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Very large plane tree, Mirabel Gardens, Salzburg, Austria
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Introduction


This book will be of particular interest to arboriculturists, horticulturists, foresters and other tree enthusiasts who want to develop their skills, knowledge, repertoire and use of woody plants. Because of the inclusion of aesthetics, management, practice, and underlying scientific principles, the book is aimed at any ‘student’ of the related disciplines, whether that student is in practice and wants to add to their knowledge, or a student in the more formal sense of the word. The book is designed to give introductory and intermediatelevel information and so is ideal for informed amateurs, garden managers with woody collections, historic and botanical garden managers, forest and country park wardens, urban foresters, National Trust foresters, and forestry, arboriculture and horticulture professionals in general. It is intended to be a textbook of trees that is ideal for candidates of the RHS Diploma and Master of Horticulture, students of horticulture, arboriculture, and forestry at National and Higher National Diploma levels, the RFS Certificate of Arboriculture and as a good basis for the concepts of first-year degree level. It will also be very useful to those studying for examinations set by the Arboricultural Association, the ISA (International Society of Arborists), and for the arboriculture paper of the Institute of Chartered Foresters (ICF).


The benefits of trees, their aesthetic features, their use, management and cultivation are all included. There are also sections on structure and biology, and a section on soil science to describe the environment of tree roots. The book does not take a close look at the complex structure of wood, but rather is an introduction to the biology that makes the tree ‘work’, and the subsequent structural features that the biology creates. It attempts to be educational and instructional by using a mixture of basic diagrams, biological drawings, coloured, and black and white photographs to accompany the text. The biological drawings are often diagrammatic rather than completely accurate, and are used in an effort to aid explanations of important concepts.


Arboriculture, horticulture and forestry, although diverse in nature, all share a common ‘thread’. Much of the biology and soil science is common to all related disciplines. However, there are many instances where information is specifically related to trees. Attempts by institutions and examination boards to lump the common themes together, to facilitate rationalization and the greater efficiency of educational delivery, have sometimes failed – yet these common themes do so obviously exist. Methods of soil/site preparation, planting and aftercare are all very similar, if not common, across the three disciplines (add aspects of agriculture and you have four disciplines). However, the scale of operations and the diversity of plant species used, seems to define the main points of divergence. The now, thankfully, not-so-common mono-cultures of forestry, the relatively wide range of woody species used arboriculturally, and the comparatively diverse range of plant species used horticulturally, illustrate the point.


Whether arboriculture arose out of horticulture, with its diverse use and management of exotic species in urban areas, or out of forestry, with its history of chainsaw use, is largely irrelevant. Likewise the difference (if there is any) between arboriculture and urban forestry. They are of course strands of the same continuum.


Large arboreta and botanic gardens housing many woody subjects in their collections, often use forestry and/or arboricultural practice in their management, whilst purporting to display horticultural excellence. Where, and if, the disciplines merge is not important. What is important is that the skills required of a manager are very similar. Forest gardening, a form of permaculture, illustrates how knowledge of the various layers of the forest can be used to be both productive and aesthetic. Perhaps the inclusion or not of ‘aesthetics’  is the main difference across the disciplines, with horticulture big on aesthetics compared with other areas? It is certainly a consideration and, until relatively recently, the exclusion (or rather non-inclusion) of aesthetics from the forest managers skills, might have proved this point. Not so today, however.


Nobody should want to criticize the forest industry for using large blocks of species of the same type when their remit was to produce as much timber as possible, in the shortest time, for construction purposes. Anyone given this remit would set about it in the most efficient way with similar results. Furthermore, mono-culture or not, we have inherited large areas of plantations (admittedly not diverse mixed woodland) for our recreation. However, the fact that ‘people pressure’ has insisted on greater diversity, consideration of the overall effect on the landscape (which we all view) and the introduction of more sustainable methods of management, can only be a good thing. Furthermore, people-pressure arose in the relatively relaxed environment we now find ourselves in, and without the pressures associated with recent memories of a World War upon us.


Tree management is important in many areas. Arborists have to remind themselves that they need to know all aspects of tree management, from production to death, and not just ‘tree surgery’. Horticulturists often find that they have a diverse knowledge of plants, but their weakest area is trees. Foresters often discover that knowledge of the structure and biology of individual trees aids their management capabilities. Woodland managers need knowledge of ecology to be successful, and ecologists benefit from knowledge of trees and their insect and fungal associates. The way individual trees ‘work’ and how they fit into woodland dynamics and ecology has taken on a new importance with the advent of The Ancient Tree Forum.


Forestry can be practiced at small mixed woodland, green timber products, urban woodland, rural woodland or commercial plantation levels. The list is not exhaustive and every one of these has its own challenges and may have wide and varying objectives. All of the disciplines nevertheless share many common areas, and one common strand – their success depends upon a blend of art and science. Successful cultivation depends upon knowledge of environmental factors and soil conditions, coupled with knowledge of the best plants for those specific conditions. Superimposed upon this, and only successful if the biological factors are correct, is an eye for aesthetics. The trees themselves, if successfully cultivated, may be sufficiently aesthetic in their own right. However, they are often associated with successful grouping, positioning or design patterns.


An emphasis on ecological principles in landscape design is not really a very recent idea. However, knowledge of the principles of plant ecology and conservation aims play increasingly important roles in modern planting schemes.


In order to manage trees at any reasonable level successfully, it is essential to understand the scientific principles that underpin current practice. The alternative is to inherit plant layouts and learn by rote the timings involved in each operation, and carry these out annually (or periodically), as prescribed. This process may lead to some success, and tree maintenance (including pruning) of this type often (but not always) forms the basis of ‘skilled’ work. However, it is not satisfactory for many reasons, not least that this level of knowledge does not allow informed management decisions about the successful culture of specific trees. Furthermore, the knowledge to ‘develop’, and take forward, the woodland, forest or woody plant collection is not there, as the lack of plant and cultural knowledge limits progress and flexibility in design. The biological health of the tree is paramount, and a poor knowledge-base can lead to disastrous mistakes, and severely limits the range of species that are grown and therefore limits the diversity of aesthetic effects achievable.


The good news, however, is that although an array of knowledge from various disciplines is deemed necessary for success, acquiring this knowledge is very much a progressive (and usually enjoyable) process. The process seems to be exponential, and minor gains in knowledge seem to be followed by very quick major gains. Many students of horticulture, arboriculture and forestry dread learning sci-entificnames, the strange vocabulary involved invokes fear. However, the very same students, who were once filled with apprehension about this field of study, quickly become ‘hooked’ on scientific names and soon start indulging in the friendly, yet competitive, one-upmanship associated with their use.


Regarding scientific names of plants (nomenclature): it is essential for students of all the related disciplines to continually add to their repertoire of names, or rather, their repertoire of plants – it is an important part of plant knowledge, as nearly all references, pictorial or otherwise, are alphabetical. Paradoxically, therefore, if you do not know the name of the plant already, you cannot look it up. The alternative, which is very time-consuming, is to trawl through every illustration in the book or,  at best, every illustration within the known flower colour, or leaf type (or feature that you do know) if the reference book is conveniently arranged in this way.


Although this volume includes basic information on the external features associated with identifying trees, it is not intended as a replacement for good identification books, but should instead augment this information and help with the concepts involved. To achieve a system of recognition (identification), and the ability to refer to the correct tree and classify it quickly, it is essential to recognize specific characteristics. Recognizing family resemblance (traits and similarities), and knowing the flower colour of the subject, may greatly increase the speed of looking it up in reference works. Effort put into accruing knowledge of plant taxonomy (identification, classification and nomenclature) is not the waste of time considered by some. The wider the knowledge in this area, the greater the number of options available for any set situation. For these reasons an introduction to tree identification, classification and nomenclature appears early in the book.


The book commences with the benefits of trees, and then continues with their external identifying features and aesthetics. Included wherever possible is instructional and management information, and all of this information is backed up with scientific principles where it is relevant. Furthermore, the science-related material, as well as being embedded into the text, is also featured in specialized chapters on tree and soil science, which are designed to gradually build up a picture of tree biology and development. Wherever possible practical examples are used to endorse/reinforce scientific information and vice versa. It is hoped that the book will prove to be a progressive and instructional experience.


Although the book is a celebration of trees, it acknowledges ‘woodiness’ in all its forms wherever it seems relevant. So, woody climbers and shrubs are discussed at times, particularly if it illustrates concepts about the biology and structures of woody plants in general.


A glossary of terms and concepts is at the back of the book. The glossary is considered a very important addition to the book, as it attempts to highlight important concepts, and furthermore can be used to refer immediately to specific areas of interest or enquiry. This approach enables the reader to get on with the job of managing trees, and be all the way, or part-way, through the book, and yet be able to refer to specific technical and scientific areas of the book immediately or at leisure, whichever you chose. In some instances, quick access to a concept or idea may prove very useful and less frustrating than wading through a lot of other material to get there.




CHAPTER 1


The Benefits of Trees


The Importance of Trees in the Environment


There is of course every chance that the reader is already a convert and readily expounds the virtues of trees. However, you may not have found it necessary to do the exercise of deciding just how large the range of benefits are, or how important.


The environmental benefits of trees include: the production of oxygen (via photosynthesis); effects on the climate, such as influencing rainfall; essential wildlife habitat; creation of shade, shelter, and protection; and the network of roots reducing soil erosion. Trees recycle organic matter, process atmospheric pollution, attenuate noise, improve the landscape by giving height, scale and depth, they screen unsightly views, giving improved aesthetics, and soften large buildings, bridges and other structures.


