in 
your area. 
 The key questions to learn about a commercial biochar 
are: what’s it made of, where is it from, has it been tested, 
what’s its pH, and if  it’s charged, with what, and its recom-
mended uses? If  you elect to use a commercial biochar, you 
might want to order a small quantity initially so you can 

Root hairs wrapping biochar. Microbes appear in green. Photo by 
Bob Cireno.

Remediation, 
storm-water treatment, 
and shoreline restoration 
require uncharged biochar.
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determine how well it works for its intended use on your site. 
 Remediation, storm-water treatment, and shoreline 
restoration require uncharged biochar to allow for maximum 
adsorption of  undesirable or toxic elements that contaminate 
soil. But you might prefer to get uncharged, so you can add 
your own brew of  healthy-soil ingredients. Charge your char 
with manure tea, compost tea, bokashi ferments, minerals, 
urine or, easiest of  all, put it in your active compost pile. I 
like to start my compost with a layer of  coarse char to cap-
ture any nutrients leaking down from above. I add more char 
in between layers aiming for 15% char by volume in the pile. 
Biochar in compost reduces off-gassing and odors, darkens 
the pile decreasing radiant heat losses, and holds moisture 
evenly throughout the pile. 

How to make biochar
 
 Want to have some fun? Try making your own biochar! 
It’s relatively easy once you get the hang of  it. But like any 
other skill, repeated practice and keen observation will take 
you to a whole other level. Learn from your mistakes and 
you’re on your way.
 That said, a plethora of  biochar-making techniques exist. 
The best one is the one that works best for you and your cir-
cumstances—your skills, resources, and needs. Particularly 
desirable are those techniques where you can also capture 
and use the heat (energy) from the burn, again stacking func-
tions. Thompson Timber in Philomath, OR has a biochar 
kiln built of  recycled materials by biochar expert, John 
Miedema. Thompson turns their debris into biochar, uses the 
heat from biochar-making to dry their lumber, and then uses 
the biochar in their growing medium in their tree nursery. No 
waste, less electricity, less vermiculite, and healthier seed-
lings. The problem (excess biomass waste) became the solu-
tion to reducing several other costly inputs into their system. 
 Three primary biochar production methods exist, with 
tons of  variations on the themes: closed container, semi-open 
container, and open. Remember your feedstock needs to be 
free of  contaminants and have a low moisture content (10-
15% is ideal).
 Closed containers can range from high-tech automated 
pyrolysis ovens to masonry units to snazzy two-barrel set-
ups with fancy vent systems to small, lidded containers you 
place in a larger burn device. The key point is that oxygen is 
severely restricted by the container. The more technologically 
advanced systems tend to be stationary units, can be quite 
costly, and require a high level of  operator skill. Low-tech 
containers can be inexpensive, mobile, and reasonably easy to 
operate. Container methods need specifically sized feedstock, 
but tend to release fewer gases and can attain very high 
temperatures. The carbon recovery is highest of  all methods 
(percent by volume of  biochar compared to the feedstock 
volume). 
 Semi-open containers are represented by pits, cone kilns, 
troughs, Kon-Tiki kilns, etc. These units can be made or pur-
chased. Although more oxygen is available to the biomass, 
these methods allow for greater flexibility in type and size of  

feedstock and are more forgiving of  operator error. Unit size 
can vary from very small to many feet across. Most are rela-
tively mobile so they can be moved to the feedstock source. 
Carbon recovery is moderate to high. 
 Open method is simply burning material without contain-
ment. Piles require about a 50-50 ratio of  space to material. 
Materials are best at <3” diameter with a well-graded mix of  
smaller sizes. Fines should be no more than 20% of  the pile. 
Oxygen can only be slightly limited. Conservation, top-lit, or 
flame-cap burning, as these open methods are called, requires 
that the pile be top-lit (10)1 to minimize smoke and maximize 
biochar production, which will be notably less by volume 
than other methods. Open methods, while easy to set up, re-
quire vigilance and a skilled eye at recognizing when to start 
pulling char out of  the fire and incrementally quench. 

How to test biochar

 You can send your biochar to a lab specializing in bio-
char evaluation—which all commercial producers should do 
regularly. But you can also conduct some simple home tests 
to judge the general quality of  your biochar. First and easiest 
is the smell test: if  your biochar smells smoky, gases haven’t 
completely burned off. This may or may not present prob-
lems—test further. If  it really smells as if  you could extract 
liquid smoke from it, try re-heating it. 
If  after rubbing the biochar between your fingers, you need 
to use soap and water to wash it off, there are still oils in 
the biochar, meaning it’s under-cooked. The oils could 
retard plant growth, but keep testing. Again, you can always 
reheat it—you’ll lose some char but that’s better than putting 
marginal biochar in soils. No commercial biochar should be 

A steel Adam retort by New England Biochar
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smelly or oily. 
 Now you’ll need to see how living organisms react to 
your biochar. As discussed above, there’s the worm avoid-
ance test. In the same document (9) are instructions for a 
germination test. Simple, but effective—you’ll quickly see 
results. 
 To get a general idea of  pH, you can put biochar in a 
small container and add some vinegar. Look and listen for 
the fizzing. The more boisterous the response, the higher pH 
you have, which suggests a higher ash content. Ash can be 
helpful to some soils, but it isn’t biochar carbon. You can use 
a soil test kit and get an actual reading. Usually, charging 
biochar through composting will neutralize the pH. 
 Field-testing your biochar takes some time but will con-
firm biochar quality and effects. You can set up a simple test 
using guidance from the International Biochar Initiative (11). 
You’ll find germination and worm avoidance test instruc-
tions here as well. 

How to apply biochar

 We all dance around this question. Permaculture pro-
vides the best response: “It depends.” The high number of  
variables (feedstock material/source, elemental content, ash 
content, pH, production method, moisture content, soils…) 
makes it challenging to provide a definitive answer. The good 
news is that you will almost always have enough biochar to 
make a difference but less than you want. 
 For the novice, applying compost with 10-15% biochar 
by volume is the most fool-proof  method of  soil-building 
in your garden. If  you’re not composting, you can apply 
charged biochar directly to soil by broadcasting or mixing 

charged biochar directly into planting holes. Remember to 
conduct a few simple tests first. If  satisfied, start with two 
cups per square foot. Work the biochar into the top several 
inches. Ultimately, you want biochar distributed throughout 
the root zone. 
 Uncharged biochar can be used as a light mulch or top-
dressing, particularly if  the pieces are rather large. When 
applying biochar, be aware that fine, dry biochar can be an 
irritant to eyes and respiratory systems: keep it damp.   
 Applying biochar to larger acreages can be done with a 
tractor, using seed drills or manure spreaders. As with hand 

application, keep the biochar damp. Surface application of  
biochar subjects it to wind and water erosion, so either till it 
in or apply mulch to hold it in place.  
 In field trials, most point to an ideal quantity of  10 tons 
of  biochar per acre, tilled into the top 4-6”. That’s a lot of  
biochar! Adding that much biochar or any new material to 
soil can shock the soil system (although field trials at that 
level consistently seem to produce positive results even in the 
first year). Most practitioners recommend adding biochar 
incrementally up to that amount, like the natives likely did. 
 How much is too much? 60 tons per acre—if  you even 
imagine that much—seems to be the limit of  what most soils 
will accept without deleterious results. 
 You don’t need to apply biochar annually, as it does not 
break down readily; it will typically last 100s to 1000s of  
years in the soil. We can guess that the biochar in terra preta 
soil (which can be blackened with biochar to over 6’ deep) 
wasn’t applied all at once. Common sense suggests it would 
be easier on soil biota if  biochar were applied incrementally 
over time. 
 Adding carbon in multiple forms is excellent for soil 
health. The soft organic matter of  compost will last a year 
or so in recognizable physical form. The carbon in biochar 
will last for your lifetime and beyond. Your soil needs both; 
the planet needs both. The recent book, Drawdown, edited 
by Paul Hawken, evaluated and measured 81 techniques to 
reduce atmospheric carbon to combat climate change. Of  
course, biochar made the list! (Permies will laugh in delight 
to see so many of  our favorite tools and management systems 
high on that list.) So while you’re building your soil, you’re 
setting climate change back a tick or two. 
 In summary, biochar is a biomimetic, carbon-negative 
path to soil enrichment. Biochar is accessible, scalable, and 
egalitarian. Biochar turns waste into a valuable resource and 
building blocks for food and future trees. And I share with 
you my favorite biochar benediction which you will discover 
for yourself, “Biochar is really cool. And you get to play with 
matches.”                    ∆ 

So while you’re building 
your soil, you’re setting 
climate change back 
a tick or two.

Examples of  open burning to make biochar
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Gloria Flora, among other things, is the director of  Sustainable 
Obtainable Solutions and founder of  the US Biochar Initiative. She 
and her husband are building and nurturing TerraFlora Permacul-
ture Learning Center in northeast Washington State with TLC and 
biochar. 

Notes

1. Absorption occurs when one element soaks up another to 
create a new product, like mixing milk with cocoa. Once it’s 
chocolate milk, you can’t go back to either milk or cocoa. 
A sponge demonstrates adsorption—it picks up and holds 
liquid but will release it with a good squeeze, and both the 
liquid and sponge will go back to what they were doing be-
fore you came along. 
2. Schmidt H-P, Wilson K, 55 Uses of  Biochar—A Great 
Chain of  Benefits. Permaculture Activist 92: 9-12, in #92: 
“Stacking Functions.” May 2014; Wilson K, Schmidt 
H-P, Biochar—the Carbon Kickstarter: Supercompost to the 
Rescue! Permaculture Activist 93: 19-25, In #93: “Experimen-
tation—Science in Permaculture.” August 2014. 
3. In my biochar classes, participants relate similar experienc-
es. Alfalfa growing thrice the height in mysterious, regularly 
spaced circles throughout a field spurred some research. 
Turns out the site was a former orchard and when the old 
trees were cleared, they were burned in piles throughout the 
field. Likewise, the long windrows burned in a land-clearing 
operation, decades later, caused a 3-fold increase in barley 
production in those rows compared to the rest of  the field. 
4. Glaser B et al. The ‘Terra Preta’ phenomenon: a model for 
sustainable agriculture in the humid tropics.   Naturwissen-
schaften 88: 37-41 (doi:10.1007/s001140000193). 2001. Cited 
in https://en.wikipedia.org/wiki/Terra_preta#cite_note-
glaser01-31
5. Solo-Gabriel HM et al. Characteristics of  chromated cop-
per arsenate-treated wood ash. Journal of  Hazardous Materi-
als, B89 (2002): 213-232. Found at http://www.ccaresearch.
org/CCA_Ash_Paper.pdf  
6. Basso AS et al. Assessing potential of  biochar for increas-
ing water-holding capacity of  sandy soils. GCB Bioenergy 5: 
132-143 (2013). doi:10.1111/gcbb.12026
7. McLaughlin H, Shields F. Analytical Options for Biochar 
Adsorption and Surface Area. 2012. Found at http://www.
micromeritics.com/Pressroom/Press-Release-List/A-Tech-
nical-Paper-Highlighting-Analytical-Options-for-Biochar-
Adsorption-and-Surface-Area-was-Recently-Presented-at-the-
2012-Biochar-Conference.aspx 
8. Nitrous oxide has an average Global Warming Potential 
280 times more impactive than carbon dioxide.
9. IBI Technical Bulletin #101: Quick tests to determine 
whether a biochar material contains compounds that are 
potentially harmful to plants. Found at: http://www.bio-
charinternational.org/sites/default/files/Technical_bulle-
tin_101_english.pdf
10. Top-lighting heats the material below the flame, allowing 

gases to vaporize. The heat draws in the gases (which dis-
sipate as smoke if  bottom-lit) and combusts them. 
11. See footnote 9. 
12. http://www.biochar-international.org/sites/default/
files/IBI%20Simple%20Guide-english.pdf

Resources

The following list is just a brief  sampling of  where to get 
more information. My apologies to all the wonderful bioch-
arians out there who are not mentioned below—heros and 
heroines for soil and carbon sequestration. 

Online

US Biochar Initiative—www.biochar-us.org, see Resources 
section for introductory information and the Go Deeper 
section for research. USBI hosts conferences around the US 
almost every year.
International Biochar Initiative—www.biochar-international.
org. Extensive information and 1000’s of  research articles. 
Backyard Biochar—www.BackyardBiochar.net. Website for 
sharing open-source, low-tech methods for sustainable bio-
char production and use from Kelpie Wilson. 
David Yarrow—http://www.dyarrow.org/biochar/. An 
older site but chock-full of  references, resources, and wise 
advice. 
Scholarworks—https://scholarworks.umass.edu/biochar/  A 
repository of  conference papers from the 2013 USBI Confer-
ence in Amherst, Massachusetts. 
Facebook—do a search for Biochar Groups, Pages, and posts. 
You’ll be busy for a long time….
YouTube—at 50,800 videos key-worded to biochar, you’ll 
need to be specific in your search! 

Books

Bates, Albert. The Biochar Solution: Carbon Farming and Cli-
mate Change. Gabriola Island, BC: New Society Publishers. 
2010.
Scheub Ute, H. Pieplow, H-P. Schmidt, K. Draper. Terra 
Preta: How the World’s Most Fertile Soil Can Help Reverse Climate 
Change and Reduce World Hunger. Vancouver, BC: Greystone 
Books. 2016.
Tindall, Robert, F. Apffel-Marglin, D. Shearer. Sacred Soil: 
Biochar and Regeneration of  the Earth. Berkeley, CA: North 
Atlantic Books. 2017.



16   PERMACULTURE DESIGN  •  #109

• No flavor—In a recent presentation I heard, culinary 
food historian, Dr. David Shields, said something along 
the lines of: a strong flavor will be loved by some but 
not by all, no flavor will be loved by none but accepted 
by all. If  you’ve never tasted fresh pressed oil then you 
wouldn’t even know they’re not meant to be flavorless. 
I think tasting fresh pressed sunflower oil is akin to 
experiencing your first home-grown tomato: a real, so-
that’s-what-it-tastes-like, moment. 

    Unlike other foods, where readily available (if  not always 
equitably accessible) alternatives are many, there are fewer 
alternatives for oils. In 2014, inspired by a presentation I saw 
in Pennsylvania, I bought a very affordable hand-cranked, 
table-mounted oil press (~$100 plus shipping from piteba.
com) and started experimenting. Pressing seed oils resonated 
with my inner permaculturist:

• Multiple yields. A cover crop of  sunflowers will break 
up compacted soil, offer pollinator habitat and some 
bird food, and then leftovers can be pressed into a rich 
sunflower oil. Butternut soup will yield a bunch of  
seeds which often get composted, but could become a 
deep green delicious seed oil. An additional yield is the 
press cake—when you press seeds, you get oil and press 
cake (the crushed seeds without the oil). Press cake is 
high in protein and makes a good chicken feed, but can 
also be ground into a flour for human consumption!

• Producing a surplus. As a seed-saver, I will happily 
tell you that you end up with more seeds than you 
need, even after sharing the surplus at seed swaps and 
holding a safe amount back for future plantings, there 
is often a surplus. Add in the fact that long-term seed-
saving requires growing a relatively large population 

As a seed-saver, I will 
happily tell you that you 
end up with more seeds 
than you need.

Regionally Pressed Edible Oils
Chris Smith

I OFTEN BREAK OFF PIECES OF THE PUZZLE in 
an attempt to cope with the enormity of  systems level 
change. This year, I’m focusing on okra’s place in our 

regenerative food systems as part of  my wider interest in the 
culinary oil industry. Clearly visioning a different future is 
the first step to achieving it, and so this article shares some 
of  my experiences with small batch edible oil pressing. There 
are many things wrong with the current industrial model of  
oil production, often the same things that are wrong with the 
food industry in general:

• High food miles—Think olive oil from Italy, Greece, 
and Spain.

• High externalized inputs—In California, the intense 
water consumption of  almonds in the Central 
Valley requires the California Aqueduct and all its 
environmental costs.

• Highly chemicalized process—Most oils go through a 
number of  chemical processes to achieve shelf  stability. 
The cooking oil industry prefers hexane extraction over 
pressing, due to the scalability, higher yields, and low 
cost of  solvent extraction.

Clay Oliver’s Okra Seed Oil
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for genetic preservation (especially for outcrossers like 
winter squash) which means more seeds than you really 
need. It is no coincidence that Ben Coen of  Small 
House Farm is an avid seed-saver AND a small-batch 
cold-pressed seed and nut oil seller! 

• No waste. In nature, there is no waste, and yet we 
humans waste seeds all the time. Think of  all the 
pumpkin seeds thrown away at Halloween. If  you’re 
in Western North Carolina, think of  all the acorns and 
black walnuts that fall—Justin of  the Acornucopia 
Project told me, “The Great Eastern Forest is basically 
a massive nut grove—high quality food crops that just 
go to waste.” Well, except for wildlife, of  course. In 
California, my brother-in-law talks of  long abandoned 
olive orchards, still producing olives! Working for a 
seed company, I have access to a waste stream of  seeds 
from seed lots that dramatically fail their tri-annual 
germination tests. That waste stream can easily become 
oil. 

 When I started pressing oil, I struggled to find others 
to talk to about it, so I began taking my press to events and 
giving presentations on pressing oil. If  we want to see change 
outside of  our bubbles, then we have to be active and vocal. I 
would not say Western North Carolina has a thriving home-
pressed oil movement, but there are now multiple people 
pressing their own oils and hopefully inspiring others to give 
it a try. I have pressed cucumber, melon, broccoli, squash 
(summer and winter), pumpkin, okra, flax, black walnut, 
sunflower, corn, soy, acorn, peanut, and lettuce. My go-to 
oils are squash/pumpkin and sunflower because they have 
high yields and are easy to press. These oils are unrefined 
and have a shorter shelf  life than store-bought oil. I bottle 
mine in brown bottles because some oils are light-reactive, 
and keep them in the fridge. 

Regional farm model

    Not everyone is going to be able to press their own oil, 
but I’m surprised that there are not more small-batch oil 
businesses. Ben Coen is one—his hemp seed oil has won a 
Good Food Award, and he also presses sunflower, sesame, 
and flax. He sells at farmers’ markets and online. Clay Oliver 
has been pressing artisanal oils since 2012, offering small-

batch, cold-pressed peanut, pecan, sunflower, pumpkin, 
and benne (sesame) oil. He gained widespread attention for 
his Green Peanut oil, winning a Garden and Gun Made in 
the South food category winner in 2015, and a 2016 Good 
Food Award, which then got the attention of  the New York 
Times. This last year, his pecan oil won its second Good 
Food Award. Clay Oliver Farms is based in Decatur, GA, 
and while his attention and distribution is national, it’s local 
Southern chefs who are rejoicing over the flavor.
    In 2015, I commented to Clay Oliver that okra seed oil 
was a high-potential oil. In 2017, Clay launched a bottled 
okra seed oil and is currently the only person I know selling 
okra seed oil commercially (for $3 an ounce). It’s been very 
well received by Southern chefs. Okra seed oil is light and 
tasty, with its own nutty-esque flavor, a little reminiscent of  
raw okra. I’d love it to become the Olive Oil of  the South, 
although Jefferson had a similar thought about sesame oil 
back in the 1800s! 

Experimental oilseed crops

    Some breeding work has been done with a few seed crops 
to improve oil content. The black-seeded oilseed sunflower is 
perhaps the most classic, but many other crops could benefit 
from additional breeding and experimentation:

• In 2012, okra seed from the USDA germplasm 
repository was evaluated for oil content, which ranged 
from single digits to mid-20 percents. That’s a huge 
difference! I’m currently growing the top three oilseed 
okras, all of  which happen to be from Sudan, with the 
hope of  developing a viable oilseed okra. 

• The Experimental Farm Network in NJ has a camelina 
seed (Camelina sativa) for sale which their website 
describes as, ”a very exciting new-old crop, a little-
known member of  the Brassica family. Grown in 
northern Europe since at least 600 BCE, camelina was 
once a very important culinary oilseed.” I’ve seeded 

Pressing okra seed for oil with the Piteba Oil Press.

Okra seed oil is light 
and tasty, with its own 
nutty-esque flavor.
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included), but nuts need to be shelled. One of  the most 
abundant nuts in our region is the black walnut, but if  
you’ve ever tried shelling black walnuts, then you’ll know it’s 
laborious. Black walnuts have a high oil content, and once 
the shells are removed, the oil is a great product, however 
‘once the shells are removed’ is the big sticking point here.
 Enter the Acornucopia Project (www.acornucopiaproject.
com). The Acornucopia Project is a project experimenting 
with a community-based model around nuts and tree crops. 
“At its most basic, it’s a concept or vision for a decentralized 
network of  regional nut-processing hubs,” said Justin Yates, 
project member. The project invested in specialist equipment 
(nutcrackers, oil presses) and incentivizes a network of  
foragers and growers to deliver nuts. Here’s an example: I 
spent 4-6 hours filling my truck full of  black walnuts (hulls 
and all)—620 lb. (280 kg); the Acornucopia Project took 
all the nuts and de-hulled, dried, and cured them, ran them 
through their nutcracker, and winnowed them. They kept 

40% of  the harvest to create added-value products and gave 
me 60% back, or about 7 gal. (almost 30 L) of  shelled black 
walnuts and large shell fragments; my daughter and I spent 
3-4 hours picking out the shells. I ended up with a LOT of  
black walnuts for my efforts. The Acornucopia Project has a 
large electric oil press, and they often press their share of  the 
nut harvests to sell: acorn oil, black walnut oil, and hickory 
nut oil. One of  the excellent things about acorn oil is that 
the tannins are water-soluble, not oil-soluble, so there is no 
leaching required to press them (note: black oak acorns have 
the highest oil content, not white oak acorns). 
 This is the beginnings of  a community-based edible oil 
industry in Western North Carolina—something I’d never 
imagined just four years ago. Plus, it’s a replicable model. 
“A simple strategy to scale perennial agriculture by creating 
an incentive to encourage the growth of  trees,” says Yates. 
The latest edition of  Permaculture Magazine had an excellent 
article on the ability of  trees to mitigate, if  not reverse, 
climate change. It’s no secret that we need to increase forest 
food productivity, and edible nut oils are just another yield 

This is the beginning 
of a community-based 
edible oil industry in 
Western North Carolina—
something I’d never 
imagined 
just four years ago. 

some this year to try out. 

• I’m growing chufa (Cyperus esculentus), which is a 
clumping nutsedge also known as ground almond. 
Chufa has a pressable oil that has been described as 
comparable to olive oil. 

• Hemp is another oilseed with great potential, which 
is slowly being realized in the US. Franny’s Farm in 
Leicester, NC, has been conducting hemp trials, and 
I’ve been able to do some test presses of  the excess seed. 
Hemp is productive, and the oil is really tasty, with an 
acrid aftertaste like a fine olive oil. It’s also really good 
for you. 

• Peanuts have been bred to be large, and the oils 
developed to be cheap and tasteless, but a small 
heirloom peanut is making a comeback. The Carolina 
African Runner peanut was rescued from the brink 
of  extinction by Brian Ward and then grown out by 
a handful of  farmers, including South Carolina’s Nat 
Bradford. The peanut is small, but really really tasty, 
probably because it has an exceptionally high oil 
content. It is this peanut that Clay Oliver pressed to win 
his fame! 

• Moringa is the Africa tree crop that is currently being 
heralded as a nutritional powerhouse. The leaves are 
edible, but it also produces a pod and a seed with high 
oil content. Sadly, the podding tends to happen on 
perennial growth, and the climate of  Western North 
Carolina is unlikely to allow for that. Perhaps further 
south… I have two Moringa trees growing just in case.

Regional community model

 With my home press, seeds can go through without 
needing to have their hulls removed (sunflower and pumpkin 

Emily (3yrs) using a Nut Wizard to collect fallen black walnuts.



BUILDING LIVING SOIL •  AUGUST/FALL 2018    19     

from a regenerative system. If  you want to see an example of  
a community-supported perennial agriculture system, then 
check out the Nutty Butty Collective (nuttybuddycollective.
com)—their model of  entering into long-term leases with 
land owners to plant tree crops with a management and crop 
share agreement is awesome, but that’s another article!      ∆                                          

Chris Smith is an enthusiastic grower and permaculturist from a 

The Acornucopia Project’s high powered oil press.Carolina African Runner Peanut—small but full of  oil!

green-thumbed family. He has immersed himself  in the world 
of  seed and Southern growing. On his urban homestead, Chris 
is experimenting with landraces, selective seed-saving, crop 
trials, grow-outs, and edible seed oils! Chris works for Sow True 
Seed, an Asheville, NC-based, open-pollinated, seed company 
committed to a sovereign seed and secure food system. He has 
been a regular contributor to Permaculture Design since May 
2017.
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tifically formulated mixes. The chicken breed of  that era was 
usually some type of  bantam—half-wild, broody, protective 
of  chicks, and capable of  foraging. A typical pre-1900 small-
scale chicken management system was to allow the flock free 
access to hunt their own meals in the barnyard and orchard, 
luring them into the coop at dusk with a bit of  grain where 
they were protected from predators while sleeping helplessly. 
Some manure was collected from the hen house, but most 
of  it was dropped where it could not be gathered. The daily 

egg hunt was worth it because, before the era of  pesticides, 
having chickens range through the orchard greatly reduced 
problems with insects in fruit.
 The high potency of  chicken manure derives from the 
chickens’ low C/N diet: worms, insects, tender shoots of  
new grass, and other proteinaceous young greens and seeds. 
Twentieth-century chickens “living” in egg and meat facto-
ries must still be fed low C/N foods, primarily grains, and 
their manure is still potent. But anyone who has savored real 
free-range eggs with deep orange yokes from chickens on 
a proper diet cannot be happy with what passes for “eggs” 
these days.
 Fertilizing with pure chicken manure is not very differ-
ent than using ground cereal grains or seed meals. It is so 
concentrated that it can burn plant leaves the way chemi-
cal fertilizer does and must be applied sparingly to soil. It 
provokes a marked and vigorous growth response. Two or 
three gallons of  dry, pure fresh chicken manure contain suf-
ficient nutrition to grow about 100 square feet of  vegetables 
in raised beds to the maximum.
 Exclusively incorporating pure chicken manure into a 
vegetable garden also results in rapid humus loss, just as 
though chemical fertilizers were used. Any fertilizing sub-

Nitrate nitrogen, the key 
to constructing all protein, 
is usually the main factor 
limiting the population 
of soil microorganisms.

