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6 How to use this bookSowing seeds 233232 Cacti and other succulentsSowing seedsThe majority of cacti and succulents are relatively straightforward to raise from seeds. Most germinate quite quickly if kept warm and moist and, although they are relatively slow-growing, it is interesting to watch the new plants develop. Most species are best sown in late winter, so that the seedlings  are as large as possible before they become dormant in the following winter. In cool climates, sow seeds under cover and use  a propagator if possible. The seeds should germinate in spring when the warmer temperatures encourage plants to make active growth.COLLECTING SEEDSCommercial seeds are available, but collecting and sowing fresh seeds usually yields better results. Most cacti seeds are small and round but some, such as those of prickly pears (Opuntia), are large and have very thick coats; they may take up to two years to germinate. A few, such as those  of Pediocactus, need a period of 2–4 weeks chilling in the refrigerator, at about 3°C (37°F), to trigger germination, but these  are the exceptions rather than the rule. If collecting seeds, take care to let the seed pods ripen on the plant; if harvested too early, many of the seeds may not have developed sufficently to germinate when sown. If seeds have to be stored, keep them cool and dry in a paper envelope. Sieve dry seeds to remove any chaff, which could cause rot later. Remove  as much pulp as possible from seeds of  fleshy fruits, then squash the wet seeds  onto a paper towel and leave them to dry. Seed pods of succulents vary widely. Plants in the crassula family mostly have small pods, which become papery and dry when ripe; these contain tiny, dust-like seeds. Shake them  out over a sheet of paper. Mesembryanthemum species have button-like capsules that also turn brown when ripe; moisten the capsules to help them open and release the seeds. Euphorbias have pods with three chambers, each of which contains one round seed. When ripe, the pod suddenly bursts to eject the seeds far from the plant; to collect them, tie a small paper bag over a ripening pod. SOWING SEEDSThe majority of cacti and succulents  are quite slow to grow once they have germinated, so it makes sense to sow seeds in small containers to save space. A 5cm (2in) pot is ideal for 25–30 seeds or a 13cm (5in) pan for 50–100 seeds, while a standard seed tray is large enough for 1,000 seeds.Sow seeds as shown (see facing page).  Use an open, free-draining compost to avoid rotting. A specialist cactus potting compost is fine; alternatively, make a mix of one part very fine (3mm/1⁄8in), sharp grit or coarse sand to two parts of potting compost, peat, or sterilized soil. The grit is often sold as chicken grit in pet shops. Shell grit is too limy. Unless sterilized first (see p.33), vegetable matter, such as leaf mould or coir, can contain fungal and bacterial spores, which introduce disease to seedlings. Cover the surface of the compost and seeds with a shallow layer of grit to help keep the seeds in close contact with  the compost and discourage rotting as the seedlings develop. Sharp sand is used sometimes instead, but it is less suitable because it has a tendency to solidify and retain water and may also encourage algae and moss to develop. Water the seeds after sowing, either  by spraying carefully (see facing page)  or from below. Do this by immersing the container in a dish of water to about half  its depth for about an hour, then remove  it and allow it to drain. To provide the seedlings with protection against  damping off (see p.46), add a general-purpose fungicide to the water. Put the container in a warm place, such  as a propagator, but shielded from direct sun. Seeds in single pots may be sealed in clear plastic bags instead of a propagator. Keep  at 21–30°C (70–85°F), depending on the species (see A–Z of Cacti and Other Succulents, pp.242–251). Many types of  seeds will germinate in 2–3 weeks; lower temperatures tend to extend this period.  In hot conditions, above 32°C (90°F), germination is very poor and the seeds will lie dormant until the temperature drops. Keep the compost fairly moist until the first seeds have germinated, then move  them to a cooler environment, at a minimum of about 15°C (59°F). Once the seedlings appear, remove them from the propagator  or plastic bags.SEEDLING CAREKeep the containers of seedlings in a warm, lightly shaded area. They should be watered regularly and not be allowed to dry out. Take care not to saturate the compost, however, because keeping the seedlings continuously wet will soon make them  start to rot. After germination, the seedlings will appear to do very little for 1–3 months  while they develop their root systems.  Many cactus seedlings will look only  like very small peas at about six months  old. After this stage, they should double  in size every three to six months, being about 2.5–5cm (1–2in) in diameter 2–4 years after sowing. The tall species of columnar cactus usually grow more quickly than this. Small seedlings have very delicate root systems that are easily damaged during transplanting. It is therefore best to leave them undisturbed for as long as possible until they are becoming quite crowded, provided there are no other reasons for transplanting them, such as signs of an infection or any algae or moss growth on  the compost. TRANSPLANTING SEEDLINGSAfter several months to two years, when  the seedlings are large enough to handle comfortably, lift them from the container and gently tease them apart. Cactus seedlings have very soft spines and can generally be handled without protective gloves, but avoid touching and bruising their delicate roots. Seedlings that are 2.5cm (1in) or more in diameter should be potted in 5–6cm (2–21⁄2in) pots. Smaller seedlings will grow better if planted in rows in seed trays or pans, spaced about twice their own diameter apart. They can then be grown on again until crowded before they need to be potted individually.  