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So long as you have food in your mouth, you have solved all questions for the time being.


– Franz Kafka
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Prologue


If you ever come round to my house, I can guarantee one thing: you won’t go hungry. It is no accident that I chose a career as a chef. I love food, but most of all I have a powerful and seemingly innate compulsion to keep people fed. You might not always get served a twelve-course plated banquet made from the finest ingredients, but I would be devastated if you spent the afternoon with me and felt the need to pick up a kebab on the way home. My insatiable desire to feed is a well-established joke within my family. I frequently err on the side of over-catering and nothing gives me more satisfaction than knowing that people’s bellies are full.


On the flip side, little makes me more anxious than guests going hungry, which was a handy compulsion throughout my career in restaurants and hotels. I hated the thought of a table spending too long without food, and I relished the challenge of organising a fast-paced service to ensure that this never happened.


When I moved into the world of food manufacturing, I had already honed my instinct for what motivates people to buy food over long years of worrying about how to keep my restaurant customers fed and happy. Most of my food manufacturing career focused on developing products that make cooking family meals a bit easier, such as stock cubes, pasta sauces and gravy granules. I was proud to be helping other people do the thing that gives me the most pleasure: filling the plates and bellies of loved ones.


When this becomes difficult or impossible, it genuinely pains me. I occasionally wake in a cold sweat, traumatised by the time I served a near-raw beef rib after foolishly attempting to show off a new low-temperature cooking technique. I still get anxiety dreams where I am stuck in a disastrous restaurant service, despite it being fifteen years since I last worked in that sort of kitchen. Such food calamities were just blips in a career where I successfully fed many thousands of people, but they still pain me to this day. The beef eventually cooked; the restaurant cheques eventually cleared. Food always got to the tables somehow, and no one ever went hungry for long.


Hunger and Pain


A few years ago, my daughter suffered what can only be described as a mental health breakdown. We started to notice one or two problems not long after her sixteenth birthday, but thought little of it. There were signs she might be struggling at school, which was out of character, but we put it down to normal teenage stuff. She always had the potential to be a bit moody and difficult, but nothing out of the ordinary for someone in their mid-teens. Her problems were largely hidden and easy to dismiss. We had no idea of the turmoil developing inside.


When the breakdown happened, it seemed to come from nowhere, and for around twelve months it tore our family to pieces. Brutal daily panic attacks completely overwhelmed her, sending her into frenzies of screaming and delusion. She would be shot for hours afterwards, barely able to move, function or think. The fear and exhaustion would eventually subside, but that only meant the panic attacks would be due to start again soon. For almost a year, it was impossible to leave her alone.


Many people blithely dismiss conditions like anxiety, claiming sufferers just need to be more resilient or pull themselves together. I suspect that anyone saying this has never experienced the condition up close. Perhaps they know someone who has an anxious personality type, or are prone to a bit of worry themselves, and it doesn’t seem so bad in the grand scheme of things. But despite the similarity of the name, an anxious personality is nothing like a full-blown anxiety disorder. A panic attack is a profound assault on the senses, a vicious feedback loop where a misfiring brain enters full fight or flight mode, attempting to run in terror from an attack that is coming from within. This creates an uncontrollable rising tide, with the sufferer often screaming and shaking for several minutes, utterly unable to function. Imagine the most afraid you have ever been, and multiply that by about fifty. Then imagine that you are completely unable to escape, or do anything to counter the threat. Panic attacks are terrifying, exhausting and utterly debilitating. For a considerable period of time, my daughter was having several of these attacks every day.


Although her disorder was complex and deep-rooted, at its surface was a fear of vomit, known as emetophobia. She was constantly afraid of being sick, and terrified of situations where someone else might be. As with any phobia, this fear defied all logic. Almost overnight, she became afraid of eating. The look, smell or thought of food would send her into an instant panic. Once the attack had subsided, the adrenaline remaining in her body left her with no appetite. When that adrenaline died down, her thoughts would once again turn to food, and the panic would start to rise. Days would pass when she ate virtually no food at all. Days turned into weeks. Weeks turned into months.


Occasionally, if she suggested she might be able to stomach it, I would make a twelve-mile round trip to the nearest McDonald’s. If she ate a few fries and drank a quarter of a milkshake, I would consider the journey worthwhile. When shopping for food I would bring home vast arrays of the safest, blandest foods in the vain hope that she would be able to stomach something. Many days, a couple of spoons of ice cream were all she could manage.


Although we thought she did not have much weight to lose, it began to fall off her. The physical changes, significant loss of fat and muscle, protruding bones, emaciation around the face, sunken eyes and patchy skin are hard to bear in someone you care for. Equally devastating are the changes to mind and personality. Weakness, confusion, dissociation, a constant feeling of cold, fear of going outside, a pervasive desire to shut herself away. She was constantly and excruciatingly hungry. Every day she became a little weaker. Every day she became a little smaller. It felt as if she was shrinking away from us, and soon there would be nothing left.


After a panic attack, one trick we learnt from her psychotherapist was to run on the spot for twenty seconds in order to burn off some adrenaline. This was best done in contact with someone else, to help make a connection and provide some motivation to overcome extreme exhaustion. Immediately after a panic attack, even though she would resist, we would take hold of her hands, look her in the eye, and encourage her to run. At the very worst point, after a particularly intense attack, I tried to do this with her. I gently held her wrists, now weak and frail from months without proper nourishment, and felt a genuine fear that I might break them if I gripped too tight. I looked into her sunken, terrified eyes and desperately tried to bring her back from the awful place she had been, the little spot of hell into which she kept falling.


She was weak and broken from hunger, barely able to lift her body. All the brightness and potential of her sixteen-year-old self, who only months before had been fiery and brilliant, obnoxious and frustrating, was gone. Mental turmoil and lack of nourishment had broken her spirit. Despite me being able to provide her with any food she desired, I was completely incapable of keeping her fed. She was starving in front of my eyes. Not for the first time, she begged me to kill her, unable to cope with the torment that her life had become.


Hunger is not the same thing as being peckish. True hunger is deadly and insidious. It robs you of your energy, then your body, and then it starts to take away your personhood. I have seen what real hunger looks like, and I would not wish it on anyone.


Thankfully, this story has a happy ending. With a heroism that I struggle to comprehend, over several months she managed to find a chink of light between herself and the illness, prising herself away from its grip. Despite being weak, she lifted herself up and was eventually able to keep down small amounts of food. Combined with hard work and therapy, this nourishment started to transform her, both physically and mentally. Before long, she returned to eating complete meals. Eventually, the voracious appetite that befits someone of her age returned. Once again she found joy in food and could eat together with friends and family. Colour returned to her face, strength to her arms and bravery to her soul. When she was occasionally obnoxious, frustrating and rude like a typical teenager, we secretly rejoiced after she had stormed out the room.


Recovery from such conditions is slow, incremental and ongoing, often without a clear destination. But the fact that my daughter is no longer hungry makes my heart sing and means that her world is once again filled with possibility. Although I have always rejected the idea that food is medicine, there are certainly times when it can perform miracles.*


The Surprising Truth About Hungry People


Many are not so lucky. Dr Jim Stewart is the Clinical Lead for Adult Nutrition at the University Hospitals of Leicester and lead physician to the Leicestershire Regional Eating Disorders Service. His work brings him into contact with many people deeply affected by a severe lack of food and he has seen the effects that prolonged starvation has on patients many times. These effects can be devastating.


