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How to Use This Ebook

Select one of the chapters from the main contents list and you will be taken straight to that chapter.

Look out for linked text (which is in blue) throughout the ebook that you can select to help you navigate between related sections.

You can double tap images and tables to increase their size. To return to the original view, just tap the cross in the top left-hand corner of the screen.


How to use this book

Botany for Gardeners is written for those interested in gardening but with a desire to dip a toe into the science behind plants. The science is kept at a level so as not to be indecipherable, and any botanical language used is always qualified with an explanation. Furthermore, the authors have been careful never to stray too far from the interests of the practical gardener, and as a result many examples used to illustrate the text come from plants that a gardener might know, and might even have grown themselves. ‘Botany in Action’ text boxes can be found throughout the book and highlight information that is of particular practical interest to gardeners.

The book is structured into nine chapters, each dealing with an important area of botany as relevant to gardeners. Consequently, there are chapters on the plant kingdom and plant naming (chapter 1), seed germination and growing (chapter 5), as well as a botanical look at pruning (chapter 7). Chapters 6 and 9 move beyond the realm of botany into the very closely related subjects of soil science, plant pathology and entomology. Botany for Gardeners is not designed to be read in any particular order, rather each chapter is almost a subject in its own right, and where information touches on that of another chapter, clear cross references are supplied.
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Prunus persica,
peach

Prunus is a large genus of ornamental and edible plants, including cherry and plum. The species name persica refers to Persia (now Iran) from where it came to Europe.

Periodically through the book, the lifetime achievements of various botanists and botanical illustrators are introduced. This serves to remind the reader of the historical context of botany, and the debt gardeners owe to the pursuits of plant scientists over the centuries. The fifteen botanists chosen are not intended to be a definitive list by any means – the history of botany is populated by a huge number of fascinating characters who made equally fascinating discoveries and sometimes struggled to have their ideas accepted. It is a subject that deserves further study.

While Botany for Gardeners is intended to inform gardeners, the practical examples and practical advice given are not intended to be comprehensive. Readers will find many pests and diseases discussed in chapter 9, and some suggested treatments; likewise, in chapter 7, many pruning cuts are described. Gardeners wishing to explore the practical side of these subjects in more detail are advised to read further afield; overall it is hoped that this book will inspire a greater understanding of the subject and a lifetime of informed gardening.
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Botany Origin late 17th century from earlier botanic, from French botanique, based on Greek botanikos, from botanē, ‘plant’.

The scientific study of plants, including their physiology, structure, genetics, ecology, distribution, classification and economic importance.

[image: ]

Cycas siamensis,
silver cycad,

Thai silver cycad






A short history of botany

The first simple studies of plants started with early man, the hunter-gatherers of the Palaeolithic era, who were the first people to put down roots and start to practise agriculture. These studies were basic interactions, with plant lore passed down from generation to generation that identified which plants were nutritious and could be eaten, and which were toxic. Further interactions included using plants as herbal remedies and cures for illnesses and other problems.

The first physical records about plants were made around 10,000 years ago, as the written word developed as a means of communication, but the true study of plants started with Theophrastus (371–286 BC), who is known as the father of botany. He was a student of Aristotle, and is considered the starting point for research into plants and hence botany. He wrote many books, including two important sets of books on plants – Historia de Plantis (History of Plants) and De Causis Plantarum (On the Causes of Plants).
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Lonicera × brownii,
Brown’s honeysuckle, scarlet trumpet honeysuckle

A semi-evergreen, climbing honeysuckle – a hybrid from a cross between Lonicera sempervirens and L. hirsuta.

Theophrastus understood the difference between dicotyledons and monocotyledons, and angiosperms and gymnosperms. He categorised plants into four groups: trees, shrubs, undershrubs and herbs. He also wrote on important subjects such as germination, cultivation and propagation.

Pedanius Dioscorides was another important name in early botany. He was a physician and botanist in Emperor Nero’s army. He wrote the five-volume encyclopedia De Materia Medica (Regarding Medical Materials) between 50 and 70 AD, which dealt with the pharmacological uses of plants. This was the most influential work until the 1600s, and served as an important reference work for later botanists.

In medieval Europe, botanical science took a back seat and was overshadowed by the preoccupation with the medicinal properties of plants, and herbals became the standard works in which plants were studied and written about, probably the best-known being Culpeper’s Complete Herbal & English Physician.

It was not until the European Renaissance between the 14th and 17th centuries that botany experienced a resurrection and resumed its importance in the study of nature and the natural world, emerging as a science in its own right. The herbals were supplemented by floras, consisting of more detailed accounts of the native plants of a region or country. The invention of the microscope, in the 1590s, encouraged the detailed study of plant anatomy and sexual reproduction, and the first experiments in plant physiology.

As world exploration and trading with countries farther afield became more widespread, many new plants were discovered. These were often cultivated in European gardens, some becoming new food staples, and their accurate naming and classification became very important.

In 1753, only a little more than a century before Darwin published The Origin of Species, Carl Linnaeus published his Species Plantarum, one of the most important works in biology. Linnaeus’ work contained the known plant species of the time. He created a system for organising plants in a uniform manner, so that anyone could find and name a plant based on its physical characteristics. He grouped plants and gave every plant a binomial (two-part) name, and so began the universal binomial nomenclature system still in use today.

A gathering number of scientists gradually began to contribute to Linnaeus’ work, leading to an enormous growth in plant knowledge, as more and more discoveries were made. The scientists who were making these discoveries became increasingly specialised, leading to yet further discoveries.

