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			INTRODUCTION

			In a recent visit to the Bronx Zoo, I learned to my surprise that composting, far from being an ingenious human invention, is actually known to be performed instinctively by a species of animal. The Australian brushturkey (Alectura lathami) is a common, widespread species of mound-building bird native to eastern Australia. The males of this species build mounds of fresh organic material in which multiple females, attracted by the industriousness displayed and ready to mate, lay their enormous eggs. The heat of the decomposing organic material then serves to incubate the eggs, as the diligent male monitors the temperature by sticking his beak into the mound and adjusts it by adding or removing material to maintain the optimum level of warmth. Apparently, the warmer the temperature, the higher the number of females that eventually hatch out, full fledged and ready to fly away.

			This was a fitting bit of knowledge to acquire after wrapping up revisions to the 1992 edition of the Rodale Book of Composting. First published in 1967 as The Complete Book of Composting, the book was originally authored by J. I. Rodale. It was an honor to have the opportunity to help create a more compact and useful version of this classic in 1992, and when I was asked to revise and update the book again for the edition you have in your hands, I could hardly decline.

			The pace of change in the world has seemed to accelerate since 1992, when the internet was yet to dominate the world of publishing and information sharing. While compost is a timeless substance, scientific understanding and practical applications of compost and the composting process have also expanded considerably in that time. Rapidly growing public awareness of the importance of recycling organic materials to build healthy soil and healthy humans has translated into proliferating public policies that support organics recycling. Let’s hope that the speed of change for the better—more organic production and household composting—outpaces change for the worse—increased climate chaos and pollution.

			Some of the changes that have helped compost assume a greater level of importance in the United States include:

			
				• Organic food and fiber has become a $50 billion industry in the United States, with a wide range of organic products available to consumers everywhere. As a result, the public is increasingly aware of environmental and health-related problems of the existing food system.

				• Organic methods, including making and using compost, are now considered the best practices in farming and gardening by many farmers, researchers, and educators. As land under organic management increases, so too does stable soil organic content—a key strategy for sequestering atmospheric carbon and countering climate change.

				• In 2017 curbside organics collection programs were accessible to more than 5 million residents in hundreds of communities—nearly doubling the number in 2014.

				• Urban farming and community gardening have taken root in diverse communities, from Boston to Seattle, as well as heartland cities like Milwaukee, Detroit, and Cleveland. Food justice activists recognize that compost and organic waste recycling are key to making fresh, healthy produce available to all.

			

			In revising this classic book, we have sought to keep as much as possible of the interesting and useful information that never goes out of date. At the same time we have trimmed some of the information no longer relevant to today’s environmental landscapes and updated information about soil biology, innovative composting methods, and state and local policies to promote wider use of composting for organic recycling and soil improvement. Some new material you will find in this edition includes:

			
				• Emphasis on the historical development of composting knowledge through indigenous cultures in different environments

				• More attention to the importance of fungi and how to promote increased fungal growth in compost

				• The emergence of community composting programs throughout the country

				• Emphasis on avoiding soil disturbance when applying and incorporating compost

				• Diverse methods and technologies for farm-scale and municipal composting

				• Updated regulatory considerations with the advent of USDA’s National Organic Program

				• A new appendix with expanded resources for information specific to your community, with websites to help you find any compost-related needs. Also included are a few classic books related to composting and organic soil management.

			

			With a plethora of great information about how to build compost structures and practical composting techniques available on the internet, we have eliminated the more elaborate plans for building compost structures at home. The internet is also the best place to find sources for compost tools and supplies, and a wide range of compost-related gadgets and equipment can easily be found at home and garden supply centers throughout the country.

			The potential to protect our soil and water and restore nutrition to our food through learning to compost and working with our neighbors to recycle food and yard wastes can inspire hope in a time when threats to the health of our planet and the public loom large. With this in mind, please apply this knowledge to the extent you are able, and enjoy witnessing the magical transformation of garbage into gold.

			—Grace Gershuny
November 2017
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			COMPOSTING THROUGHOUT HISTORY

			Composting is, in broadest terms, the biological reduction of organic wastes to humus. Whenever a plant or animal dies, its remains are attacked by soil microorganisms and larger soil fauna and are eventually reduced to an earthlike substance that forms a beneficial growing environment for plant roots.

			
				This process, repeated continuously in endless profusion and in every part of the world where plants grow, is part of the ever-recurring natural process that supports all terrestrial life. The entire composting process is difficult to contemplate in its full dimensions. Let’s just say that compost and composting are, like water and air, essentials of life.

			

			A different, more common, definition of compost requires human participation in the process. The word compost comes from the Old French, meaning a mixture of various organic materials. The word humus comes from the same root as human and humility. Ordinarily, when we speak of compost and composting, we are referring to the process by which we transform organic wastes into a soil-building substance for farm, orchard, or garden.

