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			To Marianne,

			for absolutely everything

		

	
		
		
			
			Surely, I said, knowledge is

				the food of the soul.

				—Socrates
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			In 2008, I was attending a panel discussion on “sustainable food” at Harvard University, in the storied Faculty Room of University Hall. The purpose of the panel was to promote and celebrate good food, so we were served tasty hors d’oeuvres carefully sourced from local farmers and fishermen, beginning with demitasse cups of a delicious scallop chowder from Cape Cod Bay. The featured speakers were a celebrity restaurateur from the San Francisco Bay Area, a playwright from New York, and the young leader of Slow Food USA. It didn’t take long for all three to reach a lockstep conclusion: In the future, they said, sustainable food would have to be organic, local, and “slow,” definitely not fast or industrial.

			Those at the event nodded their heads in assent, but I had a different take, having just returned from a research trip to rural Africa. I had been interviewing farmers in Uganda who were trapped inside a food system that was entirely organic, local, and slow. The women I had spoken with (most African farmers are women) did not know it, but they were living an extreme version of the Harvard dream. They were organic because they could not afford any nitrogen fertilizer; their food was all local because the rutted dirt roads made transport almost impossible during the rainy season; and their daily food preparation tasks were laboriously slow. Before cooking a porridge meal for their family these women had to strip, soak, dry, and then pound the maize kernels into flour, then carry in wood to build a fire plus water for the pot. Despite these efforts, many of their children were stunted from poor nutrition.
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					Pounding maize in Uganda, where slow food preparation is an everyday experience, and a daily burden for women and girls.

				
			
			Farmers are important to me for personal as well as professional reasons. Both of my parents were from a farming background, and as a young teenager in the summer months I worked on my uncle’s Indiana farm, alongside my older brother and two cousins. We got up early to feed the cattle and hogs in the dark, before sitting down to our own breakfast. My cousins were still too young to drive a car, but they were handling powered machinery, working with animals four times their size, and they already knew things about farming well beyond the ken of most playwrights or big-city restaurateurs.

			Discussions of food today can quickly turn into discussions about farming. Consumers not only want food to be tasty, safe, nutritious, and affordable; they also want it to come from farms that protect the natural environment, respect the welfare of animals, help sustain rural communities, and give hired workers a living wage. I share all of these goals, but my prescriptions differ from the Harvard panel’s dream. My research experience tells me not to yearn for an organic, local, or slow food system, since that would mean abandoning a century’s worth of modern science. It would force farmers to accept more toil and less income, consumers would be given fewer nutritious food choices, and greater destruction would be done to the natural environment. All this will be explained.

			
			The use of modern science is broadly welcomed in medicine, transport, and communications, yet it has become strangely controversial in food production. Many of my friends in Massachusetts, where I live and work, hold a view that modern farming has become far too “industrial.” They agree with Mark Bittman, a former New York Times columnist, who blames industrial farming for having “spawned an obesity crisis, poisoned countless volumes of land and water, wasted energy, tortured billions of animals.” They would also agree with Philip Lymbery, the author of Farmageddon, who concludes that “every day there is a new confirmation of how destructive, inefficient, wasteful, cruel and unhealthy the industrial agriculture machine is. We need a total rethink of our food and farming systems before it’s too late.”

			As their preferred alternative, many of my friends imagine a return to small, local, and chemical-free (organic) farms. These farms should produce a traditional mix of both crops and animals, as opposed to the specialized, industrial-scale farms that today produce just one or two crops and probably have no animals at all. When it comes to buying food, my friends would rather not be seen shopping in supermarkets, since too many items on the shelf are heavily processed or have traveled too many “food miles.” Their ideal, when they have plenty of time, is to buy unprocessed foods directly from local growers at a farmers market, or from a community supported agriculture (CSA) farm. They admire Alice Waters, proprietor of the acclaimed Chez Panisse restaurant in Berkeley (she was one of the speakers on the 2008 Harvard panel), who states with pride that she has not set foot in a supermarket for the past twenty-five years.

			I hear all this, but I’m not persuaded. I want a food solution that works for all, including people who live on a budget and those without a lot of spare time. Dinners at Chez Panisse must be a wonderful experience, but they start at more than a hundred dollars, not including the wine. Buying fresh produce at a farmers market is rewarding in season, but even then it means a separate trip to get needed products local farms don’t grow. Assembling healthy meals from fresh, unprocessed ingredients is a joy for many, but the time required for shopping, preparation, and cleanup may be too much for a single parent with school-age kids.

			
			Food solutions should also make sense for farmers. Here is where the organic approach creates problems, since it tells farmers they cannot use manufactured nitrogen fertilizers. True, all farming worked that way before synthetic fertilizers were first developed early in the twentieth century—but it made food production less abundant and needlessly laborious. Most farmers in the United States don’t want to turn the clock back, which is why only 1 percent of their land has been converted to organic production methods.

			Problems would also arise if we “relocalized” our food system. Dietary health would decline because fresh fruits and vegetables would become scarce for many consumers in the cold winter months. Because transport costs have continued to fall, the dominant food system trend continues to be globalization, not localization. Traditional methods might at least seem a better way to protect the welfare of farm animals, given the abuses they suffer inside today’s “factory farm” confinement systems, but these traditional methods could not begin to meet today’s greatly expanded market demand for animal products. Total meat consumption in the United States is now five times as high as it was in 1940, and trying to meet this demand with traditional pasture and barnyard methods would be impossible. It will be better to follow Europe’s example and tighten welfare regulations for the farm animals we raise indoors, all the while developing better imitation meat products to reverse the growth of the livestock industry.

