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OF ALL THE places I’ve visited, the Pot Pie room is easily one of the most surreal: a large white-walled, cement-floored space filled with big steel machines and a funnel roughly the shape and height of a back-alley Dumpster. The machines hum and chuff as conveyor belts move materials between them, but the funnel and the substance inside it have me mesmerized: a grayish blend of freeze-dried potato chunks, carrot pieces, celery and onion slivers, peas, and whey protein. I dig my gloved hands into the pallid, pebbly stuff, sifting through it the way people rummage through piled shells at the beach. It’s weightless—hundreds of gallons of vegetables with the heft of confetti. For what instantly feels like too long, I stand there digging around, searching for I’m not sure what.


The mixture slowly flows down from the funnel base through a chute to another device that weighs and divides it. The portions travel to a machine dispensing bursts of beige powder made from dehydrated milk, celery salt, powdered garlic, and chicken bouillon. The seasoned mixture is then deposited and sealed, one seven-ounce portion every few seconds, into Mylar bags along with pods of oxygen-absorbing iron, clay, and salt. The bags are labeled “Chicken-Flavored Pot Pie.”


This is the first stop on a tour of the Wise Company’s manufacturing facility in Salt Lake City, Utah. Leading the tour is Aaron Jackson, who at the time is the company’s tall, smooth, forty-three-year-old chief executive officer. We’re both suited head to toe in the factory’s sanitation gear, and even with his Clark Kent hair tucked under a mobcap, Jackson is magnetic. Before Wise, he’d worked at Tyson Foods, where he sold frozen chicken nugget and cutlet products. After Wise, he would go on to become the CEO of NorQuin, a large quinoa producer on a mission to mass-market the ancient grain. The man could probably sell snowploughs in the Serengeti, and despite my unease in this strange, vaguely ominous place, Jackson has me oohing and aahing my way through the “Hearty Tortilla Soup” and “Maple Bacon Pancake Breakfast” rooms, where thousands more gold and silver Mylar pouches roll off conveyors into bins. In each, technicians in white lab coats and hairnets look like Oompa Loompas as they pull levers, toggle buttons, and examine packages for flaws. At one point, to demonstrate the bag’s airtightness, a stocky technician in boots places a pouch on the floor and jumps on top of it.


The scene recalls Willy Wonka’s factory in part because it’s achieving Wonkian ends. As a kid, I’d spent hours imagining the sensations of Roald Dahl’s three-course chewing gum “made of tomato soup, roast beef and baked potato, and blueberry pie.” This is a similar attempt to create an all-in-one meal that bears little resemblance to the foods it conjures—a product that when combined with a serving of hot water simulates a home-cooked dinner. “It’s the food equivalent of a first-aid kit,” Jackson tells me, wiping a film of beige powder from his safety glasses. “A household staple that can sustain families cut off from their normal food supply.”


Jackson’s products range in size from a small, $20 seventy-two-hour kit with nine freeze-dried meals to a one-year supply for a family of four that goes for $7999. Each serving is about 300 calories and costs less than $1—a per-calorie cost on par with prices at McDonald’s. In his four years at Wise, from 2014 to 2018, Jackson says he more than doubled the company’s annual sales, to about $75 million. The freeze-dried category as a whole had been growing during that time period, too, to about $400 million in annual sales, and that’s part of why I’ve come to Wise—to see how real this ersatz food trend really is.


I’m skeptical going in. The survival food business smacks of zombie-apocalypse paranoia to my mind. Its success depends on the threat, real or perceived, of major food shortages in the West in the coming years. And while famine is on the rise in certain parts of the world—I’d recently seen its punishing impacts on populations in drought-stressed regions of India, Ethiopia, and elsewhere—the United States has been struggling not with a food deficit, but with caloric overload. Nearly 40 percent of our population is obese, and more than two-thirds are overweight.


The industrialized world on the whole is enjoying a more abundant, diverse, and accessible food supply than ever before in human history. The Kroger supermarket that’s located a few hundred feet from my house in Nashville, Tennessee, for example, is open nineteen hours a day, seven days a week, and stocks more than fifty thousand distinct food items deriving from countries as far-flung as Taiwan and Zimbabwe. To many of us, worrying about threats against our food supply right now seems absurd, given how much there is of it.


And yet I know a growing number of people buying into the survival food trend. I’d first heard about the Wise Company from my cousin-in-law, a former cop in Zionsville, Indiana, who had stashed a supply of Wise products in his basement that could sustain his family for six months. My stepbrother, a business executive who lives in downtown Washington, D.C., has invested in a one-year supply of drinking water and long-storage food. And my brother, a climate scientist with the Nature Conservancy, has also begun building a supply in the basement of his West Virginia cabin. Part of his job is wading through reports by the Intergovernmental Panel on Climate Change (IPCC), a group of more than three thousand scientists predicting an increase in average global temperatures of at least 2 degrees Celsius by the end of this century. “I can’t imagine anything worse than not being able to feed my kids,” he reasons. “And the probability of major interruptions in our food supply in our lifetimes is, by almost all accounts, rising.”


Granted, my brother, cousin, and stepbrother represent a skewed sample set: all are guys, all own guns, and two like to hunt in their free time with compound bows and arrows. Each possesses at least a flicker of the fatalist “prepper” sensibility that the Wise Company was founded in 2008 to serve. “Early on, our market was mostly the people preparing their bunkers for Armageddon or resisting a government they feared would take away their guns,” says Jackson. Like many survival food companies, Wise was founded in Utah to serve the Mormon community, which is encouraged by the Church of Jesus Christ of Latter-Day Saints to prepare for the end of times. But Mormons and for that matter male preppers, Jackson tells me, no longer represent the entirety, or even the large majority, of Wise’s exploding market.


Jackson himself is not Mormon. He grew up in the L.A. suburbs and looks more Brooks Brothers than Duck Dynasty, dressed under his white safety coat in a quilted jacket, ironed dress trousers, and shiny chestnut leather shoes. When he came on as CEO, he began building out the company’s product portfolio to what is today dozens of different freeze-dried comfort-food products and branching out to new markets, including the camping and wilderness-adventure set, the Department of Defense, and international militaries. Eventually, he picked up distribution at Sam’s Club, at Walmart, and at what is now the company’s largest distributor, Home Shopping Network. “Five years ago, our market was more than 95 percent men. Today, we’re reaching about 50 percent women,” Jackson says, “most of them moms—guardian moms, we call them—worried about a stable food supply for their kids.”


