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  For Kathleen



Our economic system and our planetary system are now at war. . . . Only one of these sets of rules can be changed, and it’s not the laws of nature.

—NAOMI KLEIN

 


When we try to pick out anything by itself, we find it hitched to everything else in the universe.

—JOHN MUIR

 


This is a book about man’s war against nature, and because man is part of nature it is also inevitably a book about man’s war against himself.

—RACHEL CARSON

 


Land is the basis of all independence. Land is the basis of freedom, justice, and equality.

—MALCOLM X


Introduction

FOOD AFFECTS EVERYTHING. Not only is it crucial to existence, but its quality can change us for better or worse. Yet over the course of modern history the nature of growing and producing our most important substance has been changed in ways that made increasing numbers of humans begin to eat manufactured creations that had little in common with the food from which they were made, while the land used for their production has been degraded and humans ruthlessly exploited. These were mistakes, and there were—and still are—many others.

Long before there were Homo sapiens, food drove evolutionary changes. Until about 540 million years ago, animals blindly (literally) grazed on vegetal matter or dead animals, often without even moving. (Think of the way an oyster filters nutrients out of water that passes around and through it.) That era saw the first appearance of animals we’d recognize today, like worms, fish, and crabs. After the development of limbs, fins, and eyes, animals began to interact with one another.

Most notably, they improved their abilities to kill and eat one another, and to defend themselves against getting killed and eaten. From that time until recently, getting food or avoiding being food became every animal’s number-one job.

Not everyone realizes it, but plants create biomass, and animals, for the most part, consume it. Plants turn sunlight, air, water, and soil into stuff, including food. Dependent and even parasitic, animals do none of that: We can create biomass only by helping and encouraging—or at least not hindering or destroying—the work of plants. Yet, pathetic as we are in that regard, we’ve become the most powerful creatures in history. We could destroy much of the world.

That ability began to develop around ten thousand years ago, when humans started to intentionally grow plants and raise animals. With the development of agriculture—a mashup of two Latin words meaning “field” and “growing”—came the birth of societies and the invention of knives, axes, canoes, wheels, and more, each with profound effects on history. Humans built entire industries—entire civilizations—around their ability to bend the land and its fruits to their will. Land became the foundation of wealth.

But agriculture has had a dark side: It’s sparked disputes over landownership, water use, and the extraction of resources. It’s driven exploitation and injustice, slavery and war. It’s even, paradoxically enough, created disease and famine.

Simply put: Agriculture has, over the course of human history, gotten away with murder. With each passing century, it’s gotten better at it, until it became a justification for imperialism and genocide.

Until recently, almost all humans were engaged in growing food. It’s likely that you, dear reader, have no daily relationship to soil—that you take food for granted. It just shows up in your store or restaurant, often ready to eat. Few of us actually witness the steps required to produce, process, move, and prepare that food.

These events require land, water, energy, a variety of resources, and lots of labor. The net result, we’re told, is “feeding the seven billion.” Yet the stranglehold Big Agriculture maintains over food production in much of the world fails to provide even the minimal necessary calories for many, and its most recent products sicken billions of people.

A dictionary definition of “food” reads something like “a substance that provides nourishment.” And until a century ago, we had two types of food: plants and animals. But as agriculture and food processing became industries, they developed a third type of “food,” more akin to poison—“a substance that is capable of causing illness or death.” These engineered edible substances, barely recognizable as products of the earth, are commonly called “junk.”

Junk has hijacked our diets and created a public health crisis that diminishes the lives of perhaps half of all humans. And junk is more than a dietary issue: The industrialized agriculture that has spawned junk—an agriculture that, along with its related industries, concentrates on maximizing the yield of the most profitable crops—has done more damage to the earth than strip mining, urbanization, even fossil fuel extraction. Yet it remains not only underregulated but subsidized by the governments of most countries.

For decades, Americans believed that we had the world’s healthiest and safest diet. We didn’t worry about its effects on our health, on the environment, on resources, or on the lives of the animals or even the workers it relies upon. Nor did we worry about its ability to endure—that is, its sustainability. We have been encouraged, even forced, to remain ignorant of both the costs of industrial agriculture and the non-environment-wrecking, healthier alternatives.

Yet if terrorists stole or poisoned a large share of our land, water, and other natural resources, underfed as much as a quarter of the population and seeded disease among half, threatened our ability to feed ourselves in the future, deceived, lied to, and poisoned our children, tortured our animals, and ruthlessly exploited many of our citizens—we’d consider that a threat to national security and respond accordingly.

Contemporary agriculture, food production, and marketing have done all of that, with government support and without penalty.

That must end. To meet the human and environmental crises head-on, we must ask ourselves: What would a just food system look like?

I believe we can answer that question (and I try to), and although getting to that place won’t be easy, it’s crucial—because nothing is more important than food. You can’t talk about reforming a toxic diet without talking about reforming the land and labor laws that determine that diet. You can’t talk about agriculture without talking about the environment, about clean sources of energy, and about the water supply. You can’t talk about animal welfare without talking about the welfare of food workers, and you can’t talk about food workers without talking about income inequality, racism, and immigration.

In fact, you can’t have a serious conversation about food without talking about human rights, climate change, and justice. Food not only affects everything, it represents everything.

My goals are to show how we got here, to describe the existential threats presented by the state of food and agriculture, and—perhaps most important—to describe the beginnings of a way forward. It’s a given that Big Food, like Big Oil, is unsustainable, if for no other reason than that energy and matter are finite, and the extraction of limited resources is precarious. As with the climate crisis—to which food production is a major contributor—there’s still time to come to our senses and change things for the better. It isn’t a sure bet, but it’s possible.

The conversation starts with an understanding of the origins, evolution, and influence of food. Animal, Vegetable, Junk attempts to provide that understanding, and to imagine a better future. It’s a chronological telling that blends scientific, historical, and societal analyses. (It also occasionally reflects my personal experience.)

Many people reading this book know me only as a cookbook author, and as someone who’s produced thirty-odd cookbooks, I understand that. But I’ve also been a journalist-of-many-trades for forty years, and for ten years routinely wrote non–cooking pieces for the New York Times and others, including a stint as a weekly opinion columnist for that paper. Animal, Vegetable, Junk is my most serious book, and I believe I’m uniquely qualified to have written it. Although it’s ambitious, it’s also crucially important, and a book I had to write. I hope it changes the way you think about food, and everything it touches.