During the 19th and 20th centuries, the use of more sophisticated scientific technology and methods expanded the knowledge of plants exponentially. The 19th century set the foundations of modern botany. Research was published in papers by research schools, universities and institutes (rather than just being the domain of an elite few ‘gentlemen scientists’), so that all this new information was available to a much wider audience.

In 1847, the theory concerning the role of photosynthesis in capturing the sun’s radiant energy was first discussed. In 1903, chlorophyll was separated from plant extracts, and during the period from the 1940s to the 1960s, the complete mechanism of photosynthesis became fully understood. New areas of study began, including the practical fields of economic botany – agriculture, horticulture and forestry – as well as extremely detailed studies of the structure and function of plants, such as biochemistry, molecular biology and cell theory.
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Alyogyne hakeifolia is found in southern areas of Australia. The genus Alyogyne is similar to Hibiscus.

By the 20th century, radioactive isotopes, electron microscopes and a wealth of new technologies, including computers, all helped in the understanding of how plants grow and react to changes in their environment. At the close of the millennium, the genetic manipulation of plants was a hot topic of discussion and this technology is likely to play a major role in the future of the human race.

It is clear, though, from writing and researching this book, that there is still a considerable amount about plants that we do not yet know. It is sobering to realise that the mysteries of photosynthesis have only just been revealed in the last 60 years. Waiting out there, among the hundreds of thousands of plant species, are many, many more secrets yet to be revealed.
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Lilium pensylvanicum,
Siberian lily



Chapter 1

The Plant Kingdom

For the study of nature to be possible, humans have long sought to arrange the great diversity of living things into groups that bear similar characteristics. This is known as classification, and depending on the system used, all living things are split into a number of major groups known as kingdoms.

From a gardener’s perspective, the starting point for plant classification begins with the question, ‘Is it a tree, a shrub, a perennial, or a bulb?’ Botanists also recognise these groups, although they are not used as a basis for taxonomy (scientific classification) – in other words, the plant kingdom is not classified scientifically along these lines.

The organisms within the plant kingdom are classified according to their evolutionary groups, starting with the more simple algae and ending with the more highly developed flowering plants. With a few exceptions, all organisms within this kingdom share the ability to manufacture their own food from sunlight, through photosynthesis.

At a first glance plant classification can seem confusing. However, knowing how plants are classified will help you achieve a greater appreciation of what you grow in your garden and provide a sound basis for further study. In this chapter, the main groupings into which the plant kingdom has been separated are discussed.




Algae

It has to be said that gardeners may have very limited interest in algae (singular: alga). Other than pond algae, and the slippery slime that can accumulate on damp decks and patios, these organisms play a minor role in gardeners’ minds.

Before we dismiss algae, however, it is worth mentioning that much of the plant kingdom is made up of these simple life forms, and they play a massively important role in the world’s ecosystem. They are considered ‘simple’ because they lack the many different cell types of other plants and do not possess complex structures such as roots, leaves and other specialised organs.
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Ascophyllum nodosum,
knotted kelp or knotted wrack

This common brown seaweed, also known as Norwegian kelp, is used to make plant fertilisers and in the manufacture of seaweed meal.

Huge variety is seen within this group of organisms. Most of us will be familiar with seaweeds, which are multicellular algae, but also prevalent are single-celled phytoplankton, which fill the seas and generate food using the sun’s energy, thereby supporting all marine life. One curious group of algae are the diatoms: microscopic, single-celled algae that are an ever-present, yet invisible feature of any watery habitat. They are encased in fascinatingly beautiful, silicon-based cell walls.

As would be expected from such a ‘simple’ form of life, the reproductive strategies of algae are not as complex as those seen in higher plants. Mostly, algae reproduce vegetatively, through the splitting of individual cells or larger multicellular units, and sexual reproduction is achieved by the meeting and ultimate fusion of two mobile cells.
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Diatoms are common algae; they occur almost everywhere that is adequately lit and moist – ponds, bogs and damp moss. They are among the most common phytoplankton and most are single-celled.

Algae in the garden



Because algal cells do not produce a waterproof cuticle or have other means to prevent themselves drying out, they are either found in water or in damp, shady places. They also need the constant presence of water for growth and reproduction.

In the garden, algae will almost certainly be found in any garden pond or other area of standing water or constant moisture. Algae will also be found in the soil.

Pond algae

The pond is where most gardeners will encounter algae, and they can become quite a problem, especially when the weather warms up in spring. If conditions are favourable, algae can quickly discolour pond water, form unsightly scums or choke the water with filamentous growth (blanket weed). Left to their own devices, algae can deprive the water of oxygen to the detriment of other pond life.

Despite this, algae are an essential part of the natural food chain in water gardens, and when kept ‘in balance’, they help to maintain a healthy water environment. Problems seem to occur when ponds are exposed to too much sun, when temperatures fluctuate too widely (particularly problematic in small ponds), and where nutrient levels are too high. High nutrient levels may be caused by a build-up of debris in the pond and on the pond floor, as well as by fertilisers leaching into the water.




BOTANY IN ACTION



Removing pond algae

It is very difficult to totally eliminate pond algae. Chemical controls will cause algae to die, but they will then rot and make the problem worse as more nutrients build up in the water. A better option is to install a filter to remove the nutrients and the algae.





Hard-surface algae

Algae will also grow on wet paths, fences, garden furniture and other hard surfaces, especially those in cool, shady areas. Mosses, lichens and liverworts may also be present in such situations. Contrary to popular belief, algae do not damage the hard surfaces on which they grow (though they may leave stains or marks), but they can make surfaces very slippery and treacherous. It is therefore worth trying to remove them, either with a pressure washer or a proprietary path and patio cleaner.
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Most algae exhibit alternations of generations, producing diploid sporophytes and haploid gametophytes.


