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A Banana in Every Bowl




What a trifling difference must often determine which shall survive, and which perish!


—Charles Darwin, in a letter to Asa Gray




Our hunger has shaped the earth in much the way that the hunger of a caterpillar remakes a leaf.


Thirteen thousand years ago, each of our ancestors consumed hundreds of different kinds of plants and animals in a week.1 Like wild chimpanzees and rats, they ate what could be found. Diets varied with the seasons. One berry in June, another in July. One insect when the rivers ran deep, other insects when they were dry. The species chosen also varied among cultures and regions. If you knew what a person was eating for dinner you could probably figure out what time of year it was and where that person was living. Not anymore.


With the spread of agriculture, the diversity of foods consumed globally was reduced. With the globalization of agriculture, it was reduced further and homogenized—made the same from one place to another. Humans now subsist on a declining diversity of foods. In 2016, the supply of calories to humans around the world was less diverse than it had ever been. Scientists have named and studied more than three hundred thousand living plant species. Yet 80 percent of the calories consumed by humans came from just twelve species and 90 percent from fifteen species. Our dependence on these foods has simplified the landscape of the earth. There are now more acres of corn than acres of wild grassland.


Global estimates of the composition of the average human meal hide the reality that the diets of people in some regions are even less diverse than average. In the Congo basin, for example, more than 80 percent of calories in people’s diets come from a single crop, cassava (also known as yuca or manioc). In parts of China, rice accounts for nearly all calories consumed. In North America, more than half the carbon in the average child’s body comes from corn—corn syrup, cornflakes, cornbread. Corn kids. And in the United States, the poorer and more urban those kids are, the more corn-dependent they are likely to be; that is, the more each and every one of their cells is likely to contain carbon atoms derived from either corn or sugarcane (another source of sugar).2 Biodiversity provides the richness of life: a richness in species, ways of living, flavors, aromas, and attributes. What we now face is the opposite of biodiversity—a state of extreme monotony that is putting us at risk. Consider the banana.
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Figure 1. Proportion of global plant-based calories consumed by humans as a function of various plant sources. Sugar is derived from multiple plant sources, including sugar beets and sugarcane. The vast majority of domesticated plant species play a very small role on the global plate. Data are drawn from Colin K. Khoury, et al., “Increasing Homogeneity in Global Food Supplies and the Implications for Food Security,” Proceedings of the National Academy of Sciences 111, no. 11 (March 18, 2014): 4001–6.









[image: image]








On a plate, a single banana seems whimsical—yellow and sweet, contained in its own easy-to-open peel. It is a charming breakfast luxury as silly as it is delicious and ever-present. Yet when you eat a banana the flavor on your tongue has complex roots, equal parts sweetness and tragedy.


In 1950, most bananas were exported from Central America. Guatemala in particular was a key piece of a vast empire of banana plantations run by the American-owned United Fruit Company. United Fruit Company paid Guatemala’s government modest sums in exchange for land. With the land, United Fruit planted bananas and then did as it pleased. It exercised absolute control not only over what workers did but also over how and where they lived. In addition, it controlled transportation, constructing, for example, the first railway in the country, one that was designed to be as useless as possible for the people of Guatemala and as useful as possible for transporting bananas. The company’s profits were immense. In 1950, its revenues were twice the gross domestic product of the entire country of Guatemala. Yet while the United Fruit Company invested greatly in its ability to move bananas, little was invested in understanding the biology of bananas themselves.


United Fruit and the rest of the banana industry did what industries do. They figured out how to do one thing well—in this case, grow one variety of banana, the Gros Michel. Moreover, because it is difficult to get domesticated bananas to have sex (they are puritan in their proclivities, blessed with virtually no seeds), the Gros Michel was reproduced via suckers, clonally.3 Cuttings from the best specimens were replanted. As a result, virtually all bananas grown in Guatemala, in Latin America in general, and around the world for export were genetically identical. Identical in the way that identical human twins are identical and even a tiny bit more so. For industry, this was great. Bananas were predictable. Each was like each other. No banana was ever the wrong size, the wrong flavor, the wrong anything.


It is hard to overestimate how unusual the situation of bananas in the middle of the last century was—unusual not just in the history of humanity but also in the history of life. There is a patch of aspen trees in the Wasatch Mountains of Utah that many argue is the largest living organism on earth. It comprises some thirty-seven thousand trees, each of which is genetically the same as the other, and the argument goes that the trees, collectively, represent a single organism because they are identical and connected by their roots. But requiring pieces of an organism to be connected in order to be considered part of a collective is arbitrary. The ants in an ant colony, for example, are clearly part of the colony, even when they’re not physically in the nest. All this is to say that an argument can be made that large groups of genetically identical plants, even if not connected, may reasonably be considered a single organism. If one makes such an argument, the banana plantations of Central America in the 1950s were not only the largest collective organism alive at that point, they also may well have been the largest collective organism ever to live.


Economically, growing just a single clone of bananas was genius. Biologically, it posed problems. These problems had already been noted, for example, in the British production and export of coffee in the 1800s. At that time, the British drank coffee, not tea. They drank coffee exported from their colony Ceylon (now Sri Lanka). Early on in Ceylon, coffee plantations were planted among wild forests.4 When the British took Ceylon from the Dutch in 1797, they began to expand coffee production on the island. Investment in the coffee plantations by the English, both at home and abroad, “was unlimited; and in its profusion was equaled… only by the ignorance and inexperience of those to whom it was entrusted.” As the demand for coffee increased, it was planted in large monocultures—that is, vast areas of only a single variety of tree. Coffee on one hill, coffee on the next. Not a taller, wilder tree to be seen. There were 160,000 hectares of the central uplands planted in coffee. The coffee brought real affluence—banks, roads, hotels, and luxury. It was an unbridled success, or seemed to be.


Harry Marshall Ward, a British fungal biologist visiting Ceylon in 1887, warned farmers that farming such large plantations of a single variety of coffee would cause problems. Pests and pathogens, once they arrived in the plantations, would devour them. This was, he thought, particularly true of coffee rust, which was already present in Ceylon, but it would also be true of any other pest or pathogen that arrived. Nothing would stop such an organism from quickly devouring all the trees, since they were all of the same variety—and thus equally susceptible to whatever threat might arise or arrive—and planted very close together. This is exactly what happened. Coffee rust wiped out the coffee of Ceylon and, subsequently, much of the rest of the coffee of Asia and Africa.5 Coffee growers replanted with tea.


Ward had predicted that the coffee of Ceylon would be devastated. As the plantations of bananas expanded across the American tropics, scientists made similar predictions. These scientists noted that in the native range of bananas lived a great diversity. There were big ones, small ones, sweet ones, sour ones, hard ones, soft ones, bananas as dessert, and bananas—plantains, really—consumed as sustenance. In those same regions one could also find an extraordinary diversity of pathogens. But in the cultivated world of bananas, the scientists pointed out, because a single genetically identical variety of banana was planted everywhere, were any banana-attacking pathogen to arrive, it would mean trouble. Any pathogen that could attack a single banana plant, even one, would be able to kill all of them. If the banana companies had listened to these warnings, they might have planted a diversity of banana varieties or a variety that would be resistant to the most likely pathogens. But why would they? The single clone of the Gros Michel banana was the most productive anyone had ever found. Planting anything else would mean losing money.


Then the inevitable happened. A malady arrived—Panama disease (now more often called fusarium wilt), caused by the pathogen Fusarium oxysporum f. sp. cubense. Panama disease started to wipe out banana plantations in 1890.6 Nothing precluded its spread or even promised to slow it. Seen from above, the plantations across Latin America started to look like the lights had been turned off. Patches of bright green went black. Whole landscapes went black. In the Ulua valley of Honduras alone, thirty thousand acres were infected and abandoned within the first year in which Panama disease arrived. Nearly all the banana plantations in Guatemala were devastated and, once devastated, abandoned, because it was quickly figured out that the pathogen, having arrived, could lurk in the soil for years (or even, as we now know, decades).


