
  Chapter One


  


  Climate Realities


  This is not a book about bad news, but before we discuss agricultural climate change solutions we need to take a good, hard look at the facts. Some of them are grim indeed, not just for polar bears and golden frogs, but for my favorite species of all: human beings. The looming impact of climate change on humanity, especially our most vulnerable members, is what makes it the central issue of our century. As you read the bad news, however, keep in mind that catastrophic climate change is preventable. I promise we’ll spend the rest of the book discussing the very real and very hopeful solutions agriculture can offer.


  Climate Change Is Real and Is Caused by Human Activity


  Between 97 and 98 percent of climate scientists agree that climate change is real and is caused by human activity; namely, through land management practices and burning fossil fuels.1 Climate scientist James Hansen writes, “Humanity today, collectively, must face the uncomfortable fact that industrial civilization itself has become the principal driver of global climate.”2


  When this book refers to humans causing climate change, it’s important to note that not all humans have contributed equally. Wealthy nations and wealthier people disproportionately drive the process through excessive use of energy and consumption of goods and services. In a cruel irony, it is those who have done the least to cause climate change who suffer the most and will suffer much more in years to come unless a global movement arises to reverse the trend. These wrongs have led to the movement for climate justice. Climate justice activists argue that climate change is hardest not only on the poorest countries but also on the poorest within countries.3


  The Planetary Carbon Cycle


  The earth is endowed with a natural planetary carbon cycle that has moved carbon back and forth among five major pools for billions of years.4
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  Figure 1.1. Our planet has five great pools of carbon. Burning fossil fuels and farming have moved carbon from the fossil and terrestrial pools to the atmospheric pool. Adapted from Lal, “Managing Soils and Ecosystems for Mitigating Anthropogenic Carbon Emissions and Advancing Global Food Security.”


  • The ocean currently holds 39 trillion tons of carbon (77.4 percent of the global carbon pool). The oceanic pool is growing at 2.3 billion tons per year because it is absorbing excess atmospheric carbon.5 This in turn is causing harm as it acidifies the ocean.


  • Fossil carbon currently accounts for 5 to 10 trillion tons (14.9 percent). This is shrinking, as we are burning it up at about 8 billion tons of carbon per year.6


  • The soil currently contains 2.5 trillion tons (5 percent).7


  • The biotic pool contains living biomass (plants, animals, et cetera) and dead detritus such as leaf litter. It currently accounts for 560 billion tons (1.2 percent).8


  • The atmospheric pool currently holds 780 billion tons (1.5 percent) and is growing at 4 billion tons per year due to fossil fuel burning and land use.9


  The terrestrial pool, which includes soil and biotic carbon, is roughly four times larger than the atmospheric pool.10 Deforestation and agriculture have caused the loss of 320 billion tons of carbon from the terrestrial pool in the last 10,000 years, almost half of which has been since 1850. Burning fossil carbon for energy (in the form of coal, petroleum, and natural gas) has moved 292 billion tons of carbon to the atmospheric pool—most of it in the form of carbon dioxide—and is projected to emit another 200 billion tons in the first three decades of the 21st century.11 What’s the effect of all that carbon in the atmosphere?


  The Greenhouse Effect


  In the winter my garden can reach daytime temperatures of −18°C (0°F) or below. But if it is sunny, it can be as high as 27°C (80°F) inside my greenhouse because the plastic lets sunlight in and traps the heat inside. Gases such as carbon dioxide are called greenhouse gases because they work like the plastic on my greenhouse. They let light from the sun pass through them on its way to the planetary surface but capture some of the heat, or thermal radiation, that “bounces back.” This means that heat that would otherwise escape into space is trapped in the atmosphere. We need some of that heat to have a functioning planet, but the dramatic increase of these gases in our atmosphere means the planet is heating up.


  
    Skeptical About Climate Change?


    Fossil fuel billionaires and others who stand to lose profits from climate change mitigation efforts have funded some quite successful disinformation campaigns.12 Climate skeptics often point to particular studies or arguments that they say disprove anthropogenic climate change. The website Skeptical Science addresses and debunks almost 200 such arguments with links to relevant scientific papers.13


    Distrust of climate science (in the United States, at least) also appears to be driven by a perception that the issue belongs to the political left. But opinions don’t change facts. The political right and the political left both need to do a better job of accepting and prioritizing climate change—and propose and implement solutions rapidly.

  


  Carbon dioxide is responsible, by far, for the majority of global warming.14 Other greenhouse gases, including methane and nitrous oxide, are also significant. Today all are at levels unprecedented in the last 800,000 years.15 None of these gases, including carbon dioxide, is “bad”; they are all essential parts of natural planetary cycles. The problem is that we have supercharged the atmosphere with them, with serious consequences.


  How Warm?


  The International Panel on Climate Change (IPCC) states that we are most likely headed toward a rise of 3.7 to 4.8°C (6.7 to 8.6°F) by 2100 unless we undertake aggressive mitigation measures. When climate uncertainty is included in the projections, they range from 2.5 to 7.8°C (4.5 to 14.0°F).16 Other sources estimate 4 to 6°C (7.2 to 10.8°F).17 No one knows exactly how fast these changes might take place. We could hit 2°C (3.6°F) by 2030 or 2100. The faster the change, the harder it will be to adapt and the less time there will be to respond.18


  Keep in mind that the IPCC is fairly conservative and actual climate changes keep ending up at the high end of their estimates or above.19 Also remember that carbon dioxide takes decades to begin its warming effect, so we have not yet started to feel the impact of much of the carbon we’ve already emitted. We are already committed to a temperature increase of 1 to 1.5°C (1.8 to 2.7°F) even if we stop all emissions tomorrow. This time lag makes it hard to appreciate how serious the problem already is.20


  Climate Change Is Already Damaging Our World


  We are already seeing the impacts of climate change on all continents and throughout the oceans. Permafrost is melting, and glaciers are shrinking. There is less fresh water available, and the fresh water that is available is declining in quality. Organisms are altering their range, seasonality, populations, and behavior. Coral reefs and Arctic ecosystems are declining rapidly.21 The number of Category 4 and 5 hurricanes almost doubled between 1970 and 2004.22 And farmers around the world report that the rains are coming at different times, throwing off the farming season.23 We are already seeing lower crop yields except in some high-latitude regions.24


  Oxfam International’s landmark publication Suffering the Science: Climate Change, People, and Poverty reports that hundreds of millions of people living in poverty around the world are already dealing with climate challenges today. This includes 26 million people who have been displaced from their homes.25 The World Health Organization estimates 150,000 lives are lost every year already due to climate change.26


  Is a Couple of Degrees So Bad? Hasn’t Climate Change Happened Before?


  The world’s climate has changed before many times, but human-caused climate change is different from previous natural climate changes. First, it is much faster by orders of magnitude. Second, it is happening in a context of tremendous habitat fragmentation and already-damaged natural systems due to destructive agricultural and settlement practices.27 Third, we now have a global civilization brimming with vulnerable people, farms, and infrastructure.


