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Introduction

THE FUTURE OF FORESTS and the future of humanity are inextricably entwined. I’m not saying this for dramatic effect; it is simply a fact. As bleak and frightening as these words sound, they actually offer a great deal of hope. Trees are so adept at creating communities that many of them can cope with the current level of climate change. They are also our best option for removing greenhouse gases from the atmosphere, doing so much more efficiently than any technological fix we could ever come up with. They also markedly cool climates locally and significantly increase rainfall.

Trees, by the way, are doing all this not for us, but for themselves. Like people, trees don’t like conditions to be too hot or too dry. Unlike people, they can turn the thermostat back down a bit. That said, beeches, oaks, and spruce are not born with all the skills they need to effect these changes. On their long journey to becoming old trees, they must learn how to adapt. Not every tree succeeds, because these enormous plants are just like people: there are huge variations between individuals, and they don’t all learn at the same speed or draw the right conclusions from their life experiences.

In this virtual journey through the forest, I’ll show you how you can watch trees learn, why it’s not necessarily a problem for beeches or oaks if they drop their leaves in summer, and how you can tell when trees have opted for the wrong survival strategies.

Even though science has made great progress in bringing the hidden life of trees out into the open, the curtain has still barely been lifted. The role played by tiny organisms such as bacteria and fungi, for example, remains largely unexamined, primarily because most species are as yet undiscovered. And yet these tiny life-forms are as important to trees as our gut microbiome is to us: without these microorganisms life would not be possible for either trees or humans. Fascinating new details from this hidden world reveal that each tree is an ecosystem in its own right, like a planet populated by an infinite number of amazing life-forms.

When we step back, the big picture also reveals surprises. Forests create atmospheric rivers carrying water in cloudbanks that travel thousands of miles into the interior of continents, dropping rain on regions that would otherwise be deserts.

Trees, therefore, are not life-forms that stand there and suffer as human activity changes the global climate. Rather, they are creatures rooted in their environments that react when conditions threaten to get out of control.

There are, however, two things trees need to be able to adapt successfully: time and being left alone. Every intervention sets the forest ecosystem back and prevents it from establishing a new equilibrium. If you have walked by clear-cuts in Germany recently, which are some of the largest in decades, you will probably already have noticed the extent to which modern forest practices interfere with the trees’ ability to recalibrate. But there is hope! Forests return quickly and vigorously when they are allowed to grow back on their own. All we need to do is to accept that we cannot create forests; the best we can do is to set out plantations. A better way for us to help trees is to step aside and allow natural reforestation to take its course. If we maintain an appropriate level of humility about our abilities and optimism about the power of nature to heal itself, the future can be one thing above all—green!





PART I

The 
Wisdom 
of Trees
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When Trees Make Mistakes

IN HOT, DRY SUMMERS, trees have big problems. They cannot escape to the shade, and they cannot take a sip of water to cool themselves down. Indeed, they cannot react quickly in any way. And because they’re so slow, it’s all the more important for them to choose the right coping strategy. But what is the right strategy and what happens when a tree makes a mistake?

I had a ringside seat to observe this from the academy I established in Wershofen in the German state of Rhineland-Palatinate to educate people about forests and help support struggling forests around the world. One side of North Street is lined with horse chestnuts. In the dry summer of 2020, the horse chestnuts behaved much like many trees in Europe that year: their leaves began to take on the colors of fall in August, which is far sooner than normal.

Horse chestnuts have been having a particularly challenging time in many parts of Europe for years. Shortly before 2000, horse-chestnut leaf miners advancing northward reached the trees in Wershofen. These small, light-brown moths are native to Greece and Macedonia, the horse chestnuts’ original homeland. Up until the moths’ arrival, like many other imported plants, the horse chestnuts in Wershofen had been leading charmed lives. Although the ecosystems in countries like Germany are not perfect for these trees—it really is a bit too cold for them this far north—nevertheless, our chestnuts settled in nicely. The parasites that plagued them back home had not yet made it to the trees’ new location and being slightly colder in winter was a small price to pay for a life without leaf miners. Then, about forty years ago, things started to change. That was when the moths began to follow their prey north, and eventually they, too, arrived in Wershofen.

