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“Even the broken letters

of the heart

spell earth.”

—DANIEL THOMPSON




INTRODUCTION

I’m working in my Cleveland backyard, but idly, dawdling in the sights and smells of fall. A starry canopy of yellow leaves sets off a vivid blue sky. The already fallen, the now-brown leaves, steep in damp, shadowed corners of the yard, and their lapsang-souchong fragrance blows my way. Only the annual chorus of leaf removal mars this otherwise peaceful day. In some yards, blowers roar and raise poofs of dust. In others, people scritch and scratch with their rakes. I’m of the scritch-and-scratch persuasion, wielding an aged plastic rake with many broken tines, like bitten-down fingernails on a large green hand.

Normal enough, except that I’m not raking my leaves onto a tarp to dump into a recycling bag or to drag to the curb, as my neighbors are. I’m raking the leaves on my driveway back to my lawn, hoisting big piles of them onto the muddy turf and then smoothing them with the rake so that they cover the sparse grass with a thin, multicolored coat of autumn. I can imagine my first ex-husband howling, “You’re going to kill the grass!” No, I’d tell him; I’m trying to save the grass.

I don’t care much about having a good lawn—women don’t, in my experience, and men do. I remember my father in his eighties, surveying the sweep of emerald in back of my parents’ house and sighing, “I just want a perfect lawn before I die.” My siblings and I found this both hysterical and poignant. Hadn’t he always had a perfect lawn? And since it probably wouldn’t get much better, was he doomed to die disappointed?

I’ve always viewed my lawn as just the blank space between my flower beds and the oval of soil where I grow vegetables—a spot that benefitted from all-day sun when we bought the house decades ago, but is now shadowed most of the day by oaks and maples and the occasional doomed elm. The grass wasn’t especially lush when we moved in, and our tenure further traumatized it. We had a drainage problem after we put in a new concrete driveway and garage: every time it rained, a foot of water backed into the garage. So the yard was torn up as our contractor dug one French drain after another to fix the problem (they didn’t), and then another contractor finally tore up everything, driveway included, to route all that storm water out to the sewer.

So the backyard was crushed by heavy equipment off and on for 2 years. If the moon were made of gouged and gridded mud, my view out the kitchen window looked like a moonscape. For Easter during one of those years, I bought my kids a packet of “crazy gourd” seeds to plant. Vines soon covered the entire yard, blurring the ugliness with their curvy, slightly furred leaves and relieving me of the heartbreak of planning a garden, only to have to summon the bulldozers in again. (Someone ought to try making ethanol from those crazy gourds; I’ve never seen such miles of vegetation grow from a tiny handful of seeds.)

We finally planted the lawn and flower beds. The flowers were great—a rollicking seasonal carnival of colors and shapes—but the lawn really never had much of a chance. Too much compaction of the soil by the bulldozers. Too many seasons of Slip ’N Slide. Too much running and jumping, and too much use of stilts and pogo sticks and Big Wheels. Too many basketball games that veered off course. Too much peeing by one dog and digging by another. When the first marriage ended and the second began, a wedding with 100 guests tromped that weary turf for 3 celebratory hours. Then two more dogs—the young black ones that crash through my piles of leaves now—chased each other back and forth across the grass, their nails flinging tufts of grass in their wake until nothing remained but gouge. Also the dearth of water. Even though Cleveland is a high-precipitation city, there are times when you have to water, and honestly, I’ve always been stingy with the grass.

So I find myself now with a lawn that is mostly just exposed soil. So hard when it’s hot that you could break a plate on it; so muddy when it rains that I’d rather walk the dogs in a downpour than turn them loose in the yard. The dogs are my only companions now, my sole beloveds-in-residence, since the second marriage has ended and the kids have moved out. Finally, I too pine for a good lawn, if only to keep the dogs from getting muddy.

Early in the fall of 2011, I scoured the newspaper for instructions on pre-winter lawn care, wrinkling my nose at the ads for lawn chemicals—I’m categorically opposed to them, and look how they broke my poor father’s heart anyway. An article written by someone from the Cleveland Botanical Garden recommended aeration and compost and reseeding, but I only have enough compost for one small corner of the yard. I spread the compost there, jab a pitchfork every few inches to aerate, then cover the rest of the yard with leaves. I might get a better lawn from this next spring. And I might do my tiny, infinitesimal part to heal our climate and nurse a number of other ills that have their secret roots in the soil.

