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To my children, Cole and Cassie, my two greatest creations









Preface By the Skin of Our Earth




Once, in college, an acquaintance heard me talking about my Soils class. She looked at me, rather puzzled, and asked, “You mean they have a whole class on dirt?”


As it turns out, there’s more to know about dirt than most people realize, including yours truly. When I set out to write this book, I thought I would create the final, authoritative, definitive reference to turning degraded, lifeless dirt into rich, productive soil. After all, I had a couple of degrees in agronomy and had worked with soils all my life, and I thought I knew a little something about the topic.


It wasn’t long before that task appeared overwhelmingly large. In my research and reading, I found that there are entire books written about each chapter of this book; in fact, there are entire books written about each sentence in some of these chapters.


For example, in the chapter on carbon-based soil amendments, biochar gets just a brief discussion, but there are huge textbooks written about biochar alone, and there are scientists who specialize in that one topic and write scientific papers I can barely decipher. The same could be written about aerobic composting, or anaerobic composting, or manure—all of which are merely parts of one chapter in this book. How in the world could I condense all the knowledge of all those scientific books into one volume?


I also began to feel a bit intellectually challenged. Each of those authors knew far more about their topic than I, obviously, and it would take years of research and investigation on every single element to become sufficiently qualified to write the book I had originally planned. If I were to write that book, it would not be a book; it would have to be volumes of books, and I would not finish them in a single lifetime.


So, midstream, I decided to change my goal from writing the last book on soil restoration to writing the first book on soil restoration that an ordinary person would actually want to read.


My goal now with this book is to offer a starting point from which people can branch out and dig deeper into whichever topics pique their interest the most, and to provide the background and resources to do so. Much of this book will sound like a broken record (for those old enough to remember broken records). The same themes will recur throughout this book. It is not repetition, it is reinforcement.


—Dale Strickler







Part IWhy Restore Soil?




“Man, for all his artistic pretensions, his sophistication, and his many accomplishments, owes his existence to a six-inch layer of topsoil and the fact that it rains,” wrote radio commentator Paul Harvey. While those words are quite true, it is also alarming that the precious six-inch layer of topsoil he mentions is all too rapidly becoming less than six inches, and the remaining inches are becoming less productive. Meanwhile, the population of humans that depend on this thin layer for survival is increasing every day.


These two trends seem destined someday to result in quite tragic consequences unless one or both of two drastic measures are taken. One would be the ugly business of human depopulation; the other would be the restoration of our planet’s soils to a more productive and protected state. Which sounds more appealing?












01Soil Salvation




During my teen years growing up on the farm, my father one day sent me to till a far-off piece of land, prior to planting. His instruction was that if the soil was too wet I should turn around and come back and we would wait for better conditions. I got there, and it was too wet. I didn’t want to make another long, boring tractor trip, so I tilled it anyway.


The next night he called my brother and me in to see him. “Boys,” he said, “it has become apparent that one of you is smarter than the other.” He looked at me and said, “Dale, that’s why you are going to go to college. ” He then turned to my brother. “Jeff, you are going to stay here and farm.”







He held out his hand, and in it was a piece of soil from the field I had tilled too wet. It had baked rock-hard in the sun. He hit it once, twice, three times with a ball-peen hammer, and it broke only on the third hit. Then he looked at me again and said, “Dale, you aren’t smart enough to make a living farming this soil,” and left the room. (He actually used a different word than “soil.”)


Our farm had been cursed with some of the worst soil imaginable for cropping. The extremely heavy clay soils of Southeast Kansas were much better suited to making bricks (and in fact, brick- making was an industry in our area). One hundred years of tillage had robbed our land of most of the organic matter and topsoil that had developed during the previous 10,000 years. Although this same tillage and erosion had taken place over most of the United States, the loss of topsoil and organic matter was especially disastrous on our thin claypan soils that had precious little of these assets to begin with.


My father’s words that day were very true. I was a tremendously aggravating farmhand, and my inattentiveness (ADHD, as I was to learn much later) must have been incredibly frustrating. It may seem as though my father was just being mean, but he was also being honest. I wasn’t smart enough to manage that soil.




My Education in Soil


My personal goal at college was to learn how to make soil better. I discovered that the key was to raise the soil organic matter, which certainly seemed simple enough. However, I was taught in my Soils class that it is virtually impossible to raise soil organic matter content on a widespread scale on a permanent basis.


This information was not encouraging, and I could not accept it for an answer. There had to be a way. I continued my education, completing both a bachelor’s degree and master’s degree in agronomy. And yet, after all those years of education, the solution remained elusive.


Garden books were far more encouraging than my Soils professors, though ultimately no more useful. Their solution was simply to add a 6-inch layer of lawn clippings to the soil. Easy enough for a 1,000-square-foot garden: You just take the lawn clippings from a dozen 1,000-square-foot lawns. But what about a 1,000-acre farm? It would take 12,000 acres of lawns to provide enough clippings. And what of the lawns that are being robbed of their organic matter in order to enrich the garden?




Garden books were far more encouraging than my Soils professors, though ultimately no more useful. Their solution was simply to add a 6-inch layer of lawn clippings to the soil.




To increase soil organic matter in this way on the entire planet, where are we going to find 12 other Earths, and how are we going to transport all of their organic matter back to our Earth?




Seeking Solutions


Most garden recommendations on improving soil involve stealing organic matter from one piece of land to enrich another. But is this a useful practice on a farm scale, let alone a planetary scale? To increase soil organic matter in this way on the entire planet, where are we going to find 12 other Earths, and how are we going to transport all of their organic matter back to our Earth?


The answers I sought were not easy to find in books. Instead, I made connections with like-minded people, and we discussed our ideas. I plucked ideas from organic farmers, who had developed methods of providing fertility without the easy crutch of a fertilizer bag. I gleaned ideas from no-till farmers, who had developed systems to avoid the soil destruction associated with tillage. I found that many people had valuable ideas, but no one seemed to have the entire solution.


Developing this solution became my goal. Along the way I developed my own ideas and theories, but the final piece of the puzzle was to put them into practice. So I bought my own farm and set my plans into motion.


Over the past 15 years I have done what my professors taught me was impossible. My soil organic matter has nearly doubled in that short time span. Where I could not find a single earthworm 15 years ago I can now pluck dozens from a single shovelful.


Perhaps most important, this transformation did not require economic sacrifice. On the contrary, the process has been more profitable than if I had farmed “normally,” and it becomes more profitable every year. No matter how noble the goal, if it cannot be achieved profitably, it will not be achieved at all, because it will not even be attempted.




Restoring Habitat, One Field at a Time


On my own farm, I replaced a sterile corn–soybean field with a diverse pasture blend of grasses, legumes, and forbs, harvested by cattle. But cattle are not the only animals on this field.


One summer day, while the field was still in that corn–soybean rotation, I took my son insect-collecting on the soybean field. We found a total of five species of insects (all considered pests). We saw no mammals, birds, reptiles, or amphibians. The field had one species of plant, thanks largely to my efforts at hand-hoeing any weeds that escaped the sprayer and tillage equipment.


Now, in that same field, since planted to a complex polyculture of perennial forages, I have dozens of species of plants, from multiple plant families, and mushrooms sprouting below the plants. I can now count dozens of insect species. Toads, tree frogs, snakes, lizards, meadow voles, foxes, rabbits, weasels, and who knows what other animals scurry ahead of me unseen, while orioles, cowbirds, cattle egrets, little brown bats, and swallows swoop overhead after the insects.


What has happened on my farm, however, is the exception to the current trend. More often, the opposite occurs: Every year more prairies are plowed and planted to crops, while ruminant livestock are fed grain. Tillage, fallow, removal of biology from soil and livestock from land: All these contribute to a deepening, and dangerous, impoverishment of our soil.





The Planet Needs Better Soil




Along the way in my search for knowledge, I learned that the process of building soil could do far more than simply make my own little piece of the earth more profitable. I learned that the root causes of many of society’s miseries can be traced directly or indirectly to soil misuse.


To understand why this is so, you must first understand a fact that is little known outside of the agriculture profession:




Tillage increases crop production because it destroys soil organic matter, breaking it down into carbon dioxide and the mineral elements of soil fertility: nitrogen, phosphorus, etc.




Tillage works like a bank withdrawal from a savings account. It allows you to convert what is normally a slow release of nutrients into a rapid flush of nutrients, but it does not actually create nutrients. And if repeated often enough, after a surprisingly short time period the organic matter savings account is gone.




