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Ye instruments, ye surely jeer at me,
 
With handle, wheel and cogs and cylinder.

I stood beside the gate, ye were to be the key.

True, intricate your ward, but no bolts do ye stir.

Inscrutable upon a sunlit day,
 
Her veil will Nature never let you steal,
 
And what she will not to your mind reveal,
 
You will not wrest from her with levers and with screws.

—JOHANN WOLFGANG VON GOETHE, Faust


INTRODUCTION:

CREATURES OF THE AIR

THIS IS THE STORY of two men who invented a way to turn air into bread, built factories the size of small cities, made enormous fortunes, helped engineer the deaths of millions of people, and saved the lives of billions more.

Their work stands, I believe, as the most important discovery ever made. See if you can think of another that ranks with it in terms of life-and-death importance for the largest number of people. Put simply, the discovery described in this book is keeping alive nearly half the people on earth.

Most people do not know the names of either the men or their invention. But we should thank them every time we take a bite of food. Their work lives today in the form of giant factories, usually located in remote areas, that drink rivers of water, inhale oceans of air, and burn about 1 percent of all the earth’s energy. If all the machines these men invented were shut down today, more than two billion people would starve to death.

The reason is this: We are creatures of the air. The stuff of our bodies—the atoms that make up our skin and bones, blood, brain, and everything else—comes primarily from the atmosphere. Sometimes the route is direct, sometimes indirect. Carbon, for instance, comes from carbon dioxide, which plants take in and turn into food. We breathe atmospheric oxygen into our blood, and hydrogen reaches us through water (along with oxygen), a substance that cycles ceaselessly among gas, liquid, and solid, evaporating up into the clouds and precipitating down into our mouths. These three elements, carbon, oxygen, and hydrogen, constitute more than 90 percent of our bodies by weight. You could say we are air made solid.

But the most important element in many ways for humans is the fourth most common in our bodies—and the hardest to find in nature (at least in forms we can use): nitrogen. You can’t live without nitrogen. It is stitched into every gene in your DNA and is built into every protein. If you don’t get enough nitrogen, you die. It is not only necessary but more interesting than the other major elements. Chemically, nitrogen is something of a trickster, a bit promiscuous, eager to join with many other types of atoms with various types of bonds, in many different ways. Nitrogen gives proteins their twists and turns, and it confers on living molecules much of their individuality and flexibility. Nitrogen spices up the party.

The absolute necessity of nitrogen for life leads to a paradox: We are swimming in nitrogen, but we can never get enough. Nitrogen gas makes up almost 80 percent of the earth’s atmosphere. We breathe it in and breathe it out all day long. But none of this huge store of atmospheric nitrogen—not a single atom of it—can nourish any plant or animal. It is inert, unavailable, dead. Plants and animals, including humans, require nitrogen in a different form, a form scientists call fixed nitrogen. The availability, or more commonly lack, of fixed nitrogen is so important that it serves as a cap on life on earth, a “limiting factor” for plant systems (and hence for animals as well, since all animals depend in one way or another on plant eaters). Put in simple agricultural terms, if you put more fixed nitrogen on a field, you can grow more. Farmers have long been nitrogen experts, feeding their fields with rotting plants (compost rich with fixed nitrogen) and animal dung (manures rich with fixed nitrogen), and rotating their crops, growing peas and beans every few years because these plants carry bacteria on their roots that make fixed nitrogen available. The secret of successful farming is moving nitrogen around.

Over our heads is a vast vault of unusable nitrogen; under our feet, a limited amount of fixed nitrogen. Nature offers only two ways of fixing nitrogen, getting it out of the air and into living systems: those special bacteria on the roots of peas, beans, and a few other plants, and bolts of lightning. Both methods produce small amounts of fixed nitrogen that accumulate slowly. As a result, humans have always been faced with a shortage of usable nitrogen—like people floating on a vast sea, dying of thirst.

The problem has grown along with the human population. Thanks to these extraordinary machines, we are doubling the amount of nitrogen available to living systems. This fundamental change has made it possible to feed billions more people than the earth could support otherwise. But we are also subjecting our planet to a huge experiment—flooding it with nitrogen taken from the air—poisoning rivers and lakes, killing swaths of the ocean, and boosting global warming, without any clear picture of what we’re doing or how it will turn out. All of this can be traced back to two relatively unknown men and their machine.

But the most direct measure of their importance can be read in the lines on graphs showing the increase in human population over the past hundred years. At the turn of the twentieth century, the world supported about one billion people. Today we’re above six billion and counting. If we all ate simple vegetarian diets and farmed every acre of arable land as wisely as possible using the best techniques of the late 1800s, the earth could support a population of around four billion people. In theory, the other two-billion-plus inhabitants should be starving, the natural result of population outstripping food supply, as doomsayers from Thomas Malthus to Paul Ehrlich have long predicted. But despite the extra mouths, we are not hungry. In fact the average human today is eating better than he or she did a hundred years ago, with diets that are both more varied and higher in calories. That is true everywhere, not just in the United States. (Yes, pockets of starvation still happen, but it is not because of a lack of food. There is plenty of food around. People starve because of problems shipping it to the places it is needed.) Instead of facing worldwide famine, we are dealing with a global epidemic of obesity.

