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For our three sons, Finn, Jedd and Seth, vegan, vegetarian and carnivore – may you each eat well, live long and be happy




Introduction

In a nutshell, the biggest challenge facing humanity is how to feed ourselves a healthy, affordable and enjoyable diet without wrecking our climate and destroying our planet. Our food system has become toxic: toxic to us, and toxic to our planet. In Western society we have become obsessed with healthy eating and diet, yet paradoxically we are eating more and more unhealthy, heavily processed ‘foods’, fuelling a global epidemic of obesity and diet-related ill health. Aside from being loaded with sugars and processed carbs and low in nutritional value, the food we eat is chronically contaminated with a frightening array of pesticides, heavy metals, and toxic ‘forever’ chemicals.

At the same time, the drive to produce cheap food via ever more intensive, industrialised farming has replaced incredibly biodiverse, beautiful habitats with dull, polluted expanses of single crops or herds of livestock grazing grass monocultures. We have forgotten that we are a part of nature, one of millions of species, all deserving of respect and a place on planet Earth. We have brought about the sixth mass extinction event; soils have become degraded and lifeless; our rivers are awash with a toxic mix of chemical fertiliser, human and livestock excrement, pharmaceutical drugs, pesticides and plastics; landfills overspill with rotting food waste and used disposable nappies; our climate careens towards chaos. Meanwhile billions of livestock animals belch out methane as they endure brutally short lives in horrific conditions, many never seeing the sun. We do all this, inflicting terrible damage on our environment and our fellow creatures, and then simply throw away one-third of the food we produce. The current food system is dysfunctional, broken. We cannot carry on as we have, or our grandchildren will somehow have to make do with thin, eroded and polluted soils, no insects to pollinate their crops, oceans filled with plastic waste rather than fish, and a wrecked, chaotic climate. This shit creek is a dead end.

If this makes you feel a little shell-shocked, do not despair. The good news is that there are potential solutions, and lots of them. Exciting new forms of regenerative, sustainable farming are being developed that work with nature to produce healthy food while repairing the soil and supporting biodiversity. At the same time, all sorts of new and controversial technologies are emerging: genetically modified crops, artificial intelligence, farm robots, synthetic meats, closed-loop fish farms, precision fermentation, vertical farming and more. But how are these developments likely to affect the food choices available to you and me?

In these pages I look at the thorny problems we will have to solve to fix our food system. How can we eat healthy, tasty food on a budget, while having a small planetary footprint? Attempting to answer this raises further questions. For example, should we always try to eat local food? What exactly is a healthy diet? Is organic food better for us and worth the extra cost? Are lab-grown meats, proteins made by fermenting bacteria, and genetically modified crops safe? Should we all be vegan? Which foods have the fewest harmful pesticide residues? How is just my diet going to affect the environment? Often, the answers aren’t obvious, and sometimes they are hotly debated. Sometimes, also, there is no clear answer. Nonetheless, we now have at our fingertips more information on what constitutes a healthy diet, and on the impacts of different foods and farming approaches on the planet, than ever before. It is time we started to use that information.

The choices we make individually about what food we buy and eat really do matter. This may sound melodramatic, but they are quite literally choices between life and death – or at least the higher probability that the latter will arrive a lot sooner than we’d hoped – and they are the difference between funding the destruction of our planet and doing minimal harm. As we will see, some solutions to the looming environmental crisis would be most quickly achieved by action at government level, but in the meantime it is vitally important that we engage with these issues and start taking responsibility for what we consume. Our planet can’t take much more of Homo sapiens behaving like a bunch of irresponsible teenagers; now has to be the time when we start behaving like grown-ups.

Here I will try to pull together the evidence, based on the latest science, to help you decide for yourself what to eat and where to source it, while also making sure that eating is still fun. Luckily, as we shall discover, it turns out that healthy eating is often also better for our planet.

You may be wondering how a guy best known – if you have heard of me at all – as a scientist who studies and writes about bumblebees finds himself writing a book that is primarily about food. The short answer is that our health, our planet’s health, and the wellbeing of our bees all depend very largely on what we choose to eat, and how we grow and process it. The longer answer requires a potted account of my life so far, which I hope will explain how food, health, farming, climate and biodiversity are inextricably interwoven.

For me, it all started with collecting caterpillars, more than fifty years ago. I found them strangely fascinating, and I spent my lunchtimes at primary school scouring the school field and surrounding hedgerows for them. There were some with yellow and black stripes, others with punky tufts of colourful hair, many that were camouflaged in various shades of green, and, hardest of all to spot, there were thin brown caterpillars that pretended very hard to be twigs. I was hooked, and remain obsessed by the miniature but vital world of insects to this day.