In all cases, use a gritty cactus compost.After transplanting, allow seedlings  to settle and heal any damaged roots for a few days before watering. Place in a bright position, but keep out of full sun until the seedlings have established and show visible signs of new growth, then treat as adult plants. Small plants will benefit from protection from strong sun.TYPES OF SEEDHEADSome dry seed pods split open to release seeds, while woody pods open when moistened by rain. Others comprise fluffy “parachutes”; each plume is carried in the wind to distribute its seed. Seeds in fleshy fruits are eaten by animals and dispersed in the droppings – ready-made seedbeds.Echinopsis Hard seeds in  fleshy fruit Jatropha Woody capsuleSenecio Parachute seeds Echinocactus Woolly seedpod Aloe Split capsule Faded flowerWithered flowerSOWING SEEDS AND TRANSPLANTING SEEDLINGS1 Fill the container, here a 13cm (5in) pan, to within 1cm (1⁄2in) of the brim with free-draining cactus seed compost. Firm lightly. 2 Sprinkle seeds evenly over  the compost surface, by gently tapping the packet. If the seeds are tiny, mix them with fine sand first.3 Use a fine mist-sprayer to moisten lightly the surface of the compost, making sure not to overwater or disturb the seeds. 5 Transfer the seedlings  to a bright place at 15°C  (59°F). When the seedlings  are beginning to crowd each  other, carefully lift a clump  of them from the pot. 6 Divide the clump into  single seedlings, keeping  as much compost around the roots as possible (see inset).  Set each plant into a 6cm (21⁄2in) pot of cactus compost.7 Top-dress each pot with  a 5mm (1⁄4in) layer of fine  grit. Label. Keep the pots at  a minimum temperature  of 15°C (59°F) and water  sparingly after a few days.4 Top-dress with a thin  layer of fine grit. Label and place a clear plastic bag over  the pot. Keep at a minimum temperature of 21°C (70°F)  and in partial shade.Plastic bag stops compost drying outWidger is useful for lifting  seedingsCactus seedlings have soft spinesGrit keeps compost free-drainingFungicide in water protects against damping off LARGE SEEDSPress each seed into the compost and sow at twice the seed’s own depth. Space seeds about 1cm (1⁄2in) apart so they have enough room to develop.TRANSPLANTING SUCCULENTSWhen transplanting succulent seedlings (here of Gasteria croucheri), lift them out individually from the seed tray, using a widger. Take care  not to damage their fragile roots or leaves.1 Cross-pollinate plants grown under cover, when the male anthers are ripe and laden with pollen. Use  a small, clean paintbrush to collect the pollen from the (male) anthers of a flower on one plant – the pollen parent. POLLINATING FLOWERS BY HANDMany cacti and succulents are not  self-fertile and must be fertilized by  pollen from another plant; usually  two flowering plants of the same  species are needed to produce  seeds that should come true to  type. Many species will cross-pollinate with another species from the same genus, but the resulting seedlings will differ from both parents, often being intermediate between the two. Seedlings of hybrid parents typically show even greater variation. Plants grown under cover or those  being used for hybridization  (see p.21), must be pollinated  by hand (see right).2 Transfer the pollen to the ripe, sticky (female) stigma on a flower of another plant (here an Epiphyllum) of the same species or cultivar (or of a different species but same genus if producing a new hybrid). StigmaAnthersMaterial is shown “before” and “after” preparationStep-by-step captions explain how to carry out illustrated techniquesAnnotations highlight important detailsExamples of commercial practice clarify methods that benefit gardener Supplementary illustrations draw attention to additional points of interestThe rating system in the plant-by-plant A–Z dictionaries provides the reader with a quick reference to the relative ease or difficulty of each method of propagation that is listed for any particular genus. The ratings are: The smoke symbol indicates plants and seeds that benefit  from smoke treatment (see p.55).PROPAGATION TECHNIQUE SYMBOLSTinted box indicates alternative to one or more of steps in technique illustratedAlpine and water garden plants are artificial groupings based on their cultivation; since most such plants are perennials, they are featured in the Perennials chapter. Culinary herbs are included in the Vegetables chapter; other herbs are described where relevant. Each practical chapter begins with basic techniques specific to the plant type in question, and then details the finer points of propagation of many genera, plant by plant. Features on special-interest plants also appear in these chapters. Some popular genera with diverse habits (for example some species may be trees, others shrubs) may have entries in more than one chapter. Photographic insets focus on details of each techniqueReduced colour indicates material to be discarded when preparing cuttingsStandardized headings in each chapter cover basic categories of propagationPhotographic gallery  illustrates range of features common to plants covered by chapter General principles of each technique as it applies to plants covered by chapter are explainedText box discusses techniques or background information of particular interestThis book opens with a general introduction to plant propagation, explaining how practical techniques were, and continue to be, developed; how they relate to natural ways of plant reproduction; the influence of the climate and the propagation environment; how to use appropriate tools, equipment, and growing media; and common problems affecting propagated material. The chapters that follow explain practical techniques and are arranged according to plant type: these adhere to botanical classification, so that each chapter discusses only true members of the type. For example, short-lived perennial plants grown as annuals may be found in the Perennials chapter. Woody climbing plants are included with shrubs, to which they are closely associated. Other climbers may be bulbous, annuals, or succulents and are discussed in relevant chapters. Fruits also fall into various plant groups, such as perennials, shrubs, and trees. The Bulbous Plants chapter covers corms, bulbs, and tubers; few rhizomes are true storage organs so rhizomatous plants appear in the Perennials chapter. How to use this bookBasic techniques Each chapter has a detailed introduction, explaining the basic principles and general techniques  of propagation that may be broadly applied to the plant group covered  by the chapter. Methods in all