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Forewords

Foreword to the First Edition

In producing The Grafter’s Handbook, Mr. R. J. Garner has had no easy task in steering a straight course between the fascinating myth of antiquity and the ingenious fads of the graft maniacs. He is, therefore, to be congratulated upon his clear exposition of this subject, which the fine line-drawings help to make abundantly plain. Both the text and the drawings reveal an enthusiast – but more than an enthusiast – addressing himself to fellow propagators. Whilst Mr. Garner’s long association with investigations into the propagation of fruit plants naturally leads him to draw most of his examples from his experiences in this field, he reveals himself as a close observer and keen manipulator of many other plants – the ivy on the wall, the forced rose bush, the rhododendron, to mention but a few. The author has unconsciously succeeded in portraying himself wielding the tools, materials and methods which he describes so vividly. But here also is the craftsman weighing up scientifically the advantages and disadvantages of every detail of what he depicts. Only rarely is he tempted to record a process or a refinement just because it is delightfully complex or peculiar. Mr. Garner is at pains to bring his critical faculties into play and to show that this or that method of manipulation is the best suited to the particular plant, its structure, age, and condition.

The bibliography of over a hundred references testifies to the need for drawing together the somewhat isolated pieces of experimental information which have accumulated over the past thirty years. It was high time that these scientific findings should be correlated with the best traditional practices and summarized in an up-to-date Grafter’s Handbook. The professional horticulturist, the amateur and the student will all find guidance and interest in these pages, since our knowledge of the purposes and effects of grafting have greatly increased its use and adaptation.

October, 1946                                               RONALD G. HATTON

Foreword to the Second Edition

The demand for a second edition of The Grafter’s Handbook bears witness to its value both to the student in the field of propagation and to the skilled technician. During the past ten years the author has continued to pursue his own critical investigations, to collaborate with the physiologists, to keep abreast of the published work of others and to maintain his freshness as a teacher.

The valuable additions and adjustments in this second edition establish his right to expect that it will take its permanent place as the recognized textbook on the subject he so obviously enjoys and makes others enjoy. Here is a fine way of improving our techniques and inquiring into the principles upon which they are founded.

November, 1957                                               RONALD G. HATTON

Foreword to the Fourth Edition

This fourth edition is timely, not merely because previous ones have appeared at ten-year intervals but because the accumulation of new knowledge and the continued demand for the book requires it. The Grafter’s Handbook is now firmly established internationally as THE encyclopedia of plant propagation by grafting; the Russian translation is widely used where English is less well understood.

With his characteristic thoroughness, Mr. Garner has revised the text sentence by sentence, amending or supplementing each paragraph when new information seemed relevant and worth including. The familiar features, such as the clear drawings, are retained and the prose remains the essence of clarity. New references have replaced outdated ones, slightly shortening the bibliography.

Addicts of The Grafter’s Handbook can be assured that it has been improved without losing the enthusiasm with which it was originally imbued. The book is of immense value to both the practical knifesman in the nursery and the professor of horticulture – what more can one say?

September, 1977                                               A. F. POSNETTE

Foreword to the Sixth Edition

The Grafters Handbook has, for 65 years, been the definitive work on the science and practice of grafting plants. I still have my copy from student days in the 1950s and I still remember the excitement when my first whip-and-tongue graft of ‘Victoria’ plum took. That graft sealed with a squeeze of yellow clay and held in place with a strip of cotton cloth.

While the grafting skills remain unchanged, there have been a number of significant developments since the Fifth Edition of this book in 1988. The use of hot callusing to improve rapid graft union, the development of machines for grafting (even with such delicate stems as seedling tomatoes) and the breeding of improved rootstocks, for example.

I can think of no better person to undertake this update than Steve Bradley MHort (RHS), MA. From his childhood working on a family nursery, early days working for Pennells of Lincoln and many years lecturing on plant propagation at Askham Bryan, Writtle and Merrist Wood Colleges, his enthusiasm for making new plants and sharing knowledge has never wavered. I have no hesitation in recommending this latest revision of The Grafter’s Handbook to everyone who wants information on the best practice for grafting edible and ornamental plants.

August, 2012                                               PETER SEABROOK MBE, VMH


Author’s Notes

Note on the First Edition

I have written this handbook mainly for the practical horticulturist, but as it seems likely that students will also make use of it I have given numbered references to original publications throughout the text.