Mosses and liverworts

To botanists, this group of plants are known as the bryophytes. They are generally restricted to moist habitats; many are in fact aquatic. As multicellular organisms, these plants are considered more advanced than algae. However, they are still relatively simple plants with little differentiation between the cells, though some do have specialised tissues for the transport of water.

To the gardener, mosses are more significant than liverworts, as they are commonly seen in almost all gardens, tending to grow in wet or damp, shady places in clumps or mats. Sphagnum moss in particular is of considerable benefit to gardeners as it is a major component of peat, still heavily used in plant potting composts. Liverworts are less noticed by the gardener; they are quite different to mosses in appearance, having a flattened, leathery body, which is sometimes lobed. Mosses have a more elaborate structure than liverworts, often with upright shoots bearing tiny ‘leaflets’. In common with algae, bryophytes can only reproduce sexually in the presence of water. Without the medium of water, the male and female sex cells (sperm and egg) would not be able to meet.
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Bryophytes have a multicellular and structured main body. They produce enclosed reproductive structures and spread via spores produced within a structure called the sporangium.

The alternation of generations



With bryophytes, we see the appearance of a complex life cycle, known as ‘the alternation of generations’, which is a phenomenon seen in all plants beyond a certain level of complexity. There are two generations to the life cycle: gametophyte and sporophyte. In mosses and liverworts, the plant spends the majority of its life cycle in the gametophyte stage; in ferns and all higher plants the sporophyte stage is dominant. In flowering plants, the gametophyte stage is so reduced that it is often not referred to in these terms.

In the gametophyte stage, each and every cell carries just half of the organism’s genetic material. Thus, the structures we know as mosses or liverworts are actually just made up of unpaired ‘half cells’ (haploids). It is only when these structures release sperm and egg cells, which meet and fuse in the presence of water, that a ‘whole cell’ (diploid) is brought into being. This becomes the sporophyte generation, and in bryophytes the sporophyte generation is reduced to a simple spore-producing body that remains attached to the gametophyte. As the name suggests, the diploid sporophyte generation releases spores, which are created by the division of sporophyte cells. Thus, the spores themselves are haploid, and upon release they are dispersed by the rain or wind, after which some of them will grow into a new moss or liverwort gametophyte.
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Typical lifecycle of a liverwort showing alteration of generations.




BOTANY IN ACTION



Mosses and liverworts in the garden

Although mosses are more often seen as a problem by the gardener, such as when they infest lawns, block guttering and cause unsightly growth on paving and wooden structures, some do have ornamental uses. In Japanese-style gardens, mosses are used to adorn old structures, and moss is also widely used in bonsai as a soil covering as well in hanging baskets as a moisture-holding retaining material. The trend for green roofs is also extending its use. However, mosses can be extremely difficult to maintain and cultivate away from their natural habitats, as they often have very particular requirements regarding light, humidity and substrate chemistry.

      Brick, wood and concrete surfaces, including hypertufa, all make potentially good surfaces for moss; they can be prepared, to make them more hospitable, using substances like milk, yoghurt, manure, or a mixture of all three.

      Liverworts can become a problem on soil in shady areas or in pots. Where they cannot be tolerated, or better still ignored, they are treated as weeds.
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Bazzania trilobata, greater whipwort, is a moss. Both generations are visible here.



Gregor Johann Mendel

1822–1884
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Gregor Mendel is famous for his experiments on the inheritance of physical traits in plants.

‘My scientific studies have afforded me great gratification; and I am convinced that it will not be long before the whole world acknowledges the results of my work.’

Gregor Mendel

 

Gregor Johann Mendel, now regarded as the father and founder of the science of genetics, was born Johann Mendel in what was then Heinzendorf, Austria, which is now in the Czech Republic.

He lived and worked on the family farm and during his childhood mainly spent time in the garden and studying beekeeping. He went on to attend the Philosophical Institute of the University of Olmütz, where he studied physics, maths and practical and theoretical philosophy and distinguished himself academically. The head of the university’s Natural History and Agriculture Department was Johann Karl Nestler, who was conducting research into the hereditary traits of plants and animals.

During his graduation year, Mendel began studying to be a monk, and joined the Augustinian order at the St Thomas Monastery in Brno where he was given the name Gregor. This monastery was a cultural centre and Mendel soon became involved in the research and teaching of its members and had access to the monastery’s extensive library and experimental facilities.

After eight years at the monastery Mendel was sent to the University of Vienna, at the monastery’s expense, to continue his scientific studies. Here he studied botany under Franz Unger, who was using microscopes and was a proponent of a pre-Darwinian version of evolutionary theory.

After completing his studies at Vienna, Mendel returned to the monastery where he was given a teaching position at a secondary school. During this time he began the experiments that would make his name famous.

Mendel began to research the transmission of hereditary traits in plant hybrids. At the time of Mendel’s studies, it was generally accepted that the hereditary traits of the offspring were simply the diluted blending of whatever traits were present in the parents. It was also commonly accepted that, over several generations, a hybrid would revert to its original form, suggesting that a hybrid could not create new forms. However, the results of such studies were usually skewed by short experimental times. Mendel’s research continued for up to eight years and involved tens of thousands of individual plants.

Mendel used peas for his experiments because they exhibit many distinct characteristics, and because offspring could be quickly and easily produced. He cross-fertilised pea plants that had clearly opposite characteristics, including tall with short, smooth seeds with wrinkled seeds, green seeds with yellow seeds. After analysing his results, he showed that one in four pea plants had purebred dominant genes, one had purebred recessive genes and the other two were intermediates.

