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Introduction



The sound of friendly chatter mingles with birdsong and the buzz of bees as the sun beats down on the umbrella of tree branches shading the outdoor seating area. The conversation is (of course) about the weather: the surprisingly warm recent days, and the floods of just a few months ago.


The weather is a small-talk opener in many cultures, from pondering whether rain will fall any time soon, as is common in my Australian homeland, to wondering if it will ever stop, as in my current home of the UK. But while we all love to talk about the weather, such conversations are becoming a more serious concern in line with an increasing battering of storms, unusually hot weather or seemingly endless droughts.


It’s important to remember that climate change is an increase in temperature measured over decades, rather than the differences that occur from year to year. Every decade since the 1980s has been warmer than the previous one. This is caused by greenhouse gases, such as carbon dioxide, trapping heat in the Earth’s atmosphere. When the sun’s rays approach the Earth, some bounce off layers in the atmosphere or the surface of our planet and are reflected back into space. Greenhouse gases prevent some of that reflected heat from leaving the atmosphere, trapping it in the way a greenhouse traps the warmth of the sun. This extra heat warms up the atmosphere and oceans, resulting in changes to the Earth’s weather patterns.


For most places, this means that extreme weather events will become more frequent. Regions in the centre of large continents, far from the ocean, may experience more extreme droughts. As the air warms, more water can evaporate from the soil. Drier soil heats up more than wet soil, which further increases the air temperature above it, and this in turn means the air can hold more moisture, evaporating any that is left in the soil. Rain is unlikely to occur under these conditions until the temperature falls or a moisture-laden air mass blows in.


In areas near the ocean, by contrast, more water evaporates from the sea as the temperature rises. When this moisture-filled air moves over land and meets cooler air (such as that in mountains or from an air mass originating close to the poles), all that extra moisture drops out of the air as an intense downpour or storm. The warm ocean air also feeds the energy that builds in tropical storms, including hurricanes, cyclones and typhoons, increasing the force with which they slam the coastlines.


Local climates are also influenced by a range of other factors, including landcover type – forest, grassland, bare earth or cities, for example – and by local terrain, such as mountains, river valleys and plains. The exact changes that each location will experience will therefore vary according to the way local and global weather patterns interact in that particular place. But whatever the historical ‘normal’ climate of any location, it is very likely that more and more extreme weather events will confront us in the future.


While many of us are initially most concerned about the safety of our loved ones and property in extreme weather, our gardens and green spaces can either suffer from or help to mitigate the effects of climate change. Which of these occurs is down to our choice of landscaping and plants. Let me explain.



What climate change means for gardening, and what gardening can do to help



Storms that bring pulses of high rainfall in urban areas can cause flash flooding when the gutters and drains are hit all at once with high volumes of water running off roofs and paved areas. Slowing the speed at which water enters the drains can avoid that sudden rush and prevent flash flooding – and this is where the garden comes in. Diverting even some of the rain from downpipes into water storage can help to reduce the volume of water in the drains. This will be even more effective if the water storage overflows into ‘rain gardens’ with both low and high areas. Water is diverted through the low areas and plants that prefer more moisture can grow there happily, while those that prefer not to have their feet wet can be grown in the higher spots. Rain gardens are also beneficial during drought, since the water is concentrated in the low areas, which remain moist for longer.


Green roofs are another great way to reduce the amount of water that reaches the drains, while also providing insulation for the building against extremes of temperature. In apartment blocks, flat roofs are increasingly being converted into green spaces that capture rainfall while providing recreation areas for the residents. If your apartment or office block has a flat roof, consider asking the building manager if you can start a rooftop garden. Just be sure to consider the weight of both the garden and the waterproofing or you might end up with leaks rather than leeks.


The appropriate choice of plants can also play a role when rainfall is high. Plants that can cope with wet feet will continue growing, whereas others will stop growing and rot away. Since healthy plants take up water from the soil and transpire (lose water into the atmosphere) as part of their growth, they reduce the soil water. Planting large-leaved plants that are happy in boggy conditions will minimize the damage that is caused during a wet season.