Having worked at the East Malling Research Station for twenty years, I have naturally drawn upon the information gained from the many experiments conducted by my colleagues and myself. I wish to acknowledge gratefully the encouragement I have received from my Director, Dr. R. G. Hatton, who has also contributed the Foreword, and the valuable assistance of my colleagues and other friends, far too numerous to mention individually. My thanks are especially due to Mr. David Akenhead, Director of the Imperial Bureau of Horticulture and Plantation Crops, for helpful criticism and for undertaking the onerous task of reading the proofs.

All the drawings are my own. For permission to incorporate those that have already appeared elsewhere and for most of the photographs, I am indebted to the Director of the East Malling Research Station and the Director of the Imperial Bureau of Horticulture and Plantation Crops. I have to acknowledge the permission of the Ministry of Agriculture to incorporate portions of text which I originally wrote for one of its bulletins.

In a concise handbook much must be left unsaid, and I realize that I am guilty of at least a few important omissions in my efforts to condense the relevant material. I should be most grateful for details of these omissions and for any other criticisms, so that in the future I can make this handbook more useful to my readers.

East Malling, 1947                                               ROBERT J. GARNER

Note on the Second Edition

In the ten years which have elapsed since the issue of the first edition many new methods and devices have come to light. An account of these I have incorporated in this new edition for the information of the practical man and the research worker.

Again I would thank my patient colleagues at the East Malling Research Station and the Commonwealth Bureau for counsel, criticism and permission to use photographs of technical processes. Readers of the first edition have kindly suggested ways of improving the handbook and I am most grateful to them. May I ask a similar favour from readers of the new edition? I would particularly thank Sir Ronald Hatton for again embellishing the work with a graceful foreword.

East Malling, 1958                                               ROBERT J. GARNER

Note on the Third Edition

The ancient art and modern science of grafting has continued to meet the call for greater simplicity in plant production and biologists’ need for more highly skilled techniques for the unravelling of problems of growth and disease.

Simplicity of culture and accurate control of growth are now seen to be vitally necessary throughout the nursery life of the plant, in which the grafting process is but an incident. I hope that the additional information on ‘replant’ disease, and the nursery use of weed control, will prove useful. Methods of rootstock propagation by hardwood cuttings continue to advance and an account of recent progress will be found here.

I thank my colleagues at East Malling Research Station, and others, for helpful suggestions which have enabled me to clarify some of the expressions in the earlier editions.

East Malling, 1967                                               ROBERT J. GARNER

Note on the Fourth Edition

Thirty years ago when I wrote the note to the first edition I expressed thanks to colleagues and friends for their invaluable help. Now, in thanking them once again I wish also to thank my many new friends, in particular those associated with East Malling Research Station; the Commonwealth Bureau of Horticulture; the Hadlow College; the members of the International Plant Propagators’ Society; and my fellow students and plantsmen throughout the world.

In half a century at East Malling I have witnessed a stupendous growth in the sponsoring of research and development. R. and D. grows by what it feeds on; the full diet is made available only by the efforts of gatherers and classifiers of information, by abstractors, editors and publishers. Aid for research must always include support for the recovery and dissemination of information.

Recent advances in instrumentation, photography and recording have helped to clarify our vision and widen our comprehension of complex biological factors and we can look forward to a resurgence of interest and an increased exploitation of grafting techniques, not only in horticulture but also in many branches of biology.

It is special pleasure to thank Professor A. F. Posnette for his gracious foreword to this new edition of my new book.

East Malling, 1978                                               ROBERT J. GARNER

Note on the Fifth Edition

Another decade and a new edition. Once again I have to thank many friends for helpful advice. In particular, I wish to thank Elspeth Napier, editor of The Garden, Journal of the Royal Horticulture Society, for her help with the publication of this new edition.

Micrografting under strictly sterile conditions is a relatively new technique. Aseptic conditions are essential because micro-organisms grow on the nutrient medium and very soon kill the delicate plants. Dr. Owen Jones of East Malling has kindly supplied us with a clear exposition.

East Malling, 1988                                               ROBERT J. GARNER

Note on the Sixth Edition

It has been twenty five years since this book was last updated and I feel privileged to have been asked to be involved. This is one of the most iconic horticultural books ever written, used intensively by students over many years. I always had a copy close at hand during my 22 years spent lecturing Plant Propagation at Askham Bryan and Writtle Colleges.

It is only when you embark on a project like this that you realise how much of the original text has stood the test of time, how much research and development continues to be done and how methods and techniques are constantly being improved and modified.

This project could not have been completed without the help and encouragement of Mr. Will Sibley, Chairman of the East Malling Trust. I am also indebted to Mr. Nick Dunn from Frank P. Mathews for his information on tree raising and rootstocks, Mr. John Adlam from Dove Associates for his company’s help and advice on chemical weed control and the Horticultural Development Company for the appendix list of stock and scion combinations for ornamental plants.