 

Mark Bittman

Philipstown, New York, September 2020


PART I

The Birth of Growing


1

The Food-Brain Feedback Loop

YOU GOTTA EAT. Since survival is the most basic imperative of all living things, it’s no surprise that obtaining food has driven human history from the start. Our brains’ ability to learn and change, with intent, has made that easier for us over time.

Most animals have fixed diets, eating pretty much the same things all their lives, for infinite generations. Not us, or our kind. Four million years ago, our ancestors evolved to be distinct from chimps and other apes. Their descendants—the first hominins—began to walk upright. That enabled them to cover more ground, scan the land better, and become skilled hunters.

Their diets became flexible and opportunistic, and they ate what nature gave them based on climate, season, and geography. That flexible diet provided more and better nutrition than the relatively fixed diets of tree-dwelling apes, so early humans had more nutrients available to them. As a result, their already sizable brains grew even bigger. The cerebral cortex, the part of the brain responsible for “higher” thought, was disproportionately large.

Those big brains were energy hogs, hardworking electrical systems that needed frequent refueling in order to fire constantly. They made up only about two percent of the body’s weight, but they consumed up to a quarter of its energy. And since fuel went to the brain at the expense of feeding muscle, those brains had to figure out how to compensate for decreasing strength. Hence, small-brained apes are much stronger than we humans.

In time, we developed more flexible thumbs (all primates have opposable thumbs, but our models are newer and better), which gave us a different kind of grip, one more suited to the development and use of tools. They also enabled us to find and eat previously unavailable foods.

In search of not only new foods but new ways to find, catch, gather, and prepare them, the early humans became more clever. Their new-model brains enabled them to get more and better food, which further grew their brains. And that food-brain feedback loop, which continued over a few million years, created Homo sapiens.

Many other changes—some subtle, some dramatic, all gradual—took place over those intervening millions of years, affecting bone length and positioning, joint development, gestation and birthing, and, probably to accommodate a different jaw shape, the emergence of a chin.

For example, we sapiens have markedly different facial structures than our ancient, now extinct relatives, who needed huge molars and jaw muscles to chew tough, woody plants. An animal that eats raw leaves must chew them a long time to make them digestible: Think of a cow and its cud. Even then, that animal needs a long digestive canal to extract nutrients (cows have four stomachs), especially if that greenery is its major or only source of protein. Our molars, jaws, and digestive canals are all comparatively smaller, adaptations that are compatible with a diet that includes meat.

Our ancestors—like Homo erectus, who preceded Neanderthal and sapiens—always had supremely omnivorous diets, eating whatever they could forage or catch: a variety of fruits, leaves, nuts, and animals, including insects, birds, mollusks, crustaceans, turtles, snails, small mammals like rabbits, and fish. Most of that food was eaten raw, although some was cooked by fires, probably sparked by lightning strikes.

They also scavenged. A lion or other predator would make a kill and, after the scary animal ate itself full, humans would pick apart the remains.

Our ancestors themselves were decidedly unscary, though, and they weren’t even close to the top of the food chain. The open grasslands of Africa brought new risks as well as new foods, because Homo erectus were vulnerable while they were eating, not nearly as quick as that crow that flies away from the dead squirrel just before your car gets there, and certainly no match for big, meat-eating cats.

But because they didn’t cultivate food, they had little choice but to hunt, gather, and scavenge—to compete with other species. At some point they began to protect and encourage the growth of tubers like yams and potatoes, but mostly they found food or they didn’t, whatever the risks.

These feast-or-famine conditions meant that when they came across a fruit-laden bush or the remains of an animal, and as long as they weren’t threatened, they tucked in big-time. They ate as much as they could, whenever they could.

Gradually, early humans evolved to track faster prey, run them down over long distances, and kill them by stampeding them over cliffs or chasing them to exhaustion and clubbing them. With little ability to preserve the bounty of a big kill, our ancestors stuffed themselves on the spot, took what they could carry, and ate that until it was finished.

This is an important factor in explaining contemporary overeating: We’re hardwired to eat what we can, when we can; we have little or no built-in counterweight to overindulgence. Overeating wasn’t much of a problem when lifestyles were active and there was no such thing as junk food, and we might yet evolve to sense when enough is enough. But to our collective and often individual misfortune, that hasn’t yet happened.

Smarter and more efficient food gathering and hunting are best performed in groups, so humans’ dietary needs brought about more social behavior and more sophisticated communication. Warmer climates made a wide range of land more hospitable, so our ancestors roamed farther afield, even out of Africa.


Eventually, the quest for food led to toolmaking. While other animals use tools—apes, birds, crustaceans, even insects—only primates learned to make them. And only humans “mastered” toolmaking. Beginning with a rock for bone-cracking, they spent literally a million years, maybe more, developing tools, and by 400,000 years ago that skill had become sophisticated. Our ancestors began making spears, followed by arrows and darts, cutting and scraping tools to process hides, wood, and bone, and eventually needles.

Tools were one thing, technology something else. One form of technology, which far predates Homo sapiens and their tools, would shape human civilization more than any other. That was cooking.

 


Many animals take advantage of food cooked by fire. Fire makes otherwise indigestible food edible, and many animals eat food cooked by accidental fires, such as those started by lightning strikes. Some animals, including Australian firehawks, even “forage” for fire and move it, carrying flaming sticks from one place to another to flush out prey.

But only humans tamed fire. We learned to create and control it, which allowed us to cook at will, a discovery that Darwin ranked as our second most important development after language.

It’s impossible to overstate the importance of cooking. Cooking made available countless new foods that can’t be eaten raw, and with them more nutrients. From roots and tubers to a variety of cuts of meat—much uncooked meat does not readily yield its nutrients, and requires a lot of chewing to break it down—to most legumes and grains, cooking enabled the introduction of several foods that have become essential to human life.

In addition to reducing the time humans spent chewing, cooking reduced the time they spent foraging. Soon after humans began cooking, they entered a period of greater longevity and general health than in almost any other time before or since. While the life expectancies of these human populations seem low because of high infant and maternal mortality rates, those figures belie the evidence of robust and well-aged foragers. This period of health—after our kind learned to cook but before they became sedentary farmers—lasted around a million years. That’s about two hundred times as long as recorded history.