United Fruit Company’s leaders believed that if they were able to find another banana, one that vaguely resembled the Gros Michel but was resistant to the pathogen, it could be planted on the abandoned land and the banana empire could be restored. This plan, however, was based on a farcical set of assumptions. It assumed that consumers would simply accept whatever banana you sold them as long as it looked more or less the same. In addition, it overlooked the reality that no replacement banana had yet turned up—no good option, anyway. The only banana that seemed both pathogen-resistant and similar to the Gros Michel was a banana called the Cavendish. The Cavendish tasted very different from the Gros Michel. It had “off flavors” and was less sweet. What it had going for it, though, was that you could plant it even where Panama disease was present in the soil and it wouldn’t die (and it still doesn’t).


Over the next several years, the Cavendish banana would prove to be the only banana that both looked like the Gros Michel and would resist Panama disease. So it was that without any other real options, and having helped to overthrow a democratically elected government7 so as to continue to be able to produce cheap bananas, the United Fruit Company started to plant the Cavendish across hundreds of thousands and then millions of acres. They then began to export it to the United States, along with a massive advertising campaign lauding the benefits of the banana. It worked. Just as the British had earlier switched from coffee to tea (substituting one caffeinated drink in a cup for another), Americans switched from the Gros Michel banana to the Cavendish. The advertising was so good that the new banana, the Cavendish, was even more successful commercially than had been its predecessor, the Gros Michel. Bolstering the Cavendish’s sales was the shift of American populations to cities, where the connection between what consumers bought and what grew well locally had been severed. Sales of the Cavendish banana were strong, and they continue to be. It is with very few exceptions the only kind of banana you find in stores outside the regions where bananas grow.8 Its success fuels the economies of whole countries. It is the biggest export of Costa Rica, Ecuador, Panama, and Belize and the second most valuable export for Colombia, Guatemala, and Honduras.9 If you were born after 1950, you are unlikely to have ever purchased any banana other than the Cavendish clone—other than what is now the world’s largest organism. To the extent that anyone worried about diseases affecting the Cavendish, it was because of black leaf streak (Mycosphaerella fijiensis), which was not nearly as bad as Panama disease. Panama disease, meanwhile, had become a thing of the past. The Cavendish remained resistant in part because the pathogen itself is not very diverse and so relatively unable to adapt.
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Industry, we learn from the story of the Cavendish banana, will plant the crop that grows most easily and supply it to us whenever we want. It will encourage us to want it all the time. It will tend to plant crops in ways that produce the greatest yield, even if that mode of production has costs; even if it also puts the very crop the industry depends on at risk. Cavendish bananas are all genetically identical. Each banana you buy in the store is the clone of the one next to it. Every banana plant being grown for export is really part of the same plant, a collective organism larger than any other on earth, far bigger than the clonal groves of aspens. This giant organism is now at risk of exactly the same sort of population crash that befell the Gros Michel, and a new strain of Fusarium, a close relative of the pathogen that causes Panama disease, has evolved. It can kill both Gros Michel and Cavendish bananas. This strain has already spread from Asia to East Africa and seems likely to make its way to Central America. This should be extremely worrisome. But what should be more worrisome is that the same is true of most of our crops, most of the plants that we most depend on, a list of species that is shockingly and increasingly short.


The simplification of the agricultural world and our diets has come with benefits. They are the same benefits that accrued to the United Fruit Company (rebranded in 1984 as Chiquita Brands International, a.k.a. Chiquita)—the ability to produce a large amount of food on a given area of land. In concert with the homogenization of agriculture, we have figured out how to grow more food per acre than ever before—ten times more food than ten thousand years ago, perhaps a hundred times more than fifteen thousand years ago. As a result, a smaller number of people on earth go hungry today than at any other moment in the last thousand years. Modern science has brought us food in abundance, just as it brought the United Fruit Company affluence. Yet this abundance, like the affluence of modern banana companies, is tenuous, dependent on our ability to protect the very few species on which we now depend. The problem is that nearly all those key species are in trouble, because in simplifying the production of our food we achieved short-term benefits at the expense of long-term benefits—and, for that matter, at the expense of long-term sustainability.


The problem we face is the consequence of the preferences of our brains, reinforced by the incentives of industry. We live in a thoroughly modern world with brains and bodies that evolved in an environment where sweets, fats, proteins, and salt were all hard to get. We have simple ape brains and simpler ape nervous systems. Our ancestors evolved taste buds that rewarded them when they found food that provided these necessities. Our environment has changed. Our needs have changed. But our taste buds remain the same. We experience pleasure when we eat these substances, our body’s way to reward us for having found them. Our brains, meanwhile, are wired to spot shiny, bright fruits. As a result, the world we were most likely to create is one in which our foods appeal simply to these ancient preferences. This is precisely what we have done and precisely what one encounters in the grocery store, where the foods in the greatest abundance are now perfectly matched to our ancient needs despite our modern waistlines. Inasmuch as we demand (or at least buy) the same things regardless of the time of year, the foods in the grocery store are never out of season. What’s more, whereas the fruit and vegetable aisles of some grocery stores are relatively diverse, the vast majority of the calories in our diets come from the processed foods found in the rest of the store, foods that can stay on the shelf long beyond the seasons of the plants (or animals) from which they are made.


Globally, we favor the crops that best satisfy our ancient needs at the lowest cost, regardless of how far they might have to travel and regardless of the season. The more urban our civilization becomes, the more disconnected it becomes from the life on which we depend and thus the more extreme our demand for simple products regardless of the season. The crops that are expanding—in terms of the area over which we plant them—are not those that are the most flavorful or nutritious but rather those that are used to produce sugar (sugarcane, sugar beets, corn) and oil (oil palms, olives, canola).10


That we have created such a simple world seems dissatisfying, but just because something is dissatisfying doesn’t mean it won’t suffice. Theoretically, we could live off of a diminishing number of crops. We could even get by on a single crop. Potatoes, for example, provide nearly all the nutrients we need, as do cassava and sweet potatoes. But just as our demand for a few basic foods whenever we want them was predictable, so, too, were the problems these crops are now facing. The more we feed ourselves according to our most primitive desires, the more we create a world dominated by just a few productive crops—crops that are threatened by their very commonness. Even coffee is at risk again. Having learned nothing from Sri Lanka, we have once more planted varieties of coffee that are susceptible to coffee rust in large plantations, and the rust is back. That these crops are nearly all at risk today from pests, pathogens, and climate change is not a fluke. Given our preferences, it was nearly inevitable.


The risk to our crops comes in direct proportion to the ways in which we have simplified agriculture. Nearly every crop in the world has undergone a very similar history—domesticated in one region, then moved to another region, where it could escape its pests and pathogens. But these pests and pathogens, in our global world of airplane flights and boat trips, are catching up. Once they do catch up, there are only very few ways to save our crops, and all of them depend on biodiversity, whether in the wild or among traditional crop varieties. This was true with the banana. Saving banana production around the world depended on finding the Cavendish banana, which relied on the work of the farmers that produced and grew it in the first place. Saving the banana when the Cavendish collapses will depend on our finding yet another variety and having similar luck. Alternatively, someone might be able to breed a new, resistant banana using some mix of new technologies and ancient varieties. But if they are going to do so, it will need to be soon.11


The more we heed our basic instincts for cheap sugar, salt, fat, and protein in whatever form we want it, whatever time of year we want it, the more we create a simple agricultural world and the more we will depend on the diversity of life with which that same agriculture competes on a finite planet. This book is the story of scientists racing to save the diversity of life in order to save our crops and in order to save us. It is the story of a puzzle we must solve. The ancient rules of life leave us relatively few ways to arrange the pieces.
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An Island Like Ours




The sauce of the poor man is a little potato with a big one.