Gardens are not only important for averting floods; they can also reduce the effect of hot, dry weather. Perhaps the first benefit that comes to mind is shading. The less direct sun that hits a building, the lower the temperature inside it. Plants also cool the environment through the movement of water. As water evaporates from the leaves, it cools the plant, further buffering the area against heat. A sun-baked area between buildings, for example, can be turned from an oven into a pleasant oasis through the use of appropriate trees and shrubs.


Cities are often several degrees warmer than the surrounding countryside, forming so-called heat islands. This is because concrete buildings absorb heat from the sun and reflect it into the spaces that surround them. Similarly, climate change is increasing the average global temperature and causing more frequent periods of extreme conditions. Some native plant species will not be able to survive at these warmer temperatures or withstand the extreme weather events. If, for our gardens and city spaces, we choose plants that will thrive there, they will reduce the ambient temperature and buffer against weather extremes. Native plants will then be able to grow happily among these protective shrubs and trees.


Hero plants


Each plant species has its own superpowers to help it adapt to its environment, and those that are native to particularly challenging environments have some pretty impressive attributes. Chapter 1 explains how each type of garden superhero differs from the others in its growth and survival strategies. Chapters 2–9 highlight the superpowers of specific plants suited to particular environments, while Chapter 10 explores attractive plants that are adapted to any one of these environments, but that are also edible – the edimentals.


No matter what your climate, increasing plant diversity benefits the diversity of birds and insects and buffers against the impact of climate change. That diversity can consist of both native and sensibly chosen non-native plants, mixing evergreen and deciduous grasses, shrubs and trees. Climate change is increasing the risk that some plants become invasive and that plant pests or diseases spread to previously uninfected locations. This means that to be a responsible, environment-friendly gardener requires thought and consideration. But fear not; there are plenty of people to advise you, including the staff at your local nursery and botanic garden.



Changing the way we think about plants



The word ‘weed’ is falling out of favour as gardeners become more open-minded about the plants they choose. It is used less for a particular, unchanging set of ‘undesirable’ plants than for species that make a nuisance of themselves in a particular place. The most common definition of ‘weed’ today is ‘a plant out of place’; in a formal garden that might include native grasses or the seedlings of trees that will become far too large for the enclosure, whereas in nature reserves it refers to non-native plants, and sometimes those that are encroaching as a result of changes in the management of the reserve. To be defined as such, a weed does not have to be invasive, but plants that become invasive become the worst weeds for gardeners and native habitats alike.


Invasive plants are those that spread quickly and outcompete others. Such plants make efficient use of the various methods of spreading seed: through birds eating the seeds (as with Lantana), then flying away and pooping them out accompanied by a nice deposit of fertilizer ready for germination; using hooks that attach to the fur of passing animals, allowing the seeds to hitchhike; or by producing feather-light seed that floats away on the wind.


Plants can also spread by suckers and runners. Below ground, stems can grow sideways, protected from heat and cold, then send up new shoots next to the parent plant or quite a distance away. Bamboo is a good example of this method. Clumping bamboo varieties tend to shoot close to the parent plant, while spreading bamboos can send up shoots as far away as 9m (30ft). Japanese knotweed (Reynoutria japonica), a major invasive weed in areas of Europe and the USA, behaves in the same way.


Many aquatic species produce new plants from stems that break off and wash downriver. This means that anything planted in a water garden must be treated with great caution. If there is any chance that the garden will overflow into local creeks, canals or rivers, stick to plants that are native to the region.


It is easy to list the features that may result in a plant being considered a weed, but almost every species of plant will have one or more of those attributes, so context is everything. Plants that cannot tolerate frost, for example, are unlikely to become invasive in cold climates where the winters still freeze reliably. Likewise, a plant in a balcony water garden or wildlife pond surrounded by a dry landscape is very unlikely to escape and cause a problem. But if the local climate warms, or floods become more frequent, these plants may become invasive.