The reason is the Haber-Bosch system. Haber-Bosch plants are why food today is so plentiful and so relatively cheap. Haber-Bosch machines grow the plants that feed the animals and produce the oils, sugars, meats, and grains that are making us all fat. If you want to know why so many people are putting on so many pounds today, you know where to look.

Food, however, is only part of the story. Remember the terrorist bombing of a federal building in Oklahoma? The explosive used was a couple of tons of nitrogen fertilizer boosted with another nitrogen-containing compound. Fertilizer and explosives are very close in structure—so close that one can often be used for the other. With a little chemical tinkering, the fertilizer from Haber-Bosch factories was turned into gunpowder and TNT. That meant that the same discovery that could feed the world could also destroy it. Haber-Bosch technology was used to make the explosives that killed millions in both world wars. Without Haber-Bosch, historians say, Germany would have run out of arms and surrendered two years earlier than it did in World War I. Without Haber-Bosch, Hitler would never have been much of a threat.

That was just the start. The Haber-Bosch technology was also used to make synthetic fuels. Decades before today’s energy crisis, Bosch’s factories were fueling Germany with synthetic gasoline made from coal. Hitler depended on it in World War II, using Bosch’s synthetic fuels to gas and lubricate his planes and trucks, while at the same time using Haber-Bosch synthetic nitrogen to make his bombs and gunpowder. The story of synthetic gasoline, including prewar deals among IG Farben, Standard Oil, and the Ford Motor Company, is also told in this book.




I RAN ACROSS this story while researching a previous book, The Demon Under the Microscope, about the discovery of the first antibiotic. That discovery was made in the Bayer laboratories in Germany, which later became part of an infamous cartel called IG Farben, which was the world’s largest chemical company until it was broken up after World War II. Farben was used by the Nazis to produce everything from rubber for Wehrmacht tires to gasoline for Luftwaffe fighters. Farben powered Hitler’s mad dreams.

Farben’s first director, Carl Bosch, led me into the story. I learned quickly that he was a man of contradictions: a business mogul who won a Nobel Prize and an ardent anti-Nazi who founded and led a most infamous Nazi firm. I also discovered that Bosch is one of the great mystery men of the twentieth century. He kept a very low public profile, avoided meetings, seemed to prefer machines to people, and hid away as much as possible in his Heidelberg villa, which he turned into a private playground equipped with personal laboratories, museumquality collections, and a research-grade astronomical observatory. He hated what Hitler did to his nation, burned his private papers, died a broken man, and was forgotten.

As I learned what there was to learn about Bosch, I also started reading about the second man who developed the machine, Bosch’s co-discoverer (and fellow Nobelist for his work on nitrogen) Fritz Haber. Haber was as public as Bosch was private, a scientist who reveled in attention, sought glory, drank, smoked, partied, hobnobbed with royalty, and loved making an impression in his hand-tailored military uniform. He was also Jewish. I found much more about Haber, the subject of several biographies and even a character in a couple of plays, but he too had his mysteries. How could a man who helped feed the world also be attacked as a war criminal after World War I? What was he doing in a secret laboratory hidden on an ocean liner? Was it really Haber who developed the poison gas used at Auschwitz?

These men were giants of science. Their careers took off after their invention of the air-to-bread machine and they both attempted even bigger things. They pioneered new ways of doing science, built city-sized factories, controlled world markets, and made life-or-death decisions. In addition to everything else, Haber and Bosch are in many ways responsible for creating the modern chemical industry. Their work is still vital today, not only because we live on the food they made possible but because we are just beginning to come to grips with the ecological impact of their discoveries.




FROM THE BEGINNING, from the time when humans first tamed fire to the time they started growing grain, from the wings of Icarus to the artificial heart, humans have sought endlessly to cross nature’s boundaries, to break its limits, to make themselves more comfortable, more healthy, more powerful than nature alone could. This interplay between human aspiration and natural bounds has its own literature (from the myth of Prometheus and Mary Shelley’s Frankenstein to superhero comic books and mad-doctor movies) and its own field of play. I would call that field of play—the place in which humans test their natural limits and often break them—science.
 
Stories about scientists are often paeans to selfless men and women bettering mankind’s lot in a ceaseless march of progress. Those elements are real and are part of this story. But I have tried to create a different kind of book, one that shows what happens when scientific altruism comes head to head with politics, power, pride, money, and personal desire. This, to me, is the real world of science.
 