The aesthetic and sensory benefits of trees include some features that are shared with environmental benefits, such as, shape and form, height, depth and scale, and shelter and shade. Other aesthetic and sensory benefits are fragrance of flowers and pungence of essential oils, flowers, leaves and bark, flower colour, leaf colour, autumn colour, leaf rustle, bark texture, other textures, bark colour and bark peeling/sloughing effects. Psychological effects include beneficial sensations, such as spirituality and feelings of well-being.


Without green plants we do not exist! Green (chlorophytic) plants (along with a few rare photosynthetic bacteria and the phytoplankton of the oceans) are the only living organisms that are autotrophes, i.e. they are able to produce their own food (sugars) using solar energy – they feed themselves via photosynthesis. The importance of this is that plants commence all other food chains – unlike humans and other animals (heterotrophes), plants do not need a second organism to feed off. Green plants produce oxygen as a by-product of sugar production (photosynthesis) and the release of oxygen into our atmosphere allows us (and plants) to respire. Trees are the largest living things we have on our planet and they are responsible for producing vast quantities of oxygen. Even though we know vast quantities of oxygen are produced by the phytoplankton of our seas, oxygen production must still be considered the most important benefit of woody plants, and leads to the concern worldwide over the destruction of large areas of virgin forest.


Green plants also transpire, i.e. they take water up from the soil via their roots, move it through the xylem (the water-conducting part of the vascular tissue), and it evaporates from the leaf and green stem surfaces. The benefits to the plant are cooling, soft cell turgor (rigidity by water engorgement), movement of dissolved nutrients (and metabolytes) through the plant, and transporting water to every part of the living tissue. The benefit to our environment is the release of large quantities of water into the atmosphere. This, along with evaporation from waterways and seas, forms part of the hydrological cycle (water cycle) and affects our cloud build-up and rainfall.


Oxygen production and transpiration alone give you some indication of the importance of green plants on our planet. If green plants such as ferns (by virtue of their high-rise aerial strategy), which produce large volumes of photosynthetic and transpiring material, are compared with their ground-hugging predecessors with very thin sheets of tissue (e.g. algae), they produce much greater quantities of oxygen. Compare this now with the volume of photosynthetic material afforded by the very large aerial parts of trees.


The extensive aerial structures of woody plants create shelter, which reduces wind speeds, and the subsurface growth of tree roots helps to bind soils and to reduce water run-off. They are therefore very effective against soil erosion. Furthermore, it is not just the physical size and shape of woody  plants that reduce soil erosion. They also add large amounts of organic matter to the soil, which improves soil structure (and therefore its stability). Recycling of organic matter is a critical function carried out by all plants, and by woody plants in particular, because of their large volumes of biomass. Leaves and other tissues fall to the forest floor and are broken down into their constituent parts (nutrient salts and organic compounds) by soil organisms (including insects, bacteria, and fungi). Partial decomposition of organic matter produces humus, which improves soil structure because of its wonderful binding properties. Balanced, humusenriched soils are less prone to erosive forces than other soil types.


Wind-filter and reduction in wind speeds provided by arboreals (woody plants) also create a sheltered microclimate. which gives mutual protection for other plants, and a more pleasant environment for humans and animals. The shelter of microclimates is used to advantage when establishing hedges and/or shelter-belts, to grow a wider range of plants within their protection than would otherwise be the case. It was the careful establishment of wind-resistant and salt-resistant tree species as a protective barrier, that allowed the very diverse range of more tender plants to be grown within the confines of the shelter at Inverewe Gardens in the far north-west of Scotland. Many other examples can also be quoted.


Shade afforded by woody plants creates a specific microclimate and is responsible for a range of forest-floor plants that have evolved to take advantage of this specific climate. Many bryophytes and pteridophytes (mosses and ferns) thrive in the cool, shady, sheltered conditions created by the matrix of woody plants associated with woodlands and forests. Such specialized ground flora becomes more diverse as the woodland matrix itself becomes older and more diverse. The felling of virgin forests destroys this balance and when carried out on a large scale, will not re-establish in its original form and diversity, and becomes impossible to recreate.


Shade and shelter have a sensory and sometimes psychological effect on human beings and other animals. The greater feeling of ease and lack of stress created by a sheltered area, rather than an exposed, wind-lashed area, is utilized by garden centres when they create artificial or plant-based windbreaks around their car-parks, and sales areas. People are more likely to spend time to look round (and spend money) if they feel ‘comfortable’. The shade of woodlands and forests may have a pleasing sensory effect – consider the feeling when walking from an open meadow into woodland on a very hot day. Many people have an uplifting experience around trees. Feelings of well-being, spirituality, energy and communing with nature, are all quoted. In contrast, some people find woodland dark, foreboding, insecure, and even frightening – very different sensory and psychological effects.
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Musicians in Mirabel Gardens, Salzburg, Austria.
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Very large oak in a park, Torquay, Devon.
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Trees around buildings in Glasgow, Scotland.
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Giant redwood (Sequoiadendron giganteum).


In urban areas trees have an important cooling effect (due to transpiration); they are also able to process pollutants, including dust and atmospheric gases. Furthermore, trees have excellent noise attenuation properties. Dense plantings reduce noise levels drastically (the ‘drumming’ of traffic and other human activity), and trees are used to great effect on highway edges and motorway embankments, where they also have the added benefit of softening large concrete structures such as fly-overs and bridges. Moreover, the linear woody plantings at highway edges create linked habitats (wildlife corridors) for flora and fauna. Wildlife habitat creation is a major benefit of planting arboreals, and wildlife habitat management is inextricably linked with woodland management in established areas.


The Aesthetic Benefits of Trees and Shrubs


The aesthetic benefits of woody plants vary from adding height, depth and scale to the landscape, right down to the aesthetics of individual species. Arboreals have a massive diversity of shape and size – compare coast redwood (Sequoia sempervirens) – the tallest known living thing on our planet at 100 m (328 ft) plus (and its close relative giant redwood (Sequoiadendron giganteum) the tree species with the largest volume) – with Rhododendron imperator – only about 15 cm (6 in) high. Compare also Rhododendron arboreum (in the same genus as Rhododendron imperator) but attaining 15	m (49 ft) or more. All are arboreals (with bark-covered, persistent, woody stems), but their proportions are so different.


Height, depth and scale of woody features can therefore vary dramatically, depending on the extent of the area and the species present. One feature is common throughout, however, and that is the superbly aerodynamic external shape of mature woodland.


Included in the aesthetic benefits of woody plants is their ability to soften the edges of large square/rectangular buildings. Using trees in urban areas around buildings creates a very much more acceptable environment – trees may even be used to screen specific unsightly views.


The Uses of Trees: Tree Products


Trees are used for fuel, timber for construction, fencing, pallets and so on. Trees are also used to produce fruit crops, including apples, pears, cherries and plums in temperate regions, and peaches, apricots, oranges, lemons, limes, avocado, custard apple, sweet chestnuts, walnuts, almonds, fig, olive, loquat and mulberry in Californian and Mediterranean climates. Paw-paw and mango are produced in the Mediterranean, the sub-tropics, and the tropics. 
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Uses, benefits and affects of trees in the landscape.





Trees may also have medicinal and ethnobotanical uses, with aspirin from willow(Salix),and waterproof cladding for canoes from the North American canoe-bark birch (Betula papyrifera) as common examples. Other woody plants (shrub-like arboreals) are also used for both ethnobotanical purposes and food crops. Tea (Camellia sinensis varieties and cultivars), coffee (Coffea arabica varieties and cultivars), rubber (Hevea brazilliensis varieties and cultivars), are all grown commercially in sub-tropical and tropical climates.


Forestry is the most important producer of timber, paper pulp, and wood fuel, and has traditionally used large areas of monocrops, although this is changing now. Because of the use of the same species, and the fact that the root plates at forest spacing can all fuse together to form shared, common tissues, forest plantations are often viewed as one large organism. They are considered to be ‘one large tree’ that is a macrocosm of an individual tree with other ‘trees’ instead of limbs.
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Sequoiadendron giganteum (Giant Redwood) an evergreen species (left) and Metasequoia glyptostroboides (Dawn Redwood) a deciduous species (right).




CHAPTER 2


The Classification and Nomenclature of Trees


Introduction to Plant Groups


Taxonomy is the systematic study of plants (and animals) involving their identification (recognition), classification (arranging into a hierarchy) and nomenclature (naming). In order to highlight the unique and major differences that woody plants have over others, it is essential to consider the other plant groups for comparison. Plants fall into one of five main groups concerning their longevity: ephemeral, annual, biennial, herbaceous perennials and woody perennials. Their structure, necessarily, varies according to their longevity, and only woody perennials have the ability to increase in girth in their second and subsequent years. Annuals do not progress into a second season, so do not have this ability. Herbaceous perennials have a different strategy for survival from one year to the next, which is based on the death and renewal of their aerial growth (primary growth), and the addition of new underground storage organs.


Ephemeral plants have a fleeting life-span and commonly have two (or even three) life-cycles in one season, i.e. they produce two or three generations in one year. Each generation dies after setting seed, so procreation of future generations is by seed only. The most commonly quoted examples of ephemerals are the weed-plants groundsel (Senecio vulgaris) and thale cress (Arabidopsis thaliana) – a very tenacious invader of outdoor seedbeds, resistant to many herbicides. Because of their obviously fleeting life-span, the term ephemeral is also given to desert plants that flower incredibly quickly after rain. Flowering occurs only in that very small ‘window’ when conditions are suitable.