My parents didn’t know much about insects, but they were keen gardeners. When I was seven years old, we moved from an urban corner of the Black Country, near Dudley, to a house in the rural village of Edgmond in Shropshire. The quarter-acre garden seemed huge to me at the time, and I persuaded my parents to let me have a patch for wildlife. My dad had a big veggie plot – I remember in particular that he used to grow the most enormous parsnips – while my mum looked after the flower beds in the rest of the garden. I grew native wildflowers to attract butterflies and bees, dug a pond, and made a pile of broken bricks, stones and bits of rotting log to provide homes for newts, spiders, beetles and much else besides. I read Gerald Durrell’s books about growing up on Corfu with a menagerie of pets, and I desperately wanted to be him.

As I got older, I realised that wildlife was declining, but it didn’t seem like an emergency. I did stop collecting bird eggs and butterflies, joined the Shropshire Wildlife Trust and the charity Butterfly Conservation, and started doing work with the local Conservation Volunteers, much of it scrub-bashing and hedge laying.

In the absence of any clear career path to becoming the next Gerald Durrell, I studied biology at university, and went on to do a PhD on butterflies, during which time I met my wife, Lara, who is a medical doctor. Later, I landed a permanent lectureship at the University of Southampton, and it was there that I stumbled into the magical world of bumblebees – intellectual giants of the insect world, capable of amazing feats of learning and navigation.

As my interest in bumblebees developed, it became clear to me that they were in catastrophic decline. Once-common species such as the shrill carder bumblebee were all but extinct, while the short-haired bumblebee had last been seen in 1986. The driver of these declines was, in a broad sense, obvious. Most of the UK, about 70 per cent, is farmland. In the twentieth century, farming became steadily more intensive, heavily mechanised, and increasingly reliant on chemical inputs in the form of pesticides and fertilisers. All of this served to increase yields but made farmland increasingly hostile to nature of any kind. Flower-filled habitats such as hay meadows, downland, hedgerows and scrub were swept away in an understandable drive to improve self-sufficiency and profitability. Bees and other wildlife lost their homes and were left clinging on to islands of habitat that had escaped these changes – places such as Salisbury Plain, which was owned by the army and used for military exercises.

Lara gave birth to our first child, Finn, in 2001, followed by Jedd in 2003 and Seth in 2010. I did not anticipate it, but becoming a parent gave me a profoundly different perspective on what was happening to our planet. The long-term future suddenly mattered to me in a way it hadn’t before. I was saddened that my children were growing up in a world with half as many bumblebees and butterflies as the one I had enjoyed as a child. What would their children experience? Would there be anything left for them?

My research became more applied, focusing on what we could do to make things better for bumblebees, with two particular streams of work. First, I explored ways to make farming more bee-friendly, for example by sowing flower strips along field margins or by reducing the frequency of hedge cutting. Second, I studied how the nation’s 22 million gardens could be made more hospitable for bees and other wildlife. In my mind, these two streams are intermingled. Gardens are just one end of a spectrum of land uses, with large-scale farming at the other, and allotments, community farms, smallholdings and small farms in between. Our landscape is a mosaic of these habitats, all of them capable of supporting lots of wildlife or very little, depending on how we look after them.

It became clear to me that it is possible to grow food in a way that supports both food production and biodiversity; as we’ll see later in the book, sustainable farming depends upon biodiversity. Similarly, gardens and allotments can serve multiple functions, providing space for recreation, food production and wildlife all at the same time. In my own garden, I strive to be self-sufficient for food, growing a diversity of crops and experimenting with new ones every year. I get good harvests without needing chemical inputs because my soil is healthy, my crops are well pollinated, and an army of small creatures – wasps, blue tits, ladybirds, lacewings, hoverflies and so on – keep pests in check. My favourite moments of the year are sunny spring mornings sitting with Lara on our patio just outside the kitchen door, enjoying a coffee while listening to the birdsong and watching the red mason bees flying from the many bee hotels on the wall of the house to gather pollen and pollinate the blossom on my fruit trees: perfection. One way or another, our health and wellbeing depend directly upon nature.

It should therefore be of profound concern to all of us that, every year, new reports reveal that nature is in retreat, with declines in wildlife continuing unabated. Whether it is bumblebees, water voles, skylarks or butterflies, our wildlife is disappearing before our eyes. Globally, the number of wild vertebrates on our planet has fallen by 70 per cent since 1970, when I was five years old. Meanwhile climate change is progressing even faster than the worst predictions; at the time of writing in 2025, we are nudging 1.5 degrees of warming, and keeping below 2 degrees is looking unlikely.