I

The



ENDS



of the



EARTH



CHAPTER 1

THE PROPHECY WAS  made in the fall of 1898, in a music hall in Bristol, England, by a thin man with a graying, neatly trimmed beard and a mustache waxed to alarmingly long, needlelike points. His audience, the cream of British science, thousands of formally dressed men and bejeweled women, were seated in a low-rent venue, what Americans would have called a vaudeville palace—a last-minute substitute for an academic auditorium that had burned down—but they dutifully filed in and filled every seat from the orchestra pit to the highest balcony. The hall was uncomfortably hot, especially in the upper seats. Exquisitely gowned women began opening their fans. Evening-coated men began murmuring to their neighbors that it looked as if it were going to be a long evening.

The speaker was Sir William Crookes, 1898’s incoming president of the British Academy of Sciences. Impeccably dressed, erect and resolute, he looked every inch the triumphant, newly knighted physicist he was: inventor of the Crookes Tube (a predecessor of the cathode ray tubes used later for televisions and computers), recent discoverer of an interesting new addition to the periodic table that he had named thallium, fearless explorer of science, even out to its furthest edges—Crookes was an active researcher in the area of séances and the question of life after death.

Inaugural speeches were often deadly dull. The incoming presidents of scientific associations almost always droned long lists of achievements made during the past year, with nods to numerous individual researchers, sprinkled with homilies about the importance of science for the British Empire. Crookes, however, had decided to shake things up. He adjusted his oval glasses, glanced at his notes, looked up, and got right to the point. “England and all civilized nations,” he said, “stand in deadly peril.”

The fans in the balcony stopped fluttering. Crookes’s voice was clear but he spoke softly. The hall went silent, the audience straining to hear as the speaker continued. If nothing was done soon, he explained, great numbers of people, especially in the world’s most advanced nations, were soon going to begin starving to death. This was a conclusion that he was forced to accept, he said, after considering two simple facts: “As mouths multiply,” he said, “food sources dwindle.” The number of mouths had been increasing for some time thanks to advances in sanitation and medical care, from the installation of improved water systems to the introduction of antiseptics. These were great triumphs for humanity. But they carried with them a threat. While population increased, land was limited; there were only so many farmable acres on earth. When every one of those acres was under the plow and farmed as well as it could be, the population would keep going up, the farmed and refarmed soil would slowly lose its fertility, and mass starvation would, of necessity, ensue. His research led him to estimate, he said, that humans would begin dying of hunger in large numbers some time around the 1930s.

There was only one way to stop it, he said. And then he told them what it was.




EVERY AGRICULTURAL SOCIETY in every age has had its own methods, rites, and prayers for ensuring rich crops. Homer sang of farmers gathering heaps of mule and cow dung. The Romans worshipped a god of manure, Stercutius. Rome made an early science of agriculture, ranking various animal excrements (including human), composts, blood, and ashes according to their fertilizing power. Pigeon dung, they found, was the best overall for growing crops, and cattle dung was clearly better than horse manure. Fresh human urine was best for young plants, aged urine for fruit trees.

Both the Romans and the ancient Chinese also understood that there was another key to a healthy farm: crop rotation. No one knew why or how it worked, but never planting the same crop twice consecutively in the same land, instead alternating it with certain crops like peas and clovers, managed to replenish the fertility of fields. Every few years the Chinese made sure to rotate in a crop of soybeans; chickpeas were the crop of choice in the Middle East, lentils in India, and mung beans in Southeast Asia; and Europeans used peas or beans or clover. “Oats, peas, beans, and barley grow” was more than a children’s rhyme. It was a timetable for successful farming.

Healthy farms had compost pits, plenty of domestic animals for manure, and a system of crop rotation. But it was never enough. It took scores of tons of manure per acre to grow great crops. Manure gathering and handling grew into a small industry, employing thousands of workers who scoured the countryside for cow and pig excrement, cleared city streets of horse manure, and then sold it by the stinking ton to farmers and gardeners. There was never enough. A heavy application of manure helped for a season or two, but then the fertility of the soil declined and more was needed. In the most intensively cultivated land in Europe—the Marais district of Paris—owners of small city-garden plots applied dung at rates as high as hundreds of tons per acre, and every year they had to repeat the process. By 1700 or so, hungry Europeans were experimenting with other soil additives in an attempt to increase their yields, trying sea salt, powdered limestone, burned bones, rotting fish, anything that might keep their soils producing.
 
But the world’s best farmers were not in Europe. In the wet, warm farmlands of southeastern China, farmers a millennium ago were already expert in using every possible kind of fertilizer, hoarding their human waste and adding it to the output from their domestic animals, composting vegetable scraps and leaves, and tossing in seed cakes to enrich their fields. It was all applied to the most ingenious farm system imaginable: a complex of dike-and-pond fields in which they grew not only rice, mulberries, sugarcane, and fruits but also carp. The fish waste helped fertilize the crops. The dung of the water buffaloes used to work the fields helped fertilize the crops. So did the waste of the ducks that swam in the ponds. They grew a native water fern in the paddies that acted like a crop of soybeans, adding fertility to the soil. The tropical climate allowed multiple harvests per year. This was the highest-yield traditional agricultural system ever devised. Using it, the Chinese could feed as many as ten people with the output from each acre of farmland, a yield of food five to ten times higher than the European average of the 1800s. “The Chinese are the most admirable gardeners,” an appreciative European scientist wrote in 1840. “The agriculture of their country is the most perfect in the world.”