			Even when considering this common definition, however, the origins of human composting activities quickly become buried in the sands of prehistory. The best we can surmise is that sometime after people began to cultivate food to augment hunting and food-gathering activities, they discovered the benefits of compost, probably in the form of animal manure. Noting, perhaps, that food crops grew more vigorously in areas where manure had been deposited, they made the connection between the two phenomena and began a more selective application of the composting process.

			INDIGENOUS COMPOST KNOWLEDGE

			Ancient and indigenous cultures worldwide have handed down their knowledge to guide modern composters.

			Compost was known to the Romans; the Greeks had a word for it, and so did the ancient Middle Eastern civilizations. The Bible is interspersed with references to the cultivation of soil. Dung was used as fuel and as fertilizer. Manure was sometimes spread directly onto fields. It was also composted, along with street sweepings and organic refuse, on the dunghill outside city walls.

			According to the Talmud, raw manure was not to be handled by the truly religious because it was unclean. A Talmud commentator set down the rule for the faithful: “Do not use your manure until some time after the outcasts have used theirs,” thus advocating the use of rotted or composted manure instead of fresh animal matter.

			Beyond Europe, rotted organic materials were widely used by indigenous cultures on every continent, including the Americas. The practice of burying fish in corn planting hills was taught to early European settlers in New England, along with the collection of seaweed from coastal areas. The ancient Mayans and other Mesoamerican peoples used sophisticated systems that integrated fish culture and plants to fertilize crops with the rich sediment from their fishponds.

			Sub-Saharan African civilizations began to domesticate cattle and presumably used their manure to help improve crops such as millet and sorghum as these crops entered cultivation. Ancient African village sites later became fertile ground when farmers found rich black earth in decomposed middens, which had mixed with ash from cook fires. Similarly, ancient Amazonian civilizations are believed to have grown on soil made fertile by incorporating charcoal to create the rich “terra preta,” a recent discovery that has spurred interest in using biochar (a form of charcoal created by heating carbonaceous material under conditions of low oxygen) in composts.

			Back in the early 20th century, American agricultural scientist Franklin Hiram King traveled to Asia to document the farming practices that had allowed some of these lands to be maintained under continuous cultivation for thousands of years. His Farmers of Forty Centuries remains a classic treatise on sustainable practices of the peasants of China, Southeast Asia, and India that include use of human manure and meticulous collection and return of organic matter to the soil on terraced hillsides.

			COMPOSTING IN EUROPE AND ITS COLONIES

			Much of the agricultural wisdom of the ancients survived the European Dark Ages to reappear—along with other fundamental scientific knowledge—in the writings of learned Arabs. Ibn al-’Awwam, variously assigned to the 11th and 12th centuries, goes into extensive detail on the processing and use of compost and other manures in his Kitab al-Falahah, or Book of Agriculture.

			The medieval Catholic Church was another repository of knowledge and lore, thanks to the efforts of a few devoted monks. Within monastery enclosures, sound agricultural practices were preserved, applied, and, in some instances, taught to the neighboring farmers by the abbot, acting as a sort of medieval local extension agent.

			Renaissance literature makes numerous references to compost. Shakespeare’s Hamlet advises: “And do not spread the compost on the weeds, / To make them ranker.”

			Public accounts of the use of stable manure in composting date to the 18th century. Early colonial farmers abandoned the fish-to-each-hill-of-corn system of fertilizing when they discovered that by properly composting two loads of muck and one load of barnyard manure, they obtained a product equivalent to three loads of manure in fertilizing value.

			Many New England farmers found it economical to use the whitefish or menhaden abundant in Long Island Sound, as well as manure, in their compost heaps. Stephen Hoyt and Sons of New Canaan, Connecticut, made compost on a large scale, using 220,000 fish in one season. A layer of muck 1 foot in thickness would be spread on the ground, then a layer of fish on top of that, a layer of muck, a layer of fish, and so on, topped off with a layer of muck, until the heap reached a height of 5 or 6 feet. This was periodically turned until the fish (except the bones) was completely disintegrated.

			Our first president was a skilled farmer and a strong advocate of proper composting methods. According to Paul L. Haworth, author of the 1915 biography George Washington: Farmer, Washington “saved manure as if it were already so much gold, and hoped with its use and with judicious rotation of crops to accomplish” good tilth.

			Thomas Jefferson was also an innovative farmer. Noting the difficulty and expense entailed in carrying manure to distant fields, he came upon the idea of stationing cattle for extended periods of time in the middle of the field that needed fertilization. Both Washington and Jefferson were slaveholders who undoubtedly relied on the skill and expertise of their enslaved workers. It is well established that African slaves were responsible for the introduction of rice as well as cattle raising in the “new world.”

			The famed African American botanist, chemist, and agriculturist George Washington Carver advised the farmer to compost materials and return them to the land. In a 1936 agricultural experiment station bulletin titled How to Build Up and Maintain the Virgin Fertility of Our Soil, Dr. Carver wrote, “Make your own fertilizer on the farm. Buy as little as possible. A year-round compost pile is absolutely essential and can be had with little labor and practically no cash outlay.”