or some of the following categories, according to their relevance to the plant group,  are covered: sowing seeds, division, taking cuttings, layering, and grafting. Techniques particular to  the plant group also are described. The relative merits of different techniques are discussed, as well  as gathering and preparation of propagation material, suitable growing media, practicalities of the technique, providing a favourable environment, factors that affect the success rate, and care of new plants up to the stage of planting out. Photographic sequences illustrate general techniques step-by-stepA easy       AA moderate       AAA challengingMINIMUM TEMPERATURESPlants in this book are classified into four levels of hardiness, according  to the minimum temperature they are likely to withstand, as follows:FROST-TENDER:HALF-HARDY:FROST-HARDY:FULLY HARDY:All temperatures recommended in this book are minimums, unless otherwise stated.5°C (41°F)0°C (32°F)-5°C (23°F)-15°C (5°F)100 Shrubs and climbing plantsDivision 101TAKING SOFTWOOD CUTTINGSSoftwood cuttings are taken from the plant  in spring and early summer, before the new growth has begun to firm. This method is suitable for most deciduous shrubs and climbers. Softwood cuttings should usually be 4–5cm (11⁄2–2in) long, with two or three pairs of leaves retained at the top (see above). Keep the cuttings in a clean plastic bag,  until required, to prevent them from wilting.Remove the soft tip from each cutting, because it is vulnerable to both rotting  and scorch. This also ensures that, once rooted, the cutting does not immediately grow upwards from the tip alone, and thus ensures a bushy plant from the start. If the  tip is removed, some growth hormones also become redistributed to build up at the base  of the cutting, which will assist rooting. Remove the lowest pair of leaves to make it easier to insert the cutting into the compost. GREENWOOD CUTTINGSIn late spring, take greenwood cuttings  from vigorous shoots (here of Philadelphus) that are firm and slightly woody at the base. Prepare as for softwood cuttings (see above).TAKING SOFTWOOD CUTTINGS1In early spring to early summer, cut off non-flowering, vigorous shoots (here of Hydrangea macrophylla) with 2–3 pairs of leaves. Use secateurs to cut just below a node. 5Once the cuttings have rooted, harden them off. Gently tease apart and pot individually into 9cm (31⁄2 in) pots. Pinch out the growing tips to encourage bushy growth (see inset).3Fill 13cm (5in) pots with standard cuttings compost and space the cuttings around  the edge. The leaves should be just above  the compost surface and should not touch  each other.2To prepare each cutting, remove the soft tip from the shoot just above the node and then remove  the lowest pair of leaves. The stem of the cutting should be about 4–5cm (11⁄2–2in) in length. 4Water the cuttings with a fungicidal solution, label, and place in a propagator. Leave in a shaded place. Bottom heat of 15°C (59°F) will speed the rooting process.Cut large leaves in half  to reduce moisture lossLowest pair of leaves removedSoft tip removed from shootPrepared cuttingPlastic bag stops cuttings wiltingPropagator ventCuttings in potOn delicate material, this should be done cleanly with a sharp knife or secateurs; where there is no risk of damaging the stem with more robust subjects, pinch off the foliage between thumb and forefinger. Take care  to leave no snags that may encourage rot.Inserting the cuttings correctly is important. With softwood cuttings, it is best to make a hole in the compost with a dibber or pencil so the soft material is able to enter the compost with minimal resistance, thus reducing the risk of damage. Insert each cutting to just below the first pair of leaves and firm gently around each stem. Water in the cuttings thoroughly, with a proprietary fungicidal solution, so that the compost is moist right to the container bottom. The cuttings will benefit from a warm, protected environment, such as a propagator. To speed rooting, provide bottom heat at a temperature of about 15°C (59°F). When the cuttings root, knock them out of the container and gently prise them apart. Pot singly in 9cm (31⁄2in) pots. Pinch out the growing tips of new plants to encourage bushy growth. Grow on in a sheltered site. GREENWOOD CUTTINGSGreenwood cuttings are similar to softwood cuttings, but are taken when the new growth is just beginning to firm. This material is easier to handle because it does not wilt quite so readily; however, it is treated in  the same way.Usually, there is no discernible difference in stem colour, and therefore distinguishing between the two types of cutting is more a question of the feel of the material. In reality, many of the softwood cuttings that we intend to take end up as greenwood cuttings – it is all a matter of timing. For most deciduous plants and some evergreens, if you miss the softwood season, greenwood cuttings root just as well; but there are a few exceptions (see pp.118–45).STEM-TIP CUTTINGSStem-tip cuttings, in which the soft  tip is retained, are taken when the  material has ripened more than for  softwood or greenwood cuttings, but  the plant is in active growth, usually  around mid summer. The soft tip is then  less likely to rot. This method, which  can produce excellent rapid growth  (see above), is suitable for most common deciduous shrubs, such as fuchsias, Philadelphus, Potentilla, lilacs, and  Weigela, and some evergreens, like camellias, heliotropes, and Hibiscus  rosa-sinensis.Nodal cuttings are more likely to  succeed, since some plants will not  root internodally. Prepare each cutting  from new growth, up to 10cm (4in) long,  by making a clean cut just below a node. Continue as for softwood cuttings.GROWN-ON STEM-TIP CUTTINGS  Many deciduous shrub cuttings produce significant growth in one year. These 60–90cm (2–3ft) dogwoods (Cornus) were raised from stem-tip cuttings taken in midsummer, kept under cover over winter, planted in early summer in nursery beds, and grown on  until late summer.DivisionThis is a propagation technique that is mainly associated with herbaceous perennials (see pp.148–50), but it is also appropriate for a range of suckering shrubs. Where only a few new plants are needed, this method of propagation is very quick  and easy. Division can be used for deciduous and