IT WAS NOT enough. During the nineteenth century, millions of people left the farm and flocked to cities during the Industrial Revolution. As the cities grew and the population of the earth rose faster and faster, it became clear that feeding ten people per acre, the pinnacle of traditional agriculture, was nowhere near good enough. The crisis Crookes predicted would have happened fifty years before his speech, but for the opening of vast new farming territories, from the Great Plains of the United States and the steppes of Russia to the vast landscapes of Australia. When their land played out, farmers simply moved west or south or east to the next expanse of virgin soil.
 
Now, however, Crookes warned, the earth held no more Great Plains. The globe had been explored, mapped, and the best agricultural areas settled and plowed. From this point on, farmers would have to make do with the land they had, refarming the same acres year after year. This brought Crookes to the critical issue: When land was farmed repeatedly, no matter how carefully crops were rotated, no matter how scrupulously every bit of animal dung was applied, the soil slowly lost its original fertility.

His analysis focused on wheat, the staple of Europeans and North Americans, the staff of life for Caucasians. Any drop in wheat production threatened, as he put it, “racial starvation.” His conclusion, based on what he called stubborn facts, seemed incontrovertible: In a few decades, the populations of the great wheat-eating peoples—including the Caucasians of the British Empire, northern Europe, and the United States—would outstrip their grain of choice, and thousands of people, then hundreds of thousands, then millions, would begin to die.

The best traditional farming techniques in the world were not enough to avert the coming crisis. England itself was using the most advanced farming techniques, the best possible mix of crop rotation, animal manuring, and composting, and the English, he said, would be starving now if they did not import tons of grain from other nations. What would happen when those other nations, in order to feed their own growing populations, stopped exporting?

There was only one answer, Crookes said: the creation of vast amounts of fertilizer, new fertilizer by the thousands of tons. As there was not enough natural fertilizer in the world to meet the needs of the coming twentieth century, some way would have to be found to make more, to make it synthetically, to make it in factories. Finding new ways to make fertilizer, discovering and making what he called chemical manures, Crookes told his audience, was the great challenge of their time.
 
“It is through the laboratory,” he said, “that starvation may ultimately be turned into plenty.” He then pinpointed the kind of scientist who would save humanity. “It is the chemist,” he said, “who must come to the rescue. . . . Before we are in the grip of actual dearth the chemist will step in and postpone the day of famine to so distant a period that we and our sons and grandsons may legitimately live without undue solicitude for the future.”




EMPTY A BAG of store-bought fertilizer and what pours out is usually a mix of three elements, N, P, and K—nitrogen, phosphorus, and potassium—the three most essential nutrients for plants. None of today’s major crops can survive without them. All of them can be found, in varying but generally low amounts, in manures and composts. It is because of these nutrients that compost and dung were the farmers’ best friends.

For most crops, the most important of the three is nitrogen. Atoms of nitrogen are stitched into every protein and every bit of DNA and RNA in every cell of every plant (and every animal). Without nitrogen, life is not possible. This single element is so important that its availability represents a limiting factor for most plant ecosystems, which means that the availability of nitrogen pretty much determines how much will grow. Low nitrogen equals low yields. High nitrogen equals big crops. It seems just about that simple.

But it’s not. Plants need nitrogen, but they are picky about the kind of nitrogen they use. Almost 80 percent of the air around us is nitrogen, for instance—we are swimming in an ocean of it—but it is locked up, unavailable to plants and animals. They have no mechanism for absorbing and metabolizing atmospheric nitrogen.

Plants use fixed nitrogen, nitrogen in a chemical form different from how it exists in the air, usually a solid or liquid form. Manure is a source of fixed nitrogen, and so is compost—which is why they make good fertilizers. Uncultivated, virgin soils have fixed nitrogen stored in them; this is why pioneers’ first few crops in a new land are generally the best they’all ever see. As the crops use up the fixed nitrogen, the amount in the soil drops, and so does fertility. Crops become sparser, plants punier, and yields lower.

“Wheat preeminently demands nitrogen,” Crookes told his audience. But centuries of wheat farming had depleted the soil’s stock of fixed nitrogen, and farmers were unable to adequately replace it. Using current farming practices, he warned, “We are drawing on the earth’s capital, and our drafts will not be honored perpetually.”




CROOKES KNEW THAT his remarks might come as something of a surprise to his audience. Most Englishmen believed that there was in fact no fertilizer shortage at all. Fertilizer was available in plenty; it came in canvas bags, delivered by the tens of tons from South America, shiploads of fertilizer unloaded at docks in all English ports. British farmers had been swearing by it for decades. First, in the 1840s, there had been mountains of South American bird guano, which many European farmers were convinced was the best fertilizer in the world, then later Chilean nitrate, a very clean, white fertilizer, mined somehow from the desert wastes somewhere near the Andes. It was magical stuff, the nitrate, excellent fertilizer, granular, easy to apply, raised yields enormously. Dizzying fortunes had been made trading nitrate stocks in London. South America was full of fertilizer, was it not?