Making Superior Compost
Steve Solomon

THE POTENCY OF COMPOSTS can vary greatly. 
Most municipal solid waste compost has a high 
carbon to nitrogen ratio and when tilled into soil 

temporarily provokes the opposite of  a good growth response 
until soil animals and microorganisms consume most of  
the undigested paper. But if  low-grade compost is used as a 
surface mulch on ornamentals, the results are usually quite 
satisfactory, even if  unspectacular. 
 If  the aim of  your own composting is to conveniently 
dispose of  yard waste and kitchen garbage, that’s fine. If  you 
need compost to make something that dependably GROWS 
plants like it was fertilizer, then this article is for you.

 
A little history
 
 Before the twentieth century, the fertilizers market 
gardeners used were potent manures and composts. The veg-
etable gardens of  country folk also received the best manures 
and composts available, while the field crops got the rest. 
So I’ve learned a great deal from old farming and market 
gardening literature about using animal manures.
In previous centuries, farmers classified manures by type 
and purity. There was “long” and “short” manure, and 
then, there was the supreme plant growth stimulant, chicken 
manure.
 Chicken manure was always highly prized but usually 
in short supply because preindustrial fowl weren’t caged in 
factories or permanently locked in hen houses and fed scien-

Painter of  the burial chamber of  Sennedjem—The Yorck Project 
(2002) . Painting circa 1200 BCE.
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stance with a C/N below that 
of  stabilized humus, be it a 
chemical or a natural sub-
stance, accelerates the decline 
in soil organic matter. That 
is because nitrate nitrogen, 
the key to constructing all 
protein, is usually the main 
factor limiting the popula-
tion of  soil micro-organisms. 
When the nitrate level of  soil 
is significantly increased, 
microbe populations increase 
proportionately and proceed 
to eat organic matter at an 
accelerated rate.
 That is why small amounts 
of  chemical fertilizer applied 
to soil that still contains a 
reasonable amount of  humus 
has such a powerful effect. 
Not only does the fertilizer 
itself  stimulate the growth of  
plants, but fertilizer also in-
creases the microbial popula-
tion. More microbes acceler-
ate the breakdown of  humus, 
and even more plant nutrients 
are released as organic mat-
ter decays. And that is why 
holistic farmers and garden-
ers mistakenly criticize chemical fertilizers as being directly 
destructive of  soil microbes.

 Actually, all fertilizers, chemical or organic, indirectly 
harm soil life, first increasing their populations to unsus-
tainable levels that drop off  markedly once enough organic 
matter has been eaten—unless, of  course, the organic matter 
is replaced.
 Chicken manure compost is another matter. Mix the pure 
manure with straw, sawdust, or other bedding, compost it 
and, depending on the amount and quantity of  bedding used 
and the time allowed for decomposition to occur, the resul-
tant C/N will be around 12:1 or above. Any ripened compost 

Fertilizer also increases 
the microbial population. 
More microbes accelerate 
the breakdown of humus. 

around 12:1 still will grow plants beautifully. Performance 
drops off  as the C/N increases.
 Because chicken manure was scarce, most pre-twentieth 
century market gardeners depended on seemingly unlim-
ited supplies of  “short manure,” generally from horses. The 
difference between the “long” and the “short” manure was 
bedding. Long manure contained straw from the stall while 
short manure was pure street sweepings without adulterants. 
Hopefully, the straw portion of  long manure had absorbed a 
quantity of  urine.
 People of  that era knew the fine points of  hay quality as 
well as people today know their gasoline. Horses expected to 
do a day’s work were fed on grass or grass/clover mixes that 
had been cut and dried while they still had a high protein 
content. Leafy hay was highly prized, while hay that upon 
close inspection revealed lots of  stems and seed heads would 
be rejected by a smart buyer. The working horse’s diet was 

supplemented with a daily ration of  grain.
 Consequently, uncomposted fresh short manure probably 
started out with a C/N around 15:1. However, don’t count 
on anything that good from horses these days. Most horses 
aren’t worked daily, so their fodder is often poor. Judging 
from the stemmy, cut-too-late grass hay our local horses 
have to try to survive on, if  I could find bedding-free horse 
manure, it would probably have a C/N more like 20:1. Ma-
nure from physically fit thoroughbred race horses is probably 

Chickens are wonderful in a permaculture system, and their manure must be mixed with other materi-
als or distributed in a way that allows the soil to respond in a healthy way. 
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market gardeners, who skillfully earned top returns growing 
out-of-season produce on intensive, double-dug raised beds, 
often under glass hot or cold frames. Our trendy American 
Biodynamic / French Intensive gurus obtained their inspira-
tion from England through this tradition.

 
Curing the heap
 
 The easiest and most sure-fire improver of  compost qual-
ity is time. Making a heap with predominantly low C/N 
materials inevitably results in potent compost if  nitrate loss 
is kept to a minimum. But the C/N of  almost any compost 
heap, even one starting with a high C/N will eventually 
lower itself. The key word here is eventually. The most dra-
matic decomposition occurs during the first few turns when 
the heap is hot. Many people, including writers of  garden 
books, mistakenly think that the composting ends when the 
pile cools, and the material no longer resembles what made 
up the heap. This is not true. As long as a compost heap is 
kept moist and is turned occasionally, it will continue to de-
compose. “Curing” or “ripening” are terms used to describe 
what occurs once heating is over.
 A different ecology of  microorganisms predominates 
while a heap is ripening. If  the heap contains 5-10% soil, is 
kept moist, is turned occasionally so it stays aerobic, and has 
a complete mineral balance, considerable bacterial nitrogen 
fixation may occur.
 Most gardeners are familiar with the microbes that 

nodulate the roots of  legumes. Called rhizobia, these bacteria 
are capable of  fixing large quantities of  nitrate nitrogen in 
a short amount of  time. Rhizobia tend to be inactive during 
hot weather because the soil itself  is supplying nitrates from 
the breakdown of  organic matter. Summer legume crops, 
like cowpeas and snap beans, tend to be net consumers of  
nitrates, not makers of  more nitrates than they can use. 
Consider this when you read in carelessly researched garden 
books and articles about the advantages of  interplanting 
legumes with other crops because they supposedly generate 
nitrates for their companions.
 But during spring or fall when lowered soil temperatures 
retard decomposition, rhizobia can manufacture from 80 to 

The easiest and most 
sure-fire improver 
of compost quality 
is time.

excellent.
 Using fresh horse manure in soil gave many vegetables 
a harsh flavor, so it was first composted by mixing in some 
soil (a good idea because otherwise a great deal of  ammonia 
would escape the heap).
 Market gardeners raising highly demanding crops like 
cauliflower and celery amended composted short manure by 
the inches-thick layer. Lesser nutrient-demanding crops like 
snap beans, lettuce, and root crops followed these intensively 
fertilized vegetables without further compost.
 Long manures containing lots of  straw were considered 
useful only for field crops or root vegetables. Wise farmers 
conserved the nitrogen and promptly composted long ma-
nures. After heating and turning, the resulting C/N would 
probably be a little below 20:1.
 After tilling it in, a short period of  time was allowed 
while the soil digested this compost before sowing seeds. 
Lazy farmers spread raw manure load by load as it came 
from the barn and tilled it in once the entire field was cov-
ered. This easy method allows much nitrogen to escape as 
ammonia while the manure dries in the sun. Commercial 
vegetable growers had little use for long manure.
 One point of  this brief  history lesson is GIGO: garbage 
in, garbage out. The finished compost tends to have a C/N 
that is related to the ingredients that built the heap. Growers 
of  vegetables will wisely take note.

 Anyone interested in learning more about preindustrial 
market gardening might ask their librarian to seek out a 
book called French Gardening by Thomas Smith, published in 
London about 1905. This fascinating little book was written 
to encourage British market gardeners to imitate the Parisian 

Onions composting at Engine Farm. These substandard and dam-
aged onions are piled up to compost at this large arable farm at the 
end of  a private road. There is no public right of  way and this photo 
was taken by kind permission of  the farm’s office staff.
© Copyright Andy F and licensed for reuse under this Creative Com-
mons Licence.
https://www.geograph.org.uk/photo/1515769
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200 pounds of  nitrates per acre. Peas, clovers, 
alfalfa, vetches, and fava beans can all make 
significant contributions of  nitrate nitro-
gen, and smart farmers prefer to grow their 
nitrogen by green manuring legumes. Wise 
farmers also know that this nitrate, though 
produced in root nodules, is used by legumes 
to grow leaf  and stem. So the entire legume 
must be tilled in if  any net nitrogen gain is to 
be realized. This wise practice simultaneously 
increases organic matter.
 Rhizobia are not capable of  being active 
in compost piles, but another class of  mi-
crobes is. Called azobacteria, these free-living 
soil dwellers also make nitrate nitrogen. Their 
contribution is not potentially as great as rhi-
zobia, but no special provision must be made 
to encourage azobacteria other than main-
taining a decent level of  humus for them to 
eat, a balanced mineral supply that includes 
adequate calcium, and a soil pH between 
5.75 and 7.25. A high-yielding crop of  wheat 
needs 60-80 pounds of  nitrates per acre. 
Corn and most vegetables can use twice that 
amount. Azobacteria can make enough for wheat, though an 
average nitrate contribution under good soil conditions might 
be more like 30-50 pounds per year.
 Once a compost heap has cooled, azobacteria will pro-
liferate and begin to manufacture significant amounts of  
nitrates, steadily lowering the C/N. And carbon never stops 
being digested, further dropping the C/N. The rapid phase of  
composting may be over in a few months, but ripening can be 
allowed to go on for many more months if  necessary.
 Feeding unripened compost to worms is perhaps the 
quickest way to lower C/N and make a potent soil amend-
ment. Once the high heat of  decomposition has passed and 
the heap is cooling, it is commonly invaded by redworms, 
the same species used for vermicomposting kitchen garbage. 
These worms would not be able to eat the high C/N material 
that went into a heap, but after heating, the average C/N has 
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probably dropped enough to be suitable for them.

 
Sir Albert Howard’s Indore Method
 
 Nineteenth-century farmers and market gardeners had 
much practical knowledge about using manures and making 
composts that worked like fertilizers, but little was known 
about the actual microbial process of  composting until our 
century. As information became available about compost 
ecology, one brilliant individual, Sir Albert Howard, incorpo-
rated the new science of  soil microbiology into his compost-
ing and by patient experiment learned how to make superior 
compost
 During the 1920s, Howard was in charge of  a government 
research farm at Indore, India. At heart a Peace Corps volun-
teer, he made Indore operate like a very representative Indian 
farm, growing all the main staples of  the local agriculture: 
cotton, sugar cane, and cereals. The farm was powered by 
the same work oxen used by the surrounding farmers. It 
would have been easy for Howard to demonstrate better 
yields through high technology by buying chemical fertilizers 
or using seed meal wastes from oil extraction, using tractors, 
and growing new, high-yielding varieties that could make use 
of  more intense soil nutrition. But these inputs were not af-
fordable to the average Indian farmer, and Howard’s purpose 
was to offer genuine help to his neighbors by demonstrating 
methods they could easily afford and use.
 In the beginning of  his work at Indore, Howard observed 
that the district’s soils were basically fertile but low in or-
ganic matter and nitrogen. This deficiency seemed to be due 
to traditionally wasteful practices concerning manures and 
agricultural residues. So Howard began developing methods 

Steaming Compost, Trent Park, Enfield
Copyright Christine Matthews and licensed for reuse under this Creative Commons 
Licence. http://www.geograph.org.uk/photo/5201367
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resulted in a net gain of  
nitrate nitrogen. The compost 
factory was also a biological 
nitrate factory.
 Howard published details 
of  the Indore method in 1931 
in a slim book called The 
Waste Products of  Agriculture. 
The widely read book brought 
him invitations to visit planta-
tions throughout the British 
Empire. It prompted farmers 
world-wide to make compost 
by the Indore method. Travel, 
contacts, and new awareness 
of  the problems of  European 
agriculture were responsible 
for Howard’s decision to cre-
ate an organic farming and 
gardening movement.
 Howard repeatedly warned 
that if  the underlying fun-
damentals of  his process 
were altered, superior results 
would not occur. That was his 
viewpoint in 1931. However, 

humans being what we are, it does not seem possible for 
good technology to be broadcast without each user trying to 
improve and adapt it to their own situation and understand-
ing. By 1940, the term “lndore compost” had become a 
generic term for any kind of  compost made in a heap without 
the use of  chemicals, much as “Rototiller” has come to mean 

any motor-driven rotary tiller.
 Howard’s 1931 concerns were correct—almost all altera-
tions of  the original Indore system lessened its value—but 
Howard of  1941 did not resist this dilutive trend because in 
an era of  chemical farming, any compost was better than no 
compost, and any return of  humus better than none.
 Still, I think it is useful to go back to the Indore research 
farm of  the 20s and to study closely how Albert Howard 
once made the world’s finest compost, and to encounter this 

to compost the waste products of  agriculture, making enough 
high-quality fertilizer to supply the entire farm. Soon, Indore 
research farm was enjoying record yields without having 
insect or disease problems, and without buying fertilizer or 
commercial seed. More significantly, the work animals, fed 
exclusively on fodder from Indore’s humus-rich soil, become 
invulnerable to cattle diseases. Their shining health and fine 
condition became the envy of  the district.
 Most significant, Howard contended that his method 
not only conserved the nitrogen in cattle manure and 
crop waste, not only conserved the organic matter the 
land produced, but also raised the processes of  the entire 
operation to an ecological climax of  maximized health and 
production. Conserving the manure and composting the 
crop waste allowed him to increase the soil’s organic matter 
which increased the soil’s release of  nutrients from rock 
particles that further increased the production of  biomass 
which allowed him to make even more compost and so on. 
What I have just described is not surprising—it is merely a 
variation on good farming that some humans have known 
about for millennia. What was truly revolutionary was 
Howard’s contention about increasing net nitrates. With gen-
tle understatement, Howard asserted that his compost was 
genuinely superior to anything ever known before. Indore 
compost had these advantages: no nitrogen or organic matter 
was lost from the farm through mishandling of  agricultural 
wastes; the humus level of  the farm’s soils increased to a 
maximum sustainable level; and, the amount of  nitrate nitrogen 
in the finished compost was higher than the total amount of  nitrogen 
contained in the materials that formed the heap. Indore compost 

Howard especially 
emphasized that 
composting must be 
sanitary and odorless
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were made to water the heaps as necessary, to turn them 
several times, and to use a novel system of  mass inoculation 
with the proper fungi and bacteria. I’ll shortly discuss each 
of  these subjects in detail. Howard was pleased that there 
was no need to accept nitrogen loss at any stage and that the 
reverse should happen. Once the C/N had dropped suffi-
ciently, the material was promptly incorporated into the soil 
where nitrate nitrogen will be best preserved. But the soil is 
not capable of  doing two jobs at once. It can’t digest crude 
organic matter and simultaneously nitrify humus. So com-
post must be finished and completely ripe when it was tilled 
in so that: “… there must be no serious competition between 
the last stages of  decay of  the compost and the work of  the 
soil in growing the crop. This is accomplished by carrying the 
manufacture of  humus up to the point when nitrification is 
about to begin. In this way the Chinese principle of  divid-
ing the growing of  a crop into two separate processes: 1) the 
preparation of  the food materials outside the field, and 2) the 
actual growing of  the crop—can be introduced into general 
agricultural practice.”
 And because he actually lived on a farm, Howard espe-
cially emphasized that composting must be sanitary and 
odorless and that flies must not be allowed to breed in the 
compost or around the work cattle. Country life can be quite 
idyllic—without flies.

The Indore compost factory
 
 At Indore, Howard built a covered, open-sided, compost-
making factory that sheltered shallow pits, each 30’ long by 
14’ wide by 2’ deep with sloping sides. The pits were suffi-
ciently spaced to allow loaded carts to have access to all sides 
of  any of  them, and a system of  pipes brought water near 

great man’s thoughts before he became a crusading ideo-
logue, dead set against any use of  agricultural chemicals. A 
great many valuable lessons are still contained in The Waste 
Products of  Agriculture. Unfortunately, even though many or-
ganic gardeners are familiar with the later works of  Sir Albert 
Howard the reformer, Howard the scientist and researcher, 
who wrote this book, is virtually unknown today.
 At Indore, all available vegetable material was composted, 
including manure and bedding straw from the cattle shed, un-
consumed crop residues, fallen leaves and other forest wastes, 
weeds, and green manures grown specifically for compost. 
All of  the urine from the cattle shed—in the form of  urine 
earth—and all wood ashes from any source on the farm were 
also included. Being in the tropics, compost-making went on 
year-round. Of  the result, Howard stated that, “The product 
is a finely divided leafmould, of  high nitrifying power, ready 
for immediate use [without temporarily inhibiting plant 
growth]. The fine state of  division enables the compost to be 

rapidly incorporated and to exert its maximum influence on 
a very large area of  the internal surface of  the soil.”
 Howard stressed that for the Indore method to work 
reliably, the carbon to nitrogen ratio of  the material going 
into the heap must always be in the same range. Every time 
a heap was built, the same assortment of  crop wastes were 
mixed with the same quantities of  fresh manure and urine 
earth. As with bread-baking, Howard ensured repeatability 
of  ingredients.
 Any hard, woody materials—Howard called them 
“refractory”—must be thoroughly broken up before com-
posting—otherwise the fermentation would not be vigorous, 
rapid, and uniform throughout the process. This mechani-
cal softening up was cleverly accomplished without power 
equipment by spreading tough crop wastes like cereal straw 
or pigeon pea and cotton stalks out over the farm roads, 
allowing cartwheels, the oxen’s hooves, and foot traffic to 
break them up.
 Decomposition must be rapid and aerobic, but not too 
aerobic—and not too hot. Quite intentionally, Indore com-
post piles were not allowed to reach the highest temperatures 
that are possible. During the first heating cycle, peak tem-
peratures were about 140ºF.
 After two weeks, when the first turn was made, tempera-
tures dropped to about 125ºF, and gradually declined from 
there. Howard cleverly restricted the air supply and thermal 
mass so as to “bank the fires” of  decomposition. This mod-
eration was his key to preventing loss of  nitrogen. Provisions 

The presence of this soil 
in the heap was essential. 

Composting facility at Codlaw Hill Farm, Acomb Fell, England.
Launched in 2007, the green waste recycling initiative processes the 
contents of  7,000 brown wheelie bins in Tynedale District which are 
used to collect grass cuttings, hedge trimmings small branches, twigs, 
plants, flowers and weeds. Copyright Oliver Dixon and licensed 
for reuse under this Creative Commons License. www.geograph.org.
uk/photo/960037
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foot traffic and cart wheels before stacking. All these forms 
of  vegetation were thinly layered as they were received, so 
that the dry storage stacks became thoroughly mixed. Care 
was taken to preserve the mixing by cutting vertical slices out 
of  the stacks when vegetation was taken to the compost pits. 
Howard said the average C/N of  this mixed vegetation was 
about 33:1. Every compost heap made year-round was built 
with this complex assortment of  vegetation having the same 
properties and the same C/N.
 Special preliminary treatment was given to hard, woody 
materials like sugarcane, millet stumps, wood shavings and 
waste paper. These were first dumped into an empty compost 
pit, mixed with a little soil, and kept moist until they soft-
ened. Or they might be soaked in water for a few days and 
then added to the bedding under the work cattle. Great care 
was taken when handling the cattle’s bedding to ensure that 
no flies would breed in it.

Manure
 
 Though crop wastes and urine-earth could be stored dry 
for later use, manure, the key ingredient of  Indore compost, 
had to be used fresh. Fresh cow dung contains bacteria from 
the cow’s rumen that is essential to the rapid decomposition 
of  cellulose and other dry vegetation. Without their abundant 
presence, composting would not begin as rapidly nor proceed 
as surely.

 

Charging the compost pits
 
 Every effort was made to fill a pit to the brim within one 
week. If  there wasn’t enough material to fill an entire pit 
within one week, then a portion of  one pit would be filled 
to the top. To preserve good aeration, every effort was made 
to avoid stepping on the material while filling the pit. As 
mixtures of  manure and bedding were brought out from the 
cattle shed they were thinly layered atop thin layers of  mixed 
vegetation brought in from the dried reserves heaped up 

At this late stage, 
there would be 
no danger of encouraging 
high temperatures, 
but the increased 
oxygen facilitated 
nitrogen fixation. 

every one. The materials to be composted were all stored ad-
jacent to the factory. Howard’s work oxen were conveniently 
housed in the next building.

 
Soil and urine-earth
 
 Howard had been raised on an English farm, and from 
childhood he had learned the ways of  work animals and how 
to make them comfortable. So, for the ease of  their feet, the 
cattle shed and its attached, roofed loafing pen had earth 
floors. All soil removed from the silage pits, dusty sweepings 
from the threshing floors, and silt from the irrigation ditches 
were stored near the cattle shed and used to absorb urine 
from the work cattle. This soil was spread about 6” deep in 
the cattle stalls and loafing pen. About three times a year, 
it was scraped up and replaced with fresh soil. The urine-
saturated earth then was dried and stored in a special covered 
enclosure to be used for making compost.
 The presence of  this soil in the heap was essential. First, 
the black soil of  Indore was well supplied with calcium, 
magnesium, and other plant nutrients. These basic elements 
prevented the heaps from becoming overly acidic. Addition-
ally, the clay in the soil was uniquely incorporated into the 
heap so that it coated everything. Clay has a strong ability 
to absorb ammonia, preventing nitrogen loss. A clay coating 
also holds moisture. Without soil, “an even and vigorous 
mycelial growth is never quickly obtained.” Howard said, 
“the fungi are the storm troops of  the composting process, 

and must be furnished with all the armament they need.”

 
Crop wastes
 
 Crop wastes were protected from moisture, stored dry un-
der cover near the compost factory. Green materials were first 
withered in the sun for a few days before storage. Refractory 
materials were spread on the farm’s roads and crushed by 

Farmers loading sugarcane in India. The sugarcane waste needs 
special treatment prior to composting in the Indore method. Image 
CC0.
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adjacent to the compost factory. Each layer was thoroughly 
wet down with a clay slurry made of  three ingredients: water, 
urine-earth, and actively decomposing material from an adja-
cent compost pit that had been filled about two weeks earlier. 
This ensured that every particle within the heap was moist 

and coated with nitrogen-rich soil and the microorganisms 
of  decomposition. Today, we would call this practice “mass 

inoculation.”

 
Pits vs. heaps
 
 India has two primary seasons. Most of  the year is hot 
and dry, while the monsoon rains come from June through 
September. During the monsoon, so much water falls so con-
tinuously that the earth becomes completely saturated. Even 
though the pits were under a roof, they would fill with water 
during this period. So in the monsoon, compost was made 
in low heaps atop the ground. Compared to the huge pits, 
their dimensions were smaller than you would expect: 7x7’ 
at the top, 8x8’ at the base, and no more than 2’ high. When 
the rains started, any compost being completed in pits was 
transferred to aboveground heaps when it was turned.
 Howard was accomplishing several things by using 
shallow pits or low but very broad heaps. One, thermal 
masses were reduced so that temperatures could not reach 
the ultimate extremes possible while composting. The pits 
were better than heaps because air flow was further reduced, 
slowing down the fermentation, while their shallowness still 
permitted sufficient aeration. There were enough covered 
pits to start a new heap every week.

 
Turning the compost

 Turning the compost was done three times: to ensure 
uniform decomposition, to restore moisture and air, and to 

supply massive quantities of  those types of  microbes needed 
to take the composting process to its next stage.
 The first turn was at about 16 days. A second mass 
inoculation equivalent to a few wheelbarrows full of  30-day-
old composting material was taken from an adjacent pit 
and spread thinly over the surface of  the pit being turned. 
Then, one half  of  the pit was dug out with a manure fork 
and placed atop the first half. A small quantity of  water was 
added, if  needed to maintain moisture. Now, the compost 
occupied half  the pit, a space about 15x14’ and was about 3’ 
high, rising out of  the earth about 1’. During the monsoons, 
when heaps were used, the above-ground piles were also 
mass-inoculated and then turned so as to completely mix the 
material, and as we do today, placing the outside material in 
the core and vice-versa.
 One month after starting, or about two weeks after the 
first turn, the pit or heap would be turned again. More water 
would be added. This time the entire mass would be forked 
from one half  the pit to the other, and every effort would 
be made to fluff  up the material while thoroughly mixing 
it. Several loads of  material were removed to inoculate a 
15-day-old pit.
 Another month would pass, or about two months after 
starting, and for the third time the compost would be turned 
and then allowed to ripen. This time, the material is brought 
out of  the pit and piled atop the earth so as to increase aera-
tion. At this late stage, there would be no danger of  encour-
aging high temperatures, but the increased oxygen facilitated 
nitrogen fixation. The contents of  several pits might be com-
bined to form a heap no larger than 10x10’ at the base, 9x9’ 
on top, and no more than 3.5’ high. Again, more water might 
be added. Ripening would take about one month. Howard’s 
measurements showed that after a month’s maturation, the 
finished compost should be used without delay, or precious 
nitrogen would be lost. However, keep in mind when consid-
ering this brief  ripening period that the heap was already as 
potent as it could become. Howard’s problem was not further 
improving the C/N—it was conservation of  nitrogen.

Cattle in the braodscale Indian landscape.  Photo CC0. 