Annual plants have only one life-cycle (germinate, grow, flower, set seed and die) in a year. Any particular individual therefore is dead within a twelve-month period, and because of growth patterns and their reliance on temperature and light factors, it is usually within the confines of the growing season. Annual plants therefore do not over-winter, and continuity of the species is by sexual means only, i.e. seed laying dormant in the soil and germinating in the following season. Annuals have some representatives that are regarded as pernicious weeds, including hairy bitter cress (Cardamine hirsuta), whose success as a weed is down to a particularly efficient, explosive, seed-dispersal mechanism, and annual nettle (Urtica urens).


Biennial plants have a life-cycle spanning two seasons, i.e. their complete life-cycle is over a two-year period. Typically they produce plenty of soft, photosynthetic vegetation in year one, over-winter as a rosette of large leaves, and produce flowers, set seed and die in year two. Species such as field forget-me-not (Myosotis arvensis), which may be annual or biennial, have small leaves and attain little height, and they adopt a strategy of many nebulous fine roots, which add up to a large volume of food storage overall. Whereas, species such as foxglove (Digitalis purpurea), which adhere to the typical large leaf rosette when over-wintering, use the strategy of deep, fleshy tap-roots for food storage. There is a direct correlation between the relative size of the leaves, the production of foodstuffs (sugars) and the size of the storage organ necessary to store the food produced. This correlation continues regarding the ultimate vigour and size of the species. Hence, foxgloves, with their large leaves and thick storage organ, and angelica (Angelica sylvestris), with its large top growth and tap-root, are very vigorous in comparison to forget-me-nots.


Herbaceous perennials have an indefinite life-span, they survive for long periods and typically they last 5–10 years, or even up to 20 years plus, depending on species and conditions. Herbaceous perennials produce new lush herby growth annually,  which dies back at the end of the growing season. New growth in the second season (and subsequent seasons) is fuelled by nutrition derived from underground storage organs. The particular type of storage organ is species (not genus) specific. Examples include bulbs (e.g. Narcissus species), corms (e.g. crocus), stem tubers (e.g. potato), root tubers (e.g. Dahlia species), slender rhizomes (e.g. hedge bindweed, Calystegia sepium and field bindweed, Convolvulus arvensis), which are both pernicious weeds, and fleshy rhizomes (e.g. vigorous iris species such as sweet flag, Iris pseudoacorus). Other subsurface storage strategies used by herbaceous perennials include some also adopted by biennials, i.e. very extensive, fibrous root systems (known as fibrous crowns), and the opposite strategy, thick, fleshy tap-roots (e.g. Rumex-dock species).


Woody perennials include all the trees and shrubs, no matter what their size or proportions, and are unique in that they create a persistent, bark-covered, woody, aerial framework. Woody perennials have the ability to increase both in length and girth (circumference), which allows them to increase in strength sufficiently to support the new wood that is added each year. Woody perennials may be evergreen or deciduous.


Shrubs are defined as woody perennials with many persistent stems arising from, or near, ground level, and trees are defined as woody perennials with a distinct trunk (or trunks). These are useful definitions of trees and shrubs but they still do not cater for the difference between a large multi-stemmed shrub and a bushy tree. Is this important when in fact many genera have species of both trees and shrubs within them? For example, the genus Magnolia has Magnolia acuminata (the cucumber tree), which is a large tree-like arboreal, and also Magnolia stellata (a bushy multi-stemmed shrub-like arboreal). The major difference between trees and shrubs is arguably height, as they share all other features (notably persistent woody stems, with which they over-winter), so why not call all woody plants arboreals and use them in the landscape according to their size and scale?


The main plant groupings are, however, very general, and far greater detail is needed to give positive identification of individual plants. Identification is carried out, by comparing individual specimens with known existing plants, to consider their similarities or differences. Flowers and fruits are used as the main indicators of similarities or differences. However, minute details of certain parts of the plant may be necessary to finally decide on a plant’s place in the system (classification).


Common names, although widely used, will vary from region to region within a country, and also between countries. Common names are therefore undependable and very variable. In order to rectify this, scientific names are used and Latin is chosen as the main language of nomenclature (naming) because it is universal, and can be understood anywhere in the world. However, Latin is not the only language used, as Arabic, Greek derivatives, and full Greek names may also be present in plant nomenclature (and modern languages in certain instances). For this reason, we do not refer to ‘Latin names’, but rather to ‘scientific names’, which is a more accurate description.


The Binomial System of Nomenclature


On a day-to-day basis, horticulturists, agriculturists and foresters use the binomial system (i.e. a system comprising two names). The two names of the binomial system are the genus (the plural of genus is genera), and the species. It is used for convenience but actually comprises a small part of a much larger classification hierarchy involving many divisions such as kingdoms, phyla, classes, sub-classes, orders, and families devised by Carl Gustav Linnaeus. The two names alone, e.g. Acer campestre (field maple),* although fulfilling the classification of most plants, are not always sufficient to classify a particular plant fully, so a third word (an extra epithet), such as variety or cultivar may also be necessary.


The Conventions


In scientific journals and documents the scientific name may be followed by the ‘authority’, which is the full name, or the first initial and abbreviated name, of the person (or persons) attributed with authenticating or originally naming the plant. Carl Gustav Linnaeus appears as an authority so many times that his name is abbreviated to a capital ‘L’, e.g. Acer platanoides L. (Norway maple). Other examples of authorities include: Thunb., which refers to Thunberg; Franch. , referring to Franchet; and Rehd. and Wils., referring to Rehder and Wilson.


Many tree names have synonyms. Synonyms are different names for the same tree. They are perfectly  legitimate scientific names used previously for a species and now fallen out of use because of reclassification. Sometimes the same authority reclassifies a tree, but usually a different authority reclassifies a tree, so a different name or initial will follow the different scientific name. Examples include: common oak now being classified as Quercus robur L., when previously it was classified as Quercus pedunculata Ehrh. Another example is silver birch, which appears as Betula pendula Roth Syn. Betula verrucosa Ehrh. where Syn. denotes the old classification for the same tree (the synonym).


Families consist of groups of genera with definite similarities and affinities. Genera within a family also have dissimilarities, which are equally important in classifying them. The convention for family names is that they always start with a capital (upper case) letter, and end in ‘aceae’ or ‘ae’, e.g. Rosaceae, which is a very large family whose members include roses, but also include mountain ash, cherries, plums, apples, pears and cotoneasters. Other examples of family names include: Fagaceae, which includes beech and oak; Leguminosae, which includes Robinea and Laburnum; Theaceae, which includes Camellia (Camellia sinensis is tea) and Stewartia; and Ericaceae, which includes Rhododendron.


Genera consist of groups of species (or sometimes, a single species), that have greater resemblance to one another than just their family resemblance. The convention for writing generic names is that they must always commence with a capital (upper case letter), e.g. Larix, Fagus and Rhododendron. The generic name may be helpful as it may describe features of the plant when translated. However, generic names are more likely to be named after their discoverer or as a form of recognition for a plant hunter, or they may be derived from an original classical Latin or Greek name. The same generic name can only be used once, hence, incorporating a person’s name into a generic name can only ever occur once for the same person. Carl Gustav Linneaus chose a small plant native to his home country of Sweden, the twin-flower (Linnaeus borealis). Examples are littered with famous plant hunter names, and they include Davidia (such as Davidia involucrata, the handkerchief tree), which was named after Armand David, a French plant hunter. Rhododendron is Greek for rose-red tree (rhodo = rose red and dendron = tree), named because the first rhododendrons that were classified were very large tree-type arboreals that bore red flowers. The whole genus now bears this name whatever the flower colour of the different species. If a genus has only one representative species within it, it is known as a monotypic genus, such as Ginkgo biloba (maidenhair tree) – there are no species other than biloba.


Becoming adept in recognizing family resemblance, and even better, generic features, is a very useful tool, as it allows you to home in on what any particular tree may be. Furthermore, it allows you to look up examples within the family or genus to track the tree down. Anything that gives a starting point for reference must be good. Particular fruit shapes and types recognized as Rosaceae, rather than fruit types from other families, gives immediate help. Recognizing the fruit shapes of those in the different genera within the same family gives even more help in identifying a tree. Knowing the difference between the fruits of Crataegus (the hawthorns), and Sorbus (the mountain ashes and whitebeams) helps identification – particularly if other identifying features are also used to add more ‘evidence’ for your decision. Hence in the case of the sorbi, once you recognize the fruit type as Sorbus, you may sort out the species by knowing that the mountain ashes have compound leaves, and the whitebeams have simple leaves, with white indumentum below.