—Anonymous


Men sprinkled holy water on their potatoes; they buried them with religious medallions and pictures of Christ and the Virgin Mother. Nothing worked. God had turned away.


—John Kelly, The Graves Are Walking




In July of 1846, after a long winter, the fields of Ireland were as green as a golf course and covered with the shoots of potato plants. Then, in forty-eight hours, everything changed. From one end of Ireland to the other, the potatoes died. Near Cork, a traveler found a solitary man in a field, singing. When asked what he was doing, the man said that all his potato plants were dead, blackened and oozing. His livelihood was gone, as were his options. What else could he do? Near him a woman scraped the ground of another field, her body bent, her hands clawing. Beside the woman were a few tiny, oozing potatoes. She planned to cook them for her children. She had nothing else. No wheat. No carrots. The cow had been sold. The same thing was happening across nearly all of Ireland to millions of desperate Irish at the beginning of what was about to become one of the worst tragedies in modern human history.


The scale of the horrors of the Irish potato famine is almost beyond our ability to conceive. The young died first, then the old, then everyone else. People died in the ditches where they slept for the night, en route to what they hoped might be someplace better. They died in their fields. Whole villages disappeared. More than a million people would die before it was all over—a million in Ireland, that is. Others left Ireland on ships, only to face, nearly as often as not, death themselves. The magnitude is numbing. But what is perhaps most astonishing about the famine as it relates to our lives is that more crops are at risk of devastation today because of pathogens and pests than were at risk when the potato famine occurred. The potato famine was not the last ancient plague but rather the first truly modern one. And whereas the threat from the potato famine was regional, the threat we now face, in our far more connected economy, is global.


The potato famine was caused by a disease we now call late blight (and that was then called potato murrain).1 Late blight was first noted in New York in 1843. Where it arrived, potato plants died. It spread to Pennsylvania within the year and left, in its wake, even more dead plants. From the perspective of farmers in Pennsylvania and New York, the late blight fell from the sky. It rained down like a curse. The next spring, potatoes were dying as far north as Vermont. In the spring of 1845, the late blight was in Newfoundland, Canada. Then, later that year, it was in Belgium. Once the blight was in Belgium, its rate of spread increased, its waypoints measured in months rather than years and then weeks rather than months. The late blight was in France by July. By August it had reached England.


In the United States, potatoes were a relatively small portion of the average diet, and so while the losses were great to individual farmers, the collective loss was modest. In Europe, particularly northern Europe, things were different. Between 10 and 20 percent of people in the Netherlands, Belgium, Poland, and Prussia ate little solid food other than potatoes. The arrival of the late blight in these regions threatened the sustenance of many families. The death of potatoes in places the late blight had arrived was so extensive that newspapers could discuss little else. Flanders lost 92 percent of its 1845 potato crop, Belgium 87 percent. The Netherlands lost 70 percent. Even in these countries, each of them far less dependent on the potato than was Ireland, the consequences were dire. In the Netherlands the relatively well-to-do were said to “live on the herbs of the field” in the fall of 1845. This was still in the fall, before the long winter. Famine lurked in the small towns and homes across rural northern Europe. The real worry, though, was the small but densely populated island of Ireland.


In 1845 the Irish were more dependent on the potato for sustenance than any other group of people in Europe and, for that matter, any other people on earth, even Andeans.


This dependence of the Irish on potatoes was new and partially the result of chance—i.e., the fact that the potato arrived in Ireland from the Americas (where it was native) in the first place. The dependence on potatoes was also partially attributable to the challenges of farming on a cool, wet island where few crops other than the potato grow well. But perhaps the biggest reason that the potato came to dominate was the system of land ownership. In Ireland in the nineteenth century, Protestant barons of British descent owned enormous estates on which middlemen rented land to the masses. The masses paid rent in part by giving their landlords their agricultural surpluses, though “surpluses” is a misnomer. It would be better to say that the tenants gave their landlords a fixed amount of what they grew, which was then sold to the growing urban population in Dublin, Belk, and Cork as well as to urban populations in England, then the tenants themselves consumed the surplus. Given this land system, success for the average Irish family was measured in terms of producing enough food to survive after the landlord took his share. The crop that produced the most food per acre was the potato.


With each generation, Irish dependence on the potato increased; the Irish were locked in a cycle. The potato and, more specifically, the lumper potato, provided complete nutrition, particularly when combined with milk—complete nutrition that prior to the arrival of the potato in Ireland was lacking. Infant mortality decreased with the farming of the potato. Life expectancies increased. The Irish population boomed, as did populations in other parts of Europe where the potato had become the dominant crop. But as populations boomed, land had to be further subdivided, and as a result families became even more dependent on the potato, the only crop that could sustain them on ever-smaller pieces of land. By the early 1800s, a poor tenant family was likely to have little more than an acre. The only crop that provided for a family on so little space was the potato, and no one would dare plant much else because it would mean having too little to eat. The Irish were trapped eating potatoes, and they ate a lot of them. On that typical acre, by 1845, the average adult in western Ireland may have been consuming as many as fifty to eighty potatoes per day.2 They often did not have clothes or shoes. They lived in houses carved out of sod. They were penniless and yet, thanks to the potato, nourished.3 This was the luck of the Irish in the early 1800s.


In looking back at the Irish in 1845 it is easy to think of them as backward. But they were the opposite: a culture sustained by the newest approach to agriculture, one in which a single variety of a single crop is planted on a large scale, fertilized, and consumed disproportionately. The Irish represented, in their dependence, a potential version of our future. As of early 1845, it was still a hopeful future. The late blight, whatever its cause, had not made it the eighty miles across the Irish Sea from England,4 and so the lumper grew in the dark soils of thousands of fields, as rich and sustaining as it ever had been.
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Meanwhile, the scientists best able to solve the problem of the late blight of potatoes were arguing. No one could agree as to just what caused the disease, and so a contest was held to find the best essay that explained its cause.


Many hundreds of entries were submitted. From among the essays, first, second, and third prize winners were selected. All three winning essays argued that the cold, wet spring weather was to blame, though most agreed it could well be some combination of weather and bad seeds. Of course, there was some modest disagreement about just what aspect of the weather was responsible. Was it the rain or the cold rain? Or maybe it was the cold rain followed by more cold. When pathogens such as fungi were mentioned, they seemed often to go hand in hand not with these two hypotheses but instead with an odd list of wild explanations offered by those who failed to know better. The dust from sulfur matches. Pollution. Volcanoes. Airborne miasma from outer space. Or fungus, though to many the idea that a fungus could be responsible for such a sweeping tragedy was plain silly, certainly not the topic of a winning essay.


Yet the advocates of the fungus hypothesis included a handful of scholars from across Europe. The French mycologist Abbé Edouard Van den Hecke, vicar-general to the bishop of Versailles, suggested that a fungus was to blame in the newspaper L’Organe des Flandres on July 31, 1845. Observing the organism under a microscope, he marveled at its ability to disperse itself. If this organism was causing the blight, Van den Hecke noted, it was vital to remove infected plants lest the organism and disease spread. This was, he went on to note, the importance of determining the role of climate, bad seeds, and pathogens. If the cause was climate, one cursed the gods and waited. If it were bad seeds, one got other seeds. If it was a pathogen, well, one had to figure out how to stop its spread, keep it from growing, and, once it had grown, kill it.


Then on August 14, Professor Martin Martens, of the Catholic University of Louvain, chimed in. Martens thought that the cause was indeed the same organism studied by Van den Hecke. He, too, noted that it was vital to remove diseased plants to prevent the spread of the offending organism—the pathogen, we would now say. He described the biology of the creature in more detail. It attacks, he said, the leaves, “especially on their lower faces.” On August 19, in the Journal de Liège, Marie-Anne Libert, a self-taught but respected mycologist, named the organism and described its details. She wrote about its appearance, biology, and life history. She considered it to be a form of Botrytis farinacea, which she suggested should be named Botrytis devastatrix, where “devastatrix”5 was intended to reflect the organism’s consequences.