I first heard about the connection between soil and climate 3 years ago. I had written a feature article* back in 2005 for Gourmet magazine about a local restaurateur named Parker Bosley: He not only had earned two of their top-chef shout-outs, but he was also a pioneer locavore, who began searching out local ingredients for his restaurant back in the late 1980s. He was raised on an Ohio dairy farm, became a teacher, spent time in France, and became smitten with the menus there that evolved with the seasons, according to what was fresh and at its best.

He began to replicate that when he started his restaurant in Cleveland. He stopped at farm stands outside the city, tasted their peaches, and asked, “If I come back next week, can you sell me a few bushels?” He ventured out into the countryside of his youth, knocked on the farmers’ doors, and told them he wanted to purchase their pork or eggs or chickens, no middleman. He urged farmers to try heritage breeds, to let their pigs live in the woods and eat acorns and apples, to give their chicks bowls of soured milk so they could pick at the curds. Soon, he had a pipeline of locally produced foods for his restaurant—by the time I interviewed him, 97 percent of what he served was locally sourced—and to the farmers’ markets that sprang up around the city. He influenced what was happening on small farms near Cleveland, helping many of them survive and even expand. He always knew about the family that was starting to make sheep’s milk cheese near Toledo, and the French butchering techniques that would yield better cuts of meat, and even about the young guy from Tennessee who was in Italy, learning the art of making salumi.

Every time I needed a new topic for an article about food, I’d call or e-mail Parker and he’d let me know what was new. And one day, he said, “Carbon farming. That’s the new thing.”

He explained that there was a new movement among small farmers. They were changing their practices with the soil in both large and subtle ways, knowing it was the foundation of all agricultural life, whether they raised chickens or corn, pigs or spinach, beef or peaches. Sometimes they called themselves soil farmers. Sometimes they called themselves microbe farmers, aware of the billions of tiny creatures that they couldn’t see but that scientists told them were at work in the soil. Sometimes they called themselves carbon farmers, knowing that it was carbon that was making their soils richer, moister, and darker. Some had been following the work of scientists who said that this kind of farming accelerated the removal of carbon dioxide from the atmosphere via photosynthesis and could slow and maybe even turn back global warming. The ones who believed in global warming took pride in this. The ones who didn’t—and there are many in agriculture who still don’t—were nonetheless thrilled to see their lands, crops, and animals thrive in ways they’d never imagined.

I followed the activities of some of these scientists, carbon farmers, and carbon ranchers for a few years before I started this book. I went to their conferences, read their blogs and scientific papers, inspected their fields, ate their produce, yammered about them to my friends, and wrote about them. Right away, I was stunned by what I learned about life in the soil—that when we stand on the surface of the earth, we’re atop a vast underground kingdom of microorganisms without which life as we know it wouldn’t exist. Trillions of microorganisms, even in my own smallish backyard, like a great dark sea swarming with tiny creatures—it almost makes me feel a little seasick standing there, knowing how much business is being conducted right under my feet.

One of the principles I took away was that bare land starves the microbes below the soil. These microbes need living or dead plants to get their foods—their sugars, carbohydrates, and proteins. They’d prefer a thick and diverse clump of growing plants—roots in the ground!—but dried-up biomass will keep them going until the juicy stuff returns. Thus the idea for raking leaves over the top of my naked lawn. Maybe if I give my microbes dead leaves to chew over the winter and into next spring, they’ll thrive and begin to aerate the lawn themselves as they burrow through the soil and spread their dark constellations underground. Maybe the lawn will then be more receptive to seed and water next spring.

Or maybe not—maybe it will take more complicated efforts to restore my lawn, just as it will take more complicated efforts to restore carbon to the soils of the earth. But it was my own little experiment, nonetheless. I just hoped one of my neighbors didn’t see the piles of leaves in my yard and send one of his sons over to rake it up, just as other neighbors have turned up now and then to shovel the snow from my driveway. It wouldn’t make sense, all those leaves on the lawn, unless you knew something about the incredible life in the soil.



