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This draft article contains much practical information related to the growing of nutritionally balanced food, medicines, fiber and so on as part of a truly sustainable, integrated, multi-generational horticultural system involving annual and perennial plants, animals and fungi, based in a multi-thousand year old historical system. It also contains speculation and the current status of multi-year, half-cooked experiments that I'm in the middle of (but which I believe still provide alot of insight worth sharing). Some of this information is based in my own  experience, some comes from the stories and experiences of others, and some from books, and I haven't rigorously depicted those distinctions in this document, so please receive it with that caveat in mind, and feel free to contact me with questions.  Of course when it comes down to it, even the most experienced farmers are frequently improvising because there are always new combinations of variables in each site, community and season. Living bio-cultural ecosystems are not machines.

I think that one thing that good farmers and permaculturists and nature lovers have in common is that we don't get fundamentalist about any practice, and that we know how to pay attention and adapt, in order to survive but also in order to take care of the larger living earth. As we emphasize in permaculture classes, "Permaculture is not a collection of techniques like rainwater cisterns, biochar composting and forest gardening. Permaculture is a way of thinking." I think it's not only a way of thinking but an entire mode of apprehending and responding to life that includes and goes beyond thoughts. We hone our ability to use all of our senses to carefully observe nature and people before making judgements; we use intuition and subtle sensing instead of only reductionist thought to make choices and guide relationships; we articulate and adhere to goals and priorities; we aspire to pragmatically mimic the elegant and effective patterns found in natural ecosystems and in organisms, from our farming systems to our businesses, families, relationships, and political movements. 

So in service to that theme, the deepest purpose of this document is not to attempt to somehow teach you every possible variation on how to grow milpa or cook milpa cuisine, or to ripen a group of people into a culture. That would be nice, but that document can only be written in the book of your actions by the pen of your own imagination. What this little essay is attempting to do is provide you with enough details to get started and have some chance of "success", or at least failing on a small enough scale to not despair, and to start pointing your attention to the vast, intricate beauty and the type of grand possibilities that lie within this type of farming and living, in hopes that you then employ your own imagination and love to layer on your own practices and ideas, which you then please report back to the rest of us!

And speaking of reporting back to us, I implore you to please adopt the practice of tracing the lineage of knowledge as you distribute it in the world.  What the academic world calls "citing sources" is sadly often an ego-driven practice that is about people's pride and ability to sell themselves to industry amidst a competitive cut-throat economy.  An indigenous storyteller on the other hand usually wants to speak the lineage of a story or way of doing things because the longer that lineage is, the longer it has survived which to the indigenous way of thinking means it's more valuable and dense with wisdom (and more interesting).  So from that perspective my idea of "honeycomb" milpa, explored below, is only a fledgling, unproven idea (about 9 years old), as compared to the practice of milpa in general which is thousands of years old, but if you each try honeycomb milpa and think it's a good idea and share the idea and speak its lineage, then over time it will take on a richer story. 

How Farming Isn't Necessarily Evil

Permaculture founders Bill Mollison and David Holmgren have not been gentle in their analysis of societies that rely exclusively on annual crops.  Just read “Collapse” by Jared Diamond to get a summary of five millenia of civilizations which ultimately collapsed due to deforestation for agriculture, which led to topsoil loss and ultimately depletion of their ability to grow food, at which point those civilizations collapsed. A core insight of permaculture is that “permanent agricultures” and “permanent cultures” are those that are based more on tree crops and small animal foods than on annual crops and large animals, which tend to destroy landscapes.

In some ways annual crops are the comfort of refugees, of those dwelling off the debris at the tattered edges left by the last pass of the constantly hungry monster of empire, which always requires horizontal expansion (war) to continue amassing wealth.  Annual crops are the survival strategy of  those who don't have the privilege to stay in one place long enough to expect to eat from pecan trees or olive trees or vineyards or silvapastures. Unlike the deep place-based story of those who can live in one place for many generations, harvesting olives or acorns or chestnuts or hazelnuts from the same root systems as the great-grandparents did, these opportunistic annual crops let us plant in a different place each year- we can be one step short of nomads, and one step ahead of conquistadors. 


Also though, let's face it, some of these foods are ecstatically wonderful foods. A rich dark bean and huitlacoche stew with smoky chile and corncob ash salt, cooked in pig fat or bear fat or butter or fresh-pressed sunflower oil, wrapped in fragrant, toasty fresh tortillas with tangy char-speckled tomatillo salsa and tender amaranth greens piled high on the side, a thick slab of rich, sweet candyroaster squash with pumpkin seed oil and drizzled honey for dessert- this meal, cooked in clay pots on a fire while we laugh and sing and tell stories, reminds me of why I aspire to be human. Planting the seeds in a pack of singing people in the spring, telling stories and carrying rituals that teach us how to live by mimicking the plants, carefully parenting these seedlings and watching in awe as they grow to dwarf us in the summer, now members of a plant village in a way that we wistfully contribute to but never belong to until we become soil ourselves, this cycle has many lifetimes of spiritual lessons to offer and deep nourishment to provide for all the species involved in the collaborative ecosystem that agriculture can be at its best. 