Knowing that a better way is possible, I became frustrated by the lack of action. Scientists can publish papers until the cows come home without any impact on the real world, unless they can somehow convey the information to the key stakeholders – in this case, farmers, gardeners and politicians. Scientific papers are dry, opaque, couched in specialist language and often hidden behind paywalls, so it is little wonder that few people pay them any attention. Conveying the information in an easily digestible format is a vital first step – and one that many scientists have not mastered – but this also needs to be combined with persuading the target audience that the message is important and relevant to them. Sadly, environmental issues still fail to grab the popular imagination in the way they need to if politicians are to take meaningful action.

To try to achieve some real-world change, in 2006 I started a charity, the Bumblebee Conservation Trust. The trust’s aim is self-explanatory: to make the world a better, safer place for bumblebees. We set about recruiting members, promoting bumble-bee-friendly gardening and farming, and began collaborations with landowners and other NGOs to create flower-filled habitats.

Early in the life of the trust we were contacted by members who were concerned over the impacts of pesticides on bees. I had always felt that conserving bumblebees was mostly about providing the correct habitat, and that pesticides were probably a minor issue. I was of the impression that the really dangerous pesticides such as DDT (dichlorodiphenyltrichloroethane) had been banned long ago, and that modern pesticide regulations were pretty rigorous, preventing anything harmful to the environment or to people from being used. This was a common view amongst conservationists at the time; how naive we were. Nevertheless, some members were getting very exercised about a group of insecticides I’d barely heard of at the time – neonicotinoids. French beekeepers had been complaining since the 1990s, when these chemicals were first introduced, convinced that their bees were being poisoned when they visited fields of sunflowers or oilseed rape that had been treated with neonicotinoids. I started reading up on the issue and found credible research suggesting that the beekeepers might be right; these neonicotinoids are nerve agents, very potent toxins to all insect life, and they act systemically, spreading through the tissues of the crop plants and contaminating the nectar and pollen. It seemed perfectly plausible that they could be harming honeybees. I could find very little research on the effects of these chemicals on bumblebees, however, so decided it was time to do an experiment of my own.

Luckily, at the time I had a postdoc in my research group, Dr Penelope Whitehorn, who could spare the time to help, and so we devised an experiment to simulate bumblebee colonies feeding on a nearby field of treated oilseed rape. We laced the bees’ food with minuscule amounts of pesticide for two weeks, and then put the colonies outside to fend for themselves. Penelope weighed the colonies every week and counted how many new queens they produced at the end of summer. I didn’t really expect much to happen, so was shocked when the numbers came in: colonies given the pesticide grew much more slowly and produced just 15 per cent of the queens that were reared by the colonies given clean food.

Given the dramatic nature of the results, we speculatively submitted the work for publication in the top journal Science and were delighted when it was accepted. For once, there was no struggle to bring attention to the study. It was spring 2012, and Penelope and I were asked to attend a press event in Paris where she explained our results to assembled journalists from around the world. The event was followed by a whirlwind of interviews, the like of which neither of us had experienced before, generating literally hundreds of newspaper and online articles, many of which commented on the need to restrict or ban neonicotinoids. There was also a swift backlash from the agrochemical industry, with a range of critiques suggesting that our experiment was poor, that we were incompetent or, worse, that we were environmental ‘activists’ who had simply made up the data.

It was a baptism of fire; I had never previously experienced controversy over my research or faced the power of the industrial lobby. I soon learned that the pesticide industry was using a well-thumbed playbook of tactics that had been developed by the tobacco industry in the 1950s, to retain plausible deniability over the link between smoking and cancer; it was subsequently adopted by the fossil fuel industry to challenge evidence for man-made climate change, and by the food industry to deny harms from sugary and highly processed products. The tactics are explained in detail in the book Merchants of Doubt by Naomi Oreskes and Erik M. Conway, and largely involve spreading doubt by undermining the credibility of scientists and their science, funding other scientists willing to promote an alternative view (e.g. climate deniers), and, having created this smoke-cloud of confusion, then lobbying politicians to delay taking meaningful action. The pesticide industry has also spent million of dollars promoting the view that pesticides are vital for feeding the world, and millions more on advertising campaigns to convince farmers that the answers to all of their problems lie in a drum of pesticides.

