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■ Introduction

DO YOU REALLY NEED TO KNOW HOW WORMS WORK? And if you do, will it make you a better gardener? I’ve run an advice service for gardeners for over two decades – first with Gardening Which? and subsequently for the Royal Horticultural Society – and I’d answer ‘yes’ to both questions. When you’re gardening, while your hands are busy digging, planting, weeding and pruning, your brain is free to wander. Most gardeners find that a constant stream of questions runs through their minds as they work. Some may be practical, others are whimsical, and many aren’t easily answered without full knowledge of a whole range of subjects, from soil structure to plant chemistry.

Garden revelations

How Do Worms Work? offers accessible, in-depth answers to 130 of those not-so-incidental questions. And while they might not all have an immediate, obvious application to practical gardening, you’ll find that they build your gardening knowledge without you even noticing – giving you a useful bank of facts that you’ll be drawing on for years to come. Among other things, we’ll tell you why it is that one plant is always visited by bees while another seems to attract only butterflies. And how much space tree roots really take up (and whether they could possibly make your house collapse). And how on earth different soils can actually make some flowers change colour… And much, much more. Gardens are where you meet nature close up: plants, insects, soil all have their own ways of working, both in isolation and in cooperation with other elements, so there’s a lot going on in even the smallest of spaces.
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Hydrangeas are arguably the finest summer shrubs, but their colour depends on soil conditions. Knowing the basis for blue or pink helps get good results.

The more you learn, the clearer your picture of the community on your back doorstep will be, and the better you will understand how its different parts work, from the worms in the soil to the leaves up above and all the levels in between.

It’s a jungle out there

Not everything in the garden is rosy. The sometimes shocking revelations you’ll find in How Do Worms Work? ensure that you’ll look at your garden – or any other cultivated space – with a completely fresh eye. On the surface, your plot may look calm, domestic, perhaps even suburban, but if you don’t believe that nature is red in tooth and claw, some of what you find in the following pages will make you change your mind. (By the way, did you know that slugs have teeth on their tongues? No wonder they make you shudder.) Below the soil is the perpetual sound of faint crunching as millions of tiny organisms consume millions of even smaller ones; above it, plants get to work in chemical labs of mind-boggling complexity to ensure that their flowers are the brightest and their scents the smelliest – enough to outshine and out-scent their rivals in the competition to attract their insect admirers. Reproduction is the name of the game, and the ruthless inhabitants of your garden will adopt any tactics to achieve it.

Arm yourself with How Do Worms Work? and you’ll find any garden a richer, more dynamic, more engrossing place to be. Not only that, but you’re guaranteed to improve your gardening skills without even trying.
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Bleeding heart, Lamprocapnos spectabilis, was formerly officially called Dicentra spectabilis. Name changes are less irksome if you know the botany behind plant names.




A

QUICK ANSWERS

The ‘A’ box under each question offers you the quick and dirty answer in the shortest form possible. Read on for the main text, which offers additional context and plenty of extra detail.
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Chapter    1

Seeds and Plants
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Q

Why are trees so big?

LIFE IS AS MUCH A STRUGGLE FOR PLANTS as for others, and the bigger the plant the more likely it is to overcome its competitors and come out on top. By casting shade, and to a much lesser extent hogging water and nutrients, trees suppress other vegetation.

If a garden is abandoned, first annual weeds will cover the ground, then grasses and perennial weeds, followed by brambles. After that, small pioneer trees such as ash, Fraxinus, birch, Betula, maple, Acer, mountain ash, Sorbus aucuparia, pine, Pinus, sycamore, Acer pseudoplatanus, and willow, Salix, will start to appear. Pioneer species are often relatively short-lived (80 years or so). As they fall, larger trees will come to dominate: beech, Fagus, lime, Tilia, and oak, Quercus, for example. It may take hundreds of years for these ‘climax vegetation’ trees to reach their ultimate height before beginning a long period of decline. In gardens it is the smaller pioneer trees that are particularly valued – birch, maples and willows being widely cultivated. The giants are best restricted to parks and forestry.

Room to grow

Trees to the general observer are big things that cast shade and have a single stem from which branches radiate usually at some distance above the ground. However, size is only possible where water and nutrients are available so that arid regions and rocky or mountainous parts are populated by lesser plants – grasses, shrubs, low growing plants – that cling to the soil surface and by bulbs, corms and tubers.
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There must also be a genetic component that also limits the height of trees. No matter how much you water an oak tree (far left) it will never match the loftiness of a Californian redwood, Sequoia sempervirens (left).