But at first glance, falling in love with annual crops is a kind of adolescent pleasure, something that feels so good, yet all the feedback is telling us that it can't last. Permaculture is well known for its focus on tree crops and small animals for food production, rather than annual crops and large animals. In many regions of the world, tree crops and small animals have essential advantages over annual crops, and they end up accumulating rather than eroding topsoil, while annual farming usually degrades the land and ultimately leaves it uninhabitable. Read Jared Diamond's book Collapse if you want to review the historical evidence of how agriculture divorced from a cultural focus on ecology has led to deforestation, social collapse and violence over and over again in the past five thousand years.


However, this article describes a form of annual cropping that is very productive, truly sustainable, and totally integrated with other long-term regenerative forest practices. In central America, this style of farming is called by the Nahuatl word “milpa”, which literally means “field”, but in actuality it is not just a field but a sophisticated technique for growing staple corn (dent, flint, parching, flour and popcorn as well as a few unique regional types), storage squash, dry beans, sunflowers, Cleomes, tomatillos, sweet potatoes, potatoes, chiles, cotton, tobacco, quelites (mixed feral pot greens such as amaranth and lamb's quarter), chia, and other annual crops in an inter-planted agro-ecology that allows them to benefit from each other and avoid the soil depleting and mono-cropping pitfalls of modern agriculture. 

The “Three Sisters” cropping system is a simplified version of milpa that has been popularized by the U.S. organic farming movement, based on the common emphasis on corn, beans and squash in many native cultures. Not all corn growing people have grown both beans and squash, cultural allegiance to particular species have changed over time, and many other crops were mixed in depending on endemic regional food species such as sunchoke and sumpweed.  The basic idea though is that corn provides a living trellis for the beans to grow their vines up and enough shade to allow the squash plants to establish themselves early in the season; beans fix nitrogen into the soil for the benefit of the corn this year and mostly in future years. Squash spreads its large vines and leaves out over the soil surface, minimizing weed pressure, keeping the soil moist for the corn and beans and perhaps discouraging herbivores by the action of rough squash leaves on the tender noses of bunnies or deer. In addition, the yields from these plants when processed correctly provide a storable, complete nutritional profile of proteins, carbohydrates, most B vitamins and some fats.

This core technique, adapted in many ways from place to place, allows us to grow large quantities of high quality, storable foods for the winter, and it allows us to do it with less industrial machinery (or none) and less offsite inputs, all by imitating natural ecosystem patterns.

The “milpa” system prevalent in Mexico, central America, and parts of south America-- and indeed a related version which the Tsalagi/Cherokee right here in the southern Appalachians developed— uses more species of annuals, as well as a cyclical relationship with forested land via Fire as a sacred intermediary, to achieve even better crop yields and a remarkable increase in topsoil quantity and quality over multiple human generations.

Essentially, the milpa system is a system of “managed disturbances in a forest agriculture system”. “Slash and burn” agriculture, where sections of forest are cut with chainsaws and heavy machinery and burned in large, high-oxygen burns that leave only ashes for a short-term burst of fertility but at the cost of long-term soil depletion, is rightfully ridiculed by the U.S. environmental movement. Slash-and-burn is the ignorant little brother of the milpa system: an example of the most destructive aspects remembered while the life-giving story and full cycle (which require a long-term tribal memory, subtle observation of ecologies and generous imagination) is forgotten.  This pattern of life-sustaining culture rapidly transformed into desperate, destructive behavior by genocide and deliberate cultural erosion is not unique to America's First People, but has also occurred in most groups of indigenous Europeans, Asians, Australians and Africans, and is a predictable result when the imperial syndrome destroys an intact culture and forces the survivors of that culture into long-term emergency mode where elders, youth initiations and ritual and mythological life can't be maintained in the grief-stricken survival panic.  

In the traditional milpa system common before steel tools came along and allowed people to cut and burn large swathes of trees, a family establishes a multi-generational, long-term rotation system of 8-10 sites, a system that cycled over 70-100 years in a forested region. They cleared one spot through controlled burning (actually not technically a burn, but a smothered burn, or pyrolysis, which creates more charcoal than ashes; unlike ashes, charcoal retains nitrogen and phosphorus from the wood and makes it available to plants, and the micro-crystalline structure of charcoal persists in the soil, acting as a coral reef for soil micro-organisms, retaining water and water soluble nutrients, building a friable texture and increasing microbial diversity, and sequestering carbon out of the atmosphere for thousands of years- see “Biochar” for more on the importance of charcoal as a soil amendment). 