I remain embroiled in this debate to this day. About a decade ago I became involved with Pesticide Action Network (PAN), an excellent little charity devoted to education and outreach about the risks posed by pesticides, and to promoting alternatives. PAN’s primary focus and strength had been on the human health risks associated with pesticide use, and they wanted me to bolster their knowledge of the environmental risks. Through my involvement with PAN I came to realise something that should have been obvious: it is not just bees that are exposed to pesticides. Farmers, groundskeepers and gardeners are regularly exposed to the pesticides they handle and spray. Rural residents are exposed to pesticide spray drift from nearby fields. And most worryingly, almost all of us are routinely consuming a cocktail of pesticides in our food. Many of them are the same pesticides that bees encounter, and just as these chemicals are harmful to bees, so they have been linked to a range of disorders in humans, including cardiovascular disease, neurodegenerative diseases such as Parkinson’s, and cancers. I was horrified to learn that children are particularly susceptible to the effects of pesticide exposure because their immune systems are immature and they have high metabolic rates.

To return to neonicotinoids, they were eventually banned in the European Union in 2018, and in the UK in 2024. This may sound like a victory, but they were simply replaced with new, similar chemicals with equally unpronounceable names: sulfoxaflor, flupyradifurone, cyantraniliprole and many more. Globally, pesticide use continues to increase year on year, with dozens of new chemicals introduced each year, faster than scientists can keep up. Bumblebees, butterflies, earthworms and people are all chronically exposed, from conception to death, to complicated and ever-changing mixtures of pesticides through the food we eat. Our wellbeing and that of the bees, and of our planet as a whole, are interlinked. If we are to save ourselves, we must save the bees, and vice versa.

One of the insults thrown at me by the agrochemical lobby is that I am an ‘activist’. Ironically, it was in part the bruises I received from my encounters with this lobby that turned me into an activist, and these days I’m happy to accept the label. The Oxford English Dictionary definition of activist is ‘a person who campaigns to bring about political or social change’. I’ll take that. Like everybody, I want a better world for my kids. I cannot see how any scientist working in the field of wildlife conservation or climate change would not feel the need to be an activist. Isn’t it incumbent upon those of us with a good grasp of the seriousness of the situation we face to try to bring about change?

As yet, most people have not got the memo. The green vote remains small in most countries, falling markedly in 2024 elections for members of the European Parliament, though rising to 6.4 per cent in the 2024 UK general election from 2.7 per cent in 2019. As a result, politicians feel little pressure to take the urgent steps needed to avert catastrophe. The challenge is reaching a wide audience, rather than preaching to the choir. I started writing popular science books about bumblebees and other insects, and about wildlife gardening, in the hope of reaching some of those who have yet to engage with the environmental agenda. I post on social media to spread the word, and give talks at festivals and fairs. On YouTube I give advice about encouraging garden wildlife and growing food sustainably without pesticides, and share the occasional recipe for dishes made from home-grown or foraged food.

At the heart of it all is food. Everybody eats, everybody needs bees, everybody is a stakeholder. If we want to save the planet, save the bees and save ourselves, then we need to pay more attention to what we eat …




Too Many People, Not Enough Food?

Online population calculators tick up remorselessly. When I was born in 1965 there were about 3.3 billion of us. The online ‘Worldometer’ tells me that there are now 8,232,303,384 people on our planet, as of 4.21 p.m. on 2 July 2025. By the time I finished typing that sentence, another 102 had been added. Every evening, 220,000 more people sit down to dinner than did so the evening before.fn1 That is the equivalent of a new Salt Lake City, Fort Lauderdale, Southampton or Aberdeen, every day. Demographers project that the human population will probably stabilise at somewhere between 10 and 12 billion in the late twenty-first century, presuming we avoid catastrophe in the meantime. If the 8 billion of us now alive have managed to create the environmental mess we are currently in (which we’ll come back to later), think how much harder it will be, how much bigger the cumulative mess, with another 4 billion of us to squeeze onto the planet.

A 2013 calculation by the Global Footprint Networkfn2 suggested that, at the time – when there were merely 7.2 billion of us – we were already using 1.7 times the renewable resources available from our planet. If this is correct, then the Earth has the capacity to support just 4.2 billion people indefinitely, assuming per capita consumption remains at current levels. On our present trajectory we will reach double the ‘carrying capacity’ – the maximum sustainable human population – of our planet by 2028. Unless these calculations are badly wrong, something has to give.

Or does it? Some argue that global injustice and inequality are the problems, not overpopulation. Those in the Global North are gobbling far too big a slice of the cake, leaving little for the poorer people who make up the bulk of the world’s population. If the rich reduced their footprint, the argument goes, we could squeeze in many more people.