These results led him to two of his most important conclusions and the creation of what would become known as Mendel’s Laws of Inheritance. The Law of Segregation reasoned that there are dominant and recessive traits passed on randomly from parents to offspring. The Law of Independent Assortment established that these traits were passed on independently of other traits from parent to offspring. He also proposed that this heredity followed basic mathematical statistical laws. Although Mendel’s experiments involved peas, he put forward the hypothesis that this was true for all living things.

In 1865, Mendel delivered two lectures on his findings to the Natural Science Society in Brno, who published the results of his studies in its journal under the title ‘Experiments on Plant Hybrids’. Mendel did little to promote his work and the few references to his work from that time indicate that much of it had been misunderstood. It was generally thought that Mendel had only demonstrated what was already commonly known at the time – that hybrids eventually revert to their original form. The importance of variability and its implications were overlooked.

In 1868, Mendel was elected abbot of the school where he had been teaching for the previous 14 years, and both his increased administrative duties and failing eyesight stopped him carrying out further scientific work. His work was still largely unknown and somewhat discredited when he died. It was not until the early 1900s, when plant breeding, genetics and heredity became an important area of research, that the significance of Mendel’s findings became fully appreciated and recognised and began to be referred to as Mendel’s Laws of Inheritance.
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Lathyrus odoratus,
sweet pea

Peas were the subjects for Mendel’s famous genetics experiments – they show several distinct characteristics, and young plants can be produced quickly and easily.




Lichens

Only 150 years ago did scientists discover the true nature of lichens. They are a curious partnership between fungi and algae, living together in a symbiotic relationship. Today they are classified by their fungal component, which puts them outside of the plant kingdom, but they are included here as they have long been a subject of botanical study.

Lichens seem to be able to grow in every habitat on Earth, and in some extreme environments, such as on exposed rock in polar climates, they seem to be the only thing that can grow. In 2005, scientists even discovered that two species of lichen were able to survive for 15 days exposed to the vacuum of space. More commonly, they are seen growing on trees and shrubs, bare rock, walls, roofs and paving and on the soil. Informally, they are generally divided into seven groups depending on how they grow; thus we have crustose, filamentous, foliose (leafy), fruticose (branched), leprose (powdery), squamulose (scaly), and gelatinous lichens.

[image: ]

Lichens have variable appearances. Some look like leaves (foliose), others are crust-like (crustose), adopt shrubby forms (fruticose) or are gelatinous.

Lichens in the garden



More often than not, lichens are noticed on lawns, where their appearance, quite rightly, often causes gardeners concern. Lichens not only affect the appearance of the lawn, they block light from reaching the grass (so killing it), and they can make surfaces slippery.

In turf, the most common lichens are the dog lichens (Peltigera). They are either dark brown, grey or nearly black, and are formed of flat structures that grow horizontally in the turf. They are usually worse on lawns with poor drainage, compacted soil and shady conditions, and as they grow in similar conditions to moss, the two often appear together. Interestingly, dog lichens have the ability to fix atmospheric nitrogen, so they are beneficial in soil fertility.

To prevent lichens on a lawn, you need to improve drainage, thereby correcting the underlying conditions that enabled them to grow in the first place. There are few, if any, effective chemical controls available to gardeners, but path and patio cleaners can be used to scrub them off hard surfaces.
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A leaf-like lichen showing its spore-producing bodies (right), which are also shown much magnified (left).


Ferns and their relatives

From an evolutionary point of view, ferns and their relatives represent a significant development: when plants began to show increased cell differentiation. Here we see the first vascular systems – vessels for transporting water and nutrients around the plant – as well as structures concerned with the support of the plant. These were also the first plants to truly colonise the land.

Botanists classify this group of plants as pteridophytes, and they include club mosses, true ferns and horsetails. Gardeners are likely to have heard of horsetails, and they will definitely know about ferns, but club mosses (sometimes called spike mosses) remain obscure, even though one or two forms are cultivated. Club mosses are not mosses; they are more advanced.
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Under the right conditions, the sporangia burst open, releasing the spores. These are carried by the wind and grow into the gamete-producing gametophyte.
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Underside of fern frond showing the spore-producing sporangia.

Like the bryophytes, pteridophytes exhibit a clear alternation of generations, but the crucial shift is that pteridophytes spend most of their life cycle in the sporophyte phase. This allows for the production of vertical branches or fronds, sometimes specialised, bearing tiny swellings called sporangia. When the sporangia burst, they release the spores, which germinate to become the gametophyte generation.
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Selaginella martensii (little club moss) produces trailing stems and is a good ground-cover plant for moist, shady places.

A gardener could be easily forgiven for assuming that spores are simply the same as seeds. While they are both used as ways for a plant to disperse themselves and there are similarities in their culture, it is important to note that there are vital differences: a spore is generally much smaller than a seed and its production does not rely on fertilisation. Ferns do not produce seeds.

Allowed to grow on a tray of seed compost, and given sufficient moisture as well as the required amount of light and heat, fern spores will begin to grow. But rather than growing into baby ferns, they will grow into the next stage of the life cycle: the gametophyte generation. These odd-looking plants are called prothalli, and if kept moist and misted they will slowly begin to grow into new ferns – what the human eye does not see is that during this interval, the prothallus has itself produced sperm cells that have fertilised the egg cells (this is the stage of sexual reproduction), which then grown into the new sporophyte generation of the fern.
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Pteridium aquilinum,
bracken

Bracken can easily become invasive on cultivated ground. It contains a carcinogenic compound that can cause death in livestock.