*Sadly killed before it made it to print


CHAPTER 1

WHERE DID ALL THE CARBON GO?

Plot 87 of the Waterman Agricultural and Natural Resources Laboratory at Ohio State University used to be part of a farm. Pioneers chopped it out of the dense central Ohio forest in the 1800s. They raised corn, wheat, and oats for the horses; rye for making whiskey; flax, which they mixed with wool to make linsey-woolsey clothes for the men; apples, perhaps even a variety carried to Ohio by John “Johnny Appleseed” Chapman; and probably a dozen more crops. It was enough to feed themselves amply from the rich soil below, have some to share with neighbors, even sell to the occasional stranger. They picked arrowheads and stone beads from the soil, wondering about the ancient native peoples who had also flourished in the valley’s great fecundity.

The Watermans were the last to plow this land, and when the city and suburbs of Columbus closed in on their farm they decided to give it up to the university. Now only a few dozen acres remain, encircled by swaths of forest, which are in turn surrounded by the new urban canyons. Two unlike groups of moving objects, the nearby traffic and the hundreds of birds that swoop and survey the fields, make a cacophonous backdrop.

These acres have been preserved from the bulldozers so that a handful of soil scientists can pursue experiments. On a cold, wet morning of a spring that had been cold and wet for weeks, Rattan Lal drove me there to see what, if anything, was growing. He was afraid that it would be too early for their test crops to have popped the sodden crust of soil.

But as he stepped from the university truck and navigated the puddles on the dirt road, he smiled and pointed. “There is something growing!” In Plot 87, rows of new corn—like wavering lines of tiny green feathers—stretched toward the blocky city skyline.

Lal is the director of the university’s Carbon Management and Sequestration Center (C-MASC), which attracts researchers from around the world. The experiments surrounding us were those of his students. He has been at this work for 50 years. A tall, graceful man with white hair and large gray-rimmed glasses, he doesn’t dig in the dirt anymore.

Even so, whoever planted this particular field relied on two of the methods for enriching the soil and preventing erosion that Lal came to appreciate early in his career and has preached the use of for years. No-till agriculture, for one. I grew up in an agricultural valley in California and love the rhythm of plowing, the graceful lines incised on the land, the opening up of all that bountiful and mysterious earth. I especially love it in Ohio, which was still my home when I visited Lal in 2012, where you can drive down back roads and see Amish farmers plowing with their teams of giant, furry-hoofed horses. But plowing actually damages the soil structure and exposes soil carbon—the crumbly blackness that generations of farmers have recognized as a feature of the best, richest soil—to the air, where it combines with oxygen and floats away as carbon dioxide. So this field was planted using a machine that punched slits in the soil through the roots and debris of last year’s crop and dropped in seeds. It was a field without furrows.

The second difference: While the thousands of acres I passed on my way down from Cleveland rolled along the sides of the road like bolts of neat brown corduroy, Plot 87 was littered with bits of dry leaves and cornstalks. Instead of burning the residue from last year’s crop or letting someone haul it away for their pigs or sending it off to an ethanol plant that previous fall, the residue had been chopped up and spread over the land. Left there on the ground, the residue reduced erosion. It kept the soil temperature cooler during the summer. It provided food for worms and other creatures that aerate and enrich the soil, and thus help make it more porous and absorbent.

Lal leaned down and tapped a long, slender finger on a layer of half-rotted corn stalks, the swirling om tattoo on the top of his hand a faint blue in the weak sun. He pushed the crop residue aside to examine the soil. “See how the ground underneath has no cracks?” he said. “When it’s covered, the residue protects it from the hot sun and it doesn’t dry out so much. And here”—he poked his finger into a loose mound of soil—“here, you see where organisms have been eating the residue. This is their waste product, which makes the soil richer and loosens the soil. An earthworm can drag a leaf down more than three feet into the soil.”

His gaze switched from the micro to the macro. “When you look across the field, you see that there is no water on the surface,” he said. “This soil absorbs moisture. The water doesn’t run off or make puddles.”