This is undeniably true; the grossly unequal distribution of wealth is at the heart of many of our problems, and does urgently need to be addressed. Those of us who live in affluent countries can and must do much more to reduce our footprints. But this does not negate the simple logic that every extra human requires extra resources and places more pressure on our planet. If future generations were all prepared to live very frugal, crowded lives, in a grey world denuded of wildlife, the planet might conceivably support 20 billion, but is such a future what we – or they – would choose?

To even mention the growing human population in the context of the harm we are doing to the environment is like a red rag to a bull for some. One runs the risk of being accused of fascism, of being a proponent of euthanasia, enforced sterilisation, and similar abominations. Outside of China, most politicians dare not even mention attempting to influence the trajectory of our human population in a downward direction. Yet, objectively, the pressure we put on our planet is undeniably linked to our population: more people will use more resources, all else being equal. We should be willing to have a conversation about this.

I suspect that the aversion of most to discussing the population issue relates to the mechanisms by which population trajectory might be influenced. China’s one-child policy was brutal, oppressive, and sets a terrible example. Fortunately, there are positive, ethical ways in which birth rates can be reduced while increasing the rights and living standards of those involved. Birth rates fall naturally with better education, reduced poverty and an increased availability of family planning. They also fall when women are empowered to make their own choices. South Korea now has the lowest birth rate in the world – with a rapidly falling population – without any oppressive legislation. Vietnam and Thailand are not far behind, along with a slew of European countries.

A commonly used argument against attempting to encourage lower birth rates is that we need more young people to drive the economy and support the old. If birth rates drop, it creates a temporary imbalance in the population whereby there are more old, retired people than young, working people – as is currently the situation in Japan, where 29 per cent of the population are over sixty-five. In comparison, in Nigeria, which has a rapidly growing population, fewer than 3 per cent of the population are over sixty-five. It is certainly true that a population with disproportionately more people of working age generates more taxes, tends to be more affluent, and can better support those that are retired. But there is an obvious problem: those young people will inevitably become old people thirty years down the line. Basing an economic strategy on having more young people than old ones is like a pyramid selling scheme. Unless the population is going to continue growing forever – which it cannot – then having more young people creates a time bomb that will have to be dealt with in the future.

Sadly, this simple maths does not seem to have prevented governments in some countries, including France, Germany, Singapore and Italy, from trying to engineer higher birth rates, despite global population overshoot. I have a French friend who, a year after the birth of her second child, received a letter from the government saying, in essence, isn’t it about time you were pregnant again? The French government also provides more generous tax incentives and childcare for families with three or more children. Meanwhile in Russia, somewhat bizarrely, Vladimir Putin is offering a one-off payment of about £13,500 to any woman who manages to give birth to ten children, payable on the first birthday of the tenth child, provided the others are all still alive at the time. This is a revival of a scheme first introduced by Joseph Stalin.

In 2017, over 20,000 scientists from around the world, including myself – led by US biologist William J. Ripple – signed the ‘World Scientists’ Warning to Humanity’, which outlined the perilous state of the global environment and the urgent need for action. On the issue of population growth the warning was as blunt as scientific literature ever gets: ‘We are jeopardizing our future by not reining in our intense but geographically and demographically uneven material consumption and by not perceiving continued rapid population growth as a primary driver behind many ecological and even societal threats.’

This is basic stuff. I remember, as a student at university studying biology, being taught about the reindeer of St Matthew Island, a bleak 332 square kilometres of tundra situated off the coast of Alaska. In 1944, twenty-nine reindeer were introduced to the island by the United States Coast Guard to provide an emergency source of food for sailors. In the absence of wolves, shipwrecked sailors or other predators, the reindeer population grew exponentially, and by 1962 there were about 6,000 reindeer tripping over each other. Then, in 1963, almost the entire reindeer population starved to death, leaving just forty-two emaciated animals, only one of which was male. The supply of their preferred winter food, lichens, had been exhausted. Reindeer skeletons littered the tundra. The population fizzled out completely a few years later, perhaps because the last male died.

One might think that the lesson for humanity is clear. Conversely, you might instead be thinking that humans are quite different from reindeer, which is a fair point. Unlike reindeer, we can talk, discuss, envision the future, anticipate problems with our food supply and plan accordingly. Imagine if the reindeer had had these gifts. In 1960, when their population was at 3,000, one perspicacious individual might have piped up and said, ‘Hang on everybody, our lichen supply is dwindling. Perhaps we should try to stabilise our population. Maybe we should rein in (sorry) having calves for a while?’fn3 Would that have been oppressive fascism? Or common sense? In a choice between restraint and annihilation, surely restraint is preferable?