And why no bigger?

The taller the tree the greater the exposure to wind damage and more leverage on the lower parts. To strengthen the lower trunk and base of boughs the tree has to invest as much as eight times as much timber as near the top or bough extremities. At some stage the investment in timber outweighs the benefits and it is no longer ‘profitable’ for trees to get taller even though by doing so they would shade the competition. This limit is more quickly reached in windy Europe than in calmer Californian valleys, for example.




WHERE TO PLANT A TREE



Some soils, particularly clays, shrink as they dry. In summer, trees extract water and soils shrink. Winter rains restore soil moisture, but although the soil swells again it does not always restore the soil to its original volume. Soil shrinkage accumulates over time, potentially causing damage to nearby buildings. Ideally, you should avoid planting trees close to buildings, and strengthen foundations when building near existing trees.
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The ‘suction’ exerted from the leaves can only lift water so far, and eventually a tree can grow no taller though lack of water.




A

By growing tall, trees literally put shrubs and other plants in the shade, ensuring their success by outgrowing their competitors for light.






Q

Is lichen a plant?

LICHENS ARE EXTRAORDINARY STRUCTURES, consisting of a mutually beneficial – symbiotic – partnership between an alga and a fungus. The two link to make a new structure, and the combination makes for an impressively tough result. Lichens thrive on unfriendly surfaces, such as bare brick or tree trunks, which would defeat less hardy organisms.

So what credentials does a true plant need to have? The dictionary definition of a plant, and the one that most people would recognise, is a living thing that grows in earth or water (or, sometimes, colonises other plants), that usually has stems, leaves, flowers and roots, and that reproduces by means of seeds. But it is a definition that leaves out a lot of the more unusual members of the family. The ‘plant’ group includes not only flowering plants (known as angiosperms) but also ferns and conifers (gymnosperms), and, much less recognisably to the uninformed eye, algae, mosses and liverworts, too.

Algae: the environment’s flexible friends

Despite their simple structure, algae have an importance in the environment far beyond their symbiotic role in the formation of lichens. They play a crucial part in many different ecosystems.
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The goblet-like structures of lichen are called podetia. They carry reproductive bodies and are typical of the Cladonia. Cladonia are very widespread, especially on tree trunks.

Seaweeds, for example, are algae, and algae are abundant in both fresh and saltwater. In the ocean, tiny, free-floating algae are known as phytoplankton, and are responsible for more than half the photosynthesis on the planet, meaning that they are instrumental in producing the oxygen on which almost all life depends.

World rulers

In terms of widespread colonisation of habitat, flowering plants have the winning formula for growing and reproducing. Other groups lag behind this success: for example, a single flowering plant group, such as the Fabaceae (pea family) contains about 18,000 species, in contrast to the entire family of ferns which, while widespread in the world, boasts only about 12,000 types.




ROOTS: THE SECRET OF SUCCESS



If one regards the ability of a plant to take over in different habitats as the mark of its success, what are the assets that give particular plant groups that ability? Roots are an important factor: they enable plants to take water from below the surface of the earth and allow them to grow larger and also to spread and extend into new territory underground. The groups that do not have roots – liverworts and mosses, for example – are at a comparable disadvantage: they cannot reach down into the ground and so depend on surface water to extend their area. This works well in damp regions with plenty of rainfall, but is not so good during dry spells.
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Roots of a potato plant
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Diatoms are single-celled algae abundant in fresh and seawater. They perform up to 25 percent of global photosynthesis and are an important source of atmospheric oxygen.




A

Lichens are usually considered to be not-quite-plants, while algae are very simple plants. Fungi are a separate group from plants altogether: the marriage between the two makes for a hybrid that is not easily defined.






Q

How many plant species are there?

THE IDEA OF ARRIVING AT A REALISTIC ESTIMATE of the number of plant species in the world is daunting. So it is not so surprising that even the experts disagree on the ‘real’ likely total.

On the one hand, The International Plant Names Index, which is a collaborative project undertaken between the Royal Botanic Gardens at Kew, the Herbarium at Harvard University and the Australian National Herbarium, and which is agreed internationally to be the definitive source, lists 1,642,517 plant names for 2016. What is more, the list is being augmented constantly: 1,560 new names were added in 2015 alone.