Exactly when cooking began is the subject of a lively debate. The biological anthropologist Richard Wrangham argued in his 2009 book Catching Fire that our ancestors began to control fire and cook purposefully around 1.8 million years ago, a million or so years earlier than most of his colleagues reckon. Wrangham maintains that it was cooking that made us human, that cooking in effect drove the evolutionary emergence of Homo sapiens.

Whenever it happened, cooking opened up a world of ingredients that wasn’t previously available. We continued to eat no fixed diet (no, not even what’s now called “Paleo”), but rather what was available wherever we lived. Some humans had diets high in fat and protein, and some had diets in which carbohydrates dominated.

For hundreds of thousands of years, we survived on almost every imaginable combination of meat, fish, vegetables, grains, fruit, nuts, and seeds. Often we thrived. And as humans’ diets evolved, so did our social structures.

Controlling fire greatly increased our options, both for where we lived and what we ate. Dry spells could be handled better, for example, because humans could turn to hunting and cooking animals when plant food was scarce, and because our expanded diets gave us the energy needed to search farther afield for different food sources, and to become even more clever in doing so.

And cooking helped build community. Most of those primates that hunt and gather do so in groups. But cooking allowed humans to collaborate in novel ways, from dividing labor to sharing resources and forming cooperative groups.

 


It’s important to acknowledge that “facts” about our early human ancestors are mostly deductions and interpretations based on indirect evidence and influenced by current prejudices. For a long time, we “knew” that male hunters provided most of the food humans ate while women tended fires and babies. And we were inclined to find evidence supporting those beliefs. This despite the incongruities, which would have us believe that men were protecting the home and hearth at the same time that they were out hunting.

As scholarship has become less patriarchal, however, the notion that men hunted while women gathered has been challenged. Research now shows that not only did women have more varied roles than the old literature described, but it’s likely that every able-bodied person took part in gathering, and that specialization was complementary, designed to enable a small, egalitarian society in which everyone’s contribution was critical. People worked cooperatively, forming groups of individuals who specialized in different tasks. Roles based on gender were less fixed than we’ve been led to believe until recently. From a 2018 article by Colin Scanes: “The assumption of defined gender roles is challenged by the Agta, a hunter-gatherer people of the Philippines where women are responsible for about half the game killed.”

And it may well be that women provided more calories than men, even if men tended to hunt larger animals. It’s mostly speculative, but, as Linda Owen writes in Distorting the Past, “if Ice Age females collected plants, bird eggs, shellfish, and edible insects; and if they hunted or trapped small game and participated in the hunting of large game”—as northern women did—“they most likely contributed seventy percent of the consumed calories.” Owen argues that we previously saw what we believed to be men’s work as more important because we were looking at the past through the lens of male-dominated postwar America, rather than seeing gender roles for what they actually were then.

Among women’s specialties was basketmaking. Baskets were needed to carry foraged bounty. The skills involved in making baskets led to the making of nets, and nets led to more sophisticated fishing and hunting of small game. This was significant, because even if it takes two hundred rabbits to equal one bison in net calories (a rough calculation shows that there are 7,000 calories in a rabbit and 1,400,000 calories in a bison), if you catch two hundred and one rabbits for every bison, you’re better off hunting rabbits.

There will never be consensus on this, but many if not most anthropologists now believe that cooperation and equality were norms among individuals, family groups, clans, and bands. They believe these norms were enforced, and the system was successful. There were certainly times of scarcity and regions that went barren, but a varied, ever-expanding diet coupled with hunter-gatherers’ ability to move in search of food meant that malnutrition was the exception for early humans.

In this pre-agriculture period, groups roamed into new territory, uncertain of finding sustenance and of what they might encounter. They were isolated and undoubtedly frightened, and had almost no choice but to stick together. There was no ownership, least of all of land, since settlements changed all the time. Influence was probably gained through generosity, negotiation, and strength.

In short, everyone needed food—again, it was the primary motivator—and it was in everyone’s best interest to share it.

Equality, cooperation, and even generosity were more advantageous than conflict, as they advanced social networks and spurred creativity. Even the rare “surplus” was likely just a small hoard, since movement made storage methods like long-term burial, for example, inconvenient at best. That hoard may have been considered selfish, and selfishness was often treated with ridicule and sometimes even expulsion. This isn’t to say people didn’t grab or fight, or that there weren’t hierarchies or “big men.” But for the most part, there weren’t permanently dominant categories of people. Power was largely earned through leadership or respect, not inherited.

 


By definition, hunter-gatherers ate what their surroundings gave them, so long as it didn’t poison them. They operated according to principles sometimes described as the optimal foraging theory (OFT), a complicated (and disputed) formula that dictates, logically, that you eat those foods that provide the maximum calories for the least energy expenditure, shifting locations and seasons as needed.

The more omnivorous an animal is, the more likely it is to thrive while foraging in a variety of conditions. And few mammals have ever been as omnivorous as humans.


Armed with this superior level of dietary flexibility, modern humans—meaning Homo sapiens—spread through Asia and then Europe beginning about seventy thousand years ago, and coexisted there with Neanderthals. By thirty thousand years ago, humans were nearly everywhere on those continents, as well as Africa, of course.

We roamed, always in pursuit of food, and for the most part found it, including “new” foods, like seal, wheat, rice, and bison. Our storage capabilities improved: Some people froze meat, and some buried tubers, nuts, and bulbs to eat off-season. In the just-before-agriculture period that came at the end of the last ice age—which lasted from about 100,000 BCE to just over 10,000 BCE—some of our ancestors made bread from ground-foraged wheat. Others ate rice. Some hunted mammals, from rabbits to mammoths, and dried, smoked, or froze foods. Fishing villages began to appear at least twenty thousand and perhaps even fifty thousand years ago.

Measured by population growth and territorial spread, success followed. So did increased cooperation, both within and even between groups. Meanwhile, competition between humans and other primates decreased, due to a combination of our own dominance and their extinctions. In that sense, human dominance is nothing new: We’ve always competed with other species for limited resources, and we’ve hunted those species into extinction, too.