			My realistic approach to such matters is one I learned from my father, who grew up on a small family farm in Indiana. After starting college late, he went on to earn a Ph.D. in agricultural economics, in order to learn why making a living on farms had suddenly become more difficult in the 1930s. My dad could be sentimental, but he always warned me not to romanticize the hard physical labor required by traditional farming.

			
			My own career choice was also shaped by an early life experience, a trip to India and Nepal to visit my brother, who was serving in the Peace Corps. I had seen poverty in America, mostly in cities, but the extreme rural poverty I encountered on this trip to Asia left me angered and upset, yet also motivated. I have studied international food and agriculture in part to learn how poor farmers might better their lives. I have worked over the years in seven Asian countries, five countries in Latin America, and sixteen countries in Africa. My research has been financed entirely by international institutes, government agencies, my own academic institutions, and philanthropic foundations, not by any private corporations. I learned early on that big international agribusiness companies usually pay scant attention to poor farmers, since they are such bad customers for what the companies have to sell.

			My colleagues and I who work in global food and farming can celebrate a considerable reduction in rural hunger and poverty in recent decades, especially in Asia. This progress has been sustained, in most cases, by making modern science-based farming methods available to the rural poor. This good news is surprisingly difficult to communicate back home, where science-based farming is routinely criticized for being too “industrial,” and where a long list of nationally known food writers, journalists, and academics now promote distinctly preindustrial alternatives. Many in this group, including writers such as Alice Waters, Michael Pollan, Mark Bittman, Barbara Kingsolver, and others, see themselves as the leaders of a new social movement to reverse the direction of modern farming. Pollan, in a 2010 essay titled “The Food Movement, Rising,” explained it was time to reform industrial food and food production because “its social/environmental/public health/animal welfare/gastronomic costs are too high.”

			
			Many elite institutions have embraced this thinking. Beginning in 2001, Waters worked through Yale University to help build a new sustainable food program that included a college farm, university composting, and a shift by the dining services toward sourcing local organic food. Not wanting to be left behind, Harvard began fertilizing the grass in Harvard Yard using only organic methods, then it put up signs to let people know.

			Influential national media outlets have offered mostly uncritical support. Pollan, with remarkable candor, described it this way to an audience in Santa Cruz, California, in 2013:

			
				In the elite media, the critique of industrial food has gotten plenty of play. The media has really been on our side for the most part. I know this from writing for the New York Times, where I’ve written about a lot of other topics, but when I wrote about food I never had to give equal time to the other side. I could say whatever I thought and offer my own conclusions. Say you should buy grass fed beef, and organic is better, and these editors in New York didn’t realize there is anyone who disagrees with that point of view. So I felt like I got a free ride for a long time.

			

			Pollan’s 2006 best-selling book The Omnivore’s Dilemma became something of a sacred text for this new food movement. It was adopted as mandatory summer reading for incoming students at numerous colleges and universities, where the author himself led at least a dozen different freshman readings. A streamlined version of the book pitched to “young readers” came out in 2009, along with a documentary film based on the book titled Food, Inc. Hollywood gave the film an Academy Award nomination.

			In 2007, Barbara Kingsolver wrote her own bestselling book, one that recorded a personal decision to move to Virginia and eat only locally grown food for an entire year (except for grains and olive oil). Also in 2007, the New Oxford American Dictionary selected locavore as its Word of the Year. By 2009, the new food movement even gained official endorsement from the White House. First Lady Michelle Obama arranged to be photographed shopping at a farmers market, and at the urging of Waters she planted an organic garden on the White House lawn. Barack Obama’s Department of Agriculture also began promoting local food by initiating a “Know Your Farmer, Know Your Food” program.

			
			This new food movement deserves credit for the valuable alert it sent on America’s bad eating habits, which had led to heavier burdens of chronic disease. By 2018, 42 percent of American adults were clinically obese. Food movement leaders correctly blamed some of this on the corporate actors between farm and table—food manufacturing companies, supermarkets, restaurant chains—but they also began promoting a view that our farms, or at least our farm subsidy policies, shared much of the blame as well.

			Farm subsidies were said to be ruining the nation’s diet by encouraging too much corn and soy production, as opposed to fruits and vegetables. I am generally opposed to farm subsidies, because they are wasteful and poorly targeted, but there is no good evidence that they have made us fat. Agricultural economists know that farm subsidies do not make obesity-inducing foods artificially cheap. Corn, soy, sugar, and dairy products are all artificially expensive because of federal policy, not artificially cheap. The reasons will be explained.

			Industrial farming hurts the environment, but mostly because of how much food is produced, not how it is produced. If we tried to produce as much as we do today using preindustrial methods, the damage would be far more extreme. Modern industrial farming did become too chemical intensive after the Second World War, but more recently, thanks to the emergence of “precision agriculture,” chemical use on farms has decreased significantly, not just relative to output but often in absolute terms as well. Fertilizer use on America’s farms has remained flat for the past four decades while total production was increasing more than 40 percent, and total insecticide use on farms is now more than 80 percent lower than in 1972.

			With satellite positioning, drone-based sensors, big data, robotics, and now machine learning as well, a modern revolution in precision farming has made possible the production of more food while using less land, less water, less energy, and fewer chemicals, implying large benefits to the natural environment. This promising new path to environmental protection has been dubbed ecomodernism, since it works not by producing less, or returning to the past, but by using new technologies that can produce more with fewer resources.

			
			One exciting ecomodernist project now under way is the use of molecular science to develop imitation products that substitute for meat, milk, and eggs, making it unnecessary to raise and feed so many farm animals. If we can produce comparably delicious simulated meats from plant materials, or perhaps from cell cultures in a lab, fewer greenhouse gasses will enter the atmosphere, more farming and grazing lands can be returned to nature, and fewer animals will have to experience mistreatment at our hands.