Male or female, Wise Company customers share growing fears about political and environmental instability. The first wave of customers a decade ago were concerned about inflation, economic collapse, and terrorist attacks; today, though, the major driver is natural disaster. After Hurricanes Harvey, Irma, and Maria in September 2017, the Federal Emergency Management Agency sourced about two million servings from Jackson for their relief effort. “It’s not just the freak events. We get calls from people saying, ‘I live in Miami and flooding is now routine. I’m worried Florida is going to be under water in two years,’ ” Jackson tells me. “Or from people in upstate New York who experienced a one-in-a-thousand-year blizzard and couldn’t get out of their driveway for two weeks.” Calls from people who saw the impacts of Hurricanes Katrina and Sandy, who lived through the 2014 drought and 2018 forest fires that scorched California, and know maybe the government won’t come to their rescue when a disaster hits. “They’re adopting the attitude that, well, luck favors the prepared.”


I have yet to invest in this luck, in part because I’m optimistic enough to believe that I won’t need to. But Jackson made a compelling case that the survival food industry is as much a function of pragmatism as it is of paranoia among a growing number of people who realize they’re up against increasing environmental threats on the one hand and diminishing government safety nets on the other. It’s not just happening in the United States—every country in the world today is facing environmental volatility, and many are also politically unstable. As the United Kingdom departs the European Union, there may be at least some disruption to its food supply, especially in a no-deal scenario, which could reduce the availability and increase the cost of some products, including fresh fruit and vegetables. There won’t be serious near-term shortages, but down the line, the threats are real. Ultimately, you’re left wondering, how screwed are we exactly?
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BEFORE WE CONSIDER the extent of the current threats to our food supply and, in particular, the perils of modern farming, let’s quickly review some of the achievements of industrial agriculture. As many as two billion people might not exist if it hadn’t been for the advent of agribusiness. Farms globally now produce 17 percent more calories per person than they did in 1990. And while some 800 million people still suffer from chronic hunger, that is almost 200 million fewer than there were thirty years ago. Meanwhile, prices have fallen. The average household in the 1950s spent about 30 percent of its budget on food. Today, we spend about 13 percent—a financial advantage for low- and middle-income households, and a boon for economies worldwide. Processed foods have also liberated men and, in particular, women from the drudgery of preparing every meal from scratch. Yet the disadvantages of abundant, low-cost food are well documented, starting with massive waste, overconsumption, poorer nutrition, and a reliance on fewer, more concentrated farms to feed the world. There’s also an increasing risk that the methods we’ve devised to feed billions more people are backfiring on the environment.


By the time I joined Jackson for the Wise tour, I’d traveled to thirteen states and eleven countries researching the changes, both subtle and radical, taking place in our food system. By “food system,” I mean the vast network of local and international growers, processors, and distributors who feed seven and a half billion people worldwide. I wanted to understand the effects of population growth and climate change on agriculture in fast-growing countries, including China, India, and throughout sub-Saharan Africa. In March 2014, the IPCC reported that droughts, flooding, invasive species, and increasing weather volatility were already hurting agricultural productivity worldwide, and that permanent drought would become the norm in large portions of most populous nations by midcentury, including throughout the American Southwest—a swath of highly populated land stretching from Kansas to California and down into Mexico. The IPCC projections are flat-out scary: they show that current warming trends could cut global crop yields 2 to 6 percent every decade going forward—that’s millions of acres of farmland phasing out worldwide every ten years—even as the global population climbs.


In October 2018, the IPCC released a sequel report concluding that at the current rate of emissions, the atmosphere will warm up by as much as 1.5 degrees Celsius above preindustrial levels by 2040, a fate that would radically transform our living conditions. “It’s like a deafening, piercing smoke alarm going off in the kitchen,” said Erik Solheim, executive director of the UN Environment Programme (UNEP). “We have to put out the fire.”


According to Jerry Hatfield, the director of the U.S. Department of Agriculture’s National Laboratory for Agriculture and the Environment, the single biggest threat of climate change is the collapse of food systems: “Other threats—flooding, storms, forest fires—may be more sudden and severe in certain regions, but disruptions in food supply will affect virtually everyone,” he tells me. Tim Gore, the head of food policy and climate change for Oxfam, puts it this way: “The main way that most people will experience climate change is through its impact on food— what they eat, how it’s grown, the price they pay for it, and the availability and choice they have.” Joyce Msuya, UNEP’s deputy executive director, cautions that the least wealthy nations are the most vulnerable: “The agriculture sector is quite dominant in most of the world’s developing countries. Here, there’s a dichotomy of huge demand—more mouths to feed—while environmental pressures are shrinking the food supply.”


Food prices, according to the IPCC, could nearly double by 2050 given current climate and population-growth trends. If they do, conflicts over limited affordable food would probably escalate and further imperil global food security—a scenario that might force my brother to tap those emergency food provisions he’s been stockpiling, if he hadn’t exhausted them already. International conflicts over food resources could interrupt trade and paralyze distribution networks, and given that the United States imports more than half of its fruit supply and about a third of its vegetables, the result would be, among other things, lots of empty shelves at your local supermarket. The shortages may be particularly acute in countries like the U.K., where half of the entire food supply is imported.


Little wonder that there are other “post-food” companies betting on disruptions. The Silicon Valley–based start-up Soylent Inc., with about $70 million in funding, has produced a kind of adult baby formula—a vegan beverage designed to replace a nutritionally complete meal, saving consumers time and money while reducing their carbon footprint. Soylent has been so popular that it’s given rise to Super Body Fuel, Ample, Koia, and half a dozen other new meal-replacement brands. Meanwhile, the Pentagon’s research division is developing sustenance for soldiers that can be cranked out on demand by portable 3-D printers. Sensors on the soldiers’ bodies will detect, say, a potassium or vitamin A deficit and send that data to the 3-D printer, which will then generate customized, nutrient-fortified food bars and pellets from flavored liquids and powders. The technology is expected to be in the field by 2025; it’s a future that most of us can’t imagine inhabiting.
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AFTER MY VISIT to the Wise factory, I whip up a bowl of rehydrated pot pie. In truth, I ask my kids to do it. They fire up the electric kettle, pour, stir, wait for the pebbly chunks to soften. To them, it’s a simple science experiment. To me, it’s confronting a future I don’t want to meet.


But Jackson’s core technology is not new. The Wise Company practices a twenty-first-century version of something the Incas started back in roughly AD 1200 when they placed potatoes and ch’arki, a kind of beef jerky, on elevated stone slabs to freeze overnight and then quick-dry in the sun. It wasn’t until World War II that modern freeze-drying methods were developed to preserve blood serum for wounded soldiers. The current processes arose in the late 1970s, when concerns over the oil crisis and stagflation motivated millions of Americans to cache food. The Wise Company has tweaked this decades-old formula only a little: fresh ingredients are rapidly “blast-frozen” at temperatures as low as negative 80 degrees Celsius to prevent the formation of ice crystals that could affect food texture and nutrition. The food is then placed in a heated vacuum chamber that causes the ice to “sublime,” changing directly from a solid to a gas without passing through a liquid phase. Pores left from the vanished ice quickly absorb water when the foods are rehydrated. The process takes nearly double the energy used for canning but retains about 90 percent of the food’s nutrients and preserves it for far longer. Wise products, which guarantee a shelf life of twenty-five years, can conceivably remain edible, according to Jackson, for “gosh, centuries.”