Being a responsible gardener


Remembering that diversity is the goal for habitat creation in climate resilient gardens, it’s important to think about the plants we choose. Let’s explore a worst-case scenario: think about the worst weed in your local nature reserve. Chances are it’s a garden escapee – something that was brought in as an ornamental and is now running rampant in the wild. For me, the one that comes to mind is Lantana camara. In eastern Australia this prickly-stemmed, fuzzy-leaved nightmare, spread by birds, is smothering the edges of forests and spilling into grassland. Pulling it out and crushing the leaves releases a scent that is burned into my olfactory memory. In the UK, however, plant catalogues advertise the latest varieties of this member of the verbena family (Verbenaceae). How can this be? The reality is that this native of the American tropics is a benign (and arguably beautiful) cottage-garden plant in the UK, where the cooler climate means it is not at risk of escaping into the wild – for now.


This example is typical. It is impossible to suggest a single list of plants suitable for each environment in every location in the world – and how boring gardens would be if everyone planted the same! In this book, I advise caution where a plant is already considered invasive, and suggest local alternatives. My hope is that this book will provide a larger list of possible plants. To help, while many sections concentrate on a single species, similar species are also mentioned. I hope, too, that understanding the traits that make those plants well adapted to a particular environment will show you what to look for in other plants.


While all this sounds daunting, there are ways of minimizing the risk from invasive plants. Locally native species are often a safe choice and will support diverse wildlife. However, with climate change some of these will no longer be suited to their original locations. Other plants can be grown in pots first to see how they fare, or barriers can be dug into the garden to slow the spread of runners and suckers. Visit local public and botanic gardens to see what grows well in your area and observe what precautions are taken to minimize the spread of plants. Experts there or at a local nursery can also help with non-invasive choices. If you are still in doubt, don’t take the risk; simply choose a different plant.


There are other aspects of being a responsible gardener. If you want to attract wildlife, it’s important to minimize your use of pesticides. Providing safe access to water (explored in Chapter 2) benefits all wildlife, and keeping bird feeders clean avoids them spreading disease, such as bird flu, and parasites among birds.


It’s also important to obtain plants responsibly. Never bring home seeds or plants from abroad, or buy plants online that come from overseas, since they could be carrying the microscopic spores of a disease or eggs of a pest that are not yet a problem in your home area, or they might have been dug up unscrupulously from the wild. Instead, purchase non-native plants from a reputable nursery, which will have followed the appropriate hygiene rules when importing the plants. Never take plants from the wild, as this can disrupt the local ecosystems. Instead, find a native nursery that will be able to supply the seeds or plants ethically.


When it comes to potting mix, go peat-free. Peat is made largely of plant material that has broken down in waterlogged and low-oxygen conditions, producing this fine, soft soil that holds moisture really well. However, it takes thousands of years to form, and fragile heath ecosystems are dependent on it. Instead, buy peat-free potting mixes and support nurseries that avoid peat.


The use of plastic is a big part of gardening today, so minimize it as much as you can. Where possible, use biodegradable pots. It may sometimes be necessary to use plastic – for seed trays, for example – but tough ones will last for many years, while cheap, thin ones will disintegrate quickly into microplastics that will pollute your garden for generations to come. Even better, choose tough products made from recycled plastic.


One much talked-about way of mitigating climate change is to plant a tree. But the most important mantra to remember is: right tree, right place. Many people get nervous about planting a tree in a small garden or close to the house. A giant oak next to the back door might not be the best choice, of course, but there are plenty of small trees that will not encroach on the foundations or underground utilities. Talk to the experts at your local tree nursery or botanic garden. It’s also worth remembering that grassland is another hugely productive wildlife haven. Many butterflies rely on particular grasses as food for their caterpillars – so if wildlife is your interest, think about the creatures you want to attract and focus first on identifying the plants that will help.


We now understand that garden climates are changing, and have an idea of the responsibilities we need to think about. In the pages that follow you will find lots of exciting science, but why should we believe it? Scientists study plants and write up their findings in articles. These articles are then read and criticized by other scientists, and it is only when they pass this ‘peer review’ that these exciting findings are published. I have used these scientific papers to research the pages that follow, and a full list can be found on here. So now let’s learn more about what plants we should consider for the climate resilient garden.
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Chapter 1


Climate Change Science and Superhero Plants






Introduction



Climate Change Science and Superhero Plants


Why do ‘normal’ plants wilt in the summer sun? Why is a particular plant recommended for drought-resilient gardens? Why is another able to grow underwater?