Consider the History


Every great civilization in history has followed the same path. First it develops an extractive method of agriculture, based on tillage and annual crops, that converts stored soil wealth into surplus food. This allows an advanced society to develop, as people are freed from their role as hunter-gatherers and can focus on other pursuits. This is short-lived, however, since a soil-depleting agriculture can sustain this food surplus for only a short time period before the onset of soil collapse and ruin.


At this point, the civilization feels the need to conquer new lands to maintain its standard of living. It forms armies and wages wars to bring new lands under cultivation and import food from distant shores. Since healthful foods such as meat, fruits, and vegetables do not travel well, the diet shifts to grains, which are nutrient poor (but rich in calories) but travel and store well. Thus, the population becomes malnourished and prone to illness. Famine, war, and pestilence are all consequences of soil degradation.


With the advent of the machinery age, soil exhaustion could take place at an alarming rate, as evidenced by the Dust Bowl in the Great Plains region of the United States. This rapid soil destruction introduced a new potential menace. Intensive tillage with fossil-fuel-powered machinery depletes the soil carbon stores of the earth, burning two ways simultaneously—by oxidizing soil organic matter with the tillage and by burning petroleum.


The rapid increase in fossil fuel use, coupled with the decline in worldwide soil organic matter, has contributed to atmospheric carbon dioxide levels increasing to nearly double what they were in preindustrial days.




By the Skin of Our Earth


Many believe this is increasing global temperatures and shifting climatic patterns. Much of the political focus is on fossil-fuel use, but the gorilla in the room that no one sees is soil organic matter loss. Many of the proposed solutions to climate change are nothing more than efforts to grab power over land use, or transfer wealth and power into the hands of politicians while doing little or nothing to forestall climate change.


These “solutions” will likely do little or nothing to reduce the threat of climate change. It doesn’t matter if climate change is real or not, or if it is manmade or not. That’s because the wise solution to preventing climate change is also the solution to world hunger, the solution to war, the solution to disease. In other words, it is a solution we should be pursuing anyway.


That solution is to restore the soils of our planet. In this book lies the blueprint for doing just that.









02How We Made a Mess of This Planet and How Soil Restoration Can Save It





On Interstate 70 going through my home state of Kansas you can see a billboard that reads, “A Kansas Farmer Feeds 155 people plus YOU,” touting the ability of a modern farmer to produce enough food to “feed the world.” It is an impressive statistic, and modern agriculture is indeed quite amazing in its productivity. But that success comes at a cost we are only beginning to comprehend.








King Corn




For an example of modern farming’s remarkable productivity, one need only look at what has happened to US corn yields over time, as pictured in the graph below. Note that corn yields were rather stagnant for the first 70 years represented in the graph. The first rapid rise in corn yields came after hybrid varieties became popular, beginning in the late 1930s.


Another uptick in yield began in the 1950s, when wartime technology was put to use for peaceful postwar purposes. Cheap nitrogen fertilizer from the Haber-Bosch process, the insecticide DDT, and the herbicide 2,4-D were all the beginnings of a modern age of agriculture, when technology replaced farming methods that had been in existence for millennia. Fertilizers made plants grow and yield more, herbicides such as 2,4-D and atrazine eliminated weeds that competed with the crops, and DDT killed the insects that were eating them.


The trend in yield increase continues, as literally every day doers and thinkers bring forth new discoveries and techniques to increase productivity. For example:


Farm machinery now contains global positioning units that receive signals from satellites, allowing:




	precision sowing of seed so each plant is spaced precisely the same distance from all other plants


	precision application of herbicides and pesticides to prevent skips and overlaps


	selective application of fertilizers within the fields, based on grid-sampled soil tests.







Genetically modified hybrids now contain a gene from a soil bacterium that makes the plant toxic to corn borer caterpillars and the larvae of the rootworm beetle, historically the two most damaging insects in US corn production.


Supercomputers help us map and identify beneficial genes in corn. That lets us target plant breeding to produce plants that contain certain beneficial genes and not other genes that diminish yield.


As a result, an acre of corn today now averages about seven times the yield of the same acre of corn a hundred years ago.








US Corn Grain Yield Trends since 1866


[image: A graph showing a sharp increase in corn grain yield from 1956 to 2016]

Source: Adapted and simplified from USDA-NASS data source, January 2017










The Costs of Increased Production




There is no argument that with modern technology we can produce considerably more food per acre than we could a hundred years ago. And given that the primary goal of agriculture is to feed people, it is clear that we have accomplished this in amazing fashion. But let’s take a hard look at some of the effects modern farming systems have had on our soil, our bank balances, our health, our economy, our climate, and our way of life.




Soil Erosion


Probably the most dangerous consequence of agriculture is the loss of the soil itself, from washing or blowing away. I don’t think it is an exaggeration to state that soil erosion is the gravest threat to human existence as we know it. (See Figure 1.3.)


This is not a recent problem; it has been occurring since the practice of tillage began several thousand years ago. Tillage was once necessary for the cultivation of annual grain crops. The destructive nature of tillage has been recognized for almost as long as the practice itself, and the results are devastating. In fact, hundreds if not thousands of civilizations throughout history have collapsed due to soil erosion (see Soil Erosion: Further Reading, below).




Loss of Soil Organic Matter


Tillage often results in soil loss on sloping land; however, the practice has been considered rather benign on level land, where soil erosion is not a significant hazard.







Soil Erosion: Further Reading




A couple of excellent works discuss the topic of civilizations throughout history being destroyed by soil erosion. The first is “Conquest of the Land through 7,000 Years,” a report by W. C. Lowdermilk for the US Soil Conservation Service on his world tour examining the effects of agriculture upon the land. It is fascinating and informative and, simultaneously, depressing and grim. I believe it should be required reading for every high school student around the world, and it’s brief and easy enough to read at a leisurely pace in an evening.


Perusing this document should precede anyone’s study into regenerative agriculture. And it is priced right, as it is free to download from the US Department of Agriculture Natural Resources and Conservation Service (visit www.nrcs.usda.gov).


The second work I recommend on this topic is David Montgomery’s Dirt: The Erosion of Civilizations, which describes how soil erosion caused the collapse of most of the world’s ancient civilizations. What is particularly sobering is that throughout 6,900 years of the 7,000 years of agricultural history, this ancient soil erosion was caused by hand tools and simple plows pulled by animals. Today, massive tillage equipment pulled by giant tractors is capable of exposing inestimably larger amounts of soil to catastrophic erosion in just a few hours.


Fortunately, for the first time in recorded history we have the technology to farm in a manner that does not destroy the soil on which civilization depends. Unfortunately, however, these methods are in use on only a small fraction of the world’s farmland. You would think that methods of farming that have been shown to preserve the primary instrument of maintaining human life on Earth (the soil) would be universally adopted. But they aren’t.







It is estimated that the plowing of North American prairies and forests into cropland over the last 500 years has added as much CO2 into the atmosphere as all the burning of fossil fuels since the advent of the Industrial Revolution across the world.




It is not benign. Tillage results in a loss of soil organic matter due to oxidation. Soils with a history of tillage often have a mere fraction of the organic matter that the soil had when it was still in native vegetation.


In my home state of Kansas, it is a simple matter to see just how much organic matter has been lost in less than a century and a half of tillage. Just take a soil test from a native grass pasture and a cropped field on opposite sides of a barbed wire fence. Cropland in this area ranges from 1 to 2 percent organic matter, while native grass pastures (which are areas that were considered to have soil that was too poor to plow) range from 4 to 7 percent organic matter.


In other words, our cropping practices caused the loss of somewhere between 50 and 75 percent of the organic matter that was formerly in the soil. When the organic matter is lost, the soil loses its ability to transmit air and rainwater into the soil. As a result, it loses much of its ability to hold water and to supply mineral nutrients to plants.


I have not traveled extensively to countries outside the US, but on my way-too-brief visit to Eastern Europe I was shocked at how much land was still moldboard-plowed annually. On the other hand, I was not shocked to find this soil almost devoid of organic matter after thousands of years of tillage.





Contribution of Carbon Dioxide to the Atmosphere


Fossil fuel use may be the most notorious culprit in raising atmospheric carbon dioxide levels around the globe, but soil tillage is also responsible. When the carbon in the soil organic matter is oxidized by tillage, it goes into the atmosphere as CO2.


It is estimated that the plowing of North American prairies and forests into cropland over the last 500 years has added as much CO2 into the atmosphere as all the burning of fossil fuels since the advent of the Industrial Revolution across the world.