Howard’s measurements 
showed that after 
a month’s maturation, 
the finished compost 
should be used without 
delay, or precious nitrogen 
would be lost.
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and about one-quarter of  the oxen manure 
he had available. But fresh manure and urine 
earth were essential.
    During the 1920s, a patented process for 
making compost with a chemical fertil-
izer called Adco was in vogue and Howard 
tried it. Of  using chemicals he said: “The 
weak point of  Adco is that it does nothing 
to overcome one of  the great difficulties in 
composting, namely the absorption of  mois-
ture in the early stages. In hot weather in 
India, the Adco pits lose moisture so rapidly 
that the fermentation stops, the temperature 
becomes uneven and then falls. When, how-
ever, urine-earth and cow-dung are used, the 
residues become covered with a thin colloi-
dal film, which not only retains moisture but 
also contains combined nitrogen and miner-
als required by the fungi. This film enables 
the moisture to penetrate the mass and helps 
the fungi to establish themselves. Another 
disadvantage of  Adco is that when this ma-
terial is used according to the directions, the 
carbon-nitrogen ratio of  the final product 
is narrower than the ideal 10:1. Nitrogen is 
almost certain to be lost before the crop can 
make use of  it.”
 Fresh cow manure contains digestive en-
zymes and living bacteria that specialize in 
cellulose decomposition. Having a regu-
lar supply of  this material helped initiate 
decomposition without delay. Contributing 
large quantities of  actively growing micro-

organisms through mass inoculation with material from a 
two-week-old pile also helped. The second mass inoculation 
at two weeks, with material from a month-old heap provided 
a large supply of  the type of  organisms required when the 
heap began cooling. City gardeners without access to fresh 
manure may compensate for this lack by imitating Howard’s 
mass inoculation technique, starting smaller amounts of  
compost in a series of  bins and mixing into each bin a bit of  
material from the one further along at each turning. The pas-
sive backyard composting container automatically duplicates 
this advantage. It simultaneously contains all decomposition 
stages and inoculates the material above by contact with 
more decomposed material below. Using prepared inoculants 
in a continuous composting bin is unnecessary.
 City gardeners cannot readily obtain urine earth. Nor are 
American country gardeners with livestock likely to be will-
ing to do so much work. Remember that Howard used urine 
earth for three reasons. One, it contained a great deal of  
nitrogen and improved the starting C/N of  the heap. Second, 
it is thrifty. Over half  the nutrient content of  the food passing 
through cattle is discharged in the urine. But, equally impor-
tant, soil itself  was beneficial to the process. Of  this Howard 
said, “[where] there may be insufficient dung and urine earth 

 
The superior value of Indore compost
 
 Howard said that finished Indore compost was twice as 
rich in nitrogen as ordinary farmyard manure and that his 
target was compost with a C/N of  10:1. Since it was long 
manure he was referring to, let’s assume that the C/N of  a 
new heap started at 25:1.
 The C/N of  vegetation collected during the year is highly 
variable. Young grasses and legumes are very high in nitro-
gen, while dried straw from mature plants has a very high 
C/N. If  compost is made catch-as-catch-can by using materi-
als as they come available, then results will be highly erratic. 
 Howard had attempted to make composts of  single veg-
etable materials like cotton residues, cane trash, weeds, fresh 
green sweet clover, or the waste of  field peas. These experi-
ments were always unsatisfactory. So Howard wisely mixed 
his vegetation, first withering and drying green materials by 
spreading them thinly in the sun to prevent their premature 
decomposition, and then taking great care to preserve a uni-
form mixture of  vegetation types when charging his compost 
pits. This strategy can be duplicated by the home gardener. 
Howard was surprised to discover that he could compost all 
the crop waste he had available with only half  the urine earth 

Homage to the cow and their role in the cycles of  fertility.  
Image CC0. 
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for converting large quantities of  vegetable wastes which are 
available, the shortage may be made up by the use of  nitrate 
of  soda… If  such artificials are employed, it will be a great 
advantage to make use of  soil.” I am sure he would have 
made very similar comments about adding soil when using 
chicken manure, or organic concentrates like seed meals, as 
cattle manure substitutes.
 Control of  the air supply is the most difficult part of  com-
posting. First, the process must stay aerobic. That is one rea-
son that single-material heaps fail because they tend to pack 

too tightly. To facilitate air exchange, the pits or heaps were 
never more than two feet deep. Where air was insufficient 
(though still aerobic) decay is retarded but worse, a process 
called denitrification occurs in which nitrates and ammonia 
are biologically broken down into gasses and permanently 
lost. Too much manure and urine-earth can also interfere 
with aeration by making the heap too heavy, establishing 
anaerobic conditions. The chart illustrates denitrification 
caused by insufficient 
aeration compared to 
turning the composting 
process into a biologi-
cal nitrate factory with 

optimum aeration.

 
Deep and Shallow 
Pits
 
 Finally, modern 
gardeners might recon-
sider limiting temperature 
during composting. India 
is a very warm climate 
with balmy nights most 
of  the year. Heaps 2-3’ 
high will achieve an ini-
tial temperature of  about 
145ºF. The purchase of  a 
thermometer with a long 
probe and a little experi-
mentation will show you 
the dimensions that will 
more-or-less duplicate 

Control of the air supply 
is the most difficult part 
of composting.

Howard’s temperature regimes in your climate with your 
materials.                                                 ∆

Steve Solomon is well known for such books as Gardening When 
it Counts, The Intelligent Gardener: Growing Nutrient-
Dense Food, and the classic Growing Vegetables West of  the 
Cascades. He founded Territorial Seed Company, one of  the first 
regional seed companies seeking to provide locally adapted varieties 
for home and commercial use. Steve has been growing most of  his 
family’s food for over 35 years. He has assembled a treasure trove 
of  public-domain gardening literature, the Soil and Health Library 
(soilandhealth.org). He currently homesteads in Tasmania, the 
birthplace of  permaculture. This article is an excerpt from his little 
known 1993 book, A Guide to Organic Gardener’s Compost-
ing, published by Van Patten Publishing, Vancouver, WA, and is 
reprinted here by permission of  the publisher.

The end-goal: nutrient-dense foods from our systems managed in a regenerative manner. Image CC0.
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sulfur, are bound.
 An article published in 2010 demonstrated that:

Vermicompost contains plant nutrients including N, P, K, 
Ca, Mg, S, Fe, Mn, Zn, Cu, and B, the uptake of  which 
has a positive effect on plant nutrition, photosynthesis, the 
chlorophyll content of  the leaves and improves the nutrient 
content of  the different plant components (roots shoots and 
the fruits). The high percentage of  humic acids in vermicom-
post contributes to plant health, as it promotes the synthesis 
of  phenolic compounds such as anthocyanins and flavonoids 
which may improve the plant quality and act as a deterrent 
to pests and diseases. (International Journal of  the Physi-
cal Sciences,Vol. 5(13), pp. 1964-1973, academicjour-
nals.org/IJPS)

A few good worm bin designs

Worm Bin Grow Box

 Build a standard worm box with a hard plastic mesh front 
(with holes large enough for the worms to freely move back 
and forth). Build an additional box onto the front of  the bin, 
where the mesh is, and plant your favorite garden varieties 
there.

Ann & Gord Baird’s Veggie Washing Station

 Ann and Gord Baird, permaculturists with Eco-Sense, 
believe in stacking functions and keeping designs simple. 
They designed a simple way to conserve and utilize water by 
building a worm composter right next to a vegetable wash-
ing station. The washing station sink drains into a five-gallon 
bucket; this empties into a worm bin with holes at the bot-
tom, resting in a water drum with a spout, which is raised off  

VERMICULTURE, OR WORM FARMING, is the 
use of  worms to break down organic material. It is a 
simple way of  turning table scraps such as the tops 

of  vegetables, apple cores, banana peels, egg shells, coffee 
grounds, and even newspaper into compost—vermicompost. 
The end product is a nutrient-rich natural fertilizer called 
worm castings. In a vermicompost bin, conditions are main-
tained for hosting an environment for worm reproduction.
 According to Rhonda Sherman of  North Carolina State 
University:

A variety of  methods may be used to process large volumes 
of  residuals with earthworms, ranging from land and 
labor-intensive techniques to fully automated high-tech 
systems. Types of  systems include windrows, beds, bins, and 
automated raised bioreactors. Choosing which vermicom-
posting system to use will depend on the amount of  feedstock 
to be processed, funding available, site and space restrictions, 
climate and weather, state and local regulatory restrictions, 
facilities and equipment on hand and availability of  low 
cost labor. (http://articles.extension.org/pages/17453/
vermicomposting-animal-manure)

Benefits of  backyard vermiculture

 Vermiculture can benefit your backyard garden in 
the following ways:

• It enhances your existing composting operation

• It introduces composting worms for a high-yield 
nutrient-rich fertilizer.

• It is similar to compost, but uses worms such as red 
wigglers and earthworms to help break down organic 
material.

• It has a higher amount of  humus than compost, im-
proving aeration and water retention tremendously.

 Vermicompost is rich in nitrogen, phosphorus, and potas-
sium and contains both macronutrients and micronutrients 
to benefit plant health and stimulate plant growth. It contains 
worm castings, partially decomposed organic materials, and 
organic waste with recognizable fragments of  plants, food, 
and detritus materials. When you apply vermicompost, rich 
minerals are added into the soil. Most vermicompost con-
tains plant growth hormones, increasing plant vitality and 
yields. In vermicompost, micronutrients that may ordinar-
ily be washed away in heavy rains, such as magnesium and 

Putting Worms to Work
Crystal Stevens

They designed a simple 
way to conserve and utilize 
water by building a worm 
composter right next to a 
vegetable washing station.
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1. Drill ¼” holes into a PVC or plastic tube so that the 
worms can move freely in and out. The tube should 
be 2-2½’ long and 4-8” in diameter. Drill on a tarp or 
sheet to catch the bits of  plastic.

2. Prepare a hole in the ground and bury the tube 
so that only 4-6” remain above the surface. Backfill 
around the tube but not in it, making sure that all the 
holes are below ground. A piece of  window screen 
and a flower pot as a cover will help keep out flies.

3. Fill the tube about half-way with a mixture of  moist 
organic matter (straw, shredded newsprint, leaves, 
etc.) and kitchen scraps. Add a handful of  red wrig-
gler worms. Cover with a damp piece of  burlap. To 
maintain the tower, simply add food scraps as avail-
able and water during dry weather to keep the worms 
and surrounding soil moist.

 Visit midwestpermaculture.com for more great garden 
ideas.          ∆                                                                                  

Crystal Stevens is the author of  Grow Create Inspire. She is an 
herbalist, writer, artist, and vegetable farmer, employing multiple 
platforms to share her passion for inspiring others to care for the en-
vironment, to grow gardens, and to live healthy lifestyles. Crystal 
also writes and illustrates children’s books. She recently illustrated 
Semore the Bird Tells All that he Heard by Kelley Powers. She 
teaches dozens of  workshops each year on gardening, composting, 
vermicomposting, healthy eating, natural living, medicinal herbs, 
and ethical foraging. She also gives presentations at Mother Earth 
News Fairs around the country. Crystal co-managed La Vista CSA 
Farm with her husband, Eric, for seven years. They currently work at 
EarthDance Organic Farm School in Ferguson, Missouri, and tend 
a permaculture-inspired micro-farm with their children at their home 
along the bluffs of  the Mississippi River in western Illinois.
    This excerpt from her book Worms at Work is presented here by 
permission of  the publisher, New Society Publishers.

the ground. A separate bucket collects the worm tea below. 
When washing veggies, they pour the wash water into the 
worm bin, and it flows through to the collection drum. This 
process
saves water, gives nutrients from food waste to worms, and 
uses worm tea to water their fruit and vegetable plants.

Bath Tub Worm Farm

 Repurposing items that would ordinarily go into a landfill 
is necessary for those on a budget and a practical way to 
intercept landfill waste. For example, an old claw-foot tub 
with a few unrepairable holes makes the perfect worm bin. 
Build a frame out of  reclaimed materials or just rest the 
tub on stacks of  cinder blocks. A separate container resting 
underneath can be easily removed when worm tea is ready to 
be harvested.

Patio Bench Worm Bin

 This design is adapted from Worms Eat My Garbage by 
Mary Appelhof  of  Seattle Tilth. Build a worm box using a 
4x8’ sheet of  ½” exterior plywood and five or six pieces of  
framing lumber (construction grade 2x4” studs). Cut the 
plywood into the sizes shown to the right. Attach to a lumber 
frame. It can be weatherproofed with outdoor non-toxic stain 
or varnish.

Midwest Permaculture’s Worm Tower

 This design is specific to individual garden beds. A large 
pipe with several dozen holes drilled through it is inserted 
into the ground. It provides a habitat for worms that have 
underground access to the soil in the bed. The concept 
behind this design is that the worms have plenty of  access to 
nutrition and moisture and are able to explore their preferred 
habitat within the beds. They aerate the soil by adding air 
pockets that permit roots to go deeper and distribute castings 
at various levels, offering plenty of  nutrition to the plants. 
This wonderful design removes a lot of  the grunt work for 
the gardener.
 One simple design uses two five-gallon buckets. Cut off  
the bottom and the top of  one bucket and drill holes all over 
the other one (50 or more evenly spaced holes). Fit the first 
bucket inside the second.
 In a garden bed, dig a hole the size of  one bucket. Insert 
the bucket and add a little soil around it. Next, add the 
ingredients for the worm farm. Fill the bucket 1/3 full with 
soil, add equal parts manure, veggie scraps, water, and a 
burlap sack, and cover with a lid. Evenly distribute a pound 
of  worms around the outside of  the bucket. Cover with the 
remaining soil. Add veggie scraps each week, and be sure the 
worm farm is kept moist (based on design by Inga van Dyk.)
 Bill and Becky Wilson have a very simple design for a 
worm tower, using three simple steps:

Worms are the heavy lifters of  soil building in many ecotones. 
https://www.maxpixel.net/Earth-Vermiculture-Rico-Nutrients-
Soil-Humus-Worm-1140767
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five-gallon buckets, then you can compost all of  your kitchen 
waste, keeping it out of  the landfill and ending up with a 
finished product that will add a lot of  organic matter to your 
garden. Bokashi composting is also a potential solution for 
individuals who have tried to compost organic waste in the 
past using more traditional techniques but have been unsuc-
cessful for one reason or another. The bokashi composting 
process takes a lot of  the complexity out of  composting food 
waste, making the whole process much easier to follow for 
the average person, so hopefully they can recycle all of  their 
kitchen waste.
 The microorganisms that ferment the organic waste are 
the single most important part of  bokashi fermentation. 
There are various ways in which they can be introduced into 
the process, but the most common way is via a carrier inocu-
lated with EM (“essential microorganisms:” A consortium 
of  symbiotic microorganisms that are used to inoculate the 
organic matter and subsequently ferment it). Bokashi fermen-
tation conducted with EM is typically known as EM bokashi, 
specifically denoting that EM (not IMO, lactobacillus serum, 
or something else) is the microbial source.
 When composting with bokashi, the key ingredient 
besides the microbes is the fermentation vessel (bokashi 
bucket). Since we are fermenting food scraps anaerobically, 

The bokashi composting 
process takes a lot of the 
complexity out of 
composting food waste, 
making the whole process 
much easier to follow.

Kitchen Systems

Composting with Bokashi
Adam Footer

THE ROOTS OF BOKASHI COM-
POSTING lie in Japan and Southeast 
Asia, where it is widely practiced. 

There is some more recent history and minor 
usage in countries like Australia, the UK, 
New Zealand, and South Africa, but a rela-
tively small amount of  information has made 
its way over to the US. Most Americans don’t 
compost organic waste regularly, and the 
majority of  those who do have never heard of  
bokashi. Yet the benefits of  bokashi compost-
ing are profound.
 Bokashi is a form of  composting that uses 
a specific group of  microbes to anaerobically 
ferment organic matter, resulting in a finished 
product that can be rapidly digested by the 
soil biota. The process doesn’t require mixing 
of  greens and browns and doesn’t generate 
heat or greenhouses gases. All of  the by-prod-
ucts are contained within a closed system, so 
nutrients aren’t lost in the composting pro-
cess. Because the system is closed, the user 
doesn’t have to worry about insect or rodent 
problems, or unpleasant odors emanating 
from a pile of  kitchen waste. All of  these advantages make 
bokashi a good option for someone with space constraints. 
That might be an apartment dweller, an occupant of  an of-

fice building, or anyone who doesn’t have room for a large 
traditional compost pile. If  you have enough room for a few 

Scraps with bran
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it is critically important that the vessel we use can be sealed 
hermetically and can maintain that seal over a period of  
time. A variety of  types of  containers can be used—large and 
small, homemade and commercial—all will work fine as long 
as they stay airtight.

Composting the bokashi way

 It is important to remember that bokashi composting in-
volves working with living systems—specifically, a symbiotic 
collection of  microorganisms used to break down organic 
matter by fermenting it into a living, beneficial soil amend-
ment while limiting harmful by-products. These microorgan-
isms are doing this in the “wild,” outside of  a laboratory, 
so conditions are different in each and every situation, and 
results will always vary to some extent. You can generally ex-
pect the same thing to happen every time, but it won’t always 
happen exactly as planned because the variables—tempera-
ture, kitchen waste type and mixture, moisture level, bran 

quality—are always slightly different. It is our job as compos-
ters to watch the changes and results and make adjustments 
accordingly. Overall the process is very forgiving, and it is 
pretty hard to totally screw it up. And even if  you screw up 
the fermentation, the organic matter will still end up feeding 
the soil.
 The first time that you compost your kitchen waste, don’t 
expect to open the bokashi bucket and see black or dark 
brown compost, the image most people conjure up when 
they think of  compost. This process is different, and the 
end result is different too. Remember that composting with 
bokashi is a fermentation process, so the material comes out 
of  the bucket looking more or less similar to how it looked 
when it went in (think pickles or kimchi). It only becomes 
rich black humus when it is mixed with soil and further bro-
ken down by the soil biota. When we ferment food waste, we 
are simply speeding up the front end of  the process.
 Anytime you compost, regardless of  the method, input 
size matters; smaller objects will decompose faster than 
larger objects. By decreasing the size of  something, you 
increase the total surface area that is exposed to the various 
decomposers. Also, cutting a material open gives the decom-
posers a foothold. Fruits and vegetable skins have natural 
compounds in them to help fight off  decay, so cutting them 
open bypasses the protective skin and gives the microorgan-

Many users live in 
apartments or houses 
and compost only 
their kitchen waste

isms direct access to something they can start eating and 
breaking down. The protective ability of  vegetable peels is 
pretty impressive. I have seen whole apples and tomatoes last 
for a few weeks in very active worm bins and look relatively 
unchanged. Squeeze the fruit and pierce the peels and they 
get eaten pretty rapidly. So when dealing with the scraps you 
will put into your bokashi bin, smaller and cut up is better 
than larger and whole.

Why bother with chopping?

 A lot of  bokashi users compost on a fairly small scale, so 
a little extra time on the front end isn’t an issue. Many users 
live in apartments or houses and compost only their kitchen 
waste, so the amount of  material isn’t enough to deter a little 
extra processing. Breaking food waste down mechanically 
before it hits the bokashi bucket will take a few extra knife 
strokes and an extra minute or two when you are preparing 
a meal, but the smaller size really helps to speed up decom-
position on the back end. This plays to the desires of  smaller 
users, who tend to want to cycle things faster. Many are also 
gardening in small spaces and want to go from food waste to 
usable compost fairly quickly. Preprocessing the waste can 
help speed up this cycling.
 If  you don’t care about speed, fine. You don’t have to take 
any extra measures to decrease the size of  anything. It is all 
a time trade-off. Less time breaking down food waste on the 
front end means it will ultimately take longer to ferment and 
break down on the back end. Larger operations such as farms 
and institutions might not see the need to spend a lot of  time 
and effort preprocessing waste because they have the space 
and time to allow for more composting to take place. Large-
scale users who want to maximize their fermentation speed 
and efficiency can use industrial shredding machines that 
can process large volumes of  food waste before it goes into 

Bokashi bucket
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and forces out any extra liquid in 
the system.

5. Cover the layer of  kitchen waste 
and bokashi bran with a plastic 
bag and press down. This step isn’t 
mandatory, but I have found that it 
helps the process to keep scraps cov-
ered until the bucket is completely 
full. Another optional step: Place 
a brick, a bag of  stones, or another 
heavy object on top of  the bag to 
help compress the layers.

6. If  you are adding another layer 
of  scraps at this time, repeat steps 
2–5: if  you are done adding scraps, 
continue to step 7.

7. Put the lid back on the bucket 
it and keep it somewhere warm 
(60–90°F) and out of  direct sunlight 
until the next time you add scraps.

8. Add more scraps using steps 2-7 
until the bokashi bucket is com-
pletely full.

9. Once the bucket is full, seal it and 
place it somewhere warm (60–90°F) 
and out of  direct sunlight. Let the 
bucket sit for at least two weeks 
without opening it. Cooler tem-

peratures may require a longer fermentation time, while 
warmer temperatures may require as little as one week. 
Judge your results and adjust accordingly.

10. Label and date the bucket. As insignificant as it 
sounds, this is an important, often-forgotten step. There 
have been many times in the past when I have completely 
forgotten when I sealed a bucket. I have also mixed up 
similar buckets and got confused about which was which. 
If  you are experimenting with different formulations 
of  bran, labeling and dating is especially important. To 
achieve any sort of  consistency, you need to be able to 
evaluate your results and troubleshoot accordingly. Writ-
ing each formula on a label takes care of  everything. No 
more guesswork or trying to remember; it is what it says 
it is.

11. Drain the bokashi tea every other day and use it im-
mediately.

12. After the two weeks have passed, you can process the 
bokashi pre-compost accordingly.

Use your bokashi bucket without a drain

 You can ferment food waste in a bokashi bucket without 

a bokashi composting system or a vermicomposting opera-
tion. These are expensive and use grid-based energy, so there 
is a trade-off. Every individual will ultimately have to decide 
what they need for their system.
 To ferment your food waste, you will need to introduce 
a microbial source. The microbes are usually applied on a 
solid carrier, commonly called bokashi bran. The process is 
extremely simple, and even a child could do it.
 How to use your bokashi bucket with a spigot or drain:

1. Sprinkle a layer of  bokashi bran onto the bottom of  the 
bucket. A dusting is all that is needed. 

2. Add a layer of  kitchen waste. The layer should be about 
one inch thick. Smaller pieces of  waste are better.

3. Sprinkle a handful of  bokashi bran on the layer of  
kitchen waste. A light dusting is all that is needed; you 
do not need a solid layer of  bran. If  your bucket contains 
meat, sprinkle extra bran in that area. It is better to add 
too much bran than too little. If  you start to smell any bad 
odors when you add scraps to the bucket, then you need 
to start adding more bran.

4. Lightly stir up the contents and compress them. Com-
pressing the contents ensures adequate contact between 
the food scraps and the microbes on the bokashi bran. It 
also helps to remove any air spaces between the materials 

Finished bokashi
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a drain as long as you take some extra measures to deal with 
the liquid that will accumulate at the bottom of  the bucket. 
Too much unabsorbed standing liquid can cause problems. 
This can be mitigated by adding a layer of  dry material such 
as shredded paper to the bottom of  the bucket to absorb any 
extra liquid.

1. Sprinkle a layer of  bokashi bran onto the bottom of  the 
bucket.

2. Add three inches of  shredded or crumpled paper to the 
bottom of  the bucket. This assumes that you are using a 
five-gallon bucket. If  you are using a different size bucket, 
you just need a substantial amount of  dry material. Keep 
in mind that it will compress and compact as it gets wet 
and weight is applied. Bread, old rice, or such will also 
work fine.

3. Sprinkle a layer of  bokashi bran onto the dry absorbing 
material. A dusting is all that is needed.

4. Add a layer of  kitchen waste. The layer should be about 
an inch thick. Smaller pieces of  waste are better.

5. Sprinkle a handful of  bokashi bran on the layer of  
kitchen waste. If  your bucket contains meat, sprinkle 
extra bran in that area. It is better to add too much bran 
than too little. If  you start to smell any bad odors when 
you add scraps to the bokashi bucket, then you need to 
start adding more bran.

6. Lightly stir up the contents and compress them. 

7. Cover the layer of  kitchen waste and bokashi bran with 
a plastic bag and press down. 

8. If  you are adding another layer of  scraps at this time, 
repeat steps 4-7; if  you are done adding scraps, continue 
to step 9.

9. Put the lid back on the bucket and keep it somewhere 
warm (60-90°F) and out of  direct sunlight until the next 

Contrary to what you might 
read, the bokashi 
composting process 
does smell, though it 
should smell closer to 
pleasant than bad.

time you add scraps.

10. Add more scraps using steps 4–8 until the bokashi 
bucket is completely full.

11. Once the bucket is full, seal it and place it somewhere 
warm (60-90°F) and out of  direct sunlight. Let the bucket 
sit for at least two weeks without opening it. Cooler tem-
peratures may require a longer fermentation time, while 
warmer temperatures may require as little as one week. 
Judge your results and adjust accordingly.

12. Drain the bokashi tea every other day and use it im-
mediately.

13. After the two weeks have passed, you can process the 
bokashi pre-compost accordingly.

 When you open the bucket after the two weeks, you will 
encounter a sour, cider vinegar-like smell. Contrary to what 
you might read, the bokashi composting process does smell, 
though it should smell closer to pleasant than bad. As long as 
the bucket smells vinegary, not rancid or putrid, then fer-
mentation has succeeded. How will you know if  it is smells 
bad? It will smell bad—there is no mistaking the difference 
between a successful sour, cider vinegar scent and a putrid, 
spoiled stench.
 After a successful ferment, you will most likely see some 
patches of  white cotton-like mycelium covering the surface 
of  the food scraps. White mycelium is good, and a sign that 
things went well. You will probably see it, but not always; as 
long as the bucket smells all right, the fermentation was suc-
cessful. The appearance of  white mycelium is good, but not a 
mandatory sign of  a successful fermentation.                   ∆                                                                                                                                                
                         
Adam Footer is a permaculture designer with a focus on soil 
building, food forestry, nitrogen fixation, cover crops, water 
conservation and harvesting, and natural farming. He is currently 
converting his suburban property into a functioning homestead using 
skills from his engineering background, combined with permaculture 
principles. Adam has been researching and promoting bokashi 
composting for several years as an ideal solution for maximizing the 
recycling of  food waste in any situation. He runs the website www.
bokashicomposting.com.  
    This excerpt from his book Bokashi Composting: Scraps to 
Soil in Weeks is reprinted by permission of  New Society Publish-
ers.

Sources of bokashi EM starter in the US

TeraGanix (teraganix.com—distributes EM1 for EMRO 
USA
SCD Probiotics (scdprobiotics.com)—manufactures ProBio 
Balance
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Waiting for Dr. Ingham 

 It’s a chilly winter day at the San Mateo Garden Center 
in Northern California. Several dozen of  us are drinking tea 
and coffee, waiting to hear soil microbiologist Dr. Elaine 
Ingham talk on the soil food web. We’re drawn by the 
promise that by understanding soil ecology, we can grow 
healthier plants without relying on pesticides and synthetic 
fertilizers. In the long run, we’re told, it will be cheaper and 
easier. 
 It’s no longer just compost-lovers who are excited about 
soil. Actually most of  us don’t have to be convinced—we’re 
a cross-section of  greenies from the San Francisco Peninsula: 
landscape designers, horticulture teachers, nursery owners, 
master gardeners, master composters, and permaculture 
activists. We know Ingham’s reputation and are here to listen 
to the master. 
 At last, Dr. Ingham steps to the front and we’re off. For 
the next two days, we’re inundated with dense, high-intensity 

Terra Incognita Revealed
Mysteries of the Soil Food Web
Bart Anderson
“We know more about the movement of  celestial bodies than about 
the soil underfoot.” 

Leonardo da Vinci

“Any sufficiently advanced technology is indistinguishable from 
magic.”