Dr Stewart explained to me that even though thirty percent of people who come into hospital are suffering from malnutrition, it is something that frequently gets overlooked. He told me that even with the best diagnosis and treatment in the world, if you cannot feed a patient, they’ll die. When people cannot take on energy, their bodies quickly go into starvation mode, shutting down any non-essential functions. Fat stores start to get broken down, and after a day they enter a ketotic state, essentially the body’s reserve parachute. Fairly soon, muscles start to get broken down into amino acids in order to create glucose. As the starvation gets more severe, eventually, enzymes stop working, cells structures break down and biochemical mechanisms start to fail.


But some of the most devastating changes are not the physical ones. Resonating with my daughter’s experience, Dr Stewart told me that as a physician treating patients, he often sees the profound psychological impact of malnutrition, and this can be even more harrowing. He told me, ‘If a patient is severely malnourished and living on ketones, they cannot think rationally. People who are starving will often make really bad choices. When you start to feed people, you see their personality change. People begin to rationalise and make better decisions.’


Clear and Present Danger


The prolonged hunger of a single child is a tragedy that can have lifelong effects. This makes the prospect of millions, or even billions of people going without enough food something that a civilised society should consider unthinkable. Yet it is becoming increasingly clear that without significant change, this terrifying prospect could become a reality within the next few decades.


Over the next thirty years, the population of the world will reach approximately 9.8 billion souls.1 The world’s food system must produce enough to feed all those people, and somehow make sure that food is distributed efficiently in order to keep everyone from going hungry. This challenge – feeding a growing and increasingly affluent population – is beyond huge. Between now and 2050 we will need to grow more food than has been produced in the history of humanity. If the food system remains as it is, this will be impossible to achieve. Significant change is urgently required.


At the same time, there is an ever-increasing need to limit the environmental impact of the food we produce, and more broadly, the way we live. Modern agricultural systems are having a devastating effect on the natural world, making an ever-larger contribution to ecosystem destruction and climate change. To make matters worse, climate change is impacting upon our ability to produce and distribute food efficiently, leading to an increasing number of people going without. In 2017, for the first time in a decade, the number of people going hungry in the world increased, in large part due to the extreme weather events caused by climate change.2 In a nightmarish feedback loop, agriculture is driving climate change, which is in turn lowering the efficiency of food systems, requiring us to increase production, so leading to even more climate change.


This is not a vague and intangible question about our future. Although it is often out of sight in the Global North, climate change is happening right now, with droughts, rising temperatures and extreme weather killing thousands of people every year. Dramatic events, such as typhoons and hurricanes devastating vulnerable island states, floods washing away towns, polar vortexes freezing cities, and droughts causing crops to fail, are newsworthy, yet such incidents are frequently dismissed as random chance, engendering sympathy but not blame. Among other things, this book will bring these threats into sharp focus, calling not for planning and strategy, but immediate action. And it will also examine why change is so hard, and why we freely dismiss such a clear and present threat.



Why Are You Picking On Food?



Although many people attempt to keep it separate and minimise its importance, the food system is a hugely significant frontier in the fight against climate change. This is not to diminish the importance of energy, transport, construction and the many other contributing industries, some of which are even more culpable. Unless the oil and gas industry changes quickly and dramatically, any shifts in agriculture and food will be of little consequence. But on a worldwide scale, food is a hugely significant part of climate change. In this book I will present the evidence, and much of it is not pretty.


As for solutions, you will be glad to hear that I will not be prescribing a correct way to eat ‘guilt-free’, and I strongly believe that any ‘sustainability diet plan’ is likely to be as damaging, misguided and insidious as any of the diets I have debunked in the past. In fact, I shall be looking in detail at how the environment and climate change is being used as a dietary battleground, a shiny new way to make us feel guilty and inadequate about the way we eat. As regular readers of my blog, The Angry Chef, might expect, I shall be picking apart the claims, hypocrisy and false certainty of those trying to commoditise sustainable food, and we shall see that much of what is being sold to us is just as ridiculous and damaging as detox smoothies, alkaline diets or Paleo lifestyles. When it comes to sustainability, the rampant green-washing* of food choices is hugely unhelpful and increasingly common, with offenders that include some of the biggest companies and brands in the world. If we want true progress, this really has to stop.



The Need for Change



Only one thing is certain, and that is the need for change. It is inconceivable that in thirty years’ time we will be eating the same way as we do now, and hopefully this book will give you some insight into what that future might look like. As I will discuss, our food system has been shaped and developed to do a particular job over the past sixty years, and was transformed dramatically within a very short time. It changed in response to an existential threat, and perhaps over the next sixty years it can do something similar. We all have a vital part to play in this shift, from the executives of giant corporations through to product developers, politicians, farmers, researchers, journalists, campaigners and consumers. As a chef, it will be my job to make sure that even as diets change dramatically, they continue to be a source of joy and togetherness. If you want me over the next few years, I’ll be in the kitchen trying to make this happen.


Many people will fear and resist these changes. Some may long for a return to an imagined past, but although climate change is a relatively new threat, it is a huge mistake to assume that our agriculture has ever been sustainable or benign. We should certainly not ignore lessons from the past, and I will explore and discuss many of these throughout this book, but history holds few clues when it comes to the challenge of feeding ten billion people.


In designing a future for an ever-changing planet, I strongly believe that one consideration trumps all else. Although this book is about many things, at its heart is humanity’s continuing battle against its most profound and ancient enemy. In the next fourteen chapters, this book will cover greenhouse gases, extreme weather events, land use change, the destruction of rainforests, biodiversity, water stress, nitrogen fixation, gene editing, flatulent cows, Nazis, food waste, lab-grown meat, more Nazis, communists, cannibalism, plastic straws, green revolutions, robot bees and lasers that vaporise weeds. But this is not really a book about any of those things. This book is about hunger, and the unceasing fight to keep it from our door.


 


 


 


* My daughter is now an adult and gave full consent for her story to be shared.


* Greenwashing is a term used to describe when companies make an unsubstantiated or misleading claim about the environmental benefits of a product. I recently discovered that the only biodegradable thing about the dog poo bags I had bought was the cardboard tube in the centre of the roll, despite the packaging shouting loudly about them being more environmentally friendly. This definitely counts as greenwashing.
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Hunger


When in poverty, people use their skill to avoid hunger. They can’t use it for progress.


– Hans Rosling


Fighting for Food


It is often said that we are just six meals away from rioting in the streets. There have been many food riots throughout history, but they don’t happen in the way that we might predict. The countries where food riots occur are not those with the greatest numbers of hungry people, or the worst food shortages. Riots happen where food justice is threatened, perhaps when corrupt merchants unfairly raise prices, governments restrict supply as a form of control, or the rich hoard, leaving the poor majority to starve. The rioters themselves are rarely the hungriest people in a given country, driven to violence by desperation and months of shortage. Often the rioters are from the cities, where access to food is always far better than in rural areas. Rioters have enough calories to fuel their anger, battling for their brothers and sisters quietly dying elsewhere. When people starve during famines, on the other hand, it is the end of a long process. They will have sold their livestock, their possessions, their homes. They will have gone for weeks with barely enough to eat before supplies run completely dry. When the hunger really bites, they are already too weak to fight.1


In the course of writing this book I have spoken to many people who have experienced famine and seen the shadow of mass hunger fall over a land and its people. Perhaps the most surprising thing I have learnt is how that shadow seems to fall. Alex de Waal is Executive Director of the World Peace Foundation and has studied the effects of famine and food shortage across the world. He is considered one of the world’s leading experts on humanitarian crisis and response, particularly in Sudan and the Horn of Africa. His book Mass Starvation: The History and Future of Famine examines the nature of and reasons for food crises around the world. On the experience of entering a region stricken by famine, he told me that the biggest surprise is how normal it feels in the towns. Despite what many of us might assume, when you arrive you can get a hotel, go out for a meal and visit markets stocked with food. He explained that the reason for this is that famines do not involve everyone going hungry. They affect the poorest people, which means they are easy to ignore. As he told me, ‘When there is a famine, that doesn’t mean that there is no food around. You can always get food if you have money.’ He also explained that in his experience, hunger is not the only thing that devastates the lives of those affected by famine. He told me, ‘There is a societal breakdown, with people abandoning land and selling all their assets in order to survive. Most of the deaths are not from hunger, but from disease.’