The Good News


Although these estimates are sobering to farmers, there is reason for hope and optimism. Consider again the previous statement, that in the last 500 years the loss of soil organic matter in North America equaled the worldwide amount of atmospheric CO2 emitted by fossil fuels. Now imagine green plants pulling that CO2 out of the atmosphere through photosynthesis and putting it back into the fields of North America as organic matter, restoring that organic matter to historic levels.


Doesn’t it then follow that the level of CO2 in the atmosphere would drop halfway back to where it was a few hundred years ago? And if that same restoration of soil organic matter were to occur on the rest of the world’s cropland, that we could reverse the contribution of CO2 from all sources during that period?





Thinking Globally




The cropland in North America is only about 15 percent of the world’s total. That means that there is seven times more potential in all the world’s cropland for carbon sequestration than there is in North America alone. If we could adopt the principles in this book on a worldwide scale, it is quite realistic that we could totally reverse the rise in global CO2 and return it back to levels that occurred in the preindustrial era.


The best part about adopting the principles in this book, and restoring all of the soil organic matter lost over the last 7,000 years, is that doing so will not require a sacrifice in our lifestyles or economic hardship for the world’s poor. On the contrary, it will make food more abundant, available, and nutritious, with lower input costs required to grow it. It will usher in a new level of prosperity among the world’s subsistence farmers.




A Broken Water Cycle


As I write this, Kansas is experiencing some of the worst flooding in state history, rivaling the famous floods of 1951, which spurred construction of several large flood-control projects across the state, including several large flood-control reservoirs and hundreds of smaller watershed ones. A year ago many of these same areas, including my home county, experienced the driest 13-month period in recorded history. What broke that drought in my locale? An 8-inch rain that fell in less than two hours.


I had all my year’s calf crop in a creek-bottom pasture, a week away from going to sale. They all were swept away and scattered throughout approximately 4 square miles of 6-foot-tall corn. A couple of them were killed, and it took me three weeks of late nights walking through knee-deep mud and water to capture most of the rest. My story is nothing compared to the tragedies suffered in the area just north of me in Nebraska, along the Platte and Missouri rivers, after the “Bomb Cyclone” event in winter 2019.






Dust to Mud, Drought to Flood




The new normal seems to be dust to mud, drought to flood. Maybe it has always been that way, and maybe it hasn’t.


A friend shared a story from his local paper celebrating the 150th anniversary of the river-monitoring station in his hometown. According to the article, for the first 30 or so years of the station, built right after the Civil War, there was not a single flood recorded on the upstream portion of the Kansas River.


After the Homestead Act and the plowing of all the native grasslands in the area, there has been at least one flood event every single year since 1900.







What we do on the land may not control the rainfall (or can it? Keep reading!). The negative effects of too little or too much rainfall could certainly be mitigated, however, if our soils absorbed and held all the rainfall it received instead of letting it run off to the nearest stream, unimpeded. If rainfall could soak into the soil where it fell, maybe flooding wouldn’t be such a risk. If that water were still held in the soil months later, instead of residing in the Gulf of Mexico, then perhaps the lack of rainfall would not be such a big issue either.




Fossil Fuel Addiction


The machinery we use to plant and harvest these vast acreages of food crops, along with the various machines that apply fertilizers and pesticides, prepare the land for planting, and transport and process the food once it leaves the field, all use a tremendous amount of fossil fuel. Michael Pollan (author of the book The Omnivore’s Dilemma) states that for every unit of energy we produce in food, we expend as much as 10 units in fossil fuel to produce, process, package, and transport that food. What happens when we run out of fossil fuels?




While all the oil discovered in the Bakken Shale may have postponed the day when we run out of fossil fuels, it is inevitable that it will eventually happen. If our entire food system requires fossil fuel to function, what happens when we have no more fuel? One can store only so much canned food in the underground bunker. At some point, we will have to uncouple our food production from fossil fuel dependence.




Fertilizer from Finite Resources


Our synthetic (non-carbon-based) fertilizers are all produced from materials that are finite in nature. Nitrogen fertilizer is produced from natural gas, while all other mineral fertilizers are produced from mined rocks. Phosphorus is of particular concern. It is used in large quantities and is found in only a few locations around the world in mineable deposits. There are some estimates that predict that, barring new discoveries, we will run out of minable phosphate reserves in 50 years at the current rate of use. (See Figure 1.4.)


Overall, our current agriculture system uses large quantities of mined fertilizers, and most of the crops containing the nutrients from these fertilizers end up in food shipped to large cities. From there, the nutrients in food waste get flushed out into streams and eventually end up in the oceans, where they are difficult to retrieve to cycle back to the land and where they can cause additional problems.




Nutrient Enrichment of Water


All those fertilizer nutrients that end up in water—whether that is from leaching through the soil profile into groundwater, or from being washed off cropland into streams, or from being flushed into rivers from water-based sewage systems—can cause some major issues.


Nitrate in groundwater used for drinking can be converted within the intestines to nitrite, which when absorbed into the bloodstream can render the red blood cells incapable of carrying oxygen. This is of particular concern with infants, who have not yet developed enough to metabolize nitrite in the body as well as adults. This can lead to a condition known as “blue baby syndrome,” so named because the inability of the red blood cells to carry oxygen causes a blue-skinned appearance in the afflicted.


The best part about adopting the principles in this book, and restoring all of the soil organic matter lost over the last 7,000 years, is that doing so will not require a sacrifice in our lifestyles or economic hardship for the world’s poor.





Algae Growth




Nutrients that accumulate in unnaturally high levels in bodies of surface water can also have significant negative consequences. One of the foremost is an extreme growth of algae, called eutrophication.


Algae in moderate amounts is good. Algae produce oxygen in the water while alive, and they are the basis for all aquatic food chains. But all things that live must eventually die, and when an unnaturally large population of algae dies the bacteria involved in the decay uses up all the oxygen in the water and creates a life-threatening condition for all aquatic life that depends on oxygen in the water.


This is the cause of the hypoxic zones found at the mouth of many rivers. The hypoxic zone is particularly bad where the Mississippi River empties into the Gulf of Mexico and has throttled a once thriving shellfish industry.








Dead Zones in the Gulf of Mexico


The Gulf of Mexico has hypoxic zones around the Mississippi Delta, where an overabundance of nutrients has depleted most of the oxygen.


[image: A map showing hypoxic zones along the coast of Louisiana and Texas]

Source: Distribution of bottom-water dissolved oxygen, July 22–July 31, 2019. Data source: N.N. Rabalais, Louisiana State University & Louisiana Universities Marine Consortium; R.E. Turner, Louisiana State University. Funding source: NOAA










Unsafe Drinking Water


Nutrient enrichment of water can also result in a proliferation of cyanobacteria (also called blue-green algae), which can form toxins, making the water unsafe for drinking or even swimming or bathing. In my home state of Kansas, every summer there are lakes closed to recreational use because of blue-green algae.


Fertilizer runoff from farm fields is responsible for a significant amount of nutrient enrichment. We must not ignore, however, the contribution of all the city sewage and the fertilizer runoff from suburban lawns and golf courses.


I saw the results of water-testing stations along the Kansas River in 1990. The river’s drainage area begins in eastern Colorado and goes all the way to Kansas City, where it empties into the Missouri River. The testing station on the downstream side of Topeka had almost double the levels of nitrogen, phosphorus, and pesticide levels as the station immediately upstream of the city. That means the city of Topeka contributed as much “agricultural” pollution as the Kansas River, which stretches 500 miles west of Topeka and drains an area of 60,000 square miles, an area bigger than the state of Iowa.




It isn’t just farmers causing this problem. We all share blame.




Monocultures


In order to ease management and mechanized harvest of our crops, we grow them in monocultures. Nowhere in nature are monocultures the norm; instead, polycultures are common, with both leaf canopies and roots existing in layers that fully exploit both sunlight and soil.


Monocultures are very inefficient at using both sunlight and soil resources, because all the leaves are in one uniform layer at the same time, and all the roots are of the same type and at the same depth. The plants are predisposed to attack by insects and diseases: A pest can easily spread from plant to plant because they are touching one another. (See Figures 1.1 and 1.2.)


In nature, most ecosystems are composed of a diversity of species. That means that no one insect or disease poses much of a risk, and the distance between plants of the same species is usually far enough that pests have a hard time traveling from plant to plant.


In agriculture, we manage this problem mostly with synthetic pesticides. Monocultures dominate the landscape because they are easier to manage with pesticides, herbicides, and mechanical planting and harvesting equipment.