			

			—

			A return to preindustrial food and farming methods can work on a small scale for those with plenty of money to spend, but it will never be a society-wide solution. Scaling up to supply most of the market may not really be a food movement goal. Alice Waters puts a higher value on her culinary integrity, and derides “scaling” as a term from fast-food culture. Other celebrity chefs also seem comfortable with exclusivity; they advise us to eat seasonally, but then they fly off to Sicily in April to give cooking workshops where they won’t have to suffer with late-winter vegetables. The Blue Hill restaurant, at the picturesque Stone Barns Center for Food and Agriculture, thirty miles north of Manhattan, promotes delicious farm-to-table meals sourced from the Hudson Valley, but the fixed-price menu is $258 per guest, and that’s exclusive of beverage, tax, and a 20 percent “administrative fee” in lieu of tips.

			The food movement vision is culturally fashionable, but it hasn’t managed a significant scale-up in the marketplace so far. Consider organic food. The latest official data from the Department of Agriculture show that fewer than 2 percent of farm commodities produced in the United States are produced organically, and less than 1 percent of harvested cropland in America is organically certified. Big food companies continue adding organic choices to their product lines, yet fewer than 6 percent of total retail food sales in the United States were organic as of 2018.

			
			Likewise for local food. If we consider all sales at farmers markets, as well as CSA, pick-your-own, roadside stands, farm-to-school and farm-to-restaurant sales, and then add in local food hubs, the total sales in 2017 came to less than 1 percent of all farm sales. The dominant trend has not been toward local food, but toward more global food. In the 1990s, 11 percent of food in America was imported; today that share is up to 20 percent.

			A return to small, artisanal farms is comforting to contemplate, since it conforms to what we still learn about farms from happy children’s songs and nursery rhymes. Nobody will ever try to make a happy children’s song about modern industrial farming, where big machines do the work and most of the animals are raised indoors. When city people take a drive through the countryside, they would naturally prefer to see traditional farms, with wooden barns and cows in the pasture, not modern farms.

			Such urban affections for a dimly remembered rural past are well intended, but good intentions alone can bring serious trouble when it comes to producing food. In June 1843, Bronson Alcott, a progressive educational reformer, the father of Louisa May Alcott, and an early opponent of slavery, moved his wife and three young daughters from Concord, Massachusetts, to a nearby ninety-acre farm, hoping to create a modern Garden of Eden. He called his little utopian community Fruitlands, but it hardly lived up to the name.

			Alcott’s strict ethical standards did not allow the “enslaving” of any animals, so he and his followers used hand tools only, and some ate only the “aspiring vegetables” that grew upward toward heaven, ruling out root crops like potatoes and carrots. Alcott was often away giving lectures, so he did little of the physical farm work himself. Louisa May, who would grow up to write Little Women, was only ten at the time, but she later recalled that her father’s recruits “began by spading garden and field; but a few days of it lessened their ardor amazingly.” In the end, they did not produce enough food, Louisa May became ill, and the misguided experiment folded after seven months.
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					A 1915 image of the old Alcott house at Fruitlands, showing the grown-up mulberry trees Bronson had planted too close to the front door. Fruitlands ran short of food long before the trees produced any silkworms.

				
			
			Most Americans today know even less about food production than Bronson Alcott. Back in 1950, 16 percent of Americans lived on farms, but now it’s fewer than 2 percent. Many nonfarmers have experience growing vegetables in a backyard garden, but this is a labor of love that can skew thinking about what commercial agriculture should look like. A clear understanding of what commercial farming requires is hard to gain without some direct exposure to America’s agricultural regions, located at a distance from most of us, in sparsely populated “flyover” country.

			Growing numbers of my East Coast students are now interested in farming, and many have even worked on the local farms near where they live in New England, but this is usually just one step up from gardening and can’t count as exposure to modern commercial agriculture. New England farms frequently fit the food movement ideal: most are very small, quite a few are organically certified, and they often sell what they grow through local roadside farm stands, farmers markets, or community supported agriculture. In our national marketplace, though, they are close to insignificant. The total commercial sales made by all of the farms in Massachusetts, Connecticut, Maine, New Hampshire, Vermont, and Rhode Island put together make up less than 1 percent of total national farm sales.

			
			I will agree here that most of our processed industrial foods are making an unfortunate contribution to the eating environment, but industrial farms, for the most part, are not. This distinction goes against food movement fashion, but it follows from the evidence. Industrial farming’s biggest problem is its mistreatment of food animals, but even here a return to preindustrial systems—the food movement’s favorite solution—would not be an affordable option. Tighter regulation and continued innovation are the better way forward.

			

			—

			In the pages that follow we will first visit an “industrial” corn and soybean farm in eastern Indiana to meet a fifth-generation family farmer who has gone digital. He uses computer-programmed and satellite-guided machines that operate with extreme precision, cutting wasteful fertilizer use without any loss of yield. We will explore whether large farms such as his, producing mostly corn and soy, can be blamed for America’s bad diet. We will also contemplate the social consequences of allowing large, specialized farms to replace small, traditional farms.

			Then we confront the eating environment in America, one now swamped with unhealthy choices designed, manufactured, and marketed by large food companies, retailers, and restaurant chains. We will meet a food-marketing expert who has worked for a major retail chain but now promotes a nutrition-guidance system for use on supermarket shelves. We will also share a lunch at Applebee’s with a consultant to the food service industry, gaining an insider’s view on the future of restaurants, including their impact on dietary health. We then review some policy options to moderate the damage being done by these corporate actors, such as mandatory calorie counts on restaurant menus, taxes on sugary beverages, and restrictions on food ads to children.

			
			Next we will explore the recent popularity of local food, starting with a visit to a successful CSA farm. Farmers markets, CSA farms, local food hubs, and farm-to-school arrangements enjoy wide popularity, yet, as I have said, the commercial space they occupy in America’s food system remains tiny. I will show why trying to grow more food locally—including in urban settings—encounters so many economic, environmental, and dietary limitations.