The pot pie mixture looks nothing like the real thing when we serve it up. It’s a tawny gruel. I hesitate, stifle a gag reflex, channel my inner Violet Beauregarde, and swallow. The stuff goes down easy, tasting like my grandmother’s chicken casserole. But when I imagine a world in which my grown children are surviving in our basement on Mylar pouch meals as they struggle to rig Mark Watney–style indoor cropping systems, I lose my appetite and wonder: What will be on the table when I’m visiting my grandkids for Thanksgiving dinner in the year 2050? Will future historians look back on our current agricultural moment and see it as Dickens did Europe in the late eighteenth century—an age of belief and incredulity when “we had everything before us, we had nothing before us”?


There are certain passages in the IPCC report that seem to indicate we’re headed toward nothing. By the middle of this century, the report reads, the world may reach “a threshold of global warming beyond which current agricultural practices can no longer support large human civilizations.” That fate hinges on a key assumption though—that current agricultural practices won’t change. And if my travels have taught me anything, it’s that farmers, scientists, activists, and engineers the world over are radically rethinking food production.


Environmentalist Paul Hawken, editor of Drawdown: The Most Comprehensive Plan Ever Proposed to Reverse Global Warming, found that eight of the top twenty most effective solutions proposed by his team of scientists were in the realm of agriculture: “Among one hundred strategies we researched across all categories of society and industry, the food solutions are the most curative and impactful.”


It’s hard to overstate how much the global food system has changed in the last thirty years, and harder still to know how and how much it will change in the decades ahead. In The Fate of Food I investigate what that change might actually look like. I, like most of us, love food too much to accept a future of freeze-dried chicken pot pie. (“One cannot think well, love well, sleep well, if one has not dined well,” wrote Virginia Woolf.) And I’ve found good reasons to expect that it’s a future we can circumvent. Innovation and ignorance got us into the mess we’ve made of our food system, and innovation combined with good judgment can get us out of it.


In the following chapters, I’ll explore whether and how we’ll feed a hotter, drier, more populous world sustainably and equitably—and with far more on the menu than rehydrated comfort foods. I’ll meet people like Jorge Heraud, a Peruvian-born engineer who builds robots that can weed crops, cutting the use of agricultural chemicals. I’ll visit start-ups creating lab-grown and plant-based meats. I’ll travel into the fields of Kenyan farmers planting the country’s first GMO maize, and to the world’s largest vertical farm, where vegetables are grown without soil or sun. I’ll venture inside the smart water networks of Israel and the world’s largest fish farm in Norway. And I’ll meet people renewing old ideas, like practitioners of permaculture farming and harvesters of edible insects and botanists reviving ancient plants.
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Vat of vegetables


Along the way, I’ll find some answers to the questions I later realized I’d been digging for in that funnel full of freeze-dried vegetable chunks—not just about all the trouble we’re in, but about how we’ll get out of it.





CHAPTER 1



[image: image] A Taste of Things to Come


Plenty sits still, hunger is a wanderer.


—SOUTH AFRICAN PROVERB


THIS BOOK GREW out of some seeds I planted in my backyard garden in April 2013. The diehards among you may recognize that previous sentence, which echoes a line in the introduction to Michael Pollan’s classic The Botany of Desire, a book that inspired garden lust in me and many other readers. But my seeds and Pollan’s yielded different results. His bourgeoned; mine bombed.


First, they sprouted and, as seeds miraculously do, grew to be fifty and a hundred times their original size. They produced glossy green leaves and the advanced stages of fruit before things took a turn. The garden had been partly my idea, partly my kids’. They’d been raising herbs and cherry tomatoes in planter boxes on their school playground, and wanted to try it on a larger scale at home. It didn’t take much convincing—I’d already read not just Pollan but also Mark Bittman, Dan Barber, Alice Waters, et al. I’d drunk down the all-natural, agave-sweetened, anti-Kool-Aid Kool-Aid. Tending our own backyard plot would slow down the rhythms of life a bit, my husband and I agreed, improve our daily vegetable intake, and offer an iPad antidote while creating a deeper bond with nature. And hadn’t I read somewhere that bonding with nature helped kids focus and improved hypothalamus activity? And family unity! This would be a good, healthy, mind-expanding, family-unifying, money-saving, world-bettering weekend activity.


Nashville, Tennessee, is a far cry from Berkeley, California, but our community teems with acts of world-bettering, especially among parents and especially in relation to food. We have expanding populations of backyard farmers and vegans and Paleolithic dieters and people who raise their own chickens. I have good friends who would rent an ox and a Mesopotamian plough to get closer to the ancient roots of their nourishment if they could, so deep is their food nostalgia. I am nowhere near this serious about my own family’s diet. I love a good farmers’ market, but I mostly shop at my local Kroger and have no qualms about feeding my kids out-of-season fruit or, for that matter, the school lunch. We buy organic when we’re feeling flush, which means we often don’t, and we go through at least half a dozen mass-produced apples a week— the kind of fruit dismissed by critics as overengineered sugar bombs. Still, I’m prone to nostalgia for a time before industrial agribusiness, for the bygone era of heirloom flavors that farmers’ markets and backyard gardeners are trying to protect.


So that spring of 2013, we went all in, sinking hundreds of dollars into a fenced-in ten-by-fourteen-foot raised bed, a small mountain of compost, tomato cages, fish-oil fertilizers, and crates of organic and heirloom seedlings, only to discover that I’m the gardening equivalent of tone-deaf. Two months after planting day, I stood inside my chicken-wire fence, scanning the wilting husks of half a dozen once promising cornstalks, a patch of elephantine cucumbers, one the width of a raccoon, and an aphid infestation in five tomato plants that had merged into a unified organism. The evidence was clear that I’m no better suited to growing my family’s food than I am to repairing a circuit board. An idea that had originally seemed eminently practical—a twenty-first-century victory garden—proved, for our family at least, to be not very practical at all.


It isn’t basic knowledge that I lack, it’s time, vigilance, and good judgment. I have some unique handicaps, admittedly. Pruning edible plants feels to me like a mild form of infanticide—I avoid it, along with slugs, mites, aphids, and stinkbugs, and the application of whatever organic pesticides might deter them. The mosquitoes get so bad in our backyard that they, combined with the seething summer heat of Middle Tennessee, often dissuade me from watering and weeding. And when I do get up the courage to tackle weeds, I often can’t distinguish them from the seedlings and let them grow.
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My overgrown garden


Even now, many years after that first failed attempt at edible gardening, we’re still trying to raise vegetables in our backyard plot. The results have improved a bit with help from my husband and kids, who have become more reliable farmhands. But if I’m honest, we haven’t produced much in the way of reliable or abundant dividends. The garden ultimately costs us more than it saves. We keep at it because it makes us feel good. It engages the senses, connects us to the land we live on, and looks nice at a safe distance. The presence of it calms my concerns about, if not a secure food supply, then about the broader impacts of technology on our lives.