The World Depends on Just Five Plant Species


Worldwide, about 80 percent of all calories consumed by humans comes from just five species of plants: corn, rice, wheat, potatoes, and soybeans. What would happen if a disease or insect pest developed and decimated any one of these crops?


It isn’t hard to imagine. We would witness massive starvation and, most likely, worldwide violence as the hungry try to take food from those who have it. Our dependence on so few plants for our very existence is a precarious situation for the human race.




Our Crops Are Almost All Annuals


Every plant on that list of five is an annual plant that requires harvest of seed and replanting every single year. And every single year, these plants begin anew from tiny seedlings, a stage in which the plants capture very little of the sunlight falling on the land and a period in which competing weeds must be controlled for the seedling to survive. This annual planting and weed control are responsible for much of the energy consumption in agriculture today.


Go through a grocery store aisle and look at all the plants in the produce section and the canned food section, and you can probably count on one hand the products from perennial plants. Go through the processed food sections and you will most likely find even fewer such products.




Poor Nutritional Value of Our Diets


Adding to the injury our past system of agriculture has wreaked on our environment, it has had similar effects on our diet. The ease by which grain crops and sugar crops can be mechanized, transported, and stored has resulted in these crops becoming the least expensive foods on the planet. As a result they have become a predominant part of our diet. Compared to other classes of foods, these crops are empty calories, providing little protein, vitamins, minerals, or essential fatty acids.







Reality Check in the Corner Store




Convenience stores are where many Americans obtain their first meal of the day. Recently I walked into one and, looking at the different aisles, had a bit of an awakening.


There was the sugar aisle, the starch aisle, the trans-fat aisle, the alcoholic beverage cooler, the caffeinated and sugary cold beverage cooler, and the caffeinated hot beverage brewer. Behind the counter was a nicotine shelf and a means of gambling that allows the government to collect money from poor people who are really bad at math. Oh, and out front is a fossil fuel dispenser.


Does this not explain why our country is in such poor health, despite spending the most per capita of any country in the world on health care costs? Perhaps it is because we also spend the most per capita in convenience stores and fast food restaurants.







How Did We Get Here?


Several thousand years ago, in multiple places around the world, early farmers discovered a little trick that vastly increased crop yields. They found that when they stirred the soil in some way, prior to planting, their crops grew much better. Over time, they developed tools to stir the soil more efficiently, and then they trained livestock to pull these ever-larger implements through the field. The practice of tillage was born.




Tillage Made Civilization Possible


It was almost magical how stirring the soil caused annual plants to yield more abundantly, and it changed everything. The sudden increase in food allowed for population growth, and since it now took fewer people to feed that population, many people were freed from farming to do other tasks. A stable food supply in one location made it possible for people to build permanent houses and band together for protection and civil services.




Dark Sides


There were, however, some dark sides to tillage. Once cultivation loosened the soil, and small-rooted annual plants replaced the massive-rooted perennials, nothing held back erosion. The precious topsoil on which most life on Earth depends began to simply wash away.


Additionally, tillage creates the conditions in which microbes can rapidly break down the organic matter in the soil. This releases all the mineral nutrients, such as nitrogen, phosphorus, and sulfur, that were stored in that organic matter. It is the release of these nutrients that causes the seemingly miraculous increase in crop growth associated with tillage.


Farmers then, and now, assume that tillage increases crop yields because soil loosening makes better conditions for root growth. In fact, it is because tillage converts stored fertility into available fertility. As noted earlier, however, it does not actually create fertility any more than a bank withdrawal creates wealth. Once the organic matter is destroyed, the soil begins to lose structure and becomes increasingly less productive.





Breaking Prairie Sod




In the early part of the European settlement of the prairie and plains regions of the American continent, the settlers faced a tough sod that was very difficult to break open with the tillage implements of the time. Consequently they saw the prairies and plains as uninhabitable, simply an obstacle on the way to Oregon or California. Then in 1837 John Deere invented the self-scouring steel plow capable of breaking prairie sod. Not long after (at least in the big scope of things) the internal combustion engine was invented, providing practically unlimited power for plowing large acreages in very little time.




From Drought to Dust


When World War I arrived and created a worldwide shortage of wheat, the high wheat prices essentially doomed the plains. Once the protective covering of sod was gone, all it took was a few years of drought and the plains turned into dust and went airborne.


If you did not have a grandparent who lived through the Dust Bowl and the incredible opportunity to hear their stories, the best substitute is to watch the Ken Burns documentary The Dust Bowl. It should be required viewing in every school in the nation. Even my cynical teenagers, whose school was wise enough to show it in junior high history, were impacted by this film.




Soil Conservation


The Dust Bowl did have a positive effect, though. The massive dust clouds reached Washington, D.C., just as soil scientist Hugh Bennett addressed Congress to urge the formation of the Soil Conservation Service. The story goes that Bennett knew the dust cloud was approaching and placed aides along the route of the storm. He delayed his speech until he received a call informing him the cloud had arrived, then he threw the curtains open and showed Congress, and proclaimed, “There, Gentlemen, is Oklahoma.” Or something to that effect; there is no such mention in the Congressional record, just the stories told by those in attendance. P. T. Barnum had nothing on Hugh Bennett when it came to showmanship.


One of Bennett’s first tasks as chief of the SCS was to send W. C. Lowdermilk on a world tour to determine how agriculture systems around the world had either succeeded or failed throughout history. The report he brought back was quite sobering (see Soil Erosion: Further Reading). Almost without exception, agriculture around the world has led to massive soil destruction.




Reversing a 7,000-Year Trend


While the issue of climate change is one of debate, there is no doubt that all life on Earth would benefit if we had more carbon in our soils, and to get it into our soils it will have to come from our atmosphere. On that we can all agree. The issue is how we can reverse a 7,000-year trend of reducing the carbon in our soil and start putting all that atmospheric carbon back into our soils, and to do it in a manner that allows us to actually make a profit.


While it sounds greedy and self-centered to mention profit when the issue is the survival of all life on Earth, the reality is that if soil restoration is not profitable, no one is going to do it, particularly in the underdeveloped areas where it is most important. Even in wealthy countries such as the US, doing the right thing is a lot more appealing if you can provide a better life for your family in the process.





Facing the Four Horsemen




War. Famine. Pestilence. Death. These are the Four Horsemen of the Apocalypse from the book of Revelations in the Bible, but also the woes of the human race since the beginning of time. All of these can be traced directly or indirectly to the abuse of soil.


Yes, you read that correctly. War, famine, pestilence, and death all arise from soil misuse. More important, the restoration of our planet’s soils can help eliminate war, famine, pestilence, and death. Let me explain.




Famine


Starvation is an inevitable consequence of soil degradation. Once a soil is eroded, it becomes increasingly difficult to raise food on it.




Pestilence


One little-known consequence of degraded soil is the declining nutrient value of the food it produces. Some nutritionists believe that much human disease is caused by an inadequate diet, and that a well-nourished person will have a healthy immune system that quickly fights off infectious diseases and such metabolic disorders as diabetes and obesity-related issues.


The first step in restoring health to our foods is to restore health to our soils. It has been found that plants grown in a healthy soil (one that is rich in beneficial microbial life) are not only richer in vitamins and minerals but also produce far more of those little-understood compounds that fight both infectious disease and cancer.




War


How does soil depletion cause war? Wars are fought over limited resources. (No one to my knowledge has ever fought a war over oxygen, despite its being vital to life. It is free and abundant.) Wars have historically been fought because someone has something a neighbor doesn’t. Of course, religion and political ideology can also cause war, but hunger is a deep motivation for taking food (and the ability to produce food) from your neighbor.


Every great civilization in history has followed an almost identical path, somewhat along these stages:




	
1. The inhabitants discover tillage and its ability to convert stored soil wealth into immediate food. Subsequently, there is a large amount of food in one small area.


	
2. Blessed with this abundance of food, they settle in this one area and build permanent houses, and the availability of food frees a percentage of people to perform work other than finding food.


	
3. The population steadily increases.


	
4. Eventually, soil depletion occurs, and new land must be tilled in order to maintain the food supply. At some point, this new land extends farther and farther out until it hits a geographical boundary or extends into territory claimed by neighbors.


	
5. When all the soil of a village (or nation) becomes depleted, the lack of food becomes a strong motivating factor to seize land from neighbors. There is a saying that a man without food for a day will beg, a man without food for two days will steal, a man without food for three days will fight, and a man without food for four days will kill. Neighbors naturally tend to object to this behavior, and violence ensues.


