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Introduction

Do plants have feelings? If so, how do they communicate them, and how do other plants respond? What do plants do when they are too hot or too cold? How do plants defend themselves against attackers?

This book shows that the answers to these questions are many and various: the lives of plants are every bit as challenging as the lives of animals and humans, and even more diverse.

Take their drinking habits. All plants need water, and they’ve adopted a range of strategies to ensure they have enough of it. Some store it in their leaves, stems or roots, then hang onto it by insulating their leaves with waxy layers. Others open their pores only at night to prevent water loss in the heat of the day. Plants have adapted their foliage to suit a range of climates, generally producing very small leaves in harsh, dry environments and very large leaves in humid, tropical settings. Alternatively, some species hide from unfavourable weather by shedding their leaves or by withdrawing below ground level, where they keep their heads down until conditions improve.

The other thing all plants need is light: some grow tall to get as near as they can to the source of it, but those that lack supporting trunks use a range of structures to grasp, scramble or twist their way to the top. Some of these structures, such as prickles, spines and thorns, are dual purpose: they also defend the plants against predators.

Another question: is it better to live life in the fast lane and die young or to stick it out for the long haul over hundreds of years? In the plant world, the answer varies widely from species to species. Birch and poplar trees, for example, flower quickly, produce lots of seeds to perpetuate themselves, then wither away. This is the strategy of annual plants and pioneer trees – the earliest arrivals on previously open land.

By contrast, long-lived trees, such as oak, grow slowly and produce chemicals that prevent damage. They can live to a ripe old age, sometimes growing in harsh conditions, particularly when they are in the open, where they have the chance to stretch out and fully express their growth characteristics, rather than in forests. In their later years they pull their resources into their core, losing their top branches and reshooting from their bases.

Trees are responsive to external stimuli – when buffeted by the wind, for example, their root systems become tougher and stronger and their trunks become thicker – a bit like humans when they do regular exercise. A thickset tree is less likely to fall over in a gale than a tall thin tree that hasn’t been honed by external forces. Grasses and legumes that grow in harsh conditions or are regularly grazed have low growing points so that no matter how hard the wind blows and no matter how many of their flowers are eaten by sheep and cattle, the plants themselves will survive because their vital parts are hidden away below where gales and teeth can reach them.

Many of the plants featured in this book have an adaptability that ranges from the surprising to the awe-inspiring. Alpine species originally evolved to survive in poor soil and under year-round battering by extreme cold. But they take to other conditions, too: they can thrive in temperate climates and thus have unexpected potential to cope with global warming. Other plants can prosper in settings that might be expected to kill them even faster than climate change: ferns can live on land contaminated by arsenic; sunflowers can cope with strontium and caesium, which are normally toxic. Humans are increasingly using these plants to detoxify soil that has been polluted by heavy industry.

Another fascinating group of plants are those that live on and off others. Some, such as mistletoe and yellow rattle, are parasites; others, such as orchids, do no damage to their hosts.

Some plants are highly successful colonizers: buddleia and dandelions produce light seeds that are dispersed on the air or in water and then establish themselves without difficulty in new locations. Other colonizers, such as bluebells and nettles, take advantage of woodland shade and fertile ground to become dominant species. A few species are mysteriously tied to a single location: the Italian bellflower grows naturally only on a small stretch of Mediterranean coast.

There is a quiet war going on in nature, and this book explores some of the ways plants protect themselves against assault by predators and herbivores. The deterrents include biochemical toxins and leaves with wax coatings and hairs. Many plants are geared to attract some insects and mammals – so that they can use them to spread their pollen – while repelling others, but some creatures draw strength from the very materials that are meant to poison them. The leaves of milkweed are toxic (see here), but monarch butterflies not only eat them but also use the chemicals they contain to enhance their own orange coloration, which in turn deters creatures that might otherwise eat them.

There are so many surprising things happening in the plant world that it’s probably futile to try to identify the most amazing. However, a strong contender must be the way acacia trees in Africa warn their neighbours of approaching herbivores so that their leaves have time to generate more of the tannin that the grazing animals don’t like to eat (see here).

Modern scientific techniques, such as molecular genetic assessment (genomics), have produced great leaps forward in our understanding of plants. This book highlights some of the most interesting findings. But there is still much to discover, much to learn about the mysterious and endlessly fascinating world of flora.
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1 How the gorse got its shape

FLOWER MORPHOLOGY AND POLLINATION

What is the true cost of your honey? The price may vary greatly, depending on whether it’s a global brand (cheap) or a special local product (expensive). Plants pay a high energy price for pollen and nectar production, but that outlay is necessary to entice insects in to cross-pollinate their flowers.