I recalled seeing the pools of water from last night’s rain on the fields along the highway on my drive south. This field was like a huge brown sponge, with all that water lying beneath our gaze, suspended in the land’s pores.

It was what I couldn’t see that had drawn me to meet with Lal, and that was the carbon content of the soil. Lal became a soil scientist mindful of the world’s poorest farmers—he grew up among them, first on the Pakistan side of Punjab and then, after partition, on the Indian side—thinking only of helping them raise better crops and save their soil from washing away. Along the way, he realized that when the soil lost its life-giving carbon through plowing and poor land management, its disappearance into the air wasn’t just a blow to the millions of poor farmers or an inconvenience to the thousands of corporate farmers in the developed world, it was adding substantially to the threat overhanging the entire planet: the load of greenhouse gases in the atmosphere. In fact, up until the 1950s most of the excess carbon dioxide in the air resulted from the ways humans used their land and forests.

So even though he doesn’t dig in the dirt anymore, Lal stays busy. He spends much of his time traveling to conferences around the world, talking about the connection between soil carbon and global warming. The message: We need to do everything we can to stop losing historic soil carbon, and we also need to do everything we can to build and retain more carbon in the soil. He also takes this message to the National Climate Assessment and Development Advisory Committee (NCADAC), where he is the only soil scientist. Other soil scientists know about the connection between soil carbon and global warming, but they have not been aggressive about taking this message outside their field or explaining the importance of their work.

“Even I am bad about this,” said Lal, who was the president of the Soil Science Society of America (SSSA) in the early 1990s. He grinned. “The other day I was explaining something to a group and I said, ‘It isn’t rocket science.’ I thought about this later. I should have said instead that ‘It isn’t soil science’!”

Even though Plot 87 is a far cry from his family’s 2-acre farm in India, it brings back memories. How his father plowed the fields with a team of bullocks, and then he and his father leveled the fields by sitting on a board, which the bullocks dragged over the ground. How they separated out the wheat seeds by drying the wheat in the sun and then nudging the bullocks to drag it over the ground. How they cleaned the seeds by throwing them up in the air and letting the wind whisk away the dirt and chaff.

They lived in a village of mud-brick houses, with no electricity or even roads. All the men wore beards because no one owned razors and there wasn’t a nearby barber. One came to town monthly and trimmed hair and beards in exchange for a share of the wheat and rice crops. Every family had a cow for milk, which they converted to yogurt, a staple of their diet. When a cow died—all good Hindus, they’d never think of killing one for its meat—the butcher arrived to convert the hide into shoes. “They were so stiff and painful for the first few days!” Lal said. “We always got blisters. Sometimes we just carried the shoes around in our hands.”

They had enough to eat on the farm, just barely, but starvation was rampant in the cities. Farmers just didn’t produce enough to feed the population. Looking back with a scientist’s eye, Lal sees that low, dwindling productivity was inherent in their centuries-old methods. It was not only the plowing that was a problem. The greater concern was that the villagers took from the land and never gave anything back—something he now calls “extractive farming.” They gathered crop residue from the fields and took it away to burn in their stoves or to sell at the market. They gathered the bullocks’ dung, dried it, and burned that, too. Leaving both in the fields would have enriched the soil but further impoverished the farmers. “The residue and the dung were precious, and we carried them away,” Lal says. “No one leaves them on the ground there, even now. They’re still precious to a poor farmer.”

When he was 7 years old, a peddler bicycled through the village offering tattoos for two pennies. Lal doesn’t remember where he got the two pennies, but he had the peddler tattoo his hand with the symbol for om, a Sanskrit word meaning the sound of creation. As he looked at the small black welt, he felt that this wasn’t enough for the mighty sum of two pennies. The peddler obliged him by tattooing his initials—RL for “Rattan Lal”—on his upper arm. The boy couldn’t read English, so the letters meant nothing to him.