Corrie Sissons works for the famine relief charity Oxfam as Emergency Food Security and Vulnerable Livelihoods Coordinator. Her work recently took her into South Sudan in the midst of the 2017 famine. She told me, ‘It is sometimes hard to talk about these things as a white middle-class person who has never experienced hunger. We say we are hungry when dinner is half an hour late. But there are people in the world who consistently go for months, even years, eating less than required.’


Corrie explained that whilst she was in South Sudan, she came across groups of people who had been surviving for weeks off the roots of lily plants. Others were eating wild berries that caused sickness and stomach pains, because that was the only food available to them. But even in these desperate conditions, death from starvation is actually quite rare. ‘It is disease that kills people,’ she told me. ‘Most of the deaths in children under five are from diarrhoea, which leads to malnutrition as it stops them from absorbing food. Or they are from other infectious diseases that become more common as immune systems are compromised and water supplies become contaminated.’


Kate McMahon is Food Security Advisor at the global humanitarian aid charity Mercy Corps, working in some of the most food insecure regions of the world. On the issue of what causes famine, she is very clear. ‘All famine is human made. There is enough food today to feed the world, the real issue is access. Famine is an issue of markets and governance. There is plenty of food today, it is just that some have it and some don’t.’


The Right to Food


Providing every person with enough food to live is the most important role of a civilised society. If the world falls apart and we can do nothing else, we need to make every effort to keep people fed. Without food, nothing else is possible. If people are hungry, there can be no science, music, art, poetry or progress. Food fuels everything we do, and without it, it doesn’t take long for our bodies and minds to shut down. Why else is it that culture, art, science and politics have traditionally been the preserve of the rich and privileged?


Until relatively recently, only the rich have been consistently free from hunger. It was only when most of us gained access to adequate food that we saw the rise of popular culture, leaders, artists, scientists and writers from working-class communities. Freedom from hunger began to enable people of different backgrounds to achieve status based on merit.


In The Truth About Fat, I asked why obesity in the UK and Europe had risen so sharply since the 1960s. Although there is much complexity surrounding these issues, the most compelling answer is depressingly simple. Before then, many people in society did not have enough food. Those that did, the rich and growing middle class, were obese in much the same proportions as the rest of the population are today. In the 1960s, although it is a truth we now struggle to accept, hunger still dominated the lives of many of the poorest people, even in the Global North. Worldwide, despite huge increases in population, we now produce fifty percent more food per capita than we did in 1962. Although a lot of people still go hungry today, a far greater proportion did back then. As we free more people from the chains of hunger, so we free them to make their own progress.


When hunger dominates, all is lost. If you are ever unlucky enough to go without food, it will not make you rise up and fight for justice. It will not be the mother of invention, forcing you to create new solutions to confounding problems. Hunger breaks the strong and cripples the weak. Hungry people sink away from life, shatter bonds with those around them, and lie beneath the storm in the hope that it will pass. Hunger rips away humanity and turns societies into dust. Hungry people die alone and lose hope long before their fate is sealed.


It is up to those whose bellies are full to fight for them. We must prevent hunger at all costs, and make sure that the right to proper food and water remains the central right of all humanity. Although our agriculture and food systems are in desperate need of change, at the heart of that change must be the prevention of hunger. The environment, the climate, soil erosion, water loss, biodiversity, rainforest depletion, mass extinctions, sea level rises and extreme weather events are all desperate challenges that we must face to ensure that we have a future on this planet. But in my mind, they are dwarfed by one hungry child crying out for food.


Of course, you could argue that this is foolhardy and shorttermist. The planet has limits and climate change is surely a bigger threat than one child’s tears. If you place foxes and chickens in a field, the foxes will gleefully eat and breed without thought for the future, eventually consuming every last chicken, then slowly starving from lack of food. Humans, many will claim, are just the same. High birth and low mortality rates mean that the world population is growing exponentially, requiring huge, costly increases in agricultural production to keep pace with rising demand. We are just like hungry, randy foxes, thoughtlessly breeding and gobbling up delicious chickens, ignoring doomsday until it is upon us. Agriculture, food systems, social care, birth control, energy management, sanitation and medicines are simply clever tricks to push the fence back a little further. All our technology and innovation does is to buy us a few more precious years before the inevitable collapse. The world, the argument goes, needs to feel some pain now to avoid a greater loss down the line.


But the question we must then ask is: who will feel the pain of this inevitable hunger? Perhaps when we picture mass starvation, it becomes a little too easy for us to think of it as a distant problem. Maybe instead we should imagine our own children emaciated and crying, with us alongside them, too weak and destitute to find food. If images of white-skinned, European or American children filled our screens whenever the threat of starvation was mentioned, I am quite sure many campaigners would take a different view of how much misery we should accept today. I know that I am not brave or strong enough to accept my own starvation, nor that of my children, however noble the cause. I cannot see how it is fair to expect anyone else to make that sacrifice.


This seems to leave us in a pretty hopeless situation, as the world’s population continues to grow. We cannot jump over the fence into a new field, and the chickens are sure to run out eventually.


Or perhaps not. Humans are innovators, creators, scientists, agriculturalists, statisticians, systems analysts, engineers, politicians, medics, cooks and builders. Unlike foxes, we spend a lot of time thinking about the future. Place humans and chickens in a field and, eventually, there will be more humans and more chickens, and perhaps some cute little houses for the chickens to live in. And although there will always be selfish individuals who care only for themselves, the field will also be full of people thinking about how to make a better life for everyone.


In researching for this book and speaking to some of the smartest people working in this area, I have been shocked by how bleak things really are. The problems are very real and the stakes extraordinarily high. But I have also been left with a surprising amount of optimism. Humans are an extraordinary and unique species, and although we will always be bound by the limits of the natural world, there is a chance that we might just find a way through.


In this book I will attempt to show that there is hope of a future where no one has to go hungry, and that this can be achieved without allowing the world to burn. I will also try to show that even though there is a pressing need for change, the future need not be a joyless desert of meal replacement shakes, plastic techno-burgers and compulsory vitamin injections. Food needs to meet the physiological needs of the population, but it also needs to be culturally appropriate, tempting and delicious. It needs to bring meaning and joy, bind us together in shared love, and help us define our identity. Food is more than just fuel, and if we are to create a better future, we need to develop new systems with that in mind. Throughout this book, I will be taking some tentative steps towards setting out what that future might look like.


But first we need to deal with a problem, and it’s a big one. As populations continue to grow around the world, just how many people can our planet sustain? What stops the population from expanding for ever? And if, as it seems, we are perilously near to the cliff edge, how on earth are we going to stop ourselves from falling off?
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A Brief History of Hunger


The first essential component of social justice is adequate food for all mankind.


– Norman Borlaug


Birdageddon


I am writing this in early springtime in the UK, and a pair of blue tits are busy preparing a nest box just in view of the window that I occasionally stare out of for inspiration. At this time of year, they spend most of their day frantically searching for nesting materials, pulling up any useful pieces of moss, leaf matter, hair or feathers in preparation for the arrival of their new brood. Most of the time, they look as if they are under a lot of stress. They are busy, hardworking and seem to be in constant fear for their lives.