Arthur C. Clarke

MAGIC IS HOW HUMANS have customarily 
described the soil’s natural cycles of  decay and 
growth. Without scientific understanding, our 

ancestors relied on observation and tradition to grow crops.
 Modem science has been little better at understanding the 
soil. Unable to comprehend the natural cycles of  fertility, but 
deter mined to achieve control, industrial agriculture bypasses 
biology with synthetic fertilizers and pesticides. Despite the 
outward successes of  modem agriculture, its heavy-handed 
approach brings with it pollution, soil degradation, and other 
ills.  
 In contrast, organic methods like permaculture emphasize 
working with natural cycles. Many insights and successful 
practices have emerged, yet a widely accepted and rigorous 
scientific model is still lacking. The research of  Alan Smith 
showing the linkage between tillage and soil infertility has 
been too little known—along with the vital role of  anaerobic 
bacteria in mobilizing nutrients at root microsites. And 
though permaculture teachers rightly base the practice of  soil 
mulching on this science, a more complete picture of  soil 
biology has remained elusive. 
 Recently, however, soil ecology has developed to the point 
where we can open the lid on the black box of  underground 
processes. As a consequence of  new discoveries, it is no 
longer just compost-lovers who are excited about soil. The 
respected journal Science devoted an issue to “Soils: the Final 
Frontier” (June 11, 2004), saying: “In many ways the ground 
beneath our feet is as alien as a distant planet. The processes 
occurring in the top few centimeters of  Earth’s surface are 
the basis of  all life on dry land but the opacity of  soil has 
severely limited our understanding of  how it functions… 
However, perspectives are beginning to change… Interest in 
soil is booming, spurred in part by technical advances of  the 
past decade.”
 We can now begin to understand how microorganisms 
maintain the structure and fertility of  the soil. Symbiotic 
relation ships between plants and microorganisms are not 
the exception but the rule—a rule that modern agriculture 
ignores at its peril. 

Symbiotic Fungus: Feeder root of a plant containing the 
nutrient -absorbing parts (darker areas) of a symbiotic fungus. 
Vesicular arbuscular mycorrhizal (VAM) fungi like this one 
colonize the root systems of most plants, providing nutrients and 
water to the plants, as well as protection against parasitic nem-
atodes and root-rot fungi. Photo: Soil Foodweb International.
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information that’s very different from the usual. It’s like 
having your head unscrewed. 
 She’s the kind of  professor you wish you’d had in college. 
She loves her subject and invites you to share it with her. 
Much of  the talk around organics is vague—but not with Dr. 
Ingham at the helm. Ask a question or raise an objection, 
and she’ll come back with a detailed response, complete with 
references in the scientific literature. As we say in the master 
gardeners program: “science-based gardening advice.”
 Ingham has been researching soil microbiology for over 
25 years, having received her PhD in 1981. She taught at 
Oregon State University (Corvallis) from 1986 to 2001. She 
left academia to devote herself  to Soil Foodweb, Inc., the 
consulting and testing service she started in 1996. She has 
published over 50 articles in refereed journals. 
 Years spent peering through a microscope have given 
her a perspective that is best described as “different.” As 
one aside, she remarked that humans, if  viewed from outer 
space, would bear a remarkable resemblance to rod-shaped 
bacteria. As with many good biologists, she has an affection 
and respect for the organisms she studies. She also has a gift 
for apt metaphor that makes technical concepts come alive: 
Pests and diseases are “garbage collectors” that take away 

stressed plants growing in the wrong habitats; when adding 
water to compost, follow the “Goldilocks Principle” (not too 
little, not too much—just the right amount). After several 
days of  lectures, I had taken over 100 pages of  notes and was 
in danger of  getting lost in the details. How to summarize 
lngham’s message? Here’s an overview: 

• Life on earth is sustained by a complex underground 
ecological system: the soil food web. 

• Through ignorance, we’ve disrupted this food web, in 
particular with ill-advised farming and gardening 
methods.

• We can return the food web to health by restoring the soil 
biology. 

 The picture of  the soil food web that Ingham presents 
seems to be widely accepted. Rarely, however, are the ideas 
synthesized into a coherent whole. No wonder. The concepts 
come from many different fields—microbiology, ecology, soil 
science, and agronomy. Specialists absorbed in their own fields 
often find it difficult to see the big picture.

 Beyond the big picture, Ingham does differ from other 
scientists. She has a higher level of  passion than one expects 
in academia. Also, some of  her specific methods and 
recommendations are unconventional. For example, she and 
her associates developed methods of  assessing soil health 
by making direct counts of  organisms under a microscope. 
Among the public, she is probably best known for advocating 
the use of  aerobic compost tea.
 The rest of  this article gives highlights from Ingham’s 
presentations, then discusses the implications of  her vision. To 
learn more, see the list of  resources at the end of  this article. 
Especially recommended is the Soil Biology Primer, which 
Ingham co-authored. 

Soil food web 

 Learning about the soil food web is like entering an 
alternate reality. We see the results of  the microbial world 
in processes of  decomposition, in foods (wine and cheese, 
for example), and in diseases. However, the microbial world 
operates with huge numbers and at a scale that is disturbingly 
alien. One handful of  good garden soil can contain more 
organisms than the number of  human beings who have 
ever lived: one trillion bacteria, 10,000 protozoa, 10,000 
nematodes and 25 km of  fungi, according to Young and 
Crawford in Science. As far as alien-ness, let’s not even talk 
about bacterial sex! 
 I had known the numbers were high and thought that the 
picture was hopelessly complex. What I learned, though, 
is that the organisms in the soil belong to a manageable 
number of  functional groups. We can study them and make 
generalizations. Ingham’s colleague, Andrew Moldenke, 
says: “All soils everywhere comprise the same basic critter 
groups. What’s different about a desert, the tundra, a 

Fungal Strands in Compost: Not all the life in the soil food web 
is microscopic. Some fungi can be seen with the naked eye, as 
can earthworms and arthropods (such as insects, spiders, and 
centipedes). (Photo: Soil Foodweb International)

We can return 
the food web to health 
by restoring the soil biology.
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rainforest, or a cornfield are numbers (relative densities of  
critters).” The concept that ties the different groups together 
is the soil food web. 
 Energy and nutrients are passed on, as one group of  
organisms feeds on another. At the bottom level of  the 
food web is the decaying organic matter in the soil that 
ultimately came from plants. Roots themselves are a 
source of  nourishment for some organisms. Feeding on the 
organic matter are bacteria, fungi, root-feeding nematodes 
(microscopic roundworms), and other organisms. Feeding on 
them are the first-level predators such as protozoa (one-celled 
organisms like amoebae), some species of  nematodes, and 
arthropods (“bugs” with jointed legs like mites and insects). 

Above them are higher level predators like moles and shrews. 
Even in this highly simplified diagram, you can see the 
multiple interconnections characteristic of  a food web. 

Decomposers and mutualists 

 The stars of  the underground are 
bacteria and fungi. Bacteria are small 
bundles of  protein containing a high 
portion of  nitrogen. They’re “like 
power plants,” as Andrew Moldenke 
puts it. If  the nutrients they need are 
“at the precise site of  the bacterium, 
then bacterial metabolic rate is 
unequaled. But every thing has to be 
present, just like the coal and oil at a 
power plant.”

Bacterial diversity linked to 
soil acidity 

 Noah Fierer, Assistant Professor 
at the University of  Colorado, has 
published research in collaboration 
with Robert B. Jackson (2006) on the 
biogeography of  soil bacteria showing 
a close correlation between the 
dominance of  bacteria in soils of  arid 
regions and the relative alkalinity of  
such soils. Based on 98 soil samples 
taken from a range of  American 
environments between Arctic tundra 
and Amazonian rainforests, the 

The distinction between 
fungi and bacteria has 
practical consequences 
for farmers and gardeners.

research found a strong link between bacterial diversity and 
high pH. Deserts, with alkaline soils, were teeming with 
bacteria, while wet forests with acidic soils were relatively 
barren of  bacteria. Their moist soils tend to be fungally 
dominated. Grasslands proved intermediate in bacterial 
diversity. A summary of  the research was published in 
Science, June 2006. 
 Fierer is involved in a number of  research projects 
using DNA-based techniques to study the structure of  soil 
communities and the movement of  carbon through the soils 
of  diverse land use types. He is also investigating the diversity 
and abundance of  microorganisms in the atmosphere and 
how airborne microbial communities may be affected by land 
use. 
http://www.colorado.edu/eeb/EEBprojects/FiererLab/
 Among the services that bacteria and fungi provide for 
plants:

• Soil structure. Bacteria glue together small aggregate 
(clumps of  soil); fungi glue them into larger aggregates

• Storing nutrients and releasing them in forms plants 
can use. A “microbial sponge” Moldenke calls the 
phenomenon. One way micro-organisms do this is by 
incorporating nitrogen and other nutrients in their own 
bodies-a much less leach -prone form than if  the nutrients 
were in their inorganic forms.

• Protecting plants against diseases and pests. Beneficial 
bacteria and fungi out-compete pathogens and occupy 
potential sites of  infection on the plant. 

Cycling nutrients in composting and other fertility management methods can enhance or 
detract from the soil food web. Our responsibility is to learn to foster a balance and diversity of  
life. Image CC0. 
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• Pollution

• Pesticides

• Concentrated chemical fertilizers

 The degraded food web invites disease, pests, and nutrient 
problems. In a vicious cycle, we attack the problems with 
chemical solutions that further degrade the food web. The 
solution, according to Dr. Ingham, is to restore and enhance 
the soil biology. In her words: “Over the last 50-60 years, 
the attitude has been to get rid of  the bad guys through 
pesticides, not understanding that if  you destroy the bad 
guys, you also get rid of  the good guys. When we nuke soils 
and destroy life, what comes back are the bad guys… Put 
your workforce back into place. They don’t need holidays. 
Just make sure they’re in your soil and feed them… Our job 
is to make sure there is a diversity of  microorganisms, so 
plants can choose which organisms they need.” 

Monitoring the life of the soil 

 The first step in restoring the soil biology is being able to 
diagnose it. Since we can’t look at the soil food web directly, 
we must rely on indirect methods. Some have suggested 
nematodes and springtails as indicators of  soil health. As 
a scientist, Ingham advocates a “direct count” method, in 
which individual organisms in a sample are counted under 
a microscope. Following a protocol, a trained technician 
counts the number of  different classes of  organisms (bacteria, 
fungi, and protozoa, for example). The result is a report on 
the organisms estimated to be in the sample. The numbers 
indicate possible problems in the soil. For example, a high 
number of  ciliates (a group of  protozoa, like Paramecium) 
suggests anaerobic conditions that are harmful to plant life.
 Other researchers have used plate counts. A soil sample 
is placed in a growth medium like agar, typically in a 
Petri dish with media and growing conditions that favor 
particular groups of  bacteria or fungi. The number of  
bacterial or fungal colonies that grow from a soil sample are 
then counted. Ingham maintains that this method grossly 
underestimates the number and variety of  soil organisms. 

 One of  the most intriguing portion of  the soil is the 
“rhizosphere”—the soil around the plant roots. It’s a zone 
of  intense activity, with bacteria and fungi attracted by the 
sugars, carbohydrates, and proteins exuded by plant roots. 
Ingham uses striking images to describe the process. Noting 
that the exudates contain the same basic ingredients as used 
for baking [sugar, carbohydrates (flour) and protein (eggs)], 
she calls them “cakes and cookies.” No wonder they’re 
attractive to microorganisms! 
 The bacteria and fungi attracted to the roots are “the 
white knights fighting off  the bad guys.” Moldenke describes 
fungi as being “like railroad systems….”

Fungal vs. bacterial soils 

 Moving back from the microscopic view, the distinction 
between fungi and bacteria has practical consequences for 
farmers and gardeners. Plant communities of  various types 
have different ratios of  fungi to bacteria. Bacteria dominate 
soils in early successional communities such as bare earth, 
patches of  weeds, and vegetable gardens. For flowers and 
most row crops, fungi and bacteria are in equal balance. Soils 
of  late-succession communities such as shrubs and trees are 
dominated by fungi. 
 Knowing the optimum bacteria/fungi ratio for the 
crop you’re growing, you can employ different practices to 
encourage one or the other. Tilling or digging, for example, 
favors bacteria over fungi. (Most farmland is bacteria-
dominated.) Ingham suggests applying compost that is right 
for the plants you are growing, such as fungal-dominated 
compost around fruit trees (very fungal around conifers) and 
bacterial for grass. To build soil, she says, encourage fungi. 

Predators, engineers, taxicabs, and shredders 

 Larger organisms play a variety of  roles in the soil food 
web. Many are predators who keep prey populations in 
balance. Some of  the large organisms, especially earthworms, 
are “engineers,” improving the architecture of  the soil by 
creating air passages and hallways with their burrowing.  
Micro-arthropods are “taxicabs” for the less mobile, smaller 
organisms such as bacteria, helping them spread throughout 
the soil and onto leaf  surfaces. In this way, they bring 
bacteria to where the nutrients are. Andrew Moldenke points 
out that some arthropods shred dead plant parts, so that their 
nutrients become accessible to bacteria. 

Restoring the soil food web 

 Unfortunately, scientific knowledge of  the soil food web 
has arisen only in recent decades. We haven’t appreciated 
what the soil food web can do for us, and Ingham says that 
many of  our common practices degrade it: 

• Compaction of  the soil

• Tillage: rotary tilling, turning, and digging

Our job is to make sure 
there is a diversity 
of microorganisms, 
so plants can choose 
which they need.
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of  the compost by the raw materials you start with, and by 
your methods. Frequent turning, for example, favors bacteria, 
since every time you turn a compost pile you “slice and dice” 
the fungal hyphae. 
 One thing you learn quickly about compost from Ingham: 
Aerobic GOOD! Anaerobic BAD! Anaerobic bacteria—
those that thrive at low levels of  oxygen—are on her list 
of  “bad guys.” Some are pathogens. The foul-smelling 
compounds produced under anaerobic conditions are bad for 
plants. Bad compost has foul odors like: 

• rotten eggs (hydrogen sulfide)

• sour milk (butyric acid)

• decaying flesh (putrescine)

• vomit (valeric acid)

• ammonia

• vinegar (acetic acid)

 Just reading the list of  smells is motivation enough to 
keep a pile from going anaerobic. In addition to thermal 
compost, lngham’s presentation covers static (cold) compost 
and worm compost, which she recommends highly.

Compost tea

 A keystone of  Dr. Ingham’s approach is compost tea 
(CT), made by soaking compost in water. It’s a convenient 
way to apply organisms that have grown in compost. The 
effect is similar to using solid compost, but it’s easier to 
transport, and it’s the only way to apply compost organisms 
to leaves (foliar application).
 One disadvantage is that compost tea lacks the solid 
organic matter contained in regular compost. Without this 
food for the microorganisms, the effects of  CT do not last as 
long (roughly five months of  enhanced biology with teas vs. 
five years with solid compost, says Ingham).
 Compost teas are not a recent invention. Ingham says 
they’ve been used in traditional agriculture since before the 
Roman Empire. With the chemical era, compost tea was 
dropped, probably because the results were variable. Many 
different kinds of  compost tea exist, including leachates, 
manure teas, anaerobic teas, and passive aerobic teas. What 
Ingham studies and recommends is one particular variety: 

She says that the method was designed to detect and grow 
human disease organisms such as E. coli. In contrast, soil 
organisms need different conditions than the laboratory 
setting and growth media can provide. Only about 0.01% of  
soil organisms can be detected with traditional plate counts, 
she estimates.

Compost

 Restoring soil biology requires a source of  
microorganisms, and compost is ideal for that purpose. 
The compost should have a huge species diversity. 
Not just bacteria but fungi, protozoa, nematodes, and 
microarthropods, as well as organic matter for them to feed 
on. The compost should be made locally, so that its soil 
biology is similar to the soil on which it is applied. 
 To people already involved with compost, lngham’s 
discussion on compost-making should be familiar, if  more 
rigorous than the usual. Most of  her information comes 
from an Austrian family, the Luebkes, who developed the 
Controlled Microbial Composting (CMC) method. CMC is 
a thermal (hot) method, which involves frequent turning and 
close monitoring. You can control the fungi-to-bacteria ratio 

Brewing Compost Tea: Permaculturist Alane Weber in the mid-
dle of a compost tea brew cycle. She’s checking the smell (“Very 
important!” she says) and the flow in and around the mesh bags 
holding the compost. The brewer is a 100-gallon model from 
KIS, and is located at Lyngso Garden Materials, Redwood City, 
CA. (Photo: Rick Weber / Botanical Art)

Compost tea promises 
all the benefits 
a healthy food web 
can bring.
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actively aerated compost tea (AACT). Conditions are kept 
aerobic by agitating the liquid or with a bubbler. 
 Actively aerated teas brewed from good compost make 
for results that can be duplicated, she says. Traditional teas, 
made without aeration, have variable results. And if  compost 
tea goes anaerobic, you’ve lost most of  the aerobic micro-
organisms. On the other hand, she said she was interested in 
studying anaerobic teas and their possible benefits. Machines 
for brewing compost tea in various sizes are available from 
manufacturers. Caveat emptor (“Buyer beware”), Ingham 
says. She encourages people to read reviews and ask for 
data from the manufacturers. You can also make your own 
brewing apparatus. Ingham wrote an article explaining how 
to brew CT for Kitchen Gardener magazine. Some of  the hints 
proffered by Ingham for good tea:

• Quality compost

• Good (potable) water without chlorine

• A good brewing machine, easy to clean

• Appropriate temperatures

• Appropriate food for desired organisms

• Brewing times variable (about 24 hours)

• Prompt application

 To encourage bacteria, add bacterial foods like sugars. 
For more fungi, add fungal foods like humic acid, corn meal, 
oatmeal, and fish hydrates. 
 One question that puzzled me was how micro-organisms 
stay on plant leaves after a foliar application of  compost tea. 
Dr. Ingham replied that bacteria quickly make slimy glue to 
stick to surfaces, so they aren’t washed away. 

Perspective on the soil food web 

 Is compost tea the answer? The part of  lngham’s 
approach that has aroused the most enthusiasm has been 
compost tea. It promises all the benefits a healthy food web 
can bring—resistance to pests and disease, better yields, more 
vigorous plant growth, etc. Many compost tea users seem to 
be happy with the results. On the other hand, skeptics point 
to the paucity of  scientific validation and are dubious of  
claims that compost tea is a cure -all. Some are suspicious of  
the commercialization of  the process.
 Dr. Ingham wisely points out the limitations of  compost 
tea: “Compost tea is not a ‘silver bullet’ for the problems in 
your yard. Other practices, such as organic fertilizing, soil 
amending, mulching, etc., are also important to build and 
sustain a healthy garden. The soil, environmental, and prior 
chemical conditions of  your yard all play a role in its overall 
health.” 
     So far, most of  the evidence for the effectiveness of  
compost tea is anecdotal, she says. She doesn’t have 
replicated scientific studies, adding that such studies require 

money and resources. However, she does point to scientific 
studies that confirm the underlying concepts of  the food web.
 Determining the effects of  compost tea may be 
complicated by the many variables in the process. Many 
preparations have been called “compost tea,” and the 
brewing process has many variables. Dr. Ingham has 
provided details on what she means by compost tea.
 The biology (microorganisms) in the compost tea is 
wildly variable. Adding sugars or fungal food will change 
the bacteria:fungi ratio. If  compost is non-local, the 
resulting tea may not contain organisms adapted to the 
local environment. Then, there’s the nature of  the plant 
problem and the environment. For example, soils with few 
microorganisms would seem to respond more dramatically 
to compost tea than those soils that already have a thriving 
food web. A second difficulty is that the effects of  compost 
tea are probably indirect rather than direct. For example, a 
pesticide or antibiotic tends to have a direct action on the 
target, perhaps by disrupting a key biological process. In 
contrast, a compost tea might provide resistance to disease 
by adding organisms that would occupy potential infection 
sites. It seems rather early in the study of  compost tea to 
make categorical pronouncements. We should remember that 
many accepted organic methods, such as compost and non-
chemical pest controls, were derided when first introduced.
 With our new understandings of  soil ecology, the 
opportunities for investigation are wide open—not only for 
compost tea, but for other organic and traditional practices. 

Chemical and environmental models 

 The soil food web gives a firmer scientific foundation for 
the ecological view of  agriculture. The table below highlights 
the differences between the conventional or chemical model 
and the ecological model. 

Conventional/chemical 

• A mechanical model

• Inputs: fertilizers, pesticides

• Outputs: crops

• Problems: pests, diseases

• Side effects: pollution, wastes

• Simple systems (e.g., monocultures)

Ecological

• Natural cycles

• Nutrient recycling

• Natural checks and balances

• Pests seen as symptoms of  underlying problems

• Waste from one process is food for another

• Complex systems (biodiversity)
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 Many ecological ideas have been incorporated into 
conventional gardening and agriculture. For example, 
Integrated Pest Management (IPM) has become part of  
many Ag Extension programs. (See the IPM website and 
the manual Pests of  the Garden and Small Farm from the 
University of  California). 
 One can imagine a combination of  the two models, 
in which environmental thinking prevailed but chemical 
solutions might be used on a temporary basis for particular 
problems. Dr. Ingham, while fiercely opposed to the overuse 
of  chemicals, admits that in a few cases they may be 
necessary as a first step in restoring some farmlands. 

End of the chemical era? 

 A shift to a more ecological agriculture may happen 
sooner than we think. And the reasons may be economic 
and political, rather than environmental. Modem agriculture 
developed during the 20th century, a period of  cheap energy. 
Oil and natural gas have been abundant, and our current 
food system uses both freely. Estimates are that it takes ten 
or more calories of  fossil fuel to grow one calorie of  food. 
Food writer Michael Pollan says that the American diet 
with its emphasis on corn and corn products is really an oil 
diet: “Com is the SUV of  plants. Growing it the way we do 
requires it to guzzle fuel in the form of  fertilizer, about a 
quarter to a third of  a gallon of  petroleum for each bushel” 
(Interview from the UC Berkeley News Service).
 The basis of  modern agriculture is nitrogen fertilizer 
manufactured by the energy-intensive Haber process. Since 
its invention in the early 1900s, the Haber process has helped 
avert famines as world population rose from two billion to 
almost 8 billion. Making this fertilizer requires 1% of  the 
world’s energy supply, estimates Science magazine. (Natural 
gas is the usual feedstock for fertilizers; petroleum is the 
starting material for many pesticides.)
 Arguments aside about its successes and shortcomings, 
modem agriculture needs cheap fuels. Without them, it’s 
in trouble. Are we facing energy shortages? An increasing 
number of  people think so. The followers of  Peak Oil believe 
we will soon reach the peak of  oil production, after which 
supplies will shrink, and prices will go up and up. David 

Holmgren and others in permaculture are talking about 
“energy descent”—preparing for a low-energy future. Even 
members of  the US elite are worried about disruptions to 
the oil supply; their number includes ex-Fed Director Alan 
Greenspan and ex-CIA heads James Schlesinger and James 
Woolsey.
 Supply disruptions can happen whether or not oil 
production has reached its peak. When the Soviet Union 
disintegrated in 1989, Cuba lost its source of  cheap oil 
and other imports required to maintain its conventional, 
chemical-based agriculture. It got through the crisis by 
turning to organic methods and restructuring its large-scale 
farms. (See article in Permaculture Activist #59).
 In an era in which oil, natural gas, and energy in general 
will probably become more and more expensive, it would 
seem prudent to develop an agriculture that is less dependent 
on them. Soils, plants, microbes, and water are everywhere. 
The processes of  ecological agriculture may be tricky (for 
example, the turning and monitoring of  compost), but they 
are do-able, and they don’t require imports from far-off  
countries.

What to do?

 Assuming the scientists are right, and the soil ecology 
picture is correct, what next? As a start, let’s make soil 
ecology a part of  the culture. If  people don’t know about the 
soil food web, they won’t value it. Are there any visionaries 
who can see this as a subject for science fiction or children’s 
books? It will take imagination, since ciliates and springtails 
don’t have the cuddle factor of  baby mammals. The BBC 
aired an example of  what is possible, in their wild radio 
segment “Soil Safari” available on the Web (www.bbc.co.uk/
radio4/science/underground_20031201.shtml). 
 Some good basic texts would be helpful. The subject cries 
out for photos, figures, and diagrams to make the concepts 
vivid. The Soil Biology Primer is a good example of  what can 
be done. Generalizations should be linked to supporting 
studies, so we can sort out myth from science.
 A knowledge of  microorganisms and the environment 
will be increasingly important in public debates. Although 
this article has only discussed gardening and agriculture, 
soil ecology plays a part in global warming (healthy soil 
sequesters more carbon), in trawling and disturbance of  the 
ocean floor, in invasive organisms, and in restoration ecology. 
A few popular science books on soil ecology have been 
published (see List of  Resources), but more are needed. As 
I researched this article, I kept hoping to see more work by 
agricultural extension researchers. They have the resources to 
do the research and education we need. We can hope they’ll 
adopt soil ecology, as they previously took up IPM.
 For permaculturists and organic gardeners, the news 
about soil ecology should be gratifying. Many of  our 
practices have a scientific basis and are good for the soil 
food web. The way is now open for more research and 
experimentation.
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Publishing date: August 15, 2006. 

• Edible Forest Gardens by Dave Jacke, with Eric Toensmeier. 
Chelsea Green. 2005. Monumental two-volume 
work. Chapter 5 in volume 1 covers “Structures of  the 
Underground Economy” and describes Elaine Ingham’s 
soil food web concepts (pages 216-234). 

• Gaia’s Garden: A Guide to Home-Scale Permaculture by Toby 
Hemenway. Chapter 4 is devoted to “Bringing the Soil 
to Life.”

• Under Ground: How Creatures of  Mud and Dirt Shape Our 
World by Yvonne Baskin. Island Press. 2005.

• Tales From the Underground: A Natural History of  Subterranean 
Life by David W. Wolfe. Perseus Publishing. 2001.

• “Soils: the Final Frontier”—special issue of  Science (June 
11, 2004).

Learning more

 A knowledge of  micro organisms and the environment 
will be increasingly important in public debates. An article, 
a set of  CDs, or even a weekend seminar can do no more 
than scratch the surface of  soil ecology. However, excellent 
resources are available online and in print. A good place to 
start is the Soil Biology Primer, an inexpensive ($15) 48-page 
booklet with clear explanations and vivid photographs. 
Elaine Ingham is one of  the co-authors. You can read the 
book online, but the printed version is much easier to follow 
(and the pictures are better!). Dr. Ingham makes much 
information available free on the website of  her organization, 
Soil Foodweb, Inc. (www.soilfoodweb.com/). A good entry 
point is “The Soil Foodweb Approach.” The website also has 
details on CDs, classes, and other services. 
 Most gardening books don’t cover soil ecology well. 
Either they skip over it completely, or speak in vague 
mystical terms. Exceptions include chapters in the 
permaculture-oriented Edible Forest Gardens by Dave Jacke 
with Eric Toensmeier; and Gaia’s Garden by Toby 
Hemenway. A book to look for is Teaming with 
Microbes: A Gardener’s Guide to the Soil Food Web 
by Jeff  Lowenfels. Two popular science books 
give background on soil microbiology and the 
environment: Under Ground: How Creatures of  Mud 
and Dirt Shape Our World by Yvonne Baskin and 
Tales From the Underground: A Natural History of  
Subterranean Life by David W. Wolfe. To get deeper 
into the science, see “Soils: the Final Frontier,” 
a special issue of  Science (June 11, 2004). See the 
Resources list below and the online version of  this 
article for more resources.    ∆                                                            

Many online resources are listed in the web version 
of  this document. Available at www.resilience.org/
stories/2006-12-07/soil-food-web-opening-lid-black-box/. 
Bart Anderson has been a reporter, high school teacher, 
and technical writer. He now gardens and writes on 
sustainability and energy issues. Bart has no connection 
with any business or group involved in compost tea. This 
article is reprinted from Permaculture Activist #61 
“Unseen Kin-doms” (August 2006).