Crookes carefully explained that indeed there was an end to the South American supply, and it was coming soon. Wheat growers had become increasingly dependent on the Chilean product, spreading it on their fields by the hundreds of thousands of tons per year. Such use simply could not be sustained. He ran through more numbers, showing that if current trends continued, the Chilean nitrate fields would be exhausted within decades, perhaps by the 1920s, certainly by 1940. When that happened, the game was up. With no more big sources of fertilizer, yields would plummet and people would starve—unless scientists could come up with an answer.

He ended by calling his fellow researchers to action. The only answer, he said, was to find a way to make synthetic fertilizers—fixed nitrogen—refining it from the earth’s greatest reservoir of nitrogen: the atmosphere. Other scientific discoveries might make life easier, might help build wealth, might add luxury or convenience to the lives of the wheat-eating peoples, but the necessary discovery, the vital discovery—the discovery of a way to fix atmospheric nitrogen—was a matter of life and death. “Unless we can class it among the certainties to come,” he said, “the great Caucasian race will cease to be foremost in the world, and will be squeezed out of existence by races to which wheaten bread is not the staff of life.”

Crookes’s racism was as naked as it was common. In 1898 most Englishmen took it for granted that they represented the pinnacle of civilization. His audience was English and he spoke to their native prejudice, using their chauvinism as another way to drive home his point. In fact, the same “stubborn facts” applied to other races as well. The entire population of the world, whether it ate wheat, rice, corn, or millet, needed fixed nitrogen. Whoever found a way to create it out of the air would not only save humanity but would likely become very, very rich.




“A BRILLIANT SUCCESS,” Crookes wrote a friend a few days after his speech. “I am overwhelmed with compliments, several old stagers saying it was the best address that they had ever heard.” He did not mention that a fair portion of those in the upper balcony exited about halfway through his eighty-minute talk, fleeing the stifling heat. Those who stayed, however, including some reporters, were impressed. Word of mouth turned his presentation into a sensation. News of the impending doom of the Caucasian race rippled out from Bristol through England, then to newspapers around the world. His words were read not only by scientists but economists, politicians, intellectuals, and businessmen. Some experts chimed in supportively; others were critical. It was very much like today’s global-warming debate. The publicity all helped boost Crookes’s presentation into the ranks of the most influential public addresses of the day. He received so much attention for it that he later expanded his remarks into a popular book.

Just as with global warming, the issue became a matter of controversy between those who accepted Crookes’s figures and those who believed that his “crisis” was overdramatized. A few critics challenged his numbers, especially his estimates of the amount of nitrates left in Chile. They said that the South American desert was not about to run dry, that it was practically an endless sea of fertilizer.




THEY WERE WRONG. In the hundred-plus years since Crookes gave his speech, the human population has doubled, and doubled again, and will double again in the next few decades. As a species we long ago passed the natural ability of the planet to support us with food. Even using the best organic farming practices available, even cutting back our diets to minimal, vegetarian levels, only about four billion of us could live on what the earth and traditional farming supply. Yet we now number more than six billion, and growing, and around the world we are eating more calories on average than people did in Crookes’s day.

Between those two points—between Crookes’s dire warning and today’s global epidemic of obesity—a discovery of unprecedented importance saved the world from starving. This is the story of that discovery.
 


CHAPTER 2

THERE HAVE ALWAYS been researchers. They were called other things in ancient days—sorcerers, healers, priests, witches, shamans, and sages—but they shared the same basic drives as modern-day scientists: They all wanted to understand how the world works and to use that knowledge to make human lives easier, safer, and more rewarding. The talented men and women who discovered how to make bread and how to build the ovens it baked in were doing a primitive sort of science; and so were those who coaxed the essences of plants from leaves and seeds and used it to cure ailments; and so were those who made the first wine, smelted the first metals, crafted the first bows and arrows, pressed paper, invented mathematics, preserved food, irrigated fields, tracked the stars, domesticated animals, and dyed cloth. All these breakthroughs and many more were made millennia before we had anything like what we now call science (a word that did not exist in its modern sense until the eighteenth century).

“Alchemists” was a name applied to another group of early researchers. Alchemy’s roots go back to ancient Egypt, to the search for life after death and the study of mummification. The practice evolved over time, but in a broad sense it mixed primitive chemistry and observations made from metalworking with religious and philosophical ideas, all packaged in the form of a mystic quest. The goal of alchemy was to distill the pure soul of nature from the rough, chaotic stuff of the earth, to find the spirit hidden in matter. God was in everything, even the rocks, and alchemists believed their work was a way to understand the workings of the divine. They discovered that wonderful things happened when they heated certain substances with others: sulfur, mercury, lead, salts, acids, plant extracts, metals, and minerals. Transformations took place; things changed before their eyes, gave off strange odors, and took on new colors and forms. Vapors given off by heated liquids could be collected, condensed, studied, and mixed with other substances, coagulated, dissolved, and repurified. At each step the alchemists believed they were drawing closer to the spirit of the thing. (The idea is still written into our language—the vapors given off by heated mashes of fermented fruits and grains, for instance, are condensed into what we still call spirits.) Their goal was to approach pure perfection on earth, to create in their primitive laboratories a divine substance capable of curing ills, conferring long life, and transforming base elements into gold. In the West they called this the Philosopher’s Stone.