			Similar questions will be asked about organic food. Despite several decades of popularity with consumers, organic food still makes up less than 6 percent of all food sold through U.S. retail channels, and just 2 percent of all commodities produced on American farms. We will see that most farmers do not convert to organic methods because following the rules requires too much land and labor for every bushel produced. These rules also fail to deliver the promised benefits to health, nutrition, and the environment. The organic dream, hatched a century ago as a rejection of manufactured fertilizers, remains unfulfilled because of its weak scientific foundation.

			We will also examine the advice now being given to poor farmers in the developing world to practice “agroecology,” by avoiding purchased inputs like fertilizers and staying away from crop monocultures or specialized production systems. This alternative approach has been heavily promoted by international civil society organizations and also by the special agencies of the UN system, but farmers in poor countries show little interest because it requires too much human labor. A parallel concept also promoted by outsiders, known as “food sovereignty,” has likewise failed to catch on in poor countries, despite its fashionability with advocacy organizations and some academics in rich countries.

			The highly controversial subject of genetically engineered crops, known as GMOs, will be explored as well. We will see that advocacy groups opposed to GMOs have been surprisingly successful in curtailing the spread of this technology. Genetically engineered varieties of wheat, rice, and potato have been available to plant for more than two decades, but they are not grown anywhere today, primarily due to stifling regulations. We will meet a rice scientist who explains this outcome, then ask if a more recent breakthrough in crop science known as “gene editing” will be blocked in a similar fashion.

			
			To explore animal welfare we will scrutinize modern “factory farms,” the concentrated animal feeding operations (CAFOs) that keep most farm animals in excessive confinement. Insights will be gained by talking to a chicken scientist in Georgia, an animal welfare lobbyist in Sacramento, a veterinarian in Africa who works with cattle herdsmen, an innovative farmer in the Netherlands dedicated to caring for her pigs, and a progressive commercial pig farmer in the United States who puts his sows in pens instead of crates, but mistrusts the organizations trying to make this a legal requirement.

			We also will look into the future, starting with the growing threat both to the climate and human health from diets too rich in animal products, especially red meat. The dietary enrichments we can expect in densely populated Asia in the years ahead will make this a global crisis. Perhaps imitation meats, made from plant materials or grown from cultured cells, will eventually provide part of the escape. Crop farming, meanwhile, is likely to become even more precise and information-driven in the years ahead, by moving further into the digital age. Robotic machines will appear in the fields able to pick even the most delicate fruits like strawberries. I will ask an engineer who designs these machines how far this robotics revolution will spread in agriculture, and then consider the social implications with a scientist who grew up as a farmworker, picking crops in California’s Central Valley.

			Finally, I will offer some straight talk to America’s commercial farmers, advising them to spend less time supporting food companies and more time advocating for dietary health. This switch would open space to improve nutrition in America, and it might soften some of the criticism now directed at industrial farming. To make this beneficial change, farmers will have to adjust the way they present themselves, but not the way they farm.

			

			—

			
			The cultural distance in America today between commercial farmers and quality-conscious food consumers has become dangerously wide. In my own work I try to straddle this divide, but it gets more difficult all the time. My family roots are definitely on the farming side, but quality-conscious eating is also a big part of my life. The students I teach at Harvard, many from urban or suburban backgrounds, are heavily committed to healthy and ethical eating, but most arrive in my classes deeply suspicious of modern farming. My intention here is to offer one way to navigate between these different worlds, by drawing careful distinctions, painting with a finer brush, and most of all by following the evidence. The vision I offer is a mix of science, economic realism, ethical humanism, and practical politics, flavored by bits of my own personal experience. This will not be a tale of villains and victims, or a catalog of sins compiled to spark outrage. My goal is not to provoke strong emotions but to promote good results. The heroes and heroines in my story are those making practical efforts to improve our collective food future, both on the farm and at the table.
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			Testing the Case Against Industrial Farming
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			Modern industrial farming did not bring unhealthy eating to the United States. Poor nutrition has been a problem from the start, originally linked to preindustrial poverty. A century and a half ago, most American citizens had so little income they could afford only cheap stomach-filling foods like bread and potatoes. Because this was a diet lacking in protein and micronutrients, Americans remained short in stature and vulnerable to a wide variety of diet-linked ailments well into the twentieth century.

			Diets finally began to diversify in the late nineteenth and early twentieth centuries, but not because farming had changed. Instead, industrial development had brought increased urbanization and higher personal income, along with improved food access thanks to innovations such as refrigerated rail cars, packaged and processed foods, and supermarkets. This gave consumers a wider range of choice, so milk and fruit consumption increased as bread and potato consumption declined. Potato consumption in the United States fell by nearly half on a per capita basis between 1909 and 1959, while flour and cereal product consumption dropped by more than half. Even so, serious nutrient deficits persisted. Pellagra, a disease caused by a niacin deficit, led to the death of 100,000 Americans during the first three decades of the twentieth century. Rickets, a deforming ailment caused by vitamin D deficiency, afflicted three-quarters of infants in New York City in 1921.

			
			As late as the Second World War, inadequate nutrition made it hard for the army to find enough young men fit for military service. General Lewis B. Hershey, head of the Draft Board, testified that “probably one-third” of the men rejected for service in that war failed to qualify because of disabilities linked to nutrition deficits. Industrial farming was not the source of these problems, since it hadn’t yet arrived. The nation’s food production system was still heavily dependent on small, local, diverse farms that used few if any chemicals.