			Dr. Carver also stressed the importance of covering the heap to prevent the leaching away of nutrients by rain. He explained:

			
				It is easy to see that our farm animals are great fertilizer factories, turning out the cheapest and best known product for the permanent building up of the soil. In addition to this farmyard manure, there are also many thousands of tons of the finest fertilizer going to waste all over the South, in the form of decaying leaves of the forest and the rich sediment of the swamp, known as “muck.” Every idle moment should be put in gathering up these fertilizers.

			

			Relatively small quantities of plant material were composted in this period because there was plenty of barnyard manure. However, in some sections of the South, cottonseed was composted with muck. The heap was started with alternate 6-inch layers of muck and 3-inch layers of cottonseed, finished off with a layer of muck. This was turned and repiled once a month, with regular watering, until the cottonseed was completely decomposed.

			As America grew older, many of the sons and daughters of the early New England settlers trekked westward, searching for more abundant, lower-priced land. Some of them found soil so rich in organic matter from buffalo droppings, plants, grasses, and dead animals, all nicely composted, that little thought was given to composting. Only a few farsighted settlers in this newly discovered land of plenty continued composting practices proven effective by farming poorer soil.

			ORGANIC ORIGINS

			Composting has been a basis of the organic method of gardening and farming since the days of Sir Albert Howard, father of the organic method. Howard, a British government agronomist, spent the years from 1905 to 1934 in the district of Indore in India, where he slowly evolved the organic concept. By carefully observing the practices of the farmers where he was stationed and conducting his own experiments, Howard found that the best compost consisted of three times as much plant matter as manure. By this means, he devised the Indore method of compost making, in which materials are layered sandwich fashion, then are turned (or mixed by earthworms) during decomposition.

			Austrian philosopher Rudolf Steiner outlined the principles of biodynamic agriculture in 1924, emphasizing composting as a central practice. Biodynamic farmers and gardeners approach composting with a kind of reverence; making compost entails use of specific preparations, which are thought to inoculate it with beneficial organisms and stimulate their activity. Adherents of biodynamics have been highly influential in promoting the idea of gardening in harmony with nature.

			In 1942, J. I. Rodale, pioneer of the organic method in America, began monthly publication of Organic Farming and Gardening. In his publications, Rodale assimilated the ideas of Howard as well as Steiner, through his contact with Steiner’s student Dr. Ehrenfried Pfeiffer, and added knowledge gained by further experimentation. From the beginning, Rodale’s advocacy of the organic method extolled the use of compost and stressed its importance as a garden necessity. Subsequent developments in composting included adding ground rock powders to the heap, sheet composting, shredding materials for quicker decomposition, digester composting, and numerous other innovations discussed later in this book.
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			The history of compost, then, is both ancient and modern. Compost has been understood by indigenous cultures on every continent as a transitional force in the life cycle. For millennia, people depended on compost to sustain croplands and to feed themselves. It was not until the 19th century, in fact, that we began to substitute chemical fertilizers for compost in the new “scientific” method of farming.

			France’s Jean-Baptiste Boussingault laid the foundations of agricultural chemistry in 1834. Then, in 1840, the great German scientist Justus von Liebig published his classic monograph on agricultural chemistry. Up until that time, the humus theory had prevailed. It was believed that plants actually ate humus in order to grow. Liebig disproved this theory, demonstrating that plants obtained nourishment from certain chemicals in solution. Since humus was insoluble in water, Liebig dismissed its significance in plant growth.

			For the next century, agricultural practice became increasingly chemical in nature. It is ironic that in 1940, exactly 100 years after Liebig’s classic work, Sir Albert Howard published his own magnum opus, An Agricultural Testament, which set in motion the movement to organic farming and gardening that today is widely accepted throughout the world. Even farmers and gardeners who depend heavily and routinely on chemical fertilizers now know of the value of compost and organic matter.

			Today, the organic method of farming and gardening is more popular than it has ever been. Gardeners have led the way in reestablishing organic methods, and increasing numbers of farmers are making the transition to eliminate harmful pesticides and fertilizers. After Rachel Carson galvanized the environmental movement in the 1960s, waves of new farmers began learning about the dangers of agrichemicals, and consumers have become increasingly aware of the nutritional and environmental damage caused by the industrial system of agriculture. Thanks to the introduction of the USDA’s National Organic Program, implemented in 2002, certified organic products of every description are available throughout the world. Organic farming, once considered the province of fanatics, has become established as a legitimate agricultural alternative.

			With the advent of a federally sanctioned organic marketing program has come increased funding for research and education concerning best organic practices. The benefits of organic management systems and innovations that improve production and efficiency are being demonstrated at numerous land grant agricultural institutions as well as independent nonprofit organizations. The Rodale Institute, founded by J. I.’s son, Robert Rodale, has led the way in establishing long-term research plots comparing organic and conventional methods. In addition to improved soil health and water quality, organic methods are promoted for their support of healthy biodiversity and endangered pollinators. Not least among its many benefits is the mounting recognition that organic land management can mitigate the planetwide crisis of climate change. The sequestration of carbon in the form of soil organic matter, combined with eliminating the use of highly soluble synthetic fertilizers—especially nitrogen—can actually begin to draw down the dangerous levels of carbon dioxide and other greenhouse gases in our atmosphere, in addition to benefiting the health of everyone who eats.