But he knew om. His grandfather was a Hindu priest, and the boy knew 40 yoga poses and how to recite the mantras that went with them. The family intended him to follow his grandfather into the priesthood, but the youthful Lal knew more than his mantras—he was also good at math. Finally, the family decided to send him to university in Delhi. He was wandering the halls one day and struck up a conversation with a young man crouched next to a doorway. He was a peon—it was an actual paying job, to run someone else’s lowly errands—and Lal asked him if he could help him find a job as a peon, too. Just then, a jeep emblazoned with the name OHIO STATE UNIVERSITY pulled up outside the building. “Americans are here?” Lal asked.

The peon nodded. “And they give scholarships.”

A few years later, Lal arrived at Ohio State on scholarship with an $8 traveling stipend from the Indian government—a sum he found lavish until he discovered that a night’s housing cost more than that. He found himself a place to stay by following the sound of applause down a university corridor and peering in to see a roomful of international students. Some were wearing the turban of his native Punjab, and they invited him to stay with them until he got on his feet. After that, there were more scholarships and awards and mentors, enough to assure his brilliant future. “I am very lucky,” Lal says. “The stars aligned for me.”

Years passed before he tripped over the first big hurdle in his career. After he finished his PhD in soil science, he was hired by the International Institute of Tropical Agriculture in Nigeria, 1 of 15 research centers funded by the Rockefeller Foundation. There, he spent 13 years trying to develop sustainable alternatives to the kind of farming practiced by Nigerians and many other Africans.

Unlike the farmers in his Indian village who worked the same fields for years, the Africans practiced what’s called “shifting” or “slash and burn” agriculture. They cleared plots in the forests with a machete, then burned the wood to provide nutrients for the soil. They raised corn, yams, and casaba on their plots until the land simply gave out. That tended to happen in just a few years, since the soil in many parts of Africa is very old and very shallow, with often just a foot of good soil above the rocky subsoil. In the parlance of agriculturalists, the rooting depth is low. After the plot was exhausted of nutrients, they’d leave it fallow for 15 or 20 years to recover. But as the population grew, they were running out of virgin forest to turn into farmland and were surrounded by old, unproductive plots. Lal’s job was to help them restore fertility to the soil.

Lal began clearing areas for his test plots. His first effort was close to an utter failure. He plowed the land after completely clearing it—even pulled out tree stumps, which the local farmers didn’t do—and built terraces to control water runoff. He planted maize, cowpeas, and rice, and everything seemed well. But the night before his board of directors was to view his work, 4 inches of rain fell in 2 hours. All his plots save one washed away, leaving behind gaping gullies in the soil. The one plot that survived had been heavily mulched with crop residue.

He asked his board of directors to postpone its visit, but he learned from the failure. He realized that disturbing the soil by plowing made it susceptible to erosion. Plowing also destroyed the structure of the soil—the internal architecture of sand and silt and clay created over the decades by earthworms and other organisms that allowed air, water, and nutrients to circulate. He decided to disturb the soil as little as possible when he prepared his next plots. He cleared some land by hand, some with a machine that cut the forest at ground level, and some that killed the vegetation with chemicals, leaving the roots intact. He sowed some plots with cover crops, which are typically grown not to eat or sell but to enrich and protect the soil during fallow periods. And he mulched some crops heavily, wanting to demonstrate how the chopped-up crop residue would protect the plots from being washed away by the rain and protect the precious carbon-rich topsoil.

His goal was to maintain the same carbon level in his plots as there was in the soil of the virgin forest, but he failed, over and over. There were complications he couldn’t seem to overcome. In the heavily weathered old soils, the clay was as fine as powder and did not bind to the carbon as tightly as it did in other soils. Even though he didn’t use plows, the machinery that drilled holes in the earth and dropped in the seeds compacted the earth and disturbed the soil structure. And though he mulched with crop residue, it never seemed to be enough to increase soil fertility—in the heat of central Africa, the residue decomposed so quickly that soil organisms hardly got a chance to eat it. And besides, the point of the whole exercise was to come up with methods of farming that the locals could easily replicate. But, as in his home village, they didn’t want to mulch with crop residue when they could sell it in the marketplace or feed it to their animals.

“They didn’t care about making their field richer next year,” Lal says. “They couldn’t afford to care about tomorrow.”