evergreen subjects, such as gaultherias, kerrias, ruscus, and sweet box (Sarcococca).Timing is not absolutely critical, but in  order to ensure success, division of suckers is best carried out when the plant is not actively growing, or is dormant. Early spring is ideal; the plant quickly recovers from the stress of the division, because the ground  is usually moist, and, although the soil is warming up, the air temperature is not yet too high. Summer is best avoided because the new plants will be prone to wilting and scorch in the hot sun.Most shrubs produce suckers on long underground stems (stolons); a few, such  as roses (see p.113), sucker from the main stem just above the roots. When separating suckers from the parent plant (see below), use a fork to lift the underground stem that runs between the suckering shoots and the parent plant. If the sucker has fibrous  roots at the base, it may be propagated: sever the stem close to the parent plant  and prepare each sucker as shown below. Replant the rooted suckers directly  into soil that has been prepared with  well-rotted manure or compost. Firm  and water in each sucker. Alternatively,  pot the suckers in standard potting  compost in 5–8cm (2–3in) pots. Water  the suckers regularly until the new  plants are well established. With plants such as snowberries (Symphoricarpos)  that are prone to legginess, cut back  suckers to 30–45cm (12–18in) to ensure bushy regrowth.Shrubs that have a clumping habit may  be divided in a similar way to herbaceous plants (see p.148). Lift the entire clump, divide into good-sized pieces with healthy roots and top-growth using a spade or  sharp knife, and discard the rest. Division  of this sort may also be used to rejuvenate  a mature shrub that has grown beyond  its designated area; a common example  of this is Sorbaria sorbifolia. Prepare and grow on the divisions as for suckers.1In early spring, lift an underground stem with suckers on it, without disturbing the parent plant (here Gaultheria shallon). Check that there are fibrous roots at the base of  the suckers.2Using a sharp pair of secateurs, remove  the long, suckering stem by cutting it off close to the parent plant. Firm back the soil  well around the base of the parent plant.3Cut the main stem back to the fibrous roots, then divide the suckers so that each has its own roots. Cut back the top-growth by about half to reduce moisture loss.4Replant the suckers in open ground or in 5–8cm (2–3in) pots. Firm the soil well around each sucker, water in, and label. Water regularly while the suckers are establishing.DIVISION OF SUCKERING SHRUBS
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How to use this book 7Possible methods of increase discussed for each genus, cross-referenced to the relevant basic technique, and including special tips on the genus or species within itIntroduction gives hardiness of plants in genus and possible methods of increaseCharts or tables in some chapters summarize important details such as when and how to sow seeds or which rootstock to use Photography  illustrates techniques relevant to individual genus or speciesSummary of possible methods, with timings and easiness ratings Listing gives concise details on propagating yet more generaGroup entries in Vegetable chapter cover all popular vegetables belonging to each genusPhotographic detail shows plant typical of featured genusRunning head gives quick reference to entriesA–Z entries on specific genera in alphabetical order of botanical names; common names of the genus are given where relevantVegetable chapter has index of common namesComparative illustrations show difference between good and bad propagation materialA–Z listing gives specific details on propagating popular or interesting plants in group covered by featureCaptions describe step-by-step exactly what to doCross-section artworks illustrate how techniques take effectText describes in detail special techniques and tips that particularly relate to the group of plants covered in each featureAnnotations highlight important detailsFeature headingA–Z dictionariesPractical chapters each include a plant-by-plant dictionary, arranged alphabetically by botanical names and describing a range of genera in the plant group. These include genera that are commonly grown in various climates, are propagated in unusual ways or need special care. Entries are of varying lengths for different genera, according to the number and complexity of ways in which each is propagated. At the top of each entry, possible methods, when they may be undertaken, and easiness ratings are summarized for easy reference. Within each entry, guidance is given on the merits of each method covered to enable the reader to choose the most suitable. Where needed, individual species, hybrids, or cultivars are discussed. Special methods, not covered in the chapter’s basic techniques, are fully explained and illustrated in relevant entries. Cross-references are given to basic techniques or similar genera. Each spread also lists many additional genera, with concise details on how they are increased. FeaturesMost chapters contain features on popular and botanically interesting plant groups. These are palms and cycads; conifers; heaths and heathers; roses; ferns; alpine plants; water garden plants; bromeliads; ornamental grasses; orchids; and culinary herbs.Each feature focuses on modes  of propagation that are peculiar  to the featured plants, describing their characteristic ways of reproduction and how these are exploited in various techniques.  The techniques are fully illustrated with step-by-step photographs and explanatory artworks. The plants’ special needs are discussed, with tips on how to achieve success.Further details of individual  plants are given in A–Z listings in most features. Individual entries  for conifers and alpine plants,  both large and varied groups,  are included in the main A–Z dictionaries of their chapters. 