Species show the greatest similarities and mutual resemblance, and species is the smallest main unit of classification. Specific names are written in small (lower case) letters and are often very descriptive. They may indicate a specific feature of the plant, the country of origin or, again, commonly the name of the discoverer (or one of his/her associates or peers). Examples include:


alba (um) = white, e.g. Morus alba (white mulberry)


arborea (um) = tree-like, e.g. Rhododendron arborea (tree rhododendron)


atlantica (um) (us) = of the Atlas Mountains (North Africa), e.g. Cedrus atlantica (atlas cedar)


australe (is) = southern, e.g. Cordyline australis (cabbage palm)


campanulata (um) (us) = bell-shaped flowers, e.g. Rhododendron campanulatum 


campestre  (is) = of fields or plains, e.g. Acer campestre (field maple)


chinense (is) = from China, e.g. Liriodendron chinensis  (Chinese tulip tree)


decidua (um) (us) = deciduous, e.g. Larix decidua (common European larch)


europaea (um) (us) = of Europe, e.g. Euonymus europaeus (spindle tree)


excelsior = tall, e.g. Fraxinus excelsior (common ash)


fastigiata (um) = upright branching (now mainly used as a cultivar or varietal name), e.g. Taxus baccata fastigiata (Irish yew)  


floribunda (um) (us) = very free-flowering, e.g. Malus floribunda


glabra (um) (us) = smooth/hairless, e.g. Ulmus glabra (wych elm – referring to the smooth bark)


glauca = blue/grey (now mainly used as a varietal name or forma), e.g. Cedrus atlantica forma glauca (blue atlas cedar)


glutinosa (um) = having gummy foliage, e.g. Alnus glutinosa (common alder)


grandiflora (um) (us) = having large flowers, e.g. Magnolia grandiflora (evergreen magnolia)


grandis = very grand, large, e.g. Abies grandis (grand fir)


heterophylla (um) (us) = having variable leaves, e.g. Tsuga heterophylla (western hemlock)


hirsuta (um) (us) = hairy, e.g. Alnus hirsuta 


hookeri (anum) = after Joseph Hooker, e.g. Crinodendron hookerianum


incana (um) (us) = having grey down, e.g. Alnus incana (grey alder)


japonica (um) (us) = from Japan, e.g. Cryptomeria japonica (Japanese red cedar).


lanceolata (um) (us) = lance-shaped (usually leaves)


latifolia (um) (us) = having broad leaves, e.g. Ilex latifolia (broad-leaved holly)


lutea (um) = yellow, e.g. Rhododendron luteum (a fragrant, yellow-flowered azalea)


macrophylla (um) (us) = large-leaved, e.g. Acer macrophylla (Oregon maple)


maritima (um) = coastal, e.g. Pinus nigra maritima occidentale (is) _Western, e.g. Thuja occidentale


orientalis = Eastern, e.g. Platanus orientalis (oriental plane)


procera (um) (us) = lofty, tall, e.g. Abies procera (noble fir)


robur = robust, e.g. Quercus robur (common oak)


rubra (um) = red, e.g. Quercus rubra (red oak)


sempervirens = always green, e.g. Cupressus sempervirens (Italian cypress)


serrata (um) (us) = saw-like edges to leaf margin, e.g. Prunus serrata (flowering cherry)


sinense (is) = from China, e.g. Betula albo-sinensis (white Chinese birch)


spinosa = spiny, e.g. Prunus spinosa (blackthorn)


sylvatica (um) (us) = of the woods, e.g.Fagus sylvatica (common beech)


Unlike generic names, specific names, bearing the name of botanists and plant hunters, can be used more than once – obviously, not as a specific name for the same plant, but attached to another genus, thus describing a completely different plant, yet acknowledging the same person. Some specific names are very helpful when translated, e.g. Aesculus hippocastanum (horse-chestnut), as the specific name hippocastanum is Greek and translates directly to horse-chestnut (hippo = horse and castanum = chestnut). Because horse-chestnut comes from Greece and Albania, choosing a Greek scientific name was a good choice. Unfortunately, not many species are quite so obliging in translating to reveal their common names – remembering scientific names would be a lot easier if this were the case, as it would always offer the perfect mnemonic.


Varieties (varietal names) indicate a variation of the species (a variation that occurs in the wild), and is commonly a minor variation such as a leaf or flower showing a colour difference from the straight species. Varietal names are written in lower-case letters and can be written in several ways whilst still adhering to the proper convention. The varietal name must be written in lower case, and because it appears as a third name it is sufficient to indicate that it is a varietal epithet, and nothing need be added. However, there are two other acceptable alternatives: the varietal name can be preceded by either var. or variety, written in lower case letters. Using purple beech as an example, moreover, as an example of a variety not a cultivar, it may be written as Fagus sylvatica purpurea or Fagus sylvatica var. purpurea or Fagus sylvatica variety purpurea. All of these classifications indicate a minor variation of common (green) beech, i.e. a variety with purple foliage, which in all other ways is identical to common beech. You may come across any of these alternatives in reference material.


Cultivar names denote plants that have no wild equivalent. Cultivars are not variations of a species, but may be hybrids of unknown origin with the influence of more than one parent. Or, they may be found as the result of a genetic mutation (a ‘sport’), as a colour break (a chimera) or propagated vegetatively from juvenile material (a retinospore). In all cases they are selected and kept in cultivation by human intervention, and cannot exist independently without human beings. Cultivar names always start with a capital letter, are often in modern language, and are placed in inverted commas, e.g. Acer platanoides ‘Crimson King’, a cultivar of Norway maple with red/purple coloured foliage.


When hybrids are formed by two parents in the same genus, but represented by two different species, they are known as inter-specific hybrids. The convention for showing this is to place an × between the generic name and the specific name, e.g. Larix × eurolepis. The parents of this hybrid larch are Larix decidua (common larch) and Larix kaempferi ( Japanese larch). This tree presents the phenomenon known as  hybrid vigour, where the resultant hybrid tree is more vigorous than either of the two parents.


When hybrids are formed by parents in two different genera, the resulting plant is called an inter-generic hybrid (or a bi-generic hybrid). The convention used to indicate this is to place a capital × in front of the generic name, and the common example normally quoted is ×   Cupressocyparis leylandii.


The parents of this tree are Cupressus macrocarpa and Chamaecyparis nootkatensis (you will note that the generic name Cupressocyparis is, itself, a hybrid of the two generic names Cupressus and Chamaecyparis. However, in recent years some authorities consider that the two parents of this example are not in different genera, but the same genus, thus ruining the most common example in the tree world. Perhaps what we should learn from this, is that, if two trees ostensibly from different genera hybridize, this should be regarded as a definitive sign that they have actually been assigned to the wrong genera in the first place, and that they are in fact both of the same genus. Perhaps, if they are similar enough to hybridize, then this should be considered the best DNA evidence – ever!


Hybrids and Cultivars


Hybrids may occur naturally in the wild or be produced purposely by human intervention. For natural hybridization to occur, the trees involved must be in the same locality, and of course, as with all hybridization, they must be compatible. There is no control over the process in the wild, or any control of what happens to the resulting progeny. Mortality rate in the wild is often high, and resultant hybrids, because of all of the influencing factors, are low in number. Natural hybrids also occur in plants that are normally separated in space and geography, and have now been brought together in a botanic collection. This creates unique situations, and puts trees close enough together to hybridize when they would normally be hundreds, or thousands, of miles apart. On one hand this brings some unique new trees that may be of both botanic and commercial interest, and on the other, it creates situations where trees no longer produce seed that will come ‘true-to-type’ because of the abnormal presence of alien pollen. In these instances unwanted hybrids result, influenced by two parents, when what was really required is progeny exactly like the parent plant.


Cultivars may occur by genetic mutation, essentially, by genetic freaks. Genetic breakdowns involving colour-breaks are known as chimeras, and include flecked colours in flowers and leaf variegations. Variegation of leaves is obviously accompanied by poor chlorophyll content, shown by the lack of pigmentation. The cream or white coloration around the leaf margins has no, or very little, chlorophyll. In general, therefore, and illustrated by most examples, variegated plants are less vigorous than their all-green counterparts. In the wild, this disparity of vigour would cause the variegated material to be shaded out by the more vigorous green growth. Hence, the material affected by the genetic breakdown would be short-lived, and probably never seen. Where such events, which are relatively common, happen in botanic gardens and conditions of cultivation, they are seen before they succumb to shading out, and if they are considered to be of interest or commercial importance they may be propagated to perpetuate them.


New cultivars created by selecting naturally occurring variegations have to be propagated asexually (vegetatively), by budding, grafting or cuttings, as they cannot be produced sexually (by seed). This is another instance therefore, along with all other forms of cultivar, where human intervention (‘cultivation’) is needed to perpetuate the clone.


Because the ability to create variegated tissues must have involved genetic instability in the first instance, it is also true that the same instability can cause the material to ‘revert’ back to its normal green colour. Some variegated cultivars are more stable than others, but all have the potential to revert. The removal of reversion from variegated types, in order to retain the desired, arguably aesthetic, variegated effect, can be an ongoing maintenance operation with some unstable cultivars.


Other cultivars created by initial genetic instability, and indeed, still possessing genetic instability, also exist. Cut-leaf or fern-leaf beech (Fagus sylvatica ‘Asplenifolia’) has leaves that are cut at the leaf margins and resemble Aspleniums (a genus of ferns); hence the two common names and the relevance of the scientific name. However, some forms of this cultivar are notoriously unstable, and easily revert back to common beech with its simple leaf and entire leaf margins. This results in two different leaf types on the same individual plant, unless the reversion is removed. This was once a common phenomenon, and led to its original cultivar name Fagus sylvatica ‘Heterophylla’, which alludes to having two types of leaf (hetero = different, phylla = leaves). ‘Asplenifolia’ is now used for a selected clone of the cultivar, which appears to be much more stable, and less liable to reversion.


Other genetic variations of trees that can be selected to perpetuate cultivars include purple leaf  types such as Fagus sylvatica ‘Rohanii’, which is a stable cut-leaved, weeping, purple form of beech. This cultivar, therefore, has many cultivar traits: coloured, weeping and dissected leaves. There are clonal weeping forms of many common trees that are perpetuated as cultivars and include Fraxinus excelsior ‘Pendula’ (weeping ash), Cercidiphyllum japonicum ‘Pendulum’ (weeping katsura) and Fagus sylvatica ‘Pendula’ (weeping beech).


Fastigiate (upright) forms are also only perpetuated as cultivars by vegetative propagation. Again they have been selected from commonly occurring genetic abnormalities, and most common tree species have representative fastigiate forms. Examples include fastigiate beech (Fagus sylvatica ‘Dawyck’, named after a botanic garden in Peebles, Perthshire), fastigiate hornbeam (Carpinus betulus ‘Fastigiata’) and fastigiate oak (Quercus petraea ‘Fastigiata’).