The problem is that lots of creatures enjoy a plant’s honey or nectar but do nothing for the plant in return. So some flowers have evolved to ensure that their pollen is accessible only to insects that will carry out cross-pollination. Gorse – part of the Faboideae subfamily of legumes, which includes peas and beans – is one of many plants whose flowers are papilionaceous (butterfly-shaped) and whose leaves are not symmetrical but dorsiventral – that is, with surfaces that differ from each other in structure and appearance.

Plants like these undergo physiological changes early in their development, morphing from symmetrical flowers such as buttercups into their own distinctive bilateral symmetries. Bees collect pollen and nectar separately and, in response to this, gorse and other specialist flowers produce very little nectar so as not to distract the insects from pollination.
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Gorse flowers are throat-shaped, but they don’t swallow bees, they just tempt them in to take their pollen.
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Gorse flowers are shaped in ways that encourage honey-bees to land on them.



Gorse flowers have five petals. One is a banner that stands up and attracts pollinating insects. Two are horizontal keel petals that are fused at their base and encase the male and female parts of the flower. These are flanked at the top by two wing petals that form a horizontal landing platform for pollinators.

When a bee or some other large pollinating insect lands on the platform, it is heavy enough to depress the wing and keel petals. This exposes the ripe anthers, which explosively release pollen onto the bee’s abdomen while the stigma brushes the same part of the insect to receive any pollen that it may previously have acquired from other gorse flowers. The gorse flower can also be self-pollinated by bees or by small insects running around inside the flower. Among the other flower shapes that encourage bees to land on them are bilabiates (plants with two lips); examples include snapdragons and mints.

They say that when gorse is out of flower, kissing is out of fashion! That is because you can find gorse in flower all year round in its natural habitat. There is a main flowering season when the air can be suffused with a perfume reminiscent of coconut suntan cream. Some gorses flower through the winter months in order to increase their chances of survival: winter flowers are less likely to be damaged by mites or other insects laying their eggs on developing gorse pods and seeds, so this provides an insurance policy for the main season when the bulk of seeds are produced.

Some ornamental and crop plants, such as sweet peas, peas and field beans, have flowers that are too large for pollinating insects to depress the keel petals. Bees and other insects have developed methods of overcoming this difficulty: they have learned to cheat by biting holes in the back of the flowers to search for nectar and pollen without triggering the keel petal platform designed to facilitate cross-pollination.




2 How the campanula got its hump

ENVIRONMENTAL EFFECTS ON PLANT SHAPES

Campanula are some of the most popular easy-to-grow plants. There are more than 500 species, which thrive in a variety of locations and climates throughout the northern hemisphere.

Campanulas, which are generally bell-shaped, include a wide variety of small alpine species that have adapted themselves to live in cracks in rocks in isolated mountain habitats. Examples include the Olympic harebell (Campanula piperi), so named because it is found on the Olympic Peninsula in Washington State, USA, where it benefits from summer melt-water that runs off nearby glaciers.

Many alpine species living in rock cracks are deep-rooted, short and squat to minimize wind damage. They grow in clumps that may look like little humps in the soil. By contrast, the creeping bellflower (Campanula rapunculoides) has adapted itself to semi-shaded areas, such as open woodland in Europe and Siberia. Its roots penetrate deep into the ground to access nutrients and water, making it a hardy and adaptable plant. It is good-looking, but nevertheless you don’t want it in your garden: on introduction to the USA, it proved to be an invasive weed that drove out competing flowers.
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Campanula flowers are mostly bell-shaped, but sometimes they open out to look like flat stars.



In striking contrast to the small alpine species, the giant bellflower (Campanula latifolia) can grow up to 1.8 m (6 ft) tall. It has large, bell-shaped flowers that come in various shades of blue, purple or white. It is native to Europe and western Asia, where it has adapted naturally to shady environments – broad-leaved woodland, coppices, parkland and the edges of forests – by growing quickly and vertically to get maximum benefit from the limited light available.

Found throughout Europe, North America and Asia, the harebell (Campanula rotundifolia) has a genetic complexity that enables it to thrive in a wide range of habitats and soil conditions. Rarely the dominant species anywhere, it prefers open, sunny land and upland soils. It is ideally adapted to grow in closely grazed, dry or drought-prone areas because of its taproot (a large, central root from which other roots sprout laterally). Harebells are less likely to flower in woodland than in open habitat, and are not normally found on fertile lowland soils.