It was a good time for humans, who were on the verge of making the biggest and, some would say, most disastrous change in the history of the species, a change that would eventually affect not only every living human, then or afterwards, but the planet itself.

 


It didn’t take a genius to notice that some plants produce seeds, that those seeds drop, and that they sometimes create new plants of the same type. Nor did it take any particular brilliance or courage to move some of those seeds to a more convenient place. And it didn’t take much experience or skill to figure out how to tend those seedlings, at least minimally.

Making plants grow where you wanted them to—and encouraging, coercing, or forcing animals to stick around so you could fatten and even breed or milk them—must have seemed like easier, more reliable alternatives than running around looking for food all the time. And even though planting seeds and domesticating animals required a great deal of trial and error—these experiments likely took place over hundreds and thousands of years—foraging was always there as a backup.

Thus was agriculture invented, though by no means suddenly or in one place by one person or group. It developed gradually and spontaneously; simultaneously and sequentially; independently and eventually cooperatively. It happened all over the world and over many generations of humans, who lived to be seventy years old only in the best circumstances, and who learned slowly and forgot easily.

By human standards, it was a long process. No one group of people plopped down, formed a village, and started planning for the planting of next autumn’s harvest, or for the impregnation of animals for next spring’s birthing. Early agriculture varied from place to place, and it occurred over a span of millennia.

A thousand years is an easy enough concept to imagine, but it’s harder to imagine forty generations of humans when most of us can trace back only three or four in our own families. We barely know what gradual change means. So perhaps it’s quibbling, but calling the beginning of agriculture a “revolution” seems inaccurate. It implies a single moment of invention, and there doesn’t appear to have been one. It’s better to think of humankind’s development of agriculture as an evolution.

Whatever you call it, the beginnings of agriculture were not marked simply by techniques like planting and storing seeds, or taming and breeding animals, activities that in and of themselves didn’t change daily life and may have existed in some places for millennia. The human innovation called “agriculture” is also marked by the beginning of societies in which people cooperated to plan for the future, planting and storing seeds, taming and breeding animals for milk or meat or eggs, and protecting their ability to do so.

Saving seeds and planting them wasn’t that complicated, but conflicts arose because the crops resulting from those activities belonged to the agriculturalists: the farmers. They owned the crops their labor produced, and those plants were not to be foraged by anyone else. It was the same with animals: Once they were domesticated (this could have been as simple as managing a herd in a secluded and semi-closed valley), they were no longer fair game for hunting. Planning and doing the work meant owning the results.

From all this planning came rules about property, and breaking these rules had consequences—at least as long as your group could enforce them. And if it couldn’t enforce them, well, your group might not survive.

When rules are consistently enforced, they become laws. As agriculture developed and grew, so did these laws; it was a period of profound change.

In his 1936 book Man Makes Himself, V. Gordon Childe argued that both the Agricultural Revolution and the resulting urban revolution (by which he meant the development of classes and governments) “affected all departments of human life.”

Historians have advanced and refined these concepts since Childe’s time, but the basic notions stand: Between the moment we came down from the trees and the eras of exploration, colonization, science, and capitalism, no collection of events had a greater impact on early human civilization than the development of agriculture.

 


Archaeologists have determined with near certainty that the first area to practice organized planting and adhere to its rules was the Fertile Crescent—the “cradle of civilization,” which stretched from the Nile River in the west to the Tigris and Euphrates rivers in the east, all the way to the Persian Gulf. The area is sometimes called the Eastern Mediterranean, other times Southwest Asia (even though Egypt is in Africa), or the Middle or Near East.

In the Fertile Crescent, wheat (or, more accurately, its ancestor, einkorn, and a number of its varieties) grew naturally and readily. Where the soil was disturbed, churned, and fertilized by fire or animals, the wheat grew even better—well enough to attract settlers.

It was there that wheat was probably first cultivated in an organized, “This is our wheat” fashion, more than ten thousand years ago. By 7000 BCE—which allowed plenty of time to learn through trial and error—wheat was joined by barley and other grains, along with legumes like lentils and chickpeas.

People began to propagate fruit, including olives, and to more systematically care for and breed animals. There were cattle, pigs, sheep, goats, and dogs. And as the years and centuries passed, more and more of these people found it beneficial to attend to these tasks and spend less time foraging for food.

We don’t know the sequencing here: Did bigger brains, more mobility, better tools, and more successful foraging and hunting lead to population growth, which essentially compelled our ancestors to settle down and start growing wheat and rice, because they needed more calories than foraging could provide? Or were people lured into permanent settlements by the belief in an easier life, the assessment that they could control their food supply by planting, taming, harvesting, dairying, and slaughtering?

There’s no written history and therefore no clear answers. It was likely a combination and, again, inconceivably gradual. The Ice Age ended around 10,000 BCE, and the ensuing hospitable change in climate (from which we still benefit) set people free to roam a far greater area of the earth. The planet could support more people, and it became easier to grow food, especially life-sustaining grain.

Agriculture expanded, often at the expense of land used by foragers. Hunters and gatherers remained—especially throughout the Americas, where they predominated until the Europeans came—and nomadic herding continued to rule in semi-arid areas of Asia and Africa where farming was difficult or impossible.

Similar events were happening in the Indus River valley of India and the Yellow River valley of China. By about 5000 BCE there was agriculture in Britain, Central America, the Andes, and elsewhere. By 2000 BCE agriculture was widespread and quite sophisticated, and by the Common Era it was the global norm.


Eventually sedentary agricultural people took over almost everywhere, and ideas and techniques began to spread and be shared. People still hunted, from necessity or for recreation. But domestication became the standard, and its appeal was evident. Again, imagine the convenience of producing your own dairy, eggs, and meat and, in theory at least, controlling when you eat what.

It’s likely that most of the earliest agriculture took one of two forms. There was nomadic herding, in which groups roamed with herds of their animals (camels, sheep, goats, reindeer, horses) in search of pasture and variety of diet. And there was shifting horticulture, where forests and grassland were cleared by fire and then planted. Before the invention of the plow, this was the easiest way to create new farmland. It also created grassland for animals and more sun for a greater variety of edible plants. People still do both today. Isolated and small populations practice traditional methods, while livestock producers set afire huge tracts of the Amazon to grow feed.