The “family” (usually more like a multi-generational tribe of 20-100 people) then farmed that site for 7-10 years using the sophisticated inter-planting and crop rotation milpa methods described further down (of which the commonly known Three Sisters, corn, beans and squash are a remnant). These practices included incorporation of pottery shards, crushed animal bones and composted human feces into the soil. When the elders determined it was time, they moved on to the next site and pyrolicized there. Meanwhile, the previous site of course began to naturally return to forest. But, they didn’t let it return without guidance. As tree seedlings came up, they selected for known food, medicine and otherwise useful trees, shrubs and forest plants by pruning out trees, popping in seeds and nuts from desired species, and sometimes maintaining swale-like pathways for water retention.  

They then guided this succession process for decades, through different species profiles yielding different products, until eventually the cycle came back to that site, they pyrolicized it again and this time the soil was further improved by the addition of yet more charcoal. In this way, soil was gradually and steadily improved over the generations, allowing them to grow preferred annual foods without exhausting nutrients, all while using the natural growth of forests to meet the bulk of daily needs and create biomass for soil building. As one demonstration of the sophisticated understanding of forest and trees underpinning these practices, in one study described in the spring ’09 Permaculture Activist magazine, Guatemalan milpa farmers made finer distinctions between tree species than European botanists did.
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Primary permaculture principles informing milpa 
1) Observe and interact 

2) Work with succession (ecological and cultural!) 

3) Use and value diversity 

4) Use edges and value the marginal 

5) Creatively use and respond to change, and accept feedback 

6) Stack and pack

Practical implementation of milpa 
The actual crops in milpa are all extremely sun-loving crops that require low watering in "regular conditions" (non-drought, or about 1" rain/week in the southeast U.S.) and cover soil aggressively once they are established, reducing weeding. Indigenous people who use the milpa system rarely grow salad or cooking greens, as all of these come from the forest or as feral plants in the milpa. Instead, they grow the following crops: corn, beans, squash, tomatoes, potatoes, tomatillos, peppers, sweet potatoes, sunflowers, tobacco, cleomes, and now some grow okra (from Africa), Chenopodium spp. (spinach, lamb’s quarter etc.) as a cereal, amaranth species for greens and seeds, yacon tubers, cotton, and other regionally appropriate crops. I would add groundnuts to this list for our region. 

Carefully examined, this array of species is a breath-takingly elegant example of a natural pioneer ecosystem analogue. There are plants that fill most niches that would be filled in a non-anthropomorphic situation where a fire took down a section of forest. Beans and groundnuts fix nitrogen into the soil, and vine around onto anything vertical. Corn is a rapidly growing, strong-stalked grass plant which draws heavily on the soil and generates a huge amount of biomass. Squash vines around mostly on the ground in the interior of the milpa, spreading their broad leaves to prevent competition, thereby holding down weeds and savoring the part-shade under the tall plants. Tomatoes, peppers, tobacco and okra fill a similar nutritional niche to corn, spacing the corn out and breaking up pest populations, as well as bringing in diverse pollinators. Potatoes thrive in piles of loose organic matter (pulled weeds, dead leaves, poor soils) and break it down into soil that can be used for heavier feeders next cycle. Sunflowers, Chenopodium, Amaranth and Cleomes are planted thickly on the edges, holding the boundary between outside and inside, conditioning soil for any expansion that might occur the following cycle, providing the thick bushy habitat for beneficial insect predators such as praying mantises, and attracting birds, who predate pest insects in the milpa and bring their life-giving, phosphorus rich feces. Sweet potatoes spread their vines out on the sunnier edges even past the sunflowers, punching down their roots to seek new territory and develop new tubers. 

Growing Milpa in Mounds 
The physical format which the Cherokee used for the milpa was different than the raised beds or rows in conventional American annual garden spaces. It was based on “mounds” rather than beds. There were several reasons for this arrangement. Mounds of corn are spaced far from each other, thereby ensuring that the mounds of corn don’t compete with each other for light. The mounded soil gives all the plants access to larger quantities of looser soil and more nutrients than dense planting in rows would do. The mounds prevent water logging in areas like ours where there can sometimes be too much rainfall. By planting 6 mounds of corn/beans to every 1 5 
mound of squash, with the squash mound centered in a hexagon of corn mounds, the squash vines evenly disburse through the corn mounds, adding their soil protective benefits evenly. 
Disadvantages of growing milpa in mounds include: reduced horizontal area for growing, since spaces between mounds are essentially wasted space; increased edge for weed pressure due to the mound pattern; drying out of the mounds during drought; loss of soil and potential water storage during big rain events. 
Growing Milpa in Rows 
Rows, on the other hand, increase growing space relative to mounds by filling the whole horizontal space with plants. They create access for machine planting and maintenance. The are easy to count, track and quantify. If done on contour on a hill, they can catch water during rain events via tractored trenches between rows. They increase the chances of good corn pollination rates. 