A similar search went on in the East, too, where Asian alchemists also sought an elixir of immortality, a mix of substances that could stop or reverse the aging process. In China, more than a thousand years ago, an alchemist engrossed in the search for immortality stumbled across something that proved quite the opposite. While trying various combinations of substances, he ground up some sulfur, moistened it with honey, and then added a good portion of a white crystalline powder scraped from stone walls, most commonly those near garbage pits, barnyards, and graveyards. It was called a salt, although the word, which we now use to refer to table salt (sodium chloride), had a broader meaning in the old days (and still has a broader meaning for chemists). To the old alchemists, a salt was any sort of whitish crystal that had “sapour” or a salty taste; the Chinese salt found on walls and used in this case was potassium nitrate. The ancients knew that different salts from different places had different properties and had worked them into a number of recipes for everything from preserving meats to making medicines.

The Chinese alchemist heated his mixture and got a surprise: It blew up, shot out flames, and disappeared into smoke. News of his discovery quickly spread, and the formula for what the Chinese called huo yao, or “fire drug,” was refined and perfected by other alchemists. Honey was soon replaced with ground charcoal. It was fascinating to work with, and dangerous. As early as the ninth century, a Taoist text noted that the alchemists’ “hands and faces have been burnt, and even the whole house where they were working burned down.” But properly controlled, the fire drug was a powerful and useful tool. By mixing other ground minerals and metals into huo yao, Chinese alchemists found they could make flames of different colors, from deep blue to blinding white, making possible the first fireworks. The mixture could be put into a bamboo tube and attached to the end of a lance, then lit and thrust into the faces of one’s enemies, making a terrifying weapon. It could be packed into paper tubes and lighted with a wick—the first firecrackers. Rammed into metal cylinders with a ball on top, it could hurl the ball across a field—the first cannons and muskets. Always, however, the most important ingredient, making up three-quarters of the fire drug, was the white salt. Without it, no fire drug could be made.

By the late Middle Ages, the recipe had spread across the Middle East to Europe. There they found the same salt—which they called China Snow or nitre—growing on stone walls, especially underground, in basements and crypts. The Romans called it sal petrae (Latin for “salt of stone”). That led to the most common name for the important salt: saltpeter. The Chinese huo yao became the West’s gunpowder.

Gunpowder was the atomic bomb of its day. It changed the nature of war. Muskets loaded with it could destroy armies of armored knights; cannons using it could batter stone castles into rubble. Gunpowder marked the end of the feudal age. By the 1500s Europe was embroiled in an arms race, with every nation seeking ways to make more and more gunpowder. Because every barrel of gunpowder required three-quarters of a barrel of saltpeter, access to saltpeter became a matter of national survival.

The problem was that there was not a lot of it. Once scraped from stones and earth, it grew back, but with frustrating slowness. It took years to build up enough to warrant gathering. In England, by royal decree, the king’s saltpeter gatherers—Petermen, they were called—scoured the countryside for the white salt. They quickly became among the nation’s most reviled and feared public officials. Wherever they found saltpeter, the Petermen were warranted to dig it out, regardless of whose property it was on, regardless of the difficulties involved, even if it meant moving a privy, tearing apart a stable, or ripping up the floor of a house. Petermen opened pits, tore down walls, and commandeered carts and horses. They often took bribes.

They could never find enough to please the Crown. Naturally occurring saltpeter formed too slowly, too haphazardly, to supply a nation’s needs. So ways were found to speed its growth. By the eighteenth century the art and craft of the “saltpeter plantation” had been perfected, a way to hurry nature by creating an artificial environment for the rapid formation of saltpeter: a series of shallow trenches lined with clay, filled with a mix of soil, manure, garbage, and ashes, heaped into something that looked like a long burial mound, and moistened with sewage and urine. After months of ripening in the sun, a crust of saltpeter would begin grow out of the earth in the form of fine crystals that looked like tiny white flowers. A well-run plantation could produce, every two years, five or ten pounds of pure saltpeter per cubic meter of dirt. It was painstaking, dirty, labor-intensive work. But it was necessary for national survival. In 1626 England’s King Charles I commanded his subjects to “carefully and constantly keep and preserve in some convenient vessels or receptacles fit for the purpose, all the urine of man during the whole year, and all the stale of beasts which they can save” to be donated to the saltpeter plantations. In Massachusetts Bay Colony, an act required every large farm to erect a nitre shed. In Sweden, farmers paid a portion of their taxes in saltpeter.