On average, birds similar to them will lay around eight eggs per year, and perhaps six of these will hatch into fledglings. Each blue tit will probably live for a maximum of around eight years, and if they spend six of those years successfully breeding, then they can expect to produce around thirty-six chicks in their lifetime. That’s eighteen each. No wonder they’re stressed.


Let’s just imagine what would happen if every one of those blue tits survived into adulthood and had six crops of fledglings for themselves. Within two generations, we would jump from the two blue tits visible from my window this afternoon, to 648 birds. A generation on from that, if all those birds continued to breed successfully, there would be 11,664 frantic little critters, no doubt putting a fair amount of stress on the availability of nesting materials in my garden. A few more years down the line, there would be 209,952. Then 3,779,136. A generation later there would be over 68 million, more than one for every human in the UK.


If things carried on, in only twelve generations, or just under a hundred years, the two birds in my garden would have spawned around 25 billion tonnes’ worth of hungry blue tit progeny, all desperately hunting for nesting materials every spring. That’s enough to vastly outweigh all humans on Earth, and all of the animals we produce for agriculture.1 In the unlikely event that they worked out how to organise themselves into a terrifying bird army, they would be capable of taking over the world. My great-grandchildren would wonder what I was thinking providing a nest box for the nasty little blue fuckers. All of a sudden, I feel compelled to rush outside and stamp on them. Or perhaps just buy myself a cat.


It is not just blue tits that have this remarkable talent for exponential proliferation, as almost all species have the same potential for rapid population growth, including our own. So long as it is possible to breed at above the replacement rate during a lifetime, populations can expand at an extraordinary pace. That’s in theory. In reality, the natural world has pretty strong checks that prevent things getting out of control.


The harsh reality for blue tits is that the vast majority of their babies are destined to die prematurely. Some will get sick; others will be eaten alive by predators. Domestic cats will playfully clear out their carefully constructed nests, gutting and beheading baby birds with surgical precision, then proudly offering up the bloodied corpses as gifts for their owners (I’ve never been a cat person). Others will be torn apart by sparrow hawks in order to provide a meal for chicks of their own. Some will be murdered by their own family, with weaker chicks being selfishly pecked to death by hungry siblings not keen on sharing. Or perhaps they will fall from the nest and be crushed underfoot by my blundering Springer Spaniel carrying out one of his regular garden patrols. In lean years when the weather is not kind, many young birds will die from a lack of food, as desperate parents cannot forage enough to keep them alive.


If blue tit populations are to remain stable, in all their years of breeding, only about two chicks from a possible thirty-six are likely to survive to adulthood. Any more and the population would rapidly rise, allowing avian world domination. Any fewer, and soon blue tits would disappear from our gardens. It is a brutal yet essential balancing act that nature inflicts upon each species. Every creature spends most of its time hungry, afraid and desperately clinging to life. Every time we look out at the natural world, even though it might appear serene, this is the drama playing out. A desperate life or death struggle, where death is the winner most of the time.


Certainly there are good times. A given species might breed prolifically for a few generations if they find themselves in an environment with little competition, few predators and plentiful resources. But inevitably, because of the remarkable speed of growth when times are good, natural limits would soon be reached. Often, that limit is the point when hunger starts to bite.


Life Is Cruel


When Charles Darwin and Alfred Russel Wallace developed their theory of evolution by natural selection, it was one of the most profound and important intellectual feats of all time. Outside the bizarre world of modern creationism, the fact that evolution is the driving force of change and diversity in the natural world seems obvious now, but for a long time it was controversial and divisive. Darwin had a devoutly religious upbringing and education, so he was well aware of the potential for his theories to be incendiary for the Church. He delayed publication for several years until his hand was forced by a letter from Wallace, who had made the same intellectual leap whilst travelling through the Malay Archipelago.


Darwin’s reticence was not just because evolution took away the need for a divine creator and undermined biblical scriptures. Anyone who accepted the validity of fossil records had to accept that the Bible’s creation story – of talking snakes and a fully formed six-thousand-year-old Earth – could not be taken literally. Darwin’s greater worry was that in framing evolution as a constant mortal struggle, it would reframe nature as overwhelmingly violent and brutal. The idea that a just, benevolent God would oversee such cruelty and inflict profound suffering upon humans for most of their history was perhaps most dangerous of all. If we evolved by natural selection, it meant that for a considerable period of time, humanity had existed within an animalistic life or death battle, undermining any belief that we were special or stood apart from the natural world. The implications shook Darwin to his core and cast doubt on his own religious faith.


You Don’t Improve Anything by Hitting It with a Hammer


It might seem unfair, or even against God, but pushing creatures to the limit of survival has been the driving force of biological progress since life began. Evolution by natural selection depends upon an enormous mortality rate in order to select creatures with a tiny advantage in evolutionary terms. If a baby bird is even slightly quicker, stronger, smarter or meaner than its siblings, then it might be a tiny bit more likely to survive until breeding age and so pass on its useful genes.


The mutations in the genetic code that produce these changes are entirely random and extremely rare. In humans, who have a DNA sequence about three billion base pairs long, they happen at a rate of around 175 mutations per generation, and most of the time they will hand the newly formed mutant no advantage. In fact, huge sections of our genetic code are seemingly pointless repetitions. About eight percent is composed of bits of viruses that have inserted themselves over time. It is estimated that only about fifteen percent of our DNA has a defined biological function, so most changes to it will have very little effect.2


Very occasionally, a mutation will occur in a piece of the genetic code that is involved in producing a protein, but even when this happens, it is generally bad for the animal.3 The most likely scenario is that it will generate a faulty protein, leading to impaired function. The unfit gene will swiftly be removed from the pool, perhaps by a hungry cat. So most of the time, it might be more accurate to call Darwin’s theory the non-survival of the least fit.


Evolution is akin to designing a new car by randomly hitting the one you have with a very small hammer, then testing it after each strike to see if you have made a difference. Most of the time you will find that you have made no difference to the car’s performance. Occasionally, you will break something fundamental and have to start over with a new car. But if you keep on hitting it in different places and in different ways, then once in a while you might slightly improve the aerodynamics, or marginally change the engine’s efficiency.


I would not suggest trying this at home. It would be a terrible way to design a new car, and although it might eventually lead you to something slightly improved, this would happen at too slow a rate and in too small increments to be in any way useful (you would also have to constantly repair the damage you were doing if it made the car worse, just as nature wipes out faults using hungry cats, oblivious dogs or similar). But when it comes to the natural world, this is the process that has proven so successful, with endless rounds of tiny random mutations tested in brutal real-life situations. A high mortality rate is essential for discovering if any of these mutations have created an improvement, and also in removing negative mutations effectively. When most babies die early, only the strongest, fittest and most capable will pass on their genes. If you repeat this again and again over geological timescales, then life slowly evolves, with positive mutations selected for, negative ones weeded out and neutral ones sticking around for no good reason.


This process is extraordinarily sensitive. In mice, many mutations that evolution has selected for over thousands of years do not appear to make the slightest difference if the gene in question is turned off in a laboratory. Even the world’s most sophisticated scientific equipment cannot measure exactly what the gene is doing, but in evolutionary terms it has proven sufficient to pass on an advantage that makes survival more likely. A gene might look useless in the lab, but maybe that’s because it does something that only helps mice when they are out on the town.