On the other hand, a main disadvantage that I’ve noticed with rows is that the corn, tobacco or sunflower plants compete with each other for light. The fact that the rows are tightly parallel and stacked against one another causes the plants to grow tall and skinny in a constant search for light. Tall, skinny corn plants blow over more easily in the wind and are more susceptible to animals such as raccoons and skunks pulling them over to eat the ears. I’ve done a comparative study in which I grow the same corn in the same soil the same year using mounds and rows, and the rowed corn is taller and skinnier, with smaller ears and more blowover , while the mounded corn is shorter and thicker stalked, with larger, more abundant ears and less blowover. 

In addition, rows don’t provide any opportunity for even distribution of poly-cropping benefits. A row of squash planted in between two rows of corn will put just as much energy into climbing all over each other as they will into covering the soil around corn plants. Also, the dense planting of rows provides an easier target for catastrophic pest damage, as insects can more easily hop from row to row and plant to plant than they can in mounds. 
Honeycomb Milpa 
After growing milpa in mounds and contoured rows for years and trying to figure out how to get the best of both worlds, finally one day in an inspired moment while installing sheets of foundation wax into honey supers for my beehives, I hit on the idea of the honeycomb milpa. 
In the honeycomb milpa, the soil is literally shaped into a honeycomb geometry. The cells of the honeycomb are about 5.5’ from one “face” of the cell to the opposite face. The edges of each cell are raised slightly by soil that is scooped out of the center of each cell, thereby creating a shallow depression which catches water. 

In the interior of the milpa, corn and beans are grown on the ridges on the edges of the cells, while squash is grown inside the depression in a contoured crescent berm that is mounded up in the depression, bisecting the depression and thereby creating 2 spaces and causing water caught in the depression to be distributed even more evenly. I plant corn at 3” spacing and thin to 6-8”. I plant beans 2 weeks after the corn sprouts, and I ideally plant squash starts 1 week after the corn sprouts. 
On the exterior of the milpa, I grow tobacco, cotton and Cleomes on the ridges of the south end of the milpa and sweet potatoes in the interior crescent mound. On the west and northern edges I grow sunflowers, yacon, and amaranth. 6 
This idea is only about 7 years old, and I'm still definitely refining it, but it does seem that the benefits of honeycomb milpa are real. Because the rows of corn are not parallel, they don’t compete with each other for light. The depressions catch water and store it distributed throughout the milpa. The honeycomb milpa is beautiful to look at and can be very productive. A major advantage of honeycomb versus rows that I didn't anticipate at first is that when the corn is planted in a hexagon, the plants in each cell can be tied gently together in late summer into "tipis" when they're at full height, so the group of plants is stable, thereby preventing "lodging", or falling over of the plants due to loose, wet soil and/or strong wind. This single action can save your whole crop from animals and fungal rot. 
It's also complex, and dependent on good timing of each action-push. For instance, if the squash don't get planted soon enough, the corn will get too tall too fast and stunt the squash, which will never spread out and suppress weeds, in which case weeds will become an issue. Or, if the beans are planted too soon (or are the wrong variety for the corn variety) they will grow too fast and overwhelm the corn, actually pulling it down (squash plants can do this too, which is a good reason to prune squash vine tips once or twice- which also causes the squash plant to put more energy into fruit and less into rampant vegetation). Or, if you are growing a weak-stalked or tall corn variety and it's a windy, wet year and you don't tie the corn plants in each honeycomb cell together at the top to stabilize them, many of them will blow over and you will have a vast, confusing tangle of rotting corn and bean plants. 

Each year we make little changes based on our accumulating experience, such as adding contoured swale-pathways a couple years ago to allow better access (we had not pathways before, which was fine once the squash spread out, as long as no watering was necessary, but then we had a big drought and getting into the interior to water was very difficult), or deciding not to plant squash in the middle of every honeycomb cell. 7 
Timing is everything: from charcoal to spring jump to summer love to winter cover 
Understanding the timing of each action in the milpa is essential to success. This means not the mathematical timing (plant corn on the 1st of June, or beans 2 weeks after corn) which is pretty arbitrary since plants grow in response to conditions, not counting of days, but the biological sequence (plant beans when the corn is hand high, tie corn up when tasseling and so on). 

1) September-November- site selection, determine scale of growing, source animal manure, make or source charcoal availability, establish winter cover-crops, ascertain fencing needs, assess or acquire seeds, prelim design layout and shape paths and beds, consider strategies for managing weedy edges and weeds in general depending on site history, plan associated animal rotations through following spring. 