  What’s the big deal with a couple of degrees warmer? It’s actually a very big deal. At the coldest part of the last ice age, the planet was only 6°C colder than today.28 The last time it was 6°C warmer was 55 million years ago—when there were rain forests in Greenland.29 It was also 6°C warmer than today during the great Permian extinction 251 million years ago.30


  Tipping Points and Point of No Return


  The American Association for the Advancement of Science writes, “Pushing global temperatures past certain thresholds could trigger abrupt, unpredictable and potentially irreversible changes that have massively disruptive and large-scale impacts. At that point, even if we do not add any additional carbon dioxide to the atmosphere, potentially unstoppable processes are set in motion.”31


  Tipping points are points at which positive feedback loops would trigger additional warming. For example, when Arctic sea ice melts, we’re left with more ocean water whose darkness absorbs more of the sun’s heat, further contributing to warming.32 Theoretically, we could reach such a tipping point without triggering this kind of feedback loop if the excess atmospheric carbon was removed quickly enough. A point of no return, which is harder to pinpoint than a tipping point, is the level at which these feedback results are irreversible.33 Currently, we have already crossed a global tipping point and are on the way to a point of no return. We have a narrow window of time, perhaps a few decades, in which to lower the concentration of greenhouse gases enough to prevent catastrophe.34


  Many climate tipping points are related to vast carbon sinks, or natural stores of ancient carbon. When temperatures rise, some of these sinks start to give off their carbon, dramatically speeding up the process of climate change. For example, when it gets too hot, stressed plants actually emit carbon dioxide instead of sequestering it. At 2°C, an estimated 15 percent of vegetation and soils may start to off-gas their carbon, becoming a net contributor to climate change instead of a bulwark against it. This may increase to 40 percent at 4°C (7.2°F).47 Sinks also harbor points of no return. At 4°C, carbon-rich Arctic soils could thaw, resulting in vast emissions; perhaps 900 billion tons are stored there today. Sometime in the 22nd century, we may see the release of vast amounts of carbon stored as methane hydrates (also called clathrates) at the bottom of the sea.48


  
    Agriculture Is a Leading Cause of Climate Change


    The production, processing, and distribution of food is the world’s largest economic activity. The food system (including production of food, fiber, and other products) is responsible for roughly half of all greenhouse gas emissions worldwide (see figure 1.2). Emissions that result directly from agricultural production account for 11 to 15 percent of total greenhouse gas emissions worldwide. Processing, packing, refrigerating, and retailing food is responsible for 15 to 20 percent, and food waste is another 2 to 4 percent. Land clearing and deforestation for agriculture accounts for 15 to 18 percent. In fact, 70 to 90 percent of all deforestation globally is for agriculture, most of which is for industrial sugarcane, oil palm, and plantations of annual crops such as soy, maize, and rapeseed. From farm to plate, our food system is responsible for a staggering 44 to 57 percent of anthropogenic greenhouse gas emissions.35


    Let’s look more closely at the greenhouse gas emissions resulting from agricultural production per se, not including, for the moment, processing, distribution, waste, et cetera. The Food and Agriculture Organization of the United Nations (FAO) estimates that methane and nitrous oxide from rice paddies, ruminant livestock, and poorly managed manure accounted for a whopping 76 percent of emissions from agriculture from 1990 through 2012.36 And then are the fossil fuels that power our farms; the worst culprits are agrochemicals, plowing and subsoiling, harvesting with combines, and pumping water for irrigation.37 We burn fossil fuels to remove nitrogen from the atmosphere to manufacture fertilizer, much of which then off-gases as nitrous oxide from runoff and leaching.38
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    Figure 1.2. Emissions from agriculture, land clearing for agriculture, the food system, and food waste amount to roughly half of all anthropogenic emissions. Adapted from GRAIN, “Food, climate change, and healthy soils: The forgotten link,” in Wake Up Before It Is Too Late: Make Agriculture Truly Sustainable Now for Food Security in a Changing Climate, UNCTAD, 20.


    But agriculture’s most damning contribution to climate change is the release of carbon held in the soil, primarily from deforestation and land clearing. This is euphemistically referred to as “changes in land use” and exposes soil organic carbon to oxygen in the air, converting it to carbon dioxide. Since the dawn of agriculture 10,000 years ago or more, land clearing and degradation have resulted in 320 billion tons of emissions, 155 billion tons of which were released between 1850 and 2010.39Two and a half trillion tons of carbon are currently held in the top meter of soils around the world, with an additional 560 billion in living aboveground biomass and detritus. Together these amount to six times the amount of carbon currently in the atmosphere.40 As of 2012, the rate of emissions from land clearing was 0.9 to 1.7 billion tons per year.41


    Plowing, or tillage, in particular, is highly destructive of soil organic carbon. Most agricultural soils have lost between 30 and 40 tons of carbon per hectare, or 25 to 75 percent of what existed before the land was cleared.42 This varies by ecosystem, soil type, and farming practice. For example, soil loses 30 to 50 percent of its organic carbon by the time it has been cultivated for 50 years in temperate climates, but only 10 years in tropical climates.43 It loses more from eroded or degraded soils.44 In fact, accelerated erosion from poor farming practices accounts for 1.1 billion tons of carbon emissions annually.45 All of this degradation of soils has another impact—reduced productivity of the farmland itself.46


    The good news, which I’ll keep coming back to, is that agriculture can not only reduce emissions but actually sequester billions of tons of atmospheric carbon, trapping it in the soil and aboveground biomass.

  


  The Projected Impacts of Climate Change


  It’s hard to forecast exactly what the impact of climate change will be. There are many variables and unknowns, including how humanity will respond. What we do know with some certainty is that some people will suffer the consequences of climate change to a much greater degree than others. In a 2014 report the IPCC stated that “risks are unevenly distributed and are generally greater for disadvantaged people and communities in countries at all levels of development.”49


  The projections covered here are not good news, but I’ve chosen to present them in some detail for several reasons. First, it catches you up with the grim reality of climate change, which is rarely given its due in the media. Second, it makes a strong case for the need for carbon farming. Finally, most policy efforts are aiming at 2°C (and policy makers are failing to come close even to this goal).50 The research presented here shows that 2°C would be disastrous for much of the world. Indeed, African delegates at the UN climate summit in Copenhagen cried out “2 degrees is suicide” for their countries.51 The better news is that IPCC scenarios that are aimed at attaining 2°C rely on carbon farming with improved annual crops and pasture management for much of their sequestration despite their low per-hectare impact. But reaching the safer ground of 350ppm (less than 1°C, or 1.8°F) means a more vigorous effort—that’s where the extraordinary sequestration rates of agroforestry and perennial crops, the strategies at the heart of this book, come in.


  I have divided the projected impacts of climate change that follow into three parts—environmental impacts, agricultural impacts, and human impacts—for easier digestion. But it’s important to acknowledge that these categories are more or less artificial. You can’t have an environmental impact without having an impact on humans, for example. In covering this material I am indebted to Mark Lynas’s Six Degrees: Our Future on a Hotter Planet, for which he reviewed tens of thousands of scientific papers in order to conduct an analysis of which climate impacts we can expect with every increase of 1°C.52


  Environmental Impacts


  The frequency of climate-related disasters is projected to triple from 2009 to 2030.53 These events would impact 660 million people each year, mostly in less developed countries with less infrastructure. According to a report from Oxfam International, disasters of equivalent strength kill between 12 and 45 times more people in poorer countries than in wealthy ones. Women and children are also disproportionately killed in disasters.54 Storms that we have thought of as once in a century may come every 30 years by the 2050s and every 4 years in the 2080s and beyond.55


  Because warmer air holds more moisture, there will be not only more storms, but stronger storms.56 The intensity index of storms has already doubled as ocean temperatures have risen.57 At 3°C (5.4°F), hurricane intensity increases so much we may need to add a new category—Category 6—to reflect these new superstorms.58 At 6°C, hurricanes of “staggering ferocity” could sweep the globe.59


  Storms will also affect regions that have not previously experienced them. For example, the first recorded hurricane in the South Atlantic hit Brazil in 2004, and scientists project increasing hurricanes in South America, which has not been subjected to them historically. The Mediterranean may also see the arrival of historically unprecedented hurricanes. Hurricanes are devastating enough to begin with, but when they strike regions with no experience of them, the results can be horrific. This trend of wider-ranging hurricanes is projected to continue.60