And as it turns out, that first garden did manage to be generative— not of food but of questions, such as: How will we fix a failing food system if we can’t necessarily rely on a critical mass of enlightened, vegetarian, non-GMO, organic-only, backyard-harvesting consumers to do so from the ground up? It also got me exploring the history of agriculture and the technologies that have transformed it along the way. I learned that the food-growing efforts of individual producers have been riddled with hardships and impracticalities since, well, the beginning of human civilization.
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THE YEAR IS 4000 BC, and we’re not too far from present-day Baghdad. A Mesopotamian farmer is growing wheat on a farm located somewhere between the Tigris and Euphrates Rivers. He, or maybe she, is hitching an animal to a tool that looks a lot like a hoe but is really a protoplough. At this point, humans are about six thousand years into food cultivation, and there’s no consensus theory (six millennia later, there still isn’t) to explain how and why we made the move as a species from plant-gathering to plant-taming. But if you asked her, this wheat farmer might tell you it’s simple—because her family liked staying put. (Or maybe her kids, like mine, came home one day wanting to plant what they’d seen growing.)


There’s little dispute among archaeologists that farming made it possible for settlements, and ultimately for civilizations, to thrive over time. But there’s also evidence that many settlements predated farming. There were religious sites with temples and permanent dwellings established long before the first cultivated crops appeared. Places such as Pikimachay in western Peru and Gobekli Tepe in eastern Turkey were located, circa 10,000 BC, near fishable rivers or in regions where the food supply was easy pickings. Wild sources of grains, fruits, and protein were abundant and reliable—until they weren’t. A drought or blight may have come along, or the populations outgrew the wild food supply, and the settlers had to find ways to make do with whatever edible plants remained.


We’ll probably never know who pushed the first seeds into the soil and tended those original harvests, or exactly why, but it’s clear that by the time we got to prehistoric Mesopotamia, humans had by and large decided that it’s better to grow than to gather what you need. We stopped wandering the natural world and began to shape it. Migratory lifestyles gave way to settled societies. Ancient economies began to form. Fertility rates shot up, and populations expanded. Larger families were easier to care for when you weren’t constantly on the move, and more offspring meant extra hands in the fields.


In his book Sapiens: A Brief History of Humankind, historian Yuval Noah Harari writes, “We did not domesticate wheat. It domesticated us. The word ‘domesticate’ comes from the Latin domus, which means ‘house.’ Who’s the one living in a house? Not the wheat. It’s the sapiens.”


But as houses were built and populations soared, nutrition declined. Farming radically narrowed the diversity of available foods. Foragers had subsisted on a varied, protein-rich diet, but now farmers were living off whatever limited monocultures of grain they could produce. Bioarchaeologists have found lesions on the skulls of the settlers in early farming societies, indicating severe iron deficiencies, along with evidence of stunting from poor nutrition. The first farming populations were almost invariably shorter than their hunter-gatherer predecessors and more vulnerable to disease. They dealt with longer and more grueling workdays. Farming required land clearing, hoeing, planting, weeding, warding off pests, harvesting, storing, and distributing the food—more calorie-intensive labor than gathering wild bounty.


“Drudgery and hunger provided a motive for developing tools,” says Columbia University professor and ecologist Ruth DeFries. “Every new agricultural tool introduced since the first farming settlements has been designed with the same goal: to coax more food from the earth with less human effort.” This is useful context as we consider how we’ll feed a hotter, more populous world in the coming decades. Humans have now spent the better part of ten thousand years developing a succession of tools to this end, all of them temporary solutions that, generation after generation, get replaced or upgraded to work on larger scales.


We dammed streams first, then rivers. We constructed hand tools from stones and wood and then metals and eventually supplanted those tools with machines. We made fertilizers from human waste and animal manure and then from complex chemicals. Now we have sensors and robots to interpret the needs of our crops; we have food that can be grown without sun or soil; we have Mylar-packaged meal replacements. “Each agricultural technology has been one more link in the lengthy chain of experiments aimed at producing a bigger, more reliable food supply with less work,” says DeFries. Exploring this chain of experiments is a recurring theme of this book. In each chapter, I try to understand not just where we’re going but how we got here, having moved through the long-running technological continuum of food production.


The first Mesopotamian farmer to rig his plough to an ox was an early link in the chain. He’d found a way to tap into the power of animals. Tilling soil took him a fraction of the time and energy it had taken using human power alone. Later generations of Mesopotamians would learn to attach a mechanism to the plough that fed seeds into the soil as it was turned, automating the planting process and increasing yields.


As farmers began to produce crops in volumes well beyond the needs of their communities, they became merchants. Advances in food preservation and storage—sealed containers, drying, fermenting, and curing—meant that food could travel farther afield. The Iron Age brought larger and sturdier ships and trade routes extended across oceans. Emerging empires and dynasties—Spartan, Roman, Zhou— began to specialize in different food exports: grains, nuts, spices, oils, fruit, wine, salted meats, and dried fish.


By AD 700, Muslim traders had established the early foundations of the global economy, distributing crops from northern Africa, China, and India throughout Islamic lands. Imports meant more diverse and nutrient-rich diets and better health. Merchants also traded their ideas and beliefs along with their provisions. The Prophet Muhammad, founder of Islam, was a spice trader when he started preaching, and for more than a thousand years, his Muslim disciples distributed the Koran along their trade routes as they sold their coveted cinnamon, cloves, nutmeg, and peppercorns.


For all that we don’t know about the human transition from hunting and gathering to “Would you like a Koran with that?” we can safely assume that agriculture was not a fluky discovery or happy accident, but a gradual, often painstaking process that arose from choice or necessity. We can assume that the benefits of farming—a controllable food supply, a lower risk of starvation, and the comforts of staying put— eventually outweighed the costs. Food surpluses meant that economies could diversify. People could choose not to farm and do whatever else needed doing—designing tools, constructing homes, creating art. Students could learn, builders could build, governing bodies could form in societies no longer roaming in search of food. Neolithic farming settlements gave rise to the first written languages, to ceramics and glass production, to irrigation and wheeled transportation systems, and eventually to a mastery of metals and machines.


Over time, robust food systems conferred political power. The Bible bears this out in the Old Testament story of Joseph, who interprets the dreams of his prison guards when he is locked in an Egyptian dungeon. The pharaoh summons him after two haunting dreams—first, that seven sickly cows eat seven healthy cows, and then that seven thin heads of grain swallow seven fat heads. Joseph tells the pharaoh that seven years of famine in Egypt will follow seven years of abundance. The king prepares accordingly, stockpiling grains during the productive years. Sure enough, the subsequent famine is so far-reaching that people come in droves to Egypt from across the world to buy grain. Pharaoh gives Joseph fine robes and the keys to the kingdom.


