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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.
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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.
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