Resources

• Soil Biology Primer by Elaine R. Ingham, Andrew 
R. Moldenke and Clive A. Edwards. Soil and 
Water Conservation Society (in cooperation 
with the USDA  NRCS). 2000. 

• Print version available through SWCS or Earth 
Fortification. Online Version available.

• Soil Foodweb Inc.: www .soilfoodweb.com/

• Teaming with Microbes: A Gardener’s Guide to the 
Soil Food Web by Jeff  Lowenfels. Timber Press. 

Fostering the soil life requires a number of  strategies, from plantings ele-
ments in relationship to mulch to composting. We want to practice our 
principles in this regard. Photo by Rhonda Baird.



44   PERMACULTURE DESIGN  •  #109

THE SECOND LAW OF THERMODYNAMICS says 
that energy always moves from more concentrated 
forms to less concentrated forms. Entropy, defined as 

the degree of  order in a system, always increases over time. 
 Living organisms appear at first glance to magically defy 
thermodynamics as they form order (their cells, tissues, 
organs) out of  lower entropy starting materials (nutrients, 
water, air), but more careful observation reveals that they 
maintain a steady state within themselves (homeostasis) by 
increasing the disorder in their surroundings, through the 
excretion of  metabolic byproducts, etc. So, order is increased 
inside the cell at the expense of  increasing entropy outside 
the cell—the net result is an increase in entropy. Rock… 
paper… scissors… damn—thermodynamics wins again! 

 The second law of  thermodynamics is based on the concept of  
energy quality. Examination of  the natural world from stellar 
processes through to living systems shows differing forms of  energy 

♫ “Soldier Fly, My Little Soldier Fly” ♫

Another Kind of Compost
John Wages

have varying potential to do work or drive processes. Since all 
forms of  energy can be converted into heat, energy can be defined 
as “a quantity that flows through all processes, measured by the 
amount of  heat it becomes” (the calorie is the unit of  measure of  
heat energy). Dispersed heat is the most dilute form of  energy; it is 
no longer capable of  doing work.
 All real processes involve a net degradation in energy quality. 
However, a proportion of  the total energy flow can be upgraded 
into more concentrated forms of  energy capable of  driving other 
processes. This creation of  order produces remarkable results, 
most notably life, but includes such non-living phenomena as 
rare mineral ores and human-created systems such as the built 
environment, culture, and information. However, this order 
is always at a cost of  a net degradation of  energy. The whole 
evolution of  the Gaia (the living earth) is a small expression 
of  order arising out of  the massive energy degradation of  the 
sun’s thermonuclear process.    David Holmgren, Permaculture 
Activist #31

 The designer’s trick is to capture 
energy at every stage of  a system’s 
descent from higher quality to 
lower quality forms of  energy. 
Composting is a good example of  
permaculture’s energy thrift that 
often masquerades as abundance. 
Classical organic gardening uses 
compost piles to make compost. 
Waste materials are combined to 
give a reasonable C:N ratio and are 
allowed to decompose into a near-
perfect soil amendment. Compost, 
as we all know, improves the tilth 
of  the soil, in addition to delivering 
plant nutrients. Simple composting 
is wonderful in itself, but we can 
gain more yields through simple 
modifications to the system. 
 What if  we could capture a yield 
during the composting process 
itself ? Instead of  the industrial 
approach: waste goes in, and useful 
product comes out, let’s draft the 
black soldier fly (Hermetia illucens). 

Black soldier fly adult (Hermetia illucens)—much prettier than the larvae!
Diptera photographs by Judy Gallagher
https://commons.wikimedia.org/wiki/File:Black_Soldier_Fly_-_Hermetia_illu-
cens,_National_Arboretum,_Washington,_D.C._-_01.jpg
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compost—some authors say by half, which seems like a lot. 
Other sites say there’s not much reduction in final yield. The 
pre-pupal stage larvae are eaten by chickens, which then 
capture that energy and return it in useful forms: eggs, meat, 
and of  course, more manure. Some amount of  compost 
must be lost due to the Second Law of  Thermodynamics, 
but we don’t know how much that is. The exact decrement 
in compost yield depends on many factors: the feedstock, 
the density of  BSFL, other organisms that are present, the 
temperature, humidity, and probably other factors. But 
the loss in compost is more than off-set by the gain in eggs 
and—at the risk of  seeming to describe a perpetual motion 
machine—more manure to feed the next generation of  
BSFL. Sounds like a pretty good deal.
 One advantage of  hiring soldier flies to do your 
composting is that you can put meat scraps in the bin with 
no worries. Meat is a problem for classical compost piles. 
Not only does it attract nocturnal scavengers, but it also 
smells bad. Meat in any but the most minute quantities is not 
good for vermicomposting either. The acidic decomposition 
products are harmful to the worms. Here’s where the 
soldier fly really shines. They won’t let those leftovers go to 
waste. Meat scraps will disappear in record time. BSFL are 
prodigious consumers of  household waste (1,000 larvae can 
eat over a pound of  household food waste per day). Because 
they eat both rotting plant and animal matter, BSFL give 
the gardener the ability to easily compost their meat scraps. 
If  you don’t have any pigs, a small soldier fly bin might be 
worth having alongside your regular pile just to have a place 
for meat scraps, dairy, and other extremely high nitrogen 
wastes that aren’t suitable for the worm bin.
 Now capture another yield: run a water pipe through the 
BSFL compost bin and harvest some of  that heat, Jean Pain-
style! At this rate, you’ll have your permaculture diploma in 
no time.                                                                                    ∆

More soldier fly facts and lore

www.evoconsys.com/blog
steamykitchen.com/21602-make-3-day-compost-black-
soldier-fly-larvae.html
symtonbsf.com/blogs/blog/intensive-black-soldier-fly-
farming
www.microponics.net.au/diy-livestock-rations/black-soldier-
fly-larvae/
aggie-horticulture.tamu.edu/galveston/beneficials/
beneficial-51_black_soldier_fly.htm

Beneficial Insect #51

 Many species of  flies look like bees and wasps. This 
mimicry discourages predators. As a child, I quickly learned 
that bee flies don’t sting, instantly giving me a way to astound 
my comrades. Like bee flies, soldier flies resemble stinging 
wasps. Not only can they not sting, but also adult soldier flies 
lack functional mouthparts. They can’t even bite! And they 
don’t carry germs the way houseflies do. As flies go, the black 
soldier fly is pretty sanitary. Sounds like the ideal insect. But 
wait, there’s more.
 When my dad had a few cattle, soldier flies were always 
around in the summer, lounging among the rafters of  the 
shed behind the barn. Sluggish compared to other flies, they 
were easy to catch. Another interesting and useful thing 
about soldier flies is that they discourage other flies, mainly 
because the larvae are so good at churning up manure and 
eating other fly larvae. In the South, they were known as 
“privy flies” because they congregated around outhouses, 
where they were encouraged because they kept the houseflies 
and blow flies away. The black soldier fly lays its eggs in 
detritus or manure piles, where the larvae mature over a 

period of  about two weeks. At that point, they enter the pre-
pupal stage and instinctively seek a safe place to pupate. A 
container can be designed to facilitate the larvae’s escape... 
into a container of  some type or directly into a fish or duck 
pond or a chicken yard. Insect protein is high quality and 
part of  the natural diet of  ducks and chickens. Black soldier 
fly larvae (BSFL) contain around 40% protein (dry weight... 
not the living larvae), which compares favorably with soy 
meal (about 46% protein), and it’s complete protein, with an 
appropriate balance of  essential amino acids close to ideal for 
chickens. BSFL, like most insect larvae, have a good balance 
of  omega-3 and other unsaturated fatty acids.

But what happens to the nutrients?

 Of  course, you can’t get something for nothing, not 
even from soldier flies. Consumption of  all those goodies to 
produce chicken feed reduces the total amount of  finished 

One advantage of hiring 
soldier flies to do your 
composting is that you can 
put meat scraps in the bin 
with now worries.
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This Compost!
Walt Whitman

SOMETHING STARTLES ME where I thought I was safest; 
I withdraw from the still woods I loved;
I will not go now on the pastures to walk;

I will not strip the clothes from my body to meet my lover the sea; 
I will not touch my flesh to the earth, as to other flesh, to renew me.

O how can the ground not sicken?
How can you be alive, you growths of  spring?
How can you furnish health, you blood of  herbs, roots, orchards, 
grain?
Are they not continually putting distemper’d corpses in you?
Is not every continent work’d over and over with sour  dead?

Where have you disposed of  their carcasses?
Those drunkards and gluttons of  so many generations; 
Where have you drawn off  all the foul liquid and meat?
I do not see any of  it upon you to-day—or perhaps I am deceiv’d; 
I will run a furrow with my plough—I will press my spade through 
the sod, and turn it up underneath; 
I am sure I shall expose some of  the foul meat.

Behold this compost! behold it well!
Perhaps every mite has once form’d part of  a sick person—Yet 
behold!
The grass covers the prairies,
The bean bursts noiselessly through the mould in the garden,

The delicate spear of  the onion pierces upward,
The apple-buds cluster together on the apple-branches,
The resurrection of  the wheat appears with pale visage out of  its 
graves,
The tinge awakes over the willow-tree and the mulberry-tree,
The he-birds carol mornings and evenings, while the she-birds sit on 
their nests,
The young of  poultry break through the hatch’d eggs,
The new-born of  animals appear—the calf  is dropt from the cow, 
the colt from the mare,
Out of  its little hill faithfully rise the potato’s dark green leaves,
Out of  its hill rises the yellow maize-stalk;
The summer growth is innocent and disdainful above all those strata 
of  sour dead.

What chemistry!
That the winds are really not infectious,
That this is no cheat, this transparent green-wash of  the sea, which 
is so amorous after me,
That it is safe to allow it to lick my naked body all over with its 
tongues,
That it will not endanger me with the fevers that have deposited 
themselves in it,
That all is clean forever and forever,

That the cool drink from the well tastes so good,
That blackberries are so flavorous and juicy,
That the fruits of  the apple-orchard, and of  the orange-orchard—
that melons, grapes, peaches,  
plums, will none of  them poison me,
That when I recline on the grass I do not catch any disease,
Though probably every spear of  grass rises out of  what was once a 
catching disease.

Now I am terrified at the earth! it is that calm and patient,
It grows such sweet things out of  such corruptions,
It turns harmless and stainless on its axis, with such endless 
successions of  diseas’d corpses,
It distils such exquisite winds out of  such infused fetor,
It renews with such unwitting looks, its prodigal, annual, sumptuous 
crops,
It gives such divine materials to men, and accepts such leavings from 
them at last.

from https://whitmanarchive.org/published/LG/1867/
poems/142

Whitman in Brooklyn sometime between 1868 and 1872. Photog-
rapher, G. Frank Pearsall. Credit: Gay Wilson Allen. https://whit-
manarchive.org/multimedia/image037.html?sort=year&order=asc
ending&page=4
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Fukuoka harvested two crops per year from his land in 
southern Japan and achieved yields equivalent to the best 
returns of  chemical agriculture in the district. At the time, he 
wrote he had already done this for 30 years with no loss of  
fertility in the soil. 
 In Fukuoka’s Natural Agriculture, no machines are 
used, nor greenhouses, nor all these things we have to do 
when working in difficult climates. To me, what seemed 
the most important was to be able to obtain crops without 
“exploiting,” or exhausting the soil, even if  a compromise 
were needed regarding machines. 
 Before finding Fukuoka’s work, I had been working 
around Alan Chadwick in Santa Cruz, California in the 
late 60s, learning his methods of  biodynamic and French 
Intensive gardening (double-dug beds).
 From reading Ruth Stout’s books (also in the 60s), I 
learned to cover the garden beds with diverse materials. She 
used deep mulch, renewed it frequently, and fed the soil 
under the mulch with everything from her kitchen and all the 
weeds from her yard. Try to get her books if  you’re interested 
in soil self-fertility—she is truly a pioneer in this field.
 Since then, in all my gardens, I’ve made raised beds, 
though the difference in volume comes only from the soil 
taken off  the paths and put onto the beds—no double-digging 
for me.
 In 1985, during the first Permaculture Design Course 
in the Pyrenees with Sego Jackson, Marc Bonfils gave a 

The Synergistic Vegetable Garden
Emilia Hazelip

WE HAVE INHERITED AN AGRICULTURE 
that has always disturbed the soil in order to 
prepare the next crop. The ancient agricultures 

of  the Inca, the Maya, and the Orient also prepared fields 
in such a way. Culturally, that gesture has been honored and 
sung by poets. Ecologically, pedologically, it is a catastrophe.
 A natural, non-traumatized soil presents a subtle balance 
of  thousands of  diverse organisms. From friendly bacteria 
to fungi, the presence of  all these invisible subtle lives allows 
interactions according to the “Synergetic Effect.” Among 
the dynamic processes in the soil, I think that the Ethylene-
Oxygen Cycle is a good example of  this wondrous world. 
The entire availability of  mineral nutrients from the soil 
depends upon the alternation of  aerobic and anaerobic 
conditions at microsites throughout the soil mass, yet the act 
of  plowing destroys the very anaerobic conditions that allow 
ethylene gas to be produced and which make mineral uptake 
by plants possible. Our conventional agriculture remains 
ignorant of  this fundamental science.
 What could we give back to the soil that would bring 
back its wildness? We cannot recreate that quality if  we keep 
on destabilizing the rhizosphere. The only way is to learn 
an agriculture that will reconcile the maintenance of  soil 
wilderness and the production of  crops.
 This I have endeavored to do for over 20 years, and as 
the system evolved, using the self-fertility of  the wild soil as 
fertilizer, I have given it the name Synergistic Agriculture. 
This can be practiced at any scale. The 
machinery used in the US and Canada for 
no-till agriculture can be used for Synergistic 
Agriculture.

Evolution of the method

 The foundation of  my research is the 
system described by Masanobu Fukuoka, 
whose book, The One Straw Revolution, 
changed my life in 1977 when it was 
published in English and I read it. He 
described a way of  cultivating cereals, 
vegetables, and fruits which was free of  the 
plow and of  chemicals. Nothing was added 
to the soil except the straw from the crops 
which had grown in it, seed for the next crop, 
and the manure of  ducks allowed to glean 
and graze following each harvest. Instead, 
he used a leguminous crop such as clover 
to suppress weeds and fix nitrogen. The 
animals hastened the breakdown of  organic 
material which fed a lively community of  
soil organisms: this was the basis of  fertility. 

Putting together various schools of thought led Emilia Hazelip to formulate 
synergistic gardening. Photo CC0.
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presentation on cereal production in a self-fertile way. His 
method is based on the use of  traditional varieties suited to 
winter dormancy and a long cycle of  growth, surface sowing 
of  the seed at wide intervals (to eliminate competition 
between plants for water and nutrients) into a living mulch 
of  perennial clover, timing of  the sowing to coincide with 
summer availability of  nutrients in order to establish for the 
plant a strong root system capable of  carrying it through the 
winter, encouragement of  tillering and side shoots, and the 
return of  al straw and organic wastes to the field. The soil 
is never plowed after establishment of  the system. And all 
fertility is generated by the activity of  microorganisms in the 
soil.
 Today, microbiologists like Alan Smith and Elaine 
Ingham are presenting much needed evidence of  the reasons 
to stop altering soil’s structure and stressing it to exhaustion 
by plowing.

A succession of cultures

 I could not call any of  this “do-nothing” agriculture 
because on the contrary, there is much to do to establish a 
succession of  cultures where what you are harvesting is as 
important as what you are leaving behind. A detailed plan 
indicating the plants, mixtures, and successions is a must. The 
cultivator must also pay attention to the kind of  root residue 
the soil is receiving and be ever mindful of  combining the crop 
with nitrogen-fixing plants of  the legume family. 
 Although to begin, a big upside-down job could be done, once 
we start the garden, we pay dear attention not to disturb the soil 
deeper than the sowing depth and only when it is sown.
 Organic matter in the soil is consumed by the 
chemical reaction that follows when atmospheric gases are 
mixed with the soil by plowing. Although by mineralizing 
humus, a quick, instant fertilizer may be produced, the price 
to pay for this is much too high. Plant growth and health 
depend on other substances like ethylene gas which enhances 

the assimilation of  iron and other essential nutrients; and 
ethylene is only generated and conserved in soil which is not 
disturbed. Plants will be healthy if  all the digestive flora of  
the soil are present. 

Transforming carbon to humus 

 Soil and plants are a single organism. Plants are the 
“antennae” of  the soil, capturing light and creating solid, 
organic, vegetable matter in the space above the ground. Fully 
95% of  needed nutrients come from a synthesis of  gas and 
light. In other words, the plant is only taking from the soil 
2.5% of  its needs in the form of  minerals and trace elements. 
The remaining 2.5% of  nutrients is the nitrogen which can be 
obtained in a symbiotic way by interplanting with nitrogen-
fixing plants, mainly from the legume family, like beans, 
chickpeas, fava beans, lentils, and peas.
 Harvesting is as important as the rest. The soil is a 
living mass of  interacting beings, and they all eat just 
like everything alive on this planet. Their food chains are 
wonders of  intricate relationships covering the mineral, the 
vegetable, and the animal/insect/bacterial worlds.
 Even in agricultural conditions, from the moment we stop 
creating stress in the soil with our “well-intentioned” plowing 
disturbances, we can organize our garden in such a way that 
the soil functions as if  “in the wild.” The great bulk of  what has 
grown in the soil must be left in it, either by its roots (if  it is an 
above-ground crop), or by following a root crop with another 
crop which will leave a generous amount of  root matter in the 
soil, like Swiss chard.
 Those residues, together with a biodegradable mulch. 
amount to surface composting, leaving more organic matter 
in the soil than the crop has removed. From the moment we 
stop mineralizing humus (by eliminating the plow), litter 
accumulates on the soil. At a myriad of  microsites within it, 
happy bacteria, cycling back and forth between ethylene and 
oxygen, release biological gas essential to the well being of  all 
types of  roots, and continuously access the mineral fertility of  
the soil—in the rhizosphere, precisely where the plant roots can 
best assimilate it.

The model of Nature

 The less we disturb the soil, the more diversity and intensity 
of  interactions will take place in its mass, the healthier the plants 
and the fewer problems for us. It is time for us to acknowledge 
that the soil needs to be itself  while we produce our crops; to 
respect this organism enough to let it function in its natural way 
although “domesticated” by our technical care.
 The organisms in the soil are like the bloodstream of  the 
human body, carrying nutrients and participating in the 
assimilation of  the minerals present.
 Above the ground, leaves act like photovoltaic cells, 
capturing light and producing energy. The only bridge 
between the inorganic chemistry of  the atmosphere and the 
organic world is this fantastic alchemy performed by plants. 

The Four Principles Of Synergistic 
Agriculture 

1. Keep the soil undisturbed and uncompacted.
2. Use the soil’s self-fertility as fertilizer.
3. Integrate the litter zone with the agricultural 
soil profile.
4. Establish a partnership with beneficials to 
protect crops. 

(from en.permaculturescience.org)
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And all life depends upon it.
It always struck me as funny, that in the wild, plants are the 
first link of  food chains and are seen as responsible for 
the creation of  “soil,” but in agriculture, they are accused 
of  exhausting the soil. Very typical of  Homo occidentalis, a 
scapegoat bas been made responsible for the negative effect 
of  plowing: the crops! The soil should never be opened up 
and force-fed, not even with the best made compost, ever. 
Leave to the soil only what has been grown in it, and the rest 
put above the soil, as mulch. And let the whole of  the soil 
occupants bring this inside its mass. I truly believe that as 
long as we have not made peace with the soil, we won’t find 
peace above it either. As long as we justify the exploitation of  
this organism, other exploitations will follow. And we will 
remain parasites, consuming more than participating in the 
miracle of  life.                                                                ∆          

The late Emilia Hazelip taught permaculture for many years, being 
inspired by Masanobu Fukuoka and Marc Bonfils, together with 
many other influences that led her to promote a form of  minimal-
disturbance gardening that she called Synergistic Gardening. This 
article appeared in Permaculture Activist #43 (June 2000).
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Earth, Air, Fire, & Water

All We Need is Soil
John Wages

ALTHOUGH RECENT ARCHAEOLOGICAL 
discoveries around the world have greatly expanded 
the traditional view, most of  us grew up learning 

that civilization began in the four great river valleys: the 
Nile, Indus, Yellow River, and Tigris-Euphrates. There, soil 
was deep and rich, and its fertility was renewed every year 
with the annual flood. In Egypt today, the Nile no longer 
floods, since the Aswan High Dam was built in the 60s. 
No doubt tragic for many species, damming the Nile seems 
likely to eventually be tragic for Egypt’s people as well. If  
the soil is no longer renewed, how long until its productivity 
starts to drop? Propped up by nitrogen fertilizers and high-
yield crop varieties, productivity is higher than ever. Yet, 
its tilth is decreasing, organic matter is decreasing, and 
trace minerals are decreasing. The nitrogen i.v. prolongs 
the overshoot, but the end is still collapse, unless the soil is 
restored by some other means.
 On a microscale relative to the Nile, the closest creek 
to my house, Coonewah Creek, in bygone days meandered 
back and forth across its floodplain, depositing a new layer 
of  fertility every spring. These rich, flat bottomlands once 
grew huge trees—various oaks, black gum (Nyssa sylvatica), 
baldcypress (Taxodium distichum), then corn and cotton, and 
were some of  the most productive in the world. Nowadays, 
with the straightening and deep dredging of  the creek—to 
the limestone bedrock—the clay soil has thickened. Its 
organic matter has gradually been depleted through tillage, 
without the annual replenishment to which it had become 
accustomed. Farmers grow soybeans year after year, 
supported by pesticides, herbicides, and fertilizers. While I’m 
lamenting the loss of  valuable things, let me say that there 
are no more soft-shelled turtles in the creek, or at least, I’ve 
never seen one. My grandmother used to talk about how 
good they were to eat. Many of  these waterways also hosted 
annual spawning runs of  various fish. My mom, who grew 
up in Itawamba County, about 20 miles east, where the 
Appalachian foothills start to rise, told me about fish that 
would come in the spring, and everybody would go down 
to the creeks and catch as many as they wanted. Coonewah 
leads to the Tombigbee River, which empties into the Gulf  
at Mobile, so it seems probable that fish came up to spawn in 
Coonewah too. But no more. Gone is the phosphorus from 
the spent fish, and the droppings from the eagles that fed 
on them. The natural cycles are stopped, and humans have 
taken the reins. We now control the cycles that support us. 

We mine the phosphate, transport it to the fields, and apply 
it with reckless abandon. We make nitrate fertilizer out of  
thin air. All of  this depends on fossil fuels. Do we know what 
we’re doing? One look at the soil on most conventional farms 
and in our backyards suggests we don’t.

The organic sector: carbon and soil life

 Given the importance of  soil to human life and health, 
you’d think we’d give it some respect. Instead, we call it 
“dirt.” I hate it when people call it dirt. Although soil can be 
classified as sand, clay, or silt, it’s actually much more than 
its mineral foundation, and in some respects, its organic and 
living components are the most important.
 For a long time, soil scientists neglected the living 
component of  soil. They saw the soil as a medium to support 
plant growth as it fed the crops the minerals they needed to 
grow. The living organisms in the soil were mainly ignored, 
except for “pests.” For some crops, like strawberries, fields 
were actually sterilized with heavy-duty biocides.
 Now, thanks to soil scientists like Elaine Ingham, we 
know how important the soil food web really is. Until it 
become possible to sequence the DNA of  the population of  
bacteria, we really didn’t comprehend how diverse the soil 
food web really is—less than 1% of  bacterial species can be 
cultured in the lab using standard methods. Simply collecting 
soil samples and trying to grow the various species in the lab 
resulted in gross underestimation of  the complexity of  soil 

Moles contribute to the soil health as one of  the largest organisms in  
a healthy soil ecology. Photo CC0. 
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life.
  In addition to bacteria, soil contains protozoans, fungi, 
nematodes, and larger organisms like earthworms, insects, 
moles, and gophers. Together, these soil dwellers make up the 
soil food web. It is the task of  the bacteria and fungi (usually 
known as microflora) to break down formerly living materials 
into their parts. Some of  these breakdown products become 
part of  the bacterial and fungal cells; some are captured 
by plant roots. Through a poorly understood process, part 
of  the cellulose and lignins, the complex carbohydrates or 
polysaccharides become transformed into humic acids or 
humus. Humic acids are large, complex molecules that are 
stable over time. In temperate zones of  the world, humus 
can accumulate to as much as 5% of  the soil. A humic acid 
molecule is peppered with chemical groups that have the 
ability to bind and release minerals like calcium, potassium, 
and magnesium. Soils rich in humus can bind these plant-
necessary minerals and release them from the soil’s reservoir 
slowly as needed. In normal, undisturbed soils, most 
minerals are bound to humus. Applying dissolved minerals in 
salt form, such as the ammonium nitrate commonly used to 

supply nitrogen, kills soil microorganisms.
 The larger microorganisms like nematodes (the soil 
microfauna, although some of  them are mm size—large 
enough to see if  you look closely) are also important. Not all 
nematodes damage crop plants. Others feed on the bacteria 
and fungi, releasing wastes containing nitrogen, potassium, 
phosphate, and other needed minerals. Predatory nematodes 
consume other nematodes, and some species infect slugs 
and snails. Soil is alive. It is an ecosystem whose players—
predator, prey, and decomposers—are mostly microscopic.
 Soil microorganisms are intimately associated with the 
roots of  plants. Everyone is familiar with the nitrogen-fixing 
bacteria that live in nodules on the roots of  legumes. The 
plant develops nodules as a sort of  home for the bacteria, and 
the roots release nutrients like sugars and amino acids (called 
exudates) to nourish the bacteria. In return, the bacteria 
change the chemical form of  nitrogen in the air into a form 
usable by the plant. However, many nitrogen-fixing plants 
have no nodules or are not legumes. They fix nitrogen by 
forming associations with other species of  nitrogen-fixing 
bacteria or, in some cases, fungi. The basic pattern is that 
root exudates nourish the microorganisms which in turn 
provide a service to the plant. Good work—if  you can get it.
 To treat soil as a growing medium—something that 
keeps plants standing upright—is simplistic to the point 

of  absurdity. Yet that has been the position of  modern 
agriculture until recently. As a result, our crops are on life 
support in fields whose microflora have been decimated by 
years of  being repeatedly drenched in salt and disturbed by 
plowing, without replenishment of  organic matter.
 A soil test provides a big picture of  the soil’s mineral 
resources. A complete soil test measures pH, trace minerals, 
and also organic matter. But it provides only the macroscale 
analysis. For example, the bulk soil pH may be 8 (a 
good range for most plants is 6-7). In the root zone (the 
microscale), microflora very close to the root cells secrete 
acids, lowering the pH where it counts. Theoretically, 
phosphate is unavailable for plant use at pH 8, but soil 
bacteria secrete acids, lowering the effective pH in the root 
zone. By encouraging soil microflora, bulk soil pH becomes 
less important. It doesn’t mean the soil test result for pH or 
phosphate is incorrect. It just means it’s an approximation: a 
macroscopic average that has little to do with the microscopic 
root zones of  plants.
 I recently read that all known plant species have fungal 
endophytes—fungi that grow inside the plant. That’s pretty 
amazing, and I can’t help but draw an analogy to our own 
intestinal microbiome. Recent studies suggest that risk factors 
for a wide range of  diseases and disorders are influenced 
by the community of  microorganisms that live in our guts. 
Similarly, plants depend on their endophytic and mycorrhizal 
associates.
 