How close are we to the point where the food runs out? So far, food production has increased to more than match the planet’s growing population, albeit at a huge cost to the environment. In 2006, the United Nations Food and Agriculture Organization (FAO) published an influential report which projected that food production would need to rise by 70 per cent by 2050 to feed us all. That figure has been used ever since to justify increased farming intensification, and in particular the need for genetically modified crops. The implication is that we must embrace ever more industrialised farming, more pesticides, more destruction of the ecosphere. Otherwise, millions will starve.

There are two substantial flaws in this logic. First, industrial farming is undermining its own foundations, wiping out vital pollinators and natural enemies of crop pests, damaging the soil, polluting our rivers and lakes, and contributing a substantial chunk of greenhouse gas emissions (thus driving climate change, which is further undermining food production). Boost all this by 70 per cent and our planet will break. Second, you may be surprised to hear that we already produce enough food to comfortably feed 10 billion people. In fact, in 2011 the World Bank Institute calculated that we grew enough to feed 14 billion people, twice the human population at the time. Yet, according to the UN, 9 per cent of the human population – about 630 million people – were undernourished in 2011, meaning that they obtained too few calories to meet their minimum energy requirements. Total global crop production has increased by about 15 per cent since 2011, providing enough food for 16 billion people. Yet the number of people in food poverty has increased to 864 million. Right now, 149 million children under the age of five are stunted by poor diet. In the UK alone, an estimated 2.6 million children are in food poverty, along with 7.3 million adults (13 per cent of households). That is an awful state of affairs, given that the UK is one of the richest countries in the world.

It is clear that people are not undernourished because of an overall shortage of food. Globally, we still produce a surplus of grain, vegetable oil and sugar, despite wars in Ukraine and other crop-producing areas. People starve because they cannot afford food, not because the food does not exist. Tackling inequality and poverty is therefore the way to prevent malnourishment, not increasing agricultural inputs. We are awash with food, much of which is not destined to be consumed by people at all. Huge quantities of our crops are turned into biofuel, for instance, including 9 per cent of all cereals, 16 per cent of vegetable oil and 35 per cent of sugar cane.fn4 Thirty per cent of arable crops are fed to livestock. Somewhere between 30 and 40 per cent of all the food that is grown is simply wasted. Yet, even after all of this, enough food remains to fuel an obesity epidemic worldwide. Globally, 16 per cent of adults and 8 per cent of children are currently obese (with a body mass index, BMI,fn5 over 30). This is more than 1 billion people, with a far larger number classed as overweight (BMI over 25). The proportion of overweight adults is rising particularly rapidly in East Asia, from 15 per cent in 1990 to 39 per cent in 2021. Being overweight increases the risk of many diseases, including cancers, heart disease, strokes, and type 2 diabetes. Astonishingly, Public Health England estimates that obesity costs the English economy £27 billion per year – more than is spent on the police, fire service and judicial system combined.

So far as our health is concerned, the problem is largely with the types of food we grow and consume. You might think that we clever humans would grow what we want to eat, or what is good for us, but instead it seems that what we eat is largely governed by what we grow. The tail is wagging the dog. About 300,000 edible plant species are known, but only about 150 to 200 are currently used to any significant extent. Of these, 50 per cent of our calories come from just three crops: rice, wheat and maize. Together with soy beans, these crops comprise 50 per cent of all arable farmland. And these four crops, plus potatoes, oil palm, cane sugar, sugar beet and cassava, make up two-thirds of all the food we consume. Carbs and oil. The food industry takes these cheap ingredients and formulates them into ultra-processed foods (UPFs) which are highly palatable, highly calorific and of low nutritional value: white bread,fn6 cakes, biscuits, snacks and pastries. Regional cuisines and cooking with fresh ingredients have been displaced by fast food, sugary drinks and ready meals. Small wonder that we are fat and unwell.

This shift to a monotonous diet based largely on a small handful of crops is not just bad for us, but is harmful to the environment and highly risky as a food strategy. Think the Irish potato famine, but on a global scale. The Irish population in the first half of the nineteenth century was heavily reliant on potatoes as a dietary staple, mainly a single variety appealingly known as the Irish Lumper. Potato blight arrived in Ireland in 1845, having been accidentally brought from the Americas – the home of the potato – to Europe. About half of the crop was lost that first year. The next year, three-quarters was lost. Ireland was part of the United Kingdom at the time, but to our shame the British government was reluctant to send aid, and so about a million Irish people died of starvation and disease over the following few years.