Leaf miners do just as their name suggests: the caterpillars “mine” tunnels in leaves. The female moths lay their eggs on the surface of the leaves, and after they hatch, the caterpillars eat their way inside. Small brown, wavy lines show where the moth babies have been happily chowing down—happily, because living inside a leaf offers good protection from hungry birds. The mined sections of the leaves dry out, and the caterpillars continue to eat. As summer progresses, the foliage looks increasingly ragged, especially as the first round of egg laying is often followed by a second.

The leaves on the trees along North Street were therefore already damaged when, after several hot days, the drought settled in. In a situation like this, chestnuts react just as all trees do: they shut down photosynthesis and wait. The trees have even less of an idea than we do of how long a dry period like this might last and therefore it makes sense for them not to panic right away.

The trees’ first response is to close the millions of tiny mouths, the stomata, located on the undersides of their leaves. Trees use these tiny mouths to breathe, just like we do, and, just like us, trees expel water vapor with every breath. The water vapor cools their surroundings as it evaporates, and the green giants actively manage this process to make hot summer days more bearable.

When the roots signal all the moisture in the soil has been used up, the trees close these countless mouths. However, when the stomata are closed, photosynthesis stops because carbon dioxide is no longer entering the leaves. Without water and carbon dioxide, the trees can no longer use sunlight to produce sugar. At this point, the trees begin to consume the sugar reserves they were hoping to increase so they could survive their long winter sleep.

Despite the shutdown, the trees continue to lose a minimal amount of moisture through their leaves, roots, and bark. If the drought continues, they now employ a second strategy: they discard some of their leaves. Like their fellow green giants, the chestnuts lose their leaves from top to bottom, and the first leaves to fall are those way up in the canopy, farthest from the roots. Trees expend a great deal of energy transporting water to their crowns, and because they can no longer stockpile sugar, they need to conserve energy. If dropping the topmost leaves doesn’t do the trick, and if the rain still doesn’t come, the trees continue to drop leaves gradually from the top down until finally, as early as August, they stand there with completely bare branches.

In 2020, almost none of the beeches, oaks, or chestnuts around Wershofen had resorted to this final step. Only a few individuals had given up. Perhaps these trees were particularly anxious and wanted to play it safe. Or perhaps they were growing in especially dry spots. Whatever the reason, by August, the branches on these trees had no leaves left on them at all.

The chestnuts in particular really couldn’t afford to lose their leaves, as by summer they had already been weakened by leaf miners. Their leaves, covered in brown patches where the caterpillars had fed, were producing limited quantities of sugar, which meant the trees were starving. Next on the chestnuts’ list of challenges was the elevation at which they were growing. North Street lies about 2,000 feet (600 meters) above sea level. The elevation and the harsh conditions in the Eifel, a low mountain range in central Germany, make for a short growing season and the window to produce sugar is tight. Trees need to produce enough not only to keep going day to day, but also to see them through their winter rest period and get them kick-started the following spring. In the Eifel, far from their original home, this was already a struggle for the chestnuts. And now they were dealing with the third dry summer in a row, during which every last drop of water in the soil had clearly been used up.

Under normal circumstances, when trees encounter conditions like these, they simply advance their seasonal shutdown and drop their leaves in September—which is what the beeches in my forest typically do. Although the beeches look dead, they leaf out again in the spring and try to make up for time lost the previous year. Most of the chestnuts do this too. The anxious ones that dropped their leaves in August had definitely jumped the gun and employed this survival strategy too soon.

On August 31, 2020, the weather gods had a change of heart. In a small area on the northern edge of the Eifel, clouds darkened the sky. It rained for hours, dumping about a quarter of an inch of rain (60 liters of water per square meter). This wasn’t nearly enough to replenish water reserves in the drought-stricken soil, but the upper few inches got a bit damp, and I hoped it would be enough to give the trees some respite.