Guildford, 2012                                   STEVE BRADLEY M HORT (RHS), M.A.
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Glossary

Adventitious: said of buds, shoots or roots arising out of order; not initiated by apical meristems; not in acropetal succession.

Bark: the outer layers of the rind, consisting largely of cork, serving to protect the inner rind and cambium (see rind).

Blanching: the exclusion of light from aerial parts of plants so that they become white and more tender (see also etiolated.

Bleeding: exudation from wounds, less likely while plants are in full leaf or dormant in late autumn or midwinter, or when dry at their roots.

Bud, to: to insert an eye, or bud, when bud-grafting.

Bud Grafting: grafting with a single eye or bud, detached from a shoot along with a portion of rind and, in some cases, a small slice of the wood (syn. Budding).

Burr-knot: rounded swelling on a shoot, formed of incipient roots which may grow out in moist conditions. Sometimes confused with sphaeroblast.

Callus: healing tissue arising from the cambium at wounds.

Cambium: the layer of meristematic tissue between the wood and the rind from which further elements of both develop.

Chimaera: plant formed by coalescence of two or more forms, spontaneously or, rarely, as a result of grafting. Periclinal c., outer layer different from inner. Sectorial c., a sector different from the rest.

Chupon: orthotropic upright stem or vigorous erect shoot. In cocoa (Theobroma cacao) and some other plants the terminal bud breaks into three or five plagiotropic lateral fan-branches; the trunk produces only chupons which form further series of fans. Chupon scions continue to behave as chupons.

Cion: old spelling of scion; sometimes used in the USA.

Clone: vegetative progeny of one plant.

Compatible: said of plants which, when grafted together, form a good, sound and permanent union.

Cork Cambium: (see phellogen).

Cultivar: internationally agreed technical term for what, in English, is known as a variety.

Disbud, to: to remove unwanted buds or young shoots.

Double-worked: twice-grafted, thus composed of three parts, rootstock, intermediate and upper scion (cf. single-worked).

Epicormic Shoots: shoots from buds dormant more than one season. Term normally reserved for shoots developed from buds long dormant. Not to be confused with adventitious shoots.

Etiolated: said of parts of shoots grown in complete darkness, as in the etiolation method of layering. Such parts are white or pale yellow and develop no leaves within the region of etiolation. Distinct from blanching (which see).

Eye: a single bud or group of buds.

Fan-shoots: plagiotropic horizontal shoots. Growths from fan-scions normally remain horizontal but may produce chupons following severe pruning.

Frameworking: methods of reworking established trees involving retention of existing framework of branches (see also topworking).

Free Stock: rootstock raised from seed.

Graft: where the scion meets the stock; the completed operation of grafting; the union; a term often wrongly used for scion.

Graft, to: to prepare and place together plant parts so that they may grow together.

Incompatible: said of plants which, when grafted together fail to form a lasting union.

Intermediate: a scion interposed between a stock and a second, so-called upper, scion. A scion grafted at both ends either simultaneously or successively (see double-worked).

Juvenile Phase: initial period when plant cannot be induced to flower, prolonged in some conifers. Symptoms sometimes regained by very fast growths.

Labile Phase: growth phase between juvenile and adult; unstable; readily undergoing change.

Liane: climbing or twining plant, particularly in tropical forest.

Lignification: the process by which soft (herbaceous) stems become hard and woody.

Line-out, to: to set young rooted plants in rows in the open nursery to grow larger, or for working.

Mentor: a long-established adult scion used to influence a young seedling (Mitchurin, Selected Works, Moscow, 1949).

Meristem: tissue capable of growth, either primary from which new organs develop (primordial of leaves, stems, roots) or secondary by which special tissues are extended (cambium, phellogen).

Meristematic: pertaining to meristems.

Mother Tree: a tree selected as a source of scions, cuttings or seed.

One-year Bedded: plants which have been lined-out thickly for one year following propagation.

Paradise Stock: dwarf-growing vegetatively-propagated fruitful apple emanating from the Garden of Eden, used a dwarfing rootstock. Now known that vigour range is not linked with mode of propagation.

Petiole: leaf-stalk.

Phellogen: meristematic cork-producing tissue in the outer region of the rind.

Polarity: tendency to develop from the poles, roots downwards stems upwards, making it essential to set ‘the right way up’.

Raffia: the native Malagasy name for the fibre-like material obtained from the leaves of Raphia pedunculata and R. vinifera, used for tying grafts and for many other horticultural purposes.