The answers to these questions emerge when we begin to explore the amazing ways in which plants have adapted to their native environments. We can think of these as their superpowers. Every habitat poses challenges to the plants that live in it, so rather than there existing a ‘normal’ plant, every species has evolved strategies that help it to live in a particular habitat. Some environments pose more serious challenges than others. Chapters 2–9 each focus on a different one of these environments, exploring the adaptations that garden plants native to each habitat have evolved to help them overcome the challenges. But before we launch into those species, let’s explore what makes plants so fascinating and diverse.


We know that all plants have the same structure of roots, stems and leaves, right?


WRONG!


There are many plants that do not have leaves, or don’t produce stems, and even some that don’t produce roots. We’ll explore each of these in the following pages, but first let’s introduce plants properly.



Plant names



Scientific names are sometimes long and hard to pronounce, but they are the best way to know which plant is which. This is because common names vary from location to location, and the same name is often used for several species that might not be related – and that’s just within a single language! Scientific names (also called botanical names) avoid this confusion because they do not change from place to place or between languages.


Each scientific name is presented in italics and made up of two parts. The first part is the genus (plural: genera), the plant’s surname, if you like. The second is the species. For example, Thymus serpyllum is a plant in the genus Thymus, and is the species serpyllum. Some species are divided further into subspecies, such as Thymus serpyllum subsp. tanaensis. The genus name is conventionally shortened – to T. serpyllum, in this example – after it has been mentioned once, to save repetition.


Each genus belongs to a family of many genera. Thymus is in the family Lamiaceae. Genera within a family are more closely related to one another than to plants in a different family.


However, this doesn’t necessarily mean that all plants within the same genus or family look the same. While there will be some anatomical details (such as the shape of particular details in the flower or seed) that are common to all members of a family or genus, many of the features we observe will depend on the habitat in which the plant evolved. Just as a whale (a mammal) looks similar to a shark (a fish), unrelated plants in similar habitats will develop similar traits (features) to help them thrive in that place.



Plant niches



The habitat in which a plant (or any organism) can live is called, more specifically, its niche. This is made up of the climate in the spot where the plant grows (also called the microclimate), the structure of that spot (perhaps on a solid branch in the tree canopy, or in sandy soil, or a boggy marsh), and the available resources (light, nutrients and water). The availability of resources can be influenced by other things, such as whether the soil is acid (as with heathland) or alkaline (chalky soils), whether there is salt in the soil, and what competing plants are growing nearby.


In a shaded spot under trees, it might seem as though we can grow only shade-loving plants, such as Hosta, but some plants have evolved different growth forms to adjust to the niche they experience. Let’s think about Clematis, a popular garden climber. Clematis prefers to keep its roots cool in the shade, but will happily climb into the canopy to get more light for its leaves and flowers. Its niche, then, is defined as shaded or cool feet and higher light on the foliage.


When we choose plants for our gardens, it’s helpful to think about each growth form and the niche to which it has adapted. The box opposite describes some of the different growth forms and gives one or more garden examples of each. We’ll explore some of these as we uncover the superpowers associated with below-and above-ground plant parts.



Plant growth forms







	Tree or shrub


	Perennial (lives for more than two years) and usually woody


	e.g. Acer, Viburnum







	Forb or herb


	Annual, biennial or perennial; herbaceous rather than woody


	e.g. Viola, Digitalis (foxgloves), Petunia, Zinnia







	Graminoid


	Grass-like, with a single seed leaf and strap-like leaves


	e.g. sedges, grasses, rushes







	Geophyte (also called cryptophyte)


	Having underground bulbs or rhizomes


	e.g. Allium (onions)







	Vine


	Climbs or twines using tendrils, or backward-pointing thorns, prickles or spines


	e.g. Clematis (twining), climbing roses (prickles)