Summary


Tree names (nomenclature) are registered and acknowledged by an international body and are governed by strict conventions. The full classification system is a large hierarchy, but to categorically classify a plant on a day-to-day basis, the genus and species has to be known (the binomial system). Variations within a species may be indicated by a varietal name, and hybrids and genetic variants (such as ‘sports’ and chimeras – colour-breaks) by cultivar names. Important conventions exist to ensure that the scientific names are written down correctly, and these involve the use of capital letters, lower-case letters, particular word-endings, inverted commas and a set order to denote family, genus, species, and so on.


Examples of these conventions in use include:


Fagus sylvatica (common beech) – a species found in the wild;


Fagus sylvatica purpurea (purple beech) – in this instance shown as a variety;


Fagus sylvatica ‘Asplenifolia’ (fern-leaved beech) – a cultivar;


Fagus sylvatica ‘Pendula’ (weeping beech) – a cultivar;


Fraxinus excelsior (common ash) – a species found in the wild;


Fraxinus excelsior‘Pendula’ (weeping ash) – a cultivar.


Understanding Tree Names


Plant names are a ‘one-way’ system, in that, knowing the scientific name of a tree may well tell you something about the tree, such as where it comes from or the colour of a particular part; but knowing specific information about a tree does not allow you to name it. In other words, you cannot make up a name based on the features that you recognize. Hence, not all plants from Japan have the epithet ‘japonica’ in their scientific name. Nor, do all plants that are red have the epithet ‘rubra’. Furthermore, the specific name may relate to a colour but does not always indicate what part of the plant has that colour. A build-up of plant knowledge is therefore essential to aid your classification skills. Certain elements become easier with use and familiarity, but you cannot second-guess the system, and ultimately you will need to increase your tree repertoire and begin to know what parts of the tree a specific name refers to and so on.


Understanding that scientific names cannot possibly tell you everything you need to know about the tree, and that the ‘authority’ may not have given the priority to the same features for ‘essential’ inclusion in the tree name as others might have done, helps in some ways. But because of this, certain classifications appear to be anomalous, until you look further into it. North American dogwood, for example, a member of the genus Cornus, is grown for its outstanding red bark, and without doubt, given the choice, we would have classified it as Cornus rubra. However, it is actually classified as Cornus alba, and the specific epithet ‘alba’ means white. Relatively low-level research soon reveals the reason for the apparent anomaly. In its native habitat (and indeed in Central Europe) the hot summers create ideal conditions for it to flower and fruit, to present myriads of white berries. In summers elsewhere it is only liable to fruit on rare occasions but always shows the red bark. The ‘authority’ therefore may give ‘priority’ over a specific feature and choose to use it within the name, but it may not seem so obvious to others at a later date and in a different climate or environment.


The use of the scientific name Betula pendula for common birch, in retrospect, was probably a bit over-zealous, as the pendulous-ness of common birch occurs only at the tips, and not all individuals of the species present this to a large degree anyway. Certainly common birch does not appear as a heavily weeping tree with cascading branches. Armed with hindsight the specific name would have therefore been better reserved as a cultivar name – for one of the cultivars of birch that show definite pendulous and cascading branches. Betula alba, referring to the bark colour might have been a better choice or Betula argentea, translating as  silver birch. However, it is not the case, even though throughout the other classifications the epithet ‘pendula’ is used to indicate a cultivar, not a species, e.g. Fraxinus excelsior ‘Pendula’ (weeping ash) and Fagus sylvatica ‘Pendula’ (weeping beech). Because of this initial decision on nomenclature, we are left with at least two weeping birches that have other cultivar names instead: ‘Tristis’ and ‘Youngii’. Obviously only one of these could have had the epithet pendula, but ‘Pendula’ would have been so descriptive for what is now Betula pendula ‘Tristis’.


Unfortunately, once initiated, the anomalies continue. Because the fastigiate (upright) form of birch is a cultivar of common birch, it is ‘correctly’ classified as Betula pendula ‘Fastigiata’, which translates as weeping, upright birch. Obviously, the two forms of upright and weeping are totally contradictory. Even with this type of contradiction, efforts to change the name to Betula alba or B. verrucosa et al have all foundered in the past. Trying to remedy these anomalies at a later date has always proved to be difficult. There is often a strong resistance to changes in nomenclature, no matter how sensible they appear to be. Other name-games occur, all of which are best viewed as fun, rather than problematic. Sometimes, when there is no apparent reason for change, the resistance is even greater. Crinodendron hookerianum a wonderful evergreen shrub with red, lantern-shaped flowers, is classified using the plant hunter Hooker’s name as a tribute within the specific name. Some time ago efforts were made to rename Crinodendron hookerianum to Tricuspidaria lanceolata, which describes its fruit and the lance-shaped leaf. By the time the more entrenched plantsmen had eventually accepted this, which was some considerable period of time afterwards, the nomenclature had been changed back to Crinodendron hookerianum, and the absolute diehards, who had never converted to the new name, were correct again! These anomalies should not be viewed as anything but anomalies, as in the main, the system works extremely well.


Plane trees, sycamore and Norway maple all have scientific names that refer to one another’s likeness. Even the common names of plane and sycamore have a link. In Scotland sycamore is known as plane, and some authorities, believing sycamore not to be introduced from elsewhere, but naturalized throughout from sources within Great Britain, call sycamore ‘British plane’ or even ‘English plane’ (or sometimes ‘English maple’). The scientific names of these species can either be viewed as confusing, or a good learning tool, depending on your philosophy. London plane is classified as Platanus ×   acerifolia (although there is another alternative, i.e. Platanus ×   hispanica). Platanus ×   acerifolia obviously describes the fact that the tree is a plane (Platanus), not a maple (Acer), but has maple-like (Acer-like) leaves – acerifolia. Sycamore is classified as Acer pseudoplatanus, which describes the tree as being a maple ( Acer), which it is, but it also describes the tree as a false plane in the specific name (pseudoplatanus, where pseudo = false and platanus = plane), i.e. a sycamore that looks like a plane tree, but isn’t.


Norway maple is classified as Acer platanoides (where ‘oides’ wherever you see it, means ‘looks like’). Hence the classification suggests that Norway maple, although being a maple (Acer) it looks like a plane (Platanus). What do we get out of this ‘confusing’ (or arguably) ‘educational’ exercise? The fact that the generic name determines the genus – a plane is a Platanus, not an Acer, whereas, an Acer is a maple not a plane, even though they may have many outward similarities, and their specific names relate to one another in all of the examples.


Another good example to add to the understanding of scientific names is Acer carpinifolia (the hornbeam maple). This classification describes the tree as a true maple (Acer), but having leaves that look like hornbeam (Carpinus, carpinifolia). From a distance, and even at closer inspection, therefore, the tree looks like hornbeam, because of the leaves. However, it actually carries all of the distinguishing botanical features of Acers (maples), i.e. opposite buds (unlike hornbeam which has alternate buds), and two-winged, nut-like fruits, which hornbeam does not have. Hornbeam has nut-like fruits, with wings, but the nuts are single, not double, and the whole fruiting structures are held in groups that resemble a hop from a distance. Again, the generic name is stating that the tree is definitely a maple, even though it looks like a hornbeam.


In recent decades the nomenclature of purple beech and some cedar species have been looked at in some detail in an attempt to iron out the anomalies. You will see purple beech written as a variety in some publications (Fagus sylvatica purpurea), and as a cultivar (Fagus sylvatica ‘Purpurea’) in others. This revolved around whether certain authorities considered purple beech to be a purple-leaved variant of common beech, which could continue as seed-propagated communities in the wild (a variety), or was a tree that could only continue with human intervention, using vegetative (asexual) methods of propagation. Both situations are actually true. On the one hand, there are recognized  cultivars of purple beech, selected for their deep colour, propagated by vegetative systems and available throughout the nursery trade. On the other hand, seed-raised populations retain a number of coloured-foliage progeny, and in the wild, these can survive as a community. However, the percentage of purple-leaved individuals produced from any seed batch is generally very low, and communities do struggle to be maintained because of this. Furthermore, there is a great variation in the colour of seedlings, with the main batch being green, and having all of the features of common beech, and the small percentage with colour, varying from green-purple to dark purple – in all, very variable results. It was decided, therefore, that purple beech is best placed in a group, which does have a lot of similarities, but is nevertheless variable within the group. Such a grouping is known as ‘forma’. Hence, purple beech is now classified as Fagus sylvatica forma purpurea. Because of the variation found in Cedrus atlantica ‘Glauca’, and the debate as to whether it is maintained as a community in the wild, this tree is now placed in a grouping, and is classified as Cedrus atlantica forma glauca.


If you are in the early phases of the learning process you may have to ‘accept’ certain things initially, only to find out ‘why’ later when your underlying botanical knowledge catches up with your plant name repertoire. All of which indicates how important it is to add to plant knowledge in all areas to aid overall understanding. One good thing, is that the process of learning about trees seems to be exponential, in that, from a very basic, but solid foundation and understanding initially, come some very rapid additions to the repertoire.


Long lists of examples can be absolutely useless unless you know how to use them properly. You may gradually add to your repertoire by remembering a few from each group only, those that are of particular interest to you, those that you have come across before, and those that you favour, leaving the rest as a list to be referred to when needed. At least a list for a specific site or condition gives you a name, moreover, a name that you may look up alphabetically in a pictorial tree dictionary, so that you can decide on its merit.


The basis of tree identification commences within the next few chapters, via biological features, including flower structure.


* Campestre means ‘of the fields or level plain’, as does campus – the fields/grounds around a university.