The inorganic sector: minerals, water, and air
 
 Are soil minerals important? Of  course they are. In 
fact, they’re essential. Potassium, phosphorus, calcium, 
magnesium, and trace minerals like iron, zinc, manganese, 
and boron, are elements. No matter how much organic 
matter there is in the soil or how robust is the soil food 
web, plants cannot thrive without all the required minerals. 
The living component of  soil can be thought of  as a bridge 
between the inorganic, mineral portion, and the living plant.
 Minerals come from weathering of  rock. Granite 
weathers to often form sandy and relatively infertile soils, 
whereas basalt weathers to form fertile clay soils, under the 
right conditions. Newly formed volcanic soils, where erosive 
processes have had time to pulverize the rock and unlock its 
minerals, are some of  the most fertile in the world. Thank 
the Ring of  Fire for those sweet Maui onions. Weathering is 
an interesting process. When my parents had an excavator 
come in and dig a hole for their underground storm shelter, 
I salvaged some of  the big chunks of  Selma chalk, the 
soft chalk layer that lies just a few feet down. I used it to 
make some raised beds, not suspecting that the rain would 
be acidic enough to dissolve most of  it in just a couple of  
seasons. Hard limestone rock that I brought from Indiana, 
on the other hand, has been out there in the elements for 
a decade, and it’s still pretty much the same. Both are 
calcium carbonate, but they weather at vastly different 
rates. Eventually, the limestone will also be gone. Watch the 

Thank the Ring of Fire for 
those sweet Maui onions.
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nitrogen: composted manures or leguminous cover crops. 
Even though organic fertilizers are more expensive than 
their chemical counterparts, their benefits outweigh the cost 
disadvantage. First of  all, organic fertilizers, because they 
come from living organisms, always contain some nitrogen, 
phosphorus, potassium, and trace minerals. They contain all 
the minerals that were once part of  the original, now decayed 
plant material. And these minerals are readily available to the 
plants—they have a high bioavailability.  
 More permacultural approaches turn to natural cycles, 
including those beyond the soil itself. For example, guano 
deposits laid down by nesting sea birds off  the coast of  Peru 
once were commercial sources of  nitrogen and phosphate. 
Chicken manure is an outstanding source of  phosphate (as 
well as nitrogen). Perches for birds can encourage wild birds 
to bring their guano to your garden, and dovecotes or pigeon 
roosts can also be sources of  high-quality fertilizers. Most 
soils contain plenty of  potassium in the subsoil. Over time, 
deep-rooted cover crops can bring some of  this potassium to 
the surface.
 After fixing initial deficiencies, keep minerals on the 
farm by composting all wastes and growing cover crops.  
Nitrogen and other elements are tied up in the cells of  the 
soil microorganisms themselves. In the normal cycle of  life 
and death in the soil, some of  this nitrogen is constantly 
being released, served up on a bacterial silver platter to 
plant roots. That’s one reason why cultivation improves the 

growth of  plants: disturbing the soil kills some bacterial and 
fungi, releasing a burst of  nitrogen. A soil with nutrients 
in soluble, chemical form loses fertility every time it rains; 
a healthy soil that contains a reservoir of  nutrients in the 
form of  microflora, tends to retain nutrients. To avoid 
losing nutrients, keep the many wheels (the nitrogen cycle, 
manganese cycle, potassium cycle, etc.) of  the soil food web 
turning.

Holistic vs. reductionist gardening

 Over the past 50 years, several voices have advocated a 
more-or-less “do-nothing” approach to gardening. Fukuoka 
was perhaps the most adamant, with his natural farming 
approach. Ruth Stout in the 70s and 80s advocated deep, 

process of  weathering in old roadways. A crack forms, gets 
enlarged by frost heave, and then perhaps becomes home to 
various small plants, whose roots start to plumb the enlarging 
network of  cracks. I watched this happen to a crack in the 
small (but paved) county road that runs alongside our farm. 
Extreme drought in 2016 led to the first cracks, as the clay 
layers under the road lost water and shrank. With winter 
rains and repeated freeze/thaw, the crack got bigger. Nothing 
is growing in it yet, but only because of  the traffic. It’s still 
getting bigger, and probably the County will notice it at some 
point and patch it. Similar processes break up large rocks, 
and eventually these become various types of  soil.
 Some garden writers seem to think that compost literally 
heals all ills. But, it cannot replace minerals that aren’t there. 
A soil lacking manganese needs manganese, and a soil that 
is low in potassium will be more productive if  you add 
potassium. Due to that pesky law of  Conservation of  Matter, 
we can’t convert one element into another... except in the 
nuclear forge, and we don’t want to go there. Manganese is 
manganese, and it will never become magnesium or calcium. 
So, it’s a good idea to get a soil test and find out if  any 
critical elements are depleted. Given the state of  US soils, it’s 
a pretty good bet that something will be low. Fix this problem 
first. 
 Now that we know the importance of  soil 
microorganisms, we can design a fertilization strategy that 
doesn’t harm them. The two essential bits of  information 
to consider: soil microorganisms thrive when organic 
matter content is high, and salts kill them. The three major 
minerals needed by all plants are nitrogen, phosphorus, and 
potassium. The chemical fertilizers most commonly used 
to supply these three minerals are salts that dissolve almost 
completely in water: ammonium nitrate, superphosphate, 
and muriate of  potash (potassium chloride). To the extent 
that one uses chemical fertilizers at all in the beginning or to 
restore mineral-depleted soil, better choices are urea, double 
(as opposed to triple) superphosphate, and sulfate of  potash. 
Urea is not a salt, although it does dissolve completely in 
water and acts as a chaotropic substance. It will damage 
soil life, but its effects should be less devastating and less 
permanent than salts. Phosphate fertilizers are produced 
by acid treatment of  rock phosphate. Rock phosphate is 
rich in phosphorus, but it dissolves very slowly. To increase 
the rate of  dissolving and to make it more immediately 
available to plants, rock phosphate is treated with acid. 
Triple superphosphate has been treated with more acid than 
superphosphate. Therefore, superphosphate is a better choice 
than triple superphosphate, and plain old rock phosphate is 
the best choice to deliver a slow, steady amount of  phosphate, 
without shocking the soil microbiome. Sulfate of  potash 
is potassium sulfate, and muriate of  potash is potassium 
chloride. The chloride salt dissolves quickly and completely, 
but the sulfate does not. Also, naturally mined sulfate of  
potash contains trace minerals, which increase its value. 
Sulfate of  potash is allowed under organic regulations.
 A far better approach is to use organic sources of  

Perhaps we need to be 
critical, however, and 
cautious, given agricultural 
science’s track record.
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permanent mulching to avoid excess work. Emilia Hazelip 
proposed a synergistic gardening method, where the soil 
was not tilled or otherwise turned on a regular basis, and 
plants (including weeds) were not uprooted, but cut off  at 
ground level, to avoid even that level of  disturbance. Readers 
may recall the article in Permaculture Design #104 about 
Foundation Farm, near Eureka Springs, AR, where Patrice 
Gros has established a system of  alternating, straw-mulched 
growing beds and grassy paths, whose trimmings become 
additional mulch for the growing beds. The soil has indeed 
“uppened” on Patrice’s farm.
 Soil microbiologists continue to reveal amazing things 

about the soil microbiome. With my background in the 
natural sciences, I find the recent discoveries in the soil to 
be fascinating. Perhaps we need to be critical, however, and 
cautious, given agricultural science’s track record. Why are 
mainstream agricultural scientists getting so interested in 
the soil food web? Well, a quick perusal of  a recent issue of  
Current Opinion in Microbiology (Feb. 2018) gives us some 
important insights:

The Green Revolution boosted global agricultural production in 
the 20th century through innovations centred on the development 
of  high-yielding dwarf  crop varieties that respond well to 
chemical fertilizers and other agrochemicals. It is estimated 
that this process saved between 18–27 million hectares of  land 
from being converted to agriculture and that the associated 
yield gains prevented over one billion people from starving. 
However, the continued heavy use of  agrochemicals is costly, 
ecologically damaging, and unsustainable in the medium to 

long term. The use of  precision agriculture, involving the better 
use of  external inputs alongside genetically modified crops with 
more efficient nutrient-use characteristics is likely to be hugely 
important in achieving future productivity gains. Additionally, 
the soil microbiome holds great promise for contributing to more 
environmentally benign agriculture. Naturally occurring soil-
dwelling microbes influence plant health, resource-use efficiency 
and biocontrol. However, their potential has been under-exploited 
to date. Recent advances in nucleic acid sequencing technologies 
have enabled a new generation of  research into soil microbial 
communities, and offer the opportunity to better understand, and 
hence exploit, this resource. Mauchline TH, Malone JG. 2017. 
Life on earth—the root microbiome to the rescue? Curr Opin 
Microbiol 37: 23-28.

 And what was that word the authors used? “Exploit.” 
Did you catch that? How oblivious does someone have to be 
to come right out and say they’re going to “exploit” the soil 
microbiome to the benefit of  industrial agriculture? Gene-
editing technologies are being used to engineer an improved 
soil microbiome. This seems to be all that mainstream 
science knows how to do: reduce the soil food web to its 
individual species, tinker around with those individuals 
without considering what connections might be disrupted, 
and then try to plug the “improved” bacterium back into the 
system. I can see this going very wrong. I don’t mean to tar 
and feather science because of  industrial biotechnology gone 
mad. But don’t bring up the Precautionary Principle—you’ll 
be laughed off  the stage.
 And we’re still lauding the Green Revolution and 
claiming that it fed billions of  people—without mentioning 
the ecological and social costs, plus the fact that a sizeable 
fraction of  those billions had not been here before the Green 
Revolution. Maybe it’s time for some critical thinking here.
 Science is the most powerful system we’ve ever found 
for discerning the truth, which is a huge benefit over magic 
and superstition. Science can show us what practices are 
skillful at achieving desired results, but it cannot confirm 
or refute a set of  values. This is a big part of  the problem, 
and permaculture ethics attempts to address this by positing 
three fundamental ethics: care of  Earth, care of  people, and 
share the surplus/limit consumption. Science has historically 
been reductionist in its approach, which works very very 
well for simple questions, but less well for complex things 
like intestinal microbiomes, soil fertility, ecosystems, and 
planetary life support systems. 

Holistic thinking

 How to fix this problem? Well, maybe the patterns in 
the soil itself  can teach us. All these diverse organsms are 
interacting, trafficking nutrients among themselves, and 
generally benefitting from the arrangement—not to construct 
an idealized microbiome, but the system does seem to be in 
balance when it’s left alone, and it’s sustained ecosystems 
for millions of  years. We don’t need to engineer a better soil 

Sitting at our back 
doorsteps, all we need 
to live a good life lies 
about us. Sun, wind, 
people, buildings, stones, 
sea, birds, and plants 
surround us. Cooperation 
with all these things brings 
harmony—opposition to 
them brings disaster and 
chaos. Bill Mollison
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LIVING IN BRITISH COLUMBIA with Scottish 
roots, it was profound to visit Scotland with my dear 
partner Grace. We were overjoyed to visit the famous 

northern Permaculture Forest Garden with pioneer Graham 
Bell. We toured his gardens with observational eyes, noting 
the exceptional amount of  connections made between the 
plants, insects, birds, soil, sun, wind, and climate that were 
set up in this diverse and resilient outdoor classroom. Being 
in a working model of  permaculture in the northern reaches 
of  the cold climates was super inspiring. I remember Toby 
Hemenway used to say, “If  a picture is worth a thousand 
words, then a model is worth a thousand pictures.” On 
that cool autumn day, we had the opportunity to interview 
Graham Bell about his gardens. Here are some of  his 
sharings and wisdom.  
 Garden Cottage forest garden is a teaching space, nursery, 
and classroom. On 800 square meters, we produce 1¼ tonnes 
of  food done with hand tools a couple days a week. The 
nursery has 500 trees and 5,000 plants for sale. Until this 

Generous Gardens of the North

Permaculture in Scotland
Graham Bell interviewed by Delvin Solkinson

year, all our firewood was produced on site, and half  our 
own electricity comes from solar panels in the garden. This 
beautiful place is home to 35 species of  birds, 22 species of  
birds come for their lunch, and another 20 species home 
on their holidays. The forest garden hosts more than 5,000 
invertebrate and 18 bee species.
  I can only ever show you half  the garden because I can’t 
show you the 20 tons of  earthworms under the ground. 
These worms are like 20 very fit strong young people, each a 
hundred kilos of  muscle. Unlike WWOOFers, earthworms 
don’t bugger up your kitchen or leave the bathroom a mess, 
you don’t have to get them out of  bed in the morning, and 
they work Saturdays and Sundays!
  This closed system cycles energy and nutrients, gathers 
rainwater, composts, creates fertilizer, and gathers seeds and 
cuttings. Visitors have amazing experiences of  connecting 
to nature and seeing how productive it can be. The scents, 
colors, and birdsong uplift and inspire people to the 
potentials of  their own gardens. This northerly garden is on 

microbiome. Evolution has had an unimaginably long time 
to perfect the soil food web. Trial-and-error adjustments 
have been ongoing since roots first appeared, somewhere on 
the order of  400 million years ago. Genetic engineering has 
already been done, and it worked! It’s called “evolution.” 
 Back to the question: how do we make decisions about 
building the soils in our gardens and on our farms? How 
do we make sense of  the deluge of  scientific information, 
and the various recommendations from organic farming, 
biodynamics, and the various forms of  no-till? It turns out 
we really don’t have to have detailed scientific knowledge of  
the soil to put its microbial denizens to work for us. A few 
general guidelines will suffice.
 Before you start anything else, have your soil tested to 
find out what, if  any, minerals may be low. Amend as best 
you can. If  you can afford rock phosphate and greensand, 
go with those slow-release fertilizers. Don’t worry about 
damaging  your soil by adding too much salt from trace 
mineral fertilizers—the amount you need to add is too 
small. Just calculate carefully to avoid over-fertilizing. Steve 
Solomon’s book The Intelligent Gardener does a great job of  
explaining how to calculate what you need from a soil test 
report. When various sources tell you not to worry about 
minerals, just tell youself  that they mean well but probably 
have perfect soil to begin with. Remember Conservation of  
Matter!

 Next, deal with weeds and existing soil compaction. 
Again, you may be lucky and have a weed-free spot. You can 
read Ruth Stout’s books and realize right away that she didn’t 
have bermudagrass. You, on the other hand, may have to 
eliminate the weeds in some way before starting. If  your soil 
is compacted, at least loosen it with a digging fork. For larger 
scales, chisel plowing (on contour, aka keyline plowing) may 
be needed. 
 Now that your growing beds are established, follow these 
guidelines to build living soil.
 First, avoid tillage. Set up your garden however you 
must: keyline plowing, chisel-plowing or subsoiling, double-
digging, rototilling, or breaking up hardpan with a pickax or 
dynamite (be careful when you buy property!). But don’t turn 
over the soil every time you plant.
 Second, return nutrients to your garden. You can set 
up classic compost piles or windrows if  you have the space 
and energy, or you can use bokashi, worms, or soldier flies. 
Various methods may result in differing losses, especially of  
nitrogen, but the general idea is to return to the soil what 
you’ve taken out, plus extra if  you want to rebuild depleted 
soil or increase the organic matter content or improve tilth. 
You can go the easy way and just put everything right back in 
the garden on top of  or buried under your permanent mulch 
layer. 
 Third, avoid soil compaction. Don’t walk on your 
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than gardening—but it’s a great place to start the journey of  
connecting to a regenerative world view.                   ∆                                                                                            

Graham Bell is an internationally known and respected teacher of  
permaculture and several underlying disciplines including forest 
gardening and food preservation. He has dedicated his working life 
to helping others achieve the skills to live sustainably. His reputation 
is built on 30 years’ experience, having worked on five continents 
and in many different climates and social conditions. Currently he 
is Chair of  Permaculture Scotland and the UK Education Working 
Group. www.grahambell.org

Delvin Solkinson is a community gardener and doctoral student 
synthesizing 16 years of  permaculture study including taking 26 
international courses from many permaculture pioneers. He holds 
a PDC, Diploma, and Masters Degree through Bill Mollison and 
a second Diploma through the Permaculture Institute. Passionate 
about sharing permaculture with the world, he has collaborated 
to make many free open-source permaculture design learning and 
teaching tools. www.dewpermaculture.com

the same latitude as Moscow and Alaska, 
demonstrating what is possible in the cool 
climates. 
  Permaculture operates in five dimensions. 
The first three dimensions are physical 
space, then there is time and relationships. 
Growing plants is easy. Permaculture starts 
and ends with people. It’s a design system for 
providing everything people need. Mahatma 
Gandhi uses the word ‘ahimsa’ which is 
usually translated as “nonviolence.” I think a 
more accurate translation is “harmlessness.” 
Permaculture is a harmless activity—it’s 
therapeutic, calming the mind and connecting 
us to the world of  nature. We learn things in 
the garden which we can use in life.
  If  you create the right habitat to make 
things happen, nature will take care of  the 
rest. You don’t have a problem with aphids 
when blue tits (Cyanistes caeruleus) can eat 
them. A diverse garden brings balance. If  we 
create the right habitat, then we can enable 
people to learn and empower themselves. Tell 
people what to do as little as possible—instead 
help people change their behavior.
  Every day when people take courses here, I start by 
sending people out in the garden with a tea or coffee and 
then ask what they noticed. People learn best by thinking for 
themselves and observing what works best. The more you 
can include practical experience in a course, the more people 
are going to actually understand what it is you’re talking 
about. This is a more fulfilling way for people to learn. 
  By reconsidering the role of  teachers as facilitators, we 
can get the best out of  people by respecting their existing 
knowledge and wisdom as course members but as also part 
of  the teaching ability of  the group.  When they share, we 
enhance their own sense of  self-worth, increase retention, 
and learn something new ourselves.
 For many people, the opportunity to connect with 
the living environment and profoundly deepen their 
understanding of  how the living Earth functions is a 
massively uplifting and motivating experience. As Masanobu 
Fukuoka said, “It’s not so much about growing food as about 
growing people.”  Of  course permaculture is about a lot more 

Blue tits (Cyanistes caeruleus) contribute to garden health in the Scottish systems. 
Photo CC0.

growing beds. Mulch, mulch, mulch. It can be straw or other 
dead organic material, or it can be a permanent living much. 
Keep the beds covered to avoid compaction by rain and 
surface desiccation.
 Fourth, avoid waterlogging. Remember I mentioned that 
third component of  soil: air. Many, if  not most, soil bacteria 
and fungi require oxygen. Plants also use oxygen to generate 
energy. Earthworm burrows are the most obvious way air 
gets into the soil, but many other burrowing organisms, 

decaying plant stems and roots, and just the tiny spaces 
between soil aggregates in a soil with good tilth, help get air 
to plant roots. Oxygen dissolves in water, of  course, but if  
soil is waterlogged too long, the soil microbiome crashes, and 
re-establishing balance takes time.
 That’s the basic pattern—keep the soil food web 
humming. 
 Earth, air, fire, and water—what more could we need?    ∆                                                                      
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Re-forming Our World
Review by David Lasuertmer

Surviving the Future: 
Culture, Carnival, and Capital 
in the Aftermath of the Market 
Economy
David Fleming
Chelsea Green Publishing
White River Junction, Vermont
2016. 304 pp. soft cover.

DAVID FLEMING had a lot of  
ideas. And he spent nearly his 

entire adult life trying to distill them 
into one epic tome. Friends say the wiry 
Englishman could often be found with 
a smile on his face and a gigantic pile 
of  papers under his arm. With the help 
of  friends eager to see a final product, 
he was able to finish the 30-year project 
shortly before his death in 2010. Lean 
Logic: A Dictionary for the Future and 
How to Survive the Future. It is Fleming’s 
labor of  love, his only written work in a 
lifetime of  speaking and organizing for 
the sequel to peak oil. After Fleming’s 
passing, his colleague Shaun Cham-
berlain edited the two-volume publica-
tion down to a slim paperback titled 
Surviving the Future: Culture, Carnival, 
and Capital in the Aftermath of  the Market 
Economy. The original, Lean Logic, is 
cleverly formatted as a sort of  “linked 
dictionary,” with relevant terms listed 
below each entry, inviting the reader to 
flip around and follow their curiosity. 
Indeed, Chamberlain describes the con-
densed version (meant to be read front-
to-back) as “a story from Lean Logic,” 
choosing entries that he believed to be 
representative of  his mentor’s unique 
writing style as well as particularly 
significant to our moment in time.
 The current moment, Fleming 
points out, is singularly shaped by a 
one-time flood of  oil. And though 
prognosticators have underestimated 
the industry’s ability to procure those 
last dribbles of  dino fuel, we must not, 
says Fleming, be like those villagers in 
Aesop’s fable who stopped listening to 

the boy droning on about that make-be-
lieve wolf. In our case, Fleming asserts, 
he may have gotten his timing wrong, 
but the boy was never lying. Fleming 
devotes a number of  pages articulating 
an inevitable (he estimates by 2040) 
global “climacteric,” or large-scale 
collapse, resulting from the Achilles 
heel of  industrial capitalism: the need 
for growth. If  we keep growing, we get 
resource depletion and runaway climate 
change. If  we stop growing quickly, we 
get a global market crash, followed by 
violent conflict and runaway climate 

change. His analysis is compelling and 
sobering and a service. 
 However, what Fleming really wants 
us to focus on is not collapse, but on the 
collective act of  replacing the systems 
that are making it happen. What fol-
lows, according to Fleming, centers 
around thousands of  profound collec-
tive relocalization efforts. “It will be the 
decentralised, low-impact human ecol-
ogy which has always taken the human 
story forward from the closing down 
of  civilizations: small-scale commu-
nity, closed-loop systems, and a strong 
culture.” Fleming freely admits that the 
likelihood of  such a dramatic voluntary 
shift “stands, at best, at the limits of  
practical possibility. But,” he points out, 
“it has the decisive argument in its favor 
that there will be no alternative.” 
 Fleming’s perspective is shaped by a 
lifetime spent in the crucible of  critical 
environmental issues. Among other 
efforts, Fleming co-founded the UK’s 
Green Party; helped organize “The 
Other Economic Summit”—a direct 
rebuttal to the annual G7 summits; 
inspired the international Transition 
Towns movement; and is primarily 
responsible for the country’s official 

interest in Tradable Energy Quotas, a 
complex and workable carbon-trading 
plan. And while there are passages in 
Lean Logic that will surely stimulate 
healthy debate (e.g., the gifts and liabili-
ties of  multiculturalism), I find myself  
often coming back to these books to en-
gage with Fleming’s fascinating insights 
on a mind-boggling number of  concepts 
and ideas. 
 For Fleming, “the question to 
consider… is not whether the crash will 
happen, but how to develop the skills, 
the will and the resources necessary to 
recapture the initiative and build the 
resilient sequel to our present society.” 
Far from being handsome accessories 
to his economics, Fleming saw commu-
nity and culture, and the corresponding 
unity and purpose they provide, as inte-
gral to a post-market society: “A culture 
is like the upright strands that you begin 
with in basket-making, round which 
you wind the texture of  the basket 
itself: no sticks, no basket; no culture, 
no community.” In Fleming’s vision, a 
careful attention to relationships is key 
to making things work. “The econom-
ics of  the future will be benignly and 
inextricably entangled with social capi-
tal—with intense links of  reciprocity….
It will not be from the impersonal price-
calculation of  the butcher, the brewer, 
or the baker that we expect our dinner, 
but from the reciprocal obligations that 
join a community together, and the 
benevolence among its members.” 
 It’s refreshing to read an informed 
perspective on the future of  our world 
that doesn’t halt its analysis once it gets 
to the disturbing bits. Fleming invites 
us into the reality of  our situation with 
eyes wide open, but then bids us along, 
to imagine a future alongside him, 
and ultimately implores us to put that 
imagination into local presence. “It is 
the common culture and ceremony, the 
good faith, civility and citizenship, the 
play, humor and conversation which 
make a living community, the coopera-
tion that builds its institutions.” Flem-
ing asks us to consider how we can col-
lectively build our future, and suggests 
that it will take our whole selves—body, 
mind and spirit—if  we are to get there. 
            ∆ 

Reviews
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EVENTS

Send Event and Calendar Listings for Issue #110
(November 2018)

Permaculture Ethics
by the September 1st deadline  

events@permaculturedesignmagazine.com

Permaculture Teaching Course 
Spain

 Dates: November 20-December 8
 Location: La Loma Vida Permaculture 
Design Center, Granada Coast, Spain
   Description: In this dynamic and interac-
tive course, you learn significant teaching 
techniques to communicate and apply 
Permaculture principles and strategies to a 
wide variety of  audiences and educational 
settings. Our goal is to encourage and in-
spire your unique strengths and abilities by 
demonstrating diverse teaching modalities 
including effective use of  lecture, storytell-
ing, class discussions, interactive experi-
ential activities, visual aids and hands-on 
skills.
  This is a Certificate Course offered by 
Instructors of  the Permaculture Institute of  
North America. Prerequisite: Permaculture 
Design Course Certificate or instructor’s 
approval.
 Instructors:  Jude Hobbs, Rico Zook,  
     and guests   
  Contact:   www.lalomaviva.com