The panicky chestnuts’ reaction over the next few days took me by surprise and initially made no sense: they began to blossom. A tree that is already short on sugar shouldn’t be putting energy into reproduction, especially since producing blossoms isn’t going to pay off this late in the year. Even if the flowers were fertilized, there would be no time to develop seeds and fruit before the onset of winter.

I was on my way back to the forest academy with a group of forest guides in training when they drew my attention to the chestnuts’ behavior. We stopped to take a closer look, and it immediately became clear what was going on. Not only were the trees blooming, but they were also unfurling fresh new leaves. This solved the mystery. The chestnuts were starving. With fresh green growth on their branches, they could now stock up on sugar and fill their storage spaces. Clearly, the trees couldn’t tell if they were growing only leaf buds or all the buds on their branches, including those that produce blossoms. And this was what we were witnessing. I made a short video with my cell phone and uploaded it to my social media page for discussion. I soon learned some chestnuts in other areas were resorting to the same strategy.

An internet search revealed that a few horse chestnuts had unfurled fall blossoms in previous years. I wasn’t totally convinced by the explanations that were being offered, which suggested the stress of climate change and attacks by leaf miners and fungi had brought the trees to the brink. The trees, then, were blossoming in the fall in a final, desperate effort to reproduce.[1] On the face of it, the explanations sounded logical. However, they assumed trees are unable to differentiate between seasons. Blossoms in fall won’t result in fruit because the few weeks that remain until winter are nowhere near long enough for fruit to ripen. Any tree that pursues such nonsensical behavior squanders energy and adds to its predicament.

Scientists have known for decades that trees calibrate their behavior based on day length and temperature. In other words, they follow the seasons as accurately as we do—and they do so without needing a calendar. And this is where the next head-scratching assertion pops up: chestnuts are mixing up their seasons. The summer drought that interrupted their uptake of water and therefore their ability to photosynthesize had confused the trees so much that when the rain returned in fall, they thought it must be spring.[2] This line of argument makes absolutely no sense because it ignores how evolution works. If horse chestnuts get so easily confused—after all, summer drought is a natural phenomenon that occurs at least every couple of decades—then how have they managed to survive for more than thirty million years? Any life-form that regularly engages in such nonsensical expenditures of energy would be too weak when faced with a crisis and would relinquish its hold on life.

It’s not confusion that drives the chestnuts’ behavior, it’s hunger. But once a tree has started something, it must see it through. It is not simply a case of unfurling new leaves (together with blossoms it has no use for). A series of events has been put into motion that must be followed through to the bitter end—and each step increases the tree’s energy deficit. Growing leaves has taken energy the tree cannot afford to lose. It cashed in its last reserves when it spread its solar panels to manufacture sugar. It has also used up the buds intended for spring. The tree has opened its buds too soon, and if it is not to stand completely bare next year, it must now invest in new ones. And even that is not the end of it: as buds and leaves develop on new growth, the chestnuts must also grow new wood to carry them.

Here’s the bottom line: a tree that drops its leaves in summer and is then overtaken by hunger in fall must grow not only leaves (and blossoms it doesn’t want or need) but also new wood and new buds. This effort is worthwhile only if the new leaves generate more sugar for the tree to store over winter than the tree spent producing all this new growth. Unfortunately, the march of the seasons is not in the frantic trees’ favor. In September, the days are considerably shorter, which reduces the time the trees have to photosynthesize. Moreover, areas of low pressure usually move in a few weeks later, bringing with them a great deal of rain. Although this rain recharges the ground, it also obscures the sun. And if that were not enough, temperatures fall and the first overnight frosts make their presence felt.

That October, the other chestnuts along North Street demonstrated how trees should behave. They withdrew energy reserves from their leaves, which turned first yellow and then brown. They didn’t waste time because the first cold snap with overnight temperatures dipping below 23 degrees Fahrenheit (minus 5 degrees Celsius) was going to force them to shut down for the winter. After that, orderly leaf drop is no longer possible and more than just the loss of valuable substances in the leaves is at stake. The only way a tree can actively shed a leaf is by forming a layer of corky cells to separate the leaf from the branch. Trees surprised by the winter shutdown end up with brown leaves hanging from their branches. Heavy snowfall gets trapped and weighs down the branches, and large sections of the crowns can snap off—something I’ve seen happen many times.