Animals became increasingly important, and Eurasia had a natural advantage over other areas, because nearly all of the world’s large animals capable of being domesticated—those that could be put to work as well as eaten—were indigenous. Beginning with dogs, domesticated from wolves perhaps as long as thirty thousand years ago, and continuing with sheep, goats, pigs, and, later, cattle, animals became a part of most settlements, providing dairy, manure, hides (valuable for clothing, boats, containers, and tools), and, increasingly, transportation and labor.

Domesticated animals were often too valuable to be eaten. Indeed, the amount of meat consumed per person may well have gone down with the advent of farming as wild animals became scarce, at least near villages. (In fact, it’s safe to say that meat consumption has fluctuated greatly throughout history and throughout the world, and that, with very few exceptions, until recently it was mostly eaten occasionally.)

Another consequence of the transition from foraging to farming was that families grew larger. Hunter-gatherers had to carry their children until they could walk, an inconvenience when foraging. Farmers, on the other hand, welcomed more children, who became laborers with value greater than the cost of feeding them.

As a result, population increased something like tenfold, and pretty quickly. At the end of the last ice age, global population was, according to most estimates, at around five million. It’s impossible to know the exact number, but no expert believes it was less than one million or more than ten. Within five thousand years, with the establishment of farms and villages on most continents, it’s estimated that there were at least fifty million people on the planet, but possibly even more than a hundred million.

With those people came an alteration of both landscape and ecosystem, as we systematically created and devoured biomass in a new, sweeping way, generating new versions of plants and animals that suited our needs while causing thousands of others to become extinct.

From the beginning, there were different approaches to farming, largely based on the type and availability of land. Did you graze animals or herd them? Did you use them for dairy or meat? What kinds of crops did you grow? The approaches also differed based on the availability of water (Was there enough? Did you have to bring it in from somewhere else? Could you use it for power?), of sun (Not enough or too much?), of labor (Were you the beast of burden, or did you have an ox?), and of technology (How did you break the soil? How did you replenish it?).

With time, people came to understand how to maintain soil, how to manage livestock, and how to use manure as fertilizer to grow crops that, with luck, would feed both people and their livestock. They learned how to select seeds, move and store water, develop fields, cope with weeds, and store grain and preserve other foods. All of this, as well as basic foods and tools, developed at different paces in different places.

If seed could be fruitfully planted, it was. If not, the land was grazed. Before the plow, there was only the digging stick—exactly what you imagine it to be—so in many areas the fastest way to clear land was to burn it. What was grown was largely determined by what could be grown, meaning what was right for the region.


By 2000 BCE we’d figured out how to bend wood and develop the wheel, and to build fires hot enough to shape metal. Then we created plows, canals, bricks, better boats, clothing made from fabrics like wool and flax, and heat-resistant pottery, which immeasurably increased our cooking skills.

In addition to the dominant grains—wheat, barley, corn, rice, millet, amaranth, and sorghum—this explosive period saw the development of beer and wine; tortillas and yeasted breads; honey from bees; milk, butter, yogurt, and cheese from cows, sheep, and goats; beasts of labor such as oxen (usually castrated bulls), horses, donkeys, and mules; and many other domesticated animals, including dogs, rabbits and other rodents, llamas, horses, camels, deer, and poultry.

Cultivated vegetables and fruits included greens; alliums like onions, garlic, and so on; squash; legumes, including peanuts; sesame, sunflower, and other seeds; grapes, melons, bananas, sugarcane, dates, figs, tomatoes, avocados, peppers, papaya, watermelon, citrus, bulbs from lilies and irises, yams and other roots, and probably much more that we don’t know about.

The Chinese ate noodles two thousand years before Christ was born; the Aztecs were drinking cocoa before the Common Era, too. The Incas thrived on potatoes. Olives and especially olive oil were prized on and near the Mediterranean, and people in other places made oil from safflower, sunflower, sesame, coconut, avocado, and castor. Many foods from this time remain popular: tamales, pickled roots, sweetened yogurt, salted and smoked meat, and probably fried chicken, or at least fried rabbit.

Some things haven’t changed much. Rice, corn, and wheat were staples, and they still provide about two-thirds of human calories. All of these grains were grown in their native regions, and to a large extent they determined the future of those regions and their people.

But even as agriculture was creating civilizations, giving shape to and reason for societies, it was also setting us on an irreversible course of change.


 

By five thousand years ago, civilization—government, cities, record-keeping, writing, culture—was on every habitable continent, and the increase in production thanks to improvements in soil maintenance, fertilization, and irrigation, along with better storage and more sophisticated animal breeding, had led to the largest human population ever.

Although this development was gradual, in the grand scheme of things it had happened quickly. After 200,000 years of hunting and gathering, most people settled down within a few thousand years. It also happened relatively recently. Humans have been farming for less than five percent of our existence.

As more land was cultivated, more food was grown. As more food was grown, more people could be supported. And, as populations grew, more land was needed to sustain them. If at first the idea of agriculture was to make life easier, the practice quickly morphed into a race to produce enough food to live.

Life turned out not to be easier. Farming is hard, and there are no guarantees. There were also unforeseen consequences. Lots of them.

That the Neolithic/Agricultural Revolution was of inestimable importance in our history is inarguable. But whether that change was for better or worse—that’s way less certain. Some—most famously Jared Diamond, the author of Guns, Germs and Steel— argue that it was “the worst mistake in the history of the human race.”

His 1987 essay of that title begins, “The adoption of agriculture, supposedly our most decisive step toward a better life, was in many ways a catastrophe from which we have never recovered.” Similarly, Yuval Noah Harari, the author of Sapiens, calls the Agricultural Revolution “history’s biggest fraud.” This kind of thinking is now quite common, if not the norm.

It’s true that agriculture made life possible for billions of humans, and for some of those, life has been pleasant. But agriculture also led to a new kind of society that bred injustice, poverty, disease, slavery, and war.

Was it worth it? You tell me. What can’t be questioned is that the development of agriculture led to consequences whose importance is impossible to overstate.