	
6. Violence tends to provoke revenge (violence begets violence). As Gandhi said: Eventually, an eye for an eye leaves all of us blind. Unfortunately, when we love our neighbors’ land more than we love our neighbors we are predisposed to war, and the loss of loved ones due to warfare creates a hatred for our neighbors that leads to more inevitable warfare.







This pattern has occurred all throughout history: in Abu Hureyra (where archaeologists believe agriculture began in the Middle East and where some believe the Garden of Eden was located), in Babylon, in Greece, in Rome, in Jordan, in North Africa, along the Indus Valley in India, along the Yellow River in China, and in the Pueblo cultures of the American Southwest and across the United States, where the Indigenous people were forcibly removed from their land to make room for the plows of the European immigrants.







Nutrition and Soil




A good diet and lifestyle can certainly promote good health and longevity but, alarmingly, the food we eat seems to be increasingly less nutritious. A study by Donald R. Davis of the University of Texas (Journal of American College of Nutrition, December 2004) compared recent nutritional analyses of supermarket produce to analyses of produce from several decades ago and found a marked decline in the vitamin and mineral content of our food in that time. Other studies have found similar results.


In addition, our diet has shifted from its prehistoric origins of fruits, nuts, leafy greens and meat (a diet low in carbohydrates, but rich in vitamins, minerals, protein, fiber, and antioxidants) to one high in sugars and processed grains (very high in calories but low in all other nutrients).


It is increasingly suspected that cancer is a condition to which we are vulnerable due to a lack of cancer-fighting agents in our food. These compounds include lycopene, lignan, soluble fiber, carotene, chlorophyll, anthocyanins, tannin, and some yet to be discovered. Many of these compounds reside in the parts of food we remove in food processing (the peel of the apple, the pulp of the orange, etc.) and are often lacking altogether in our diets, which are based largely on processed grains and refined sugars. There is increasing evidence that sugar enables cancer cells to grow.








Finally, Death


Obviously, death is a result of war, of famine, and of pestilence, but ultimately more important is the potential death of our planet. There are millions of life-forms other than humans that depend on soil for survival. Not only does depleted soil reduce productivity of food and shelter for all life-forms, but the process of soil degradation results in breakdown of soil organic matter into carbon dioxide, the primary greenhouse gas.


While fossil fuel use gains the media attention, the conversion of soil carbon into atmospheric carbon by tillage of soil is responsible for more of the CO2 in the air than all the burning of fossil fuels in history.








“Don’t Cuss Farmers with Your Mouth Full”




When I was a kid there was a bumper sticker, commonly found on the vehicles of many farmers in my hometown, that said, “Don’t cuss farmers with your mouth full.”


We didn’t take criticism well. Most people don’t. We were quite proud of how well we farmed and believed it was simply not possible to do it any better. Any suggestion that there was a better way caused us to bristle up, and anyone who dared question us was probably just an ignorant city slicker who didn’t understand the realities of farming.


Unfortunately, that foolish pride probably set us back decades. We resisted adopting clearly better methods for far too long, because first we’d have to admit that we were not doing things in the best way already.


In hindsight, we weren’t even close. The way we were farming was in fact quite destructive to soil and would eventually lead us to ruin. We didn’t realize this, though, because over time our yields kept going up. As it turned out, this was due to better hybrids and varieties, more fertilization, higher plant populations, better equipment, and better chemicals; in other words, it was happening even though our soil was getting worse, not better.


Although we could see the gullies in our fields after a rain, we could easily erase them with tillage or a quick pass with a dozer—it was just a part of farming, no big deal. But when this recurs every year, it is a big deal. And what happens when it happens every year for centuries?


In our defense, we didn’t realize there was any other way to farm. When presented with better methods, though, we resisted. If you are a farmer reading this, many of the ideas I’ll share might contradict one or many of your existing beliefs. Some might seem quite radical.


Many certainly seemed that way to me at first as well. As I examined each new idea, however, and found many of them superior to the current method, the mental barriers I had put up against new ideas became easier and easier to penetrate. I soon learned to evaluate ideas on their merits, not on my preexisting prejudices or fear of what my neighbors would think. I was often asked, “Why can’t you just farm ‘normal’ like everyone else?” I would reply, “Because ‘normal’ is a synonym for ‘mediocre,’ and I have no desire to be mediocre.”


As you read this, I urge you to stay open and evaluate these ideas objectively, on their merits, not on the fact that “no one does that around here.” First try some things on a small scale. If it fails initially, try to understand why it failed, rather than dismissing it by saying, “That just doesn’t work around here.”


Test, evaluate, modify, and test again. Step outside your comfort zone and try something radical. You just might find that you actually prefer to “drink upstream from the herd” for a change.








Why Do We Still Till?




An aspect of human nature that baffles and frustrates me is that we cling to old methods of doing things, even when the evidence is overwhelming that those methods are not only ineffective but also counterproductive. Psychologists have a term for the refusal to believe evidence that contradicts a preexisting belief: cognitive dissonance. It is sustained by another activity called confirmation bias, in which a person overlooks all evidence that rejects his or her belief system and grasps the isolated bits of information that confirm it.




Plowing with Blinders On


One particular example of this behavior is the persistence of tillage as an agricultural practice. As I write this, a farmer I know is pulling a subsoiler through his fields, and his son is following him with a disk harrow to smooth out the ruts left by the subsoiler. In the spring he will disk again and follow up with another tillage pass to level the field. Then he will drive a heavy tractor and planter over it, and harvest will follow later with a 70,000-pound grain combine and 50,000-pound grain cart. He says he does this in order to loosen the soil so the roots can grow easier.


Two miles from this field, just a few years earlier, they widened the highway. To convert the loose soil in the road ditch into a compacted bed suitable for highway traffic, they first ran a subsoiler over it, then disked multiple times, and followed with a sheepsfoot packer in order to firm the soil; this was repeated several times. In just a few days of this treatment, they had a thoroughly compacted soil on which they laid gravel and asphalt. The sequence was pretty much the same in both situations: subsoil, disk, and then multiple passes with heavy equipment.


The farmer says that he performs those operations in order to loosen soil; the engineer says he does so in order to compact it. Who is right? If you have driven down a highway and NOT sunk into the soil, I think you know the answer already. I point this out to the farmer every year, and yet every year he spends thousands of dollars in fuel and machinery repairs and depreciation in order to achieve the complete opposite of his intended effect.




How People Explain Their Fondness of Tillage


There are many reasons given for tillage by its proponents:


“It creates a better seedbed.”


“It reduces crop disease and insects.”


“It loosens the soil so water runs in better.”


“Tillage increases yield.”


Yet both practical experience and research refute these claims, as we will discuss below. There are farmers who continue to tell me tillage allows rainwater to soak in. Yet after each rain, water is standing in the tilled fields, while there is none in the no-till field across the fence.


It must have rained more on the no-till field. It always does. The lucky guy over there with the no-till field just gets more rain. That is why his crops always yield better. He sure is lucky.




Dream On


This spring has had enough rain that pretty much every single tilled field in my area is covered with rills and gullies. Yet as soon as the soil dries up for a day, those farmers are right back out there tilling.


The gully may disappear from sight when it is tilled in, but that doesn’t put the lost soil back uphill. How can anyone see this tragic loss of irreplaceable-in-our-lifetime soil and not feel physically ill at the sight? These same farmers will stick their hand up at a land auction and buy land for thousands of dollars an acre. They then buy equipment that costs hundreds of thousands of dollars so they can buy thousands of dollars of diesel every year for the privilege of using that equipment to slowly destroy their soil and allow it to wash away to the bottom of the reservoir downstream. In 20 years, they will pay taxes to have that reservoir dredged because it will be filled up with the soil washed from their fields.




A simple soil test can confirm that tillage causes a loss of soil organic matter over time, but people just refuse to believe it. “I have been tilling my whole life, and my soil is as good as it ever was” is a common statement. But a glance at their soil compared to the soil in adjacent pastures or grassed roadsides indicates this is absolutely not so; their soil is a lifeless, pale brown powder, while the soil in the road ditch is rich and black and crumbly. I don’t understand it.




Change Looks Hard


I understand why tillage may be necessary in an organic farming system, due to a lack of alternatives, but in a situation where synthetic inputs are used anyway, why on earth anyone still uses tillage just mystifies me. Numerous times I have spoken at a new location and farmers have told me that “no-till just doesn’t work around here.”