For thousands of years, civilizations from the Mayans of Mesoamerica to the Vikings of Scandinavia rose as their food supplies flourished and fell as they declined. Even today, the nations with the least reliable food supplies generally have the least diverse economies and the most vulnerable governments. In 2014, for example, the Pentagon warned that drought and crop failures throughout the Middle East— the region that once comprised the Fertile Crescent—empowered ISIS and other extremists to recruit followers among starving and displaced populations. Just before that, in 2011, hunger had helped foment the Arab Spring after droughts had crippled wheat fields in Russia and the United States, causing prices to spike worldwide.


We can only expect these trends to intensify in the coming decades: the countries and communities that most creatively address their food supply challenges will be the ones that are best equipped to succeed.
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THE FIRST MAJOR panic over global food supplies began to percolate in the late 1700s. Arable land was declining as urban populations rose. The English parson Thomas Malthus announced in 1798 that food supplies could not keep pace with demand: “The power of population is so superior to the power in the earth to produce subsistence for man that . . . premature death must in some shape or other visit the human race.” This theory went mostly ignored until the mid-1840s, when famine swept through Ireland. But then the unexpected occurred, a scientific serendipity: chemists discovered that nitrogen and phosphorus, which had been stripped by overfarming from European soils, were the essential life-giving elements of plants. Within a few decades, the German chemist Fritz Haber had cracked apart a molecule of atmospheric nitrogen, producing the main ingredient for the world’s first synthetic fertilizers.


Malthus hadn’t foreseen the coming era of chemicals or of mechanization. The first reaping machines arrived on the market in the mid-1800s, followed by the first steel plough, and by 1903 an American factory was producing combustion-engine tractors. Work that had once required many days of human and animal labor to complete now took just a few hours. Crop breeding underwent a similarly radical transformation around the same time. In 1856, the Austrian monk Gregor Mendel began his famous experiments in his monastery’s garden studying heredity in peas. The following decade, Charles Darwin published his book on cross-fertilization in plants. It wasn’t long before American scientists applied Mendel’s findings and Darwin’s theories to their quest to breed better corn and wheat. They isolated and combined specific traits to produce faster-growing, higher-yielding, pest-resistant crops. The invention of hybrid seeds combined with the arrival of chemical pesticides and fertilizers brought on the paradigm shift known as the Green Revolution.


What ensued was a productivity explosion, an agricultural H-bomb. In the five decades after World War II, the global food supply jumped 200 percent. The world’s population more than doubled, in turn. Factory farms subsumed family farms and crops began to derive their energy from fossil fuels. Agribusiness could now produce immense quantities of wheat, soy, and, in particular, corn, which was then processed into products ranging from corn syrup and maltodextrin (a food additive) to, most notably, meat. A full-grown, 1200-pound steer consumes thousands of pounds of corn and soy feed throughout its lifetime, and produces less than half its total weight—500 pounds or so—in edible beef.


There are plenty of upsides to the Green Revolution. Industrial farms have addressed many of the inefficiencies and impracticalities of individual and small-scale food production. Journalist Paul Roberts writes that the modern food system has been “celebrated as a monument to humanity’s greatest triumph.” He adds that by the late twentieth century we were “producing more food—more grain, more meat, more fruits and vegetables—than ever before, more cheaply than ever before, and with a degree of variety, safety, quality and convenience that preceding generations would have found bewildering.” Economies broadly have prospered from more abundant and affordable foods. But there are the consequences to consider: for every gain in food production, there has always been a cost.
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A dam transforms an agricultural landscape


No Neolithic farmers could have foreseen the impacts of the juggernaut they’d set in motion. Who could have imagined that planting stray seeds of einkorn wheat might result in a practice that over the course of twelve millennia would transform nearly half of the world’s habitable land? Farming has altered the natural systems of the earth more than any other single human activity. Virtually every major river on earth has been tapped or dammed, every major lake and aquifer exploited, and most (about 70 percent) of that freshwater flows to farms. Fisheries now harvest more than a third of the edible biomass from the ocean’s coastal waters. Agribusinesses in just the last couple of decades have consumed areas of bio-rich forestland collectively the size of Peru. Livestock operations globally produce nearly five billion cattle, pigs, goats, and sheep, up 25 percent in three decades. Together those animals graze an expanse of land larger than the African continent.


The architects of the Green Revolution had a grand goal: ending hunger worldwide. Norman Borlaug, the father of hybrid wheat, said when accepting the 1970 Nobel Peace Prize that he hoped “to provide food . . . for the benefit of all mankind.” He didn’t. Modern agriculture now produces many more calories per person than it did at the end of World War II—about eight hundred calories more for every person on earth, if everybody got the same portion. They don’t, not by a long shot. The nutrient gap between rich and poor populations has grown wider in the past half century—which is to say, the rich have far more nourishment. “It’s tempting to idealize the small-scale farming systems in the developing countries as uncorrupted by modern tools. In reality, the yields are low, farmers are facing high risks and heavy debts, daily life centers on staving off hunger, and hunger persists on a grand scale,” Ruth DeFries cautions. More than 800 million people today are undernourished, and the lopsided distribution of calories on our planet remains one of the Green Revolution’s great failures. Cheap food and long, inefficient supply chains have also led to a waste pandemic. Roughly a third of the food produced worldwide rots in transit or is thrown out.


There are also the unintended consequences of farm chemicals to consider. Excess fertilizers applied to farmland run off into lakes and oceans, causing algae blooms that suffocate aquatic life. Herbicides and fungicides have squelched vital bacterial activity in the microbiomes of topsoil. Pesticides have caused mass die-offs of bees, beetles, and butterflies that play Oscar-caliber supporting roles as pollinators in food production. Monocultures, or fields composed of a single crop, have been grown for millennia—since those early fields of einkorn—and they’re cheap, fast, and efficient to plant and harvest using machines, but they’re gravely inefficient when it comes to pests. A vast stretch of a single crop is an all-you-can-eat buffet for certain insects and fungi. Those pests are evolutionarily adept at developing resistance to chemicals, requiring more and stronger chemicals in turn. This is one reason why, in the forty years between 1960 and 2000, pesticide use in the United States doubled.


Huge investments of fossil fuels go into the production of agrochemicals, and into the machines and transportation networks that produce and distribute food—all of it adding up to a monster carbon footprint. The single biggest blowback of the Green Revolution is climate change. Absurdly, the greenhouse gases that now threaten the future of the world’s farms are also largely produced by the farms themselves, especially the big mechanized ones. Most of us generate more planet-warming emissions from eating than we do from driving or flying. Food production now accounts for about a fifth of total greenhouse gas emissions annually, which means that agriculture contributes more than any other sector, including energy and transportation, to climate change.