In 2020, when most of the horse chestnuts along North Street behaved as they should, a few panicked. While their fellow chestnuts were sporting fall colors, the trees that had panicked stood there valiantly, covered in fresh green foliage because their sugar account was still in arrears. They didn’t shed their leaves until after the first hard frosts in the middle of December, which was far too late. Statistically speaking, some trees that behave this way will not survive the winter and will die just before the time comes to unfurl new leaves in spring. This timing might seem odd to you, so let me explain. Shortly before trees green up, water is forced up the trunk to fuel bud break. This is the trees’ most impressive feat of strength in the whole year and the moment when the fate of many weakened individuals is sealed. In the case of the panicked chestnuts in Wershofen, I am pleased to report there was a happy ending. Their buds swelled the following spring, and in one final effort they unfurled new leaves and could finally take their time replenishing their supplies of sugar.

Although it’s quite common these days to see chestnuts in various locations blooming and unfurling leaves in fall, I haven’t noticed this phenomenon in beech forests. Theoretically, a few beeches here and there could make the same miscalculations as the panicked chestnuts. Maybe they don’t thanks to better networking when trees grow together in a forest. The beeches supply each other with sugar solution underground via their root network. When needed, trees in a forest assist other trees that are weak or hungry. This might be why stressed individuals don’t grow new leaves to photosynthesize—because they can rely on their community to support them. In contrast, chestnuts planted along a lonely country road far from a naturally occurring woodland community are clearly on their own and must struggle to survive without any help from family.

WHILE YOU CAN WATCH deciduous trees reacting to drought, the process is less visible with conifers. This is hardly surprising, as conifers shed their needles unobtrusively in fall, discarding only the oldest generation. Pines, for instance, hold on to three generations of needles: the current year’s needles at the branch tip, needles from the previous year right behind them, and three-year-old needles at the back. Spruce retain up to six years’ worth of needles, which is long enough even for them—after all that time, the needles are worn out and it’s time to let them go. When you see fall colors in conifers, you know something is wrong.

Conifers actively shed needles, just as deciduous trees actively shed leaves, and like deciduous trees, conifers regulate their use of water in times of drought. First, they shut down photosynthesis. Then they shed needles to reduce the area losing moisture. In these last few years of drought, I had a front-row seat to observe the conifers around my yard at the forest lodge. My wife, Miriam, and I watered the beds close to the lodge to make sure the ornamental plants and vegetables we were growing in our garden didn’t simply curl up and die. The hollyhocks and herbs, however, were not the only ones that enjoyed the extra water; the trees growing close by also benefited. Most—but not all—of the 140-year-old pines looked hale and hearty even in the August 2020 heat wave. Any that were not growing right at the edge of the watered beds shed a complete generation of needles prematurely. You could see a huge difference between pines with three years’ growth on their branches and those with only two. The old trees with only two looked threadbare. And so my yard and the pines growing there became an open-air laboratory where I could observe as the trees learned from their experience.

SO FAR, WE’VE BEEN concentrating on what happens above-ground in times of drought, but important processes play out belowground as well—in the roots. The roots are probably the most important part of a tree. Cells at the root tips work together to function a bit like a plant brain.[3] The tips test the ground as the roots grow in darkness, continuously monitoring at least twenty different parameters, including moisture, of course, but much more than that. The root tips take note of gravity—after all, the tender tissues need to remain in the soil and not grow up and out of the ground. Light sensors also prevent this from happening. You might think light sensors are unnecessary given that it’s always dark underground. Wouldn’t gravity sensors be enough? But roots that grow across slopes can end up out of the soil by mistake. It’s good, therefore, if the roots have a way of registering when it’s getting brighter so they can quickly change course and retreat underground. Roots react with similar horror to toxins. When they come across dangerous particles in the soil, they quickly grow around the problem area (quickly for them, anyway). Based on a diverse range of sensory input, the roots also decide how the tree behaves in general—for example, when it blossoms and how many leaves it grows on its branches.[4]