2) Winter- observe water flow onsite, re-seed cover crop where necessary, make char and biochar and add urine/animal manure to biochar, identify biodynamic action date options throughout year using calendar, gather compost and seeds and tools; harvest dry kudzu vines for stropharia innoculation 

3) March- broadcast charged biochar over winter covercrop 8 
4) Mid-April-mid May- fell and rake covercrop (save patches for seed-saving and/or food saving), finesse path and beds edges, spread and lightly fork in biochar; harvest poplar and basswood for retting for fiber for tying corn up later- big push 
5) Mid May-early June- hoe weeds then 3-5 days later plant corn, squash, sunflowers- big push 

6) Immediately after planting- defend corn sprouts from corvids via plastic owls and hawks, real owls enticed through owl houses, decoy cereal seeds sprinkled elsewhere, scare crows, flashy tape ("bluejay disco tape), hanging CD's, trained Mountain Curr dogs, camping in tree house or tarped clearing in middle or on edge of milpa and shooting with pellet guns or blowguns etc.- big push 

7) 2-3 weeks later (when corn is 1 hand high or a little higher and has ostensibly survived birds)- hoe weeds, corn hilling, bean planting, plant tobacco, cleomes, yacon, cotton, sweet potato starts; broadcast amaranth and molokhia on sunny edges if these plants are not present already- big community push 

8) Late June/early July- 1st hoeing, train beans, add stropharia innoculated mulch (ex: dry kudzu vines); carefully think through appropriate storage facilities for various yields and create infrastructure if you don't already have it (see below) 

9) Late July/early August- 2nd hoeing if necessary, trim squash vine tips out of paths, train beans; release ducks into milpa and they can now roam freely in milpa until harvest time 

10) late July/early August- tie corn plants together in honeycomb cells, tight enough to make tension not so tight to prevent sun access 

11) When silking begins (August)- do any hand pollination necessary, innoculate huitlacoche, hand cut and remove undesirable seedy weeds; thin corn ears via Green corn harvest 

12) Late August- begin animal defense strategies 

13) September --> late October- harvest time (depending on varieties and planting time)- big community push 

14) Late October --> November- have a big feast and eat the last of previous year’s milpa foods; shell corn and beans for storage; remove organic matter, separating into 3 piles: corn stalks, vines, seedy weeds; do big char including seedy weeds, can do in pathways to beat back weed seed bank in paths; covercrop and begin again!
Each fall, after everything is harvested, chickens or ducks are encouraged to enter and scavenge seeds and insects. After that, some sunflower stalks are harvested for flute making, others are left for predatory insect habitat, corn stalks are chopped down for thatching outdoor living spaces or feeding to livestock, and the rest of organic matter is piled in mid-size piles throughout the milpa, or pyrolicized into charcoal. 1” of compost, or 3-4 shovelfuls of chicken poop, is added to the entire growing surface, and gently forked into the surface, and the honeycomb milpa is re-shaped and either cover-cropped with Austrian winter peas, or mulched for the winter.

Milpa Planting and Management Zones 
1) Main milpa pattern- different cell size depending on corn variety and height, squash in the middle of some but not all cells, sweet potatoes or buckwheat or american groundnut in middle of other cells; quelites on edges nearest gates 

2) South edge of each bed- tobacco, cleomes, quelites, cotton, yacon 

3) North edge- sunflowers 

4) Squash spacing depending on variety and intensity of growth habit 

5) covercrop seed-saving zone in milpa during warm season 

6) variations with sweet potatoes, millet, yacon and so on 

7) live fences on edge- black locust and mulberry pollarded living posts (pollarded at 8-10' height), live willow, sea buckthorn 

8) poultry runs and inclusion in the milpa (use chickens in spring before planting, ducks once corn gets knee high, chickens when corn is full height) 

9) stropharia and other fungi in the milpa (grow stropharia under shade trees on dry kudzu vines, japanese knotweed, covercrop rye straw etc, spread out as mulch under corn once corn gets chest high) 

10) Shade trees in center and on NE and NW corners, with tree houses for perching at critical times with a blowgun or pellet gun to hunt squirrels, crows etc. 