Ruth DeFries points out that for the better part of ten thousand years, the problems of human food production have derived from scarcity—too little fertilizer, arable land, or energy. But now, many of the problems come from overabundance—too many chemicals, too much CO2, too much waste. The downsides of all this abundance go well beyond the environmental costs. Higher yields have led to a decline in nutrition. Government studies have shown dropping levels of protein, calcium, potassium, iron, and vitamins C and B2 in dozens of vegetable and fruit crops over the last fifty years. During that time frame, the mass marketing of highly processed foods has driven consumers—Americans, in particular—toward foods high in calories but low in nutrients. Average sugar consumption in the United States has jumped more than 20 percent in three decades, and during that time the weight of the average American adult has increased about 20 percent. The prevalence of diabetes has increased 700 percent.


The Green Revolution, for all its advantages, created a food system that does not nourish people equitably—one in which some populations are severely overfed, others severely undernourished, and still others are at the same time overfed and undernourished. This last category is the fastest growing: nearly half of all countries worldwide are now experiencing serious levels of both undernutrition and obesity.
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ON ITS OWN, the failure of my backyard garden did not make me feel helpless to change the food system. It was one factor among many, including the times I had tried and failed to be a vegan and then a vegetarian and then a pescatarian and then a responsible carnivore who eats only local, humanely raised meats; tried and failed to eat seasonally and all-organic and to cut out GMOs. I want to grow and buy and prepare the right leafy, fresh-picked things, for my kids especially, but I work full-time and cook last minute and have a weakness for processed snack foods. I also have an appetite for burgers, brisket, fried chicken, roast turkey, every kind of breakfast meat, and—it’s practically mandatory for residents of Tennessee—barbecued ribs.


My meat habit, in particular, plagues my conscience. I’m well versed in the cruelty of conventional livestock operations and in the climate impacts of my choices, and I’m aware that no self-respecting environmentalist can ignore that. I know a serving of beef has a carbon footprint that’s four times greater than a serving of chicken, which in turn has a carbon footprint three times greater than a serving of lentils. I’ve gone for months without meat—until I end up back at the barbecue.


Sustainable food advocates have scrupulously examined the flaws in our food system, but the large-scale solutions they’ve explored, if they’ve explored them at all, are relevant mostly to people who have the time, income, and creativity to cook from organic produce in a vegetable box delivered direct to their door. They often suggest that we dismantle the industrial farms that produce the majority of U.S. crops, and that we reject genetically modified seeds, which are used for more than 70 percent of American corn, soy, cotton, and rice production. They say we should adjust, in turn, to significantly higher food costs. Some price increases may be inevitable in the coming decades, but steep jumps would strain most consumers. As food historian Bee Wilson puts it, “No one has yet discovered how to raise prices for the overfed rich without squeezing the underfed poor.”


High-priced food is fetishized by our current culture of haute gastronomy, which celebrates, for example, the Octopop, a “low temperature cooked octopus dipped in orange and saffron carrageenan gel and suspended on dill flower stalks,” as described by celebrity chef Adam Melonas. Popular shows like Netflix’s Chef’s Table and PBS’s The Mind of a Chef feature thousand-dollar servings of “vintage côte de boeuf” and hundred-dollar confections covered in edible gold leaf, drawing millions of viewers who are likely couch-bound and snacking on some of the lowest-quality, most overprocessed sustenance in human history. Even as a meager cook with a limited food budget, I buy into the collective fantasy life fed by this media. I’ll see a recipe in, say, Saveur magazine, for Braised Zabuton with Espresso Rub, and I get a reflexive urge to run to Whole Foods, even though I have no idea what a zabuton is. Then I remember the strange paradox that I’m participating in a culinary culture of excess at a time when the modern food system has perhaps never been more imperiled. I get the nagging sense that I’m fiddling with zabuton while our planet begins to burn.
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THERE’S A DEEP distrust of technology as applied to food. That’s partly because the food industry has blundered its way through so many costly failures. DDT, for example, a chemical pesticide developed in the 1940s, was applied to crops for decades before scientists figured out it was killing birds and causing a fourfold increase in breast cancer. It’s one of several agricultural chemicals approved by the United States government and later banned, long after people had been sickened and ecosystems harmed. Saccharin and aspartame, to take another example, were promoted as innovative low-calorie alternatives to sugar before they were exposed as carcinogenic to rats. Margarine was likewise sold as a shelf-stable, heart-healthy alternative to butter before it came to light that the stuff contained heart-harming trans fats. And the many food ingredients derived from millions of acres of U.S. corn, from maltodextrin to monosodium glutamate, while innovative and profitable, have not been advantageous to human health. In these cases and countless others, technology backfired. It made our food system not smarter but more flawed.


Justifiable concerns have been raised, too, about the rampant use of herbicides (the weed-killer Roundup was deemed a threat to human health by the World Health Organization (WHO) in 2015, after forty-one years on the market) and synthetic food coloring (now linked to hyperactivity disorder in kids) and salmon farming (which fattens fish on corn feed, a substance that has never belonged in any natural aquatic system) and genetic engineering of crops (a method that “has fallen short of the promise,” according to page one of the New York Times).


It’s not surprising that few American consumers are applauding the onset of the Next Green Revolution, as National Geographic, Wired, and others have dubbed the new wave of agricultural technologies now in development. “Food is ripe for reinvention,” Bill Gates proclaimed in 2014 at a Microsoft shareholder meeting. Huge flows of public and private investment—including billions from companies inside the conventional ag industry and outside of it, like Microsoft, Google, and IBM—are now funding new methods of food production. A generation of entrepreneurs in fields as varied as plant genetics, aquaponics, big data, and artificial intelligence are vying to build a better, “smarter,” more resilient food system and to create new ways to harness the sustenance it yields.


Some are in it for do-gooder reasons—to feed the world sustainably and equitably while curbing climate change—while others see a gold mine: nine billion mouths to feed. They know that whoever cracks global food security will, like Joseph, get keys to the kingdom when the lean days inevitably come. Whatever the motivation, there’s a controversy building. Most sustainable food advocates bristle at the idea of reinventing food—they want it deinvented, thank you very much. They advocate for a return to preindustrial, pre–Green Revolution, organic, and biodynamic farming practices to which skeptics inevitably respond, “Yes, that’s nice. But does it scale?” Sure, a return to traditional methods might produce better food, but can it produce enough food?


The rift between the reinvention camp and the deinvention camp has existed since Norman Borlaug began breeding modern wheat, setting in motion a dispute that is now a raging battle of hyperbole, reactionism, and platitudes. One side views technology as corrosive, the other sees it as a panacea. One side covets the past, the other the future. In his recent book, Charles Mann calls the reinvention camp “Wizards” and the deinventionists “Prophets”: “Wizards, following Borlaug’s model, unveil technological fixes,” Mann writes. “Prophets . . . decry the consequences of our heedlessness.” He elaborates: “High-yield, Borlaug-style industrial farming, Prophets say, may pay off in the short run, but in the long run will make the day of ecological reckoning hit harder. The ruination of soil and water by heedless overuse will lead to environmental collapse, which will in turn create worldwide social convulsion. Wizards reply: That’s exactly the global humanitarian crisis we’re preventing!”