  
    Climate Justice


    The climate justice movement “embodies the fundamental understanding that those who contribute the least to the excess of carbon dioxide and other greenhouse gases in the earth’s atmosphere consistently and disproportionately experience the most severe and disruptive consequences of global warming, and are often the least prepared to cope with its consequences.”61 Today the wealthiest 7 percent of the world’s people are responsible for 50 percent of all emissions.62


    Climate change is already disrupting lives in the Global South and is projected to have devastating impacts throughout the tropics and subtropics, particularly South Asia, Africa, and Central America. Wealthy countries have determined to set 2°C as an “acceptable” level of warming (although their emissions commitments have us headed to 4 to 6°C). Climate scientists are clear that 2°C would be an unprecedented disaster, submerging entire island nations and wide swaths of Bangladesh and other countries.63


    It is a vicious kind of racism that is willing to tolerate disaster in other people’s countries rather than change your way of life. Pope Francis reflects extensively on climate justice in the encyclical Laudato Si’. He writes, “We have to realize that a true ecological approach always becomes a social approach; it must integrate questions of justice in debates on the environment, so as to hear both the cry of the earth and the cry of the poor”64 (italics in original).


    Racism doesn’t discount the suffering just of poor countries but also of poor individuals within rich countries. Brian Tokar’s Toward Climate Justice points out, “The six U.S. states with the highest African American populations are all in the Atlantic hurricane zone, and African Americans also have the highest historic rates of heat death.”65 Naomi Klein draws a direct connection between the shootings of unarmed black men by police (in response to which the Black Lives Matter movement arose) in the United States and the discounting of climate impacts on the world’s tropical countries. She writes, “If black lives matter—and they do—then global warming is already a five-alarm fire, and the lives it has taken are already too many.”66 In this sense, climate change mitigation may be one of the most important anti-racism projects of the 21st century.

  


  Some regions of the world are projected to become much drier, while others will become more humid. Rainfall will likely come in the form of intense storms, causing flash floods and poor infiltration.67 At 1°C of warming, regions such as western North America will see stronger droughts.68 Indeed, the devastating California drought of 2015 is “very likely” linked to climate change and is in line with projections for the region.69 Southern Africa will become drier, while northern Africa will become more humid, if only in the short term.70 At 3°C of warming, southern Africa would experience permanent drought; Botswana, for example, would shift from savanna to parched sand dunes by 2070.71 “Super El Niño” effects could bring an end to the Indian monsoon rains, which provide critical rainfall for billions of people.72 And the Sahara desert would move north into Southern Europe.73 Meanwhile, other regions of the world, including central and eastern Africa, will see excessive rainfall and flash flooding.74


  We are already living through the sixth mass extinction in our planet’s history—an extinction caused by human activities. The International Union for Conservation of Nature (IUCN) Red List documents 830 organism extinctions, with 29 more extinct in the wild and 4,735 critically endangered.75 (Organisms that are extinct in the wild may still exist in captivity, such as in zoos, botanical gardens, or—rarely—on farms.) Runaway climate change will only further the destruction.76 The IPCC reports that up to 30 percent of species are at increasing risk of extinction at 1°C, which we have already exceeded.77


  Even at 1°C of warming, sensitive habitats such as the Australian Queensland Wet Tropics and the South African Cape Floristic Region begin to disappear.78 Depending on the speed at which changes happen, many species will be unable to keep up with the poleward move of their habitats.79 Above 2°C, there is a “moderate” chance that the Amazon will dry up and become a desert, resulting in a tremendous loss of biodiversity, stored carbon, and land inhabited by indigenous people.80


  At 3°C a shocking 33 to 50 percent of all living species will be on their way to extinction.81 Between 10 and 50 percent of the world’s habitats will simply be gone. These include many of our most diverse ecosystems. Many of the organisms adapted to these conditions will have nowhere to go and will perish; others will adapt. Other habitats will move hundreds of miles poleward or up in elevation. Species adapted to them will need to follow, adapt to new conditions elsewhere, or perish.82 At 6°C we will have raised temperatures as high as they were during the Permian extinction event—a mass extinction 251 million years ago in which the world lost as much as 95 percent of all land and sea life, but over the course of a century instead of 10,000 years.83


  Coral reefs protect coastlines from storm surge and are bastions of biodiversity. A third of all ocean life relies on them, including the young of many fish species that humanity relies on for food.84 Heat can kill the symbiotic algal partners of corals, a phenomenon known as coral bleaching. It takes 30 years to recover, but even with 1°C warming, annual bleaching will wipe out much of the world’s coral.85 At 2°C warming most corals will be bleached, and at 3°C the IPCC expects “widespread mortality” of corals.86


  Carbon dioxide taken up by the oceans makes the water more acid. At 2°C warming, parts of the Southern Ocean and Pacific will become toxic to organisms such as plankton, crabs, and shellfish that use calcium carbonate to make shells. The effect on plankton is especially worrisome, because they are critical to oceanic carbon sequestration (remember that the ocean is the largest of our global carbon pools). Their loss could lead to the spread of “marine deserts” devoid of the base of their food chain.87 A global rise in temperatures of 6°C could eventually cause the loss of oxygen in the deeper waters of the ocean, causing a massive die-off of ocean life, such as happened in previous mass extinctions.88


  Glaciers are already melting at rates not seen in more than 11,000 years.89 The loss of steady glacial meltwater would mean water shortages for one to two billion Chinese people this century.90 The melting of glaciers and loss of year-round flow of rivers will affect hundreds of millions of people on the Indian subcontinent. Cities such as Lima, Quito, La Paz, and Kathmandu whose water comes from glacier runoff will face serious water shortages.91


  The Greenland ice cap and Antarctic ice are beginning to melt. Greenland alone contains enough ice to raise the sea level by 7 meters (23 feet). Scientists think this will happen once the global temperature rise hits 1.2°C (2.2°F). This melting will probably take centuries or millennia, although climate expert James Hansen warns we could be facing “explosively rapid” melting and sea rise.92 He asserts that business-as-usual emissions will almost certainly result in multimeter sea-level rise by 2100.93 The IPCC predicts a much more comfortable 0.25- to 1-meter (0.8- to 3.3-foot) rise for this century.94 Whether it happens this century or not, melting of Greenland ice from a 1.2°C temperature rise would flood Miami, Manhattan, London, Bangkok, Bombay, and Shanghai. Half of humanity would have to relocate.95


  Sea-level rise is essentially irreversible once begun. At temperatures above 2°C, the great ice sheets of both Greenland and east Antarctica will eventually melt. Their contribution will raise sea level by 25 meters (82 feet). Fortunately, under most projections this melting will take thousands of years. On the other hand, if seawater penetrates the foundation of the west Antarctic ice sheet, we could see 5 meters (16 feet) in a matter of decades. The last time the planet was 4°C warmer the poles were ice-free.96


  Agricultural Impacts


  At present, most climate change impacts on agriculture are undesirable, except in some high-latitude regions.97 Food prices are projected to rise by as much as 84 percent this century.98 Declines of agricultural productivity of 15 to 30 percent are projected by 2080 in Africa, South Asia, and Central America.99 Chinese staple crop production suffers at 40 percent loss at 4°C.100 In some countries this could reach 50 percent loss of agricultural productivity, and in some regions agriculture will likely become impossible.101