Permaculture Design Course 
Germany

 Dates: August 4-16
 Location: Hof Herrenberg, Germany
   Description: Immerse yourself  in perma-
culture in action with this 14-day learning 
journey in a beautiful location! Share in the 
joy of  community learning and changing 
the world. 
 Take home the ability to design and 
apply natural principles to create stable and 
resilient systems that provide food, water, 
shelter and energy needs while regenerat-
ing ecology, community and economy. This 
Permaculture Design Course (PDC) in-
cludes the 72-hr Permaculture Certification 
through Permaculture Research Institute of  
Australia
 Instructor:  Warren Brush
   Cost:  TBD
 Contact:  www.hof-herrenberg.de/ 
                          kurse-seminare/kurse-semin 
  are/ 

Permaculture Design Course 
France

 Dates: August 19-31
 Location: Pontgouin, France
   Description: Immerse yourself  in perma-
culture in action with this 14-day learning 
journey in a beautiful location! Share in the 
joy of  community learning and changing 
the world. Take home the ability to design 
and apply natural principles to create stable 
and resilient systems that provide food, 
water, shelter and energy needs while regen-
erating ecology, community and economy. 
This Permaculture Design Course (PDC) in-
cludes the 72-hr Permaculture Certification 
through Permaculture Research Institute of  
Australia.  
 Instructors:  Warren Brush
 Contact:  greenfriends-europe.org

Earthworks for Resiliency 
France
 Dates: September 10-14
 Location: France
   Description: The need for people with 
hands-on skills in landscape restoration and 
drought-proofing is growing daily around 
the world. Whether you are working on 
your own landscape, farm or as a consul-
tant, this course will grow your skills in 
the appropriate design and construction of  
structures that will reduce erosion, increase 
biological productivity, harvest & store 
water, and create resiliency in the ecologies 
that sustain us.
 Instructors:  Warren Brush
 Contact:  greenfriends-europe.org

International Development Focus
Permaculture Design Course 
Kenya

 Dates: September 30-October 13
 Location: Galana Conservancy, Kenya
   Description: This course equips people 
working in international development and 
grassroots projects with the perspectives and 
skills needed to engage with communities 
in partnership to incorporate elements into 
the design of  communities, smallholder 
farms and land with household agricul-
tural production that are holistic, appropri-
ate, strategic, effective, diverse, as well as 
ecologically and economically sound. This 
course includes the 72-hr Permaculture De-
sign Certification through the Permaculture 
Research Institute. 
 Instructors:  Warren Brush and dynam-
ic      teaching team
 Contact:  www.pri-kenya.org

Permaculture Design Course 
Belize

 Dates: February 19-March 3, 2019
 Location: Maya Mtn. Research Farm, 
  San Pedro Columbia, Belize
   Description: Learn permaculture design 
with a fantastic team amidst one of  the old-
est agroforestry systems in Central Ameria. 
The team experience crosses urban, rural, 
temperate and tropical systems as well as 
strong climate change focus. With dozens 
of  courses taught and blending teaching lin-
eages, this course is exciting and enhanced 
by the striking setting at MMRF. The course 
is recognized by the Permaculture Institute 
of  North America.
 Instructor:  Marisha Auerbach, Rhonda  
    Baird, Alex Nikesch, 
    Christopher Nesbitt.
   Cost:  $1,250 before January 15;  
    $1500 after
 Contact:  http://www.mmrfbz.org

Permaculture Convergence
Pine Ridge, South Dakota

 Dates: Pre-build, August 26-29
  Converg., Aug. 30-Sept. 3
 Location: Pine Ridge, South Dakota
   Description: Join Pine Ridge community 
members and others in hands-on commu-
nity service projects which will demonstrate 
natural building, construction and fram-
ing, garden design, aquaponics and more. 
Skillshares on foraging, direct action, and 
decolonization are also included. This is 
sponsored by the Ogalala Lakota Cultural & 
Economic Revitalization Initiative 
  Contact: www.iwpsconvergence.com
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Permaculture Design Course 
California

 Dates: September 22-October 5
 Location: Occidental, CA
 Description:  Spend two weeks living with 
us in one of  the nation’s best examples of  a 
working permaculture site that is set up as a 
holistic, well-functioning organism at every 
level. Immerse yourself  in regenerative 
thinking at one of  the longest continuously 
operating permaculture centers in the west.
• Two-week residential intensive using 

the beautiful grounds and facilities at 
OAEC as our classroom

• 100 hours of  course time including 
lecture, discussion, hands-on activi-
ties, and visits to local permaculture 
examples

• Students will learn the ethics, prin-
ciples and practices of  “permanent 
culture” by exploring topics such as: 
organic gardening, water retention and 
generation, erosion control, community 
process, energy systems, composting, 
natural building techniques and much 
more.

• Groups create a real design project for 
a local community organization.

   Course and retreat participants at OAEC 
can also expect to experience powerful 
personal transformation and inspiring 
networking opportunities. Upon completion 
of  the course, you will receive a Certificate 
of  Permaculture Design, accredited by the 
Permaculture Institute of  North America.
 Instructors:  Brock Dolman, Kendall
  Dunnigan and guests.
 Cost:  $1700,  
  $1600 - 30 days in advance. 
  Includes meals, and
  accommodations
 Contact:  707-874-1557
  OAEC.org

Permaculture Design Course 
California
 Dates: October 28-November 11
 Location: Cuyama, CA
   Description: Immerse yourself  in perma-
culture in action with this 14-day learning 
journey! Take home the ability to design 
and apply natural principles to create stable 
and resilient systems that provide food, wa-
ter, shelter and energy needs while regener-
ating ecology, community and economy. 
 Instructors:  Warren Brush, Sasha  
   Rabin,  Brenton Kelly, Alex Vincent
   Cost:  $1,450; early bird discounts
 Contact:  www.quailsprings.org

Thank you for your support of
 Permaculture Design magazine!

Bullock Brothers’ Homestead
Washington
 Location: Orcas Island, WA
 Contact:  Dave Boehnlein
  360-840-8483
                       info@permacultureportal.com.  

  permacultureportal.com

Advanced Design Course 
 Dates: August 18-25
   Description: This course is an excellent 
follow-up to a Permaculture Design Course. 
Join the team of  Terra Phoenix Design and 
the Bullock’s Permaculture Homestead for 
this excellent follow-up to your Permac-
ulture Design Course. During this course 
you can expect to run through the design 
process several times to build competence 
and confidence. We will also have “choose-
your-own-adventure” sessions where you 
select an educational pathway that matches 
your specific interests. Finally, real-world 
design project walkthroughs from the Terra 
Phoenix portfolio will allow you to see what 
finished designs look like and how to as-
semble a quality package of  deliverables for 
your client.
 Instructors: Douglas Bullock, Samuel  
    Bullock, Dave Boehnlein &  
    Paul Kearsley
   Cost:  $1200, camping and meals  
    provided.

Permaculture Design Course 
British Columbia

 Dates: August 19-September 1
 Location: Winlaw, British Columbia
   Description: This is the basic (72 hours 
minimum) permaculture design course. 13 
days. This intensive course combines theory 
with practical hands-on learning.
 Topics includes: permaculture design 
techniques & principles, site analysis, soil 
fertility, organic gardening techniques, herbs 
& medicinal plants, fruit & nut trees, water 
uses, ecological buildings & more.
 Instructors:  Gregoire Lamoureux and  
    guests
   Cost:  early registration: before July  
    15 is CAN$890 plus GST;  
    After July 15: CAN$990 plus  
    GST
 Contact:  Gregoire Lamoureux
    spiralfarm@yahoo.com
              www.kootenaypermaculture.com

Permaculture Design Course 
Finland

 Dates: August 7-19
 Location: Lahti, Finland
   Description: This course is for anyone 
who is interested in permaculture - a sus-
tainable lifestyle, organic gardening, farm-
ing and forestry, energy-efficient buildings 
and technologies - and who believes that 
we need to find ways to care for ourselves, 
for each other and for the Earth. It will help 
you identify steps for positive change for 
yourself, your family and your community.
 The Permaculture Design Course will 
introduce you to the ethics and principles 
that underpin permaculture design - a de-
sign process that creates a framework within 
which we can use a variety of  techniques 
and tools to [re]build essential resources – 
ranging from soils to communities. 
 The course offers a fully-participatory 
approach to learning, with discussions, 
group work, slide and film presentations, 
practical session and site visits, alongside 
regular teaching sessions. There will also be 
the opportunity for participants to present 
their own projects or those that are still at 
the planning stage.
The course will be in English.
 Instructors:  George Sobol + 
     Apprentices
   Cost:  790 €  (includes tuition, 
     training materials, 
     accommodation,   
     food, sauna). 
 Contact:  Ilkka Aula 
  +358 (0) 45 8797999
  et@elontila.fi



BUILDING LIVING SOIL • SUMMER/AUGUST 2018      59 

Permaculture Design Course
Online
 Dates: Ongoing 
   Description:Our course is the clas-
sic, official 72-hour Permaculture Design 
Certificate Course (PDC) as taught by the 
founders of  permaculture – Bill Mollison 
and David Holmgren.
 The full Permaculture Design Course 
(PDC) is a 72- hour intensive program. This 
course involves study modules supported by 
practical exercises, photos, fieldwork and 
videos.
  Instructors:  Dr. Alan Enzo, Jessica  
    Enzo,  Art Freeman, Ben  
    Bishop
        Cost:  $550 
 Contact:  
                info@PermacultureEducation.com
  PermacultureEducation.com

Permaculture Design Academy
Colorado

 Dates: August 11-19 
 Location: Basalt, CO
   Description: The Permaculture Academy 
is a hands-on, immersive, in-depth permac-
ulture education, designed to go further into 
the concepts of  forest gardening (4 days) 
and greenhouse design and management (4 
days).  The forest gardening section covers 
swale building, hugelkultur, greywater, 
and rainwater catchment, and is taught in 
CRMPI’s 32 year old forest garden, with 
established examples of  each course topic. 
 The greenhouse section covers consider-
ations for designing, building, planting, and 
managing your own greenhouse including 
site selection, types of  greenhouse, climate 
battery technology, beneficial plant guilds, 
integrated pest management, and succession 
planting. Students may sign up for one or 
both sections. Visit CRMPI.org for more 
information on this and other courses.
 Instructors:  Jerome Osentowski, 
     Vanessa  Harmony,  
     Stephanie Syson,   
     Adam Brock, Avery Ellis
   Cost:  $1,600
 Contact:  Jerome Osentowski
  jerome@crmpi.org

Permaculture Design Course 
Indiana

 Dates:  Aug. 11; 25-26, 
  Sep. 15, Oct. 20-21; 
  Nov. 10-11; Dec. 8-9.
 Location: Bloomington/Indianapolis, 
IN
   Description: Permaculture Design is an 
fluid, flexible, and very practical system for 
reintegrating human systems with the natu-
ral world. This course lays the foundations 
for permaculture design and prepares you 
to apprentice in design, education, or site 
implementation OR incorporate permacul-
ture into your current career path and home 
system.
 Course materials are shared through 
discussion, lecture, reading, hands-on activi-
ties, design practice and review of  case stud-
ies:  all coming together to give you a solid 
foundation in Earth Care, People Care, and 
Future Care. 
 Self-study at home allows for enhanced 
practical learning in sessions. This course is 
recognized by the Permaculture Institute of  
North America.
 Instructors:  Rhonda Baird, Gabriel 
Hahn  and regional guests
   Cost:  $950 before 6/1/18; $1,150  
    after; payment plans avail.
 Contact:  Rhonda Baird
  shelteringhills.net

Optical Surveying 
for Earthworks and Water
Oregon

 Dates: October 20-25
 Location: Wolf  Gulch Farm, 
  Little Applegate, OR
   Description: This advanced permacul-
ture course with Tom Ward aka Hazel and 
Siskiyou Permaculture, provides training in 
basic surveying and layout, which are es-
sential skills for every farmer, homesteader, 
designer and consultant.  In this 6 day 
course, Hazel teaches the use of  nondigital 
surveying tools, along with advanced skills 
in keyline, pond and swale layout, mapping 
and other core knowledge necessary for de-
sign and execution of  permaculture projects.  
This will be the 8th annual offering of  the 
surveying course, and student reviews can 
be found at siskiyoupermaculture.com.
 Hazel, our lead instructor has been ad-
vising farms and teaching permaculture for 
over 30 years, and holds permaculture diplo-
mas from Bill Mollison, as well as from the 
Permaculture Institute of  North America, 
as well as degrees in Forestry and Botany.  
Hazel is the author of  Greenward Ho! An 
Ecological Approach to Sustainable Health and 
a keynote speaker at a variety of  venues.  
Hazel manages a social forestry experimen-
tal station near Ruch, OR, demonstrating 
natural building, fuel hazard materials 
utilization, multiple products woodcraft-
ing, wildlife enhancement and desert forest 
water management.
 Contact:  
                  siskiyoupermaculture@gmail.com
    siskiyoupermaculture.com

Social Forestry 
Hands-on Workshop
Oregon

 Dates: January 19-24, 2019
 Location: Wolf  Gulch Farm, 
  Little Applegate, OR
   Description: At this six day course with 
Tom Ward aka Hazel, we explore recon-
necting with forests through ecological 
knowledge, use of  hand tools and wood-
crafts, seasonal festivals, children’ stories, 
pilgrimages and stewardship covenants.  We 
cover ecological assessment, carbon seques-
tration methods, restoration forestry and 
the cats and products that can be enjoyed 
while we are re-establishing our heart space 
and wonder in the woods.  This will be the 
6th annual offering of  the social forestry 
course, and student reviews can be found at 
siskiyoupermaculture.com.
 Contact:  
                  siskiyoupermaculture@gmail.com
    siskiyoupermaculture.com

Permaculture Design Course
Oregon

 Dates: Weekends starting 
  February 9, 2019
 Location: Wolf  Gulch Farm, 
  Little Applegate
   Description: The 12 day PDC is held over 
6 weekends in winter and early spring.  This 
is the permaculture certificate course offered 
around the world, with lots of  local flavor 
included.  Taught by Tom Ward aka Hazel, 
Karen Taylor and Melanie Mindlin plus 
special guests, this course is for all those 
new to permaculture or tuning up their skills 
with our fabulous teachers and deep local 
knowledge.  Our teaching team has decades 
of  experience in teaching and implementing 
permaculture projects.  
 Hazel is a permaculture teacher, story-
teller, counselor and social forest with 30+ 
years of  experience, and holds permacul-
ture diplomas from Bill Mollison and from 
PINA.  Melanie Mindlin is a permaculture 
teacher, land-use planner, home designer 
and community facilitator.  Karen Taylor 
is a permaculture teacher, designer, interior 
designer, rainwater, greywater consultant.
 Contact:  
                  siskiyoupermaculture@gmail.com
    siskiyoupermaculture.com
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I,1 July ‘85 Permaculture in Oz   I,2 Nov. ‘85 Fruit & Nut Trees
II,1 Feb. ‘86 Garden Design   II,2 May ‘86 IPC-2 & Pc Courses
II,3 Aug. ‘86 2nd Int’l Pc Conference
II,4 Nov. ‘86 Fukuoka, Keyline, Genetic Conserv., City Farms, Oceanic Pc
III,1 Feb. ‘87 Networking, Natural Farm’g, D-Q Univ., Children’s Pc
III,2 May ‘87 Wild Land Restoration  III,3 Aug. ‘87 Planting Cycle
III,4 Nov. ‘87 Trees for Life  IV,1 Feb. ‘88 Mktg. Pc Products
IV,2 May. ‘88 Urban-Rural Links, Economics & Community Development
IV,3 Aug. ‘88 Soc. Forestry, Gabions, Jap. Org. Ag., Prod/Consum Co-ops
IV,4 Nov. ‘88 Multi-Story Tree Crops, Green. Domin Repb., Runoff Gdns
V,1 Feb. ‘89 Permaculture: A Designers Manual, Tree Bank, Water in Pc
V,2 May. ‘89 Plant Guilds, Roof Gardens, Small Livestock
V,3 Aug. ‘89 Rainforest Conservation in Ecuador, Gaia, Weed Gardens
V,4 Nov. ‘89 Earthworks & Water Conservation
VI,1 Feb. ‘90 Household Greywater Systems, Soil Imprinting
VI,2 May. ‘90 Insectary Plants, more Greywater, Land Use for people “
VI,3 Aug. ‘90 Water: Forests & Atmosphere, Catchment, Pond Design
VI,4*Nov. ‘90 Urban Pc: EcoCity Conf., Soil Detox, Suburbs & Pc
#23 May ‘91 Politics of Diversity, Greenhouse Market Gdn, Pc in Nepal
#24 Oct. ‘91 Creativity in Design: Case Studies, Index to Issues #1-23 $5
#25 Dec. ‘91 Design for Community: CSA Restoring Forests, Gdn Ecology
#26*May ‘92 Soil: Our Past, Our Future, Fertility, Worms, Cover Crops
#27*Aug ‘92 Integrating Pc: Deconstructing Utopia, Grassroots Organizing,   
 Garden Polyculture, Pattern Learning, Living Fences
#28*Feb. ‘93 Structures: Comm’ty Dsgn, LETS, Industry, Strawbale/   
 Timber-framing
#29/30* Jul. ‘93 Networks: Media Revw, Rural Reconstructn, Leaf 
 Concentrate, Comm’ty Food, Palestine Pc, Do-Nothing Educ,    
Feng Shui, Pc Academy
#31*May ‘94 Forest Gardening: Energy & Pc, Mushrm Cultivation, 
 Robt.Hart’s Forest Gdn., Spp for No. Cal., Alders, Agroforestry:   
	 Belize	&China,	Honeylocust,	Nitrogen-fixers
#32*Apr. ‘95 Animals & Aquaculture: Animal Polyculture, Sm-scale Cattle,
 Goat Dairy, Keyline, Feral chickens, Bee Plants, Constructed    
 Wetlands
#33 Dec. ‘95 Cities & Their Regions: Green Cities, L.A. Ecovillage,    
 MAGIC Gdns, CoHousing, Micro-Enterprise Lending, Suburban   
 Conversion $5
#34 June ‘96 Useful Plants: Bamboo Polyculture, Medicinals, Pest Control,   
 Root Crops, Oaks, R. Hart’s F.G., Russian Plants, Regional. Plants,   
 Sources $5
#35 Nov. ‘96 Village Design: Pattern Language, Consensus Democracy,    
	 Conflict,	Historic	&	New	Villages,	Planning	for	Tribe,		 	 	
 Village Economics $5
#36*Mar. ‘97 Climate & Microclimate: Climate Change, Windbreaks,    
 Low-Tech Sun Locator, Drylands, Cool Slopes, Straw-Clay Bldg.   
 Round Beehive, Water Catchment
#37 Sept. ‘97 Tools & Appropriate Technology: Dowsing, Workbikes,    
 Scythes, Japanese Saws, Nursery, Ferrocement, Greywater, 
 Levels, Ram Pump, Solar Toilet, Log Yoke, Cookstoves
#38*Feb. ‘98 Economic Transformation: Speculation, No Middle Class,    
 Coops, WWOOF, Global Warm’g, Hol. Fin. Plan’g. Land Use,    
 Adopt-a-Hive
#39 Jul. ‘98 Knowledge, Pattern & Design: Pc Way of Seeing, Native    
 Consvn Sand Dunes, Language-Worldview-Gender, Patterning   
 Process, Land-Use Plan., Teaching Pc, Vietnam, Holmgren on Pc
#40*Dec. ‘98 New Forestry: Regl. Devl., Horses, Menominee Reservatn,    
 Forest Investing, Restoratn, Old Growth, Homestead 
 Tenure, Soils, Forest Farmg, Rainforests, Windbreaks, Coppice
#41*May ‘99 Natural Building: Oregon Cob, Cordwood, Bamboo, Thatch,   
	 Ethics,	High	Winds,	Origins	of	Conflict,	Greenhouses,	Ponds,			 	
 Adobe, Road Bldg, MicroHydro, Living Bldgs.
#42 Dec. ‘99 Self-Reliance & Community Cooperation: Co-Intelligence    
 & Self-Orgn, Archetype Dsgn, Sovereignty, Mondragon, Natur.   
                 Hous’g, Comm. Gdns., Zone 0, Solar Electric Tractor, Beekeeping
#43*June ‘00 Food & Fiber: Hunger, Ferments, Seasonal Salad, Heirlooms,   

Back Issues of Permaculture Design
 Fencing Self-Fertile Gdns, Rice Revoltn, Cold-Climate Food, Edible   
 Insects, Food Origins, Ethnobotany, Wild Food, Bamboo, Hemp
#44 Nov. ‘00 Earthworks & Energy: Spreader Drain, Horse Swales, Earth   
        Dams, Machinery, Carpet-lined Ponds, Constr. Wetlands,     
 Biogas, Windmills
#45 Mar. ‘01 Medicine & Health: World & Self, Healthy Home, Designing Care,
 Ayurveda, Agents of Decay, Comn. Health Ctr., Women Trad. Med.   
 4th World Apoth., Healing Weeds, Medicnl Crops, Hawaiian Bot’ls
#46 July ‘01 Good Work & Right Livelihood: Pc Golf Course, Downsize Cost   
 of Living, New Forest Econ., Energy Currency, Buddhist Mktg,   
 End Wage Slavery, What’s Surplus?, Enterprise Facil’n
#47 June ‘02 Watersheds: Water4Sale, Basins o’Relations, Watershed Devl,   
 Gabions, Urban Runoff, Beavers, Skywater Ctr, Consvn. Investmt,   
 Peat Bogs, Rabbits
#48*Sept ‘02 Making Changes: Co-Intelligent Activism, Webs of Power, Urban
 Food, How to Change, Teaching for Change, Global Transform’n,
 City Repair, Escaping Job Trap, Argentine Recovery, Costa Rica Pc
#49 Dec. ‘02 Where is Permaculture? Land-Rent Reform, 10 N. Amer. Sites,   
 Cuba Ag, Rainbow Vall. NZ, Cacti/Succulents, Animal Self-Meds,   
 Challenge2Pc
#50 May ‘03 Ecosystems: Holmgren on Pc Mvmt, Hazelip & Syng. Ag,    
 Chestnuts/Pigeons, Oak Savannas, Root Crop Polycult., Alders,   
                 Fungal Ecosys. Humans & Wilderness, Indoor Systems, Humid Trop
#51 Jan ‘04 Trad’l. Knowledge & Regeneration: Cataclysm & Collective
 Memory, Genome Wisdom, Waru Waru, Biosculpture,Inuit Medicine,   
 Fermented Stimulants
#52 May ‘04 Aquaculture: EcoAquac, Fish4Health, Dowsing, Pond Design,
 Greywater Biotreatment, N. Amer. Polyculture, Manage for
 Native Spp, Integrated Village Fisheries, Vietnam
#53 Aug. ‘04 Education: Lifelong Learning, Edge-ucation, Albany Free Schl,
 Indigenous Ed. & Ecology, Ecocentric Pedagogy, School Gardens
 & Dances, Ecology of Learning, Brain Gym
#54 Nov. ‘04 Fire & Catastrophe: Design Beyond Disaster, New Opportunities
 Globalizatn, Invasion Biology, Street Orchards, Food Security
#55 Feb. ‘05 Learning from Our Mistakes: Petrol Dependcy, Village Design,
 Australian Lessons, RTFM!, Trial&Error, Forestry Experiments,
 Owner-Bldr, 10 Mistaken Ideas in Pc
#56 May ‘05 Tree Crops & Guilds: Pine Nuts, Tree Vege, Acorns, American
 Chestnut, Honeylocust Silvopasture, Broadscale Agroforestry,
 Bamboo, Willow, Social Forestry
#57 Aug. ‘05 20th Anniv.: Challenges & Changes, USA Pc, Hawai’i 
 Retrospect, Permatecture, Pc’s Soft Edge, Gaia U, PINC, Oil Depl,   
	 IPC-7,	Retrofit	Suburbs
#58 Nov. ‘05 Urban Pc: Urban/Rural Futures, City Zones & Sectors, Growing
 Food, Detroit Visionaries, Rebldg. New Orleans & Everywhere,
 Transforming a Military Base, Workers Co-op, Energy Descent.
#59 Feb. ‘06 Peak Oil: Eco-Collapse & Trauma, Thom Hartmann, Pathways
 for Energy Descent, How Cuba Survived, Oil & Food, Biofuels,
 Algae for Fuel, Relocalize
#60 May ‘06 Land Use Past & Present: Sust.Ag an Oxymoron?, Negev
 Bedouin, East. Woodlands AgroForestry, Pc Heals in India,
 Arocsanti, Pop. Growth/Land Hunger, Mexican Reforestation
#61 Aug. ‘06 Unseen Kin-doms: Observation as Design Tool, Soil Food Web,
 Bees, Mycelial Internet, D-I-Y Mycorrhizal Inoculum, Cover Crops
 as Bee Forage, Earth Energies, Local Currencies, Dead Zones
#62 Nov. ‘06 Art of Permaculture: Painting, Writing & Pc, Ecoartists, Art,
 Activism & Cmty, Street Theatre, Art & Bioremediation, Living
 Willow, Body as Zone 0, Art of the Found, Water Magic
#63 Feb. ‘07 Building & Technology: How to Dwell? Natural Bldg & the
 Law, Bldg Code, Strawbale in China, Cob in Armenia, Integrated
 Solar Heating, Cooking, Pumping, Nation-Scale Pc in Brazil
#64 May ‘07 Waste = Food: Throwaway Econ, Strategy of Salvage, Peak Soil,
 Pigs & Waste Mgmt, Bikes, Soil & Garbage, Farm as Organism,
 Opportunistic Plants? Simple Biodigester, Vermiculture
#65 Aug. ‘07 Climate Change: Shrinking Seas, Forests’ Role in Climate,
 Urban Forests, Making Trees Pay, Rainwater Harvesting, Indoor
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 Gardens, Water Filtration, De-Stabilizing Climate
#66 Nov. ‘07 Animals in Design: Jumbo Shrimp, Pawpaw Patch, Alpaca,                    
 Insects as Food, Integrated NH Farm, Pastured Poultry & Rabbits,    
 Urban Livestock, Predator Restorat’n, Bees, Agrichar
#67 Feb. ‘08 Kids in Pc: School as Ecosystem, Pc Education, Gardening Kids,
 Pc to H.S. Students, Tlaxcalan Kids Make Seedballs, Fostering
 Research Skills, Bottled Water Boycotts, Feeding 8 Billion.
#68 May ‘08 Plants on the Move: Rethinking Non-Natives, Forest Migration,
 Black Walnuts, Saving Seed Savers, Grow a Community Gdn,
 N’hood Greening, Healthy Honeybees, Biofuels & Food Prices
#69 Aug. ‘08 Permaculture at Home: Hawai’ian Cmty, London Forest Gdn,
 Suburban Renaissance, Calif. Campus, Phila. Orchards, Drinking
 Roofwater, Floating Island Bioremed., Bike Transport, Miss. Pc
#70 Nov. ‘08 Ethics at Work: BAU is the Enemy, 13 Princ. of People Care, Pc
 in Business, Ecovillages, White Man in India, Uganda Boarding
 School, No Waste, Qual. Control, City Farming w/Runoff, Amaranth
#71 Feb. ‘09 Earthworks: Hopewell Mound Water Mgmt, Belize, Keyline, Road   
 & Dam Bldg., NW AgroFor, Pc&Landscape Arch, Earthbag Bldg,   
 Low-Watt Fridge
#72 May ‘09 The View from Abroad: War, Oil & Snails in Nigeria, Green Tech
 Future, Ethiopian Water Mgmt., Shrinking Forests, Food Exploration
 in Caucasus, Maya Agroforestry/Biochar, Pc to Trinidad,
#73 Aug. ‘09 Bioregionalism: New Paradigm, Rocky Mtn. Wildlands, Wild
 Elephants, Organizing Houston, Heirloom Seeds, L.A. Gdns, Re  
 claim. Commons, Transition Hohenwald, Tenn., BioCongress Saga
#74 Nov. ‘09 Energy Descent: In the Home, Transition Communities, Pc in
 Mexico, Biochar, US Consumption Dropping, EcoTechnic Future,
 No More Throwaway Economy, Making Fuel Alcohol
#75 Feb. ‘10 Local Food: A City & Regl. Food System, Working Family on
 5Ac, CSAs & Wild Foraging, City Backyard Gdng., Food Bank
 Gdns & Orchards, Salt Collecting, Regional Staples, City Grains.
#76 May ‘10 Soil Fertility: Permaculture Way of Soil, Biochar, Sheet Mulch,
 Hawai’ian Soil Farming w/ Worms, Demystifying Humanure,
 Urine Fertilizer, Crop Rotations, Mushrooms Build Soil
#77 Aug. ‘10 Eco-Nomics: Measuring Many Forms of Capital & Quality of
 Life, Bob Swann & Invisible Structures, Bioshelter Market Gdn,
 Green Collar Economy, Pc & Finance, Pc Inst., Cert. & Diplomas
#78 Nov. ‘10 Water Wise: Restoration Engineering, Watershed Relations,
 Colorado Runoff Gdns, Cisterns in Saudi Arabia, Energy Use &
 H2O, Trad’l. Mexican Catchment, Rooftop Garden, Home Water
#79 Feb. ‘11 The Urban Frontier: Indoor Denver Farm, Rooftop Food, Home
 town Returns, Urban Ecovillage, City Bees, Urban Pc Projects,
 Start Pc Farming: Mark Shephard, Index to issues #24-40.
#80 May ‘11 Designing for Disaster: Collapse Mitigation, Global Storming,
 Responding to Major Events, Stabilizing the Climate, Self-Care,
 Ensuring Food Supplies, Living Through Drought
#81 Aug. ‘11 Hidden Connections in the Garden: Neighborhood Gdn, Urban
 Ag on Empty Lots, Food=Land Access, Indigenous Practices,
 Seeds, Deep Raised Beds, Greenhouses, Urban Wild Edibles
#82 Nov. ‘11 Growing Staple Crops: Broadscale Farming, Local Grain &
 Mkts, Non-Tillage Beans/Corn, Pigs and Potatoes, Rice in Vt.
 Perennial Staples - Pt. 1, Garden Farming, Acorns & Chestnuts.
#83 Feb. ‘12 The Economy of Wood: Polewood, A Northwoods Economy,
 Basketmaker’s Landscape, Ligurian Alnoculture, Wood as Fuel,
 Clearing Woodland, Black Locust, Perennial Staples - Pt. 2
#84 May ‘12 Home and Hearth: Domestic Permaculture, Natural Building,
	 Roundhouses,	Hearthfire,	Retrofits,	Home	Economy,
 Homeschooling, Drylands Pc, Nova Scotia Homestead
#85 Aug. ‘12 There Goes the Neighborhood: So. American Neighborhood   
                Projects, N’hood Pattern Language, Community Solar, Food Security,
 SENS House, Moving Groups, Fracking & Common Rights
#86 Nov. ‘12 Health and Nutrition: Naturopathy Centre, Seasonal Eating,   
 Plant Medicine, Mushrooms & Vit. D, Herbal First Aid, Campus
 Forest Gdns, Beer, Growing Wise Children, Fenugreek
#87 Feb. ‘13 Weeds to the Rescue: Managing Weedy Spp, Favorite Weeds,   
 Weed Wisdom, Paulownia, Grafting onto Weed Trees, Polycultures,   
 Burdock, Reputation of Weeds, General Index to PcA #41-58.
#88 May ‘13 Earth Skills & Nature Connection: Mentoring, Cultural Repair,
 Connecting Youth to Nature & Self, Living with Wild Animals,
 Observation Skills & Design, Oyster-tecture, Personal Forest.
#89 Aug. ‘13 Practicing Democracy: Slow Democracy, Seed Libraries, Rhode