In dry summers, the most important condition roots actively monitor is, of course, moisture. When this is in short supply, the roots immediately send signals up the trunk and along the branches, telling the leaves to shut their small, mouthlike openings. This puts sugar production—and therefore water use—on hold. Swiss researchers have discovered how this works. They were studying young beeches in the laboratory and had simulated drought conditions in a test setup. The scientists observed that it is indeed the roots that regulate the behavior of the leaves. As the ground dries up, the roots reduce their consumption of sugar—and just when it becomes impossible for them to pump more water up to the leaves, they no longer need to do so: when the roots shut down their intake of sugary liquid from the leaves, sugar supplies back up, which causes the leaves to stop making food.

When trees close the openings in their leaves and stop producing sugar, they switch to their stored supply of food to keep themselves alive. To process their food, the trees need to take in oxygen like we do when we breathe. They are now absorbing oxygen and releasing carbon dioxide, and as a result, a drought-stressed summer forest is no longer a source of oxygen. Once the drought is over, something astonishing happens: the leaves take in more carbon dioxide than normal and produce considerably more sugar. You could say the trees are stuffing themselves to make up for lost time. Their voracious appetites allow them to at least partially make up for the shutdown in sugar production during the drought.[5]

But what happens to the roots during the drought? They need to grow constantly if they are to keep moving through the soil. Under normal circumstances, food flows constantly from the leaves to the tender tissues in the ground. But when photosynthesis stops or, even worse, leaves are discarded, the roots go hungry. This is risky for the trees. If the fine feeder roots die, the trees’ ability to take up water will be severely restricted even after the rains return.

When roots die, trees can also lose their balance, as I discovered at the end of 2018. I got up one calm, rainy morning to drive over to my forest academy in the neighboring village. I was at the front door, pulling on my rubber boots, when I heard a strange cracking sound. I peeked outside and watched as a mighty 140-year-old pine slowly leaned over and came crashing down onto one of our woodsheds. When I ran over and looked at the mass of roots, I noticed the fine ones were severely damaged. Dry summers, therefore, affect not only the health of the trees but also their stability.

Before the trees’ fine roots start to die, however, the green giants tap into all their sugar reserves, some of which can be very old indeed, as a team of researchers from Finland, Germany, and Switzerland discovered. The team was investigating the age of fine feeder roots—the trees’ most delicate roots—by analyzing the carbon they contained. If you measure the number of radioactive atoms in the carbon stored in plant tissue, you can tell how old the tissue is. Cosmic radiation transforms a tiny fraction of the carbon atoms in the atmosphere—more precisely, every billionth atom—into a carbon-14 atom. The half-life of a carbon-14 atom is 5,730 years. Carbon-14 is constantly being created in the atmosphere, but not in plant tissue. Photosynthesis integrates carbon-14 into the plant tissue, where it gradually decays. The proportion of carbon-14 in the carbon stored in the tissue, therefore, diminishes over time. The researchers can tell how old the tissue is by analyzing the ratio of normal carbon to carbon-14. Their research has revealed that the fine roots of native trees in forests in Germany are, on average, eleven to thirteen years old.

If that sounds overly complicated to you, don’t worry. There’s a much easier way to test the age of the roots: you can slice through them. Tree roots, just like tree trunks, form annual growth rings because they increase in diameter as they grow. Counting these rings led to a real surprise: the roots were ten years younger than the carbon-14 dating suggested, in other words, only one to three years old—and growth rings never lie. According to the researchers, the most likely explanation for the difference is reserves of older food stored within the root tissues. These food reserves age in exactly the same way as the plant tissue ages, and if the tree dipped into these reserves to grow the new fine feeder roots, these roots would have a few years’ start on the molecular clock.[6]

You’ve just read that trees store reserves of food. You likely had no idea that these reserves remain in plant tissue for up to ten years before the trees use them. This was news to me too. The researchers suspect that the development of fine roots from food that has been stored for so long could be a survival strategy used when times are hard. If they are to function as they should, fine roots need to grow even in dry years. As trees cannot manufacture sugar in times of drought, trees that are able to utilize very old supplies of food have an advantage.