11) Comfrey/angelica/sochan/ elecampagne/strawberry/egyptian walking onion/red clover guild around edges 

12) Tiny seed milpas near the house versus big milpa farther away within walking distance versus milpa that you have to drive to; different plant varieties suited to each type 9 
Biochar amendment and Milpa in the Big Picture of Succession and Permaculture 
Why is biochar such a big deal that everyone is obsessed with? First of all, let's define "biochar". Alot of people use the word biochar to refer to simple charcoal. I think the use of the term in that way is confusing since it is simply inserting the prefix "bio" but there is no distinction between that substance and "char" or "charcoal". Instead, I use the word biochar to refer to charcoal that has been crushed or sifted down to optimal soil amendment particle size (dust to small marble size, it's actually good to have multiple particle sizes together) and then "charged" by mixing with active compost and/or soaking with urine for at least 4-8 weeks. This charging fills the charcoal's microscopic porous coral reef structure with diverse soil microbes and water soluble nutrients that lightly bond to the crystalline carbon structure of the charcoal, awaiting plant root tips to scavenge them from the soil. This charged substance I call biochar. In this way, biochar becomes a useful word that means something unique, instead of just a marketing term for the commercial organic farming industry. Then other hybrid terms like "biochar compost" (charged biochar mixed with a higher ratio of composted animal manure), "chickenchar" (charcoal charged via proximity to chicken manure, see below), "seedchar" (biochar mixed with diverse seeds of pioneer annual and perennial crops and broadcast over soil) and so on can be used to really refine our language and created a useful shared vocabulary. 

Biochar has a deep basis in the cultural history (and current life) of American First Peoples who have farmed corn as a sacred way of life. The whole biochar craze began after researchers began "discovering" soils that they called terra pretas (dark earths) in the Amazon rain forest, which typically has sandy soils with low organic matter content because insects eat the leaves and debris before fungi can break them down into humates. These soils were created exactly by the kind of milpa cycle described here, where successive accumulations of charcoal, feces, pottery shards and other "waste" created permanently rich, nutrient and water retaining soils. So by making and charging charcoal we are mimicking that process, perhaps even more effectively than some indigenous farmers' methods. 

And of course making charcoal from wood and burying it permanently in the ground is maybe the single most effective strategy for long-term carbon sequestration that we have available to us. James Lovelock, the climate scientist and author of the Gaia Hypothesis, has stated that burying lots of charcoal might be the only way to avoid the most catastrophic trajectory of climate change. Of course this is only true if the charcoal is produced from forests managed in sustainable ways that don't cause topsoil loss or require other giant carbon footprints to produce, transport or process materials. 

It's important not to apply charcoal that hasn't been charged, as it can actually soak up nutrients from the soil the first year and stunt plants due to low available nitrogen. Even if you do so, then in year 2 or 3 the yields should increase again as the saturated charcoal starts to give back to the plants. I actually had this sequence happen to me one year because I didn't get it together to charge the char first and just applied. Sure enough, the corn was stunted that year, but the following year it flourished and gave high grain yield. 
As I've evolved in my personal and homestead scale use of charcoal, I've found just how broadly useful a substance it is, and that I can stack functions by letting it perform one or more cascading functions in the system which then leave it charged and ready to go as a planting medium. For instance, I learned in the past year from an excellent article entitled "55 Uses For Charcoal" by the Ithaka Institute that charcoal is actually an amazing insulative material because of all its tiny isolated air pockets (think fiberglass insulation, straw, styrofoam or felt), and that its usually alkaline pH is mold resistant (mold requires an acidic pH to thrive). They asserted that for this reason it could be used for food storage. So this past winter I packed winter squash into charcoal in a metal bin in an un-insulated crawl space. We had an extremely cold winter with temperatures below ) 0 degrees Fahrenheit and the squash are fine; moreover, the squash stored in the warmer house not buried in charcoal had mold problems but the ones in the char bin have no mold (by the way, the Ithaka Institute is also experimenting with charcoal as insulative wall infill material in buildings and as a mold resistant plaster on interior building walls). After that initial use, as I'm using up the squash, I'm putting crushed charcoal from that char bin into a yogurt container with holes punched in the lid in the fridge, where it serves a second function of reducing humidity and ethylene levels in the fridge atmosphere, making food last longer. After a couple months of that application, I take out that char and put it in a 2-gallon bucket in the composting toilet outhouse to be used on top of deposits, about 1 cup per poop directly on top of the poop, with some sawdust on top of that. Charcoal is notorious for cutting odors because those odors are sulfur and nitrogen compounds (plant nutrients) which the char rapidly and effectively absorbs. Then when our composting toilet bucket is emptied into the composting bin, it's pre-innoculated with charcoal, which we're learning changes the ecology and food web of the compost bin and reduces smell, and by the time the compost batch is done the finished product is charged biochar compost. That's 4 cascading uses of the same charcoal before it even goes in the ground as biochar! 
Another way I use char is by digging contoured urine infiltration trenches on the uphill edges of perennial and forest garden patches and filling them with charcoal (this could be cascaded charcoal as described above). The trenches are about 6" wide and 12" deep. I pee in a jar in my living space and every morning have a nice little ritual of walking out into the garden and pouring the pee onto the charcoal trench. The smell immediately goes away even on a hot summer day. Any urine that makes its way through the char without its nitrogen being absorbed soaks into the soil and percolates downhill towards the plant roots as nitrogen fertilizer for them. Every 4-8 weeks I excavate this charged char (biochar) and use it in planting mixes or on top of freshly hoed beds. The act of digging out the biochar from this edge trench also serves to maintain the edge of the planting bed/path, where weeds tend to pop up and migrate into the bed from the path. 