			In the second half of the last century, added gains in personal income contributed to still more dietary enrichment. This, plus targeted feeding programs like Food Stamps after the 1960s, eventually corrected most of America’s nutrition deficiency problems. But then, with barely a pause, America went from being underfed to being overfed. Between the early 1960s and 2018, the prevalence of obesity in the United States tripled to reach an astonishing 42 percent. Chronic ailments such as diabetes and cardiovascular disease, linked to excessive consumption of energy-dense foods and processed meats, emerged as the nation’s number one public health problem. Estimates based on known diet-disease relationships suggest that twice as many Americans now die from eating processed meats as in car accidents. Nearly half of all U.S. deaths due to heart disease, stroke, and diabetes are now diet linked.

			Poor diets have even returned as a national security concern, since one in three young Americans nationwide is now too fat to enlist in the military. Other wealthy countries also face dietary problems, but on the European continent, obesity rates tend to be only half as high as in the United States. In November 2018, the Economist Intelligence Unit published rankings of thirty-five high-income countries according to their success at meeting “nutritional challenges,” and the United States came in next to last, barely ahead of Saudi Arabia.

			When these problems with modern eating first emerged in America, nobody blamed industrial farming. Rather than pointing the finger at Big Ag, most critics focused correctly on Big Food. Eric Schlosser’s 2001 classic, Fast Food Nation: The Dark Side of the All-American Meal, singled out fast-food restaurant chains. Schlosser devoted only three of his 288 pages to farming, and the index to his book has no entry at all for “agriculture.” In that same year, nutritionist Marion Nestle also produced an important book, Food Politics: How the Food Industry Influences Nutrition and Health, with no indexed references to either farms or farming. A subsequent book by Anthony Winson on our “industrial diet” traced poor eating not to farms or farm subsidies but to food processors and manufacturers, retailers, and restaurant chains.
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					An unsolved dietary health problem. United States trends in obesity prevalence among adults ages twenty and over, 1999–2000 through 2017–2018.

				
			
			On America’s farms, the nutrient quality of some foods grown today has been diminished. Mark Schatzker, author of The Dorito Effect: The Surprising New Truth About Food and Flavor, observed that for most of the twentieth century, farm crops and farm animals were developed to deliver things like rapid growth, cosmetic appearance, shelf life, processing traits, and resistance to pests and disease. There was little or no emphasis on nutrition, or even on flavor, which is a trait associated with nutrition. One 2004 study examining the nutrient content of forty-three garden crops between 1950 and 1999 found a decline in six out of the thirteen nutrients contained in these crops, including a 38 percent drop for riboflavin. Yet Schatzker’s solution is to change the way we breed crops and animals, not the way we farm. Nothing will be gained by growing a nutrient-poor variety of broccoli on a small farm rather than a large farm, or on a local farm rather than a distant farm.

			
			Breeding flavor back into the varieties of crops and animals used on farms has now become an active project. In 2018, chef and author Dan Barber co-founded the Row 7 Seed Company to provide growers with more flavorful options. Barber has worked with Cornell University plant breeder Michael Mazourek to bring more flavor into a mini version of a butternut squash, called the honeynut, which has thinner skin so it doesn’t have to be peeled and a sweetness that intensifies with cooking. These new efforts are heavily focused on taste and are mostly chef driven. For example, the Culinary Breeding Network in Oregon now connects chefs to breeders and hosts public tastings to demonstrate the delicious result. At one showcase event in New York City attended by four hundred people, the new varieties available to taste included a blue fenugreek that smelled like maple syrup, a new Primero Red chili for hot taco sauce, and leaves from a new variety of amaranth.

			The diminished nutrient content of food needs correcting, but the excess calories we consume are far more damaging to our health. Average per capita food calorie consumption in the United States (based on calories available adjusted for spoilage and other waste) increased 25 percent between 1970 and 2002. Physical activity levels declined at the same time, but this was not the heart of the problem according to Marion Nestle. “Large portions are a sufficient explanation for why people are gaining weight. It’s not because of lack of exercise; it’s because we’re eating more.” Portion sizes in restaurants are one contributor. Compared to 1986, average entrée portions in fast-food chains by 2016 were delivering ninety more calories. Nutritionist Lisa Young (known as the “portion teller”) famously dramatized this historical increase in serving sizes for bagels, hamburgers, and soda in the film Super-Size Me.

			It takes surprisingly little time for a simple reduction in food intake to begin bringing health improvements. In one study with 143 healthy men and women between twenty-one and fifty years of age, all were allowed to choose their own variety of foods but half were asked to reduce total calorie intake. Over a two-year period the restricted group reduced total calorie intake by only 12 percent yet still lost an average of sixteen pounds. Those on calorie restriction also saw many of their cardiovascular and metabolic health markers improve, even though all had started within the normal range.
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					Professor Lisa Young (the “portion teller”) testifies in 2012 to support a proposed New York City ban on sales of sugary drinks in sizes larger than 16 ounces.

				
			
			Increased calorie consumption in America was also caused in part by unsound medical advice. In the 1970s, physicians and nutrition experts told us to minimize consumption of saturated fats to protect against heart disease. Research would later reveal that saturated fats had a relatively weak link to heart disease, falling somewhere between good fats (monounsaturated and polyunsaturated) and the bad industrial-made trans fats. But the damage had already been done; the fat avoidance recommendations had driven eaters to consume far too many carbohydrates instead. These carbs tended to leave the body less satiated, so hunger returned sooner and still more calories were then consumed.

			In addition to being excessive, American eating is badly unbalanced across different food groups and nutrient categories. Every five years the USDA and the Department of Health and Human Services promulgate their “Dietary Guidelines for Americans,” intended as a common standard for what a balanced diet should look like. It is revealing to compare these guidelines to America’s actual eating patterns, as measured in the National Health and Nutrition Examination Survey. More than four-fifths of Americans fail to consume the recommended quantity of vegetables, and three-quarters are low in fruits, dairy, and oils. Meanwhile, more than half exceed the recommended intake limits for grain and protein foods, nearly two-thirds consume too much added sugar and saturated fat, and almost nine out of ten consume too much salt.