This means the old pine in our yard did not necessarily fall because its fine roots had dried out—perhaps it simply did not have enough food stashed away in its tissue that it could draw on in times of need and its fine roots had stopped growing. Likely, however, it simply had not learned how to budget properly and had burned through its reserves of sugar without setting aside an emergency supply. After all, so many dry summers, one after the other, is a rare event this part of the Eifel.

The bad news is that a tree cannot learn from an experience that kills it. The good news is that it is possible for trees to learn the correct strategies to employ and they don’t necessarily have to do so through the hard school of life. Trees can protect each other from making life-threatening mistakes, especially when it comes to parent trees and their children. To take a closer look, let’s stick with the drought of 2020 and the trees in Wershofen, but this time, we’ll step into the middle of a beech forest that has been left to grow at least somewhat naturally.
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A Thousand Years of Learning

MODERN EDUCATORS WERE NOT the ones to come up with the idea of lifelong learning. Trees have embraced this approach for millions of years. Learning is vital to the survival of beings that can live to be thousands of years old. Short-lived organisms that reproduce often and in large numbers can make the adaptations they need to survive through gene mutation. Under optimal conditions, microorganisms such as Escherichia coli double their numbers as often as every twenty minutes[1]—something trees can only dream of doing. It depends on the species, but in extreme cases, it can take hundreds of years before these giant plants are capable of reproduction. And it takes even fast-growing trees like birches and poplars at least five years before they bloom for the first time.

In addition, space needs to be made available before the next generation can take over in the forest—a vacancy must be created when a mother tree dies and opens a gap in the canopy through which light and rain can fall unimpeded to the ground. Only then do young trees have a chance to grow tall. With beeches, the most common native tree in ancient forests in Germany, this handover from one generation to the next happens every three hundred to four hundred years. Genetic modifications of characteristics related to climate change take just as long—too long.

Mutations are not the only way organisms adapt to changing environmental conditions, however, as we know from our own experience. Humans have undergone barely any genetic change in the past few thousand years, and yet in a relatively short time we have radically changed how we live. Our forebears gathered experiences and learned to deal with change by altering not only their genes, but also their behavior. Behavioral adaptations were the only way our species could settle both the icy North and blazing hot savannahs. The key to survival for long-lived species, therefore, is to learn and pass knowledge down to the next generation. And this is clearly what trees do—as you can see for yourself the next time a hot summer comes along.

THE ANCIENT BEECH FORESTS growing near my forest academy had proved to be amazingly resilient during the hot summers of 2018 and 2019. In the surrounding commercial plantations, spruce and pines were not the only trees dying. Old deciduous trees were dropping their leaves as early as August. The situation was very different in untouched forest preserves. Here, the trees’ mighty crowns cast constant shade, and even after months without rain, the forests were still pleasantly damp and cool.

It was the third summer of drought—2020—when the picture changed. Up until July, it looked as though 2020 was going to be a repeat of the previous two years. The heat wave that hit in August, however, proved to be too much. Forested slopes turned completely yellow-brown, and within three days a huge number of leaves began to fall. It feels somewhat spooky to walk under trees in midsummer with millions upon millions of leaves fluttering down around you. That was when I first began to fear for the future of the beech forests.

The trees growing on north-facing slopes were most affected. These locations offer particularly good conditions for forests but were the very places where the signs of drought were most noticeable. How could this be? On north-facing slopes, the sun shines on the ground for fewer hours per day than it does on south-facing slopes for one simple reason: the ground is shaded not only by the trees but also by the mountain itself. More shade means lower air temperatures. Water also evaporates more slowly in these conditions. Shady and cool. These are exactly the conditions beeches and oaks like best. You notice the difference in how they large grow. Trees growing on north-facing slopes can be twice the size of trees on south-facing slopes, where heat and lack of moisture slow down photosynthesis. In short: north-facing slopes are a paradise for trees. Or at least they were up until now.