	Hydrophyte


	Aquatic


	e.g. Nymphaea (waterlilies)







	Parasite


	Takes its resources from a host


	e.g. mistletoe







	Epiphyte


	Lives on other plants


	Tillandsia (air plants), epiphytic orchids







	Succulent


	Stores water in leaves or stems


	e.g. Sempervivum (houseleeks)







	Ferns


	Non-flowering, spore-bearing plants


	e.g. Asplenium, Dicksonia









Plant growth



While some adaptations are clearly visible, such as the aerial roots of ivy clinging to a fence, others concern the way plants grow. Plant growth depends on photosynthesis, transpiration and respiration.


Most plants use a process called photosynthesis to capture light from the sun and carbon dioxide from the air and turn them into sugars for growth, while also releasing oxygen back into the air. To capture the carbon dioxide, the leaves contain holes called stomata, which allow the exchange of gases between the leaf and the atmosphere. The stomata also let out water vapour in the process of transpiration. To avoid losing too much water, plants can close their stomata, but this means that photosynthesis also stops – or does it? As we shall see in more detail later, some plants have evolved different types of photosynthesis to help them keep growing while reducing water loss.


Meanwhile, the sugars made through photosynthesis are converted back to usable energy for making new tissues through respiration (much as in humans), a process that requires the presence of oxygen. In waterlogged soil there may not be much oxygen, so plants that grow in those conditions have found ways around this low-oxygen problem.


This chapter introduces a number of terms associated with plant growth. They will be explained as they are used, but for convenience, opposite is a list of the main terms and their meanings. A full glossary can be found on here.






	
Term



	Meaning







	Photosynthesis


	The conversion of carbon dioxide and water into sugars and oxygen, using light energy from the sun. There are three main types:
C3 (‘normal’ photosynthesis)
C4 (first stores carbon dioxide in a molecule with four carbons during the day)
CAM (first stores carbon dioxide in a molecule with four carbons during the night).
For more on photosynthesis, see here and here.







	Respiration


	The release of energy to build tissues by converting sugars and oxygen into carbon dioxide and water.







	Transpiration


	The movement of water through a plant, driven by water molecules evaporating from the leaves (particularly through open pores called stomata).







	Resources


	What plants need to grow. This includes essential nutrients, such as nitrogen, phosphorus and potassium (referred to as NPK in fertilizers), as well as micronutrients and water. Plants also need carbon dioxide and oxygen for photosynthesis and respiration.







	Enzymes


	A chemical substance that helps reactions occur. RuBisCO, for example, is central to photosynthesis.







	Hormones


	Signalling molecules – just as in humans. These molecules are needed only in very small amounts, and changes in those amounts help plants to know when to change their behaviour. For example, an alteration in soil moisture prompts fluctuations in the hormone abscisic acid, which moves to the leaves and tells the stomata to close.







	Pollination


	The process by which a pollen grain from a male flower (or male part of the flower) reaches the egg cells in the ovary of the female flower (or female part of the flower). Often helped by wind or pollinating organisms, such as bees, butterflies, beetles, flies, birds or mammals.












Hidden superpowers



Below-ground organs


Standing among the perennials, one foot on the garden fork, we drive it into the soil and lever the roots from the ground. A survivor of the last dry period, this will be perfect for dividing and planting in other parts of the garden. But what’s this? A tuber? Or a bulb? Is it a corm? Or maybe a rhizome?


Many plants that are able to tolerate extreme weather conditions form below-ground storage organs, either from their roots or from stems that remain in the soil.


Roots, rhizomes and underground stems


Below-ground storage roots are called tubers (or root tubers) and are formed of extra layers of cells that can store water or nutrients. Different parts of the root, or the whole root, become thickened in different species, and the amount of swelling depends on the conditions in which the plant is growing. Plants that form tubers include sweet potato (Ipomoea batatas), dahlias (Dahlia spp.) and cassava (Manihot esculenta).