And then I found out they have a neighbor who is successfully no-tilling across the road from them and producing significantly better yields. I know farmers who have tried no-till once, and raised their best crop ever, only to go right back to tillage the very next year.


I have two friends who farm side by side—one with no-till and cover cropping, the other with conventional tillage. In the drought of 2012, they planted the exact same soybean variety across the fence line from each other on the same day. Come harvest time, the beans planted without tillage into “that mess” of a killed cover crop made 52 bushel an acre (I repeat: this in the drought year of 2012), while the beans in bare soil made 25. This pattern repeats itself annually, but still the conventional tillage guy still believes “you just can’t raise a good crop without tillage.”




Got to Drive That Tractor


The best explanation is that some farmers just like to till. They spend borrowed money to buy a $250,000 tractor to pull a $100,000 tillage implement so they can destroy their $6,000-an-acre land because they just like to sit in that air-conditioned cab and feel the power of that diesel engine underneath them and stir that dirt up and feel like they are accomplishing something. It makes them happy. And any evidence that points out the devastation caused by tillage interferes with this happiness, so it is ignored.




Our Father, the No-Till Convert


At one time my father would bristle up and his face would turn red at the mere mention of no-till. Then my brother took a job as an agronomist in an area with several successful no-till farmers. I had also taken a job as an agronomist and had 180 clients, a third of whom were no-till, and the top half of those were our very finest farmers.


We reported these successes to our father (quite gingerly at first!) and showed him some no-till fields. Intrigued, but not yet convinced, he started experimenting with it, reducing his tillage on most of his crops while still firmly believing that corn needed preplant tillage.




Seeing the Light, in the Rain


One day he was doing preplant tillage prior to planting corn, and it began to rain. It was soon pelting so hard that he shut off the tractor in the middle of the field and sat there in the cab, not wanting to go out in the downpour. And he saw the rain wash away every inch of the soil he had just tilled, while the part of the field that was not worked was still intact.


That year, the difference between the two sections of the field was night and day. The part missing its topsoil resulted in complete crop failure, and the other half produced a respectable yield. It dawned on him that this single tillage trip was a lifetime mistake, and one he had made hundreds of times.


Yes, the university extension people said no-till would not work on our heavy clay with low organic matter and poor structure and drainage. What they didn’t tell us was that the low organic matter and poor structure were caused by tillage in the first place. It seems that tillage didn’t work very well, either.


My father resolved to make no-till work in an area where the “experts” said it wouldn’t. Luckily, he and a handful of like-minded farmers in the area all leaned on one another for support, sharing successes and determining reasons for failure. Amazingly (or perhaps not!), they were successful. Yields did not plummet, and in fact they somewhat improved.




Every year I tilled, my soil got worse, and every year it took more tillage to accomplish the same result. Every year I no-till, the soil gets better.




Taking the Long View


My father is now one of the biggest no-till advocates in his area. He once told me something that made a huge impression: “Every year I tilled, my soil got worse, and every year it took more tillage to accomplish the same result. Every year I no-till, the soil gets better. If I keep no-tilling long enough, my soil will get a lot better. If I had kept tilling long enough, it would have gotten a lot worse. I just thought to myself, ‘What condition do I want my soil to be in when I leave this world?’”


And that is exactly the point. We MUST think in terms longer than the next harvest. While people may question whether they can raise better crops with or without tillage, there is one point for which there is no dispute: The long-term effect of continued tillage is drastically deteriorated soil. Anyone who says otherwise is simply ignoring the evidence in front of their eyes. (See Figure 9.1.)







7 Harmful Effects of Tillage: Some Evidence




Tillage destroys soil structure, reduces organic matter, reduces rooting depth, triggers soil erosion, reduces water infiltration, and is expensive as well. Throughout history, every civilization that depended on tillage-based agriculture for its food supply has eventually collapsed, with few exceptions. If the human race is to survive on this planet, we will need soil that gets better every year, not soil that gets worse. There’s no question about the path we need to take. We need to eliminate tillage as an agricultural practice.


Perhaps the reason many people haven’t given up tillage is that the damage is so often slow, occurring in such small increments that it is hard to see. And the typical farmer has no convenient way to compare the effects. Scientists are on the case, however: Here is research data that illustrates some of the negative effects. You can find many other books and articles that support these points. The data shown are typical examples.




1. Tillage increases soil erosion.






















	

How Different Tillage Methods Affect Soil Erosion and Rainfall Runoff













	

	

Moldboard Plow




	

Mulch till




	

No-till









	

Avg soil loss, kg/ha




	

178.3 +/- 11.68




	

131.2 +/- 3.91




	

113.2 +/- 3.62









	

Avg runoff, cubic meters/ha




	

7.30 +/- .34




	

6.25 +/- .34




	

5.94 +/- .37













	

Source: M. Vach, L. Hlisnikovsky, and M. Javurek, “Effects of different tillage methods on erosion,” Agriculture 64, no. 1 (2018): 28–34.















2. Tillage destroys soil structure.






















	

How Tillage Affects Aggregate Stability













	

	

Plow




	

Reduced Till




	

No-till









	

% Water-Stable Aggregates




	

59.5




	

70.09




	

70.74













	

SOURCE: J. Somasundaram, A. K. Biswas, N. K. Sinha, M. Mohanty, K. M. Hati, P. Jha, M. Sankar, A. K. Patra, R. Dalal, and S. K. Chaudhari, “Effect of contrasting tillage and cropping systems on soil aggregation, carbon pools and aggregate-associated carbon in rainfed Vertisols,” Soil Science 69, no. 5 (September 2018).














3. Tillage reduces rainfall infiltration.
















	

How Different Tillage Methods Affect Rainfall Infiltration













	



[image: Bar graph showing rainfall infiltraion in trafficked and nontrafficked]















	

SOURCE: “Long-term tillage effects on corn and soybean yields in the Piedmont,” North Carolina Extension Publication AG 439–80 (January 20, 2015).

















4. Tillage reduces root mass of the crops that follow.






















	

How Tillage Affects Corn Root Weight













	

	

Tillage System









	

	

Plow




	

Chisel




	

No-till









	

Soil Depth




	

Root weight (milligram per cubic centimeter)









	

0 to 3 inches




	

0.75




	

0.83




	

1.88









	

3 to 6 inches




	

0.98




	

0.98




	

0.75









	

6 to 9 inches




	

0.51




	

0.50




	

0.50









	

9 to 12 inches




	

0.23




	

0.22




	

0.23













	

Note that in this trial, tillage actually decreased the number of shallow roots (in other words, roots did NOT grow better in soil loosened by tillage) and tillage also did not help roots grow deeper.


SOURCE: D. B. Mengel, “Fertilizing Corn Grown Using Conservation Tillage,” Agronomy Guide AY-268, Purdue University Cooperative Extension Service (1990).














5. Tillage reduces soil organic matter.




















	

How Tillage Affects Soil Organic Matter













	

	

Carbon content, Mg/ha









	

Soil depth, inches (cm)




	

No-till




	

Tilled









	

0–3 (0–7.5)




	

2.4%




	

1.1%









	

3–6




	

1.2%




	

1.3%













	

SOURCE: H. P. Denton, and D. D. Tyler, “Making No-till Conventional in Tennessee,” Proceedings of 25th Southern Conservation Tillage Conference (2002).















6. Tillage uses a lot of fossil fuel and costs a lot of money.




















	

How Costs of Different Tillage and Planting Operations Compare













	

Operation




	

Cost, $ per acre




	

Fuel Use, gallons per acre









	

Moldboard plow




	

39.80




	

2.1









	

Tandem disk




	

12.60




	

0.5









	

V-ripper




	

22.50




	

1.5









	

Field cultivator




	

9.90




	

0.3









	

Vertical till




	

11.70




	

0.4









	

Conventional planter




	

14.40




	

0.3









	

No-till plant




	

17.20




	

0.5









	

No-till drill




	

25.80




	

0.9













	

SOURCE: D. Lattz and G. Schnitkey. “Machinery Cost Estimates for 2019.” farmdoc daily (9):144, Department of Agricultural and Consumer Economics, University of Illinois at Urbana-Champaign, August 6, 2019.
