We do not seem to have learned a lesson. Where once there were many small fields containing a diversity of crops, now there are a few huge fields growing a handful of crops: in the UK, mainly wheat, barley and oilseed rape. The landscape is increasingly monotonous and homogenous, providing few opportunities for wildlife. With few crops, there is limited possibility for crop rotation, exacerbating pest problems and harming soil health. The crops themselves have also become genetically impoverished. Since 1900, 75 per cent of genetic plant diversity in agriculture has been lost, according to the FAO. Farmers have abandoned traditional, locally adapted varieties that may have been in cultivation for thousands of years, in favour of one of a small handful of high-yielding varieties. For example, Thailand alone once cultivated 16,000 rice varieties, but now has only 37. Instead of farmers gathering their own seed to sow next year, increasingly they buy seed from one of a small number of companies that dominate the global seed market. In North America, just six genotypes – distinct genetic strains – comprise half of all maize grown. Just as happened with the Irish Lumper, single genotypes are sown across thousands of hectares of land, and every plant is almost genetically identical. Increasingly, these crops are genetically modified, with the genotype patented by the seed company.

To farm like this is to put all of our eggs in a small number of baskets. We know that biodiverse systems tend to be more stable. No one species can dominate, since each has many competitors and predators. In contrast, a thousand-hectare field containing only one genotype of potatoes or wheat is the least biodiverse ecosystem this side of the moon. It is inherently unstable, and entirely reliant on the use of pesticides to control insect pests and fungal pathogens that otherwise would ravage the crop. As with potato blight, if a fungal disease comes along that is resistant to the fungicides, or an insect pest evolves resistance to the insecticides, then it will rapidly multiply and the crop will be lost. This is not mere theoretical speculation, but is happening right now with bananas. In the 1950s, most commercially grown bananas belonged to one variety, the Gros Michel. Then a fungal disease known as Fusarium wilt or Panama disease emerged which was resistant to all fungicides and deadly to Gros Michel bananas. It devastated plantations around the world, and forced a switch to a resistant variety, the Cavendish. Today, 99 per cent of bananas grown around the world belong to this one genetically uniform variety. Unfortunately, a new strain of Fusarium wilt appeared in Taiwan in 1990 that has overcome the resistance of Cavendish bananas. It has been spreading slowly around the world ever since, wiping out bananas as it goes. Plant breeders are desperately seeking a solution, but to date none has been found.

The current streamlined, simplified food system suits the business model of the huge corporations that control farming inputs, food processing, distribution and sales. But it is not good for human health, is risky in terms of food security, and is disastrous for the environment. As we will see, there are better ways. Even with 10 billion of us, we could all have a sustainable, healthy diet while setting aside huge areas of land for nature. But before we can explain how that might be possible, we must first delve into the enormous variation in the environmental impacts of different foodstuffs …




Carbon, Cows and Climate Change

We are all familiar with the concept that foods have a ‘carbon footprint’, and that we should choose foods with a smaller footprint – but which are those foods, and why do different foods have such hugely different footprints? Helpfully, Joseph Poore and Thomas Nemecek of Oxford University recently calculated the carbon dioxide equivalent emissions of the world’s major foodstuffs, broken down through the whole cycle from clearing land, to growing and harvesting the crop, to processing, transporting and packing. It is an impressive study, incorporating data from 38,000 farms across 119 countries, and it is tough reading if you are a livestock farmer. Beef in particular stands out, generating on average 100 kilograms of carbon dioxide equivalents per kilogram of beef reared. In comparison, most vegetables, fruits and nuts generate less than 1 kilogram of carbon dioxide equivalents per kilogram of food. It seems clear that a climate-conscious shopper should buy little or no beef, but these figures are disputed and the role of cows in driving climate change remains a topic of heated debate.

Personally, I like cows, but they do often get a bad press for their environmental impacts. In particular, they are a significant source of methane, a powerful greenhouse gas (for the record, most of the methane comes out of the front rather than the rear end of a cow). Additionally, demand for land for cattle ranching is a big driver of deforestation, particularly in South America, which in turn creates more emissions and accelerates biodiversity loss. Recent estimates suggest that, globally, we are losing 6–8 million hectares of tropical forests per year – an area about the size of Ireland – with about half of that due to clearance for cattle. Overgrazing by cattle and other livestock in arid parts of the world can also be a major driver of land degradation and soil erosion.fn1 Some argue passionately that we should entirely replace meat from livestock with lab-grown meat, or just eat vegetables. On the other hand, others contend that livestock are a vital part of sustainable, organic farming systems, their dung providing invaluable fertiliser. Additionally, grazing livestock are commonly used as a management tool on nature reserves, helping to maintain biodiverse ecosystems such as semi-natural, flower-rich grasslands and heathlands. Recently, bold claims have been made that the incorporation of dung from livestock into the soil can help sequester large amounts of carbon and so be a positive force in the battle against climate change. Clearly, all these opinions can’t be correct, particularly those regarding the overall effect on climate, so let’s try to unearth the truth.