As the legendary cell biologist Lewis Wolpert has noted, many genes are insignificant in one context, but important in another. Until you have looked at every situation, drawing conclusions about the importance of a gene you have turned off is dangerous. Wolpert memorably asks, ‘Have you taken your mice to the opera? Can they still tell Wagner from Mozart? It turns out from simple population genetics that, in order to pick up a 1 percent selective advantage – which is evolutionarily very significant – you would have to look at something like 10,000 mice.’4


Over a long period of time, these tiny increments can lead to some astounding changes, creating eyes, wings, flippers, kidneys, flowers, seeds, trunks, teeth, complex brains, opposable thumbs, lactase persistence, the appreciation of classical music and the ability to make hummus. It is also incredibly innovative, so much so that modern designers often look to the natural world for inspiration. When Japanese engineer Eiji Nakatsu was struggling to reduce the sonic booms caused by violent air movements as the Shinkansen bullet train entered tunnels, he turned to the beak of the kingfisher for inspiration. Fascinated by how it managed to enter the water at high speed with hardly a splash, he designed the train’s nose in similar proportions. This not only removed the sonic boom issue, but the resulting train travelled ten percent faster and used fifteen percent less energy. Over millions of years, tiny hammers can do extraordinary things.


A Brief History of Us


Evolution has been an extraordinary force for progress, and has handed our species some remarkable talents and capabilities. The big trade-off has been the constant battle for survival, and the fact that until very recently most of our children were destined to die before adulthood. When we emerged as a species, most likely around 300,000 years ago across the African continent, we were middle-tier hunter-gatherers, neither at the top nor the bottom of the food chain. Life was short and tough, and death a constant presence.5


Around 100,000 years ago, at a point when we seemed to be developing an increasing ability to organise and plan for the future, there were mass migrations away from the land of our birth, as a few homo sapiens moved out of Africa towards Europe and Asia. Despite our apparent cognitive advances, huge numbers of children still died early throughout this period. Estimates of childhood mortality are around fifty percent, and the maximum age that anyone reached was around thirty. These figures speak of an extraordinarily brutal existence governed by hunger, violence, cannibalism and high rates of infanticide, particularly during times of shortage. To counter this high mortality, early humans had a lot of children during their short lives. Birth rates were around eighty per thousand people, which is over four times the rate today. Much like the birds in my garden, early humans led brutal lives, had lots of babies, and expected that many of them would die before their time.6


Also, like the birds in my garden, hunter-gatherer populations expanded to reach the natural limit that local resources could accommodate, before hunger or predators held back growth. It didn’t take many individuals to saturate a particular territory. It is thought that fifty thousand years ago, there were around two million humans on the planet, slightly more than the population of Latvia. The population throughout this period was extremely unstable, as it was a time of huge turbulence and climatic change. Genetic records show that at one point, the human population dipped as low as one thousand breeding pairs, the very edge of extinction.7 Somehow, this tiny number clawed its way back from the brink, and our expansion continued.


Although no one is quite sure why, an important transition seemed to occur around thirty thousand years ago, as it became more common for people to live slightly longer lives. Although infant mortality was still high, if people made it through childhood, most could expect to live to around fifty or sixty years old, almost twice as long as was common previously. As lives began to lengthen, it opened the door to considerable progress. Living beyond thirty was a key point for humans, as reaching that age meant that it was common for children to have living grandparents. It is perhaps no coincidence that there were rapid developments in art, skills, technology, society and culture at this time. Older people seem to have been vital when it came to passing on knowledge, building social networks, and planning for the future.8


It is a common misconception that these early human populations were reminiscent of existing hunter-gatherer groups today. Insights from tribes such as the Hadza in Tanzania, or the Nambikwara of the Amazonian rainforest, are often extrapolated in order to provide a picture of this time, with self-contained groups gathering wild produce and hunting for game. But it must be remembered that the Hadza and the Nambikwara are not archaeological curiosities, frozen in time as if from a 1950s lost world movie. They have lived in contact with merchants and traders for many thousands of years, with their behaviours and societies shaped by this contact.


The idolisation of small tribal lifestyles, and the perception of them as an Edenic state from which modern humans somehow emerged, has been consistently dismissed by archaeologists and anthropologists for many years. It is a tempting fallacy of a perfect, egalitarian, pre-agricultural society, rooted in the popular belief that our once perfect lives were forever contaminated by a bite from the forbidden fruit of modernity. The reality is that thirty thousand years ago, humans were already capable of organising themselves in large numbers. There is a great deal of evidence that they lived in large social structures with hierarchies, deities, temples and grand cooperative projects. Although much of the evidence for this comes from Europe, that is almost certainly because research in this area has traditionally been Eurocentric.


The truth is that, for humans, there has never been one way to live. Evidence points towards social structures shifting with great regularity, as people came together in large numbers in response to animal migrations or other seasonal bounties, then dispersed into smaller groups at other times of the year. This required further cognitive changes, and an ever-increasing ability to conceptualise and plan. These changes would set humans up perfectly for the even more dramatic transition to come.9


Humanity Takes Off


Around ten thousand years ago, another transformation occurred, probably driven by an unprecedented period of climate stability. In human terms, the driving force for this change was surely a vision of the future where life was not quite so tough.


For the entirety of human existence, around half of the children born had perished before adulthood, and every human had lived with the constant threat of hunger hanging over them. An older population, with increased large-scale cooperation, opened up the possibility of a better world. When the climate settled down, people started to farm, setting humans off on a quite extraordinary path.


Although it is often presented as a sudden change, it is likely that the birth of agriculture was more of a slow transition over a few thousand years. Hunter-gatherer communities were planting rye fields as long as thirteen thousand years ago in order to supplement their wild foods, but the shift towards settled populations living largely on cultivated crops and captive livestock happened between eleven thousand and seven thousand years ago.


Mark Thomas is a Professor of Evolutionary Genetics at University College London and a leading researcher in human demographic and evolutionary history. He told me that the factors driving the development of agriculture remain a mystery, but climate stability would have been a prerequisite – without that, we wouldn’t have seen the development of property rights and the attendant transition to a new way of organising society. Supporting the argument that an increase in climate stability was key, this transition occurred simultaneously across several different regions of the Earth.10


Around the world, cultivation of crops such as wheat, barley, lentils, chickpeas, potatoes, maize and rice allowed food to be stored in large quantities to help ride out times of seasonal shortage. Domestication of livestock animals reduced the energy expenditure and danger involved in hunting large creatures. Dairy produce from sheep, cattle and goats meant that a rich, high-energy and nutritious food source could be conjured up from the grass. For the first time, humans controlled their own food supply. We had taken our first steps in the battle against hunger.


The result of this new abundance, perhaps surprisingly, was a sharp decline in health. This occurred worldwide, no matter what livestock or crops were being farmed. Records show that post-agriculture, people became shorter and had more long-term health issues, and there was a far greater incidence of nutritional deficiency. Advocates of Paleo dieting often frame this decline as evidence that humans are not suited to a diet based on wheat and maize,* but the real reasons are almost certainly more complex than gluten intolerance.11 As Mark Thomas told me, ‘The classical explanation is dietary change, but there is also increased population density and living in close proximity to animals, leading to more pathogens and more disease. Both factors are important. The dietary argument has dominated for years, but I am not so sure. Milk is the only food that provides near-complete nutrition, and even in early agricultural populations with high dairy consumption, we still see low health status.’


Professor Thomas told me that an alternative explanation for the decline in health is, perhaps counter-intuitively, an increase in the predictability of the food supply. For hunter-gatherers, the availability of food was always extremely variable, rising and falling dramatically with seasonal and climate variations. When it dropped too low, even for a relatively short period of time, people died en masse, no doubt preceded by a period of brutality and cannibalism. Agriculture, and particularly the storage of food, served to iron out some of this variability, meaning that human populations could survive with a lower average amount of food available. Early agricultural populations could live for years with a level of food far lower than hunter-gatherers could have survived on, and this led to diminished long-term health. In short, if you starve someone quickly, they’ll probably leave a good-looking skeleton. But if they can live on small amounts of food for many years, you’ll see the effects in their bones. As Professor Thomas explains, ‘Essentially, agricultural societies traded off morbidity against mortality.’