Ferns in the garden



There are approximately 10,000 species of fern, all varying quite remarkably in size and growth habit, from the stately royal fern (Osmunda regalis) to the tiny, floating aquatic water fern (Azolla filiculoides). The water fern is considered invasive in some parts of the world, due to its prolific nature, while in others it is highly valued in agriculture for enhancing the growth rate of crops grown in water, such as rice. Either way, Azolla is a highly successful plant, and one that needs to be avoided like the plague in a garden setting. Bracken (Pteridium aquilinum) is a land fern with a similarly invasive nature, and is considered to have the widest worldwide distribution of any fern.

There are many, many more fern species that are commonly used as ornamental garden and indoor plants, and from them plant breeders have selected countless cultivars with variations in frond form and colour. Most ferns grow in moist, shady woodlands and these are the conditions in which they tend to grow best in the garden.

In recent years, some of the most popular ferns in gardens have been those referred to as tree ferns. Any fern that grows with the fronds elevated above ground level by a trunk can be called a tree fern, and in cool climates perhaps the most familiar example would be Dicksonia antarctica from Australia. The ‘trunk’ is not like that of a tree or shrub; it is in fact a mass of fibrous roots that are built up over time as the crown of the fern continues to grow. In the wild, many tree fern species are threatened with extinction because of deforestation.

[image: ]

Azolla filiculoides,
water fern

Fern relatives



The most notable relatives of the true ferns must be the horsetails (Equisetum). Although a handful of species (such as E. hyemale and E. scirpoides) are grown as ornamental plants, Equisetum is best known for E. arvense, field horsetail, which is a notorious weed in many areas of the world. It is very difficult to eradicate, and in a garden situation it becomes a persistent and overbearing nuisance.

The most extraordinary fact about Equisetum, however, is its status as a ‘living fossil’. It is the only genus alive today of its class, which dominated the understorey of the world’s forests approximately 400 million years ago. Fossils found in coal deposits show that some Equisetum species reached over 30 m (100 ft) tall.

One of the club mosses, Selaginella, is regarded as a botanical curiosity: Selaginella lepidophylla, a desert plant known as the resurrection plant, is so named because it will curl up into a tight, brown or reddish ball if allowed to dry out, only to uncurl and turn green again when moistened. S. kraussiana (Krauss’s spike moss) is grown as an ornamental plant in warm climates; it has a number of cultivated forms and is valued for its rapidly extending low growth, which is useful for groundcover in shade.
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Equisetum arvense,
field horsetail, mare’s tail

Horsetail produces deep searching roots and, once established, can become a serious weed problem and difficult to control.


Gymnosperms: conifers and their relatives

These more complex plant life forms belong to a larger group of plants called spermatophytes, which are essentially all those plants that produce seeds. They all possess complex vascular systems and specialised anatomical structures, such as lignified (woody) tissue for support and cones for reproduction. Spermatophytes include all conifers and cycads (collectively known as gymnosperms), as well as the flowering plants (angiosperms) – which are discussed in the next section.
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Angiosperm ovules are enclosed within an ovary; gymnosperm ovlues are not, being described as ‘naked’.

Seeds represent an important development in the evolution of plants, since a major difficulty faced by lower plant forms, such as ferns, is the vulnerability of the delicate gametophyte generation to the external environment. Spermatophytes overcome this problem by protecting the gametophyte within specialised tissue: the female reproductive cells are protected within an ovule, and the male sperm cells are encased within the pollen grain. When the two meet, fertilisation takes place, and the ovule develops into the seed.

The term gymnosperm means ‘naked seed’. This distinction refers to the inclusion in flowering plants (angiosperms) of the ovules within an ovary; in gymnosperms they are not so enclosed.

Gardeners will know almost any common gymnosperm purely by its physical appearance: these are the conifers and the cycads. The maidenhair tree (Ginkgo biloba) is perhaps one exception – with its broad, deciduous leaves it looks most unlike a conifer.
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Ginkgo biloba,
maidenhair tree

Conifers



Well known for their cones, conifers actually produce two types: small male cones that produce masses of wind-borne pollen, and larger female cones that carry the ovules and ultimately the seeds. The seeds are dispersed in a variety of ways, commonly on the wind or by animals.

A number of unusual variations are seen among particular conifers. Yews (Taxus), junipers (Juniperus) and plum yews (Cephalotaxus) are three examples of ‘berry-bearing’ conifers. In each case, the seed cones are highly modified, sometimes containing just a single seed surrounded by fleshy arils or modified scales, which develop into a soft, berry-like structure. These attract birds or other animals, which eat them and so distribute the seed.

Compared to flowering plants (angiosperms), the total number of conifer species is low, yet they still manage to dominate swathes of the Earth’s surface. They are most abundant throughout the vast boreal forests of the northern hemisphere, with other conifer forests extending into southern regions, particularly in cooler, high-altitude areas. With their high economic value, mainly for their softwood timber used in construction and in paper production, conifers are widely planted in man-made forests throughout the world.
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Juniperus communis,
common juniper

Conifers show a myriad of forms, as a result of evolution as well as artificial breeding. Conifers from cold climates typically exhibit a narrow, conical shape, which helps them to shed snow, while those from high-sunlight areas may have a bluish or silvery tinge to the foliage to reflect ultraviolet light. Plant breeders often exploit mutations or hybridise species to create new forms, often for garden use. Thus we have Leyland cypress (× Cuprocyparis leylandii), a hybrid that first occurred in Northern Ireland in about 1870 when a seedling resulted from a cross between Monterey cypress (Cupressus macrocarpa) and Nootka cypress (Xanthocyparis nootkatensis).