For one, diets became monotonous. The diets of pre-agricultural people may have been unpredictable, even unreliable, but they were often supremely varied. Farmers, by contrast, focused on just a few crops, usually grains, and were often dependent on very few—sometimes just one. As a result, people starved when there were crop failures, and crop failures were common. They were also routinely malnourished, which is what happens when you eat rice or corn or millet at every meal, or for every meal, without augmenting it with different foods containing other nutrients.

That malnourishment left them vulnerable to disease, which became more common as settlements grew more densely populated and (in some areas, especially Europe) people began living with their animals.

There’s evidence that a precursor to plumbing with running water existed in Mesopotamia as early as 4000 BCE. Much more common, however, were omnipresent garbage, human waste, and roaming animals, like rats, all of which spread disease. Furthermore, more children meant less breast milk given to each one, which probably meant weaker immune systems.

Life became not only nasty and brutish, but short. There’s evidence that the average life span decreased by about seven years after the development of agriculture, as did height, by as much as six inches in men, from five foot nine to five-three. Tooth decay increased as well. These trends continued, and the average Roman lived ten years less than the average Mesopotamian.

Farmers also had to work harder than hunter-gatherers. If they expected payoffs of guaranteed food, lots of time off, and a better life, that certainly wasn’t the way it worked out. Rather, they were trapped in a nonstop scramble to break soil, plant, irrigate, weed, harvest, thresh, store, tend animals, and more—the generally backbreaking labor that constituted the daily lives of almost all humans until the eighteenth century.

Civilization also brought inequality, and class distinction became a defining feature. There were certainly bossy people before agriculture (every family has them), and even positions of power, usually held by men. But there were no societies in which some people lived largely off the labor of others. After the establishment of agriculture, there was surplus, inequality, and elites. Archeological evidence even points to the new nobility being taller and healthier than the hoi polloi. At the same time, stricter gender roles took hold, leading to the oppression of women.

In fact, agriculture hasn’t been kind to most people. For the past ten thousand years, the vast majority of humankind has toiled as farmers and laborers who—in clearing the land, growing the crops, carrying the water, and, later, digging the mines and staffing the factories and firing the guns—make history happen. Few of them have had easy lives.

But the consequences of what must have seemed like simple changes couldn’t be foreseen. Our ancestors could no more predict the development of infectious disease or armies than they could have predicted global warming, another unintended consequence stemming, in large part, from agriculture. No doubt, everyone was just trying to do what made the most sense, and it’s improbable that those first few decisions, made over the course of hundreds and even thousands of years, over dozens of generations, could have been made much differently. Seed saving and animal breeding appeared to promise more security and a better life. We are hardwired to feed ourselves reliably, to try to make life work. Like all things that don’t turn out as we would have wished, it seemed a good idea at the time.

And even if early farmers did spot these problems, within a few generations it was too late to turn back. Hunting and gathering skills were lost, the landscape had been permanently changed, and, most important, the population had boomed. From then on, only agriculture could produce enough food to sustain humankind. If hunger, malnutrition, a ruling class, inequality, political systems, poverty, war, disease, environmental destruction, and so on were the results, they were necessary evils. We’re only now beginning to see the consequences and to grapple with them.


2

Soil and Civilization

AGRICULTURE IS AN eternal experiment. Performed annually or seasonally, it’s always being improved in the eyes of its practitioners or those who govern them. Its key components are sun, water, soil, and labor. Sun, one of the few resources we can truly consider infinite, is not even marginally under humans’ control. Water and soil, however, are precious and finite resources that must be manipulated and stewarded responsibly. That work is the farmer’s labor. The choices humankind has made about soil and water management, and the manner in which that management was executed—who’s worked the land, how, and for whom—have largely determined the fate of civilized society. Naturally, some choices were better than others.

Civilization sprouted from agriculture, and there has never been a successful agricultural practice without adequate water. If you have a reliable water source, and you don’t pollute or deplete it at a quicker rate than nature can replenish it, it’s likely to remain reliable. As such, two questions become important: Who has access to this water? And how can we best channel and use this water? Wars are fought over the first question, and the success or failure of agriculture depends on the second.

Soil is more complicated. Take some pounded, ground, eroded, washed, tumbled, and wind-blown clay, sand, and gravel and combine it with organic matter: the waste and carcasses of microbes, mammoths, and all living animals in between; rotted leaves and woody material from trees, shrubs, and other plants; air- and waterborne detritus of all kinds; and the excrement of living creatures. That makes soil. The minerals in soil change with the addition of water, creating other chemical compounds. Additionally, soil is aerated by plants, animals, fungi, bacteria, and weather, a necessary process for the survival of those life forms that live in it—around a billion creatures in every teaspoon. The synergy between these components gives soil a specific character. Healthy soil in one part of the world looks different from healthy soil somewhere else.

In fact, soil is a living thing that changes and grows. It gives to us, and in return it needs care. Without care, using soil will kill it. The health of society also depends on that care, which ultimately is the job of the farmer, the land’s steward. The conservationist Walter Clay Lowdermilk, writing in 1938, put it well: “[The] partnership of land and farmer is the rock foundation of our complex social structure.” Between a good farmer and good soil, there must be a good relationship. This is an understatement: Soil and the people who work it are the foundation of a thriving society. Wealth has its source in nature, and that wealth must be protected as well as spent.

Healthy soil serves as a living pantry for plants, which draw on the nutrients contained in it. Those nutrients must be replenished, or each successive crop will be smaller than its predecessors. Just as there are empty pantries and full pantries, there are also “poor” and “rich” soils.

Soil replenishment can be simple, even automatic. In dying, all plants and animals (and living creatures like bacteria) leave whatever nutrients and organic matter they’ve absorbed or created through their growth. Some plants even replenish nutrients while still alive. But if soil is exposed to erosion and deprived of organic matter, it will produce less with each passing year.

Some agricultural systems are better at maintaining healthy soil than others. Recognizing this, many early farmers established protective measures to prevent erosion, like terracing slopes with rock walls and planting deep-rooted perennials. They quickly figured out ways to replenish their soil, or allow it to replenish itself.

Others remained ignorant and quickly saw diminished harvests, failed crops, hunger, forced migration, and even the failure of entire societies. Lowdermilk called this “suicidal agriculture,” an accurate if harsh term. Soil degradation may not have directly destroyed those early civilizations, writes David Montgomery in Dirt: The Erosion of Civilizations, “but time and again it left socie­ties increasingly vulnerable to hostile neighbors, internal sociopolitical disruption, and harsh winters or droughts.”