The drumming of minor proclamations continued. In Belgium, another respected scientist also concluded that the cause was a fungus. On August 20, Charles Morren published an article in which he systematically ruled out all potential causes of the disease except the organism Botrytis devastatrix. He then claimed that fungi and related organisms also cause ergot of rye, wheat rust, oat smut, and corn smut. Morren, too, offered clear suggestions for getting rid of the problem. Remove and burn diseased plant material. Get rid of any infected potatoes. Dip the superficially healthy potatoes in copper sulfate,6 lime, and water. Plant in the fall rather than in the spring or summer.


Then in the summer of 1845 the late blight arrived at the doorstep of one Miles J. Berkeley, officially the vicar of King’s Cliffe, in Northamptonshire, but unofficially among the most accomplished scientists in England. He’d made discovery after discovery about the species living around his home, discoveries others had missed. Berkeley studied many species—algae, plants, even some animals—but fungi were his love. He spent thousands of hours gathering mushrooms.7 During his life he collected more than ten thousand species,8 at least five thousand of which were new to science and so named by him. When his interest outlasted the sun’s light he worked at night or in the early morning by candlelight. He was very curious as to whether a fungus might be destroying his potato plants, but until he had seen the diseased plants himself he had his doubts. Berkeley collected a few diseased potatoes from fields near his house, brought them into his workroom, and started to look for fungi. If anyone in the world could identify what was causing the blight with certainty, it was Berkeley. Scientists of his time regarded him as a great expert in the biology of fungi and crops. Scientists of our time regard him as the father of plant pathology—or at least as its favorite uncle.


Yet in considering the hypothesis that fungi were to blame, Berkeley was not just figuring out the potato’s late blight, he was also offering one of the first efforts to establish germ theory. We take germ theory, the idea that an illness of an animal or plant could be caused by a smaller organism, for granted. We wash our hands. We cover our mouths. Such precautions seem obvious to us, but they were not obvious in 1845, nor had they been at any previous point in the long history of humans.9 At the time of the potato famine, germ theory would not be applied to human (or crop, as it would turn out) disease for decades.10 But as Berkeley examined the blighted potatoes in front of him closely, he agreed with others who had identified the cause as a minute organism of the genus Botrytis.11 He observed that the late blight did not arrive until this Botrytis had. The cause, he was nearly sure, was Botrytis infestans—another name for Botrytis farinacea and Botrytis devastatrix—where infestans refers to the ability of the creature to infest. The good news, the very good news, was that with the culprit identified, a course of action could be identified as well. Berkeley started to work through what that course might be. As an esteemed man of science, he could add his voice to the chorus of those who thought fungus was to blame, and people could get down to the business of treating plants and preventing them from being infected in the first place.


Unfortunately, things were not so simple. For one thing, there was still strong societal pressure to blame the disease on the weather or bad seeds. No one outside the afflicted regions would want to buy the potatoes if they possessed some organism capable of killing other potatoes. The ancient fear of the other now had a new face. In addition, the idea that a fungus caused disease was just too radical to consider at a time when science was conservative (as it for the most part remains). Both economic politics and the status quo were against the fungal hypothesis, so much so that Camille Montagne, a former surgeon in Napoleon’s army and one of the scientists who initially argued that a fungus was to blame (it was Montagne who first used the species name B. infestans), backed down.12 He was worried that he would not be elected into the Academy of Sciences in France if he continued to advocate for the fungal cause. The lives of millions of Europeans were at stake, but the Academy of Sciences was the Academy of Sciences. The pressure was such that even as the evidence in favor of the pathogen hypothesis increased, the support for it began to disappear. By late summer of 1845, although the late blight continued to spread and a number of individuals had advocated the idea that fungi were to blame, Morren and Berkeley were the only internationally well-known scientists actively advocating the pathogen hypothesis. Morren was the more vocal of the two but less highly regarded. Berkeley was very highly regarded, but is sometimes described as having been so reserved as to be nearly mute.
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Then it happened. On September 6, 1845, two newspapers announced the arrival of the late blight in Ireland—perhaps from England, though who could say for sure? On September 13, just seven days later, The Gardeners’ Chronicle13 reported that in parts of Ireland the fields were already completely destroyed. The disease was spreading nearly as fast as a man could skip. By October no field in Ireland was beyond the late blight’s reach. Within two months, more than three-quarters of a million acres of potatoes were simply gone, turned to stinking, black rot.


Those who walked these fields described first and foremost the smell. One got used to the odor of cow dung or even the acrid sting of chicken poop in your nostrils, but not this. Everywhere potatoes had been planted, their infected tubers and stems gave off a sulfurous stink; it was, some said, as though hell were leaking out of the ground.


By January, famine was “striding nearer every day like a wolf in search of prey,” as a poem in the Irish newspaper The Nation put it. Remnants of the previous year’s crops remained at some homes, but they were diminishing. By March farmers were raiding one another’s fields, searching for missed roots or whatever else might be had. The scenes were postapocalyptic: “Men, sucking the blood from the neck of a living cow, seaweed on the boil; grass-stained mouths and hands; women running an anxious hand over a sleeping child to see if she still breathed.”14 Peasants who had never had much sold what was left—their clothes. It was not uncommon to see children and families, nearly naked in the cool March air, walking out to work what was left of their fields.


By the spring of 1846, the nightmare seemed to be drawing to a close, and most families thought they would soon have enough to eat. In June the grains and vegetables were coming in strong, and the potatoes were in the ground. The blight of 1845, whatever its cause, had been an anomaly. The Irish farmers just had to make it until the final harvest in October, the harvest on which families would survive through winter. Then in July, a bad omen fell from the sky. The torrential rains that had been associated with the late blight the year before, here and there across Ireland and then everywhere, were starting again.


By the summer of 1846 in Ireland, apprehension had turned to horror. The rains continued, and as they did the late blight spread to even more fields than it had the year before. The potato crop was lost. The already hungry began to starve. During the winter, fever became common. Typhus. Relapsing fever. Thousands began to die.


In 1847 the story repeated itself again. The rains came. The crop disappeared. The hungry who managed to survive had been hungry three years in a row. One William Wilde described absentmindedly staring at the lovely fields around him in a valley one night and, two nights later, after two days of rain, looking out at a black and stinking horror. An entire valley dead. Nor was this landscape unique: in just a few days most of the crop of Ireland was destroyed.15


Ireland stank. In 1845 it was just the odor of the dying potatoes. But by 1847 this odor was accompanied everywhere by that of human bodies, the naked and starving families alongside the road. Others lay half dead, half alive, prostrate in a state of mute yearning. Everywhere human bodies gave off a sweet odor of living decay. Then there was the more overpowering smell of the dead. In fields, huddled together on beds in homes, piled in the mass graves where they were lowered, one after the other, day after day. New kinds of coffins were invented—those with drop-away bottoms that could be used again and again as bodies were dropped one on top of another to save space and to avoid the need to build more coffins and dig more holes.