CHAPTER 3


The Biology of Woody Plants I


The External Features of Trees


Woody plants are unique in their ability to add both length and girth (thickness) annually. Other plants will only have the capacity for girth increment in their first year and they cannot add to this subsequently. Trees differ from all other plant forms in their longevity and potential height, since they over-winter as free-standing woody structures that do not die-down on an annual basis. It is the capacity for continued girth increment that builds up tissue layers and makes the tree strong enough to cope with the additional weight added annually, and creates a large, self-supporting, aerial structure and a stable sub-surface network of roots.


Addition to the structure in length is brought about by primary growth and addition to the structure in girth is brought about by secondary growth (secondary thickening). The soft, green, chlorophytic growth at their tips is known as primary growth, and the bark-covered lignified tissues, which are added to the primary tissues and cause increase in girth annually, is known as secondary growth. The tissues found in green stems (and the early seedling stages of trees) only have primary growth patterns and are similar in anatomy to green plants in general, whereas, the secondary tissues are unique to woody plants. In woody plants, just before the close of growth prior to overwintering in their first year, internal tissue patterns of the primary growth change and outwardly they become covered with bark.


Tree root systems comprise three main elements: the thick, bark-covered roots that have increased in girth annually and act as very substantial water conducting tissue; the bifurcating, ramifying lateral roots,;and the very fine, moisture-absorbing roots (rootlets) with associated fine root hairs. Externally it is only the root flare and/or large buttress roots formed at the junction of the roots and main stem, and the large corky roots at or near the soil surface that can be seen.


The External Tissues of Green Plants


Green plants comprise a collection of inter-related and inter-connected organs, stems, roots, leaves, buds and flowers. These main organs comprise groups of tissues that are themselves, made up of groups of cells. It is the ability of cells to make drastic changes to perform specialized functions, and their ability to form specific congregations, configurations and patterns, that make the whole system work.


Cells are produced in the first instance by rapid division at specialized areas known as meristems (or meristematic areas), and the basis of all plant growth patterns for stems, leaves and roots are laid down at the stem-tip and root-tip meristems. Freshly divided cells then go through a process of maturation, which involves many changes, and new cells are continually produced by the meristem.


Stems support the main aerial growth including leaves, buds and flowers. Stems also conduct water and dissolved nutrients through the plant and can act as storage places for starches (condensed sugars – used as an energy supply at a later date). We recognize various features of the stem that are useful practically, including nodes, inter-nodes and leaf axils. A node is the point of attachment where a leaf petiole (leaf stalk) meets a stem, an inter-node is the distance between two nodes, and a leaf axil is the angle formed by the leaf petiole and the stem.


The outside of young stems is covered in a soft-celled epidermis (outer skin), below which many cells contain the pigment chlorophyll for photosynthesis and therefore appear green. Although green stems do photosynthesize, leaves are the main photosynthetic organs of the plant and they produce large amounts of sugars that can be transported to other parts of the plant where a high-energy food is needed for plant growth.


Simple leaves comprise two main external parts: a leaf lamina (or blade) and a leaf petiole (or stalk);  the leaf petiole attaches the lamina to the stem at a node. The outside tissue of leaves, like green stems, comprises a soft-celled epidermis with a protective waxy outer layer called the cuticle. The cuticle and the epidermis are transparent, but cells below this layer have chlorophyll. In fact, chlorophyll is named after its role in leaves, as chlorophyll means green leaf (chloro = green and phyll = leaf). Leaves also act as an area of evaporation driving the transpiration stream that moves water through the plant to cool it, carrying dissolved nutrient salts and engorging soft cells.


Buds are embryo shoots that are enclosed in bud scales for protection, and provide the potential for the extension of aerial growth at a later date. Buds may appear at a shoot tip (apical bud) or at a leaf axil (axillary bud). Buds may contain provision for extension in length only (vegetative buds), or they may contain both flowers and new vegetative growth (mixed buds), or flowers only (flower buds).


Vegetative and mixed buds usually have leathery, wax-covered bud scales for protection, as do buds enclosing complete floral apices; whereas individual flower buds have a protective outer layer of leaf-like sepals, collectively known as the calyx. Flower buds at an apex will often terminate extension growth; if they do so, they are called terminal buds rather than apical buds. Vegetative buds at leaf axils provide for lateral growth, and their extension in growth may be triggered by a hormonal reaction created when a stem apex terminates in a flower bud. The same effect may also be induced by the removal of apical bud(s) when pruning. Flower buds often appear in leaf axils, in which case they do not hinder the extension growth at the apex; mixed buds allow for both flowering and continued extension in growth. Flowers are the organs of sexual reproduction of a plant, and although it is not always the case, they often have highly coloured petals.


Roots anchor the aerial parts of the plant and, because their environment is usually the soil, they act as an absorptive tissue to take water and dissolved nutrient salts from the soil and transport them to other parts of the plant.
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The external tissues of green plants (and primary growth phases of trees).


The External Tissues of Woody Plants


Externally, woody stems differ from green stems in that they have a corky outer layer of bark that is punctuated by lenticels (these are easily recognized as slightly raised dots or more extensive areas of raised bark, of a different colour to the surrounding bark). The lenticels are pores filled with soft cells (rather than waterproofed cork cells), which facilitate the gaseous exchange of oxygen, carbon dioxide and water vapour. Close inspection of common elder (Sambucus nigra) shows very discernable lenticels as raised light brown areas, and common alder (Alnus glutinosa) has distinctly white lenticels. Antarctic beech (Nothofagus antarctica) has such distinctly white lenticels that it could arguably be grown for this feature alone; luckily, however, it also possesses very interesting and distinct foliage and twig patterns to endear you to its aesthetic potential. All forms of peeling-bark birch are also good examples when it comes to lenticel-spotting, as their lenticels are easily seen.


Other recognizable features of woody stems include girdle scars that are created when the bud scales surrounding the apical buds drop off some time after bud-break. Girdle scars are typified by being a collection of slim crescent-shaped overlapping marks, with very small, difficult to see, corky dots inside; that on species of small proportions require a hand lens to view them. Even thick, leathery, suberin-covered bud scales need a water supply in order to remain turgid and not desiccate. Hence, they are connected to the normal vascular system, and the corky dots are actually minute vascular traces that are now ‘plugged’ with cork to prevent them from ‘bleeding’ moisture and nutrients when the bud scales fall. Bud scales may be green, pale pink, salmon pink or red, and can be quite aesthetic on some species, particularly when the bud scales hang persistently for some time after bud burst.


Bud scales may be so heavily covered in wax for protection that they become sticky in warm weather. Insects find it difficult to penetrate and deal with the thick wax and can become stuck to it, so it is quite common to see small, ‘empty’, white, chitinized exoskeleton shells of insects stuck to the bud scales, where the insects have perished. Rapidly expanding green extension growth causes the bud scales to drop away in spring, and as the season progresses, the extension growth goes through a strengthening process known as lignification to prepare the wood for the winter, and ultimately, the external tissues become covered in bark.


Girdle scars, once laid down, are fairly persistent, and their pattern may last up to ten years or so before stem-girth increments and bark sloughing remove them completely. The distance between girdle scars is decided by the green growth phase (primary growth), as this is the only tissue that can increase in length. From then on the stems only increase in girth, and the distance between girdle scars remains fixed. They offer therefore a perfect chronological record of the environmental conditions experienced by a particular tree from year to year. The historic record is ‘read’ from the tip growth backwards down the stem. The length of the current season’s growth is the distance from the apical bud to the first girdle scar. The length of growth in the year before is measured between the next two girdle scars, and gives a relative indication of the difference in conditions for growth between the various years. In young trees, approximations of their age can be made using the girth of wood after a specific number of girdle scars, say eight years, and extrapolating that information to estimate that, for example, twice that girth would mean sixteen years and so on.


The scars left by bud-scales, which are forms of modified leaves, represent a microcosm of the main foliage system involving leaf scars. Leaf scars are typified by various-sized crescent-shape or urnshaped scars, depending on the species, with very distinct ‘vascular dots’. If at leaf fall (abscission) the vascular traces that supplied water from the roots to the leaves were just left open, they would allow the loss of vast quantities of water from the system. To prevent this from happening, several weeks before leaf fall, a corky layer (abscission layer) is formed in the tissues of the leaf petiole (leaf stalk) across the vascular tracts. The waterproof cork cuts off the water supply to the leaves, and instigates leaf fall. A deciduous stem in winter, or two- to three-year (or older) stem at any time of year, will show leaf scars and the associated vascular plugs. Some species, because of their relatively large proportions, will show leaf scars particularly well – horse-chestnut (Aesculus hippocastanum) is particularly good for illustrating bud scales, girdle scars and leaf scars. Common ash (Fraxinus excelsior), wingnut (Pteracarya fraxinifolia), common walnut (Juglans regia), angelica tree (Aralia sinensis) and foxglove tree (Paulownia tomentosa), because of the size of their leaves and leaf petioles (leaf stalks), show wonderful leaf scars. Leaf scars will bear a number of vascular dots related to the number of main veins in the leaves. Horse-chestnut, which can have five or sometimes seven leaflets to each distinctly compound leaf, will therefore, have five or seven ‘vascular plugs’ at each leaf scar.
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The external features of woody stems.


On woody stems, flowers may emanate from the current season’s growth or older growth. Those that form apical flower buds on the current season’s growth will terminate vegetative growth at that point, i.e. it stops extension growth in length. Horse-chestnut, for example, always has terminal flower buds, hence its growth pattern is mainly sympodial (multi-branched). Other species, such as common cherry (Prunus avium), flower on lateral ‘spurs’ that do not terminate apical growth patterns. Species of this nature tend to make more extension growths at the apex, and although having some branching, and are therefore not truly monopodial (having growth in only one direction), they can be more upright in habit than other species with a more sympodial growth pattern. It is usually a mixture of sympodial and monopodial growth that forms the structural pattern of any one species. Trees during their juvenile phases are not sexually mature, so flowering does not occur; they are therefore mainly monopodial in their growth patterns, and tend to be tall and slender – a strategy that aids their competition for light with other trees. So nearly all tree species go through mainly  monopodial growth patterns in juvenility. Furthermore, the environmental factors in which any tree may find itself, will greatly influence its outside appearance (phenotype) – light factors, in particular, will influence this.
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The external features of woody stems in summer.