174 PerennialsOrnamental grasses 175(continued from p.173) be transferred to pieces of tree-fern stem or cork bark. Use a very free-draining, lime-free potting compost for all seedlings. A fine grade of orchid compost; equal parts of peat or coir and coarse sand; or equal parts of peat or coir, perlite, and coarse sand is best for the first potting. Coarser orchid composts mixed with a little coarse sand can be used for potting on larger plants. Put plenty of crocks or 2.5cm (1in) of coarse gravel in the bases of pots for drainage. At all stages, it is vital plants are not potted too deeply; the lower leaves should be totally clear of the compost. It usually takes three years or more for new plants to flower. Other methodsThe long, rootless strands of Spanish moss (Tillandsia usneoides) can be propagated by perhaps the easiest of all cuttings: simply snip about 30cm (12in) from the end of an established clump, hang it up in the warm, humid conditions in which the plant thrives naturally, and leave to grow on. Ananas, including edible pineapple and miniature decorative cultivars such as A. comosus ‘Variegatus’, produce fruits after  the flowers on the stem that emerges from the centre of the mature vase. At the top of each mature fruit is a tuft of foliage which may be sliced  off and rooted (see right). (Fruits retailed in shops have often had the growing tip removed to prevent them being propagated.) Pineapples can also be increased from shoots that develop in leaf axils, called suckers when they appear low down on  the main stem and slips when they arise  on the fruit stem (see top right). They do  not develop if left on the parent, but can  be detached and rooted for new plants. A–Z OF BROMELIADSAECHMEA  Epiphyte; divide offsets in early summer A. Sow seeds from berries as soon  as ripe at 21°C (70°F) AAA. ANANAS (Pineapple)  Terrestrial; root slips  or suckers or crown shoot (see above) at  any time A. BILLBERGIA  Epiphyte; divide offsets in summer A. Sow seeds from berries as soon as ripe at 27°C (81°F) AAA. BROMELIA  Terrestrial; divide in late spring or early summer A. Sow seeds as for Billbergia AAA.CANISTRUM  As for Billbergia. CATOPSIS  Epiphyte; divide offsets in late spring; bottom heat aids rooting A. Sow plumed seeds as soon as ripe at 27°C (81°F) AAA.CRYPTANTHUS (Earth star, Starfish plant)  Terrestrial; detach offsets from leaf axils in early summer A. Sow seeds as for Billbergia AAA. b CRYPTBERGIA  Terrestrial; divide offsets  in spring A. PROPAGATING PINEAPPLES FROM CROWN SHOOTS3Pot each piece individually into a free-draining compost, with the rhizome just below the surface of the compost and the shoots exposed. Firm in, label, and water well.2Cut the rhizomes, each with at least one bud, into pieces using secateurs. Pour some fungicidal powder into a small dish and dip the cut surfaces into it (see inset).1In spring, loosen the soil around a clump of bamboo to expose the rhizomes, with their new buds, at the edge of the clump. Sever these from the parent plant, using secateurs.DIVIDING SMALL CLUMPSIf necessary, cut down the foliage by a half to three-quarters to about 15–20cm (6–8in) so the grass is easier to handle. Lift the clump with a fork and divide it into 2–4 pieces, either by hand or using two hand forks.Replant the divisions either in the garden or  in a nursery bed or pot singly in sandy compost. Label the divisions and water them thoroughly. DIVISION OF RHIZOMATOUS BAMBOOS1Use a sharp knife to scoop out the crown shoot of a ripe pineapple with about 1cm (1⁄2in) of the fruit attached. Dip the wound in fungicide and leave to dry for several days.2Insert the cutting into a pot of standard cuttings compost and keep at a minimum temperature of 21°C (70°F). The cutting should root and be ready to pot on within a few weeks.Ornamental grassesfrom seeds, and grasses such as Miscanthus that fail to set seeds in cool climates. Division is also a useful means of rejuvenating mature grasses that are congested and bare at the centre. DivisionDivision of grasses can be a simple  process and should succeed, provided that it is carried out at the correct time of the year. Grasses produce new growth buds, some of which are quite large, in summer; these lie dormant until the following spring. In general, it is best to divide grasses just  as the buds start into growth, usually in  mid-spring. This is especially important  for bamboos; if divided at other times of  the year, the success rate is generally poor because of the risk of rot or drought. Other grasses, if grown on light soils or in warm climates, may be divided in autumn.DIVISION OF SMALL GRASSESFor small, clump-forming grasses, cut back the foliage for easier handling, then lift the clump. Shake off loose soil from the roots, or wash the roots clean, to make it easier  to separate them. Divide the clump into good-sized sections, as shown above.  Trim any overlong or damaged roots  from each division. If the clump is tightly packed or tough,  as with Miscanthus, use a sharp knife or  a spade to cut through the roots. This will inflict less damage to the roots than pulling the rootstock apart.DIVISION OF BAMBOOSBamboo roots are sensitive to drought, so choose a cool, overcast day for division to stop the roots drying out. It is also wise to wear stout gloves; bamboo leaves contain silica and are very sharp.Some bamboos have long, thin rhizomes with shoots all along their length; these spread out to form a loose clump that can  be invasive. Divide this type as shown below, taking strong, new rhizomes from  the edge of the clump. Other bamboos have short, thick rhizomes, with shoots at the tips, that  form a tight clump. (Continued on p.176.)Grass, in the form of a closely mown lawn, has long been valued for its durability  but has often been regarded as merely a foil for more interesting planting. Yet the grass family includes an extraordinary diversity  of ornamental plants. Some species are valued for their architectural form, such as Miscanthus sacchariflorus, others are grown for their foliage colour, including glaucous blue fescue (Festuca glauca); variegation, such as green- and-white striped  gardener’s garters (Phalaris arundinacea ‘Picta’); attractive stems, for example the Chilean bamboo (Chusquea culeou); or for the flowerheads (inflorescences) like the feathery heads of Stipa tenuissima.True grasses belong to the Gramineae family and almost always have hollow, rounded stems, with solid nodes at  regular intervals. This is most obvious  in woody-stemmed bamboos (sub-family Bambusoideae). Rushes and sedges look similar, but are not true grasses and belong in other botanical families.Flowers are borne in spikes, panicles, or racemes. Many grasses flower when