Various forms of harebell have developed that can tolerate sites polluted by heavy metals, but such growths tend to be smaller than would be expected in uncontaminated locations. Different forms have been collected for trials in the UK and Europe so that scientists can examine the plant’s variations in growth and its potential to adapt to climate change.

Although most campanulas are highly adaptable, there is at least one outstanding exception to this general rule. The native habitat of the Italian bellflower (Campanula isophylla) is a small stretch of land near Capo Noli on the Mediterranean coast of Italy, and the plant is found nowhere else, despite its flowers readily producing small seeds capable of wind dispersal. No one quite understands why it has failed to spread and establish itself elsewhere. Yet despite its limited natural distribution, this species has become enormously popular as a potted plant for hanging baskets and house plants all over the world, particularly in Scandinavia. One of the reasons for its success in this market has been the discovery that its growth pattern (which is the same as that of several other Campanula species) readily adapts itself to variations in day and night temperatures. If days are warm and nights are cool, the plants produce longer stems: this growth spurt occurs at the end of the night. In the 1980s, US horticulturists developed methods of manipulating glasshouse temperatures to accelerate this growth and thereby increase the supply of Italian bellflowers to florists and garden centres: thus commerce has enabled this charming little plant to spread much further from its Riviera roots than it would ever have managed if it had been left to its own devices.




3 How the ranunculus got its skin

WATER RETENTION IN PLANTS

How many mouths does a plant have? Humans have one mouth for gaseous exchange and to take in sustenance. Plants have many mouths in the form of stomata – small openings on their leaf surfaces.

Stomata allow the plant’s leaves to take in carbon dioxide, the feedstock for photosynthesis. When they absorb water, they become swollen and their cell walls bow out, causing the stomatal pores to open. Environmental stimuli, such as light, temperature, humidity, carbon dioxide levels in the air and the presence of plant pathogens, may also affect stomatal opening and closing.

Dicotyledonous plants (flowering plants that have pairs of leaves) tend to have more stomata on the undersides of their leaves because these are cooler surfaces. By contrast, monocots (plants with only one seed leaf) such as grasses and bulbs tend to have equal numbers of stomata on both leaf surfaces, while aquatic plants have stomata on their upper leaf surfaces only. To prevent excess water loss, some plants, such as sedums, open their stomata only at night to store carbon dioxide for photosynthesis through a process known as crassulacean acid metabolism (CAM). This is found in plants adapted to dry conditions. Other leaf structures reducing water loss include a waterproof cuticle (a protective film covering the outer skin layer of leaves) and trichome hairs (very fine outgrowths) on leaves, which reduce water evaporation.
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The leaves of the garden ranunculus have adapted to prevent water loss.



So how did stomata originate? Around 400 million years ago primitive plants such as algae lived in water and didn’t need stomata to control loss of fluid. Stomata evolved when plants such as mosses came to live on land. Some land plant species have adapted to be amphibious to cope with alternate flooding and dry conditions. A leading example is the pond water crowfoot (Ranunculus peltatus), which has thin and feathery leaves beneath the surface to absorb nutrients, while its leaves above the surface have a skin-like quality and purpose: they are thick and robust to provide support and prevent water loss.
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Sedums are succulents – plants that can store water and nutrients in their leaves.



This process of producing different types of leaves on the same plant in response to changing conditions is termed heterophylly. In water cabbage (Rorippa aquatica), the plant’s submerged leaves have gone a stage further and don’t produce stomata, while its aerial leaves still retain them. Even more extreme, eelgrass (Zostera marina) has returned to the sea and lost all its specialist stomata control mechanisms because it no longer needs them.

Stomata are generally evenly spread over the leaf surface with always at least one cell between them to enable their guard cells (protective coverings) to open and close properly. In dry climates, some sedums and begonias have concentrated clusters of stomata rather than an evenly spread pattern to keep the water concentrated and thus minimize its loss.

Inevitably, some moisture is lost through the stomata of leaves, and that loss may play a role in enhanced localized rainfall patterns over inland forests. Rising atmospheric carbon dioxide caused by climate change reduces the number of stomata produced on the leaf. Understanding the control of stomata formation may influence the future efficiency of our food plants. For example, reducing stomatal density can increase water use efficiency in rice plants without significantly reducing their yield: this may help us to cope with future rising temperatures and drought conditions.
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