If I really get my timing down, I will have just weeded out an area of a bed that day, then I'll spread covercrop seed (buckwheat and cowpeas in the warm season, rye and winter peas and crimson clover in the cold season) on that freshly disturbed soil, then spread biochar over the top of the seeds where it acts to retain moisture and increase seed germination rates (without digging or even forking in the seeds or the biochar compost!) as well as increase soil temperature because of its dark sun-absorbing color (especially useful for germinating fall covercrops or marginally early summer covercrops). So between the previous 4 cascading uses in the homestead, then acting as seed germination enhancer, soil warmer and finally as long-term soil enhancer as it works its way deeper into the soil profile through layering, the charcoal is serving 7 cascading uses at different points in time. Add in a very beginning use of building a house with it, where it gets to sequester carbon and create a healthy indoor living environment for 50-500 years as part of the house, at which point the house falls apart or is torn down and can be used in the above sequence, and you've got a multi-generational sequence of 8 cascading uses. Back up our awareness into the making of the charcoal, when waste heat can be used to cook, heat water for domestic use or greenhouse heating, generate electricity and create salable co-products from the wood biochemistry, or where a primitive char can be wisely located based on previous observation to kill weed seeds and weed root systems and prepare an area physically for planting, and you have even more uses. 

Just one more use to speak about with charcoal at this time is in integration with animals in your milpa (or other) system. Even with free ranged chickens or ducks or goats or cows or pigs used for managing succession, the animals usually spend some time concentrated in a shelter to protect them from weather and/or predators. We use 30-50 chickens at a time, managed by a neighborhood chicken co-op of 10 adults, rotated through an 8 acre landscape with Premier electric fencing and a moveable chicken house on an old trailer frame, to scratch weedy areas back to bare soil in order to covercrop those areas and bring them back into managed succession farming (milpa). At night the chickens are trained to go into their house (a person has to close the door around sunset), which is also where they lay eggs in nesting boxes. This time in a concentrated location can be a major problem, creating bad smells, nutrient runoff and unhealthy animals, or it can be an opportunity where the irreplaceable resource of animal waste, which is nutrients that have been painstakingly accumulated and concentrated by the animals through their feeding and life cycle process, is harvested for use in feeding plants. Charcoal is a major ally in the latter approach, for reasons described above. What I'm experimenting with is simply putting down a layer of charcoal on the floor of the chicken house where they roost at night. The chickens scratch around and break the charcoal into smaller pieces for me. The poop falls on the char and when that layer of char is pretty much covered, I add another layer. Some research shows that having this bed of manure in their coop actually helps chicken immune systems and microbial health as long as it doesn't get out of hand. After 3 or 4 such layers, I scrape it all out and put it in a pile layered with straw or other high carbon, dry organic matter to compost. The charcoal captures the volatile nitrogen compounds from the manure, up to 80% of which will evaporate from a standard thermophylic compost pile, and thereby also reduces odor. Finally, according to the Ithaka Institute, a small amount of crushed charcoal (3-5%) directly added to feed can reduce parasite effects in poultry and increase the birds' health by increasing their ability to absorb nutrients from the food they eat. Then the manure comes out pre-innoculated with char! Similarly, in Belize, at least one farm is charring rice husks from rice they grow, then feeding those charred husks to pigs. The char cleans out pigs' digestive systems and yields pre-mixed pig manure biochar. 
Once it begins to dawn on us how pivotal the role of crystalline carbon (charcoal) is in the matrix of biochemistry that we are part of, we quickly begin to wonder where we will get enough charcoal to do all the things we want to do with it. This is not a trivial question, as charcoal production (mostly for metallurgy and the autoclaving of lime for cement, not as a soil amendment) has been a main driver of deforestation, especially in central Africa, the middle East and western Europe, for about 5,000 years. In fact, it's likely that coppice forestry originated by accident from people doing their best to harvest enough wood for their needs from previously forested landscapes that had been over harvested. So instead of repeating the same mistakes over and over again, here are some ideas for generating charcoal renewably within an integrated succession farming system where we don't get to rotate our farming through a vast forested landscape without private property rights. 