			

			—

			
			Critics of industrial agriculture have tried to trace this imbalance in what we eat to an imbalance in what America’s farms produce. Corn and soybean production currently takes up more than half of all farmland area in the United States, and both of these crops are used to feed the cattle and pigs that give us too much meat, as well as the cows that give us ice cream and cheese. These crops are also key ingredients in energy-dense snack and junk foods, and the syrup made from corn sweetens our drinks. The critics say our diet would improve if our farmers grew less corn and soy, and more fruits and vegetables.

			Michael Pollan traces this imbalance to farm subsidies encouraging too much commodity crop production: “We create incentives for our farmers to grow huge quantities of corn and soy, mostly in the Midwest,” he told one university audience in 2017. “Corn and soy is really where the calories in most of the junk food come from…we have inadvertently created a system where the cheapest calories in the supermarket are the least healthy.” Food consumers, according to Pollan, have been suffering from a “plague of cheap corn.” This theme was picked up and amplified in popular films like King Corn, and Food, Inc., the latter being nominated in 2009 for an Academy Award.

			The American diet is not, however, determined by what America’s farms grow. Our farms do produce a lot of corn, but more than one-third of it never enters the human food supply because it is used to make ethanol, an alcohol we mix with gasoline for auto fuel. Another 14 percent of our corn crop is exported to foreign livestock producers, along with 52 percent of America’s soybeans, so none of this enters America’s food supply either. Corn and soy are principally animal feeds, and we grow more of these crops today because rising incomes, particularly in East Asia, have driven up consumer demand for meat, milk, and eggs in the global marketplace.

			
			Meanwhile, America’s lower production of fruits and vegetables is corrected through imports. More than half of America’s fresh fruit consumption is now imported, along with almost a third of its fresh vegetables. Four-fifths of America’s fish consumption is also imported. Is this a bad thing? In 2018 Pollan told the New York Times, “I had no idea that more than half our fruit is imported, and it shocks me that this has happened so quickly.” Without these imports America’s diet would be much further out of balance, so shock may not be the proper reaction.

			In addition to missing the role of imports, exports, and the use of so much corn for fuel, most critics misunderstand the operation of farm subsidies. They assume farm subsidies are making food artificially cheap when they actually do the opposite. The purpose of these subsidies has always been to increase the income of farmers, and one simple way to do this is to push up the price that farmers get for their crops, and this is what typically happens. One study by three independent agricultural economists published in the journal Food Policy in 2008 showed that market prices for soybeans, rice, sugar, fruits, vegetables, beef, pork, and milk were all being propped up—not pushed down—by federal farm subsidy policies.

			Food prices are sometimes pushed up by restricting imports from abroad, sometimes by paying farmers to take land out of production, and sometimes by mandating the purchase of farm commodities for things like ethanol production or foreign food aid. The result in each case will be fewer commodities left in the American market, not more, and hence a higher price paid by domestic consumers.

			One interesting case is sugar, a commodity two-thirds of Americans currently consume to excess. We would be consuming even more sugar if the federal government weren’t propping up the price through a tariff rate quota on imports of sugar from abroad. These import restrictions, which have existed in one form or another since the 1930s, increase not only the domestic price of sugar, but also the price of other sweeteners such as high-fructose corn syrup. Between 1982 and 2012, thanks to this restrictive import policy, the average price of sugar inside the U.S. market was 64 percent higher than on the international market.

			
			This policy is enacted by Congress in response to a well-organized sugar lobby that represents not just sugarcane producers in Florida (politically important as a swing state) but also sugarbeet producers in Minnesota, Idaho, North Dakota, and Michigan. Florida sugar barons like the Fanjul brothers have routinely used political access at the highest levels of government to keep the import restrictions in place. Their access and influence are legendary. During the 1998 impeachment effort against President Bill Clinton, Monica Lewinsky testified under oath that the president had been willing to interrupt one of his private Oval Office sessions with her to take a phone call from Alfonso Fanjul.

			The federal government also pushes up wheat prices, by paying farmers in Kansas and other states to take land out of production under the so-called Conservation Reserve Program (CRP). This makes bread more expensive. In 2006, when Michael Pollan was claiming that farm subsidies made food cheap, the CRP was idling thirty-seven million acres of cropland, an area larger than the entire state of Iowa, thus keeping food prices high.

			Pollan’s 2006 account also misconstrued a policy change in 1973 that ended some Depression-era “supply control” measures and some programs for the purchase and storage of surplus production. According to Pollan, President Nixon’s secretary of agriculture, Earl Butz, devised these changes to make farm commodities cheaper, to benefit food processing and manufacturing companies, livestock industries, and also grain-exporting firms like Cargill that could use the lower prices to undersell foreign competitors. It certainly sounded like something the Nixon administration would do. But the 1973 changes were instead triggered by a sudden upward spike in the price of farm commodities, so they were undertaken not to ensure low food prices but to avoid disastrously high prices.

			
			In a single month in the summer of 1973, the price of a bushel of wheat jumped from $2.47 to $4.45. The principal cause was an inflationary cheap-money policy by the Federal Reserve, which brought on higher commodity prices across the board, not just for food but also for oil, copper, tin, and bauxite. To help contain a further food price increase, the government did, temporarily, encourage more farm production, but only for a brief interlude. When monetary policy was eventually tightened in the 1980s, crop prices tumbled back down and the USDA reintroduced both its land-idling and government purchase programs.