It seems likely that the development of agriculture was a compromise to avoid the constant threat of hunger and death that hung over hunter-gatherer populations. Perhaps dinner wasn’t quite so varied as it used to be, but at least you could be relatively sure you wouldn’t be clubbed to death before you reached the table, or have to eat your children during the next harsh winter. Agriculture meant that the lean years were not quite so lean, and so a few more children survived to adulthood. As a result, even though birth rates were falling, the population began to grow.


Around ten thousand years ago, the world population was around five million. After eight thousand years of agriculture, up to the year 1 ce, it had grown to around 300 million, representing a growth rate of about 0.05% per year.* 12 From 1 ce through to the seventeenth century, the rate of population increase stayed fairly low, and it was hampered by the Black Death, which probably killed between one and two hundred million people during the 1300s. By 1750, the population had reached nearly 800 million and the birth rate had declined to around 40 births per 1000. At this point, a number of changes in agricultural practices were taking place throughout Europe, particularly in Britain, resulting in hugely increased productivity. This included more considered crop rotation, selective breeding, increased farm size, better drainage and improved transport networks. These productivity increases meant that a smaller proportion of the population needed to be employed in agriculture, causing large-scale migration to the cities. It was really this shift that enabled the subsequent Industrial Revolution.† 13


The world population passed the one billion mark just before the year 1800. It had taken around 300,000 years to reach this milestone, but at this point things were really starting to accelerate. Just 120 years later, driven along by the Industrial Revolution, another billion people had been added to the total. Although birth rates had fallen even further, because of huge advances in nutrition and healthcare, the population was growing at an unprecedented rate of around one percent a year. By 1988, it had passed five billion. On 31 October 2011, it crossed the seven billion mark. By 2024, it is predicted to pass eight billion.14


In just ten millennia, a population of obscure hunter-gatherers has taken over the world. The event that precipitated this takeover was the development of agriculture. After centuries of struggle, we finally found a way to defeat hunger, breaking the shackles of death and hardship that had contained us for so long. Our children are now far more likely to survive than to perish. The ingenuity and planning developed on the plains of Africa many millennia ago finally found a way to conquer our greatest enemy. (At least for now.)


Bumps in the Road


The path of progress was not entirely smooth. In order to grow, plants must have access to air, water and sunlight, but they also need soil containing nitrogen, phosphorus and potassium.* In a closed ecosystem, plants will draw these substances from the soil as they grow, returning them in equal quantities when they die. Soil microbes break down dead plant matter into its constituent chemicals, allowing new plants to utilise them. If any animals come along and eat the plants, taking up nutrients, these will return to the soil as urine and faeces. But animals also need nitrogen, phosphorus and potassium to live, so they keep some on board. Anything retained in the animal’s body to build its muscles, bones or vital organs will eventually be returned back to the soil when the animal dies, rotted down by bacteria and fungi in much the same way as plants are. Almost everything in the system is recycled, meaning that, in a state of nature, the nutrients in the soil will never run too low to support growth.†


When it comes to agriculture, however, the picture is very different. Plants pull nitrogen, potassium and phosphorus up from the soil, but they are then harvested and taken away from the land. Crops are consumed by humans who, unlike other animals, are unlikely to return their waste to the soil it came from, especially in the modern age when much of it is flushed out to sea. And when humans die, our bodies are rarely returned to agricultural land; they are either burnt or buried far away from the fields. As a result, whenever land is used to grow crops, vital nutrients in the soil become depleted over time.


Farmers have understood this for many years, and have found various ways to replace these vital nutrients, even before they knew exactly what they were. Compost and animal manure were traditionally the most common methods, but these have limitations. Composted plants and livestock do not pluck nitrogen, phosphorus and potassium from the air, they simply obtain them from the soil. The nitrogen in cow manure is originally pulled up from the soil by the grass and forage the animals consume. Applying manure is a great method for recycling nutrients, but it does not overcome the fundamental problem of depletion from agricultural land. Wherever humans are breaking the cycle, the nutrients in the soil will eventually run out.


In early agricultural communities, this was not too much of a concern. In order to support a small population, as long as nutrients were recycled reasonably effectively, soils would remain productive and plants would continue to grow. But as populations started to increase dramatically during the nineteenth century, it began to become more of an issue. The sheer biomass of more than a billion people required an awful lot of nutrients to sustain them, and the soil was reaching the limits of what it could provide. Improved sanitation, although it was brilliant at reducing disease, also meant that an ever-larger proportion of human waste was being channelled into rivers or out to sea, meaning that valuable nitrogen, potassium and phosphorus was being lost for ever.


As our knowledge of fertilisers and soil health started to grow, the principles of industrial production and scientific discovery were applied to farming methods. Phosphorus and potassium proved fairly simple to get hold of. There were large mineral reserves that could be mined, and using new techniques from chemistry, the resulting rocks were transformed into bioavailable fertilisers and added liberally to the soil.* That left us with the problem of obtaining a ready supply of nitrogen, and it was going to take all the ingenuity of the industrial age to solve it.


In 1898, scientist William Crookes gave a famous speech at the British Association for the Advancement of Science annual meeting, outlining the scale and gravity of this problem. In the preceding years, wheat harvests had been declining, and existing sources of nitrogen fertiliser were either inadequate for large-scale production, or limited in availability. Crookes warned that ‘all civilised nations stand in peril of not having enough to eat.’ A brilliant chemist and physicist, Crookes was a firm believer in the power of scientific advance, and his speech was no doom-laden prophecy. Instead, he called for the scientific community to act. He outlined that there was an obvious solution to this looming nitrogen problem waiting to be discovered. ‘The fixation of nitrogen [obtaining it directly from the air]’, he claimed, ‘is vital to the progress of civilised humanity. It is the chemist who must come to the rescue . . . it is through the laboratory that starvation may ultimately be turned into plenty.’


Brot aus Luft


It is not that nitrogen is difficult to find. It is literally all around us, making up nearly eighty percent of the Earth’s atmosphere. The problem with nitrogen is that being an extremely stable and inert gas, it is exceptionally hard to convert it into a form that plants can use. Some bacteria have a remarkable ability to pluck it out of the sky, and these are generally found in the root nodules of legume crops, including soya beans, clover, lupins, peas and alfalfa. As a result, growing legumes such as peas and beans in rotation is an excellent way of fixing nitrogen back into the soil, and red clover is often grown solely as a cover crop,* then ploughed back into the land expressly for this purpose. But unfortunately, the amount of nitrogen that could be obtained in this way was nowhere near enough to sustain the sort of crop growth required to feed the rapidly growing population of the world at the turn of the twentieth century.


Humans need a lot of nitrogen to live, requiring over four times as much in our diet as we do potassium or phosphorus. Nitrogen is contained in every living cell, and all biological processes depend on it in some way. Although living things have an even greater requirement for carbon, plants do a good job of pulling that from the atmosphere using photosynthesis. Nitrogen is much harder to obtain, and almost every biological system is constrained by its availability. It is such a limiting factor in our ability to grow food that the German chemist Justus von Liebig characterised agriculture as a quest to produce enough nitrogen to feed people.


Throughout the nineteenth century, we tried out various approaches to the nitrogen problem. Mineral reserves in Chile were used for a while, but because of insatiable demand from Europe and the US, these quickly started to run low. Guano, the large deposits of droppings found on many Pacific Island bird colonies, were also an excellent source. Birds consuming seafood would bring valuable nutrients inland, depositing droppings in enormous quantities at their nesting sites. These droppings could be harvested, and proved extremely effective when applied to agricultural land in Europe. It was so effective that guano soon became known as white gold, making many prospectors huge fortunes.