Some roots have another superpower: the ability to contract, pulling the plant deeper into the soil. These contractile roots often occur together with other below-ground storage organs to keep the organ at the right depth. They work by pulling long cells, making them wider and shorter. The root tips (and the non-contractile roots) remain firmly in the soil, so the contraction (shortening) of the cells pulls the stem or bulb further into the soil. If hyacinths are grown in a glass jar, for example, the wrinkling that can be seen on some of the roots indicates that they are contractile. This feature helps plants in flood-prone areas to rebury themselves (see waterlilies, here, and Symplocarpus, here), or can produce more space for roots to form, as on the base of the yucca trunk (here).


Many plants have below-ground stems and even leaves, and these can also be used to store water or sugars. They include rhizomes, corms and bulbs – but what’s the difference?


A rhizome is a swollen stem, and as such it has nodes (from which shoots form) and internodes (the stem between the nodes). These below-ground stems may grow leaves and roots if required. Gingers and some irises are examples of plants that produce rhizomes.


A corm is a short section of stem (sometimes a single internode) that swells, often giving the appearance of a bulb, but if cut open, it will be seen to have the cellular arrangement of a stem. A corm may also be surrounded by a protective tunic (leaf sheath) made of flattened leaf stalks. Examples of plants that produce corms are Crocosmia, Liatris and Colchicum.


Finally, a bulb is made up of swollen leaf bases (often called scales) arranged in layers – think of an onion. At the centre of the swollen leaves, protected from the elements, is the growing tip, which sends up new leaves and flowers. Aside from onions (Allium), other bulb-forming plants include Hippeastrum and tulips.


A different kind of underground storage organ is the potato (Solanum tuberosum). This is actually a storage organ that forms on stolons, which are a different type of stem. Stolons are more usually associated with above-ground runners, as in strawberries. In the potato, these above-ground runners are buried and form the tubers that become potatoes, and this is why a classic garden-scale way to grow potatoes involves building a tower of tyres. Starting inside one tyre, some of the shoots are buried in the compost (these form potatoes) and the remaining shoots grow upwards. Then another tyre is added with more compost, encouraging more stolons to swell, and so on throughout the growing season.
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Ipomoea batatas






Plants that bury the lead



As the fork levers out the rhizomes of the plants to be divided, out falls a peanut! This one was probably buried by a squirrel, but peanuts (Arachis hypogaea) and some other plants do actually bury their seeds in the ground. This habit led to the peanut’s other common name, groundnut (also used for Bambara groundnut, Vigna subterranea). Both are legumes that flower above ground, then bury the developing seed in the soil.


Another example is a common wildflower, ivy-leaved toadflax (Cymbalaria muralis). After the flowers have finished, the seeds develop on elongated stalks that look a little like tendrils. These stalks grow upwards at first, then find darkness in cracks in stone walls and bury the seeds deep within. This is how ivy-leaved toadflax eventually climbs walls without technically being a climber.


While burying seeds might make perfect sense for germination, some plants actually flower underground. An interesting example is a palm called Pinanga subterranea, which is native to Borneo and was discovered as late as 2023. It grows leaves from the soil (as do many palms), but produces flowers and fruit below the surface. How pollination occurs in these buried flowers is still a mystery.


As if that weren’t weird enough, there are even plants that live their entire life below ground. A group of orchids in the genus Rhizanthella live underground and get everything they need through a relationship with fungi. These are examples of non-photosynthetic plants. The flowers are held just at soil level or beneath leaf litter, and, as with Pinanga subterranea, little is known about their pollination.
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Arachis hypogaea






Plants that shirk dirt



While this section has focused on below-ground adaptations, some plants don’t live in the ground at all. Some aquatic plants float free in or on the water. Water hyacinth (Pontederia crassipes) is so good at floating that its leaves can stick out well above the surface of the water. Below, roots and stolons remain free-hanging in the water. Away from its native range of tropical South America, these superpowers make water hyacinth more supervillain than superhero. An incredibly fast grower, producing new plants along the stolon and not anchored to the ground, it is a voracious weed in many parts of the world.


Some plants spend their entire lives in the tree canopy. These aerial plants, which are known as epiphytes, are made up of a huge diversity of species, from mosses and ferns to many types of flowering plant. The most popular orchid house plant, the moth orchid (here), is just one example.