Coppice and pollard systems- coppicing is the phenomenon where a (usually deciduous) tree sprouts back from the cut or the ground after it is cut down. This natural survival mechanism probably originated as a way to outlive being eaten by a large herbivore. When we do it deliberately it's called coppice forestry, and it's a very old (at least 1,000 year) art in many places, most obviously in western Europe. Coppice sprouts are allowed to grow and thicken for 1-25 years depending on the desired end use and the species. When managed well, coppice creates pulses of wood, leaves, fruit, nuts and other yields that can be renewably harvested from the same root systems for centuries since coppicing actually prolongs the life cycle of the plant. In Britain for centuries there were "bodgers", coppice dwellers whose entire lifeway and economy was based on making buildings, furniture, charcoal, crafts, fences, foods, medicines, baskets and so on from coppice wood, sustaining themselves and selling those products to the town people. "Copses" (stands of coppice stumps planted at 6-10' spacing) can actually be more bio-diverse, with more types of habitat densely packed together, than more mature forests. "Pollarding" is like coppicing but instead of cutting trees to within 12" of the ground, trees are cut at 6-15' height so they repeatedly sprout branches up high where browsing herbivores can't get to them; those branches are then cut in the summer to provide fodder for goats, sheep, cows and so on when the pasture production slows down in hot, dry summer weather. Both of these techniques create plentiful small diameter wood which for centuries has been charred down through a variety of char-making techniques. In the large milpa that I currently tend, we're creating a living fence around the milpa out of mulberry and black locust tree pollards spaced at 6'. The trunks are the fence posts for either a manufactured metal fencing material or a woven organic fencing material (wattle). The dense shading creating by the pollard branches will reduce maintenance along the fenceline, as sunny fencelines tend to demand much maintenance due to vining weeds whose roots become entangled at the base of the fencing material. These pollards will be cut back every 1-2 years to provide animal fodder, mulberry fruit production, black locust flower production, nitrogen release into the soil via the locust root dieback when pollard pruning occurs, and of course a renewable source of charcoal directly adjacent to the field. In general, whether using a pollard fence or some other technique, the low hanging fruit in terms of where to locate coppice and pollards is on existing edges. These edges are sunnier than in deep forest, they are usually accessible by road or path for ease of maintenance and harvesting of coppice yields, and we already put lots of energy into managing edges by mowing or trimming (if not, they soon cease to be edges and instead 
become part of the forest as succession continues and pioneer tree species grow up), so why not have that maintenance energy be creating better yields? Only after you've worked most of your existing edges with coppice, pollard or some other strategy should you begin any additional forest clearing for coppice production. In many successionally patchworked landscapes of America, there is enough existing edge space to get all of our firewood, charcoal and other coppice yields just from coppicing and pollarding on those edges, leaving interior forests intact or managed with other strategies. 

Second renewable charcoal strategy: Applalachian Alnoculture? 
This section is purely speculative at this time as I have no experience with the technique described (although this spring 2015 I did plant a small section with alders to begin a testing of this idea). The idea is based on an article on "Ligurian Alnoculture" that Dave Jacke published in the Permaculture Activist magazine spring 2012 issue based on his visit to the Liguria region of Italy and subsequent research. In this article he describes evidence of a historical (pre-industrial) integrated farming cycle involving alders (Alnus spp.), pastured animals and grain/vegetable production in a mid-term (10-15 year) cycle. In this system, Alder was planted at regular spacing of 10-20' and allowed to grow for 10-15 years, with animals grazing around the tree once it was beyond danger of herbivory, after which timespan the trees were cut down (coppiced). Because Alder is a highly effective nitrogen fixing genus, this cutting is assumed to release nitrogen into the soil from root tip decay corresponding to the cutting of the tree. Then annual crops were grown in that area until the alder coppice began to get tall enough to create prohibitive shade levels at which point the area returned to a silvopasture function for several years, until the trees were cut again and the cycle continued. Wood cut down was removed and used for furniture, building, crafting, firewood and presumably charcoal. This system seems to comprise a low diversity (low tree diversity that is), more quickly cycled version of the milpa successional farming technique, and could feasibly be achieved in a smaller scale landscape than the vast forested landscape with no private property boundaries that milpa farmers originally had to work with, since the tree cutting cycle is 10-15 years rather than 100-150 years. Combined with wise animal use for clearing planting areas, along with well-timed cover-cropping practices for weed control and for tight mineral and nutrient cycling, this could very well be an excellent model for integrated post-petroleum succession farming. According to Dave Jacke,"[...] other good candidates for Alder species are European gray alder (Alnus incana ssp.incana) or, in drier locations, Italian alder (Alnus cordata). European gray has more history as a fodder plant from what we can tell. The local species [in upstate NY] speckled (A. incana spp.rugosa) and smooth or mountain Alder (A. serrulata)." I had trouble finding diverse alder species for sale at bare-root prices, so I got what was available, which was Black Alder from Cold Stream Farm. 
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