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introduction.



Famous in poetry and prose alike, the oak must always be for Englishmen a subject of interest, around which historical associations of the most varied character are grouped; but although what may be termed the sentimental aspect of the "British oak" is not likely to disappear even in these days of iron-clads and veneering, it must be allowed that the popular admiration for the sturdy tree is to-day a very different feeling from the veneration with which it was regarded in ancient times; and that, with the calmer and more thoughtful ways of looking at this and other objects of superstition, a certain air of romance seems to have disappeared which to so many would still present a tempting charm. It is not to these latter alone that our few existing ancient oaks are so attractive, however, and a slight acquaintance with the oaken roofs and carvings of some of our historical edifices affords ample proof that the indefinable charm exercised on us by what has proved so lasting, is a real one and deep-seated in the Saxon nature. ​In fact, everything about the oak is suggestive of durability and sturdy hardiness, and, like so many objects of human worship in the earlier days of man's emergence from a savage state, the oak instinctively attracts us. The attraction is no doubt complex, taking its origin in the value of its acorns and timber to our early forefathers, not unaffected by the artistic beauty of the foliage and habit of the tree, and the forest life of our ancestors, to say nothing of the more modern sentiment aroused when ships of war were built almost entirely of heart of oak; for the Aryan race seems to have used and valued both the fruit and the wood from very early times, and both Celt and Saxon preserved the traditional regard for them. Memories of our Anglo-Saxon ancestors are still found in the English and German names for the tree and its fruit, as seen by comparing the Anglo-Saxon āc or œc, the name of the oak, with the English word, and with the German Eiche on the one hand, and with acorn (Eichel) on the other.


In early days, moreover, there were vast oak forests in our island and on the Continent, and, although these have been almost cleared away so far as England is concerned, there are still ancient oaks in this country, some of which must date from Saxon times or thereabouts; and the oak is still one of the commonest trees in France, parts of Germany, and some other districts in Europe.


This is not the place to go further into what may be called the folk-lore of the oak—a subject which would ​supply material for a large volume—but it may be remarked that giant or veteran oaks are still to be found (or were until quite recently) in Gloucestershire, Yorkshire, and on Dartmoor and other places, and a very fair idea of what an old oak forest must have been like may be gathered from a visit to the New Forest in Hampshire, or even to some parts of Windsor Forest.


As so often happens in the study of science, we have in the oak a subject for investigation which presents features of intense interest at every turn; and however much the new mode of looking at the tree may at first sight appear to be opposed to the older one, it will be found that the story of the oak as an object of biological study is at least not less fascinating than its folk-lore. With this idea in view, I propose to set before the reader in the following chapters a short account of what is most worth attention in the anatomy and physiology of the oak, as a forest tree which has been so thoroughly investigated that we may confidently accept it as a type.


In carrying out this idea there are several possible modes of procedure, but perhaps the following will recommend itself as that best adapted to the requirements of a popular book, and as a natural way of tracing the various events in the life-history of a plant so complex as is the tree.


First, the acorn will be described as an object with a certain structure and composition, and capable of behaving in a definite manner when placed in the ​ground, and under certain circumstances, in virtue of its physiological properties and of the action of the environment upon its structure. The germinated acorn gives rise to the seedling or young oak, and we shall proceed to regard this, again, as a subject for botanical study. It consists of certain definite parts or organs, each with its peculiar structure, tissues, etc., and each capable of behaving in a given manner under proper conditions. The study of the seedling leads naturally to that of the sapling and the tree, and the at first comparatively simple root-system, stem, and leaves, now become complex and large, and each demands careful attention in order that we may trace the steps by which the tree is evolved from the plantlet. A section will therefore be devoted to the root-system of the tree, its disposition, structure, functions, and accessories; another section will be occupied in describing the trunk, branches, buds, and leaves, and their co-relations and functions; the inflorescence and flowers will demand the space of another chapter, and then it will be necessary to treat of various matters of importance in separate chapters as follows: The timber must be considered with respect to its composition, structure, uses, and functions; then the cortex and bark have to be described and their origin and development explained. These subjects naturally lead to that of the growth in thickness of the tree—a matter of some complexity, and not to be understood without the foregoing knowledge of structure. Following what has been said concerning the normal ​structure and life-processes of the tree, we may turn to the investigation of its cultivation and the diseases which attack it, concluding with a necessarily brief chapter on the systematic position of the British oak and its immediate allies, and some remarks on its geographical distribution at the present time. Of course, many points which will turn up in the course of the exposition will have to be shortly dealt with, as the object of the book is to touch things with a light hand; but it is hoped that, this notwithstanding, the reader may obtain a useful glimpse into the domain of modern botanical science and the problems with which forest botany is concerned, and with which every properly trained forester ought to be thoroughly acquainted.