			Composting has also gained considerable attention as a solution to the solid-waste crisis now facing municipalities nationwide. Whereas just a few years ago proponents of municipal composting were generally regarded as impractical, now escalating landfill costs and tighter restrictions on disposal of potentially hazardous sewage sludge have dramatically increased the economic attractiveness of large-scale municipal and industrial composting systems. Urban gardeners now have a wide array of bins and barrels available commercially that allow them to make compost quickly and easily. Even nongardening urbanites have begun saving kitchen scraps and yard wastes for their composting neighbors, in order to cut their trash disposal costs. Several municipalities have instituted mandatory food-scrap recycling programs, complete with curbside pickup available to residents.

			It seems clear that composting, which has sustained us since the beginning of history, is now entering an era in which the intelligent use of scientific methods will enhance the quality of life instead of destroying it. In this scenario, compost and composting will find an increasingly welcome place.
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			THE BENEFITS OF COMPOST

			Plants, animals, insects, and people are all inextricably linked in a complex web of interrelationships with air, water, soil, minerals, and other natural resources playing vital roles. Compost, too, plays an important role. There is a cycle, a continuity, to life.

			We are only at the very beginning of an understanding of all the parts of this cycle of life. But we are learning that upsetting the life patterns of only one kind of plant or animal, even in a seemingly minor way, can have effects on many other living things. All of the environmental problems we face are rooted in a failure to appreciate the life cycle and to keep it intact. We can use our understanding of the interrelationships of living things in active ways, too, to increase the productivity of our fields, forests, orchards, and gardens. Composting is one way to work within the life cycle in the furthering of our welfare.

			Compost is more than a fertilizer, more than a soil conditioner. It is a symbol of continuing life. Nature has been making compost since the appearance of primitive life on this planet, eons before humans first walked the earth. Leaves falling to the forest floor are soon composted, returning their nutrients to the trees that bore them. The dead grass of the meadow, seared by winter’s frost, is made compost in the dampness of the earth beneath. The birds, the insects, and the animals of field and forest contribute their wastes and eventually their bodies, helping to grow food so that more of their kind may prosper. The greenness of the earth itself is a strong testament to nature’s continuing composting program.
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			The compost heap in your garden is an intentional replication of the natural process of birth and death that occurs almost everywhere in nature. It did not take long for people to learn to imitate nature by building compost piles, as we saw in Chapter 1. It is ironic that composting, the oldest and most universally practiced form of soil treatment in the world, should today be claiming so many converts.
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					The realization of the proper place of compost in a complex society strikes many of us in different ways, and at different times. It struck Wayne H. Davis, a professor at the University of Kentucky, in June 1971. He canceled his garbage collection service after having carried two bags of garbage to the curb almost every week of his adult life up to that time. The idea of having to pay more for garbage collection than for his daily newspaper was part of his motivation, but the most important factor was “a desire to find an alternative to what I consider a self-destructive lifestyle that grew out of the country’s ‘use it once and throw it away’ philosophy which replaced the hated rationings of World War II days and led economists into the practice of measuring progress by the rate at which we turn our natural resources into junk. Man’s system of moving nutrients from the farm to the ocean by way of sewers and of moving industrial materials from the mines to landfills, is not a viable life-style.”

					Composting is an ideal form of recycling, returning organic wastes to the use of the land from which they originally came. It is one of the most basic means of conservation, ensuring that future generations will have the same benefit of the earth as we do now. Composting can be seen, in one of its aspects, as an essential part of responsible and efficient home management.

					An anthropological study carried out by classes of Dr. William L. Rathje at the University of Arizona reached some startling conclusions about household wastes. Originally a project designed to determine how much could be learned about the habits of people by examining their wastes, the project taught the students some pointed lessons.

					It was discovered, by studying a sample of 380 representative household units, that Tucson’s population of 450,000 was throwing away more than 9,500 tons of edible food each year. The average middle-income household in the study disposed of 10 percent of the food brought into the home. Students involved in the Tucson study became aware of the tremendous ecological impact of this waste and of its loss to the earth from which it originally came. In addition to loss of nutrients, energy is wasted once as the crops are grown, processed, and transported, and then again as they are transported as “waste” to the incinerator or landfill.

					Like the man who canceled his garbage service, many others have achieved a sense of independence and freedom and have realized the satisfactions of sane management from dealing responsibly with their own wastes, through composting and through other forms of recycling. Now, thanks to increased economic incentives to compost, generated by the solid waste crisis, it has at last become profitable to act responsibly.

				

			

			Because the compost heap is symbolic of nature’s best efforts to build soil, and because compost is such an efficient and practical soil builder, it has become the heart of the organic method of farming and gardening. Composting is among the most important tasks of the organic gardener or farmer because compost builds soil health, and success in gardening and farming depends on the health of the soil.