  Scientists anticipate yield reductions in maize of 3 to 15 percent, wheat 2 to 14 percent, rice 1 to 3 percent, and soybean 2 to 7 percent, although some of these may be offset 1 to 2 percent by increases due to more available carbon dioxide. These will be much more severe in poorer regions where food security is already problematic.102 The International Food Policy Research Institute predicts that the result will be price increases of 131 percent for maize, 78 percent for rice, and 67 percent for wheat by 2050.103 Year-to-year yields are also projected to vary more widely due to erratic and intense weather.104 Increased carbon dioxide will have little net effect on crops, although it could impact nutrition by changing the protein, mineral, and amino acid content of cereal grains.105 Fruits and vegetables will also suffer serious declines.106


  Heat and water stress are projected to reduce productivity of livestock, although pastures in colder regions will benefit from longer grazing seasons.107 Forage quality is expected to decline in many regions.108 Food security means more than agriculture. Food processing, transportation, and other aspects are also at risk, if little investigated.109


  Increasing aridity is projected to increase irrigation needs by 7 to 40 percent this century.110 At 3°C half of Australia’s wheat land dries up, and Central America dries up enough to devastate agricultural production.111 In Pakistan the loss of glacial water will reduce river flows to agricultural areas by 90 percent. This could displace tens of millions of Pakistani people.112 The loss of snowmelt in the western United States may well create a permanent Dust Bowl drought and greatly increase wildfires.113


  In a 4°C world terrible permanent drought strikes the southwestern United States, Central America, the Mediterranean, South Africa, Australia. Seasonal droughts affect Southeast Asia, Siberia, the Amazon, and West Africa.114 Good news for Canada, Siberia, and other high-latitude areas, as they are projected to become warmer and wetter, perhaps serving as new breadbaskets for humanity.115 This option has limits in regards to areas north of the existing boreal agricultural zones where much soil is poorly suited to agriculture. Note that many tropical crops are well adapted to heat, and agriculture in the humid tropical belt might simply shift more to such crops as breadfruit, cassava, and pigeon pea.


  At 5°C (9°F) most of sub-Saharan Africa dries out. This would result in decreased crop and pasture yields in most of the continent. Crop failures on rain-fed farms are projected to happen every other year in much of southern Africa.116 Ulrich Hoffmann, senior economic affairs officer for the United Nations Conference on Trade and Development, writes, “In some locations, a combination of temperature and precipitation changes might result in complete loss of agricultural activity; in a few locations, agriculture might become impossible.”117


  Some temperatures are just too high for our common food crops. Rice, wheat, and maize all cease to yield in temperatures above 40°C (104°F). Their yields go down 10 percent for every degree above 30°C (86°F).118 At 4°C almost all of Australia will be too dry and hot for the annual crops we rely on. India at 4°C is too hot for most crops.119 (Some of the tropical tree crops profiled in part 3 could become suitable since many of them can survive in extremely hot climates.) Tropical crop pests may move into temperate and tropical highland growing regions.120 Some of the world’s worst weeds are also projected to spread more widely and become more competitive with crops.121 Mycotoxins, deadly fungi that contaminate stored grain, are projected to spread their range as well.122


  While it is possible at 1 to 2°C to shift to other crops, changing the staple food of whole regions and countries is difficult.123 Some perennial crops such as apples and walnuts require chilling hours—a period of cold—to produce the following year. As warming increases, plantings of these crops will have to move poleward.124 It is the poorest and most food insecure countries that face the worst impacts of climate change to their farming systems.125 At 5°C the tropics are too hot for most crops, while the subtropics are too dry. The belt of habitability where farming as we know it is possible moves closer to the poles.126


  Sub-Saharan Africa will see a $2 billion US loss in maize alone at 1 to 2°C.127 The same temperature increase is likely to improve food production in humid temperate and boreal areas. The United States might see an overall farm revenue increase of $1.3 billion despite the serious losses in California and the western half of the country. Productivity may increase in tropical highlands and extend growing seasons in temperate zones.128 While wealthy people can “buy” food security, poor families and countries will be hit hard by climate change.129


  Human Impacts


  The range of diseases such as malaria will change, with projections from a decrease in 150 million to an increase of 400 million additional people exposed. In Africa it only stands to increase, moving up the mountains to reach 21 to 67 million more people at 3°C.130 Overall hundreds of millions of people are expected to be exposed to new diseases at 2°C.131 The IPCC warns of a “substantial burden on health services” at 4°C.132 Water access and quality will impact drinking water and other human health issues.133 “Increased water stress” will impact hundreds of millions at 3°C and above.134 During the 2003 heat wave in Europe 22,000 to 35,000 people died from heat stress. This kind of heat will become increasingly normal.135 By 2050 London is projected to see five times more deaths due to heat. This is particularly important for farmers and others who work outside.136


  At 3°C millions will be forced to flee permanent droughts in Central America and southern Africa.137 At 4°C hundreds of millions of people will have to move inland, upslope, and toward the poles.138 At 2°C scientists anticipate 200 million refugees on the move annually by 2050. With migration comes much suffering, including human trafficking.139 At 4°C sea-level rise would displace 72 to 182 million people living at low elevations by 2100, especially in South and Southeast Asia.140


  The IPCC warns, “Human security will be progressively threatened as the climate changes . . . Climate change is an important factor threatening human security through 1) undermining livelihoods, 2) compromising culture and identity, 3) increasing migration that people would rather have avoided, and 4) challenging the ability of states to provide the conditions necessary for human security . . . Human rights to life, health, shelter and food are fundamentally breached by the impacts of climate change.”141


  Massive migrations, devastating storm disasters and droughts, famines, and loss of coastal and low-lying land will put tremendous stress on governments and citizens. Some of our governments don’t function terribly well today! Mass migration and strain on resources provide fertile ground for conflict. Researchers estimate that at 2°C, climate change will endanger 2.7 billion people in 46 countries by fueling violent conflict.142 The IPCC states that “climate change can indirectly increase risks of violent conflict in the form of civil war and inter-group violence by amplifying well-documented drivers of these conflicts such as poverty and economic shocks.”143


  A leading climate researcher bluntly states that 4°C warming “is incompatible with any reasonable characterization of an organized, equitable and civilized global community.”144 At 5°C drought and sea-level rise would corral humans into shrinking habitats. Economic depression would be inevitable but might be the least of our worries.145 Millions or billions of people may die in a 5°C world.146 In fact, a 5°C world may only be capable of supporting a billion human beings.147


  It’s Not Too Late to Act


  There is still time to act, although the window is closing. If we reduce greenhouse gas emissions, we’ll stop making the problem worse. Even better, we can actually remove vast amounts of carbon dioxide from the atmosphere. Remember the terrestrial pool of carbon, made up of soil and plants? It has lost 320 billion tons of carbon since the dawn of agriculture, but it can reabsorb much of that. (If we didn’t need any farms or living spaces, it could reabsorb it all.)148


  Climate scientist James Hansen writes: “If humanity wishes to preserve a planet similar to that on which civilization developed and to which life on Earth is adapted . . . CO2 will need to be reduced . . . to at most 350ppm, but likely less than that.”149 He continues: “An initial 350ppm target may be achievable by phasing out coal use . . . and adopting agricultural and forestry practices that sequester carbon [my emphasis].”150 These changes must be achieved in a few short decades in order to step back from tipping points and avoid catastrophic changes.151


  That’s right. Some kinds of farming sequester carbon and fight climate change, all while providing the food and other products of agriculture. As of 2009, the total excess carbon dioxide in the atmosphere was 200 billion tons.152 Climate change will continue for centuries even if we stop emissions now because of the persistence of the greenhouse gases we’ve already released. This overshoot is why sequestration is necessary to return to 350ppm even if we reduce emissions.153


  Two-hundred-plus billion tons is a lot to draw back down, but the good news is that agriculture can shift from being a contributor to climate change to a major part of the solution. Soil carbon that has been lost due to land clearing and poor farming practices can be recaptured and held in the soil for a long time. By changing the way we farm, we can reduce emissions, sequester carbon, and be part of adapting to the new less stable world climate change brings us. The remainder of this book lays out these carbon farming solutions.