Because after the leaf fall of deciduous subjects there are no petioles, and therefore no axils (the angle between the stem and the petiole), buds can no longer technically be called axillary at this stage; therefore they are known as lateral buds, i.e. responsible for side growth.


The Types and Features of Leaves


The main types of leaves recognized in higher plants are scale leaves, bracts, cotyledons and foliage leaves. Stipules are another leaf formation and are found  associated with the buds of Turkey oak (Quercus cerris), where they form long extended appendages to the buds, and on tulip trees (Liriodendron) they form flat protective flaps each side of the buds. Scale leaves are found as protective bud scales. Bracts are simple leaves that are sometimes highly coloured and can look like petals. Cotyledons are seed leaves found inside seeds, whose function is primarily food storage. However, they may show externally in some forms of germination (epigeal), and take on a photosynthetic role when they do appear above soil level after germination.
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Girdle Scars
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Positions of flowering, and basic leaf types.





Foliage Leaves


Foliage leaves form the main photosynthetic organs of the plant, as they have a lot of chlorophyll. Because they contain vascular tissue, and have porelike apertures called stoma, they are also the main organs of water loss via transpiration.


Most plants (including most trees) have mesophytic leaves, comprising an upper and lower epidermis sandwiching middle tissue (the mesophyll). Epidermis means outer skin (epi = outside and dermis = skin), and mesophyll means middle of leaf (meso = middle and phyll = leaf). Foliage leaves may be simple, with an entire leaf lamina attached to the stem by a leaf stalk (petiole), or compound, where the whole leaf comprises a collection of leaflets attached to the stem by a central rachis.




CHAPTER 4


The Biology of Woody Plants II


Flower Structure and Floral Architecture


All woody species flower (they are in the major plant division Spermatophyta, which means seed-bearer). Flowers are the most important identifying characteristic of trees, and are the organs of sexual reproduction found in all spermatophytes. The flower is unique to these higher organisms and is not found on ferns, fungi, lichens, algae, mosses, liverworts or bacteria.


Some trees bear seeds in enclosed ovaries, these are in a sub-division of the Spermatophyta called the angiosperms (meaning enclosed seeds), and this large group comprises all of the grasses, the main flowering plants and broad-leaved trees. Others bear seeds protected only by rudimentary scales, these are the so-called naked seed-bearers (the gymnosperms), and include the conifers.


Flowers may be single-sexed or hermaphrodite (bisexual). Flowers that carry only female parts or only male parts are incomplete, and are known as imperfect. Individual flowers that carry both sexual parts (stamen and carpels) are known as perfect flowers. All of the conifers, and some of the angiosperm species, have mono-sexed flowers, whose pollen-bearing structure hangs free from branches and facilitates the wind dispersal of pollen. Others have more highly-evolved, petal-bearing flowers, with nectar-producing glands, which attract insects in order to achieve a more efficient pollen transport and a more accurate pollen placement.


The floral architecture of angiosperms (those with enclosed ovaries) comprises parts considered to be modified leaves arranged in whorls. Perfect (hermaphrodite) flowers have four whorls of modified leaves and they are always in the same order. Listed from the outside whorl inwards they commence with the calyx, next the corolla, then the androecium (the male organs), and right in the centre (affording maximum protection), the gynoe-cium (the female organs).


The calyx is made up of individual sepals and, being on the outside, has a protective function. The tough, leathery, waxy nature of the calyx gives excellent protection to flower buds, and the number of segments (sepals) usually mirrors the number of petals in the flower (or the petals are a multiple of the sepal number). The sepals of the calyx may be green or they can be more highly coloured, e.g. maroon, purple or red, and they may shrivel after fruit formation or, in some instances, they can remain very persistent. Some Rhododendron species in the thomsonii series have calices that form a colourful feature for some considerable time after the petals have withered, and Philadelphus delavayii melanocalyx, has particularly colourful dark purple calices and is named because of it (melano = dark).


The corolla comprises individual petals, and in most instances petals are highly coloured in order to attract insects to aid the pollination process. Insect attraction is a very important function of the corolla, as pollination, fertilization and eventual seed production (sexual reproduction) is, after all, the function of flowers. However, during flower-bud development, the corolla does have another role, as the male and female sexual organs of angiosperm flowers are not only protected by the tough leathery calyx on the outside, but also, by the soft, folded petals internal to the calyx prior to flower buds opening.


Flowers with less significant corollas (petals) are often wind-pollinated, or the insignificant flowers may be associated with highly coloured bracts. Bracts are another form of modified leaves, but situated below floral structures (not between the calyx and androecium), and they often take on the insect-attraction role normally performed by coloured petals. Coloured bracts are found in species such as Davidia involucrata (handkerchief tree), Cornus florida  and Cornus kousa. Because bracts are modified leaves, and flowers are considered to completely comprise whorls of modified leaves, it is useful to look at bracts and see their very leaf-like characteristics, as it is then not too difficult to visualize the whorls of sepals and petals making up the flower as leaves. The transition from leaf-like appendages to male and female organs is not so easy to visualize. However, studying the sexual organs of non-flowering plants, their complex shapes and the way they form from a green leaf-like thallus, helps no end with this concept.


The andreocium is the collective name for the male parts of the flower, and comprises collections of individual stamen, with each stamen made up of an anther and a filament. The anther is the pollen-bearing organ and is made up of two pollen sacs, and the filament is stalk-like and supports the anther. The anther comprises two large lobes, with each lobe split into two elongate pollen sacs. Pollen is released as the sac splits longitudinally when the anther is ripe.


The gynoecium (gynaecium) is the collective name for the female parts of the flower, and the form the innermost whorl of modified leaves. The gynaecium comprises a central structure called the pistil, and the pistil may comprise only one carpel, two carpels or many, either fused together or free from one another. Each carpel comprises three main parts: a stigma, style and ovary. The stigma forms a receptive area for pollen, as in suitable conditions it exudes a sticky liquid, which has adhesive properties and will, therefore, physically stick pollen grains in place. However, the exudate also has chemical properties that are hormone-based, and can create either a compatible or a hostile reception for pollen grains. The stigma forms an orifice to the style (a slender tube lined with soft tissue) and acts as the regulatory entrance (by chemical means and orifice size) to the ovary. In a healthy plant, ovules (destined to be seeds after fertilization) are found within the ovary.


All of the floral parts are attached to the swollen end of the flower stalk known as the receptacle.


A fairly cursory inspection of tree flowers with the naked eye (or better still, with a hand lens) will soon show that, although stigma and stamen can be described as diverse, they do nevertheless adhere to basic, easily recognized shapes.


The corolla (petals) of flowers can be quite simple or quite complex in their nature. For instance, the petals may be free or may be fused together, they may radiate simply from the centre like apple, pear and cherry, or they may be fused into a corolla tube, like the foxglove tree (Paulownia tomentosa). Corolla shapes are also classified by their symmetry, with floral symmetry describing regular and irregular flowers.


Regular flowers are termed actinomorphic and have petals of a similar shape radiating from the centre of the flower, approximately equidistant from one another. Even though there may be an uneven number of petals in the corolla, any line drawn to pass through the centre of the flower will divide the flower into two equal halves and two equal numbers of petals (including parts of petals).
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Bracts are forms of modified leaves performing the function of petals (also forms of modified leaves). On handkerchief tree (Davidia involucrata).
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Flower structure and floral architecture (perfect flowers).





Irregular flowers are termed zygomorphic, and have petals that are dissimilar in shape and form, petals that are not equidistant from one another, and petals that do not necessarily radiate from a central point. There is, therefore, only one line that will divide the flower into two equal halves.


Some species have calices and petals that are fused together into one unit, so that the petals and sepals are almost indistinguishable from one another. In this case the coloured, petal-like structures making up what appears to be the corolla are called tepals. There is a collective name for the tissues of the calyx and corolla combined, it is called the perianth, and tepals, therefore, comprise a fused perianth. This terminology is important for subjects such as magnolias.


Inflorescence


The inflorescence is a description of the way in which flowers are arranged on the plant. The flowers of a plant are borne on stalks bearing a single flower or a collection of flowers. Flowers may be at a stem apex, in which case they often terminate extension growth, and are known as terminal flowers, such as those found in horse-chestnut. Or, they may be situated in leaf axils, in which case they are termed axillary. In some instances one flower is borne on a single stem (peduncle), and the inflorescence is termed solitary, e.g. camellia. Or, there may be several flowers on a peduncle, e.g. common (or pedunculate) oak (Quercus robur). More complex forms of inflorescence exist, known as racemose and cymose.


In racemose arrangements the flowers open from the base upwards, i.e. the most mature flowers are at the base of the raceme and the youngest flowers are at the tip as found in Prunus padus (bird cherry). Racemes are not branched and are therefore termed monopodial, i.e. growing mainly in one direction. Racemes may be simple or compound. The simplest form of raceme is the spike, which is a collection of flowers attached directly to the main stalk (peduncle) without lesser flower stalks (pedicels). When pedicels do not exist, the flower is said to be sessile. The sessile oak, for example, has no pedicels (or peduncle for that matter) hence, the flowers (and ultimately the acorns) are attached directly on to a stem. The common oak (synonymous with pedunculate oak) on the other hand has main stalks (peduncles) attaching the flowers (and ultimately acorns) to the stem. Compound racemes are collections of simple racemes on the same main stem, e.g. a panicle as found on Koelreuteria paniculata (pride of India), as described in its scientific name.