			New price-propping measures were undertaken in the 1980s as well. A conservation reserve was devised to restrict wheat acreage, along with the so-called Payment in Kind program to idle still more land. As a result, wheat producers reduced their plantings by more than a fifth, corn production fell by almost half, and the United States was soon idling more cropland than all of Western Europe was still planting. All this was being done, once again, to prop commodity prices up, not push them down.

			The idea that government policies give us cheap corn is particularly far-fetched. Government policy drives up corn prices by mandating that a large part of the harvest be used to produce auto fuel. A panic over foreign fuel dependence early in the 2000s inspired a government-mandated doubling of corn ethanol production, causing corn prices to double as well, up from two dollars to four dollars per bushel by 2007. This was hardly a plague of cheap corn. By 2018, 38 percent of the entire U.S. corn crop was used to make ethanol.

			One common suggestion from critics of industrial farming is to switch the subsidy programs from corn and soy to fruits and vegetables. Ironically, assuming the same policy instruments were used, namely import restrictions, land idling, and mandated purchases for non-food uses, fruit and vegetable prices would go up as a result and consumption would go down, not the desired outcome. Direct payments to fruit and vegetable farmers might be an alternative option, but the USDA already does this through the Specialty Crop Research Initiative and a Specialty Crop Block Grant Program. The 2014 farm bill increased funding levels for these specialty crop programs by more than half, to about $4 billion over ten years.

			
			While farm subsidies haven’t made food cheap, some other programs contained in the farm bill do cheapen food for low-income consumers. The Supplemental Nutrition Assistance Program (SNAP), previously known as Food Stamps, provides roughly $70 billion in food purchase credits every year to low-income Americans, increasing the amount of food they can afford to purchase. In addition, the Women, Infants, and Children (WIC) nutrition program provides roughly $6 billion every year, both in food and cash-value food vouchers, to low-income women, infants, and children, and the National School Lunch Program makes free or inexpensive school meals available to low-income schoolchildren at an annual cost of $13 billion. In all, the farm bill is now allocating four times as much money to cheapen food for poor consumers as it is spending to boost the income of farmers.

			This allocation of public spending makes good sense, since America’s poor consumers are in far greater need of income support than commercial farmers. Yet the SNAP program isn’t perfect, since it can be used to purchase things like sugary beverages, junk foods, and candy. Advocates for improved nutrition attempted in 2018 to change the rules of SNAP, restricting purchases of sugary beverages, but this effort failed when anti-hunger groups, in denial about the health problems linked to excess calorie consumption, joined in a tacit alliance with the beverage industry to defeat the idea.

			

			—

			The poet and agrarian advocate Wendell Berry has famously said “eating is an agricultural act.” This was once the case, but little of our food today comes to us directly from farmers. More than 90 percent of all commercial value added in America’s food supply now comes not from farms but from food processing, packaging, transport, wholesale trade, retail, advertising, finance and insurance, energy, and the restaurant sector. Big Food, in fact, is almost seven times as large now as Big Ag.
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					Less than 8 percent of the consumer’s “food dollar” goes for farm production, making “Big Ag” look not so big after all.

				
			
			Because Big Food is good at cutting costs to compete, the retail price paid by consumers for food has been in a long-term decline. It isn’t just the junk foods that are getting cheaper. Between 1980 and 2006, the average inflation-adjusted price for calorie-dense foods like chocolate chip cookies, cola, ice cream, and potato chips, and for healthy foods like apples, bananas, lettuce, and dry beans, fell at essentially the same rate when adjusted for quality and seasonality. As a result, healthy food in America today tends to be just as cheap as unhealthy food. For example, when the USDA compared dollar costs among different snack foods, it found the cost per portion for twenty healthy fruit and vegetable snacks averaged 2 cents less than for twenty food snacks that were less nutritious.

			
			Healthy food is now particularly affordable for those with time to shop, cook, and clean up the kitchen. The USDA calculated in 2013 that a hypothetical four-person family following its “Thrifty Food Plan” could purchase foods that would satisfy federal dietary guidelines, including the recommended quantities of fruits and vegetables, for only $145.86 per week, or less than two dollars per person per meal. Dollar costs are not what stop most of us from consuming these healthy meals; instead it is a combination of time costs and taste preferences. Too many Americans simply prefer pizza, beef jerky, ice cream, and potato chips to green vegetables. These industrial food temptations do not come from farms, however; all are concocted and sold by food manufacturers, retailers, or restaurant chains.

			The fact that farm subsidies are not making us fat does not make these policies a good idea. They have become both unnecessary and highly regressive, since the farmers who benefit now have average income levels substantially higher than the consumers and taxpayers footing the bill. The average income for all family farms in America in 2016 was 42 percent above the national household average. In 2017, the American Enterprise Institute published a study advising Congress to terminate many farm subsidy programs, since they sent taxpayer-funded checks to wealthy individuals, wasted scarce economic resources, and raised food prices for consumers. This advice was ignored in 2018, when Congress passed yet another farm bill renewing these programs.

			

			—

			Modern industrial farming is also depicted by critics as damaging to the natural environment. The Union of Concerned Scientists has observed that all forms of agriculture impact the natural environment, but it calls industrial agriculture a special case, since “it damages the soil, water, and even the climate on an unprecedented scale.”

			The scale of the damage is indeed quite large, but this is due to the expanded quantity of food now being produced, not the way it is produced. This is an essential distinction seldom drawn by the critics, who should pause to consider the much larger environmental cost if today’s output were produced using yesterday’s preindustrial methods. When total production quantities are taken into account, we discover that modern methods are doing a significantly better job of protecting nature.

			
			Farms in America in 1870 produced less than one-tenth the output of today. Average corn yields at that time were only twenty to thirty bushels an acre, roughly one-tenth the yield today on well-run farms. If we tried to use these earlier methods to produce what the market asks for today, the cultivated area planted with corn would have to expand roughly tenfold. Likewise for most other crops. If we went down this path, fragile and sloping lands would have to be plowed up and ruined, and much of our remaining forestland would disappear.