By August of 1847, those with guns had hunted out the last of the animal life that remained. By September, the guns and any remaining bullets were being used to hold up landowners and steal from them. By October, even the bullets were gone. By November, thousands had died. By December, tens of thousands, then hundreds of thousands. The British government did not help, nor did the government administrators in Dublin. Most landowners did not help, either, but they did pay taxes based on the number of people living on their land. It was these taxes—not the death and devastation consuming the country—that motivated the landowners to take real action. They began to tear down the houses of their tenants who could not pay rent in the hope that the hungry would move away and reduce the tax burden on the land. When the tenants did not, many of the landowners coerced the poor into boarding ships for the Americas. Bodies, half alive, were stacked on top of each other in the holds of ships. It is an image that now evokes the ships of immigrants from Africa and Syria heading to Europe or Cubans on rafts floating toward Florida. More than a million Irish are estimated to have fled Ireland during or after the famine. Many of those people—men, women, and children—died en route or in the weeks or months after arrival. And still there was no solution. The blight could, it seemed, go on forever, until nothing at all was left in Ireland.
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Figure 2. Population trends in Ireland and Europe as a whole. In the mid-1700s and late 1800s, potatoes contributed to the rapid rise in population in northern Europe, especially Ireland. But with the arrival of late blight, potato populations crashed, triggering the emigration and death of much of the Irish population. Numbers are drawn from census data.
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Perhaps the hardest thing to conceive of is that the demon that stalked the Irish fields could afflict us today. Like that of the nineteenth-century Irish, our diets have become ever simpler and more dependent on a small number of species. Today, just as in the 1800s in Ireland, this dependence results in part from our need and in part from our choices. We need ever more food from each acre and so are bound to those crops that produce the most. Just as it was for the Irish, each time a child is born our reliance on our most productive crops increases. Corn in North America. Wheat in Europe. Cassava in Africa. Rice in Asia.


We are like the Irish in another way, too. The productivity of their fields came to depend on both irrigation and fertilizer, which they used to farm hills, to farm bogs, to farm everywhere. The Irish potato farmers were farming the first really modern crop. Our similarity to the Irish means that we must learn every lesson we can from their tragedy. We must learn especially from the way this tragedy came to an end.


In 1847, in Ireland, even after half a million people died and another half a million fled, the task of dealing with the late blight remained. No solution had yet been implemented. Nor had any other crop taken over in the absence of the potato. So long as the Irish and Europe in general blamed only the weather and fate alone, all there was to do was wait.


The debate about the cause of the late blight had essentially stopped. The group who thought it was a fungus went quiet. Few new articles appeared. Even Berkeley, who so clearly saw the fungus on the leaves near his farm, began to write with less certainty, giving voice both to the fungal theory and to other ideas. Many came to the mistaken belief that Berkeley had repudiated his own fungal hypothesis.16 As for those who felt more strongly, if they existed in those years at all, they were quiet, which is all the more horrific, because we now know they were right.


The late blight that struck Europe beginning in 1845 is an oomycete.17 Oomycetes were at the time still considered to be fungi (their common name, water mold, reflects this history). But oomycetes are not fungi, nor are they, as they are sometimes described, algae. They are an ancient life form you may never have heard of. Yet we now know that a larger number of oomycetes harm crops—and, by virtue of our dependence on crops, humans—than do any other organisms. One species of oomycete causes sudden oak death. Another causes the root rot disease of soybeans. Then there are the pepper murrain and the downy mildew of grapevines.18 The oomycete that causes late blight is the same beast that Berkeley, Morren, and others called a minute fungus. Nearly everything they said about its biology was true. The spores of the organism travel through the air and land on plant leaves. Once there, they send snakelike tubes into the cells of the leaves. The oomycetes then feed on the insides of the leaves. The leaves begin to blacken and stink as the oomycetes turns them to goo and, in larger quantities, more oomycetes (which are visible as a white fringe on the blackening leaves).19 From inside the plant, the oomycetes send more spores out through the stomata, or breathing holes, of the potato plant. These spores colonize more plants, and the process continues anew, as it did from plant to plant across continental Europe and from continental Europe to England and on to Ireland. The spores spread better when it is windy, and the oomycete grows faster when it is wet. Both these things would have led the oomycete to do better in 1845, 1846, and 1847 than it did in other years. But the spread was almost certainly helped by something else—farmers dragging plants from place to place. All these details of the biology of the organism had been noted by 1846. They had been noted in great detail; they were just being ignored. For reasons we can go on to debate, Berkeley and those who agreed with him failed to communicate what they knew to be true in ways that would convince others.


The historian Steven Turner tells us that “the fungal hypothesis had been largely discredited by the end of 1847.” As a result, it was also ignored in 1848, 1849, 1850, 1851, and for the following thirty years, during which no solutions emerged to late blight. The tragedy continued for decades. The potato became rarer and harder to grow. Slowly, other crops were planted in greater quantities. Also, each year until the 1880s, there were fewer mouths in Ireland to feed. Across these generations of tragedy, scientists, or at least some scientists, knew the cause of the blight and even thought they knew how to control it. The loss of lives during the blight was almost inarguably one of the biggest failures in of communication, at least in the field of science, across the history of humanity.


What it would take to convince people was not more data: it was time and an experiment that unambiguously demonstrated and communicated what was by then, for all practical purposes, already known. As we all learned in grade school, Louis Pasteur performed experiments demonstrating the ability of pathogens to cause human diseases. In doing so, he offered a way to prevent and treat many terrible and deadly diseases. These experiments ushered in the modern study of human disease and offered a framework for establishing what was and was not the causal agent of any particular malady. But it was not Pasteur who did this work first. The very first such work was done by the German scientist Heinrich Anton de Bary, and it was done to understand the late blight oomycete.


De Bary was a “small, nervously-eager young professor of botany.”20 In 1853 he wrote a book on the smuts and rusts of wheat, oats, and rye. At the time of the book’s publication, de Bary was just twenty-two. He then spent the next years studying the sex lives of algae and, to a lesser extent, fungi such as the powdery mildew (Erysiphe cichoracearum) of dandelions. During those years, he might have considered the potato blight. He did not. It was not until 1860 that de Bary took the organism that Berkeley hypothesized was the root cause of the potato famine and inoculated potatoes with it. This approach is now so much a part of our modern understanding of the world that it seems obvious. It wasn’t then. De Bary was the first to try to test whether a pathogen caused a disease through experimental inoculation. The potatoes, even though it was a good, warm, dry year, died. If a “eureka” moment existed in the story of the potato blight, this was it. De Bary had proved that the late blight was caused by the late blight organism. By extension, de Bary’s result meant that Berkeley was right, but the discovery was made at the least satisfying possible moment, only after so many Irish had died or fled. Still, once de Bary proved the blight was to blame, everything made sense. The potato late blight was worse in wet years than dry years. It was worse when the plants were inbred than when they were not. But it was caused by an oomycete, a funguslike organism, an organism that in theory could be killed.


Once de Bary confirmed the cause of the late blight, the only thing left was to get rid of it. The solution that appeared was the use of pesticide. Irish potatoes were modern before the famine in the sense that with fertilization, they could be planted in places beyond where they would naturally grow. They were modern after the famine in another sense, in that they could be grown only with the use of pesticides.


One of the pesticides used today to kill late blight on potatoes is a mixture of copper sulfate and lime. In a horrible twist, it is the same pesticide that was advocated multiple times by supporters of the fungus hypothesis as early as 1843. Morren himself wrote in 1845 that copper sulfate could be used to destroy the blight. It could not, he said, “be too strongly recommended.”21


Had Morren’s advice been followed, hundreds of thousands of human lives might have been saved, perhaps millions. It was not heeded. What’s worse, the other individuals who, apparently independently, also voiced the value of copper sulfate, a New York judge with the last name of Cheever (whose first name has gone unrecorded) and James E. Teschemacher of Boston, were also ignored. Instead it was not until 1883 that those who advocated the use of copper sulfate were listened to, and even then it was not a scientist who had the initial insight but rather a farmer who did not want to share his knowledge.