Raphia: (see raffia).

Rind: all the tissues external to the woody core of stems and roots, often termed bark (which see).

Rootstock: root-bearing plant on which the scion is grafting (see stock).

Scion: part of a plant used for grafting upon the stock plant (but see double-worked).

Scion-rooting: development of roots from the scion so that the grafted plant has roots directly from both rootstock and scion.

Single-worked: once grafted, thus composed of two parts, stock and scion (cf. double-worked).

Snag: part of the rootstock left (temporarily) above the graft, usually used as a support or protection for growth from the scion.

Snag, to: to remove the snag when no longer required.

Sphaeroblast: rounded swelling on shoot arising in the cortex, able to form adventitious buds. Often confused with burr-knot.

Staddle: a foundation of trunk and main branches (of rootstock or stembuilder) for grafting.

Stem Builder: a variety used as an intermediate stem piece to provide a good trunk for standard trees or introduce resistance to disease or winter injury.

Stock: the plant, or plant part, receiving the ingrafted scion (see rootstock).

Tissue: the substance, structure or texture of which the plant body, or any organ of it, is composed.

Topworking: reworking an established tree after removing the head of the tree back to the bases of the main limbs.

Uncongeniality: exhibited by plants grafted together which are not completely compatible, sometimes shown by large swellings or overgrowths at the graft union. Severely dwarfed growth accompanied by symptoms of ill-health traceable to grafting.

Understock: a term sometimes used instead of ‘rootstock’, especially descriptive of rootstock in a double-worked plant.

Union: (see graft).

Wood: water-conducting and strengthening tissues forming the skeleton of the stem or root. Secondary thickening of these tissues results in the condition of ‘woodiness’ (see lignification).

Work, to: (see graft, to).

Worked: grafted.

Xylem: botanical name for wood.


Reasons for Grafting

Plants may be grafted in a multitude of ways and for many different reasons. The art may be exercised merely as a pastime, but grafting is usually employed to gain one or more of the following objectives.

1. To propagate, or to assist in propagating, plant varieties not otherwise conveniently propagated.

2. To substitute one part of a plant for another.

3. To join plants each selected for special properties, e.g. disease resistance or adaptability to special conditions of soil or climate.

4. To repair damage, to overcome stock/scion incompatibility, and to invigorate weakly plants.

5. To enable one root system to support more than a single variety or one branch system to derive from more than one root system.

6. To elucidate problems of structure, growth, and disease.


The Plant as seen by the Grafter

The more the grafter learns about plant structure and behaviour, the greater become his chances of success. To increase in knowledge in these matters the novice must study plants closely, give heed to qualified teachers and refer discreetly to a few well-chosen textbooks. Even for those who remain satisfied merely to employ the art to achieve an end, it is still essential to know something of plant construction.

The drawing opposite serves to show any tree, or woody plant, that may be grafted. At the lower end there are small roots and at the upper there are twigs which bear leaves in due season. The small roots concentrate into larger roots, these into the stem or trunk, the trunk divides into limbs or branches which separate into smaller and smaller branches, which finally end in buds. The grafter may regard these structures as pipes of varying thickness, where the lagging on the outside of the pipe is the ring of the root or stem, the content of the pipe itself is the cambium. The dotted lines in the drawing represent the cambium.

The rind thickens with age, and is thicker in roots than in stems of equal age and diameter. These facts are emphasized in the illustration where sections of root and stem are seen as through a magnifying-glass. When the tree is in active growth the rind can be lifted from the wood, thus clearly revealing the position of the cambium. At other times the whereabouts of the cambium must be discovered by close inspection of the section and, to ensure good cambial contact, the thickness of the rind of each component must be kept in mind when grafting.

[image: ]

The Plant as seen by the Grafter


CHAPTER I

Grafting in Nature and Antiquity

Natural grafts are sufficiently common to be readily accessible for observation by a student of grafting. By studying grafting in nature one can learn the essential characteristics which are necessary for success and the almost unlimited technical possibilities. Some species are particularly prone to natural grafting and, among the commoner trees, beech (Fagus sylvatica), whether growing naturally or in hedge form, provides numerous examples (Plate 1). The English elm (Ulmus procera), ash (Fraxinus excelsior), field maple (Acer campestre), the poplars (Populus spp.), conifers including cedar (Cedrus atlantica) and Scots pine (Pinus sylvestris), shrubs, and climbers have all been reported as forming unions between their own branches by natural grafting. Scots pine (Pinus sylvestris), which is not easily grafted artificially, owing to a profuse exudation of resin from wounds, nevertheless forms efficient natural grafts between its branches (Plate 12). Similarly some latex-yielding plants, notably Ficus spp., readily form natural grafts (Plate 2). Probably the most readily available source of specimens is the common climbing ivy (Hedera helix) (Plate 2); moreover, these examples can usually be collected for dissection without involving the destruction of the plant, merely because the presence of the many efficient unions enables parts which have lost direct connection with the root to be sustained via the junctions brought about by grafting.