Although most conifers are evergreens, the following are deciduous: larch (Larix), false larch (Pseudolarix), swamp cypress (Taxodium), dawn redwood (Metasequoia) and Chinese swamp cypress (Glyptostrobus).
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Branches of Cupressus sempervirens (above) and Thujopsis dolabrata (below), showing leaves, small male cones and large female cones.

Cycads and ginkgo



From a distance, cycads look a lot like palm trees, but on close examination they show clear differences. Their stout, woody trunks are quite different to the fibrous trunks of palms, and their crowns are much more stiffly evergreen. They also bear cones, which is an important difference.

Many, but not all cycads grow very slowly, and specimens more than 2–3 m (6–10 ft) tall are rarely seen in cultivation. They are also extremely long-lived, with some plants known to be at least 1,000 years old. Cycads are considered living fossils, and remain little changed since the Jurassic period, the time of the dinosaurs. Most cycads also have very specialised pollinators, usually a particular species of beetle.

Naturally, cycads grow across much of the subtropical and tropical parts of the world, sometimes from semi-arid to wet rainforests. In cultivation they are only seen in warm-temperate or tropical climates, unless grown under heated glass. Many cycad species are endangered, due to over-collecting in the wild and destruction of their natural habitat. Some species, such as Encephalartos woodii, now exist only in cultivation.
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Cycads in the garden

A small number of cycads are common in gardens, with the Japanese sago palm (Cycas revoluta) being the most common. Other genera include Zamia and Macrozamia. When buying, ensure that cycads come from a cultivated source (rather than from the wild), since all species are protected by the Convention on International Trade in Endangered Species (CITES).
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Cycas revoluta,
Japanese sago palm
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Cycas rumphii, commonly known as the queen sago palm, produces a starchy pith from which sago can be made.

Ginkgos are represented by a single living species, G. biloba, the maidenhair tree. It is another living fossil, first appearing in the fossil record some 270 million years ago, yet it is a curiosity, and botanists are unsure of its place among other plants as it has no close relatives. For now it sits among the gymnosperms, as its seeds are not enclosed within an ovary, but the morphology of its ‘fruits’ confuses the issue. The ginkgo’s deciduous leaves are an attractive fan shape and turn a brilliant, butter yellow in autumn as they fall.

Conifers in the garden



While fashions for certain conifers come and go, these plants are a garden mainstay, with their distinctive forms and foliage. Popular genera include the firs (Abies), monkey puzzles (Araucaria), cedars (Cedrus), cypresses (Cupressus), junipers (Juniperus), pines (Pinus), spruces (Picea) and false cypresses (Chamaecyparis), to name but a few. Literally thousands of hybrids and cultivars of these also exist in cultivation, ranging from dwarf or low-growing shrubs and ground-cover plants to very tall trees, some exceeding 100 m (330 ft).


Angiosperms: flowering plants

The flowering plants (angiosperms) are the largest and most diverse group of land plants. Like the gymnosperms, they are spermatophytes – seed-producing plants – but they form a distinct group by virtue of one main difference: they produce flowers.

Botanically, however, there are a number of other differences, and these include:

• Seeds are enclosed in a carpel, a unit of the ovary.

• The ovary develops considerably after fertilisation so that mature seeds are enclosed within a fruit. True fruits are a unique feature of flowering plants.

• The seeds contain a nutrient-rich material, called the endosperm, which provides food for the nascent plant.

In angiosperms, the gametophyte generation is so reduced that it comprises just a few cells within each flower, and this is shown in more detail in chapter 4. There are further details on the anatomy of angiosperm flowers, seeds and fruit in chapter 2.

Within the plant kingdom, flowering plants have undergone the greatest degree of evolutionary specialisation. The characteristics that differentiate them from other plants provide a number of ecological advantages that have ensured their success, enabling them to cover most of the land on the planet and survive where other plants cannot.

Angiosperm ancestors



The ancestors of flowering plants developed from gymnosperms, and from the fossil record this is understood to have occurred between 245 and 202 million years ago. Gaps in the fossil record, however, make it hard for scientists to be sure of the precise details. It is probable that the earliest angiosperm ancestors were small trees or large shrubs adapted to growth in well-drained, hilly areas, not exploited by gymnosperms.

The first true angiosperms appear in the fossil record approximately 130 million years ago, with Archaefructus liaoningensis being the earliest-known angiosperm fossil. This species, like most of the other early angiosperms, are now extinct as they were rapidly replaced by more successful species, but ancient species do still exist in warm-temperate to tropical climates that have remained unchanged for millennia. The best example must be Amborella trichopoda, a rare shrub confined to New Caledonia in the Pacific.

Angiosperms began to take over habitats dominated by bryophytes and cycads from about 100 million years ago. By 60 million years ago they had largely replaced all gymnosperms as the dominant tree species. At this time, flowering plants were largely woody species, but the later emergence of herbaceous (non-woody) flowering plants led to another leap in angiosperm evolution. Herbaceous plants tend to have much shorter life spans than woody species, and so they are able to generate more variation in a smaller time frame, and thus evolve more quickly.
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A fossil of an early flowering plant, Dillhoffia cachensis, now extinct, dated at 49.5 million years old.

[image: ]

Magnolias are among the oldest flowering plants and their reproductive organs bear similarities to those of gymnosperms.

We also see during this period the emergence of a separate angiosperm lineage: the monocotyledons. The entire angiosperm class can be divided along these lines, with monocotyledonous plants making up about one-third of all flowering plants, and dicotyledonous plants making up the remaining two-thirds. (The differences are explained here.) It is estimated that the number of species of flowering plants currently in existence is in the region of 250,000–400,000.