But all is not as it seems – the Index total (which incorporates flowering plants, seed plants, ferns and mosses) is widely agreed to be a huge overestimate, because so very many plants have more than one name. On the other hand, Kew Gardens and the Missouri Botanical Garden have together generated a second list, The Plant List, which includes plants with water-conducting vessels, flowering plants, conifers and ferns. It tops out at 350,000 accepted names.

Who is correct? The Plant List is probably closer to the real headcount – and since new plants are being discovered all the time, you could safely add an extra 50,000 and declare the total at a probable 400,000.




PLANTING BY NUMBERS



If these numbers seem too vast to compute, you can take comfort in the mere 75,000 species found in the Royal Horticultural Society’s online Plant Finder. What is more, they are all available for the gardener to buy and try in their own plot.








A

There are probably somewhere between 350,000 and more than 1.5 million plant species. That sounds very vague indeed, but there are reasons.






Q

How are new plants made from pieces of other plants?

THE MOST FAMILIAR METHOD PLANTS USE to reproduce themselves is by setting seed, every seed having the potential to turn into a new plant. However, gardeners successfully take cuttings from many plant types, and some plants seem to be able to make new ‘young’ from the tiniest piece of the parent plant. You cannot make a new animal from a single body part, so how do plants do it?

The simplest way in which this skill manifests itself is when a part of a plant that has become separated from the main body takes root. In the garden, if you take the tiniest shoot of common mint (one of the most rampant opportunists of the plant world) and push it into the soil, it will almost always grow into a new plant. In the same way, some trees in wet areas – dogwood, Cornus, poplar, Populus, and willow, Salix, for example – will easily spread at times of flooding, as twigs are broken off, carried away, and then root elsewhere. Not every plant finds it so easy. But a skill with cuttings is one of the hallmarks of a true gardener, and the basis of ornamental horticulture is the reproduction of desirable plants, which in some cases is actually easier to manage with cuttings than with seeds.




HORTICULTURAL MINI-MES



In modern plant science, microscopic plant fragments can be cultured in laboratories to produce dozens of tiny young, a process known as micropropagation.
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There are 25 species of mint and 196 garden forms are known. Nearly all spread by creeping roots, making them exceptionally easy to propagate.




A

Plant cells are not like animal cells – every one has the ability to recreate any part of its parent plant, rather than each cell only being able to create the plant part it originally comes from. The tongue-tying term for this is totipotecy.






Q

How old is my tree?

WHILE IT IS EASY TO ESTABLISH HOW OLD A TREE IS if you fell it, it is far more of a challenge to find out its age without cutting it down, although there are one or two ways to get a broad idea.

Creating the rings

Every spring, as the growing season starts, a tree produces a new layer of cells around the periphery of its trunk. The cambium is the layer dividing the xylem and the phloem, the two kinds of tissue that act as the vascular, or circulatory, system of the tree. The cambium itself divides in two, the outer layer increasing the width of the phloem, and the inner layer joining the xylem cells to broaden the xylem layer.
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From the central seedling’s pith to the peripheral growing cambium, a layer of wood has been deposited annually over decades and even centuries.

Together, the two layers of new cells make a distinct, visible ring inside the tree’s trunk – broader when the growing year has been a good one and the tree has put on more bulk; narrower when growing conditions have not been so favourable. And every year the process is repeated: count the rings when a mature tree is cut down, and you can age it exactly. What is more, the comparable width of the rings offer the informed tree reader, or dendrochronologist, a record of climate conditions across the tree’s life.




AGEING A TREE WITHOUT CUTTING IT DOWN



Scientists at the Forestry Commission in the UK have estimated that if you measure the diameter of the trunk of a tree, you can find out how old it is by making a comparative study with the data of similarly sized trees. The disadvantage of this method is that you need a sizeable number of examples for comparison – it is not practical if you are trying to age just one or two specimens.

For the interested gardener, there is a simplified version you can try using a tape measure:

• Measure the girth of the tree trunk in centimetres at a point 1m up from the ground.

• Then divide the girth by 2.5 to get an estimate of the tree’s age

For example, a girth of 150cm would suggest the tree was approximately 60 years old.
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Younger tree = thinner trunk

[image: ]

Older tree = thicker trunk








A

The way to read a tree’s age accurately is to take a cross-section of the trunk and count the number of rings you can see in it – each ring represents a year’s growth.






Q

Why are some leaves purple?

TO US, THE MAJORITY OF LEAVES APPEAR TO BE GREEN when in full growth and this is because they are rich in chlorophyll – a substance that is attached to the membranes of the leaves and that absorbs blue and red light, but reflects green light strongly. When the leaves lose chlorophyll in autumn, the filter it offers is removed and we instead see the autumn leaves in shades of intense red and orange. So why do some leaves appear to us as a deep red or purple all year round?