As someone observing this debate for years, I’ve come to see it’s not serving us well at all, and to wonder: Why must it be so binary? Why can’t we do some version of both? It seems to me there can— there must—be a synthesis of the two approaches, like the arrow out of the two-sided opposition in the classic Hegelian dialectic we learned in high school. Our challenge is to borrow from the wisdom of the ages and from our most advanced technologies to forge a kind of “third way” to food production. Such an approach would allow us to improve harvests while restoring, rather than degrading, the underlying web of life.
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SEVERAL YEARS AFTER my 2013 garden failure, I meet Chris and Annie Newman, a young husband-and-wife team of farmers who live in the northern neck of Virginia. She’s an artist, he’s a software programmer, and together they make a very convincing case that ecological farming and technological innovation can do more than coexist, they can achieve a powerful synergy. I would meet many others throughout my research—scientists, activists, chefs, engineers, executives, programmers, educators, farmers—who are helping to model, like the Newmans, a third way.


Many of these folks appear in the coming chapters, and at the end of the book we’ll visit Chris and Annie at their farm at the edge of the Potomac River, which they share with their two little kids, hundreds of chickens, dozens of hogs, and growing groves of fruit and nut trees.


I first encounter Chris Newman virtually, when I read a manifesto he’s published on Medium.com, “Clean Food: If You Want to Save the World, Get Over Yourself.” A few weeks later, having read that and everything else Chris has written about farming life (which is a lot), I show up on his doorstep. Chris grew up in a predominantly black neighborhood in Southeast Washington, D.C., with an African American mom and a Native American dad. He was a child whiz who later became a software programmer doing high-level work for the Treasury Department. The work was relentless, and Chris became physically sick with stomach pains. He went through months of biopsies and colonoscopies and a series of specialists before the problem was diagnosed— first by Annie, and later by the doctors—as stress.


In 2013, when trying to recover, he read a book he found in a pile lent by neighbors, Michael Pollan’s The Omnivore’s Dilemma. Chris took an interest in one of its characters, Joel Salatin, founder of Polyface Farm, who practices holistic animal husbandry, integrating diverse crops and livestock in a way that mimics natural systems. He recognized certain patterns in indigenous agriculture he’d learned as a kid, and within days had signed up for a workshop with Salatin. Soon he and Annie were hatching a plan to start farming. By 2018, after five years of selling high-end organic meats and vegetables, Chris had begun to call into question the efficacy, and even the ethics, of his own pursuit.


“I’m a permaculture farmer,” begins his manifesto. “My goal is to develop natural ecosystems that produce food. My dream is a world with ready access to a diet that nourishes the body of the consumer, provides a living for the producer, and leaves the Earth joyfully habitable. I share that dream with a lot of people who call themselves permaculturalists, natural farmers, plantsmen, or foodies. I fear, however, that [we are] succumbing to tribalism; forgetting that saving the world means saving all of the people in it; even the ones that love cheap burgers and Coke. We’re digging foxholes and making monsters out of people who don’t agree with us, or who don’t understand, or who do understand but are powerless to act.”


Newman goes on to describe the “accessibility gap” that plagues sustainable food production, or “Clean Food,” as he’s dubbed it. The products he and Annie sell include $12-a-pound pork chops and $4-a-pound chicken, which only high-end markets and restaurants can afford. Bringing down their prices would mean going out of business: “Our food is not accessible. It’s just not. It’s beyond the wallets of damn near everybody; it’s the biggest problem with sustainable food systems. And the folks who grow, sell and eat this kind of food are criminally unserious about talking about solutions. . . . Until we do, all this ‘save the world’ stuff? It’s all bullshit.”
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Chris Newman inspects a chicken


Following this salvo, the thirty-six-year-old programmer-turnedfarmer makes a strong push for technology. He praises robotic farming tools and vegetables grown in vertical indoor farms with very little water. He even calls for animal-free meats grown in laboratory dishes: “If technology can offer decent, affordable meat to people without environmental side-effects, I don’t have the right to reject that technology out of hand just because it’s new, weird, or might threaten my revenue potential.”


Chris makes it clear at the end of his screed that he’s not quitting permaculture farming, he just wants to broker some peace between the deinventors of agriculture and the reinventors. “So let’s build our soil and grow good food,” he says to his fellow plantsmen. “But let the folks in the lab do their thing, too. Like it or not, we’re all depending on one another.”


Chris and Annie, I would learn during my visit, are integrating into their farming new practices and tools that are anathema to some of their peers. “We’re old-school as much as we’re new-school,” says Chris. “That’s not a contradiction, it’s just the best way to be.” Farming’s been a high-risk industry since the beginning of civilization, he observes, but in a hotter, more crowded world, “you have to farm smarter.”


If there’s one thing the Newmans have learned in their first half decade of farming, it’s that twenty-first-century food production is all about risk—being willing to take it, and learning how to manage it. “Do whatever you can to understand the risk farmers face,” Chris tells me. “What it takes to grow food under normal conditions—that’s hard. To grow food in changing conditions, that’s a lot harder.” With that in mind, we’ll begin this story in Eau Claire, Wisconsin, at the apple farm of Andy Ferguson, a second-generation farmer who, even at age thirty-two, knows a lot about the increasing risks, and enduring rewards, of his trade.





CHAPTER 2



[image: image] Killing Fields


Even if I knew that tomorrow the world would go to pieces, I would still plant my apple tree.


—MARTIN LUTHER


ON MAY 15, 2016, Andy Ferguson woke up as he always did at 4:29 a.m., seconds before his alarm rang, and immediately noticed the frost creeping up his bedroom window. He slid out of bed, dressed quietly, poured a thermos of coffee, and lumbered to his Ford F-350, his breath producing clouds of icy mist in the predawn darkness. He wasn’t too worried yet—the weather forecast had said a low of -1, and his apple trees could handle that—but the air had an ominous bite to it.


Andy drove to a digital weather station at the edge of one of his fields, which had recorded temperature ranges during the night. Around two a.m. the mercury had dipped to -3 and hadn’t budged. His stomach rose. Any sustained period of temperatures under -1.5 posed a real threat. The water in the tissues of the apple blossoms could freeze, creating ice crystals that would rupture cell membranes and kill the emerging fruit.