In cymose arrangements, the youngest flowers are found at the base of the cyme and the oldest flowers at the tip, or in the centre of flat-topped structures, as found on (amur maple) Acer tartaricum subspecies ginnala. Cymes are branched and are said to have sympodial growth. Cymes may be simple or compound. Monochasium is a word used to describe simple cymes because their growth is only on one side. Dichasium describes compound (or double) cymes with growth on two sides.


Pollination


When anther sacs of stamen are fully developed they split open and shed pollen. Pollination is the transfer of pollen from the anther of a stamen to a stigma, the ultimate aim of which is fertilization. Fertilization is the fusion of the male and female elements of the plant. Pollination is dependent on vectors (agencies that carry out the process). Wind currents/air currents, water, mammals and insects are possible, with air and insects as the most common. Species have different floral architecture dependent upon their pollen dispersal mechanism.


Flower Structure and Pollination


Floral architecture has an important bearing on the pollination process. Tree species may have perfect (hermaphrodite) flowers, i.e. having both male and female organs on the same individual flower, or they may have mono-sexed (single-sexed) flowers. Single-sexed flowers include male catkins, comprising only stamen (and known as staminate flowers), and female catkins, comprising only pistils (known as pistillate flowers).


Single-sexed (imperfect) flowers are often shaped to facilitate wind pollination and they involve open, hanging male (staminate) flowers that produce masses of pollen. Wind currents will easily move the pollen and transfer it to receptive stigmas on female (pistillate) flowers elsewhere. However, it is a very hit-and-miss affair that depends on strong wind currents at the correct time, and the production of profuse amounts of pollen for success. Male flowers can be petaloid, as shown by the white petals of male holly (Ilex), but commonly instead comprise a series of scales enclosing several stamen. Female flowers may have rudimentary petals, but are usually insignificant (many comprise just rudimentary scales enclosing the pistil, which itself may comprise several carpels).
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Floral symmetry and inflorescence.





Insect Pollination


Species of trees that are insect pollinated mostly (but not always) have perfect (hermaphrodite) flowers, i.e. having both male and female organs on the same flower. Insect-pollinated flowers have evolved towards a more efficient system of pollination because of the feeding habits of insects. Flowers that are insect-pollinated usually have highly-coloured petals (corollas) and may have other mechanisms to encourage insect visitations including nectaries in the base of the petals containing nectar a high-energy sugary solution, and even honey-guides (dark lines on the petals to guide insects to the nectaries). Some insects collect pollen on their body hairs when visiting the nectaries, and others actually feed on pollen. Fragrance is another insect attractant with greater fragrance in the evening or day-time, depending on whether it is attracting nocturnal or diurnal insects.


Sexuality and Compatibility


Species with single-sexed flowers can have different sexuality, depending on how the flowers are arranged on the tree. Monoecious arrangements have single-sexed male and single-sexed female flowers on the same individual tree. Dioecious arrangements have single-sexed male flowers on one individual tree, and single-sexed female flowers on a different individual tree.


Many deciduous species are perfect-flowered, and common examples include sycamore, cherry, rowan, plum, apple, elder and whitebeam. Some deciduous, broad-leaved species are monoecious; examples include oaks (Quercus species), sweet chestnut (Castanea sativa), hazel (Corylus avellana), birches (Betula species), common walnut (Juglans regia), and alders (Alnus species). Alders, because of their profusion of flowers, and very distinct male and female flowers, are good examples to look at to illustrate this concept. Most conifers are monoecious, including Lawson’s cypress, cedars, western hemlock, spruces, pines and Douglas fir. However, a few conifers are dioecious, with common yew (Taxus baccata) as an evergreen example, and dawn redwood (Metasequoia glyptostroboides) and maidenhair tree (Ginkgo biloba) as deciduous examples. Other dioecious examples include all willows (Salix species) and poplars (Populus species). Holly is a common dioecious, broad-leaved evergreen. Male holly will flower but will never fruit, because it does not carry female organs and, conversely, female holly can have fruits, but needs the presence of pollen from male plants in order to do so.


Common ash (Fraxinus excelsior) can change its sexuality on each individual tree depending on environmental factors. In different years, therefore, the same tree can have mono-sexed male flowers, mono-sexed female flowers or perfect flowers – so may be hermaphrodite, monoecious or dioecious, when necessary.


In the natural world cross-pollination and resulting fertilization, is ‘preferred’ to self-pollination, as it creates races comprising individuals of the same species but with small, yet sometimes important, differences. Such minor variations could be the difference between survival and death in times of environmental (or climate) change. The dioecious strategy obviously facilitates cross-pollination. However, in the case of the much more efficient insect-pollinated species with perfect flowers, other mechanisms are needed to encourage, or ensure, cross- rather than self-pollination. The maturity of the male and female organs being separated in time is one such strategy. Protandry (stamen maturing before the stigma) and protogyny (the stigma ready to receive pollen before the stamen is ready to release it), separate the pollen from the stigma on the same individual, but allow transference of pollen to another more developed individual within wind-carrying or insect-carrying distance. Time delays of one or two weeks are not uncommon.
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White mono-sexed (male) flowers of holly (Ilex aquifolium) clearly showing stamen but no stigmas.
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The sexuality of trees.





Compatibility of pollen is essential for successful pollination and ultimate fertilization. So, another mechanism to discourage self-pollination, is the lack of compatibility of pollen from the male organs, with the female organs (stigma) on the same flower (or on the same individual plant), because of a hormonal (chemical) secretion. This prevents self-pollination of many species with perfect flowers, and also monoecious species. Compatibility is a complex thing and many factors can affect it including the physical shape of the exine (the outer skin of pollen grains) and the closeness (or otherwise) of the species, i.e. their ‘bloodline’. Successful cross-pollination (the precursor to successful cross-fertilization) of plants that are not in the same species (or very closely related species) is rare.


Also important is the receptiveness of the stigma (i.e. is the sticky exudation occurring, and if so, is it exuding secretions that are toxic to the pollen?).


Fertilization


Fertilization is the fusion of a male and female gamete to form a zygote. The male gametes are carried in the pollen grains (in the sperm nucleus), and have a haploid (half) number of chromosomes, and the female gametes are held in the ovules (in the egg nucleus), and also have a haploid (half) number of chromosomes. Zygotes carry the features of both male and female elements, and at fertilization unite the two half chromosome numbers to reinstate the full number for the species.


In angiosperms, ovules are held in the ovary (a hollow cavity in the carpel). Access to the ovules is via the aperture at the stigma and down the style. When pollen grains alight onto a receptive stigma, if all other compatibility factors (including correct temperature) are favourable, then the pollen grain will germinate. As it germinates it forms a long pollen-tube (germ-tube), which enters at the stigma and progresses down the style. The pollen-tube contains two nuclei: a sperm nucleus and a generative nucleus. It is thought that the generative nucleus is present to give the energy for the pollen germination process.


Ovules carry an egg nucleus and an endosperm nucleus. The endosperm nucleus provides the generative power for the production of the food store for the developing seed after fertilization. However, there is no endosperm nucleus in coniferous subjects, only the egg nucleus is fertilized.
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The perfect flowers of Malus (apple).




[image: image]


Germinating pollen and fertilization.





When the germ-tube (pollen-tube) enters the ovary it heads towards an ovule, which it enters via the micropyle (the small pore piercing the integuments). On entry the germ-tube tip disintegrates and releases the sperm nucleus. At this point (fertilization) the sperm nucleus and the egg nucleus fuse to form a zygote. Each ovule has to be visited by an individual germinating pollen grain in order to be fertilized. Hence fruits containing only one seed will only need one successful pollen grain, whilst those with 100 seeds will need 100 viable and compatible pollen grains.


Fruit Formation


Fruits are swollen carpels with seeds inside. After fertilization the zygote develops into a complete plant embryo (seed). Accompanying the changes in the individual seeds is a massive change in the carpel housing the fertilized ovules, as the tissues of the carpel start to swell drastically to increase in internal volume to accommodate the swelling seeds.


Fruits that are formed in this way, as swollen carpels with enclosed seeds, are termed ‘true fruits’. However, there are also fruits that do not form by the carpel swelling, but by other organs swelling at fertilization instead. The most common of these is the production of a fruit from a swollen receptacle (the swollen end of the flower stalk holding the floral parts). These are termed ‘false fruits’ (pseudocarps), and the fruit (false fruit) of apple (known as a pome) is a specific example, as the fleshy edible part, is formed by the swollen receptacle. The true fruit is the ‘core’ which comprises the tough tissues of the carpels that enclose the seeds (‘pips’).


The position of the calyx, corolla and stamen on the receptacle, the shape of the receptacle, the shape of the carpel initially (and after fertilization), and the position of the ovary, all affect the type of fruit formed. The inflorescence of pomes, such as Malus and Pyrus, have concave receptacles that enclose the ovary, which means that the point of attachment of the other floral parts is around the rim of the swollen receptacle (epigynous). As the pome develops it completely encloses the carpel, and also retains parts of the floral parts (notably the persistent calyx) at the front end of the false fruit. Typical plum and cherry fruits are also formed with the carpel being inside a concave receptacle. However, the receptacle does not fully enclose the carpel (perigynous), and because they are true fruits, and it is the carpel that swells (not the receptacle), the fruit develops by the swollen carpel growing past the point of attachment of the other floral parts. There is therefore no persistent calyx attached to the developed fruit. In hypogynous arrangements the receptacle is below the point of attachment of the gynoecium (and other floral parts), and is typical of those species producing pods.
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