  Chapter Ten


  

  Introduction to Species


  The practices I describe in chapters 6 through 9 provide broad patterns of land use. The chapters in parts 3 and 4 describe species, and groups of species, of perennial crops for use in carbon farming practices. In this chapter I cover some issues that cut across crop categories and introduce the typology of cultivation status and climate used in this book.


  Any and all perennial crops can be appropriate for carbon farming strategies. Part 3 (chapters 11 through 17) focuses on perennial staple crops that provide protein, fats, and carbohydrates. This is a category of crops that has received little systematic attention. Part 4 (chapters 18 through 24) profiles perennial industrial crops that can be used for materials, chemicals, and energy. In both cases I profile standout individual species and genera in the text; numerous additional species are listed in table form only. The species appendices feature tables listing more than 600 useful perennial species for all the world’s climates. In addition to staple and industrial crops, these tables also include multipurpose agroforestry support species, including nitrogen fixers, contour hedgerow species, and livestock fodder plants.


  As nice as it would be to include them, I’ve chosen not to cover perennial fruits, vegetables, pasture species, or other crop categories. This is in part due to limited space but, more important, because there are already comprehensive resources on fruits, perennial vegetables, and pasture species. To my knowledge, until now there has never been a comprehensive global inventory of perennial staple crops, nor a comprehensive global inventory of perennial industrial crops. The final reason I’ve chosen to focus on perennial staple and industrial crops is that most of the world’s cropland is devoted to annual staple and industrial crops, so the prospects for perennializing this area will have greatest impact.
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  Figure 10.1. North Korean farmers display the results of their participatory tree species selection process. Chestnut has the highest score. Photograph courtesy of the World Agroforestry Centre.


  A realistic assessment of the plants I’ve included in parts 3 and 4 and their potential means acknowledging that there are no intrinsically “bad plants” and no “superplants” waiting to save us. Any of these plants could be managed poorly—grown in industrial monocultures, displacing people and causing human suffering and ecological damage, for example. Clearing healthy forest to plant any of them would likely result in significant net emissions (an effect that would be greatly exacerbated on peat soils). In other words, although these plants have incredible potential, they can’t be divorced from sound management practices, which is why I so strongly recommend planting them in the polycultures and other integrated systems that I cover in chapters 6 through 9. Likewise, no individual plant will “save” humanity or any given region. The most important element of addressing climate change is building a powerful movement of people. Crops are tools we can use to help achieve these goals, but their impact ultimately depends on the social, political, and economic context in which they are embedded.


  Cultivation Status Categories


  In the chapters that follow, I’ve classified the plants in this book into nine cultivation status categories in order to distinguish among those that are ready and available now for cultivation, those that are in the midst of research and breeding efforts and may soon be ready for cultivation, and those that are still a glimmer in the eye of hopeful researchers and plant breeders. It’s important to draw these distinctions because there are only a few short decades to retreat from the climate tipping point; a plant’s readiness for prime time should be a major factor in project development.


  The nine cultivation status categories are as follows:


  1. Global perennial staple and industrial crops (global). These crops are already grown or traded around the world. The annual value of each is more than $1 billion US. Examples include coconuts, almonds, and bananas.


  2. Minor global perennial staple and industrial crops (minor global). These crops are already grown or traded around the world, but on a smaller scale than the global perennial staple and industrial crops. The annual value of a minor global crop is under $1 billion US. Examples include shea, carob, Brazil nuts, and fibers such as ramie and sisal.


  3. Regional perennial staple and industrial crops (regional). These crops have been domesticated and cultivated regionally but have not been adopted elsewhere and are typically not traded globally. Examples in this large category include perennial cottons and many nuts and staple fruits.


  4. Historic perennial staple and industrial crops (historic). These crops were once cultivated but have been abandoned. The reasons for abandonment may include colonization, genocide, market pressures, arrival of superior crops from elsewhere, and so forth.


  5. Wild perennial staple and industrial plants (wild). Some wild plants have strong historic or contemporary use. Although they are not cultivated crops, they may be wild-managed. I have only included wild plants that are relied on as staple foods or industrial feedstocks. Examples include mongongo nuts and North American piñon pines.


  6. New perennial staple and industrial crops (new). Most new crops were important wild plants until recently, although some are the result of hybridization. They have been developed in the last few decades. What they have in common is that they are currently cultivated by farmers. Examples include baobab, argan, and buffalo gourd.


  7. Perennial staple and industrial crops under development (under development). Plant breeders are actively working to domesticate these plants for cultivation, but they are not yet commercially available as crops. Examples include most of the perennial cereal grains.


  8. Experimental perennial staple and industrial crops (experimental). Plant breeders are testing these plants to see if they could be domesticated for cultivation, but they are still in an experimental phase. Examples include milkweed and leafy spurge.


  9. Hypothetical perennial staple and industrial crops (hypothetical). These are perennial plants that could potentially be developed for cultivation. Some, such as cycads (for industrial starch), are simply neglected; others, such as buckwheat and soybeans, are annual crops that could potentially be perennialized by crossing with relatives.


  
    
      
      
    

    
      
        	
          Table 10.1. Global Perennial Staple and Industrial Crops (Global)

        
      


      
        	
          Category

        

        	
          Crops

        
      


      
        	
          Basic starch

        

        	
          Banana, plantain

        
      


      
        	
          Balanced carbohydrates

        

        	
          Chestnut

        
      


      
        	
          Protein oil

        

        	
          Walnut, pistachio, hazelnut, cashew, almond

        
      


      
        	
          Edible oil

        

        	
          Oil palm, olive, avocado, coconut, cacao

        
      


      
        	
          Sugar

        

        	
          Sugarcane, date

        
      


      
        	
          Industrial oil

        

        	
          Oil palm, castor oil

        
      


      
        	
          Hydrocarbons

        

        	
          Rubber

        
      


      
        	
          Source: FAO Statistical Division online 2012 data.
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  Figure 10.2. This is a breakdown of 671 perennial plants and crops profiled in this book by cultivation status category. It’s worth noting that the majority are already under cultivation as regional or minor global crops. Along with new crops, these regional and minor global crops are of particular importance to carbon farming because they are already available for cultivation. (All told, several thousand perennial species are cultivated worldwide, mostly as regional fruit, nut, vegetable, and industrial crops.)1 Unlike domesticating new crops, we don’t need to wait decades to use these species to perennialize agriculture.


  In part 3 I’ve included virtually all perennial staple crops that are reported in the literature. The exceptions are a few cases in which there are many cultivated species within a single genus. In these cases, I’ve included a representative sample of the most important cultivated species from diverse geographic origins and climate tolerances. The perennial industrial crops that I cover in part 4 are somewhat less comprehensive because there is a greater abundance of candidate species. I’ve selected those industrial crops and crop candidates to ensure that all cultivated species are listed, but promising wild species are included only when strong cultivated alternatives are lacking for their climate. (This is not to undervalue the amazing resources that these “orphan crops” can provide; they are worthy of attention.)


  Climate Categories


  There are several international climate classification systems. Unfortunately, the available data on most of the crops covered in this book is not nearly specific enough to apply the Köppen climate classification system or the Holdridge Life Zone system to classify the crops I cover by climate. Given this constraint, my goal is to simply provide a set of species so that farmer groups, governments, scientists, or NGOs that would like to explore possibilities for their region have a place to start, although this approach doesn’t account for differences such as the length of a rainy season or frost-free periods. My first set of climate categories looks at broad climate types.