The French botanist Pierre-Marie-Alexis Millardet was visiting a farmer’s field when he noticed that some of the grapes in the field, those nearest the road, were covered with a green powder. The grapes with the green powder did not seem to be suffering from powdery mildew. Millardet asked the farmer what the powder was, and the farmer pointed out what he thought would be obvious—that it was copper sulfate, a compound chosen so as to be innocuous to the grapes but dangerous-looking to passersby, encouraging them to leave the grapes alone. The farmer was either disliked by his neighbors, paranoid, or simply had grapes too good to resist. But what Millardet pointed out to the farmer was that the copper sulfate seemed to actually prevent powdery mildew.22 Millardet went on to do years of research concerning the perfect way to apply copper sulfate to powdery mildew (with a heath broom dipped into either a bucket or watering pot filled with the compound). Copper sulfate also killed late blight, as Morren had anticipated.23 Yet even after this was demonstrated, the use of the compound did not become widespread in Ireland until after World War I. Among other persistent challenges, it remained expensive and (even with a heath broom) hard to apply.


Since the end of World War I, a suite of new pathogens and pests that affect potatoes have emerged. Beasts with colorful names. Wart. Blackleg. Leafroll. Fusarium wilt. What’s more, farmers and governments still spend an estimated $6 billion per year on the control of late blight, $1 billion of which is spent on fungicides alone, fungicides that in wet regions are sprayed on potatoes as frequently as ten times a year. The blight continues to evolve and threaten the world’s potato crops. It is still a global danger whose consequences we will suffer anew if we fail to learn from the potato famine. But it isn’t just the late blight of potatoes; thousands of pests and pathogens, along with changing climates, threaten our crops. To save ourselves from these species we must learn not only the story of the potato famine but also why the late blight that caused it was able to so quickly destroy all the potatoes in Ireland and much of northern Europe. Why was the destruction caused by that particular blight so pervasive? And are any of our modern crops similarly at risk?
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The Perfect Pathological Storm




The potato fueled the rise of the West.


—Charles C. Mann, 1493: Uncovering the New World Columbus Created




A perfect storm results when the confluence of several phenomena turns a bad situation, sometimes a literal storm, into something far worse. The potato famine resulted from a perfect storm of poor choices in addition to poor communication and major gaps in our scientific understanding of pathogens. Historians, working with biologists, finally have a sense of which phenomena made the late blight so awful during the potato famine. Few of us, however, have listened to the historians. As a result, rather than grow our crops in ways that make disasters like the potato famine less likely, we have done everything necessary to make such catastrophes more likely. A perfect pathological storm gathers steam just over the horizon, and rather than threatening only a few boats, it threatens whole countries.


Many famines had occurred before the 1840s, but never one like the potato famine, never a famine of such great consequence tied so directly to a single pathogen and a single crop. The human toll was so great, in part, because of the extreme dependence of the Irish on the potato. In this regard, many populations are as at risk today as the Irish were then. But why did the pathogen kill so many potatoes? Why were there none that seemed to survive? The answer is important because it bears on our modern agriculture; it speaks to the risk our crops—including our modern potato—face today, including a recurrence of late blight.


In addition, the answer depends on decisions made long before the Irish ever started to grow potatoes, decisions made during the travels of the Spanish conquistadors and their aftermath. We left it to guys like Francisco Pizarro to choose the crops we now farm. He and other conquistadors may seem both repugnant and far removed from your daily life. Nonetheless, they influence nearly every bite of food.


Francisco Pizarro was born in Trujillo, Spain, around 1475, the illegitimate son of an economically marginal family. Some say he was an ugly baby; certainly he would become an ugly man. He grew up desperate, illiterate, hungry, strong-bodied, and morally loose. When the opportunity arose to travel to the coast in search of work and adventure, he took it. Once there, Pizarro joined the military for several years. He traveled to Italy and fought bravely, terribly, or both, according to his biographers. Eventually he boarded a boat headed for the Americas, dreaming of the riches he had heard others talk about in the long hours he spent on ships. Leaving Spain behind, Pizarro crossed the sea. He and other conquistadors like him were perhaps not the people to whom Western society should have entrusted the task of choosing the varieties of crops that moved around the world. Nonetheless, that is just what happened.


Pizarro’s first trip from Spain to the Americas was part of an attempt to establish a new colony in what is now Colombia (with Alonso de Ojeda, who first traveled to the Americas on Columbus’s second expedition). The conquistadors and colonists who followed in their wake planted seeds from European plants. They let loose horses, cows, and pigs. They wanted to be kings—or leaders, anyway—of a new, tropical Europe. But the colony failed. Many of the colonists died. Houses faded back into jungle soil, and the cows, pigs, and horses ran loose and multiplied. So, too, did some of the crops. Thanks to this effort and others like it, Pizarro and his fellow conquistadors spread crops and domesticated animals in the Americas.


But this was just one half of the great exchange; the other half involved the crops that would come back to Europe. But first those crops had to be found. In 1513, Pizarro and the explorer Vasco Núñez de Balboa headed west across the South American continent, searching for a way through to the Pacific. Improbably, they found one. Pizarro went on another expedition in 1523, again across Panama. Many died, and nothing was discovered. Nine years later, in 1532, Pizarro tried again, this time with his friend Diego de Almagro. They made it to the Pacific and again pressed on, following the still-unmapped coast. No one knew for sure what lay ahead, but there were stories. Men spoke of a great empire to the south, an empire of gold and riches. To arrive at the empire, one needed only follow the coast and then ascend the mountains. The coast would prove treacherous, and “the mountains [the Andes] were higher, the nights colder, the days hotter, the valleys deeper, the deserts drier, the distances longer”1 than anywhere the conquistadors had been before.


What followed was the discovery of the Inca Empire, the death of the Inca ruler Atahualpa, the marriage of Francisco Pizarro to Atahualpa’s sister, the birth of their daughter Francisca Pizarro (who would go on to lead an interesting life in Spain and to marry Pizarro’s brother), the death of Francisco Pizarro at the hands of men loyal to the son of Pizarro’s friend Almagro (Almagro himself was by then already dead; Pizarro killed him), and the removal to Spain of a great deal of Inca gold and even more silver. Also—and this is a big “also,” perhaps the very biggest “also” of modern, Western, civilization—amid all this, the conquistadors moved crops from one place to another. As they did, the future of agriculture and humanity changed.


But which species would the conquistadors carry back to Europe from the temperate parts of the Americas? And to Africa and Asia from the tropical reaches? There were no easy answers. The decisions these men made about what to bring back from their travels affected the choice of crops from the Americas that we eat today; their choices lurk in the varieties of crops you find in the store, varieties that, as often as not, are the ones they picked. The conquistadors chose from among the plenty, but without regard for the centuries to come. In an ideal world, conquistadors such as Pizarro would have brought back many varieties of each species of the new crops they were encountering. These would have included varieties that differed in taste, in the climates and soils in which they might grow, and, as important as anything, in their resistance to pathogens. Of course what happened was the opposite. Consider, for example, the root crops of the Andes. At the time Pizarro arrived in the Andes the Inca farmed no fewer than ten thousand varieties of a dozen species of root crops. Pizarro and his men would have eaten many of these, cooked for them by their Native American wives. Of these multitudes a small subset was gathered by the Europeans. Perhaps one in ten thousand of these varieties made its way back to Europe. This raises two questions. First, why were so few varieties and crops brought back to Europe? Second, how were the varieties that made it back chosen? It is the answer to the latter question that was to shape the fate of the potato.


As to why so few varieties were brought back to Europe, the first problem was the conquistadors themselves. The conquistadors were not, for the most part, farmers. Nor were they skilled, necessarily, in learning from the locals. They were not even that good at distinguishing food from nonfood, much less the subtle differences among the former.2 In addition, some species and varieties they did not see. No record seems to exist, for example, of encounters between conquistadors and the root crop oca (as a result, you might not have heard of oca). Other species they encountered but failed to note as food. Others still were recorded as food but viewed as unappetizing. Native Americans consumed frogs, beetles, termite queens, moths, bees, spiders, locusts, worms, mice, ticks, and algae. But because the conquistadors thought these items too strange to bring home, they, for the most part, never made it to our modern plates.3 Ecologists talk about ecological filters, those features of habitats or of particular moments in evolutionary history that allow some species to move and thrive and prohibit others from doing so. The first crop filters all related to choices made by the conquistadors.