It was still not enough. A few large natural deposits were found in caves, and the world was searched for more. Significant amounts were found in the rocky terrain of Spain, Italy, Egypt, and Iran. The mother lode of saltpeter, however, the only natural deposits in the world large enough to feed the gunpowder needs of an entire nation, was discovered in the mud flats of the Ganges in India (where it was believed that a combination of the river water, the hot climate, and the dung of holy cows combined to create a sort of huge natural saltpeter plantation). The British East India Company started shipping it to England by the ton in the mid-seventeenth century—it was one of the company’s most important cargoes—and this vital natural resource made India an especially important target for European colonial expansion. Saltpeter was a significant factor in favor of the British takeover of India.




WHAT DOES GUNPOWDER have to do with growing things? The answer came from South America, and the story goes like this: A small party of Indians, during the time of the Spanish occupation in the 1700s, was trekking from the Andes Mountains down to the villages on the Pacific to do some trading. To reach the coast, they had to cross a wide strip of desert called the Tarapacá. Here, in the silent, eerie wastelands, they camped for the night, building a fire from dried cactus to keep warm. To their astonishment, the earth itself caught fire, with flames and sparks shooting up from the ground around the fire. They thought it was the work of the devil. They ran. When they returned the next morning to gather their things, one of the group, a woodcutter named Negreiros, gathered some of the earth from the area of the fire. This he dutifully brought to a nearby mission and gave to a priest, along with a description of the events of the night.

The priest knew enough about chemistry to ascertain that the chunks of earth were rich with a kind of salt, a mineral similar to the saltpeter used in gunpowder, although not as powerful. It was a sort of inferior saltpeter, not the “true” saltpeter, the sort found in India and China, used for gunpowder. Still, it was capable of catching fire. He assured the travelers that the devil had nothing to do with their experience. Then he threw the rest of the sample out. Some weeks later the priest noticed that the vegetation growing around the spot where he had thrown the devil’s dust was greener, taller, and more luxuriant than the other mission plantings. He told this interesting fact to a visiting British naval officer. At this point two things happened, according to the legend. One was that a small local industry grew up to refine the desert saltpeter to be sold for use in fireworks and gunpowder. It was not a perfect substitute for China Snow—true saltpeter was rare in South America—but the Spanish found that the inferior local salt was at least good enough to make a cannon fire. The other was the beginning of the idea that a salt from the desert might have use as a fertilizer.

No one knows how much of the legend is true. What is known through historical records is that by the early nineteenth century at least two scientists had visited the area of the Tarapacá and written of the properties of the local saltpeter, which the natives called salitre. The French had started importing some to make gunpowder. Interest in the South American saltpeter was lower in Britain, where the Crown controlled the world’s richest stocks of high-quality true saltpeter in India, but a few bagfuls of the South American variety had reached the area around Glasgow, where farmers found that adding it to their fields increased their crop yields.




ENOUGH WAS KNOWN about it to vaguely interest a young British divinity student in the summer of 1835. His name was Charles Darwin. He was standing on the deck of the small surveying brig HMS Beagle, riding the swells at anchor in one of the few sizable bays to be found on the bleak thousand miles of coastline that stretched up the west coast of South America from its southern tip to the Spanish holdings in Peru. He was eager for something, anything new. Week after week as the ship had rounded the Horn and sailed slowly northward he had seen little but dry, brown hills. Now, after endless days of tacking, he was completely bored by the repetitious, often vegetationless coastline. “The coast was here formed by a great steep wall of rock about 2,000 feet high,” Darwin wrote dutifully in his notebook. The rocky hills for the most part rose directly from the sea, leaving little room for inhabitants—not that the area could support many humans anyway. The sea was beautiful here and full of life, but the land was as arid and uninviting a stretch of desolation as Darwin had ever seen. A few scattered Indian tribes survived by fishing, but the hills for hundreds of miles were so rugged, the flat areas near the water so rare, the sources of fresh water so few that he felt he was looking at a near-perfect desert in both senses of the word: dry and empty. The Beagle was anchored in the bay of one of these small fishing villages, the only one for leagues with a harbor of any size, a place called Iquique. He was ready to stretch his legs. He had heard stories about the interior, about a strange local industry practiced on the other side of the hills, and he wanted to see it in person.

A voyage around the world in 1835 generally took two to three years. Darwin’s time on the Beagle would stretch to five. Five years with a few dozen uneducated companions in a small floating box, facing months of tedium punctuated by moments of terror, could sometimes drive officers mad. A few years earlier, the captain of a previous voyage of the Beagle had committed suicide in the wastes of Patagonia. The Royal Navy did not want that to happen again. Darwin—young, energetic, well schooled, interested in the nature of bugs and plants as well as the nature of God—had been taken on board as an unpaid gentleman’s companion. He could take as many scientific notes as he liked, but his main job was to amuse the captain.