 Island Prosperity, Lessons from the Iroquois, Community Gardens,
 Entrepreneurship, Social Pc, Pastoralism, Sweet Cicely
#90 Nov. ‘13 Appropriate Technology: Technology & Culture, Zone 4 Tools,
 Rocket Mass Htrs, Solar Pump, Solar Food Dryers, Social Sharing
 Software, Oil Presses, Woody Ag Trials, Scythes, PV Dbl. Cropping
#91 Feb. ‘14 Seeds: Arizona Seed-Sheds, Seed Saving Primer, Leucaena,
 Volunteer Plants in the Garden, Seeds of Cheese, Seed Banks,
 GMOs in Uganda, General Index to Issues #59-74.
#92 May ‘14 Stacking Functions: Primer; Biochar; Commty Gdn.; Pc of Oaks
 Nature, Culture, Self; Fodder Banking Central America; Rule of
 Three; Colo. Flooding; IPC-11; Spp Index to PcA #41-74.
#93 Aug. ‘14 Experimentation-Science in Pc: Method & Theory; Dynamic
	 Accumulators.;	Experimentation;	N-fixing	Vege.;	Biochar	&	Soil;
 People’s Science; Malawi; Pc & Academia; Soil & Biodiversity Tests
#94 Nov. ‘14 Seasonal Cycles of Work: Festivals & Forestry; High Desert
 Homestead; Market Seasons; Wisconsin Gdn. Cycles, Seeds;
 Energy by Seasons; Homestead Resilience; Forest Gdn. Research
#95 Feb. ‘15 Perennial Crops: Perennial Cultures; Hybrid Swarms, Hickory-
 Pecans; Perennial Sugar; Haiti; Perennial Veg.; Perennial Cereals;
 Guild Patterning; Hardy Kiwi; Foraging; General Index
#96 May ‘15 Building the Solar Economy: The Gross Society; Bioshelters &
 Greenhouses; Passivhaus Design; Citrus; Community Advocacy;
 Solar Business; Perennial Grains, Pt. II; Peer-Driven Pc Organiz.
#97 Aug. ‘15 Life on the Edge: Culture of Healing; Hedgerows; Hellstrip
 Polycultures; Reaching the Masses; Humanure; Dynamic
 Accumulation; Design. for Children & Elders; Birth, Grief
#98 Nov. ‘15 Decolonizing Permaculture: Pc=Relationship; A Black Woman
 Practicing Pc; NAPC Ppl. of Color Statement; Pc and Patrix;
 Charleston Shootings; Intersectionality & Pc Ethics; Women in Pc.
#99 Feb. ‘16 Ecological Restoration: Pc Perspective on Restoration; 
 Hershey’s Surviving Oaks; Agroforestry in Ecuador; Ecology &   
 Econ.; 2015 IPCC Coverage; Arid Food Guild; Grow Phosphorous
#100  May ‘16 Water Extremes: Drought  & Flood Hurricane Mitigation, Flash   
	 Floods,	Myco.	Fungi	in	Water	Extremes,	Drought-Proofing,	Keyline		 	
 Plan, Rain Gdns. & Urban Treees, 4th Thayland Pc Convergence
#101 Aug. ‘16 Permaculture at Work: Pc Designer Contractor, Develop. the   
 Pc Workforce, Up on the Roof, Real Estate, Community-supported   
 Ed., Regenerative Econ., Regen. Ag., Collaborative Econ.
#102  Nov. ‘16 Planting & Propagation. Propagation Basics, Planting 
 Woodlands,  Self-Seeding, Cover Crops, Deer, Plant Devel., 
 Chickens, Eco. Ag. Timeline, Biogas Systems, Mollison Memorial, NAPC II
#103 Feb. ‘17 Permaculture & the Commons Manifesting Cmns., History,  & Principles,  
 Sharing Power, Upholding Our Ethics,, Permaculture Commonwealth,, 
 Community Food Forestry, Climate Cooling, Standing Rock, Pc Ed. as Cmns
#104 May ‘17  Permaculture Design Process, Beginning Design, Process Evol.,
  Pattern Language, Iterative Design, Process in Urban, Radical Redesign,   
 Stewardship, Max. Annuals, Ozark Treasures, “Water-culturists” 
#105 Aug. ‘17 Plant Breeding - Crops for Your Region, Resilience & Climate Change,  
 Ancestor’s Gdns., Indigenous Corn Breeding Today, Breed. Veg & Per.,   
 Cambia, Reg’l. Seed, Emergent Design, Muscadines, Social Forest.
#106 Nov. ‘17 Front Door, Pattern & Energy in Design, Fluid Zone 1, Thresholds in Time  
 & Space, Threshold Workers, Root Cellar, Companion Planting Myths, 
 Community Planning, Pluralist Commonwealth, Deconstruct. Oppression
#107 Feb. ‘18 Agroecology: Via Campesina, Learning together, Regen. Land, Hershey’s  
 Legacy, Learn. from Annual Ag., Niwot Raspb., Thai Integrated Systems,   
 Bldg. Eco. Resil., Averting Insect Armageddon, Seedling Table, IPC-India

Back Issue Prices 
& Ordering

$6.50 each (US) / $8 Canada / $9.50 other countries 
price includes shipping / 20% discount on 5 or more

• Complete Set $450 (US) $520 (Canada) $550 (other countries)
Order online or send check/money order:
Permaculture Design Publishing 

PO Box 3607 
Tupelo, MS  38803
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New York Convergence
New York

 Dates: August 24-26
 Location: Finger Lakes region
   Description: A packed permaculture 
weekend: a permaculture film festival, tours 
of  20+ permaculture sites, networking with 
other permaculturists, and converging to 
share skills and grow the movement.
  Cost:  Suggested donation $5-50, camp-
ing available for a small fee on some sites
 Contact:  info@fingerlakespermacul-
ture.org;  fingerlakespermaculture.org

Spiral Ridge Courses
Tennessee
 Location: Summertown, TN
 Contact:  931.231.4099; 
         spiralridgepermaculture@gmail.com

Permaculture Design Course

 Dates: September 22-October 3
   Description:   In this course, you will be 
learning the tools, guiding principles, and 
strategies that create lush productive land-
scapes, reduce your energy use, and create 
more stability and security for you and your 
loved ones. We will be focusing on how to 
ecologically design farms & homesteads, 
building skills and participating in hands-on 
projects. Students will complete a design 
with our guidance from making holistic 
goals, mapping and analyzing the landscape 
to presenting their designs complete with 
graphics and getting feedback. This course 
takes place on an 9 year old, 50 acre, off-
grid, family homestead.  Instructors include 
herbalists, organic farmers, compost/tea 
specialists, regenerative business owners, 
professional designers and more.  
 Instructors:  Cliff  Davis, Jennifer Alba-
nese; 10 guest instructors.  
   Cost:  $1,300 early bird; $1,500 
Regular.  Meals & camping 

Agro-Ecosystems Series
A Permaculture Practicum for 
Farm and Homestead Resiliency

 Dates: October 14-21
   Description: This series is a conscious 
effort to provide on-the-ground training in 
regenerative land management and cultural 
repair for permaculture practitioners.  An 
agro-ecosystem is a dynamic association of  
crops, pastures, livestock, other flora and 
fauna, soils, water, and the atmosphere. It 
is agriculture functioning as an ecosystem 
in and of  itself, but also with the surround-
ing environment.  In this training, you will 
develop your skills and gain hands-on expe-
rience as you help further develop a small 
scale regenerative farming system.  This 
series is three classes in one. Earthworks (3 
days), Agroforestry (3 days); Mushrooms, 
Molds, Mycorrhizae (2). 
 Instructors: Cliff  Davis, Tradd Cotter; 
webinar,  Eric Toensmeier.   
   Cost: $125/day, meals and camping 
included.  Mix and match discounts.

LETTERBOX

   Just thought you should know.  You really 
need to up your presence in social media.  
I think your magazine is much better than 
_________.  You guys don’t seem to have 
the following you deserve.  If  you had more 
followers on social media,  you’d have more 
readers and subscribers.  
   P.S.  What are the themes of  other future 
issues.  I can’t seem to find it in your last 
email.  Thank you.
               A Reader in Port Angeles, WA

 Thanks for your comment. We intend to put 
more effort on social media, but resources are lim-
ited. If  you know anyone with social media savvy 
and a reasonable track record, along with interest 
in permaculture, please send them our way!
 As for upcoming themes:
Nov. issue: “Ethics in Permaculture” (deadline 
Sept. 1) Feb. issue: “Creating Community” 
(deadline Dec. 1)                        
                                                    Publisher 

   I have a hard-copy subscription - does that 
entitle me to online reading, too? Thanks!
   Long-time subscriber in Brooklyn, NY
   Absolutely! We just approved your request. You 
should be able to log in (“Digital Access Login”) 
with the username and password you chose to 
access the online copy, which is in color. Please let 
me know if  you have any problems with it. 
    Thanks.                                  Publisher

Urban Permaculture Course
Chicago

 Dates: October 6-7
 Location: Chicago, IL
   Description: Join the Great Lakes Perma-
culture Design Collaborative in exploring 
the opportunities and emergent culture 
in urban environments. This course will 
facilitate learning around urban design and 
retrofit, social and economic permaculture 
design, challenges and opportunities in 
urban design, community empowerment, 
and growing in the city.  Wherever you live, 
the city affects your life--and this course will 
help you to have better interactions with 
suburban, urban, and hyperurban zones-
-solving problems for your region.   
 Instructors: William Faith, Milton  
    Dixon, Rhonda Baird
 Contact:  William Faith
       William@GeniusLociPermaculture.com
  www.glpdc.info

Permaculture Design Course
Missouri

    Dates:  September 21-30
    Location:  Dancing Rabbit Ecovillage, 
Northeast Missouri
    Description:  Come experience life at an 
ecovillage while going deep into permacul-
ture! With a 20-year-old ecovillage as our 
living laboratory, Dancing Rabbit’s PDC 
will interweave the wisdom and knowl-
edge of  the permaculture movement with 
the firsthand learning experiences of  an 
intentional community. The course design 
features a focus on climate change and what 
we can actually do about it as permacul-
ture practitioners and global citizens. We’ll 
learn from community members who are 
experienced in gardening, farming, natural 
building, alternative energy, self-governance, 
communication skills, cooperation, and con-
flict resolution. We will explore the many 
aspects of  social and financial permaculture, 
as well as personal “inner sustainability,” 
so that we can continue taking care of  our-
selves while we care for the planet.   
    Central to this course are interactive 
learning experiences around the ecovillage, 
project-based learning, and opportunities 
for creative expression, human connection, 
and celebration. Prepare to be surprised and 
inspired!
    Instructors:  Sharon Bagatell, Erik Peter-
son, Olivia Peterson, guest instructors from 
Dancing Rabbit and nearby communities
    Cost:  Early Bird $1,195; Regular $1,595
    Contact: Sharon Bagatell, edcoordina-
tor@dancingrabbit.org
    www.dancingrabbit.org/permaculture
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   Hello are there any permaculture estab-
lishments in West Virginia? 

   Thanks for your e-mail. I have no contacts with 
anyone in WV. However, you can take a look at 
the Directory listings for WV and nearby states, 
at our website: https://www.permaculturedesign-
magazine.com/united-states.           
   Good luck!
                                                    Publisher
   I’m looking for a permaculture course. It 
needs to be in person (not online) and not 
too expensive. How can I find one?

   Thanks for asking! Check out the listings in our 
magazine, which comes out quarterly (Feb., May, 
Aug., Nov.), and also our website: https://www.
permaculturedesignmagazine.com/permaculture-
courses-pdcs
                                                      Publisher

Goodday!
   I am a newer permaculturist who is estab-
lishing a new farm, and have been working 
away at it for several years now. I enjoy your 
magazine very much!
We live in the boreal forest in Northern On-

August

August 7-19, Lahti, FINLAND. Permac-
ulture Design Course. Ilkka Aula, +358 (0) 
45 8797999, et@elontila.fi.
August 11-19. Basalt, CO. Permaculture 
Design Academy. Jerome Osentowsk, 
jerome@crmpi.org.
August 11-Dec. 8-9. Bloomington/India-
napolis, IN. Permaculture Design Course. 
Rhonda Baird, rhonda@shelteringhills.net, 
www.shelteringhills.net.
August 18-25. Orcas Island, WA. Ad-
vanced Design Course. Dave Boehnlein, 
360-840-8483, info@permacultureportal.
com, http://permacultureportal.com.
August 19-31, Pontgouin, FRANCE. 
Permaculture Design Course. greenfriends-
europe.org.
August 19-September 1, Winlaw, BRIT-
ISH COLUMBIA. Permaculture Design 
Course. spiralfarm@yahoo.com, kootenay-
permaculture.com.
August 24-26. Fingler Lakes Region. New 
York Convergence. info@fingerlakesper-
maculture.org, fingerlakespermaculture.org.
August 26-29. Pine Ridge, ND. Indige-
nous Wisdom Convergence & Build, www.
iwpsconvergence.com.

Calendar September

September 10-14, FRANCE. Earthworks 
for Resiliency. greenfriends-europe.org.
September 22-October 3, Summertown, 
TN. Permaculture Design Course. spriral-
ridgepermaculture@gmail.com.
September 22-October 5, Occidental, CA. 
Permaculture Design Course. oaec.org.
September 30-October 13, Galana Con-
servancy, KENYA. Permaculture Design 
Course. pri-kenya.org.

October

October 6-7, Chicago, IL. Urban Perma-
culture Training. william @geniuslociper-
maculture.com, www.glpdc.info. 
October 14-21, Summertown, TN. Perma-
culture Practicum for Farm and Home-
stead Resiliency. spiralridgepermaculture@
gmail.com.
October 20-25. Little Applegate, OR. Op-
tical Surveying Course. siskiyoupermacul-
ture@gmail.com, siskiyoupermaculture.com
October 28-November 11, Cuyama, CA. 
PDC. www.quailsprings.org.

November

Nov. 20-Dec. 8. Granada Coast, SPAIN. 
Permaculture Teaching Course. laloma-
viva.com.

Ongoing

Online. Permaculture Design Course. 
info@PermacultureEducation.com, Permac-
ultureEducation.com. 
 

2019

January 19-24. Little Applegate, OR. 
Social Forestry Course. siskiyoupermacul-
ture@gmail.com, siskiyoupermaculture.com
February 9 and weekends following. Little 
Applegate, OR. Permaculture Design 
Course. siskiyoupermaculture@gmail.com, 
siskiyoupermaculture.com
February 28-March 8. Toledo District, 
BELIZE. Permaculture Design Course. 
Christopher Nesbitt. http://www.mmrfbz.
org. 

Want to increase the attention your course 
gets? The staff with Permaculture Design 
understands—we are teachers, designers, 
practitioners, and organizers that want to 
build the network and expand the reach 
and depth of permaculture design practice 
around the world. Place an ad with Per-
maculture Design—either online or in print 
and we’ll help permaculture enthusiasts 
become students, friends, and colleagues. 

tario, Canada, close to the town of  Iroquois 
Falls. I have an orchard of  over 400 haskap 
bushes and am also starting an orchard with 
cold hardy cherries, along with some hazel-
nuts, and a few other surprises as well.
   I have been anticipating losses in crop by 
wildlife, mostly bears. I have had losses last 
year in my haskap orchard, due to cedar 
waxwing invasion. The beautiful, cute, little 
birds destroy a lot of  berries by taking a 
“drink” from each berry and not consuming 
it fully.  I now have bird netting, at a large 
expense…but that won’t stop bears.
   My question which is worthy, I believe, 
of  an article: At what point do you destroy 
wildlife in defence of  property/crops? I 
am a believer in sharing… but when a bear 
starts to destroy expensive bird netting, what 
to do? In other areas, it will be racoons, 
skunks, squirrels, etc…  I like to share….
some… but not all my crops. So it can be an 
ethical question.
   I work in wildlife, and know, that if  ani-
mals are really hungry, not much will deter 
their intention to get to a food source. Scar-
ing bears away is problematic, you can scare 
them with a loud bang, but that only goes so 

far! If  really hungry they come right back! 
I have had to kill 3 bears before that were 
trying to get into the house, despite having 
been chased away several times.
   Is this something your readers can recom-
mend in an article, or an editorial?
   Thanks for the read!
 
Lars Hildebrandt
Iroquois Falls, Ontario

Hi Lars,
   Thanks for your e-mail. As you probably know, 
the topic of  the Nov. issue is “Permaculture Eth-
ics,” so perhaps your questions will prompt an 
article. All of  us have had to deal with the issue 
you raise, whether by simply clearing a patch of  
land for a garden or replacing deer with cattle, 
although usually not at bear scale. Naturally, 
I think of  electric fence, and you can find bear-
strength fences online, as you probably already 
know. Anyway, good luck.
                                                      Publisher
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Subscription
 I want to subscribe to Permaculture Design and work to develop an ecologically sustain-
able land use and culture. I will contribute as follows:
USA       1yr/ 4 iss/ $25 ($23 renewal)         3 yrs/ 12 iss/ $63           Gift sub with yours - $20
Canada   1 yr/ 4 iss/ $31       3 yrs/ 12 iss/ $83 Gift sub. with yours - $26
Other countries    1 yr/ 4 iss/ $45        3 yrs/ 12 iss/ $125 
Lifetime Subscription                      $450 USA          $500 Canada             $750 Other

Agroforestry News:      1 yr/ 4 iss/ $31 USA/$38 Canada 2 yrs/ 8 iss/ $59/ $73

     Send this form with your check or money order payable in US dollars to:
Permaculture Design Publishing PO Box 3607 Tupelo, MS  38803 USA

___________________________________________________________________________
NAME       PHONE/EMAIL

___________________________________________________________________________
ADDRESS

___________________________________________________________________________
CITY    STATE/PROVINCE POSTAL CODE COUNTRY

Free Classified Ad for subscribers. A 
bonus to subscribers: one free 75-word clas-
sified ad (or $35.00 off any ad). Send your ad 
with subscription payment or use bonus later. 
Add 50¢/word over 75 words. All diction-
ary words count. Phone number is one word. 
Email and web addresses count one word per 
punctuation. Zipcode is free. Use this form 
to send in a classified ad even if you are not a 
subscriber. Write your ad here:

——————————————————
***ENTER GIFT SUBSCRIPTION HERE***

 ——————————————————
——————————————————
——————————————————
——————————————————
——————————————————
——————————————————
————————————————

Issue #109

Subscribe to — 
AGROFORESTRY NEWS

High-quality information on temperate climate tree crops and 
forest gardening, 40 pages quarterly, from the UK. The May 2018
 issue (Vol. 26.3) features botany and horticulture of Pinus pinea, 
The Picasso Food Forest, climate change and tree distributions, soil fungi and 
forest resilience & more.

$31/yr., $59/2 yr. (US)  //  $38/yr., $73/2 yr. (Canada). 
All back issues available, $8 each postpaid. 10% discount on 5+. 

Write us for back issue contents or visit: 
www.agroforestry.co.uk/product-category/publications/agroforestry-news/back-issues/

Quick-Start 
Booklet Series
$8 each postage paid, $25 for all 4.

• Water in the Home Landscape
• Building Living Soil
• Beekeeping Simplified
• Wild Fermentation
Compiled by the PcDesign team and chock-

full of information from the best minds in Pc.

 Permaculture Design Publishing

PO Box 3607  Tupelo, MS 38803 
USA

www.permaculturedesignmagazine.com

Organize a Local Guild
Group Subscriptions:

10 copies to one address—1 yr $99;
add $11 per copy for extras; 20th, 30th copies free.

Permaculture Design Magazine
PO Box 3607

Tupelo, MS 38803 

www.permaculturedesignmagazine.com

Classifieds 
EDUCATIONAL OPPORTUNITIES

FREE DAYS: Permaculture Design 1057 
Roberts Creek Road, Roberts Creek, BC, 
Canada Delvin Solkinson and Kym Chi We 
offer regular free intro to permaculture days, 
free advanced gatherings as well as PDCs, 
volunteer farm days, APDC’s and specialty 
courses. Based in the Sunshine Coast and 
Vancouver area of Southern British Columbia 
we teach at exceptional farms, gardens and 
forest locations for additional diversity. Our 
specialty is free, open-source permaculture 
learning and teaching tools that we offer as 
free downloads at printable resolution on our 
website. http://www.permaculturedesign.ca

PERMANENT CULTURE

PERMACULTURE OPERA, a prose poetry 
volume by Gerald Dillenbeck, PDC, MPA, 
MDiv, available on amazon.com for $7.25 in 
paperback, $5.00 kindle.

“Every town is a song
danced by day through nightmare,
across all four seasons,

until it becomes time for another revolution,
another restoration.”

Influences include resilience Systems & Game 
Theory, Work That Reconnects, Positive Psy-
chology, Restorative Justice, Bateson’s Sacred 
Ecology, and, Permaculture’s ZenZero Zone 
planning and health network development.



Seed Saving Tips

When planning your seed saving 
garden, choose different squash 
species to prevent cross-pollination 
with ease! There are four options:

Cucurbita moschata - solid stems 
including the butternuts. 

Cucurbita pepo - most of the 
summer squash and pumpkins!

Cucurbita argyrosperma - 
the classic Cushaw’s. 

Cucurbita maxima - super tasty 
Hubbards and Candy Roasters!

Order your 
FREE Seed Catalog 
and Planting Guide 

@
www.sowtrueseed.com 

or phone 
828-254-0708

You want seeds that will grow, so 
we test for germination three times 
a year. You should have the right to 
save your own seeds, so we only sell 
open-pollinated varieties and offer 

seed saving knowledge freely. 

If you want to join a small 
company working to recreate a 

diversified farm network of seed 
growers, visit our website or order a 

catalog to see our full range 
of 500+ seed varieties.

www.sowtrueseed.com

SEED = FOOD
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