South-facing slopes, in contrast, have always been places of scarcity when it comes to meeting trees’ needs. The slope is oriented toward the sun like an enormous solar panel, catching the full heat of the sun’s rays all day long. Rain evaporates much more quickly both from the canopy and from the ground. On hot summer days, beeches and oaks on this side of the mountain run out of steam noticeably sooner. They end up photosynthesizing and producing sugar for significantly fewer days than their colleagues on the north-facing slope.

You could say that on south-facing slopes the trees are already experiencing the kinds of temperatures and rates of evaporation that trees growing on north-facing slopes will begin to experience for the first time as the climate changes. And yet here on the south-facing slope, the trees’ stress as exhibited in the browning of their leaves was far less pronounced. It’s not that the trees on the south-facing slope were unaffected by the drought. It’s just that they switched to emergency mode in time because they already knew how to be frugal: they had started to use less water and had more or less shut down.

On the north-facing slope, however, the hot August days hit trees that clearly did not see trouble coming. Even in the middle of the 2019 drought, the moisture in the shaded ground had been enough—and it was still enough until July 2020. But then, in an instant, the trees used up the last reserves of water. It happened instantaneously because on a hot summer’s day a mature beech transpires up to 130 gallons (500 liters) of water. If no rain falls to replenish supplies, any tree that doesn’t apply the brakes soon enough suddenly finds nothing but dust at its feet. Its roots register the abrupt onset of drought, but by then it’s too late for the tree to switch strategies. It’s no longer possible for it to dial down its use of precious moisture. The only option left is to apply the emergency brake.

The trees on the north-facing slope hit the emergency brake that August. In a state of panic, they shed a massive number of leaves to reduce transpiration. The speed of their reaction was enough to tell me how dire the situation was. A tree that sheds most of its leaves in just three days is moving at top speed. Compare this to how trees shed their leaves in fall. That process starts with the gradual removal of chlorophyll, the green pigment that makes photosynthesis possible. The chlorophyll is broken down and stored in branches, in the trunk, and in the trees’ roots so the pigment doesn’t have to be manufactured from scratch every year. As the green is removed, the yellow pigments in the leaves are revealed. Once all the important nutrients have been extracted from the leaves, the tree grows a corky abscission layer and the leaves fall to the ground. The whole process happens at a leisurely pace over weeks, finally coming to an end in November.

The emergency jettisoning of leaves in August 2020, in contrast, was a reaction executed in a moment of complete panic. At first the beeches attempted to follow the same procedure as in fall, following the script as best they could. However, they quickly realized they were being too slow and were still losing too much water. Any tree that doesn’t get ahead of the curve in these circumstances will dry out and die.

And so the beeches upped the tempo and dropped not only brown (that is to say, empty) leaves, but also yellow and even green ones. Beeches that drop green leaves have gone straight to high alert. Any tree that throws away valuable nutrients instead of retrieving them from the leaves (as they do in fall) is living dangerously. In spring, they are going to need the last of their reserves to wake up from their winter break and grow new leaves. They will have no energy left over to defend themselves should they then be struck by disease or the next drought, and they will die. Beeches, therefore, discard green leaves only in the direst of circumstances.

Despite the trees’ haste, I could still discern some order in the chaos on the north-facing slope. The first leaves to be discarded were those high up on the crown, and then those on successively lower branches. This strategy worked out well for most of the trees. They were in luck when the wind took a turn to the north and moist air streamed into the Eifel mountains. Clouds climbed the slopes, releasing huge amounts of rain that quenched the parched trees’ thirst. They stopped dropping leaves and even delayed leaf drop in fall. This behavior is not unusual. Instead of dropping their leaves in October as they usually do, hungry trees often hang on to their remaining leaves until November. That way, they can snack on a bit more sugar and stockpile some for the coming winter.

From a distance, the situation in forests stressed by drought often looks more disastrous than it really is. The outer leaves on the crowns are the first to turn from green to brown, which makes stands of beeches and oaks look pretty dismal when viewed from a long way off. But when you’re walking in such forests, they often look surprisingly vibrant. As you wander under the canopy, mostly what you see are the leaves of the inner crowns, which are still lush and green. The trees are on high alert only when all their leaves are strewn on the ground by August.