Darwin’s Iquique notes give a sense of his mood after weeks of routine and tedium. “The aspect of the place was most gloomy,” Darwin wrote, “the little port with its few vessels and a small group of wretched houses seemed overwhelmed and out of all proportion with the rest of the scene. The inhabitants are like those on board a ship, everything comes from a distance.” The village was nominally in Peru, not that it mattered much. The area had been ruled for thousands of years by scattered tribes, then for a time by the Inca, then by the Spanish, now theoretically by the new republican government of Peru, but the reality was that Iquique was so remote, so poor, so undesirable, that no one seemed to care much who governed it. To the west was the sea, to the east the high Andes. Far to the north was Lima, the great city of the Spaniards. To the south was a desert region, the Atacama, claimed by Bolivia. Somewhere beyond that, far to the south, lay another desert claimed by another of the new republics, Chile. The people of Iquique referred to their own stretch of South America by its old Indian name, Tarapacá.

What mattered in the Tarapacá in 1835 was not politics but survival. It rained in Iquique about once every twenty years. No crops could grow. Every drop of drinking water had to be shipped from a spring forty miles away; villagers in Iquique bought it by the bottle or, when they could afford it, by the barrel. They survived only because their village perched on the edge of one of the world’s richest fishing grounds. The great Humboldt Current, a giant river in the sea, rolled from Antarctica up along the west coast of South America, bringing with it a wealth of plankton, shrimp, and fish that fed local seals, natives, and millions of sea birds. The land here was dead. But the sea was teeming.

On July 13, the day after the Beagle anchored, Darwin hired an Iquique guide to take him on a mule trip over the wall of rock and into the interior. It took them most of the first day to zigzag up a dusty trail to the summit. “Very tedious,” Darwin wrote. The sun was setting by the time they topped the hills and he saw what lay beyond: a wide plain of broken rock and low reddish hills spreading east all the way to the Andes, purple and white in the distance. There was not a tree in sight. There was not a blade of grass. The only sound was the sighing wind. This lifeless expanse, as barren as the surface of Mars, was the real Tarapacá.

When most people think of deserts, they see the sandy dunes of the Sahara, scenes from Lawrence of Arabia, or perhaps the sagebrush and sandstone of a John Wayne western. The Tarapacá is nothing like that. It is a blasted land, scarred and wasted, like something out of an uncomfortable dream. There is no sagebrush. There are no plants at all. As they rode through the dusk Darwin could see bones and the skins of dead mules along the side of the trail, attended by a few vultures, the only local wildlife he would see on this trip. “This is the first true desert [sic] I have ever seen,” Darwin wrote. “The effect on me was not impressive.” His attention was caught, however, by what looked incongruously like the remains of thawing snow, whitish patches scattered here and there across the desert. It was not snow, of course—snow would mean water, and there was no water—but a thick layer of some whitish mineral. It had a salty taste. In some cases it lay on top of the ground; in some cases it dove under, buried under a layer of gravel and dirt. But the more Darwin looked, the more he saw. It was everywhere. “The quantity is immense,” he wrote. He supposed that it might be the salty residue of a great inland sea that long ago had dried up.

He and his guide took shelter as night fell in the house of a man who ran a small factory—an oficina, it was called—devoted to gathering and purifying the local salt. They were welcomed, given food, and a place to sleep. The whitish crust Darwin had seen on the desert, his host explained, was the source of the local saltpeter, the salitre. The raw deposit of salt, the thick, whitish, rocklike crust he had seen in the desert, was called caliche. In some places the caliche was four or more feet thick. Darwin’s host made his living by hiring workers—local Indians mostly—to find the best caliche, break it up, bag the chunks, load them onto mules, and bring them to the man’s homemade factory. Here other workers crushed it, shoveled it into cow skins, and soaked it in water for a day. The water had to be packed in on muleback. Then they emptied the slurry into iron pots and boiled the contents over cactus fires. In some oficinas they added a beaten egg to the pot to help clean out impurities. The good part of the salt, the valuable part, Darwin’s host explained, dissolved in the hot water, which was strained into clay pots to cool. The next day, they could see, a layer of crystals would form in the bottom and on the sides of the pots; this was what they wanted, the saltpeter they could sell, the salitre. They poured out the water, scraped out the salitre, and spread it on canvas to dry in the sun. It looked something like coarse table salt. This they bagged for a mule trip down to the port at Iquique.

How long this had been done, no one really knew. There were legends about it, stories of Indian shamans who hid in the hills and made it during the time of the Spanish, stories of the Inca using it, but who knew? These days the salitre was used for many things. Some people, it was said, made soap with it, others fireworks, and now the Europeans were beginning to use it to make things grow. The salitre, Darwin learned, was what chemists called sodium nitrate. The people on the docks often called it, simply, nitrate. In Darwin’s day, a hundred-pound bag of nitrate, packed by mule to the docks at Iquique, sold for fourteen shillings.

He had seen enough. Darwin was more interested in living things than he was in primitive chemistry. His boredom allayed for a day, he jotted a few more notes, spent the night, and returned to the Beagle eager for the next leg of his journey, a visit to what promised to be a more interesting port of call, a group of islands called the Galápagos.
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