  Tropical. Fully frost-free with temperatures always above 1°C (34°F).


  Highland tropical. Above 1,500 meters (4,921 feet) in elevation and more subtropical, temperate, or even boreal (depending on elevation) than tropical.


  Subtropical. Tropical with a colder season that includes minor frost and low temperatures from 0 to −6°C (32 to 21°F).


  Warm temperate. Low temperatures from −7 to −17°C (19 to 1°F). (Often these climates have high summer temperatures, but for our purposes this also includes cool temperate climates that stay cool in summer, such as southern Britain.)


  Mediterranean. Warm temperate or subtropical with winter rains and a summer dry season.


  Cold temperate. Low temperatures from −18 to −34°C (0 to −29°F).


  Boreal. Bitterly cold in the winter with low temperatures from −35 to −50°C (−31 to −58°F). (This category also includes some alpine regions even if they are outside of boreal latitudes.)


  Precipitation is also a variable.


  Arid. An average of 0 to 250 millimeters (0 to 9.8 inches) of rainfall annually.


  Semi-arid. An average of 250 to 1,000 millimeters (9.8 to 39.4 inches) of rainfall annually.


  Humid. An average of 1,000 millimeters (39.4 inches) or more of rainfall annually.


  
    Salt-Tolerant and Halophyte Crops


    Halophytes are extremely salt-tolerant plants. They tend to come from two distinct contexts: coastal areas and dry, salty deserts. Many other plant species are tolerant of salt, though not to the extreme that halophytes are. Irrigated agriculture in dryland regions has salted roughly half of current and former agricultural land, often resulting in its abandonment.2 There has been a lot of investigation into salt-tolerant plants as part of a search for suitable crops in these regions. Should sea-level rise continue as projected, salt-tolerant coastal species will be of increasing utility as well. Perennial halophytes not only make salty soils more productive but can actually reduce salt levels in soils.3


    
      
        
        
      

      
        
          	
            Table 10.2. Perennial Salt-Tolerant and Halophyte Crops

          
        


        
          	
            Function

          

          	
            Speciesa

          
        


        
          	
            Balanced carbohydrate

          

          	
            Ceratonia siliqua, Distichlis palmeri, Inocarpus fagifer, Panicum turgidum, Porteresia coarctata, Prosopis chilensis, Prosopis glandulosa, Prosopis juliflora, Prosopis pallida, Prosopis tamarugo, Sporobolus fimbriatus

          
        


        
          	
            Protein

          

          	
            Acacia victoriae, Parkinsonia aculeata

          
        


        
          	
            Protein and oil

          

          	
            Adansonia digitata, Balanites aegyptiaca, Chrysobalanus icaco, Pistacia vera, Salvadora persica, Santalum acuminatum, Terminalia catappa

          
        


        
          	
            Oil

          

          	
            Cocos nucifera, Elaeis oleifera, Lepidium spp., Mauritia flexuosa, Moringa oleifera, Moringa peregrina, Olea europaea

          
        


        
          	
            Sugar

          

          	
            Cocos nucifera, Phoenix canariensis, Phoenix dactylifera

          
        


        
          	
            Biomass

          

          	
            Acacia tortilis, Albizia lebbeck, Arundo donax, Casuarina equisetifolia, Cocos nucifera, Elaeagnus angustifolia, Eucalyptus camaldulensis, Eucalyptus globulus, Euphorbia tirucalli, Leucaena leucocephala, Mauritia flexuosa, Melia azedarach, Phragmites australis, Pongamia pinnata, Populus euphratica, Prosopis chilensis, Prosopis glandulosa, Prosopis juliflora, Prosopis pallida, Prosopis tamarugo, Sesbania grandiflora, Typha spp.

          
        


        
          	
            Industrial oil

          

          	
            Melia azedarach, Pongamia pinnata, Ricinus communis, Simmondsia chinensis

          
        


        
          	
            Hydrocarbons

          

          	
            Calotropis spp., Euphorbia tirucalli, Pistacia terebinthus

          
        


        
          	
            Fibers

          

          	
            Adansonia digitata, Calotropis spp., Hibiscus tilliaceus, Raphia vinifera, Typha spp., Yucca filamentosa

          
        


        
          	
            Function

          

          	
            Speciesa

          
        


        
          	
            Other industrial uses

          

          	
            Acacia seyal (gum), Albizia lebbeck (pesticide), Eucalyptus camaldulensis (tannins), Eucalyptus globulus (medicinal), Euphorbia antisyphilitica (wax), Melia azedarach (pesticide), Simmondsia chinensis (wax)

          
        


        
          	
            Livestock fodder

          

          	
            Acacia leucophloea, Acacia nilotica, Acacia saligna, Acacia seyal, Acacia tortilis, Albizia lebbeck, Arundo donax, Atriplex spp., Balanites aegyptiaca, Ceratonia siliqua, Elaeagnus angustifolia, Leucaena leucocephala, Moringa oleifera, Populus euphratica, Prosopis chilensis, Prosopis glandulosa, Prosopis juliflora, Prosopis pallida, Prosopis tamarugo, Sesbania grandiflora, Tamarindus indica

          
        


        
          	
            Windbreak

          

          	
            Acacia nilotica, Acacia tortilis, Acacia victoriae, Atriplex spp., Casuarina equisetifolia, Leucaena leucocephala, Populus euphratica, Ricinus communis, Sesbania grandiflora

          
        


        
          	
            Living fence

          

          	
            Chrysobalanus icaco, Euphorbia tirucalli, Hibiscus tilliaceus, Leucaena leucocephala, Moringa oleifera, Sesbania grandiflora, Yucca filamentosa

          
        


        
          	
            Nitrogen fixation

          

          	
            Acacia leucophloea, Acacia nilotica, Acacia saligna, Acacia seyal, Acacia tortilis, Acacia victoriae, Albizia lebbeck, Casuarina equisetifolia, Elaeagnus angustifolia, Inocarpus fagifer, Leucaena leucocephala, Pongamia pinnata, Prosopis chilensis, Prosopis glandulosa, Prosopis juliflora, Prosopis pallida, Prosopis tamarugo, Sesbania grandiflora

          
        


        
          	
            Crop shade

          

          	
            Acacia saligna, Albizia lebbeck, Leucaena leucocephala, Olea europaea, Ricinus communis, Sesbania grandiflora

          
        

      
    


    
      
        
      

      
        
          	
            Note: See parts 3 and 4 for descriptions of these species. There are many more for which data is unavailable. Halophyte species are also identified as such in appendix A.


            a eHALOPH Database online; Dov, “Introduction of drought and salt tolerant plants for landscaping.”