It sounds dramatic, given how far removed we are from our food sources, but civilizations live or die by the strength and resilience of their food systems. And these depend on healthy soil.

 


There are four major ways in which a field can be planted repeatedly and still have its nutrients replenished: fallowing, planting cover crops, rotating crops, and fertilizing. All of these have been used, alone or together and at times unwittingly, since agriculture began.

Like everything else that lives, soil needs nitrogen. It’s one of three essential plant nutrients, along with phosphorus and potassium. But although the earth’s air is rich with nitrogen—there’s more of it than of any other gas—atmospheric nitrogen is nearly inert, which means it can’t be absorbed by plants.

For soil to use nitrogen, the gas must be converted into another compound, like ammonia, which is a combination of nitrogen and hydrogen. When plants and animals die and their mass lies in or on the soil, bacteria convert the nitrogen in their cells to ammonia. In addition, there are some organisms that can “fix” atmospheric nitrogen, making it useful for plants. (Lightning also creates a usable form of nitrogen, which falls into the soil with rain, but it’s a less significant source.)

Almost all agriculture removes nitrogen far more quickly than it can be replenished, though, and successive crops yield less if nitrogen isn’t somehow added. To revisit the pantry analogy, it’s like cooking every day and never going shopping.

If you don’t use soil, in time it replenishes itself. That’s called “fallowing”: After a harvest, a farmer can simply plant nothing. In the absence of a crop to nourish, the nitrogen levels in the soil are restored by organic matter, and after a year—but preferably several—the area usually can be planted again with good results. The biblical notion that you plant for six years and rest for one (a kind of Sabbath pattern for planting) is not a good system. In reality, for fallowing to be most effective, land should lie dormant for longer than it’s actively planted.

Fallowing may be simple, but it’s not always easy. It has a built-in challenge that’s both major and obvious: It takes land out of production. If you can find new land to take its place or if your needs aren’t great, this isn’t anything to worry about. You can either work the new land or just take a few years off. Two thousand years ago, farmers had plenty of new land to claim. Now, not so much. And, sadly, a years-long vacation has been impractical for almost every farmer who’s ever lived.

The best approach was a combination of the two. Farmers who had enough land could simply plant one field while one or more others lay fallow in turn. This is still a fine option, when it’s available.

There are alternatives to fallowing. Some plants host microbes that actually add usable nitrogen to the soil. Almost all of these are legumes, like beans and lentils (but also alfalfa, clover, and some others), and are sometimes called “green manure.” Their roots host microbes like cyanobacteria (and others), which grab nitrogen from the air and fix it in the soil, making it useful for plants.

When these plants are not intended for harvest, they’re usually called cover crops, as they provide cover for the soil and prevent erosion. Cover crops can be grown alongside a main crop, or alone when the land would otherwise be fallow.

When nitrogen-fixing crops are planted instead of a main or normal crop, that’s a form of crop rotation. You can rotate any combination of crops, of course, but only by using a nitrogen-fixing crop in rotation can you put nitrogen back in the soil. The practice of alternating corn and soybeans, a fine nitrogen-fixing crop, is a common form of crop rotation.

Crop rotation and cover cropping should not be seen as sacrifices. Neither should fallowing, really. Building the soil up is as important as producing the next crop, though it’s sometimes difficult to see it that way, since, in the short term, a fallow field can yield no crop. You can grow a nitrogen-fixing crop that you have no intention of eating, selling, or even feeding to animals, turning this green manure back into the soil. Or you can grow a nitrogen-fixing crop for harvest and sale—not quite as effective for the soil as the first option, but way better than nothing.

Another soil replenishment strategy is growing a crop that animals like to eat (even better if it’s nitrogen-fixing) and turning your ruminants—cud chewers, like cattle and sheep—loose in that field, where they can eat nonstop. When those animals pee and poop, they add nitrogen, phosphorus, potassium, and more to the soil, fertilizing it for future plantings.

The first fertilizing methods were unintentional: Animals or humans “added” their waste to the soil simply because it was convenient. Along with that waste came nitrogen and a host of other nutrients and organic matter. Farmers soon discovered that if they mixed and maintained compost—the intentionally rotted mix of animal and plant waste, living creatures like bacteria and earthworms, and almost anything else that decomposes quickly—they could add that to the soil as a cocktail even more potent than straight manure.

With the addition of adequate organic matter from any source—green manure, composted material, or the replenishment that comes with fallowing—agriculture could in theory thrive indefinitely.

But as populations grew, there was pressure for soil to be more productive and increase its yield. Fallowing became more difficult, and crop rotation was too often sacrificed to “efficiency.” And with more land to fertilize, animal waste or other organic matter became harder to come by.

Thus the paradox: As agriculture succeeded and populations grew, more was demanded of soil. As more was demanded, soil health was sacrificed and productivity declined. Until the twentieth century, the only possible resolutions were rediscovering sustainable agriculture, settling for the “suicidal agriculture” to which Lowdermilk referred, or finding new land. Ideally, this new land would have been unsettled, but increasingly that wasn’t the case.

 


When you have to work the field with the seeder-plough, keep your eye on the man who drops the seed. The grain should fall two fingers deep. You should put one gij of seed per ninda. If the barley seed is not being inserted into the hollow of the furrow, change the wedge of your plough share.



 


Those words are from a thousand-word Sumerian document written on a clay tablet around 1500 BCE, and, opaque as they might be, you get the idea. “The Farmer’s Instructions” is a letter, a father’s advice to his son, discussing a variety of tools, animal-handling and harnessing equipment, levees and canals, repairs, plowing, planting, winnowing techniques, and more. It’s the earliest example of recorded history that showcases the importance of agriculture.

Sumer, in southern Mesopotamia (roughly present-day southern Iraq), is generally accepted to have been among the first advanced civilizations, along with those in India, Egypt, and China. First settled around 5000 BCE, by 3000 BCE Sumer boasted cities, and in the thousand years that followed, Sumerians developed systems of timekeeping and writing. The latter provides us with the first sophisticated and contemporary accounts of daily life.