7. Tillage sends a great deal of CO2 emissions into the atmosphere.






















	

How Tillage Affects CO2 Emissions from Soil into the Atmosphere













	

	

No-till




	

Reduced till




	

Moldboard plow









	

CO2 released, micro mol/cubic meter/second




	

2.014




	

2.889




	

4.318













	

SOURCE: K. Kristof, T. Sima, L. Nozdrovicky, and P. Findura, “The Effect of Soil Tillage Intensity on Carbon Dioxide Emissions Released from Soil into the Atmosphere,” Agronomy Research 12, no. 1 (2014): 115–120.


















The Real Effects of Fallow




After tillage, perhaps the next most destructive practice in agriculture is that of fallow. Fallow has been practiced to some extent all over the world but is used most extensively in the drier areas.


The idea seemed sound: Let the soil accumulate moisture by not allowing any plant growth. The tillage used during the fallow period oxidized organic matter and resulted in an accumulation of available minerals, in addition to increased soil moisture. The combination of extra water and extra fertility resulted in an increase in subsequent crop yields, leading to fallow becoming a widely used practice.


But fallow had some drawbacks, both obvious and hidden:




	It required several months of sunlight—wasted sunlight—to produce this accumulation of soil fertility and moisture.


	It proved very inefficient in moisture use. According to one study by Kansas State University, a 10-month fallow period stored only 17 percent of the rainfall that occurred in a tilled soil, compared to 33 percent in a no-till trial.


	The increase in available minerals came about through a reduction of soil organic matter.


	During fallow, the efficiency of sunlight use is zero percent. None of the sunlight falling on land is captured or put to use during a fallow.


	Without plants growing for a year, there are no organic matter inputs into the soil for a year. As soil organic matter decreases, so does the ability of soil to take in and store rainwater.







Loss of Soil Microbes


The most insidious shortcoming of fallow is the elimination of the soil organisms that depend on live roots for their survival. Microbes have relatively short life spans and need to be fed constantly. When the soil has no live roots for 9 to 18 months, these organisms simply starve. Some of these organisms are the very same organisms that would increase drought tolerance (you’ll learn more about soil biology in Chapter 5).


The benefits of fallow are short-lived, but the drawbacks are very long-lasting. Fallow does not “rest” soil; it starves it!






“But I Get Better Yields When I Till!”


I often hear this statement from farmers defending tillage, and they are not incorrect. Tillage can increase yields by creating pore spaces, allowing more oxygen into the soil for more root growth—but this is a temporary effect. Tillage also reduces soil oxygenation over the long term by destroying soil aggregates (see here), creating the need for more tillage over time to get the same effect.


Tillage increases crop yields the same way a shot of whiskey “cures” alcoholism. It doesn’t increase productivity; it just temporarily alleviates the symptoms caused by tillage in the first place.


Another seeming “benefit” of tillage is that as the soil organic matter gets oxidized it releases plant nutrients, particularly nitrogen. If this seems like fertilizer for free, it is not; it is fertility taken out of savings to be used today, at the expense of soil structure and water-holding capacity. It creates fertilizer no more successfully than a debit card creates money.


Tillage is a road to eventual ruin, whether it occurs in our lifetime or our grandchildren’s or their grandchildren’s. This book focuses instead on the soil characteristics that increase productivity, and the practices that can support and improve those characteristics.








Chapter 2 Summary






	Agriculture has increased greatly in productivity over the years, but it has come at a price.


	Problems that have occurred due to agriculture include:



	soil erosion


	loss of soil carbon and increased atmospheric carbon dioxide


	increases in flooding and a reduction in water use efficiency


	an increased dependency on fossil fuel


	an increased scarcity of fertilizer materials


	pollution of water and soil


	declining health of our environment and in the nutritional value of the food we produce.








	Much of this degradation comes from two very common agricultural practices: tillage and fallow. Improving the environmental impact and profitability of our world’s food production depends largely on eliminating these two practices.


	Tillage can temporarily increase crop yields, but this comes at the expense of long-term productivity. Tillage has the following negative effects:



	increased soil erosion


	degradation of soil structure


	reduced infiltration of rainfall


	decreased root mass of plants over time


	decreased soil organic matter


	increased fossil fuel use and expense


	increased atmospheric CO2 emissions








	Fallow, another common practice, is a period when all plant growth is prevented in order to store soil moisture for use by the next crop. This can increase the yield of the next crop in rotation, but again it comes at a price. Plant growth is necessary for these reasons:



	It feeds soil microbes that are essential to help plants extract water from the soil.


	It builds soil organic matter, which aids water-holding capacity.


	In short, fallow starves soil microbes and reduces the long-term drought tolerance of soil.




















Part IIWhat Is the Ideal Soil?




The role of soil is to provide physical support for the plant, offer water, allow enough oxygen to the roots, and furnish mineral nutrients. It all seems very straightforward. With unlimited free access to irrigation water, a very well-drained porous soil (such as sand), and abundant cheap fertilizer, this can all be accomplished rather easily.


In most soils, however, it is not this simple.














03Soil Oxygen




When we think of limiting factors in the soil for plant growth, our mind usually focuses on water and mineral nutrients. Seldom do we think of oxygen as a limiting factor, but oxygen is absolutely vital not only to plant roots but also to most soil organisms. Without sufficient oxygen, roots cannot penetrate very far into the soil and thus cannot access much of the water or minerals found in the soil.


Lack of soil oxygenation probably is far more limiting to plant growth and soil biology than any of us suspect; if that is indeed the case, overcoming the lack of soil oxygenation may be a key to vastly improving crop yields.








The Elements of Soil Productivity




Under a microscope, sandy soil resembles a pile of little balls, and water and air can move readily through the gaps. (See Figure 2.3.) The sandy soils that tend to be well oxygenated lack the ability to hold much fertility, however, because there is very little relative surface area to hold it. The ability to hold mineral nutrients is often measured in terms of cation exchange. Cations are ions with a positive charge, and surfaces of soil particles are typically negatively charged, so cations adhere to them by magnetic attraction. Most of the nutrients required by plants are taken up as cations. Sandy soil is low in cation exchange.


Clay soils are very high in cation exchange but are usually poorly aerated and therefore lack the oxygen needed for active transport. Under a microscope, clay looks like stacks of paper. It is composed of many flat sheets. The spaces in between these sheets can hold a tremendous amount of water and nutrients, just like a sheet of paper can hold a lot of writing on it. (See Figure 2.2.)But these stacks of sheets are not conducive to allowing oxygen into the soil. Also, water moves quite slowly through clay because, in order for water to enter, air must have an escape route. Clay soils also tend to “fix” many nutrients into unavailable forms, while sandy soils lack the ability to hold nutrients in the root zone and allow them to leach below the roots.


Ideally, for optimal plant growth, water, mineral nutrients, and oxygen must be provided to the same root at the same time. At first glance, this seems impossible and, in the current state of many agricultural soils, it is. Most agricultural soils oscillate between too little water and too little oxygen, with good nutrient uptake taking place only in the brief transition periods between. The question then arises: How can you accomplish the seemingly impossible task of providing water, oxygen, and minerals to the same root at the same time?


For most of the past 7,000 years we have tried to make soils more productive through physical means, primarily through tillage, which by now you should realize was a misguided path. For the past 150 years, however, we have largely attempted to make soils more productive through chemical means: by adding fertilizers and by controlling insects, weeds, and diseases through chemical compounds that often end in the suffix “-cide.”




Biology Leads the Way


Now we are on the cusp of a new revolution in agriculture, one that is based on the realization that almost all problems of soil productivity can be addressed through biological means, primarily through microbes. It is not that soil chemical and physical conditions are not important, because they are, but we now realize the incredible power that microbes have to create optimal conditions for plant growth in almost any soil.




Five Steps to Productivity


Crucial to this thought process is the understanding that this increase in productivity is not achieved by pouring something out of a jug, even if the contents of that jug are microbes (“bugs in a jug”). Rather, it is achieved by:




	
1.Capturing and directing energy to soil microbes. This energy is derived from . . .


	
2.Photosynthesis, which is carried into the soil in the form of carbon compounds. This requires . . .


	
3.Plant growth, which we nurture by . . .


	
4.Creating optimal conditions for plant growth (namely sunlight, soil minerals, water, carbon dioxide, and soil oxygen); and by . . .


	
5.Creating optimal conditions (temperature, moisture, etc.) for the soil organisms that are the real producers of healthy, productive soil.