			Low-yield preindustrial farming methods were becoming environmentally unsustainable even back in 1870. In geographer Stanley Trimble’s words, farming at that time was based on “a widespread attitude that land could be used, exhausted, or destroyed as the case may be, and then abandoned for new land.” Trimble points out that such a system existed well into the twentieth century in much of the southeastern United States, “and the depredations on the landscape are still visible today.” Recall that it was a heedless expansion of low-yield farming onto the southern plains early in the twentieth century that led to the disastrous Dust Bowl of the 1930s, creating a Grapes of Wrath generation of environmental refugees.

			This kind of environmental damage was not contained until a mid-twentieth-century transition toward farming methods based on the latest science. Rather than expanding onto more fragile lands, farmers made existing fields more productive by using things like manufactured fertilizers and hybrid seeds. As these innovations spread, total farmland area in the United States finally stabilized and stopped increasing by 1950, even as total agricultural output continued to more than double over the next five decades.

			Economists call this productivity, which is different from just producing more. It means producing more without using more resources, or it can mean using fewer resources to produce the same amount, delivering enormous benefits to the natural environment. Farm productivity gains have continued into the twenty-first century, thanks to the introduction of GPS satellites, remote sensors, and also modern biotechnology, all of which allow farmers to increase their production while consuming many fewer material resources. To illustrate, pay a visit to John Nidlinger’s farm in eastern Indiana.
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					Total U.S. farm output (top line) has more than doubled since 1948, while total farm inputs have scarcely increased at all. Modern science progressively “decouples” farm production from heavy resource use.

				
			
			

			—

			The Nidlinger farm, with its large equipment barn and tall shiny grain bins, can be seen from a considerable distance across a flat landscape. In early October, when I visited, the corn harvest was underway. John Nidlinger, the farm’s owner and operator, was honored as an Indiana Master Farmer in 2016—jointly with his wife, Nan—so I would see modern commercial farming at its best. John had agreed to share with me his experience in using what is called precision agriculture (PA) to optimize crop yields while reducing chemical use.
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					The author is dwarfed by John Nidlinger’s satellite-steered twelve-row combine harvester. Only a century ago, corn was still picked by hand.

				
			
			We talked while John worked, seated in the cab of his wide Case combine harvester. John would take manual control only long enough to engage the auto-steer system guided by GPS satellites, one that uses navigation software similar to that of a modern airliner. With his left hand on a button-studded joystick, John steered the pointed dividers on his combine into the field between the next twelve rows of brown corn stalks, which held plump ears of ripened corn. A sound like a metallic “ching” meant the satellite guidance system had taken control, and we made our first pass through the field at a brisk walking pace. Rather than clipping the stalks like a mower, the harvesting head pulls the stalks down through a narrow channel, stripping off the ears of corn and tumbling them onto an unseen threshing drum beneath our seats where the kernels will be separated from the husks and cobs. The separated grain is captured in a tank in the machine’s belly, while the cobs and chaff are pushed out the back.

			
			The yield monitor at John’s right elbow gave him a continuous read on how much corn was coming in. This would be his payoff for a season of work, so he watched it closely. The monitor was bouncing back and forth between 220 and 240 bushels an acre, well above the recent national average of 177 bushels per acre. John’s yield was also more than double the national average of the 1980s, and four times what my uncle’s Indiana farm could do back in 1960. When we reached the end of the row, John reclaimed manual control, turned the machine around, reengaged with his GPS satellites, and resumed the harvest going in the opposite direction.

			A century ago corn was picked and husked by hand. Harvesting today has indeed become an industrial process, but John does not see his farm as “industrial.” This is because growing the corn (farmers like to call themselves growers) is still essentially a biological process, one that cannot be made uniform since even within the same field conditions will constantly vary. Growers confront surprising differences in soil moisture and soil chemistry location by location, along with variations as a crop responds to flooding and drought, heat and frost, and also insect damage, crop disease, and weed competition.

			Today’s most successful commercial farmers have learned to master these challenges by collecting and using more and better data and real-time information. With digitized soil maps, GPS signals, remote sensors, drones, and big data, farmers can bring more location-specific, real-time information to bear on their operations. Machines still do the work, but they are smart machines, guided by onboard computers programmed to do different things at different locations as they move through the field. This allows farmers to cut down on the wasteful use of water and chemicals, delivering corollary benefits to the natural environment downstream.

			Farm crops are still grown from seeds, but now even the seeds are smart. Since the 1990s, new applications of molecular biology have given farmers like John Nidlinger corn plants able to protect themselves from insects with fewer chemical sprays. The plant tissues have been engineered to carry proteins that butterfly and moth caterpillars cannot digest. This saves the farmer money by reducing chemical and diesel fuel costs, but it also protects innocent life in the field since only the caterpillars trying to eat the crop will be harmed. Duane Kiess is vice president of Nidlinger Farms. He coordinates precision farming activities, including the GPS data systems and the variable rate application systems that continuously alter chemical applications to match variations in soil and plant needs. John’s son, J.D., is responsible for purchasing seeds and chemicals, for fertilizer and lime applications, for the ditching of fields to insert underground drainage tiles, and also for soybean planting.

			
			I asked Duane if the farm was using big data to optimize chemical fertilizer applications, reducing waste and runoff. He said they used a service named Encirca, but added that the farm also relies on its own data collection and conducts its own analysis. “With the technology we’ve got now, every field is a test plot,” said Duane. “We’re recording everything. We can look at every acre in every field.” Records are kept of which strips in a field were given a fungicide treatment and which were not, with the differential impacts on yield analyzed at harvest time. The Nidlinger farm does not use
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