			Compost improves soil texture and structure, qualities that enable soil to retain nutrients, moisture, and air for the support of healthy crops. By increasing the soil’s moisture-holding capacity, compost helps control erosion that otherwise would wash topsoil into waterways. Compost is the best recycler of biological wastes, turning millions of tons of our refuse into a food-growing asset. Compost provides and releases plant nutrients, protects against drought, controls pH, supports essential bacteria, feeds helpful earthworms, stops nutrient loss through leaching, acts as a buffer against toxins in the soil, controls weeds, and conserves nonrenewable energy resources. Beyond this, we are learning that using compost in place of synthetic fertilizers, especially nitrogen, not only confers greater resilience in the face of increasingly severe weather events but also works to reverse the dangerous buildup of carbon dioxide in our atmosphere by storing carbon in the form of stable soil humus.

			Every gardener knows that compost is valuable, but until we understand more fully all the benefits of compost, we won’t understand why it is so important to the success of our organic gardening and farming efforts. In this chapter, we will examine those benefits more closely.
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			RESTORING OUR ENVIRONMENT

			Recycling garden and food wastes to return to the soil is essential to protecting our environment. It is a truism that there is no such thing as waste in nature. Organic waste can be disposed of by chemical means (burning) or by largely physical means (landfill), but only when it is disposed of by biological means (composting) are plant nutrients conserved to the advantage of the entire ecosystem. Returning wastes to nourish the soil helps restore the balance of our planetary ecosystem.

			By drastically reducing the need for synthetic fertilizers, compost reduces damage to our soil and water resources from overuse of these highly soluble materials, and at the same time actually helps reduce the load of greenhouse gases now approaching critical limits in our atmosphere. The manufacture of nitrogen fertilizer in particular is highly energy intensive, accounting for an estimated 2 to 3 percent of all natural gas consumed in the world today. Similarly, highly soluble synthetic phosphate fertilizers are causing increasing problems of algae blooms in lakes and rivers, while nitrate from fertilizer pollutes drinking water downstream. Meanwhile, worldwide phosphorus reserves are dwindling as we must travel farther and work harder to extract them. When food scraps and other organic wastes are composted instead of being sent to landfills, where they emit methane gas (another powerful greenhouse forcer), both the environment and our health win.

			Composting is a giant step toward recycling wastes, conserving precious energy reserves, stabilizing our climate, and regaining control of our food supplies. Backyard composting is the first step and the easiest. Farm-scale composting is more difficult to effect but potentially far more beneficial to society as a whole. Municipal composting—the transformation of a city’s wastes into compost for farm and garden—is the most far-reaching and potentially beneficial of all.

			BUILDING SOIL STRUCTURE

			Compost builds good soil structure.

			In good garden soils, the individual particles of sand, clay, and silt will naturally group together into larger units called aggregates. This process is essential to a good garden soil, since it promotes aeration and water drainage. The shapes of these aggregates determine the soil structure; the ideal garden soil has a granular, or a crumb, structure. Sandy soils will have poor structure, since sand is too coarse to form aggregates, while a heavy clay soil compacts when wet, inhibiting good plant growth. Compost can correct a soil that is either too sandy or too clayey by adding organic matter and soil-building microbes that encourage aggregate formation. Soils that have been chemically treated, with little or no addition of organic matter, will gradually lose structure, necessitating increased fertilization, cultivation, and irrigation.

			Good structure allows a soil to breathe and facilitates circulation. A heavy clay soil tends to become waterlogged quickly, preventing water and air penetration. Adding compost works to loosen this packed soil by stimulating soil biological activity, which helps to open up pore spaces that, like little tunnels, carry air and water down into the soil. A granular structure forms, and a thin film of moisture is held on each granule where plant roots can utilize it as needed.

			Sandy soils, which tend to let water drain away too rapidly, are also rebuilt by the addition of compost. The fine particles are held together by fungal secretions such as glomalin, which enables the larger particles to hold greater quantities of water in films on their surfaces.

			The higher the humus content, the more moisture a soil can absorb and retain. Soil with ample organic matter and a good cover of living plants or mulch lets raindrops seep gently into it, instead of splattering and churning up soil particles. In the case of packed, crusted soil, a muddy drop of water is formed that will run over the soil surface as the first stage of erosion. A heavy rainstorm may result in considerable runoff that carries away soil.

			AGGREGATE FORMATION

			The mystery of aggregate formation was solved in great part by two scientists from the National Institute of Agricultural Sciences, Tokyo, many decades ago. In tests made on the decomposition of organic matter and aggregate formation, it was learned that various soil fungi grow on the organic matter. Soil bacteria then come along to turn the fungal products into “cementing materials.” These cementing materials “glue” together tiny particles of soil into coarse grains or crumbs.