Members of the subclass Magnoliidae are among the earliest flowering plants. This subclass contains a number of flowering plant genera that will be familiar to gardeners, such as Magnolia, Nymphaea (water lilies), Laurus (laurel), Drimys, Peperomia, Houttuynia and Asarum. Unsurprisingly, if you look at the flower anatomy of some of these plants (a magnolia flower is a good example), there are clear comparisons with gymnosperms. For example, the stamens may be scale-like, resembling the male cone scales of a conifer, and the carpels are often found on a long flowering axis like a female gymnosperm cone.

The Asteridae are one of the most recent subclasses to have evolved and in it we see modifications of flower anatomy that maximise the efficiency of pollination and seed dispersal. For example, petals are commonly fused together and the flowers are often much reduced and grouped together (a sunflower is a good example of this, as it is basically an enormous flowerhead made up of hundreds of tiny flowers).
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Tanacetum coccineum, pyrethrum, like most daisies, maximises pollination by grouping lots of small individual flowers (florets) together.

Flowering characteristics



Angiosperm flowers are highly varied. From catkins to umbels, grass flowers to orchids, to a simple buttercup, there are great differences and many specialisations, yet they all follow the same basic structure.

The perianth is a collective term used to describe external flower parts: the petals and sepals. Often the petals and the outer sepals are quite different, with the sepals being green and slightly leaf-like and the petals colourful and showy. In many instances, however, they are indistinguishable from each other (such as in tulips and daffodils, where they are sometimes called ‘tepals’), and in other cases one or the other, or even both, may be entirely reduced or absent. In poppies (Papaver), the sepals encase the flower bud, but these rapidly drop off and will be absent from the open flower. In more advanced flower forms, parts of the perianth may be fused together. In strawberries (Fragaria), as with nearly all fruit-bearing plants, the petals fall as the fruit swells, leaving behind the leafy sepals that people often remove from the fruit before it is eaten.

The stamen is a term given to the male parts of a flower, made up of the anther and the filament. The filament supports the anther, and the anther bears the pollen grains. Some plants bear only male or female flowers (unisexual), as seen in the genus Ilex (holly); on a female plant these male parts are absent.

The pistil is the name for the female reproductive part of the flower. It is generally at the centre of the flower, surrounded by the stamens and then the perianth. It is made up of the stigma, the style and the carpel, or carpels. Within the carpel are the ovules. The stigma often has a sticky surface, as this is the landing point for grains of pollen, and it is often extended outwards by a long style so that it is in the best position to receive pollen. From the stigma, a successful pollen grain will grow a tube down through the style to reach an ovule, where fertilisation will take place.

[image: ]

All flowering plants have evolved alongside the animals present in their environment, and the form that their flowers take is often a reflection of this. As a result, some very specific, and strange, pollination mechanisms, such as between bees and the bee orchid (Ophrys apifera) or between parasitic wasps and species of fig (Ficus). In such cases, the plants either deceive or offer some kind of benefit to the animal.
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Flowering plants in the garden . . . and in agriculture

Angiosperms make up the majority of all ornamental plants, and along with the huge number of cultivars, they form a vast and extensive palette from which gardeners can work their art.

      However, it must not be forgotten that agriculture is almost entirely dependent upon angiosperms, which provide virtually all plant-based foods as well as most feed for livestock. Of all the flowering plant families, grasses are by far the most economically important, providing many of the world’s staples: barley, maize, oats, rice and wheat.







Monocotyledons versus dicotyledons

About one-third of all flowering plants are monocotyledons. They are so called because their seeds possess only one cotyledon, or seed leaf. Dicotyledons possess two cotyledons, and when a seed germinates this difference can be readily seen. These names are often shortened to monocot and dicot.

Another important difference is the arrangement of their vascular bundles (the water-and-food transporting cells) within their main stems or trunks. In dicotyledons these are arranged cylindrically around the outer portion of the stem, which is why when you ring-bark a tree you will kill it, as you will be removing all these vital tissues. In monocotyledons, the vascular bundles are arranged randomly, so ring-barking is not possible.

In dicotyledons we also see primary tap roots, which do not occur in monocotyledons as the primary root soon dies off to be replaced by adventitious roots. We also see clear differences in leaf form: monocot leaves almost always have parallel veins, unlike the more complex vein networks seen on dicot leaves.

The flower parts of monocots are trimerous, meaning that they are arranged in multiples of three. Monocots also usually have well-developed underground structures, which are used as storage organs, which the plants can draw upon during dormancy. The vast majority of monocots are herbaceous, although a few, like the palms, bamboos and yuccas, do put on woody growth. The arrangement of the vascular bundles means that the physical composition of their trunks or stems is quite different to that of dicotyledonous trees and shrubs.

[image: ]

Very few monocots are dominant in their habitats. The main exception here must be the grasses, which comprise one of the most successful plant groups ever, with over 10,000 species distributed over vast areas of the planet. One reason for their success must be due to their ability to withstand heavy grazing.

[image: ]

Crocuses, members of the Iridaceae family. Common garden bulbs, such as alliums, crocuses, daffodils and snowdrops, are all monocotyledons.