Unlike are present chlorophyll, in the anthocyanins sap of leaves: they are the result of a reaction between sugars and proteins in the sap. In plants where they are strongly present, the colour created may be a rich purple. Anthocyanins do not seem to offer the parent plant any advantage, and red pigment is expensive for plants to produce in terms of energy. As a result, purple-leaved plants are slower growing than green ones, so in the wild they are at a disadvantage.

In cultivation, though, their rich hues are often valued by gardeners, and plants are bred to retain the strong colouring as truly as possible. If you are a purple-leaf enthusisast, two recent popular breeding successes are Physocarpus opulifolius ‘Diabolo’ and Sambucus nigra f. porphyrophylla ‘Eva’ – both deciduous, resilient, easy shrubs that make great substitutes for the beautiful but expensive purple-leaved Japanese acers, Acer japonicum and A. palmatum.
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The smoke tree, Cotinus coggygria ‘Royal purple’, is an excellent, almost tree-like shrub (5m), with dark purple summer leaves and a red autumn colour.




A

Leaves that appear purple are the result of chance mutations; they contain high levels of anthocyanins, which are pigments that absorb green light and reflect reds and purples.






Q

What is a seed?

SEEDS VARY SO MUCH IN APPEARANCE, from dust-like grains to pea-sized lumps, that it can be hard to accept that they all do the same job, yet every seed, small or large, shares the inherent capacity to create a brand-new plant.

We do not know the evolutionary path by which seeds originally developed. The earliest plants are thought to have reproduced by means of spores – single-cell units that are simpler than seeds, but with less individual chance of success. Gradually, seeds overtook them as plants developed, although some simple structures, such as algae and fungi, still rely on spores. Seeds cost the plant more to produce, but have more potential: larger seeds, in particular, produce large seedlings, which stand a much better chance of outcompeting other plants and of surviving the onslaughts of predators, such as slugs or beetles.




THE ART OF DISPERSAL



Not only are plants able to produce seeds, but many have also devised specialised ways to send them a fair distance from the parent. This is helpful, since it gradually extends the spread of each species. The legumes of the pea family have large seeds produced in pods which, when mature, explode, flicking the seeds a considerable distance. Tiny seeds are blown by the wind to new homes, while some hefty examples, such as acorns, rely on birds or animals to move them to fresh territory.
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A

Essentially, a seed is a little package containing a miniature plant – root, shoot, one or two minute ‘seed leaves’ and a small amount of food to keep it going until the seedling can photosynthesise for itself.






Q

How do seeds know when to germinate?

GERMINATING AT AN ADVANTAGEOUS TIME is one of the key moments in the transformation of a seed into a seedling. If it is timed right, germination and subsequent growth will be fast and efficient; get it wrong, though, and germination may be the last thing the seed ever does.

Taking their time

Although seeds need to lie dormant, they also need to germinate within a certain period because they will lose viability over time (this is the reason for the ‘sow by’ dates you see on seed packets).

In northern areas, most plants produce their seeds abundantly in the later summer and autumn. They have a variety of mechanisms to inhibit germination until the most advantageous time for the cycle of their parent plant to begin. Some plants, particularly members of the pea and broom family, produce seeds with thick, hard, waterproof coats that need to be rotted by microorganisms in the soil. This can take more than one winter to accomplish, but eventually the coating will wear away and the seed will be able to germinate. Other plants produce specialised seeds with even harder casings; these are designed to be eaten by birds and to stay in the gizzard where grit is stored – gradually the grit will wear down some of the seedcase, and the bird will ultimately eject the seed so that it can germinate. Still other plants, beetroot among them, incorporate plant chemicals or hormones either in the seeds themselves or in the fruits that surround them. If the seed falls into wet soil, the chemical leaches out and the seed germinates, but, if it lands on dry ground, germination will not happen until the seed gets wet.
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Seeds are pre-packaged plants with a root, two seed leaves and a tiny central shoot, which begin a new life after breaking free of the seed coat.

There are various artificial ways for the gardener to overcome a seed’s natural dormancy and encourage germination. Some seeds with hard casings can be nicked with a sharp knife or lightly rubbed with sandpaper to wear them down; in the case of waterproof seeds, a soaking in hot water before sowing will help. Even those seeds that have adapted to be processed in a bird’s gizzard can be given a false taste of the experience by being mixed with sharp sand and then ground between two boards. Commercial growers may even treat very tough seeds with sulphuric acid before planting, although you should not try this at home.