Thanks to those accounts, we know a lot about Sumerian food and agriculture. People ate a variety of grains, many in the form of barley cakes (barley is not as nutritious as wheat, but it’s easier to grow), fruit, and vegetables (records mention more than a hundred kinds). They made beer and wine, bread, oils, yogurt and cheese, and more. They raised animals and understood all aspects of husbandry, including how to use everything an animal gives, including fertilizer.

The natural soil quality in Mesopotamia was enviable. But for agriculture to thrive in such an arid climate, the marshes in the plains surrounding the Tigris and Euphrates rivers had to be adapted to irrigation. These challenges required organization and cooperation among major settlements, and jobs were eventually organized by the state, which employed and enslaved many thousands of people to build and maintain an impressive system of reservoirs and canals. These were by far the biggest public works projects to date, guaranteeing water during the dry season even for villages far from the rivers.

Few of the laborers working on these projects grew their own food, which meant that in order for the society as a whole to thrive, farmers needed to produce surplus. For the most part, that surplus was “contributed” to—or more likely seized by—the state.

These kinds of divisions made social classes inevitable.

Experts say that size alone leads to stratification, and that egalitarianism in social groups starts to break down when the number of people reaches about five hundred. At that point, leaders and a ruling elite emerge. And as villages became towns and towns became cities, universal personal contact—the feeling that everyone knew everyone else—was lost. Intervillage contact also became common, as did cooperation and conflict.

Whether elitism is forever inevitable is arguable, but historically it’s long been present, and leadership was essential. Someone had to take responsibility for organizing solutions to municipal issues like irrigation, waste disposal, fence building, and the need for communal ovens and temples, and someone had to orchestrate intervillage relationships and broker trade and grazing rights. It was impossible to do these things individually, or by mutual and universal consent. The projects were too big, and there were simply too many people.

The result was the establishment of private property, government, laws and regulations . . . and inequality. Cities grew up around irrigation projects and ports, and they began to dominate the surrounding countryside and, to some extent, its populace. Surplus meant that former and non-farmers could find ways to make a living, as tradesmen, administrators, religious leaders, or what we’d now call professionals: scribes, accountants, traders, doctors, lawyers, and so on. The less lucky majority, of course, were laborers or slaves.


It’s worth noting that slavery became profitable only once humans had settled into sedentary societies. It made little sense to send other humans out into the wild to gather food for you. Such people would first have to feed themselves, and once they were out in the wild, they were under little obligation to come back.

But with the arrival of agriculture, sedentariness, and non-communal work, it became desirable to have others work for you. If you were rich and/or powerful enough, you could simply persuade or force others into servitude, with little consequence. Initially, slaves were captives from conquered lands or armies. But once a society established a slave population, slaves were bought, sold, and born; any child of a slave was a slave as well. With each passing century, slavery became more common, until, in some places, it was the dominant form of labor.

Sumer, a full-fledged class-based society with slaves—most often prisoners of war, debt, or crime—as well as priest-kings (religion was core) and dynasties, was one such place. For a thousand years at least, it was successful, and its size was unprecedented. It reached the point where several cities had populations of up to fifty thousand people.

But wars with neighboring territories interrupted important public works projects, including maintenance. The floodplains were fully irrigated, but in order to avoid salt buildup in the soil from the groundwater, the land needed time to rest. As populations boomed, that rest became impossible, and salinization forced Sumer to abandon wheat, until then its most reliably nutritious food source. Over a thousand years, canals filled up with silt, crops withered, food became scarce, and populations shrank. When the land could no longer support the former population, the cities simply stopped working. Just as Sumer became famous as one of the first advanced civilizations, it’s known as the first example of a failed society.

 


Egypt was more successful in the long term. By 3000 BCE several cities containing many thousands of people had been built along the Nile, and they united for their mutual benefit. The river provided a reliable water supply and, through its annual flooding, enriched the soil. Once irrigation and drainage were mastered, a surplus of food was virtually assured in every growing season, something that can’t be said of many places.

It took a thousand years or more to develop an Egyptian state strong enough to control enough surplus to fund massive public works projects. But once it consolidated, Egypt became a nation of unparalleled stability when measured against the standards of any era you choose. Though most people were farmers, few controlled their production, which went directly to the land’s owners or the state.

Excess production, along with taxes, first supported Egypt’s canal projects and massive armies, as well as its pyramids, among the world’s first large-scale and grandest (and most impractical) public works projects, serving little purpose other than to glorify the ruling class.

Other cultures used their agricultural surplus in different ways. The first public water tank and citywide sanitation systems were built in the cities of Mohenjo-Daro and Harappa, on the Indus River in present-day Pakistan. The Hongshan culture in China was building underground temples and crafting with jade. Later, the Mesoamericans built pyramids and other structures almost as impressive as those of Egypt, and the Chinese built their famous wall.

As in Egypt, the agriculturally advanced regions of China produced surplus: Farmers were developing row crops, the seed drill (which came far later), and the plow, which was probably invented independently at about the same time in Egypt. These, along with water control, allowed the Chinese to build and preserve huge swaths of first-rate farmland. They even developed the first symbiotic cultivation of rice, fish, and ducks, in which the animals fertilize the paddies and eat pests while nibbling at plant matter.

Rice itself was a game changer, producing many more calories per given land area than wheat and most other grains. Since rice and other plants fed most of the population, animals were largely reserved for labor and sometimes dairy.

This plant-dependent system was more stable than growing food for animals and then relying on meat to feed people. And that turned out to be a determinant of much that happened in the coming millennia, as rice-growing people, who tended toward vegetarianism or near-vegetarianism, grew larger and more stable populations than wheat-growing people, who mostly bred animals for meat.

Generally, as Franklin Hiram King describes in Farmers of Forty Centuries, Asia developed “permanent agriculture” that was “strong, patient, persevering, thoughtful.” These seeds of sustainable agriculture were planted in Asia well over three thousand years ago and were maintained until recently.

This kind of agriculture also became more sophisticated and usually more successful with each passing century, thanks to better irrigation, terracing, and other techniques, as well as wider distribution of (originally Vietnamese) rice varieties that were drought-tolerant and quick to mature, allowing for two or even three harvests a year in some areas, which means two or three times as much food produced each year. (Parts of China and India also relied on millet, which is equally productive, sustainable, and sustaining.)
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