Ferguson walked to the nearest Honeycrisp tree, pinched a blossom from its branch, and pulled a three-inch pocketknife from his work belt. With the bloom in his left palm, he slid the knife tip down its middle, bisecting the bottle-shaped belly. Inside, the apple was in the earliest stage of growth, barely a millimeter wide. “Where there should have been green living tissue, it was blackish brown,” he tells me when we meet several months later. “That dark smudge is exactly what you’re hoping not to see—no chance of fruit.” Ferguson had seen plenty of it just a few years before, when the late-spring freeze of 2012 wiped out 90 percent of his crop. “You can’t survive in this industry if you get caught up in despair,” he says. “Either you roll with the punches that Mother Nature throws at you, or choose another line of work.” He snapped a picture of the filleted bloom on his phone and began moving up the hill. His orchard’s hilly, and he knew the trees in the lower-lying regions, where cold air collects, would be more vulnerable.


At the time, Andy and his brother and father owned three orchards in western Wisconsin, each within a thirty-minute drive of the others. Those thirty minutes—about twenty miles—were usually enough to spread their risk. If a hailstorm, for example, hit one orchard, it might spare another. The Eau Claire location is the largest, and the one where Andy built the house he shares with his wife and two daughters. It was also the site of his first kiss, his marriage proposal, and his wedding. He knows each old, craggy-limbed McIntosh, Cortland, Riverbelle, Haralson, and Honeycrisp as if by name, and every lanky whip of the new cultivars Zestar and Pazazz. In 2012, Andy had finished his law degree at the University of Wisconsin–Madison and then joined his dad in the family business. The father-son team had grown their holdings to 350 acres that during good years produced about seven million apples. They had a popular pick-your-own retail operation for locals and sold the rest of their fruit wholesale to Walmart, Sam’s Club, and regional supermarkets.


Under the moonlight the previous night, the orchard surrounding Andy’s house possessed an ethereal beauty. The trees had burst into a “snowball bloom,” so inundated with apple blossoms that they looked covered in the aftermath of a pale pink blizzard. The winter of 2016 had been warm, the warmest on record, and the trees had begun their first stage of blooming, or “bud break,” about a week early that year. Now their petals were full grown and yawning wide open. The only challenge, it seemed, was the abundance: there were so many blossoms that they’d need to be thinned by about 80 percent. Andy was particularly concerned about the whips—too many fruit would draw nutrients and energy away from their young trunks and branches, slowing their growth and reducing their yields over time. He’d been mulling this over the night of May 14 as he drifted off to sleep: forty thousand whips, eighty blooms per tree . . . some three million blooms would have to be removed within a week.
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Snowball bloom in a young Ferguson orchard


The next morning, Andy was scanning trees for fruit to salvage, not to cull. Several rows up the hill, he pinched another bloom, divided it with his blade, and found the same ruptured tissue. He kept moving upward, faster now, performing the miniature surgeries on the blooms of tree after tree. He texted his dad a picture of one of his specimens and typed: “Fell to 26 [degrees Fahrenheit, or -3°C] here. Lotta bloom kill.” His dad, who was at their location twenty miles south, was seeing similar damage. By midday, Andy had dissected the blossoms of more than two hundred apple trees. All were dead inside. The Fergusons wouldn’t know the full impact of the freeze for several weeks—those four hours of below-freezing weather in May had killed about six million infant apples. They’d lose about three-quarters of the yield across their three farms, more than $1 million in lost harvest.


In the days after the frost, Andy spent most of his waking hours sampling and testing more blooms. He measured whatever fruit growth he could find with a micrometer, a small metal device resembling wire pincers. He compiled his data and created spreadsheets and charts to get a better feel for the damage across the three orchards. The task was Sisyphean: “I’d find maybe one in fifty or a hundred blooms with living tissue inside. I’d measure it on a Tuesday at 4.5 millimeters, then come back two days later and it might be 6.5. I’d go, Okay, that’s good. Then I’d find another survivor that grew to 4.5 and then quit and died,” Andy recounts. “I’d know the whole process was in vain, because if the bud’s going to become an apple, it’s going to become an apple, and if it’s damaged, it’s damaged. You can’t reverse the fate at that point. You’re just trying to feel some measure of control.”


Soon Andy began traveling to orchards throughout the region with even deeper losses, helping growers assess their damage. A year earlier, he’d been elected president of the Wisconsin Apple Growers Association, and under this mantle he would soon petition the governor’s office to declare a state of disaster and help uninsured farmers absorb the cost of their crop damage. Andy also began to investigate how to protect his apples from warm winters and late-spring frosts. The 2016 freeze was an eerie echo of the early blooming and freak frost that had devastated his yields four years earlier. If these extremes were the new normal, he and his fellow growers needed a new plan to keep apples in this region alive.


[image: image]


OF THE MANY wild fruit crops that have been tamed by agricultural scientists, there are few today so heavily manipulated—so far removed from their ancient roots—as apples. Modern apples bear as much resemblance to their early ancestors as, say, a drone does to the Wright Flyer. Somewhere around 1000 BC, the seeds of apple trees native to what is now southeastern Kazakhstan were dispersed throughout the world by traders along the Silk Road. But the thousands of original wild apple varieties that were eventually propagated throughout Russia and Europe, and later across the United States, have since been radically narrowed to the scant dozen or so varieties now bred for markets worldwide.


The wild trees can grow a hundred feet high and nearly as wide, and live for about a century. Domesticated trees are today deliberately dwarfed to about ten feet for ease and speed of harvest, and their productive life is no more than two or three decades. Many aren’t even freestanding trees at all. Andy Fergusons’s Zestar and Pazazz trees are lashed to trellises and trained to look more like vines or hedges. Wild apples range dramatically in size, color, and flavor. Some taste “spirited and racy,” wrote Thoreau, others are “sour enough to set a squirrel’s teeth on edge”—a far cry from the predictably sweet, mild-tasting red and green orbs most of us buy today.


The starkest difference between modern apples and their ancestors lies in the way the fruit is reproduced. Apples are heterozygous, meaning that the seeds generated by each fruit are genetically different from the fruit itself. The physical features of any given wild apple can be distinct from its parents, and that fruit’s own seeds will produce progeny that represent another scrambling of the genetic code. Heterozygosity is great from an evolutionary standpoint, but not great if you want a reliable, reproducible product, which is why modern apple orchards use a cloning process to propagate the narrow range of apple varieties that are stocked in your supermarket. Branches of the parent tree are grafted on to a scion or rootstock, creating orchards filled with exact genetic replicas of each chosen variety.


To my own crunch-loving, sweet-toothed palate greedy for a year-round apple supply, there’s a lot to love about the products of modern orchards. But the insects and fungi and diseases that prey on apple trees also appreciate the reliable results of cloning. Over time, an incredible range of predators, from codling moths and leaf miners to apple scab and fire blight, have developed ever smarter ways to burrow into apple trees and their fruits in all stages of growth. So far, breeders and agricultural scientists have managed to subdue virtually every one of these environmental pressures—usually with a technological fix, often in the form of chemicals. More pesticides and fungicides are applied to apple orchards than to any other fruit crop. And the brinksmanship between grower and nature extends well beyond harvesttime.
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