The oak, as is well known, is a slow-growing, dicotyledonous tree of peculiar spreading habit, and very intolerant of shade (Plate I). It may reach a great age—certainly a thousand years—and still remain sound and capable of putting forth leafy shoots.


The root-system consists normally of a deep principal or tap root and spreading lateral roots, which become very thick and woody and retain a remarkably strong hold on the soil when the latter is a suitable deep, tenacious loam with rocks in it. They are intolerant of anything like stagnant water, however, and will succeed better in sandy loam and more open soils than in richer ones improperly drained.


The shoot-system consists of the stem and all that it ​supports. The stem or trunk is usually irregular when young, but becomes more symmetrical later, and after fifty years or so it normally consists of a nearly straight and cylindrical shaft with a broad base and spreading branches. The main branches come out at a wide angle, and spread irregularly, with a zigzag course, due to the short annual growths of the terminal shoots and the few axillary buds behind, and also to the fact that many of the axillary lateral buds develop more slowly than their parent shoot, and are cut off in the autumn. Another phenomenon which co-operates in producing the very irregular spreading habit of the branches is the almost total suppression of some of the closely-crowded buds; these may remain dormant for many years, and then, under changed circumstances, put forth accessory shoots. Such shoots are very commonly seen on the stems and main branches of large oaks to which an increased accession of light is given by the thinning out of surrounding trees.


The short ovoid buds develop into shoots so short that they are commonly referred to as tufts of leaves, though longer summer shoots often arise later. The latter are also called Lammas shoots. The crown of foliage is thus very dense, and the bright green of the leaves in early summer is very characteristic, especially in connection with the horizontal, zigzag spreading of the shoots.



While still young the tree is apt to keep its dead leaves on the branches through the winter, or at least 

​
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Plate II.
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The Oak in Winter.
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until a severe frost followed by a thaw brings them down. The buds, leaves, and flowers are all much attacked by gall-forming insects, many different kinds being found on one and the same tree.


It is not until the oak is from sixty to a hundred years old that good seeds are obtained from it. Oaks will bear acorns earlier than this, but they are apt to be barren. A curious fact is the tendency to produce large numbers of acorns in a given favorable autumn, and then to bear none, or very few, for three or four years or even longer. The twisted, "gnarled" character of old oaks is well known, and the remarkably crooked branches are very conspicuous in advanced age and in winter (Plate II). The bark is also very rugged in the case of ancient trees, the natural inequalities due to fissures, etc., being often supplemented by the formation of "burrs."


A not inconsiderable tendency to variation is shown by the oak, and foresters distinguish two sub-species and several varieties of what we regard (adopting the opinion of English systematic botanists) as the single species Quercus robur.


Besides forms with less spreading crowns, the species is frequently broken up into two—Q. pedunculata, with the female flowers in rather more lax spikes, and the acorns on short stalks, the leaves sessile or nearly so, and not hairy when young; and Q. sessiliflora, with more crowded sessile female flowers, and leaves on short petioles and apt to be hairy. Other minute characters ​have also been described, but it is admitted that the forms vary much, and it is very generally conceded that these two geographical race-forms may be united with even less marked varieties into the one species Quercus robur. 