The conquistadors’ preferences had lasting impact. If a food from the Americas was not tasty to the conquistadors, you are very unlikely to have ever seen it in a major store.


But even once the conquistadors decided to gather a particular plant or animal, whether it made it back across the ocean—or even to the coast—was another story, one in which ecology’s laws were once again at play. The journey was long and terrible, especially for a delicate seed. When the men with whom Pizarro conquered the Inca Empire returned from the Andes, the route had many steps. First they had to descend the Andes to Arica, on the Chilean coast. In Arica they would board their boats and travel north to the Pacific coast of Colombia or Panama, then cross back through the jungles of the Isthmus of Panama to the Caribbean coast (the Panama Canal, of course, did not yet exist). Any seed or fruit traveling with them would have been exposed to constant humidity and months of conditions under which the most likely outcome was rot. It would have had to travel for miles in a small satchel roped to a dirty sailor or in a bag that was left banging on the back of a slowly dying mule in a mule train. Just a small handful of plants, whether in the form of roots, tubers, or seeds, made it all the way to the coast.


And that was just the first step. Once a plant made it to the Caribbean coast it still had to make it back in the ship; it had to survive the nearly four months it would take to get to Spain. On the ships of the earliest conquistadors, space was tight. Waste, rot, food, seeds, and sailors coexisted side by side, or failed to. The hold stank of excrement and rotten food. For reasons it is hard to imagine, given that the men were surrounded by the sea, the sailors sometimes threw the bones and offal of animals they ate into the bottom of the ship rather than overboard.4 Rats often numbered, even on relatively small ships, in the thousands—a dozen rats per sailor, by one quite reasonable estimate. Shipwrecks from the time are riddled with gnaw marks made by the teeth of rodents. The conditions of the food on Columbus’s fourth voyage to the Americas, for example, are said to have been so poor in hygiene and rich with life—grains and meats writhing with larvae—that the men preferred to eat at night so as to not see their food, not see what moved in their bowls. One ship from the late 1500s recovered off the coast of Florida contained evidence of three kinds of grain weevils, cockroaches, and dermestid beetles, all riding with the sailors from Europe to the Americas. The trip home would have been worse. And those same rats and writhing insects would eat any seed or root they came across.
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Figure 3. Satellite image of the Canary Islands and their location relative to Africa. These islands, isolated and unusual though they might be, have played an outsize role in the history of agriculture. Image by Jacques Descloitres, MODIS Rapid Response Team, NASA/GSFC.
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The entire trip from the Andes back to Spain took, on average, two years.5 That any plant made it through these journeys alive is shocking. Those that made it did so because they were cared for and because they were the very hardiest and most indefatigable of the crops of the Americas. And even once a plant made it across the ocean, its journey into the European agricultural system was not complete. It still had to be able to grow somewhere in Europe. Nearly every trip to the Americas and back stopped in the Canary Islands (just as nearly every trip to Africa stopped in São Tomé and other islands off the coast of West Africa). The Canary Islands are volcanic subtropical islands. As a result, they include many of the key climates present in western Europe, including deserts, subtropical rain forests, temperate forests, grasslands, and even habitats that are snow-covered for part of the year. Crops could be established on the island as a kind of way station to further introduction. And whereas one had to travel among countries if one wanted to test out a potato in every potential climate in Europe, all one had to do in the biggest Canary Island, Tenerife, was travel from the coast to the top of the volcanic ridge. It is not surprising in this light that many crops that moved among continents did so via these islands—both from the Americas to Europe and from other parts of the world to the Canaries and then to the Americas. Banana and sugarcane (both native to the Far East), for example, spread to the Americas via the Canary Islands. Europeans then chose among crops of the Americas as they were coming from the Canary Islands. The Canary Islands became both a garden of possibilities and the place where all history associated with each crop was erased.6


The final step in filtering, intentionally or otherwise, the arriving crops into the subset we now eat was the process that occurred among European farmers and consumers. For sustenance crops, farmers nearly always chose the most fecund of the cultivars that arrived. This happened both because farmers preferred such varieties and because, once they began to grow them, the fecund varieties were those that a farmer was most likely to have in abundance. Each of these steps, these winnowings in the process of moving crops to Europe, could take whole human generations, but they rarely did.


Just thirty years after Pizarro raced up the hill to see the Inca Empire, just thirty years after he was bathed in silver, potatoes were being sold from the Canary Islands to mainland Spain.7 Considering all the steps involved, that is as fast as potatoes could possibly become a commercial crop in Europe. We don’t know how many varieties arrived initially, but we can surmise, based on the ecological filters through which they passed, that these varieties shared certain features. They were all able to survive on ships. They all arrived devoid of genetic diversity. The crops were also devoid (largely) of any partners they might have relied on in their native range. If their roots needed special fungi that helped them to access resources, for example, those were unlikely to have made the journey. If their flowers needed special pollinators, those, too, were left behind.8


The end result was that of the twenty-five root and tuber crops grown in South America, just the potato made it to the Canary Islands. Of the thousands of varieties of Andean potatoes (from nine separate subspecies), just a few dozen arrived in the Canary Islands, all of which appear to have been of the same subspecies (Solanum tuberosum ssp. tuberosum). Of the few dozen varieties of potatoes that made it to the Canary Islands, just a handful made it to continental Europe. Of that handful, just the lumper and a few others grew well in Ireland, where growing seasons are short and days during those seasons are long. Of the particular lumper lineages that were present in Ireland, those that were favored were either resistant to stress associated with transit, fecund, or able to grow where the season was short and the days long. The result was a crop that was fecund yet homogeneous, a crop that grew well but only in the absence of pests and pathogens. And there was something else, too.


The potato plants in Europe came ashore “naked,” that is, without any of the traditional knowledge farmers in the Andes had acquired regarding planting, growing, storing, and preparing them over the course of centuries. “The complexity of Andean cropping systems had no precedent in Europe,” says James Lang, author of Notes of a Potato Watcher. It was “geared to every nuance of altitude and rainfall.” In other words, the conquistadors had a lot of catching up to do.9 They could have learned a great deal that they could have passed on to people farming potatoes in the Canary Islands, who could have in turn passed the knowledge to those who began to farm potatoes in Europe. But this did not happen. As a result, by the time the late blight was moving across continental Europe and then to England and Ireland, nearly all the potatoes were of a single highly productive variety, the lumper, and they were being farmed in new ways, recently invented by Europeans, invented without the biology of the potato or its pathogens very much in mind.10


Everything the British government and agricultural scientists urged Irish potato farmers to do, and nearly all the choices the farmers themselves made, sped up the spread of late blight. First, the potatoes were planted as monocultures, on which the Irish depended exclusively for their sustenance. We tell ourselves, “Don’t put all your eggs in one basket or all your fields in one crop,” yet we do anyway. Second, the British urged the Irish to abandon their traditional raised-field planting technique and instead to plow their fields. This made conditions better for late blight, inasmuch as the raised fields (akin to those used in the Andes) increased temperatures enough to kill the pathogen. The flat, plowed fields, on the other hand, made life easier for late blight.


In addition, Andeans replanted their fields with seed potatoes, but they also paid attention to and used those potatoes that resulted from true seeds. The seeds of potatoes are harder to work with. They are unpredictable (the seed of a potato can produce a potato very different from the one out of which it has grown, thanks to the genes carried in pollen).11 Yet Andean farmers knew (and know) to keep an eye out for those occasions when true potato seeds yield, at the end of fields or elsewhere, varieties that taste better, grow faster, or, in this case, don’t die from a pathogen killing everything else. The Irish and other Europeans, by contrast, replanted each year exclusively using hunks of potatoes, hunks that are confusingly called seed potatoes. Cultivating a seed potato is the sort of thing you can do as an after-school project using a glass of water and toothpicks. Choose an old potato from your cabinet, one with a sprouting eye. Replant it. That will be enough to restock your potatoes forever, so long as conditions are good and unchanging.