two years old or so, but bamboos remain vegetative for decades. They will eventually begin to flower: at first, only a few canes will have inflorescences, but these will increase in number quite considerably in subsequent years. Once flowering begins, a bamboo will decline in vigour and eventually may die.PROPAGATING PERENNIAL GRASSESPerennial grasses are common plants  and, in some cases, can be invasive weeds, so it is often assumed that they are easy to propagate. They can be, provided that a few basic principles are followed. There are two main methods of increase: by division or from seeds. Division must be used to increase all bamboos, which rarely flower, variegated grasses, which lose their variegation if raised PROPAGATING PINEAPPLES FROM CUTTINGSSelect healthy “slips” or suckers, either below the fruit (see left) or at the base of the stem. Detach any of these with a sharp knife and dip the cut surfaces in a fungicide. Allow to dry for a few days. Trim off the lower leaves and insert the cuttings in pots of sandy compost (see below) to root at 21°C (70°F). Pot them on into 15cm (6in) pots when they have rooted.DEUTEROCOHNIA (syn.  Abromeitiella) Terrestrial; divide offsets in spring or summer A.Sow winged seeds in spring at 27°C (81°F) AAA.DYCKIA  Terrestrial, xerophyte; divide in late spring or early summer A. Sow winged seeds  in early spring at 27°F (81°F) AAA. FASCICULARIA  Terrestrial, epiphyte, xerophyte; divide offsets in spring or summer A. Sow seeds from berries in winter or spring at 27°F (81°F) AAA.GUZMANIA  Epiphyte; divide offsets in mid-spring A. Sow plumed seeds at 27°F (81°F)  in mid-spring AAA. HECHTIA  Terrestrial, xerophyte; divide offsets  in spring A. Sow winged seeds as soon as ripe  at 21–24°C (70–75°F) AAA. NEOREGELIA (syn. Aregelia)  Terrestrial, epiphyte; divide offsets in spring or summer A. Sow seeds from berries as soon as ripe at  27°C (81°F) AAA. NIDULARIUM (Bird’s nest bromeliad)  Epiphyte; as for Neoregelia. ORTHOPHYTUM  Saxicolous; divide offsets  in spring A. Sow seeds as for Billbergia AAA. PITCAIRNIA  Terrestrial; divide offsets in late spring or early summer A. Sow winged seeds in spring at 19–24°C (66–75°F) AAA. PUYA  Terrestrial; sow winged seeds as  soon as ripe at 19–24°C (66–75°F) AAA. QUESNELIA  Terrestrial, epiphyte; as  for Neoregelia. TILLANDSIA (Air plant)  Epiphyte; divide offsets in spring A. Seeds as for Billbergia AA. Take cuttings of T. usneoides at any time A. VRIESIA  Epiphyte; divide offsets in spring A. Sow seeds as for Pitcairnia AAA. WITTROCKIA  Terrestrial, epiphyte; offsets  in spring or summer A. Sow seeds as  for Pitcairnia AAA. 110 Shrubs and climbing plantsHeaths and heathers 111Heaths and heathersThere are three principal genera of these shrubby evergreens: Calluna, a heather  with only one species but many cultivars, flowering from midsummer to late autumn; Daboecia, a heather with two summer-flowering species, of which only D. cantabrica is grown in gardens; and Erica, a heath that includes many winter- and summer-flowering species and cultivars. Heaths and heathers are mostly hardy and range from ground-cover plants to tree heaths up to 7m (23ft) tall. The majority need moist, acid soil and full sun or an exposed site. Propagation of cultivars is vegetative, by layering or cuttings, because the seeds do not come true.TAKING CUTTINGSOf all the heathers, cuttings from daboecia and ericas root most readily and are least prone to disease. Take semi-ripe cuttings (see below) from healthy, vigorous, non-flowering shoots. Some heaths are rarely  out of flower, so it may be necessary to  take cuttings of the flowering shoots  (see below right). Cuttings of the Australasian native heath (Epacris)  are taken in early summer, as well as  after a flush of flowers.Commercial nurseries do not remove leaves from cuttings, but it is a useful precaution against rot. Do not bother stripping off the tiny leaves of calluna shoots. Insert the cuttings in a free-draining and aerated compost. Rooting hormone is not needed. Do not use nitrogenous fertilizer in the compost: heaths and heathers are sensitive to the salts which these preparations contain. Species and cultivars root at differing rates, so insert the cuttings individually  in modules, or several of one species or cultivar to a 13cm (5in) pot. For best  results, root the cuttings in a heated propagator at 15–21°C (59–70°F). Heaths and heathers are prone to rot, so  spray or water in a general fungicide and remember to ventilate the cuttings daily. Pot up rooted cuttings singly before hardening them off in spring (see facing page). Water the cuttings from below only when the compost has almost dried out to avoid problems with liverworts and mosses growing on the surface. Alternatively, root the cuttings in a prepared bed in a sheltered place, such as in a cold frame; site the frame in the shade to avoid extreme variations of temperature affecting the cuttings. After 4–6 months, grow them on in a nursery bed with free-draining soil, or pot them singly. Leave in a sunny position until autumn, when they may be planted out. Heaths and heathers are susceptible  to vine weevils: apply a nematode drench  in midsummer to the young plants and again in early autumn if they have not  yet been planted out.LAYERINGIn the wild, sandy soil drifts over heaths  and heathers, which then root readily from the stems, so layering these plants is even easier than cuttings. Layered plants are not always as uniformly bushy as those grown from cuttings, however. Mix in a little sharp sand and peat substitute, such as coir, or peat into the  soil, in a shallow trench around the parent plant, to provide a good rooting medium.  