The amount of timber produced by a sound old oak is very large, although the annual increment is so remarkably small. This increment goes on increasing slightly during the first hundred years or so, and then falls off; but considerable modifications in both the habit of the tree and in the amount of timber produced annually, result from different conditions. Trees grown in closely-planted preserves, for instance, shoot up to great heights, and develop tall, straight trunks with few or no branches; and considerable skill in the forester's art is practiced in removing the proper number of trees at the proper time, to let in the light and air necessary to cause the maximum production of straight timber.


Oaks growing in the open air are much shorter, more branched and spreading, and form the peculiar dense, twisted timber once so valuable for ship-building purposes. Such exposed trees, other things being equal, develop fruit and fertile seeds thirty or forty years sooner than those growing in closed plantations. The timber itself is remarkable for combining so many valuable properties. It is not that oak timber is the heaviest, the toughest, the most beautiful, etc., of known woods, but it is because it combines a good  ​proportion of weight, toughness, durability, and other qualities that it is so valuable for so many purposes. The richness of the cortex in tannin warranted the growing of young oaks at one time for the bark alone, and the value of the acorns for feeding swine has been immense in some districts.
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the acorn and its germination—the seedling.




When the acorns are falling in showers from the oaks in October and November, everybody knows that each of the polished leather-brown, long, egg-shaped bodies tumbles out from a cup-like, scaly investment which surrounded its lower third at the broader end. Perhaps everybody would not be certain as to whether the detached acorn is a seed or a fruit, so I anticipate the difficulty by stating at the outset that the acorn is the fruit of the oak, and contains the seed within its brown shell; and I propose to commence our studies by examining an acorn, deferring the explanation of some minute details of structure until we come to trace the origin of the fruit and seed in the flower.


The average size of the fruit is about 15 to 20 mm., or nearly three quarters of an inch, long, by 8 to 10 mm., or nearly one third of an inch, broad at the middle of its length; the end inserted in the cup or cupule is broad and nearly flat, and marked by a large circular scar (Fig. 2, s) denoting the surface of attachment to the cupule. This scar is rough, and exhibits a number of small points which have resulted from the breaking ​of some extremely delicate groups of minute pipes, called vascular bundles, which placed the acorn in communication with the cup and the tree previous to the
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Fig. 1.—Sprigs of oak, showing the habit and the arrangement of the acorns, etc., in September. (After Kotschy.)



 ​ripening of the former. At the more pointed free end of the acorn is a queer little knob, which is hard and dry, and represents the mummified remains of what was the stigma of the flower, and which lost its importance several months previously, after receiving the pollen.


The outer hard coat of the acorn is a tough, leather-brown polished skin, with fine longitudinal lines on it, and it forms the outer portion of the true covering of the fruit, called the pericarp (Fig. 2,p). On removing it we find a thin, papery membrane inside, adhering partly to the above coat and partly to the seed inside. This thin, shriveled, papery membrane is the inner part of the pericarp, and the details of structure to be found in these layers may be passed over for the present with the remark that they are no longer living structures, but exist simply as protective coverings for the seed inside.


The centre of the acorn is occupied more or less entirely by a hard brown body—the seed—which usually rattles about loosely on shaking the ripe fruit, but which was previously attached definitely at the broad end. A similar series of changes to those which brought about the separation of the acorn from the cup—namely, the shriveling up of the tiny connecting cords, etc.—also caused the separation of the seed from the pericarp, and we may regard the former as a distinct body.