In some cases Irish farmers didn’t seem to have known that potato seeds could be used to grow a potato. Of course using seed potatoes ensured that the following year’s potatoes would be clones of those that were originally planted (and for this reason, Andeans also mostly plant seed potatoes). If the first generation of potatoes grows fast, this is great. But an advantage in the short term can be a disadvantage in the long term. The Irish had not, until the arrival of late blight, had a chance to learn about that disadvantage. As a result, nearly all the potatoes in Ireland were genetically identical to each other and genetically identical to every other potato that had ever been planted in Ireland. To the extent that any differences existed, they were attributable to chance mutations, most of which tended to be deleterious.


In many cases what results after a tragedy like the Irish potato famine is that, very quickly, any lessons that might be learned are forgotten by most people. Tragedies of our ancestors seem remote to our ordinary lives. Often, though, a few individuals (or institutions) remember and learn. The progress of civilization and our hope that it continues depends disproportionately on these few. For example, while most of the world all but ignored the traditional knowledge held by the Andeans about potatoes during the potato famine, after the potato famine and through to today, a few scholars paid attention. Their work has begun to pay off, which is important not only because potatoes suffer from many different problems but also because the late blight of potatoes never went away. Scientists have started to examine whether any of the Andean potato varieties are resistant to late blight. This is something you might imagine would have happened in the late 1800s. It didn’t. It is just happening now, and it is only possible because of an amazing act of foresight almost half a century earlier—an act of foresight, luck, and, to some extent, a reliable truck.
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In 1971, the Peruvian government created the International Potato Center (CIP, or Centro Internacional de la Papa). One goal of the center was (and is) to study and conserve the traditional varieties of the potato and other crops of Peru for the people of Peru and for the world. It was to be (and is) one of eleven such centers, each of which is dedicated to a different sort of crop in a different region; the centers are loosely coordinated by CGIAR, the Consultative Group for International Agricultural Research.12 By 1982, the center’s collection was large: it included thousands of varieties of potatoes, not to mention other crops. It was successful. It was also in jeopardy.


In 1982, the country was in the midst of a guerrilla-led civil war in which the Marxist guerrillas, the Sendero Luminoso (Shining Path), made daily life both difficult and terrifying for many Peruvians. For example, the Sendero Luminoso arrived at one of the main agricultural stations where native Andean crops, including potatoes, were being farmed and conserved, in Ayacucho. They surrounded the station bearing lit torches and prepared to burn it down.13 The scientists feared for their lives and ran. But a campesino, a poor farmer, stepped forward. He begged the Sendero Luminoso to leave the collection be, not because the scientists needed the seeds and potatoes but because the farmers, the people, needed them. It worked. Or at least it bought the scientists time.


According to James Lang, in Notes of a Potato Watcher, Carlos Arbizu, an agronomist employed at the time by the National University in Ayacucho, decided he must move the collection. At the urging of the head of the station, he packed as much of it as he could into his truck and drove off. The next night, the Sendero Luminoso destroyed the building in which the seeds, tubers, and roots had been stored. Arbizu was still driving when it happened. In Lang’s telling, Arbizu asked people, in any village in the high Andes in which he could safely stop, to plant and care for some of the tubers and seeds. Later, Arbizu went back to the villages to collect some of the samples for the nation. The farmers had kept farming many of the varieties that they liked and, in doing so, helped save them.


Today the International Potato Center has expanded its collection and mission far beyond what might have seemed possible in the hard years of the Sendero Luminoso. The center saves and studies potatoes of nine different subspecies, some of them cones, some crescents; some red, some blue, some purple; some rich in protein, others in vitamin C. The center also works to save other traditional Andean root and tuber crops that never made it back with Pizarro or other conquistadors. Oca. Mashua. Ulluco. Maca. Arracacha. Mauka. Ahipa. Yacón. Achira. Each one neglected, threatened, and special in some way. The center also continues to try to find lost varieties of traditional crops and to study and use and make available the unique values of those varieties, whether they be flavors or types of resistance. Until recently, the consensus in scientific literature was that no known potato variety could resist potato blight. But that consensus turned out to be premature. In fact Andean potato varieties differ from one another in nearly every attribute, including their resistance to blight. This is not surprising; it just wasn’t known.


In 2014, Willmer Pérez, a scientist at the International Potato Center, started to check traditional potato varieties for their resistance to late blight. Nineteen of the 468 varieties tested, distributed across seven species, were highly resistant to at least one form of blight.14 Pérez has yet to check the many hundreds of varieties in the potato center’s collection, much less the more than four thousand varieties of potatoes grown in the Andean highlands of Peru, Bolivia, and Ecuador. He hasn’t checked them for resistance to blight, nor has anyone checked most of them for resistance to fungal, bacterial, or viral pathogens or insect pests for that matter. Pérez has struggled to find money to support this work and can only do so much on his own. Too many potatoes, too little time.15


Meanwhile, farms in Ireland still plant just the handful of potato varieties brought back by the conquistadors, none of which is resistant to blight. It took just a few decades for Pizarro and other conquistadors to travel from Spain to the Inca Empire, conquer it, and bring back the potato. It has taken nearly five hundred years, though, to appreciate the real treasures of that empire—its wild diversity of crops and its inhabitants’ knowledge of them.16 Today, our knowledge is out in the world, as was Berkeley’s during the famine. It has been published by scientists, but it is as of yet without consequence. Failures of communication persist.


If we were to live through the potato famine again, one would hope that we would be quicker to learn from new scientific studies of crops and their enemies as well as from ancient traditional knowledge. Of course the easiest solution is simply to avoid moving the pests and pathogens that affect crops around the world. Indeed, having benefited from moving crops far away from their pests and pathogens, we are rather careless about reuniting them. As the writer David Quammen has observed, “Everything, including pestilence, comes from somewhere.” The blight came from somewhere, and knowledge of its source can (or might, anyway) help prevent the recurrence of blight in the future. Until the work of Tom Gilbert and Jean Ristaino was published, we didn’t have that knowledge.


Tom Gilbert is a clever British boy wonder of a scientist who is often described (not entirely truthfully) as the youngest full professor in Europe. Tom works at the Natural History Museum of Denmark, where I work during the summers. There he specializes in coming up with technically challenging but novel approaches to dealing with hard problems—the kind of problem doesn’t really matter, so long as genes are involved. Tom hates easy problems. Hard problems, on the other hand, make him giddy, or at least giddy in a dry, British kind of way. Among other things, he has attempted to sequence the genes of the extinct great auk (successfully, Tom would add if he were here). Other projects involve giant squid, the evolution of pigeons (which entailed a lot of pigeon shooting in the middle of European cities), and an attempt to figure out the kind of wine a person is drinking based on the DNA present in the bottle (which would allow counterfeit wines to be identified). It is this latter project that explains, I assume, why the last time I visited Tom’s office I saw a cooler marked ROYAL WINE, in which one could find hundred-year-old bottles from the cellar of Queen Margrethe. A visit to Tom’s office is likely to yield a cup of coffee, a very good conversation, and an interruption by some student who stumbles in, eager to ask a question about, say, the sample of vampire bat blood she holds in her hand.


Jean Ristaino, on the other hand, is a plant pathologist. Plant pathologists study the fungi, oomycetes, viruses, and bacteria that kill plants. The direct intellectual descendants of Miles Berkeley and Heinrich Anton de Bary, they use every tool available to identify pathogens. Their work is what saves our crops from destruction again and again—or fails to. And yet because their work is not viewed as sexy, or the next big thing, plant pathologists have become increasingly rare. Even as universities get bigger, they tend to have more biologists who focus on applying a method cleverly and fewer plant pathologists and other biologists skilled in knowing an organism well (more Toms and fewer Jeans).
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