In early to mid-autumn or spring, bend down healthy, strong sideshoots and cover with a little of the prepared soil. Peg down the shoots with wire staples or weigh them down with stones. There is no need to cut or wound the stems. One year later, cut off the rooted stems; grow on in a nursery bed for six months before planting out. If only one or two rooted layers are required, simply prepare the soil beneath  the chosen shoots (see right).To layer a large number of shoots, lift  the plant in mid-spring, dig out the hole,  and replant, leaving only one-third of the shoots exposed. This type of layering is called “dropping” (see right). Fill in-between the shoots as shown. Other options which make it easier to weed around the plant, if the shoots are few, is to arrange them into a row, or if the shoots are not brittle, to press them around the edge  of the hole to form a circle. Firm the soil to encourage the shoots to root into it. Keep the plant well watered until autumn. Clear away the soil and remove the rooted cuttings, cutting just below the new roots  on each stem. Discard the old plant. Pot the rooted layers and grow on as for cuttings  (see above).SOWING SEEDSRaise species such as Erica terminalis and Calluna vulgaris from seeds. Sow in winter  to early spring, as rhododendrons (see p.138). Epacris seeds germinate better if treated with smoke (see p.103).1In spring, lift a mature plant. Dig a hole large enough to two-thirds bury the plant. “Drop” the plant into the hole and fill in with soil around the roots.2 Work a mixture of equal parts grit and coir or peat between the shoots up to soil level. Firm in gently and label.3Water the plant during dry spells. By autumn, the buried sections  of the stems should  have formed roots.  Lift the whole plant and sever the rooted shoots from the parent plant.  Pot them singly to grow on or plant them out in  a sheltered spot.4Strip leaves from erica and daboecia cuttings; lightly  pinch each stem about one third  from the base and quickly pull it through finger and thumb. Pinch out the tips of all cuttings. 5Fill modules or pots with a mixture of equal parts moist coir or peat, or equal parts fine bark and peat. Insert the cuttings so that the lowest leaves are just resting on the compost surface.  Do not firm in the cuttings.6Water in the cuttings with a general-purpose fungicide, using a watering can with a fine rose. Label the cuttings, then place them in a propagator – a heated one speeds rooting. Leave to root  in a place out of direct sunlight.DROPPING HEATHERSGROWING ON SEMI-RIPE CUTTINGSLAYERING3Trim each stem to a length of about 4–5cm (11⁄2–2in). Holding the base of the cutting firm with your finger, cut straight across  the stem at the appropriate point with a clean, sharp knife.Bad  materialGood  materialSparse, weak leaf growthFlower budLeaves of even sizeSmall internodal spaces1From late summer to autumn, select a strong, healthy, non-flowering sideshoot (here of Calluna vulgaris ‘Robert Chapman’). Remove  it with clean secateurs, cutting straight across  the stem about 10cm (4in) below the stem tip.2The cutting on the right, with its compact, even growth, should make a good plant.  The two cuttings on the left are unlikely to be successful. They are weak and spindly, and  the presence of flower buds will inhibit rooting.Pinch out tips for bushy growthBad  materialGood  materialPrepared cuttingsToo many flowersStem cuttingTip cuttingFLOWERING SHOOTSChoose a shoot of Erica carnea that has only a few flower buds concentrated on one part of the stem, and take 5cm (2in) cuttings, one from the stem and one from the tip. Prepare the cuttings as in steps 3 and 4 (below).Cuttings materialIn spring, select a healthy shoot from around the edge of  the plant. Work a little peat substitute such  as coir (or peat) and grit or coarse sand into the soil below the shoot to make it more friable.Bury the shoot in the prepared area of soil and place a stone over it to keep it in place. The following spring, lift the rooted layer, sever from the parent, and plant out.1The cuttings should root after 8–12 weeks.  To keep them growing vigorously, begin feeding them regularly, once a week, with  a low-nitrogen fertilizer, such as tomato  food. Pinch out the growing tips regularly  to encourage formation of bushy new growth.3From late summer onwards, plant out the heaths and heathers in their final positions. For the best effect, plant them in irregular groups, spacing them 20–25cm (8–10in) apart. They should rapidly grow into one another to form large clumps.2After 4–6 months, when the plants are well-developed, pot them individually into 8cm (3in) pots of soilless potting compost, using an ericaeous formula for lime-hating heathers. Grow on outdoors, and protect from severe cold if needed, to prevent young shoots dying back.Open vent every day if neededOriginal depth of  lower rootsTAKING SEMI-RIPE CUTTINGSAbelmochus – Allium 293292 A–Z of vegetablesA–Z of vegetablesSome sets are heat-treated to stop them bolting. Plant sets (see below) in loose soil:  if it is too firm, the roots will push the sets  out of the ground. Onions need a long growing season, so should be sown early. Sow the seeds thinly in drills in spring or under cover in seed trays or in modules from late winter to early spring. They can also be sown in multiblocks, six seeds to a module (see p.286). For successive Asparagus see Asparagus Aubergine see Solanum Bean sprouts see Vigna Beetroot see Beta Broad bean see Vicia Brussels sprouts see Brassica Bulb onion see AlliumButter bean see PhaseolusCabbage see BrassicaCalabrese see BrassicaCardoon see Cynara Carrot see Daucus Cauliflower see Brassica Chard see BetaChicory see Cichorium Chilli pepper see Capsicum Chinese cabbage see Brassica Chinese artichoke see StachysCeleriac see Apium Celery see Apium Cocoyam see Colocasia Courgette see Cucurbita Cress see Lepidium Cucumber see Cucumis Dolichos bean see LablabEggplant see SolanumEndive see Cichorium Florence fennel see Foeniculum French bean see Phaseolus Garlic see Allium Gherkin see Cucumis Globe artichoke see Cynara  Groundnut see Arachis Gumbo see Abelmoschus Hyacinth bean see Lablab Iceplant see MesembryanthemumJerusalem artichoke see Helianthus Kale see BrassicaKidney bean see Phaseolus Kohl rabi see Brassica Leek see Allium Lettuce see Lactuca Lima bean see Phaseolus Marrow see Cucurbita Mung bean see Vigna Mustard see BrassicaNew Zealand spinach  see Tetragonia Okra see AbelmoschusOrach see Atriplex Pak choi see Brassica Parsnip see Pastinaca Pea see Pisum Peanut see Arachis Potato see Solanum Pumpkin see Cucurbita Quinoa see ChenopodiumRhubarb see Rheum Runner bean see Phaseolus Salad rape see Brassica Salsify see Tragopogon  Seakale see Crambe Shallot see Allium Silver beet see BetaSpinach see Spinacia Spinach beet  see BetaSpring onion see Allium Sprouting broccoli see Brassica Squash see Cucurbita Swede see Brassica Sweetcorn see Zea Sweet pepper see Capsicum Sweet melon