Its shape is nearly the same as that of the acorn in which it loosely fits, and it is usually closely covered ​with a thin, brown, wrinkled, papery membrane, which is its own coat—the seed-coat, or testa (Fig. 2, t). The extent to which the testa remains adherent to the seed, or to the inner coat of the pericarp, and both together to the harder outer coat of the pericarp, need not be
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Fig. 2.—Sections of acorns in three planes at right angles to one another. A, transverse; B, longitudinal in the plane of the cotyledons, (l); C, longitudinal across the plane of the cotyledons; c, cotyledons; t, testa; p, pericarp; s, scar, and r, radicle; pl, plumule. The radicle, plumule, and cotyledons together constitute the embryo. The embryonic tissue is at r and pl. The dots in A, and the delicate veins in B and C, are the vascular bundles.




commented upon further than to say that differences in this respect are found according to the completeness and ripeness of the acorn.


Enveloped in its testa and in the pericarp, then, we find the long acorn-shaped seed, which seems at first to be a mere horn-like mass without parts. This is not the case, however, as may easily be observed by cutting the mass across, or, better still, by first soaking it in water for some hours; it will then be found that the ​egg-shaped body consists chiefly of two longitudinal halves, separated by a median plane which runs through the acorn from top to bottom. These two halves, lying face to face so closely that it requires the above manipulation to enable us to detect the plane of separation (Fig. 2, l), are not completely independent, however; at a point near the narrower end each of them is attached to the side of a small peg-shaped body, with a conical pointed end turned towards the narrow end of the acorn. This tiny peg-shaped structure is so small that it may be overlooked unless some little care is exercised, but if the hard masses are completely torn apart it will be carried away with one of them.


The two large plano-convex structures are called the cotyledons or seed-leaves (Fig. 2, c), and they, together with the small peg-shaped body, constitute the embryo of the oak. The peg-shaped body presents two ends which project slightly between the two cotyledons beyond the points of attachment to them; the larger of these ends has the shape of a conical bullet, and is directed so that its tip lies in the point of the narrower part of the acorn; the other, and much smaller end, is turned towards the broader extremity of the acorn. The larger, bullet-shaped portion is termed the radicle (Fig. 2, r), and will become the primary root of the oak-plant; the smaller, opposite end is the embryo bud, and is termed the plumule (Fig. 2, pl), and it is destined to develop into the stem and leaves of the oak. If the observer takes the trouble to carefully separate the two ​large cotyledons, without tearing them away from the structures just described, he will find that each is attached by a minute stalk to a sort of ridge just beneath the tiny plumule; this ridge is sometimes termed the collar. He will also see that the plumule and radicle fit closely into a cavity formed by the two cotyledons, and so do not interfere with the very close fitting of their two flat faces.


Summing up these essential features of the structure of the ripe acorn and its contents, we find that the fruit contains within its pericarp (which is a more or less complex series of layers, of which the outermost is hard) the seed; that this seed comprises a membranous testa inclosing an embryo; and that the embryo is composed of two huge cotyledons, a minute radicle, and a still more minute plumule; and that the tip of the radicle is turned towards the pointed end of the acorn, lying just inside the membranes.


Leaving the details of structure of the membranes until a later period, when we trace their development from the flower, I must devote some paragraphs to a description of the minute anatomy and the contents of the embryo as found in the ripe acorn, so that the process of germination may be more intelligible. Thin sections of any portion of the embryo placed under the microscope show that it consists almost entirely of polygonal chambers or cells, with very thin membranous walls, and densely filled with certain granule-like contents. These polygonal cells have not their ​own independent walls, but the wall which divides any two of them belongs as much to one as to the other, and only here and there do we find a minute opening between three or more cells at the corners, and produced by the partial splitting of the thin wall. We may, if we like, regard the whole embryo as a single mass of material cut up into chambers by means of partition walls, which have a tendency to split a little here and there, much as one could split a piece of pasteboard by inserting a paper-knife between the layers composing it; what we must not do, is to suppose that these cells are so many separate chambers which have been brought into juxtaposition. In other words, the cell-wall separating any two of the chambers is in its origin a whole, common to both chambers, and the plane which may be supposed to divide the limits of each is imaginary only.
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