			At the Rothamsted Experimental Station in England, soil microbiologist Dr. R. J. Swaby did extensive research in the 1940s on the mechanism of aggregation. At the beginning, Dr. Swaby reasoned that improved structure must be due to one or all of several things—the roots themselves, microorganisms associated with the roots, or gums and resins produced by these organisms. So his experiments began.

			First, he grew grasses in a sterilized soil and measured the structural changes. There were scarcely any. The grass roots were incapable of doing the job without the microorganisms that live and feed on them. These microorganisms were apparently the real soil binders; the grass roots were acting merely as food.

			Was it the microorganisms themselves or was it their gummy by-products that bound the soil into desirable water-stable aggregates? Microorganisms known to be gum and resin producers were isolated from soil and grown in laboratory cultures. Their gummy products were added to unstructured soil. There was little improvement in granulation. Apparently the gummy substances were not important.

			One by one, the important groups of soil organisms were added to poorly structured, sterilized soil at this stage and allowed to grow and increase. The effect on structure was carefully measured. There was a remarkable improvement when some were added. The soil became granulated and permeable to water.

			Easily the most effective organisms were the fungi, or molds. Plants grown in poorly structured soil increased dramatically in size when these were added to the pots. Soil aeration was improved, and water permeability increased. Microscopic bacteria had no such beneficial effects. The threadlike mycelium of the fungi apparently wound itself around soil particles and held them together.

			Walking on Harpenden Common at Rothamsted one late-winter morning, Dr. Swaby noticed that some earthworm casts on permanent grassland were more resistant to the disintegration action of thawing snow than were similar casts on nearby wheatland. So the role of earthworms was investigated. Worm casts from various types of soils were collected and tested in the laboratory.

			Results showed that earthworms improved the permanence of aggregation of all soils they devoured. Their casts on grassland soil were particularly stable. Evidently, binding substances were derived as grass roots present in the soil passed through the worm.

			The extra organic matter in the grassland soil, with its greater number of roots, encouraged a vigorous microbial population in the worms’ intestines. These glued the soil into very stable aggregates. Earthworms accounted for another small portion of the field aggregation, but there was still some to be explained. Also, there was still the mystery of the very permanent aggregates found in the field. These were more stable even than worm casts.

			Now thinking in terms of humus, Dr. Swaby began to treat soil crumbs with certain extracts. One extract, known as humic acid, gave remarkable results. It not only improved aggregation but increased the permanence of the crumbs already formed.

			Humic acid is a complicated product formed during the breakdown of organic matter in the soil. It has so far resisted attempts to unravel its involved chemical formula. In the presence of some minerals, such as calcium and iron, a salt such as calcium humate was formed. This substance often proved more potent than humic acid as a means of increasing the permanence of aggregation, and it explained the extreme stability of the crumb structure of some heavy red and black soils.

			With x-ray analysis, chains of humic acid molecules could be detected inside actual clay particles, where they were held electrostatically. The presence of positively charged metals in solution increased the strength of the electrostatic bond and made the aggregate more permanent.

			The picture was clearer now. Fungi that are symbiotic with plant roots bound soil particles into aggregates. Earthworms also helped to make soil aggregates. These aggregates were made stable by mobile humic acid compounds formed during the active breakdown of organic matter. Organic matter improved the quantity and quality of aggregation.

			But even the strong, humus-bound crumbs are broken down by bacteria. When bacteria help break down organic matter to produce the humus extracts that aid aggregation, other bacteria destroy both these and aggregates bound together by fungal mycelia. Recent studies have focused on one particular type of organism, arbuscular mycorrhizae (sometimes abbreviated as AMF), and their unique protein secretion, called glomalin, as an important component of stable soil aggregates. Although bacteria do not produce these aggregate-forming secretions, they do provide food for the mycorrhizae.

			What does this mean agriculturally?

			It means that provision must be made in crop rotations to feed organic matter constantly back into the soil to replace that which is broken down by bacteria. If this is not done, the soil structure will suffer.

			Drought Protection

			Soil improved with compost holds more moisture. The permeability of soils amply supplied with organic matter is a potent weapon against drought damage. Water is soaked up like a sponge and stored on the soil granules (100 pounds of humus hold 195 pounds of water). When the tiny hairs on plant roots can absorb all the water the plant needs from the films on these granules, they do not suffer from long rainless periods.

			Granular structure is built not merely by mechanical means but with the help of soil bacteria and fungi. Here, the vital ecology of soil and compost comes sharply into focus.

			Stopping Erosion

			Erosion is both a cause and a result of a gradual loss of soil fertility. The most important way to prevent erosion is to keep soil under plant cover, so that soil that has been tilled or cultivated is not subject to wind or water damage. Compost helps to stimulate vigorous plant growth and build the good soil structure that encourages optimum fertility and resists erosion. Shortsighted agricultural practices have already led to the erosion and subsequent loss of frightening amounts of America’s topsoil. The US Department of Agriculture monitors and reports on soil erosion resulting from agriculture, and despite some improvements implemented through various soil conservation efforts, billions of tons of soil erode away each year in this country. Agricultural activities have been linked to 69 percent of all erosion; for every pound of food consumed in the United States, water erodes an estimated 22 pounds of agricultural soil. Really fertile soil is resistant to erosion, especially wind erosion, as the humus content helps to bind it together in a healthy crumb structure. Keeping soil covered, together with good structure, are key to preventing soil erosion.