A careful study92* of natural grafting in climbing ivy shows that the sap can pass from one stem to another across the union and then up and down in the second stem. This explains why the severing of ivy stems has merely a local effect upon growth and why it is necessary to break all living connection with the soil if the plant is to be killed. Upon close inspection it will be seen that where stems have come in close contact, and especially were they have crossed, they are joined together, so that in established ivy there is a wonderful network of stems and the upper branches are able to draw nutrient solutions from far distant parts of the plant. These unions are made when the stems are young, soon after they first come together, for it is seen that older stems, loosened from their support and placed in contact, form no union. It appears that natural grafting depends first upon contact whilst the bark is still thin and then upon firm anchorage. These conditions are fulfilled in climbing ivy by contact of the stems when first put forth and their permanent anchorage against their fellows. Though a union may not take place immediately, the bark is unable to thicken at the point of contact and a union is perfected over a period of years, so that established unions and mature stems grow old together.
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1. Natural grafts from a beech hedge

Dark spots in the section indicate inclusions of dead rind commonly seen in natural grafts.

Another climber, with well-anchored stems but which has been examined in vain for natural grafts, is the climbing hydrangea (H. anomala subsp. petiolaris). With this subject the failure to form graft unions when in close contact appears to be due to the peculiar nature of the bark, which is fibrous and readily peels in flaky strands. The internal living layers of such stems are kept apart by comparatively thick layers of loosely constructed bark and are not affected, apparently, by pressure of neighbouring stems.

In climbing ivy the process of fusion, or union, begins with compression and it seems that this constant and increasing pressure, combined possibly with slight but powerful movements occasioned by adjustment to meet strains, ruptures the outer bark. This is thought to release tension in deeper layers and to initiate growth of tissues in rind and cambium. Now this is exactly the process in wound healing. The restricting envelope being released by the wounding, the lower living layers – capable of growth – bulge out and eventually meet and join to form a complete covering. In the ivy stem the rupturing of the bark is followed by growth from the inner rind, the phellogen, which is usually immediately followed by growth of the cambium in the form of protuberances. This happens in both stems, and the protuberances push aside the disintegrating outer bark, as shown diagrammatically in Fig. 1, and meet each other to form a complete layer of cambium and new rind and bark around both stems. Put briefly, grafting, whether natural or artificial, is the healing in common of wounds, but successful grafting depends also, as will be seen in Chapter II, upon the compatibility of the plants joined together. Though unusual in nature, where opportunities of close proximity under conditions suitable for natural grafting rarely occur, the joining of differing species is commonly engineered by man in horticultural practice. Experiments have proved that the angle at which the stems cross each other has a marked effect upon the amount of solutions which may be passed through the union92. This effect is less noticeable in long-established unions, but is an important point in considering grafting technique.
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Fig. 1 Natural grafting between two young stems

(diagrammatic transverse section)

A. The outer rind is ruptured and growth in the cambial region opposite the wound is accelerated. B. The protuberances of new tissue meet and the cambia join. C. The union is complete and the two stems appear as one.

Natural grafting in non-climbing plants, such as timber trees, appears to be more common in those which have smooth or thin bark, at least in the early stages of growth. Opportunities for grafting occur where branch systems are complicated or congested or where boughs droop and rest one upon another. Mere rubbing together and wounding by continuous friction will not bring about union and it is clear that firm anchorage of the parts is vital. Presumably this is the reason for the comparatively large proportion of the grafts occurring where one bough becomes wedged in the fork formed by a bifurcation of another. A form of natural branch grafting is encouraged by fruit growers to provide support for limbs which may later carry heavy crops. This operation is performed125 by twisting together two fairly strong young lateral shoots from the limbs which are to be braced. It is often necessary to brace the limbs temporarily with rope or stout cord and the entwined shoots are firmly tied with string to keep them in close contact (Fig. 2). In a year or two a strong natural and permanent brace is formed.
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Fig. 2 Bracing limbs by encouraging natural grafting

The limbs are held by a stout cord until the two young shoots have united by natural grafting.

In formal gardens of the eighteenth century natural grafting was brought about when trees were twisted and tied together in imitation of columns and balustrades119.
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