But again, there were issues. Birds can only shit so quickly, meaning that guano was a limited resource. With extraordinary demand from a growing European population, it was clear that reserves would soon run out. Trade disputes, land grabs and even wars ensued, as hundreds of valuable guano islands were rapidly mined down to nothing. Perhaps worse than that, the conditions of workers harvesting guano were nothing short of horrific. Chinese slave labourers were forced by European and American companies to toil in clouds of toxic dust, dying in huge numbers just to meet the insatiable European demand. At the time these deaths were considered acceptable, such was the need to keep the growing population of Europe fed and happy.


Fortunately for this exploited labour, it was becoming clear that any agricultural system that depended on shipping fertilisers halfway around the planet was highly vulnerable to attack. Whoever controlled the supply and distribution of nitrogen had an enormous amount of political power, and could potentially hold the world to ransom. Hunger has always been a powerful weapon of war, and as agriculture was becoming increasingly dependent upon foreign fertilisers, many felt that it would not be long before it was used as such. Nitrogen also had a more literal role as a weapon. The ammonia made from it was an important ingredient in the manufacture of explosives, and at the time, the only economically viable source was the Chilean mineral reserves from which fertilisers were being produced.


Germany in particular paid close attention to Crookes’s speech, and it was there that it inspired a flurry of scientific activity. The German authorities realised that any country with superior naval power could cut off the supply of Chilean nitrate, both crippling explosive manufacture and causing agricultural yields to crash. As things stood, whoever controlled the nitrogen supply would win any future war, and so huge resources were ploughed into nitrogen fixation.


Small amounts of atmospheric nitrogen could already be converted into ammonia under high temperatures and pressures, using something known as Le Chatelier Principle, but this process had never produced high enough yields to be commercially viable. But Fritz Haber, a German chemist working for the chemical giant BASF, proved tenacious. He spent years testing different temperatures, pressures and catalysts in a search for a workable system.* Walther Nernst, a more senior colleague, poured scorn on Haber’s early efforts, claiming that his results were ‘strongly inaccurate’ and the synthesis he was attempting was impossible. By the standards of early-twentieth-century German chemists this represented some serious shade, but it only spurred Haber on.


His tenacity paid off. In July 1909 at his laboratory in Karlsruhe, using an osmium catalyst at 500 °C under 100 atmospheres of pressure, Haber produced a constant stream of ammonia from his test apparatus. The BASF team were impressed and made the swift decision to commercialise the process, for which they enlisted the experienced engineer Carl Bosch. With stereotypical German efficiency, even though there were a number of logistical problems that needed to be overcome, not least creating industrial-scale vessels that could function at unprecedented pressures, the first commercial plant opened just thirteen months after Haber’s initial demonstration. From then on, similar factories sprang up all around Germany, finally freeing them from dependence upon imported nitrogen. Bosch’s contribution to scaling up and refining the process was recognised as vital, and most nitrogen captured today is still produced in what became known as the Haber–Bosch process.


There is a good argument that the Haber–Bosch process is one of the most significant scientific breakthroughs in history. It is certainly one of the most enduring, as a very similar process is still used to make the vast majority of nitrogen fertilisers. Despite a century of technological advance in which we have split atoms, edited DNA and beamed pictures back from the surface of a speeding comet, a better method for pulling nitrogen from the air has yet to be found.


Although Haber and Bosch won a Nobel Prize for their work, Haber’s legacy is tainted by his later involvement in developing the chemical weapons used by Germany during the First World War, work that he later defended as having reduced suffering. The chemicals that he worked on, including the infamous mustard gas, are estimated to have killed around 1.3 million people and injured many more. Haber never accepted that his were any different from other weapons, but given that chemical and nerve agents are now banned internationally for the unnecessary suffering they cause, history has ruled otherwise.


As the Nazis rose to power, even Haber’s blind patriotism was not enough to make up for his Jewish ancestry, and he became increasingly fearful for his life, fleeing to Switzerland in 1933. He died in exile shortly afterwards, devastated that he had been betrayed by the country he loved, and deeply hurt by the way the scientific community had ostracised him for the weapons he developed.


But one thing is certain. Fritz Haber and Carl Bosch had a greater effect upon the world than almost anyone in history. Without their process, our agricultural systems would not have been able to support the rapid population growth that occurred throughout the twentieth century, enabling food supply to keep up with demand. Much of the nitrogen that makes up our bodies has been captured from the air using a process almost identical to the one Haber perfected in his laboratory back in 1909. The results of his breakthrough are literally part of our DNA.


It has been estimated that without the Haber–Bosch process, at least half of the world’s population would not be alive today. It is a miracle of modern chemistry that has allowed us to inch a little further from the shackles of hunger. Without it, none of the advances that followed would have been possible. Haber–Bosch fuelled a century of art, science, technology, engineering and culture. A hungry world would never have created antibiotics, strived for equality, looked into the depths of space, brought music to the masses, developed microprocessors, wiped out smallpox or flown to the Moon. An osmium catalyst heated in a high-pressure steel chamber was the breakthrough that underpinned all of those things.15


‘Brot aus Luft’ as they called it in Germany. ‘Bread from air’.


The Green Revolution


Despite being able to grow bread from the air, as the century progressed, food production still struggled to keep up with unprecedented population growth. As farming became increasingly mechanised and large-scale production the norm, it ran into some brand new problems. Throughout the 1920s, huge areas of the American and Canadian prairies were converted to large-scale wheat and corn production, with new generations of tractors and combine harvesters allowing the creation of agricultural land at a previously unimaginable speed and scale. Farmers ploughed deep into the prairie topsoil, ridding it of deep-rooted native grasses, and planting neat rows of shallow-rooted food crops as far as the eye could see. When rains fell, yields were high and the new farms hugely prosperous. But as drought hit at the beginning of the 1930s, the unprotected soil quickly turned to dust. Without the roots that had anchored it in place for millennia, dirt rose up into storms that blacked out the sky.


It quickly became impossible to grow anything, and the regular dust storms made it impossible to live. In the midst of a recession, tens of thousands of farmers lost their livelihoods in this new ‘dust bowl’ landscape. More than half a million people lost their homes, causing the largest mass migration in US history. With little protection and an economy collapsing around them, there was hardship and food shortage on an enormous scale.


During this period, at around the same time Fritz Haber was languishing in Swiss exile, a young plant scientist called Norman Borlaug witnessed a violent food riot in Minneapolis. Hungry men and women attempted to loot milk lorries only to be beaten back by security guards with baseball bats. The young Borlaug was deeply affected by the carnage he witnessed, and vowed to dedicate his life to fighting the menace of hunger. It is unlikely that he realised at the time what a significant impact he would have upon the world.


Having grown up on a small family farm in Iowa, Borlaug had witnessed the effect that the purchase of a small tractor had on his family’s livelihood. Mechanisation freed his parents from toil, transforming the yields and profitability of their small plot. He channelled his belief in the transformational power of science and technology into learning as much as he could about plant science, eventually taking up a position in Mexico in 1944 to help them improve the yields of their wheat crops.


At the time, Mexico was dependent upon US imports, and desperately struggling to feed its growing population. The work was slow, laborious and dispiriting. Local farmers were highly distrustful of the newly arrived American scientists, and Borlaug, who had left his young family behind in America, doubted many times that he had made the right decision. For ten years he toiled away in Mexican test fields, attempting to breed strains of wheat resistant to the dreaded stem rust that was regularly decimating local crops. It was gruelling work, often in extremely poor conditions, but Borlaug was motivated by a desire to alleviate some of the poverty and hunger that he saw all around him.