			The loss of structure, then, is related closely to soil erosion, and the solution to good structure is the incorporation of organic materials into the soil, stimulating more vigorous plant growth and promoting higher populations of beneficial soil organisms. Keeping soil covered and building organic matter by adding compost are key strategies in the fight against erosion.

			Improving Aeration

			Aeration is also extremely important to soil health. Air plays a vital role in the maintenance of soil productivity. Plant roots and the majority of beneficial soil organisms need to breathe to proliferate. Organisms that can handle poor aeration—known as anaerobic conditions—do not perform the vital functions needed to properly decompose organic matter and release its nutrients to feed the plants. Without air, soils tend to become alkaline, organic matter content decreases, active humus becomes deactivated, total and active humus content decreases, nitrogen content is reduced, and the carbon/nitrogen (C/N) ratio is lowered.

			The presence of sufficient air in the soil is necessary for the transformation of minerals to forms usable by plants. Scientists have discovered that forced aeration increases a plant’s intake of potassium, one of the macronutrients, or elements most responsible for plant health.

			Many of the processes in the soil are oxidative—such as when sulfur is transformed to sulfur dioxide, carbon to carbon dioxide, ammonia to nitrate. Oxygen is essential in these processes, and air is an urgent need of the many beneficial soil organisms that aid in these transformations. In addition, aeration stimulates the mycorrhizal fungi, which help create stable aggregates as well as form a symbiotic relationship with plant roots that acts to feed the plant valuable nutrients.

			Compost helps build soil structure that will allow for optimum aeration at all times. Just as organic matter enables soils to hold more water through the enhanced formation of soil aggregates, it also allows more spaces for air between soil granules. In your garden, poor structure and lack of aeration may show up as crusting of the soil surface. Since aggregates are not forming, soil particles become packed together, limiting the entry of water and air into the soil. Newly planted seeds suffer greatly under such conditions: Lack of air and water reduces germination, while seeds that do sprout have difficulty breaking through the soil’s hard surface crust.
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						Topsoil erosion is a serious problem in many areas of the United States. Bare mineral soil is easily eroded by wind and water. Knocked loose by raindrops, particles of soil wash away over the soil’s surface. Surface runoff comes together into little rivulets or rills that then join to form gullies. The greater the water flow, the more soil is washed away.

					

				

			

			Nutrients When Plants Need Them

			Compost is an excellent vehicle for carrying nutrients to your soil and plants. In a well-planned and -executed composting program, in fact, food crops and ornamentals will need no other form of fertilization besides good compost.
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						Plants and organic matter incorporated into the soil can prevent erosion by breaking the impact of raindrops, causing more water to be absorbed by the soil and slowing the flow of water over the surface.

					

				

			

			Further, the naturally occurring nutrients in compost are released slowly at a rate at which the plants can best use them for optimum growth. Compost, then, is not only a source of nutrients, but a storehouse for them.

			Compost doles out nutrients slowly when plants are small and at greater rates as soil temperatures warm up and the crops’ major growth period begins. This is because soil microorganisms that release the nutrients from compost grow and die faster as temperatures increase. Chemical fertilizer companies have tried to reproduce this effect by marketing their products in timed-release form. Rather than saturating a field with quickly available nitrogen—a major factor in nitrogen pollution of ground and surface waters—such fertilizers slowly release their nitrogen over a period of time. Unfortunately, they are expensive—unlike compost.

			For example, when composted, manure releases 50 percent of its nutrients in the first season and a decreasing percentage in subsequent years. This means that with constant additions of compost, the reserves of plant nutrients in the soil are being built up to the point where, for several seasons, little fertilizer of any kind may be needed. No chemical can claim that.

			
				
				[image: A hard-crusted soil surface hinders the growth of germinating seeds.]

				
					
						A hard-crusted soil surface hinders the growth of germinating seeds.

					

				

			

			The greater the variety of materials used in making compost, the greater will be the variety of nutrients contained in it. This includes not only the major elements—nitrogen, phosphorus, and potassium (N-P-K)—but also the minor elements, or micronutrients.

			Although micronutrients are needed by plants in very small amounts in comparison with major elements, they are nevertheless just as essential to plant growth and reproduction. Micronutrients commonly found to be deficient in many soils include iron, cobalt, manganese, boron, zinc, copper, molybdenum, and iodine. Similarly, too much of these elements will affect plant growth. As little as 25 parts per million of nickel will reduce the growth of an orange seedling, for example. Manure and compost usually contain a balanced amount of minor elements, and farmers who still use large amounts of these materials are less likely to encounter deficiencies of minor elements.