Tilling with Dynamite


From the Colony (Kansas) Free Press in 1909




Nov. 5, 1909. As per arrangements, the DuPont people were on hand Wednesday to dynamite the acre of land that had been prepared for them on the C.H. Clark farm. About 150 people witnessed with interest. The object was to loosen up the subsoil allowing the air to more freely penetrate, thus starting a process of pulverizing the soil to a great depth, bringing the potash and nitrogen into action to assist in growing of crops. It is thought by Ex-Gov. S. J. Crawford and A. J. Georgia of Pittsburg, KS, that the experiment is a profitable one. J. W. Williams of Central Kansas, an extensive alfalfa grower, said he took an acre of gumbo soil that was worthless for crop, but after dynamiting the ground and sowing it to alfalfa he was able to cut three crops of alfalfa from the land in one year.


Howard Hester has one of the best orchards in this section and states that his orchard ground was first dynamited before the setting of trees some twenty years ago. It is claimed by Crawford and others that there is more potash and nitrogen in the heavy gumbo and hard pan soil than any other soil, and loosening it up and allowing the hard soil to become pulverized provides access to growing crops.


Author’s note: Howard Hester was my great-great-grandfather. As I have mentioned, the soil where I grew up was extremely heavy clay underlain with limestone bedrock at a shallow depth. When my great-grandfather (Howard’s eventual son-in-law, Claude Strickler) hired a man to first plow the native grass sod south of his house on this same farm, the plow man completed the job and said, “Claude, if I had this farm and a house in hell, I think I would sell this farm and go home.”


Sometimes extreme measures were taken to loosen this soil and introduce oxygen. Now, over a hundred years later, we know that the secret to loosening clay soil and aerating it is not explosives, nor a plow; it is soil microbes. (Though I can tell you that dynamite was certainly a fun method to try! It doesn’t really loosen clay soil much, long term, but it sure busts up limestone bedrock.)


Today, by following many of the ideas in this book, my brother is now consistently raising 150 bushel-per-acre corn on the land that, Claude Strickler was told 100 years ago, was less preferable than a house in hell.








Getting Oxygen into Soil




Lack of root depth creates a situation in which plants often have an insufficient supply of either moisture or mineral nutrients, neither of which is conducive to plant growth or soil improvement. It is often assumed that mechanical barriers (hardpans) are the reason that roots fail to penetrate, but an observation of how tree roots frequently break concrete sidewalks along city streets illustrates that a simple hard soil is seldom a real barrier to root growth.


In reality, what is most often limiting to root depth is a lack of oxygen. Aboveground, oxygen is seldom a limiting factor for growth, since the atmosphere contains 21 percent oxygen. Below the soil surface, however, oxygen is quite often the most limiting factor for growth of both roots and microbes, as respiration by both can use up much of the supply faster than it can move into the soil. Although some microbes can function in anaerobic conditions, the majority of microbes, and nearly all beneficial ones, require a minimum amount of oxygen. Plant roots need at least 10 percent oxygen to thrive.




What Keeps Oxygen Out of Soil?


Factors that prevent movement of oxygen into the soil include saturated conditions, poor drainage, compaction, excess sodium, lack of organic matter, and poor structure caused by tillage. Tillage, particularly subsoiling, can introduce a large amount of oxygen into the soil, although this also results in the oxidation of organic matter and eventually results in further degradation of soil structure and, over time, even less oxygen content.


This is why it is said that soils become “addicted” to tillage. Any inversion tillage operation, such as disking or plowing, will result in a loosening of surface soil. But in order to lift the soil above the surface, the tillage implement has to push down on the soil. This results in formation of a plowpan, with a platy structure that greatly restricts the movement of oxygen into the soil. (See Figure 2.4.)


How best to remedy this is a matter of controversy. Conventional wisdom is to use a subsoiler and mechanically cut a slot through the soil. While this works temporarily, research has shown that one subsoiler trip results in a massive loss of organic matter and a destruction of soil aggregates—the opposite of what we want. Since virtually all cropped soils were moldboard plowed at one time, finding a remedy for this situation that does not involve destructive tillage is paramount.




Identifying a Lack of Oxygen


It is usually a simple matter to determine if a subsoil is lacking in oxygen in a temperate area.




Roots in the Subsoil


The presence or absence of roots is the first clue. Simply dig a hole and look at the soil. If roots are present, then oxygen is apparently not limited or limiting in that layer. If roots are lacking, however, it may indicate a lack of oxygen or it could be another factor.




Subsoil Color


If the subsoil is red or reddish brown, it has enough oxygen for root growth. If it has a gray coloration, it lacks oxygen. This color shift derives from the iron compounds in the subsoil converting either to the oxidized (red) tint in the presence of oxygen or to the reduced (gray) forms in the absence of oxygen. (See Figure 2.5.) Subsoils rust just the way iron does when exposed to oxygen and moisture.


Intermittent oxidation can cause a yellow subsoil color. Incomplete oxidation will usually result in a mottled appearance of red streaks on a gray background. Often these red streaks will follow a crack, a worm burrow, or an old root channel where oxygen can penetrate a little farther. This is our clue to remedy the situation of poor oxygen penetration.


Sometimes a lack of oxygen is caused by a high subsoil water table, usually indicated by a solid gray subsoil. This can be remedied only by subsurface drainage. If the cause is the presence of compacted or platy soil layers, however, there are some other, cheaper remedies, discussed below (Preventing Soil Compaction).




Subsurface Drainage


With soils that typically have a high water table in spring, subsurface drainage can increase root depth, thereby improving drought tolerance later in the season. It is often referred to as tile drainage, because it used to be constructed of clay tiles (short sections of interlocked ceramic pipes). These days, most subsurface drainage is accomplished with perforated, corrugated plastic tubing (see Subsurface Drainage).


It seems counterintuitive that removing water from the soil can improve performance of crops in a drought, but the key is not the removal of water; it is the entry of oxygen into the soil when pore spaces are drained of water. Roots need both oxygen and moisture in order to grow, and a saturated soil will not have oxygen. By draining away the excess water that usually occurs in spring in many areas, roots can grow deeper and be more able to access soil moisture when the typical late summer drought occurs. Tile drains can also remove water from ponded areas, such as the areas just uphill of terraces, to prevent crops from drowning out.


Subsurface drainage can greatly increase the productivity of cropland in wetter areas, such as the northeastern US and the eastern Corn Belt; however, it can also have negative effects on the environment. One is that tile drains can become an easy pathway for nitrates or pesticides leached out of the soil profile to enter waterways (see Chapter 6). Another is that tile drainage systems have made it feasible to convert large areas of wetlands to cropland. While this is an obvious economic boon for the landowner, it is an ecological loss, as wetlands perform many valuable functions.







Subsurface Drainage






Before Drainage


[image: ]

left: During a wet spring, saturated, anaerobic soil is close to the surface, preventing full root growth. right: Later, in summer drought, roots are shallow and cannot reach moist soil.








After Drainage


[image: ]

left:During a wet spring, anaerobic soil is far from the surface, allowing full root growth. right: Later, in summer drought, roots are deep.










Preventing Soil Compaction


In addition to poor drainage, the other main cause of less-than-optimal soil aeration is compaction. As we will discuss later, compaction is best alleviated through biological means rather than mechanical ones. It is much easier to prevent compaction, however, than it is to correct it once it has occurred. Here are the primary strategies to prevent soil compaction:




	
Eliminate tillage. Tillage destroys soil aggregates and makes soil more susceptible to compaction.


	
Reduce vehicle traffic on the field. Combining operations into a single pass may help achieve this. For example, putting a sprayer onto a planter may eliminate the need for a separate trip with a sprayer.


	
Use vehicles with tracks rather than wheels. Tracks have been found to compact soil much less than wheels.


	
Use controlled traffic patterns to keep all vehicle tires on the same narrow paths.


	
Reduce equipment weight. Using equipment that is not oversized helps reduce compaction and saves fuel. Farmers who convert from a tillage system to no-till typically can reduce the size of the tractor they need. But not all do so; they all too often hang onto that big old fuel guzzler “just in case” they “need” to do some tillage.


	
Stay off fields when they’re wet. Wet soils are more susceptible to compaction than dry soils.


	
Keep a residue layer on the field. The residue acts somewhat like snowshoes to help hold up vehicles.


	
Keep live roots in the soil to create a firm sod-like condition that resists compaction. Cover crops are excellent for accomplishing this, as is including perennial forage crops in the crop rotation.







The Soil / Oxygen Cycle


Understanding the seasonal changes in soil oxygen levels is critical to improving the soil/oxygen cycle. Old, decayed root channels can provide passages through oxygen-limiting layers, but the challenge lies in creating those channels in the first place. Oxygen levels fluctuate throughout the year, and we can take advantage of this knowledge.
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