Visitors passed through often to see Lal’s efforts, and there was even a viewing platform so they could look over the entire 100 acres where his test plots were located. One day in 1982, a famous visiting scientist passed through and the institute sent him out to consult with Lal. They gazed over the fields together. The ground was as cracked as the varnish on an old tabletop, and it was just about as hard. And it was red, a sure sign that the carbon had leached out.

Then Lal led his visitor to the forest and turned up a spadeful of soil. There, it was dark and crumbly and crawling with earthworms. In the forest, the soil’s carbon content was 2 to 3 percent. In Lal’s plots, there was a scant ½ percent of carbon left.

“Where do you suppose the carbon has gone?” the visitor asked.

“I don’t care where it’s gone,” Lal answered miserably. “I just want to put it back.”

But the visitor was Roger Revelle, an oceanographer who was among the first to make the connection between the growing percentage of carbon dioxide and other gases in the atmosphere and changes in the earth’s climate. With the chemist Hans Suess, he’d written an alarming paper for the journal Tellus in 1957 on this subject, in which he said human beings were conducting an unprecedented experiment with their environment by loosing so much carbon into the atmosphere. Lal hadn’t read it. He was unaware of the connection between the loss of carbon he was witnessing in the soil and the steadily escalating measurements of carbon dioxide Revelle had been observing in the atmosphere.

“Roger was a great scientist—a giant,” Lal says now. “He explained that some of my lost carbon was going into the atmosphere and adding to the load of greenhouse gases. I had never understood the interaction between soil and climate, but at that point I stopped being so focused on soil alone.”

Back at Ohio State in 1987, Lal found that, because of Revelle’s work, both the USDA and the Environmental Protection Agency (EPA) had begun to pay attention to this interaction. With a few other scientists, he formed a working group on soil carbon and global warming, and they began trying to figure out two big issues. How much soil carbon had both the United States and the world already lost? And was it possible to put it back?

It’s tempting to think that the loss of soil carbon is a relatively modern curse, the result of surging populations in poor countries and industrial farming in rich ones. But this is not the case. As soon as humans segued from a hunter–gatherer lifestyle to an agricultural one, they began to alter the natural balance of carbon dioxide in the soil and the atmosphere. Settled agriculture began in the world’s great river valleys—those of the Tigris, Euphrates, Indus, and Yangtze rivers—some 10,000 to 13,000 years ago. By around 5000 BC, people began to develop simple tools to plant and harvest. The earliest of these were mere digging sticks, but by 2500 BC, people were using animals to pull plows in the Indus Valley.

Plowing seems so harmless and soothingly bucolic, especially when the plows are pulled by oxen or horses. But as Lal pointed out in a speech given in 2000, “nothing in nature repeatedly and regularly turns over the soil to the specified plow depth of 15 to 20 centimeters. Therefore, neither plants nor soil organisms have evolved or adapted to this drastic perturbation.” Modern mechanized farming makes the problem even worse: The heavy machinery compacts the soil further, requiring deeper plowing to loosen the soil. As greater volumes of soil are churned up and exposed to the air, the soil carbon—which may have been lying in place under the soil line for hundreds or thousands of years—meets oxygen, combines with it to form CO2, and departs for the upper atmosphere.

Animal husbandry also began upsetting the carbon balance. Before they were domesticated by humans, herds of ruminants roamed the great prairies, nibbling off the tops of the grasses and other plants and graciously dropping off loads of enriching manure in return. Fearful of predators, they clumped together tightly and never grazed in one place for too long. Humans affected a drastic change in the grazing patterns of these herds, though. Instead of continually drifting across the plains, the animals were either restricted to one area by fencing or they grazed freely under the protection of human herders and dogs. In fenced areas, they grazed right down to the bare ground. They often did that in spots under the watchful eye of herders, too—since they had no need to fear predators anymore, they’d loaf around in one place long enough to rip the plants’ roots right out of the ground.

But allowing the animals to reduce grassy plains to bare ground halted the great biological process that had created vast underground stores of carbon in the first place: photosynthesis. Plants remove carbon dioxide from the air and





















For Holland, Sylvie, and all the inheritors:

Don’t be meek!
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