          
        

      
    

  


  Breeding Perennial Crops


  Our planet is home to approximately 250,000 species of plants. Approximately 20,000 are edible for humans.4 Approximately 6,000 are cultivated for food, fodder, materials, chemicals, and energy.5 Fully domesticated crops tend to show reduced toxicity, better flavor, greatly increased yields, and easier harvest. They also usually become more dependent on irrigation, pest control, and weeding. Of the 6,000 cultivated species, few are fully domesticated—perhaps 100 food plants and 30 industrial crops.6 That means we’re relying heavily on only 0.5 percent of the plants we could potentially be using.7


  Plant domestication is a process of people—whether consciously or unconsciously—selecting for useful traits. In return, the plants become increasingly dependent on us for their survival and dispersal. For example, an individual tree might produce larger nuts with thinner shells, higher and more consistent yields, and more concurrent ripening relative to other individual trees.8 These traits might make it less suited to survival in the wild, but if it exhibits these traits on a farm it may be protected from pests, may have competing plants weeded from its neighborhood, and may even be irrigated and fertilized. In this way domestication is a two-way street, a mutually beneficial arrangement between humanity and our crops. When it goes far enough, both species become dependent on the other for survival.9


  Climate change mitigation has a tight time line. We have only a few decades to retreat from the tipping point to 350ppm or below.10 The question of plant breeding and how long it takes to domesticate a new perennial crop is important in this context. During World War II the United States found itself cut off from imported rubber supplies. A search for a domestic rubber source identified a promising candidate (a goldenrod). Not surprisingly, it proved impossible to start with a wild, completely undomesticated plant and domesticate it to the point of serving as a commercial rubber source in just four years.11 Mass-planting a crop that is not yet ready for release, as happened with the industrial oil crop jatropha, which was planted for biodiesel production, can lead to disappointing yields and economic disaster.12


  It looks like there are three waves of perennial crops coming to our climate rescue. First are those that are already in production, such as our global, minor global, and regional crops. Most could benefit from additional breeding work to improve yields and mechanical harvest ability, but there are already good varieties in production. This wave of perennial crops is ready for widespread planting now. It is for this reason that this book places such a strong emphasis on regional and minor global crops.


  The second waves may take 5 to 10 years. This includes crops such as perennial rice that researchers and plant breeders have been working on for decades, the results of which are nearly ready to release. It also includes some crops that require some more basic research or market development before they’re ready for broad-scale adoption by farmers, or they may perhaps require innovations in harvesting or processing equipment. Breeders estimate that developing and releasing a new variety of an established crop can take between 8 and 20 years.13


  The third wave may take decades. Perennial maize could be ready in 10 to 40 years if funding were available.14 Although this might seems like too far in the future to be of much use from a carbon farming perspective, all climate projections I’ve seen indicate that we’ll need to continue sequestering surplus carbon through this century and beyond, especially since the current rate of fossil fuel emissions is likely to continue or increase. In other words, this third wave doesn’t offer a short-term solution, but that doesn’t mean we should abandon our efforts just because we won’t see the fruits of those efforts for decades. We may still need them at that point.


  International law does not currently have a mechanism to protect the intellectual rights of indigenous people and poor farmers who make contributions to plant breeding.15 Plant Breeders Rights (PBR) are rights granted to the breeder of a new variety that give the breeder control over the propagation and harvest material of a new variety for 20 years (and 25 years for trees and vines), but these rights are typically granted by national offices to large seed companies, creating a tension not only between the well-funded patent efforts by large corporations and the rights of individual smaller farmers, but internationally as well.16 In fact, corporations have patented numerous species and varieties that were developed by poor farmers. Perhaps the most famous such biopiracy effort was a Texas company’s outrageous attempt in the 1990s to patent basmati rice, a set of varieties developed by farmers in India over thousands of years.17 A fair trade group called PhytoTrade Africa is helping farmers develop markets for agroforestry products without losing intellectual property rights.18 For example, they helped a women’s marula oil producers cooperative in Namibia develop a shared patent for their product that protects their rights and secures them a market.19


  There are ongoing efforts to develop an intellectual property model suited to small farmers, rather than a model that only serves the interests of large corporations, but to date no agreed-upon model has emerged. A modified form of PBRs would provide a 25-year patent to farmer groups. NGOs may be able to assist farmer-breeders by creating a registry of varieties that includes the GPS location of the original tree, the history of the variety, and a tree’s “genetic fingerprint.”20


  Three Standout Breeding Efforts


  Some perennial crops are not yet competitive with annuals, particularly in cold climates. Around the world, plant breeders are hard at work improving yields, harvestability, and other key aspects of up-and-coming perennial crops. These scientists, farmers, and backyard breeders are unsung heroes of carbon farming. Here we profile three outstanding breeding efforts.
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  Figure 10.3. A Cameroonian nursery offering elite fruit tree varieties selected by the participatory, farmer-led breeding work described in the text. Photograph courtesy of the World Agro­forestry Centre.


  Propagating the “Trees of Life”


  Roger Leakey is a global expert on agroecology, tree domestication, and sustainable development who spent five years as the director of research at the International Centre for Research in Agroforestry (today the World Agroforestry Centre) and was a coordinating lead author in the International Assessment of Agricultural Science and Technology for Development (IAASTD). His book Living with the Trees of Life: Towards the Transformation of Tropical Agriculture was published in 2012 and offers a strategy for a transition to tree-based agriculture based on his decades of experience.


  Although breeding is typically performed in government, university, or corporate labs, Leakey argues that it makes more sense to base domestication work on farms and in communities. He envisions crop-improvement work as a “participatory, self-help process in the community, done by the community,” with the assistance of scientists.21 Farmers know that without a market, new crops will be limited to household use only, so Leakey argues that breeding should be “farmer-driven and market-led.”22 At the World Agroforestry Centre, he and his colleagues developed a simple, reliable vegetative propagation technique that requires no electricity for misting. It is a marvelous example of appropriate technology.23 This allows the rapid multiplication of exact clones of the best individual trees found in the wild or on farms.


  Leakey describes “Cinderella trees,” which offer important foods but are ignored by formal science.24 These species need a “fairy godmother” to assist farmers in domesticating them for a “woody plant revolution.”25 Because wild plants have high genetic diversity, the best individuals (“plus-trees”) can be selected for propagation. Leakey has found that local communities always know exactly where the best individual trees are.26 Almost everywhere this farmer-led domestication process took place, farmers prioritized nuts and nutritious tree fruits for their breeding efforts, although they could have picked any wild plant species they wanted (timber, vegetables, medicinals, and so on).27


  Once a plus-tree is successfully cloned in a nursery, it can be mass-propagated and widely planted. In Leakey’s system each village domesticates its own local varieties, so that even if many villages undertake this work, a wild crop’s genetic diversity is not lost.28 Typically, these plus-trees are planted as components of diverse farms, not in large-scale monocultures. Crossing these elite plus-trees with one another can “[give] rise to tree cultivars that are as distinct as dog breeds . . .”29 This kind of tree improvement is not widely practiced because it is slow—trees can take years to start producing and showing the positive or negative traits needed to select the following generation.30 But selecting superior individuals of a species and vegetatively propagating them is an ancient practice that continues to this day around the world, often by dedicated individuals and clubs lacking funds and government or institutional support. As more farmers learn the techniques, they can begin to domesticate other species. Participatory cultivar development is also much less expensive compared with a Green
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  Global Species Matrix


  Tables like this are notoriously difficult to use efficiently. Electronic versions, more easily searchable, will be maintained at www.perennialsolutions.org, as will lists of species for each climate type.


  Genus and Species reflect the Latin or scientific name of the crop. Common Name is only one of usually many names used. Where possible local language names from the region of origin are used. Family indicates the botanical family. All scientific names and families are up to date as of 2014 in line with the Kew Botanical Gardens website ThePlantList.org.1 Appendix D permits searching for outdated names.


  Origin reports the region where the crop grows wild or where it is cultivated or was domesticated. Invasive indicates if the species is reported as listed by the Global Invasive Species Database.2 Climate and Humidity refer to the categories described in chapter 10.


  Cultivation regards the level of domestication and active production of the species, as described in chapter 10. Form and Management describe the type of plant and the non-destructive management systems that are used in cultivation as described in chapter 4.


  Staple Crop lists uses for the six categories described in chapter 11, while Industrial Crop does the same for the six categories from chapter 18.