SUCCESS WITH PARSLEY



Parsley is notoriously hard to germinate. One traditional way to get it growing is to sow the seed, cover it with soil, then pour boiling water over the planted patch.

This method does actually have a basis in science: parsley seed has a water-soluble germination inhibitor in its tough coat.
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A

Seeds need to have a period of dormancy between being ‘finished’ by their parent plant and germinating. Many have evolved with some protection that ensures they remain dormant until the right time; in some cases, this consists of an outer coating that has to degrade before the seed begins to grow.






Q

What makes herbs smell nice?

ALTHOUGH HUMANS USUALLY ENJOY THE SCENT OF HERBS, the compounds that create the different smells are not there to please people, but to protect the plants. Many plants smell, but not all the smells are agreeable to humans – just two examples are glory flower, Clerodendrum bungei, and beefsteak plant, Perilla frutescens, both of which – to our noses – smell of rotten meat.

Scent: the raw materials

We take scent in through a moist layer in the upper part of the nasal cavity called the olfactory epithelium. To be smelled, scent molecules need to be small, to evaporate at normal temperatures and to be soluble in oil. The molecules are collected on the olfactory epithelium, where they dissolve and pass over scent sensor cells that communicate directly with the brain, where the smell is then registered – that is the point at which you become consciously aware of a smell.

Each plant species creates its own mix of scent chemicals to make its own distinctive smell – the ‘formula’ of mint, Mentha, for example, contains menthol and methone, while the scent of lavender, Lavandula, is made up from 47 different compounds, chief amongst them the unappealingly named 1,5-Dimethyl-1-vinyl-4-hexenyl butyrate.
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The oils that protect lavender, Lavandula, leaves from damaging heat and light make their essential oils useful as a scent, preservative and balm.




GROWING HIGHLY SCENTED HERBS



You can exploit herbs’ natural tendencies in order to get the best scent and flavour from them.

They do best if they are not indulged – if you spoil them by giving them plenty of water and fertiliser and removing the threat of insect predators, they will reward you by producing less scent. Instead, offer a harder life with poor soil and sparse watering. They will fare better, too, outside a greenhouse, as sunlight encourages both good scent and flavour. And finally, if all else fails, you can indulge in some serious deception by using plant growth regulators – which you can buy in any nursery or online. These contain natural hormones that are ‘read’ by the plants as a pest attack, and that will stimulate them to greater efforts, resulting in a stronger scent and a better culinary flavour.
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Peppermint,

Mentha × piperita
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Rosemary,

Rosmarinus officinalis
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Sage,

Salvia officinalis

[image: ]

Basil,

Ocimum basilicum
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Wild thyme,

Thymus vulgaris








A

Herb plants undertake a complex biochemical process to make the compound molecules that create a scent. The purpose of the scent is to act as a deterrent or insecticide for particular, non-beneficial insects.






Q

When is a plant a weed?

THE WELL-KNOWN RIPOSTE TO THIS OFTEN-ASKED question is that it is a plant growing somewhere where it is not wanted. There are other qualities that can help to define a weed, though, and most gardeners who struggle to contain or, better, eliminate weeds from their plots will have a pretty good idea of what constitutes a weed in terms of sheer nuisance value.

Born survivors

Weeds have a range of clever tricks to help them survive and thrive. They can grow quickly, and are often remarkably fertile, producing heroic quantities of seed. Some have seeds that can remain successfully dormant for long periods, germinating only when the conditions are just right and the resulting plants can take hold easily and vigorously.
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The roots of the dandelion, Taraxacum officinale, have dormant buds all along them (typically growing 40cm deep), so it can grow from any root fragment remaining in the soil.

Other weeds produce deep, inaccessible roots, or, smarter still, roots that have evolved to fragment when attempts are made to dig them up – meaning that every effort to get rid of them simply results in dozens of small, viable rooting pieces (known as ‘ramets’).

They also often mimic the life cycle or the specific qualities of the plants or crops that they infest. For example, lawn weeds, such as docks, Rumex, or clovers, Trifolium, tend to be low-growing so that they escape damage inflicted by the lawnmower, while blackgrass, Alopecurus myosuroides, a notorious weed in cereal crops, sets its seed just before the cereal is harvested, and then stays on to germinate in the autumn-sown crop.
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