Firstly, there are an awful lot of cows, which means that any problems they do create – such as belching methane – are amplified manyfold. Worldwide, there are roughly 1.5 billion cows, plus 1.2 billion sheep, 1 billion goats, 970 million pigs, a whopping 23 billion chickens, and 1.2 billion ducks. Eighty billion animals are reared and slaughtered every year. In the last fifty years, global meat consumption has more than tripled, and now exceeds 350 million tonnes. A high consumption of red meat or processed meats (bacon, ham, salami, etc.) is associated with a higher risk of heart disease, pneumonia, diverticular disease and diabetes, according to a huge cohort study of nearly half a million UK adults. This same study also found that a high consumption of chicken, usually thought of as the healthier option, is associated with various ailments including gastritis, gallbladder disease and diabetes. Other studies from around the world concur, and have also linked processed meat consumption with colorectal cancer.fn2
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Estimated greenhouse gas emissions from the major foodstuffs, measured as kilograms of CO₂ per kilogram of food. From Poore & Nemecek (2018). Emissions due to transport costs are shown in black and are barely visible.

As with our seemingly insatiable appetite for UPFs, our growing carnivory is harming our health, and it is also having profound impacts on our planet, as highlighted by the jaw-dropping calculations of the Israeli scientist Yinon Bar-On. He estimated the global biomass of mammals and birds, revealing that 60 per cent of the mass of mammals is now made up of livestock, with another 36 per cent comprising us humans. That means, of course, that all of the wild mammal species on Earth, ranging from pygmy shrews to blue whales by way of rats, rabbits, reindeer and rhinos, together make up just 4 per cent of mammalian biomass. Similarly, by weight, 70 per cent of the world’s birds are now domestic chickens or other poultry.

Cows, sheep and goats are all ruminants, meaning that they possess a four-chambered stomach. The first two chambers, the rumen and reticulum, are fermentation vats in which the vegetation the animal consumes is digested by countless billions of microbes. These bugs are able to break down cellulose and other complex carbs that mammals cannot directly digest. To aid the process, ruminants regurgitate dollops of half-digested food – known as cud – and chew them. The thoughtful expression animals have when chewing their cud is presumably where the word ‘ruminate’ comes from. This whole process is a remarkable example of a mutualistic relationship between animals and microbes, but unfortunately all that fermentation produces a lot of methane, and therein lies the problem.

Methane occurs naturally in small amounts in our atmosphere, released from wild ruminants, from termites – which have a similar digestion system to ruminants – and from bacteria in marshes and bogs. It is a far more potent greenhouse gas than carbon dioxide. To explain what this means, we must delve into some complex detail; forgive me, but this is important to understand, for it lies at the heart of many misunderstandings and much confusion in debates over the drivers of climate change.

Greenhouse gases trap heat arriving from the sun in our atmosphere, but different atmospheric gases are more or less efficient at doing so. The relative warming potential of different greenhouse gases is measured as the amount of energy from the sun that 1 tonne of the gas will absorb relative to 1 tonne of carbon dioxide. This is known as the global warming potential, or GWP. Because the GWP of different gases is measured relative to that of carbon dioxide, the GWP of CO2 is 1. In practice, the amount of energy absorbed per tonne of carbon dioxide is about 3.7 megajoules per year. A greenhouse gas that absorbs twice as much – 7.4 megajoules per year – would therefore have a GWP of 2.

So far, I hope you will agree, this is not too tricky to grasp. Unfortunately, the calculation of GWP is rendered more complicated by the fact that different gases persist in the atmosphere for different periods of time, usually measured as the ‘half-life’ – meaning the time it takes for half of the gas to disappear. Carbon dioxide, for instance, has a half-life in the atmosphere of many hundreds of years. It is hard to calculate exactly, and depends on what we might do in the future to capture carbon from the atmosphere, but to all intents and purposes we might as well regard carbon dioxide additions to the atmosphere as permanent. If I add a tonne of carbon dioxide to the atmosphere – for example, by flying economy class one-way from London to New York – then that CO2 will continue to absorb another 3.7 megajoules of energy each year until long after I am dead. It will still be doing so every year that my great-great-grandchildren are alive, and they’re unlikely to think kindly of me for it.

In contrast to CO2, methane has a half-life of just ten years. Suppose that, instead of flying to New York, I decided in 2025 to keep a small herd of ten cows for a year, then slaughter them. During this year my cows would belch out about 1 tonne of methane
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