He made a number of bold decisions during his time in Mexico, and had to fight with authorities several times to keep his funding in place. His decision to plant the same grain varieties across two different growing sites several hundred miles apart went against some of the fundamental laws of agronomy (laws that subsequently proved false). This technique ended up yielding a number of highly adaptable new varieties, and allowed his work to progress at a much faster rate.


Borlaug always considered that the application of large amounts of nitrogen fertiliser was key to improving wheat yields, but this came with a problem. It tended to result in crops bolting upwards too quickly, producing thin stems that collapsed under their own weight. To counter this, Borlaug obtained a number of Japanese short-stemmed varieties, crossing them with local strains, then searching for any plants with short, thick stems and a strong resistance to stem rust.


Eventually, he found what he was looking for and started to work with local farmers to grow these new varieties. After years of struggle, Borlaug finally won round the locals, who were astounded by the hugely increased yields. Before long, most of Mexico was growing these remarkable new plants. By 1963, Mexican wheat yields were six times higher than when Borlaug had arrived in the country. Shortly afterwards, Mexico became not only self-sufficient in wheat, but a net exporter for the very first time.


The world started to take notice. India and Pakistan were struggling to feed their people at the time, and one third of all US wheat was being exported to India just to keep people alive. Both countries purchased large quantities of Borlaug’s new seeds, and after a few missteps, they too saw unprecedented yields. By 1968, Pakistan was self-sufficient in wheat and starting to export. By 1974, India was self-sufficient in all cereals.


Inspired by Borlaug’s work, projects to improve rice yields led to similar transformations in that crop, vastly increasing agricultural productivity in many rice-growing nations. Short-stemmed wheat varieties were adopted across South America, most of Asia and eventually Europe and North America. It was only in Africa that Borlaug’s techniques failed to take hold. Unfortunately, environmental campaigners from the US and Europe strongly resisted the expansion of this work into the African continent, and successfully campaigned for funding to be withdrawn. When Borlaug did manage to work there, government corruption, a lack of irrigation infrastructure and poor transport networks made progress far more challenging. But despite this, Borlaug’s ‘Green Revolution’, as it became known, changed the world. Whilst it was Haber and Bosch that took the vital ingredient from the air, it was Borlaug who perfected the recipe for bread.


It is hard to overstate the importance of this work. The techniques and ethos of the Green Revolution completely transformed world food production. Look at pictures of people standing in wheat fields pre-1960, and you will notice that the wheat is often nearly as tall as they are. Today, when we think of wheat, we imagine a crop only reaching up to the average person’s waist (to be clear, the wheat is now smaller – people haven’t doubled in size). Borlaug’s dwarf varieties dominate wheat production around the world, and they have proved popular for good reason. The productivity increases created by his revolution have been utterly transformational.


Since 1960, average agricultural yields have risen by 193%. We are now producing 217% more calories, yet agricultural land use has only increased by ten percent. The World Bank’s food price index shows that between 1961 and 2002, relative food prices fell by thirty-seven percent across the world. Food is more abundant and cheaper, and, as a result, a far smaller proportion of people go hungry. Undernourishment in men has dropped from 13.8% to 8.8% of the global population. In women it has fallen from 14.6% to 9.7%. Despite the population more than doubling, there is now fifty percent more food available per person than in 1961.16


There are other reasons for this productivity transformation, including improved transport networks, valuable work carried out on maize during the 1920s, and a number of innovative new livestock breeding techniques. And the Green Revolution was not just the work of a single man – many farmers, politicians and agricultural researchers across the world played a huge part. Borlaug was a huge believer in cooperating with local workers in the countries he visited, and his burgeoning global celebrity meant that his support often enabled their work to become recognised and implemented.


But an extraordinary amount of credit must go to Borlaug himself, a genuine pioneer who developed a number of innovative techniques and inspired so much change. As a young man he saw the devastation that hunger can wreak and dedicated his life to fighting it. More than anything, he saw hope in parts of the world that many had written off, and held an unshakeable belief in the power of human ingenuity to overcome the seemingly impossible. He pushed back the edge of the field, and it is often claimed that his work saved a billion people from starvation.17


There is also an argument that massively increased agricultural yields allowed many economies around the world to be transformed. Much like the European agricultural revolution in the 1750s, more productive agriculture precipitated increased urbanisation, leading to economies that emphasised knowledge and education over labour, and an increased prosperity that few would have thought possible. In just a few decades, Asia in particular was transformed from a region beset by poverty, into an economic powerhouse.


The legacy of Norman Borlaug hangs over the rest of this book. He embodied the spirit of scientific progress in the world of food, with an insatiable, single-minded drive to overcome hunger at all costs. In later life he became a passionate campaigner, understanding more than anyone that feeding people adequately was the key to unlocking social, economic and technological progress. This missionary zeal placed him in direct conflict with many environmental campaigners, who viewed the population growth fuelled by Borlaug’s work as a great evil. Even today, many consider the Green Revolution a huge mistake, simply building up a debt that we will one day have to pay back with interest. But Borlaug only saw hunger, maintaining the belief that ‘food is the moral right of all who are born into this world.’


A conflict between these two camps has raged ever since. On one side, there are those who believe hunger is an enemy that must be fought today at all costs, and that we shall work out how to pay our debts tomorrow. On the other, there is a belief that growth must be curtailed, and constantly feeding the population monster means that when it eventually does turn round and bite us, the wound will be deeper and more damaging the larger we have allowed it to grow. Both sides aim to reduce human suffering, but arguments about the best way of achieving this rage on.


This is not going to be a balanced book in this regard, but hopefully it will be a contribution to balanced debates. History may prove me wrong, but I will always sit firmly on the side that refuses to accept hunger today. I cannot accept a world where we allow people to starve, even if doing so promises us a better future. If we have the ability to put food in hungry people’s mouths, then it would surely take a monster not to do so, even if that means we are only buying time to solve new problems down the line. Surely we would all put our grocery shopping on a credit card if the alternative was seeing our children go hungry.


However, there is no doubting that in recent years a more complex picture of the Green Revolution has emerged. Although the dramatic increases in yields were a huge force for good, cracks are now starting to appear with implications for the future of our planet. Some claim that these cracks are destined to destroy everything that Borlaug fought for; others insist that we will use our ingenuity and resourcefulness to work out those problems, too.


We shall look closely at these cracks over the next few chapters, including a particularly big, dirty one closely related to Borlaug and Haber’s work. But first we need to understand the origins of our fear of overpopulation – a fear that leads to some very dark places.


 


 


 


* Paleo dieters believe that they only eat the type of food that our pre-agricultural ancestors ate, and so are eating in tune with our genetics or some such nonsense. There is a chapter on this ridiculous fad in my first book, The Angry Chef: Bad Science and the Truth About Healthy Eating.


* The birth rate during this time had dropped slightly to around 60 per 1000, but lower rates of mortality meant that fewer births were required.


† Colonial expansion also helped meet the increasing food demands of European cities, and feeding the growing population was a driving force behind much of European brutality. But the revolution in agriculture around this time was still transformative.


* There are also some other important soil micronutrients, but these three are the most significant when it comes to determining agricultural yields.


† I admit that there are some subtleties when it comes to the nitrogen cycle, particularly the fixing of atmospheric nitrogen, and the microbial breakdown and atmospheric release of nitrates, but on the other hand I am trying to fit the entire history of humanity into a handful of pages.


* Bioavailability is the degree to which a substance is absorbed into a living system. It is quite possible for there to be lots of a substance in a mineral deposit, but not in a form that plants can easily use, meaning it is not very bioavailable.


* Cover crops are plants that are deliberately planted to cover the soil and are not intended to be harvested. They can help with managing soil erosion, weed control and improving soil quality.


* Catalysts are substances that increase the rate of a chemical reaction without being used up in the process.
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