  Agroforestry Services and Fodder list agroforestry support and livestock fodder uses. Other Systems lists agroforestry and production systems the crop is reported to be used in.


  Primary sources for this table include Mansfeld’s Encyclopedia of Agricultural and Horticultural Crops, P. K. Nair’s Introduction to Agroforestry, the references from parts 3 and 4, and Dave’s Garden, a user-generated resource that proved remarkably helpful in determining cold-hardiness of many species.3


  Because these tables are too large for the ebook format, they can be found at www.ChelseaGreen.com/downloads/CFS-AppendixA.pdf.


  Appendix B


  


  Clean Dry Weight Yield Calculations


  For accurate comparisons of yield between perennial and annual staple crops, it is important to calculate first the edible portion (discounting shells, skins, pits, et cetera), then the dry weight (without water). This table shows the calculations used to provide the dry-weight data at the beginning of each staple crop chapter.


  Annual crops are indicated by the presence of an asterisk next to the latin name.


  Because these tables are too large for the ebook format, they can be found at www.ChelseaGreen.com/downloads/CFS-AppendixB.pdf.


  Appendix C


  


  Carbon Sequestration Rates


  This table illustrates the differences in annual rates of carbon sequestration between various practices. It is the basis for figure 3.1 in chapter 3.


  Because these tables are too large for the ebook format, they can be found at www.ChelseaGreen.com/downloads/CFS-AppendixC.pdf.


  Appendix D


  


  Changes in Latin Names


  The Latin names and families in this book are up to date in accordance with Kew Botanical Gardens’ The Plant List: A Working List of All Plant Species1 (theplantlist.org) as of 2014. Because botanical nomenclature sometimes changes due to developments in our understanding of taxonomy, I’ve included a list of species that have changed in the last 5 to 10 years for reference.


  
    
    

    
      	
        Previous Latin Name

      

      	
        Current Latin Name

      
    


    
      	
        Agave angustifolia

      

      	
        Agave vivipara

      
    


    
      	
        Aleurites fordii

      

      	
        Vernicia fordii

      
    


    
      	
        Aleurites montanus

      

      	
        Vernicia montana

      
    


    
      	
        Amphicarpaea edgeworthii

      

      	
        Amphicarpaea bracteata var. edgeworthii

      
    


    
      	
        Amygdalus pedunculata

      

      	
        Prunus pedunculata

      
    


    
      	
        Aristida pungens

      

      	
        Stipagrostis pungens

      
    


    
      	
        Armeniaca mandschurica

      

      	
        Prunus armeniaca ssp. mandschurica

      
    


    
      	
        Armeniaca pedunculata

      

      	
        Prunus pedunculata

      
    


    
      	
        Armeniaca sibirica

      

      	
        Prunus sibirica

      
    


    
      	
        Armeniaca vulgaris

      

      	
        Prunus armeniaca

      
    


    
      	
        Bambusa atra

      

      	
        Neololeba atra

      
    


    
      	
        Bromelia fastuosa

      

      	
        Bromelia pinguin

      
    


    
      	
        Buchanania lanzan

      

      	
        Buchanania cochinchinensis

      
    


    
      	
        Castanopsis sumatrana

      

      	
        Castanopsis inermis

      
    


    
      	
        Cereus peruvianus

      

      	
        Cereus repandus

      
    


    
      	
        Chamaecytisus palmensis

      

      	
        Cytisus proliferus

      
    


    
      	
        Chamaecytisus proliferus

      

      	
        Cytisus proliferus

      
    


    
      	
        Cinnamomum zeylanicum

      

      	
        Cinnamonum verum

      
    


    
      	
        Cnidoscolus chayamansa

      

      	
        Cnidoscolus aconitifolius

      
    


    
      	
        Copaifera copallifera

      

      	
        Guibourtia copallifera

      
    


    
      	
        Dioscorea batatas

      

      	
        Dioscorea polystachya

      
    


    
      	
        Dioscorea opposita

      

      	
        Dioscorea polystachya

      
    


    
      	
        Dolichos lablab

      

      	
        Lablab purpureus

      
    


    
      	
        Eucalyptus citriodora

      

      	
        Corymbia citriodora

      
    


    
      	
        Euphorbia cerifera

      

      	
        Euphorbia antisyphilitica

      
    


    
      	
        Fallopia japonica

      

      	
        Reynoutria japonica

      
    


    
      	
        Furcraea humboldtiana

      

      	
        Furcraea acaulis

      
    


    
      	
        Furcraea macrophylla

      

      	
        Furcraea hexapetala

      
    


    
      	
        Garcinia tinctoria

      

      	
        Garcinia xanthochymus

      
    


    
      	
        Gigantochloa pseudoarundinacea

      

      	
        Gigantochloa verticillata

      
    


    
      	
        Grindelia camporum

      

      	
        Grindelia hirsutula

      
    


    
      	
        Hippophae rhamnoides

      

      	
        Elaeagnus rhamnoides

      
    


    
      	
        Jessenia bataua

      

      	
        Oenocarpus bataua

      
    


    
      	
        Juglans sinensis

      

      	
        Juglans regia

      
    


    
      	
        Lingnania chungii

      

      	
        Bambusa chungii

      
    


    
      	
        Manihot glaziovii

      

      	
        Manihot carthaginensis ssp. glaziovii

      
    


    
      	
        Maximiliana maripa

      

      	
        Attalea maripa

      
    


    
      	
        Microlaena stipoides

      

      	
        Erharta stipoides

      
    


    
      	
        Mimusops globosa

      

      	
        Manilkara bidentata

      
    


    
      	
        Myrica cerifera

      

      	
        Morella cerifera

      
    


    
      	
        Opuntia cochinellifera

      

      	
        Nopalea cochenillifera

      
    


    
      	
        Orbignya speciosa

      

      	
        Attalea speciosa

      
    


    
      	
        Phaseolus polyanthus

      

      	
        Phaseolus coccineus ssp. polyanthus

      
    


    
      	
        Phyllostachys pubescens

      

      	
        Phyllostachys edulis

      
    


    
      	
        Piliostigma thonningii

      

      	
        Bauhinia thonningii

      
    


    
      	
        Prunus amygdalus

      

      	
        Prunus dulcis

      
    


    
      	
        Pueraria lobata

      

      	
        Pueraria Montana var. lobata

      
    


    
      	
        Quercus leucotrichophora

      

      	
        Quercus oblongata

      
    


    
      	
        Rhus sylvestris

      

      	
        Toxicodendron sylvestre

      
    


    
      	
        Rhus verniciflua

      

      	
        Toxicodendron vernicifluum

      
    


    
      	
        Samanea saman

      

      	
        Albizia saman

      
    


    
      	
        Sambucus mexicana

      

      	
        Sambucus canadensis

      
    


    
      	
        Scirpus californicus var. tatora

      

      	
        Schoenoplectus californicus ssp. tatora

      
    


    
      	
        Scirpus mucronatus

      

      	
        Schoenoplectiella mucronata

      
    


    
      	
        Simarouba glauca

      

      	
        Simarouba amara

      
    


    
      	
        Sophora japonica

      

      	
        Styphnolobium japonicum

      
    


    
      	
        Sterculia urens

      

      	
        Firmiana simplex

      
    


    
      	
        Tetracarpidium conophorum

      

      	
        Plukenetia conophora

      
    


    
      	
        Thinopyrum intermedium

      

      	
        Elymus hispidus

      
    


    
      	
        Yucca guatemalensis

      

      	
        Yucca gigantea
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    For more information or to request a catalog,

    visit www.chelseagreen.com or

    call toll-free (800) 639-4099.
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