Most of the trees on the north-facing slope in Wershofen will survive this shock to their systems. The most important thing is that they have now learned to ration water better. For the rest of their lives, they will slow down and drink only in moderation, and come spring, they will not completely exhaust the rain stored in the ground over winter. This change in behavior is measurable. It manifests itself as slower growth in the diameter of the trunk. After this traumatic experience, even in the absence of drought in the future, the trees will faithfully follow this new strategy—just in case…

WHEN WE CHANGE our behavior based on new experiences, we call it learning—and learning is the most important survival strategy of life-forms that live for a long time.

Plants can learn in significantly more complex ways than the trees’ reaction to drought. To check this out, let’s take a step back and consider peas. These legumes have the unbeatable benefit for researchers that they are much easier to manage in the laboratory than beeches or oaks. In this carefully curated world, what the tiny plants reveal is nothing short of astonishing.

Monica Gagliano, a biologist from Sydney, Australia, trains peas the way you might train a dog. You have no doubt heard of the historic experiments of the Russian physiologist Ivan Pavlov. He was researching how dogs behave. When he offered them food, they began to salivate; when he rang a bell, nothing happened. Then he began ringing the bell before he fed them. Soon the sound of the bell alone caused the dogs’ saliva to flow, even if there was nothing to eat. This process is known as conditioning—a connection is made between two completely different stimuli and both now elicit the same reaction. And as it turns out, you can condition peas as well.

To do this, Gagliano kept the peas in the dark until they got hungry. Then, every so often, she shone a blue light on the little plants. Light is the energy plants use to photosynthesize, and by now the peas were getting really peckish. They quickly turned their leaves toward the light—something you’ve probably noticed your houseplants do as well. That in itself was nothing out of the ordinary, with the possible exception that when the peas found themselves in the dark once again, they returned their leaves to a neutral position.

The scientist now added a puff of air right before she turned on the light. In the final step of the experiment, the peas received a puff of air in the dark without the light being turned on afterward. And lo and behold, the plants oriented their leaves to the puff of air, clearly expecting light would soon follow from this same direction. They associated the puff of air with the light even though this stimulus had nothing to do with photosynthesis. To put it another way: peas are able to make connections.

Gagliano believes many plants probably possess this ability.[2] The results of her experiments demonstrate that our fellow beings clad in green are capable of much more complex levels of learning than we have hitherto suspected. It follows that their ability to adapt to change must also be more developed than we thought. And with that, let’s return to the topic of trees.

PARTICULARLY IMPRESSIVE TREES growing in what is now a wildlife park near Ivenack in the German state of Mecklenburg-Vorpommern demonstrate that trees can continue to learn for extremely long periods of time. The pedunculate oaks there have short, thick trunks and mighty, gnarled branches. They are estimated to be between five hundred and one thousand years old, which makes them among the oldest trees in Germany. The most imposing trunk has a diameter of 11.45 feet (3.49 meters) and a volume of 6,357 cubic feet (180 cubic meters)—360 times the average for a tree in this country.[3]

Foresters generally think of old trees as frail. They assign them a low value because the interior wood of ancient trees has often been rotted away by fungi, which means the trunks can no longer be sent to sawmills for processing. The accepted wisdom among state foresters is that ancient trees are the ones least able to defend themselves against heat and drought. It makes sense, therefore, to cut them down before they rot anymore and to replace them with young, vigorous trees. But this narrative is simply a public-relations ploy that allows foresters to cut down large, valuable trees without having to worry about public protest. And that is why you can no longer find ancient trees in German forests. The only places where they still grow are in parks—where trees are not managed for commercial gain and people love them for their own sake.

The oaks of Ivenack had a hard life even before climate change. After all, you can’t have a genuine forest microclimate in a cultivated space like this. You would expect them to live shorter lives than their colleagues in true forests. And yet they are the record holders among our native oaks—and their longevity is connected with the way they learn.

Researchers took a close look at the oldest oak. CT scans are a
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