OEBPS/images/00031.jpeg





OEBPS/images/00030.jpeg





OEBPS/images/00033.jpeg





OEBPS/images/00032.jpeg





OEBPS/images/00035.jpeg





OEBPS/images/00034.jpeg





OEBPS/images/00037.jpeg





OEBPS/images/00036.jpeg





OEBPS/images/00028.jpeg





OEBPS/images/00027.jpeg





OEBPS/images/00029.jpeg
GYMNOSPERM
ovULE

Micropyle

Intequments

Megaspore (egq cell)

ANGIOSPERM
ovuLE

Integuments

Megaspore
o)





OEBPS/text/nav.xhtml




Contents





		Title



		Contents



		How to Use This Ebook



		A short history of botany



		Chapter 1 The Plant Kingdom



		Algae



		Mosses and liverworts



		Gregor Johann Mendel



		Lichens



		Ferns and their relatives



		Gymnosperms: conifers and their relatives



		Angiosperms: flowering plants



		Monocotyledons versus dicotyledons



		Plant naming and common names



		Plant families



		Barbara McClintock



		Genus



		Species



		Hybrids and cultivars











		Chapter 2 Growth, Form and Function



		Plant growth and development



		Buds



		Robert Fortune



		Roots



		Prospero Alpini



		Stems



		Leaves



		Flowers



		Seeds



		Richard Spruce



		Fruit



		Bulbs and other underground food storage organs











		Chapter 3 Inner Workings



		Cells and cell division



		Photosynthesis



		Plant nutrition



		Charles Sprague Sargent



		Nutrient and water distribution



		Plant hormones











		Chapter 4 Reproduction



		Vegetative reproduction



		Luther Burbank



		Sexual reproduction



		Franz and Ferdinand Bauer



		Plant breeding – evolution in cultivation











		Chapter 5 The Beginning of Life



		Development of the seed and fruit



		Seed dormancy



		Seed germination



		Matilda Smith



		Sowing and saving seeds



		Seed saving











		Chapter 6 External Factors



		The soil



		Soil pH



		Soil fertility



		Soil moisture and rainwater



		John Lindley FRS



		Nutrients and feeding



		Life above ground











		Chapter 7 Pruning



		Why prune?



		Pruning trees



		Marianne North



		Pruning for size and shape



		Pruning for display











		Chapter 8 Botany and The Senses



		Seeing light



		Pierre-Joseph Redouté



		Sensing scent



		Scent as an attractant



		Feeling vibrations











		Chapter 9 Pests, Diseases and Disorders



		Insect pests



		Other common pests



		James Sowerby



		Fungi and fungal diseases



		Viral diseases



		Bacterial diseases



		Parasitic plants



		How plants defend themselves



		Breeding for resistance to pests and diseases



		Physiological disorders



		Vera Scarth-Johnson OAM











		Bibliography



		Websites



		Image credits



		Copyright













Guide





		Cover



		Title Page



		Start















		3



		4



		5



		6



		7



		8



		9



		10



		11



		12



		13



		14



		15



		16



		17



		18



		19



		20



		21



		22



		23



		24



		25



		26



		27



		28















































































































































































































































































































































































































OEBPS/images/00020.jpeg





OEBPS/images/cover.jpeg
Re el
BOTANY
far
GARDENERS

The Art and Science of Gardening

Explained and Explored





OEBPS/images/00022.jpeg





OEBPS/images/00021.jpeg





OEBPS/images/00024.jpeg





OEBPS/images/00023.jpeg
Lip cells / annulus

SPORANGIUM
CAPSULES





OEBPS/images/00026.jpeg





OEBPS/images/00025.jpeg





OEBPS/images/00017.jpeg
S0
% o

Liverwort ©
(sporophyte) T

Spores undergo Haploidspores
meiosis

)

Haploid gametophyte

Female
sex cell

Dhlidgoroohye)





OEBPS/images/00016.jpeg
Moss SCALY LIVERWORT LEAFY LIVERWORT

Sporophyte

Leof Thalus

Gametaphyte






OEBPS/images/00019.jpeg





OEBPS/images/00018.jpeg





OEBPS/images/00011.jpeg





OEBPS/images/00010.jpeg





OEBPS/images/00013.jpeg





OEBPS/images/00012.jpeg





OEBPS/images/00015.jpeg
TYPICAL ALGAE.

REPRODUCTION
Second generation
Gporophyte)

Male and
fomale gametes

e

Main algal generation
(qametaphyte)






OEBPS/images/00014.jpeg





OEBPS/images/00040.jpeg





OEBPS/images/00039.jpeg
MonocoTYLEDON
GROWTH

Monocot leaftype

DICOTYLEDON
GROWTH

Dicot leaf type
Cotyledon

Roor






OEBPS/images/00038.jpeg
g !’
' // Petal

\‘i Sepal
/”





OEBPS/images/00002.jpeg
RHS

BOTANY
for
GARDENERS

The Art and Science of Gardening

Explained and Explored

MITCHELL
BEAZLEY





OEBPS/images/00004.jpeg





OEBPS/images/00003.jpeg





OEBPS/images/00006.jpeg
MAIN PAGES
All nine chaprers are led by the content of these

core pages. Clear introductions and category
headings make the text easy to understand, whilse
accompanying plant illustrations are annotated
with both Latin and common names.

BOTANY IN ACTION

Shor fearure boxes placed throughout the
book demonstrate ways in which the theory
can be tumed into practice, providing
gardeners with practical tips.

DIAGRAMS
Aswell as dozens of attractive botanical
illustrations and etchings, the book includes
numerous simple annotated diagrams to
FelariEy cechuical Sspeer





OEBPS/images/00005.jpeg





OEBPS/images/00008.jpeg
FEATURE PAGES ——————
Dotted throughout the book are feature

pages providinga range of practical

applications for the gardener in a bitesize

form. Examples include Pruning and

Breaking Seed Dormancy.

PruxiNG TREES






OEBPS/images/00007.jpeg
<L
[l - .

s +~———BOTANISTS AND

BOTANICAL ILLUSTRATORS
Feature spreads profile notable men and

women in the history of botany, exploring

their lives and explaining the ways in which

their work was influential.






OEBPS/images/00009.jpeg