While living on other plants might mean getting more light, epiphytes experience many other environmental challenges. To hold on to their position on trunks or branches, many exude glues from their roots, or wedge themselves into cracks in bark or the forks of branches. Nutrients are also a challenge, so some plants trap leaf litter in nest-like leaf arrangements. Others, such as tank bromeliads, hold pools of water in their leaves, attracting frogs or insects, which poop or die in the tank, releasing nutrients that the plant uses to grow. Like nutrients, rain might come in short pulses, and without soil to hold it, epiphytes need another way of keeping the water until they can take it up. A common solution is to grow sponges along their aerial roots, which hold moisture and can even condense water from the air. Air plants (here) have no roots at all and take in moisture through their leaves.
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Pontederia crassipes









Superpowers on show



Above-ground organs


Mounds of dark green tumble over the retaining wall like hair on a child’s dressing-up wig. Behind, fat green cacti contrast structurally with the soft appearance of Casuarina glauca (‘Cousin It’). While they look very different, the two plants have something in common: they do not grow leaves. The green ‘hair’ is in fact stems, while the cactus’s leaves have been reduced to tiny microscopic scales. Whereas Casuarina has shrunk its leaves out of existence, cacti have mutated them into spines.


Reducing leaf area while increasing the ability to store water is a common strategy for plants where water is limited. In combination with this, many plants have also evolved variations in photosynthesis to help them save water.


Leaves and stems


Above ground, plants’ leaves and stems are exposed to extremes of temperature, bright light and drying winds. These conditions drive water evaporation from the leaves, so when soil moisture is unavailable (whether frozen or absent), plants need ways of reducing water loss.


One strategy is to store water in leaves or stems, quickly soaking up moisture from even the shortest downpour and allowing the plant’s cells to swell with the life-giving liquid. Succulence can occur in any plant organ, including those below ground, and is often part of the benefit of rhizomes and tubers. Above ground, we need only look at the African baobab (Adansonia digitata) or Queensland bottle tree (Brachychiton rupestris) for impressive examples of water being stored in trunks. Cacti also store water in their swollen stems, while the plants that we usually refer to as succulents are recognized for their ability to store water in their fleshy leaves. These include the juicy leaves of Aloe vera, Sempervivum (here) and many species of Euphorbia (here).


Succulents, then, are – not surprisingly – succulent. Less obviously, many rainforest epiphytes also use succulence to store water. Rain may be frequent, but life in the canopy can be tough. As soon as the rain stops, the water runs off and the plant is effectively in a drought. To avoid this, many epiphytes have fleshy leaves and thick aerial roots. The moth orchids (Phalaenopsis spp.) mentioned on here are a classic example. Others, such as Cattleya spp., even have a fleshy rhizome that can store water. This is often called a pseudobulb (false bulb) because, although it looks like a bulb, it is not made from leaf bases (see here).


Storing water in succulent stems and roots means the plant can access water during dry periods. Minimizing the size of leaves or removing them altogether, meanwhile, reduces moisture loss because there is much less surface area from which the water can evaporate. But if there are fewer pores (stomata) for releasing water, less carbon dioxide is able to enter the plant for making sugars. That brings us to the plants that have modified the typical photosynthetic pathway to be more efficient.




[image: ]


Cattleya






Capturing carbon dioxide or wasting water?



What we think of as ‘normal’ photosynthesis involves carbon dioxide entering a leaf through stomata and being converted to a three-carbon molecule by an enzyme called RuBisCO (short for the not-very-punchy Ribulose-1, 5-bisphosphate carboxylase/oxygenase). The three-carbon molecule is the origin of the name ‘C3’, which is used for this type of photosynthesis. Meanwhile, light from the sun is converted into energy that drives the many steps involved in creating sugars. While this ‘normal’ process costs the least energy of the three main types of photosynthesis (see here), it results in the loss of up to 95 per cent of the water that is taken up from the roots. It also loses back into the atmosphere any carbon dioxide that has not been fixed in photosynthesis.
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