			Colloids and Minerals

			Humus holds nutrients in the soil and makes them readily available to plants. The medium by which organic matter transfers nutrients to plant roots is called base exchange. Colloidal (very tiny) humus particles are negatively charged and attract positive elements, such as potassium, sodium, calcium, magnesium, iron, and copper. Colloidal clay particles have this same ability, but not to as great an extent as humus. When a tiny rootlet moves into contact with some humus, it exchanges hydrogen ions for equivalent quantities of the mineral ions. These are then taken up into the plant.

			The mineral-holding capacity of colloidal particles is very important to the maintenance of soil fertility. Lack of soil colloids means that minerals are easily leached out by rain. As Dr. Ehrenfried Pfeiffer, a pioneer of the biodynamic method, pointed out in 1938 in Bio-dynamic Farming and Gardening:

			
				One can wash out a soil by frequent percolation until the filtrate no longer contains any minerals in solution. In many cases, the analysis of the soil before and after the washings does not correspond with the amount of minerals washed out. The holding capacity is quite different in soils with a high organic matter content from that of soils with low organic matter. In fact, a soil with high organic matter loses very little through washing out. In the same procedure, a soil plus soluble mineral fertilizer loses not only the added minerals, but quite a bit of its own hidden reserves, too.

				One can pour seven times their weight in water through soils with high organic matter in 12 washings, and not lose any appreciable amount of minerals.

			

			
				
					[image: As roots grow, their root hairs encounter soil colloids holding mineral ions.]
				

				
					
						As roots grow, their root hairs encounter soil colloids holding mineral ions. The mineral ions are replaced on the colloid by hydrogen ions that are exuded from the root. The freed mineral ions are then absorbed by the root.

					

				

			

			Dr. Pfeiffer explained that this is why crops on low-humus soils exhibit fast growth after a rain—they are absorbing the minerals in solution—but “when drought sets in these crops come to a standstill, and start to head out much too early. Organic soils result in a slower growth during the same period, but the plants continue to grow on into the dry season, head out later, and thus accumulate more weight.” They are drawing on the minerals held on the colloids that are plentiful in a humus-rich soil.

			NEUTRALIZING TOXINS

			Another service of compost occurs in the neutralization of soil toxins. For example, an overabundance of aluminum in the soil solution is highly toxic to plants, since it prevents them from taking up phosphorus. Actively decomposing organic matter results in more effective use of applied phosphorus in soils by the production of organic acids, some of which form stable complexes with iron and aluminum. The aluminum is thus “locked up” in a stable complex, unable to harm plants.

			Dr. Selman A. Waksman in his book Humus: Origin, Chemical Composition, and Importance in Nature says, “The toxicity of plant poisons becomes less severe in a soil high in humus than in a soil deficient in humus; high salt concentrations are less injurious; and aluminum solubility and its specific injurious action are markedly decreased.”

			“Organic matter has a high capacity to fix heavy metals and many papers have been written on the subject,” observed Dr. M. B. Kirkham, who conducted a study on organic matter and heavy metals at the University of Massachusetts. “Indigenous soil organic matter and that added in sewage sludge, farmyard manures, composts, crop residues, and peat, bind heavy elements in soil. Most heavy metals associated with soil organic matter are in insoluble and stable combinations and are relatively unavailable for plant uptake. The ability of soil organic matter to hold heavy elements necessary for growth for a long time and release them as needed to crops is one of the most important benefits derived from its presence in soils.”

			Compost can also function as a “probiotic” for soil that has been damaged by overuse of toxic substances such as herbicides. According to retired Perdue University plant pathologist Dr. Don Huber, the mode of action of all herbicides is similar to that of antibiotics. Soil organisms take a beating from repeated doses of any herbicide, so inoculating soil that has been treated with herbicides is a good first step in restoring its microbial workforce. Beyond this, composts can be specifically managed to support disease-suppressing organisms that can keep plant pathogens like blight and damping-off fungus in check.

			A BETTER BUFFER

			By adding humus to the soil, compost helps plants overcome soil pH levels that are either too low (acidic) or too high (alkaline). Humus acts as a buffer in the soil. Garden and crop plants are less dependent upon a specific soil pH when there is an abundant supply of humus. For instance, in soils where the humus content is low, potatoes require acidic conditions. If such soils are more alkaline, potatoes are highly susceptible to potato scab. In soils better supplied with humus, they suffer no potato scab even when the soil is slightly alkaline.

			Soils in certain regions of the United States exhibit characteristic pH levels. Throughout the Southwest, soils are typically alkaline. High pH levels reduce the number of soil microorganisms and make growing vegetables—most of which prefer slightly acidic conditions—difficult or impossible. In parts of New England, northern Michigan and Wisconsin, northwestern Minnesota, New York, New Jersey, and Alaska, sandy soil covers heavy colloidal clay and is in turn covered by a thin layer of acidic humus, creating equally inhospitable growing conditions.

			In both cases, the addition of humus to the soil reduces plants’ reliance on specific soil pH levels. Often, plants that are known to “prefer” acidic or alkaline soils are actually in need of nutrients that become unavailable when the pH falls out of a desired range. Compost makes those
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