see Cucumis Sweet potato see Ipomoea Taro see Colocasia Tomato see Solanum  Turnip see BrassicaWatercress see Rorippa Watermelon see CitrullusWelsh Onion see Alliumscrops, sow every two weeks. Dust drills with an appropriate insecticide against onion  fly from mid-spring. To collect the seeds,  leave a few vigorous plants to flower in  the following spring. Spring onions are cultivars of bulb onions that are harvested as young plants. Sow as  for bulb onions or fluid-sow (see p.284) for a higher yield. They are best sown thinly. If  they are sown densely, thin to 2.5cm (1in) apart to grow on and use the thinnings as salad vegetables.SHALLOTSShallots (Allium cepa Aggregatum Group) are raised from sets in the same way as bulb onions, and suffer from the same pests and diseases. Remove loose skins or leaves  before planting the sets to avoid birds  pulling them out. If you have healthy stock, save your own sets to store over winter:  they should be 2cm (3⁄4in) in diameter.  Seeds are also now available; sow them  as for bulb onions. LEEKSLeeks (Allium ampeloprasum Porrum Group) are biennials grown as annuals, needing a rich, loose soil high in nitrogen and a long grow ing season. Sow seeds in drills as for  bulb onions or in modules (see below) at 10–15°C (50–59°F). For large leeks with  well-blanched stems, transplant 20cm (8in) tall seedlings into deep holes (see below)  or trenches. Leeks are prone to thrip damage; spray with insect icide if affected. To collect the seeds, leave a few healthy plants to  flower in the spring.GARLICThese biennials (Allium sativum) need  a long growing season and a period of cold  at 0–10°C (32–50°F). They do not like soils  that are heavy, very cold, or high in nitrogen. For best results, buy seed cloves suited to  your area and start them in modules (see left). Plant temperature-tolerant cultivars in spring.WELSH ONION  Sow Welsh onion (Allium fistulosum) seeds  in spring or late summer in rows 23cm (9in)  apart at 10–15°C (50–59°F); thin to 20cm  (8in). Divide every 3–4 years as for  chives (see p.291). INDEX TO MAIN ENTRIESABELMOSCHUS OKRASeeds in spring AOkra (Abelmoschus esculentus), one  of the podded vegetables in this frost-tender genus, is an annual. Soak bought or home-collected seeds for 24 hours before sowing to aid germination. In tropical regions that have  a spring soil temperature of 16–18°C (61–64°F), sow seeds thinly in drills 60cm (2ft) apart. Thin the seedlings to 20cm (8in) apart. In temperate areas, sow seeds in pots;  germinate under mist (see p.44) with  bottom heat of 20°C (68°F) and 70 per cent humidity. Plant out under cover, preferably  in low-nitrogen soil, in late spring to early summer, 40cm (16in) apart and at the  same temperature and humidity. Harvest pods in 8–11 weeks.Seeds from spring to summer Sets (“seed” onions) from late winter to spring Cloves from winter to springThe vegetable alliums include bulb onions, spring onions, shallots, leeks, and garlic. Hardy, cool-season annuals, they grow best at 12–24°C (55–75°F); the bulbs need full sun in late summer to early ALLIUM ONIONS, SHALLOTS, LEEKS, AND GARLICSOWING OKRA SEEDS IN POTSSow three seeds to a 9cm (31⁄2in) pot. When the seedlings have two leaves, gently pull out the most leggy or any weak seedlings and leave  the sturdiest one to grow on. Best seedlingautumn to ripen. They also like a rich soil. Crop rotation is important, because they suffer from soil-borne diseases such as white rot and neck rot. BULB AND SPRING ONIONSBulb onions (Allium cepa Cepa Group) can be raised from seeds, but sets (small, immature bulbs) are more successful, because they are less disease-prone, tolerate poor soil and may  be started before the onion fly is a threat. Sow onion seeds thinly in drills, and thin according to the desired size of  the crop: the closer the spacing, the smaller  the mature bulb. Here, seedlings were thinned to 2.5cm (1in), 5cm (2in), and 10cm (4in) intervals.PLANTING ONION SETS2 Draw the soil gently over the sets and firm so that the tips are just visible. Trim off any dead foliage or stems  so that birds do  not pull them out. There is no need  to water them in unless the soil is extremely dry.1 As soon as soil conditions allow, make shallow drills, 25cm (10in) apart. Push the sets gently into the soil. Space them 10cm (4in) apart, or 5cm (2in) if they are very small or if small onions are required.THINNING ONION SEEDLINGSPLANTING GARLIC CLOVESPLANTING GARLIC IN MODULES  In autumn, insert garlic cloves singly in modules, 2.5cm (1in) deep with basal plates downwards. Cover with compost. Place outdoors for 1–2 months. Transplant in spring when they start to sprout. PREPARING GARLIC CLOVES Prise apart each bulb into cloves with your thumbs. Clean off loose tunics and discard any cloves that show signs of disease, such as rot. Each clove should retain a piece of basal plate (see inset).SINGLE LEEK SEEDLINGSFor well-blanched leeks, make holes 15–20cm (6–8in) deep and 10–15cm (4–6in) apart and insert a seedling  in each one so that the roots are in contact with the soil at the bottom. Water in and allow the soil to fall in naturally.TRANSPLANTING LEEK SEEDLINGSMULTIBLOCKS  Sow seeds in modules, four to  a module. Transplant each clump of seedlings into a seedbed. Space the clumps 23cm (9in) apart, in rows that are 30cm (12in) apart.BULB ONIONSSPRING ONIONSSHALLOTSLEEKSGARLICMETHOD AND TIMINGSPACING OF SEEDS  OR SETSSPACING OF ROWSSOWING OR PLANTING DEPTHTIME UNTIL HARVESTSeeds: late winter to early spring, or late summer to overwinter AA Sets: late winter to early spring or autumn A  Heat-treated sets: early or late spring ASeeds: sow thinly; thin  to desired spacing (see facing page) Small sets: 5cm (2in) Large sets: 10cm (4in)Seeds and sets:  25cm (10in)Seeds: 1cm (1⁄2in) Sets: 2.5–4cm (1–11⁄2in) Seeds: 42 weeks Sets: 12–18 weeksSeeds: early spring  to summer; late summer for overwintering AA2.5cm (1in)20–30cm (8–12in) 1cm (1⁄2in)8–10 weeks; over winter 30–35 weeksSeeds: early spring or late summer A Sets: autumn to early spring ASeeds and sets:  15cm (6in)Seeds and sets:  20–30cm (8–12in)Seeds and sets:  1cm (1⁄2in)Seeds: 42 weeks Sets: 16 weeksSeeds under cover, singly or multiblocks: mid- to late winter; transplant early summer A Seeds outdoors: early  to mid-spring AMultiblock seedlings: 23cm (9in) Single seedlings: 10–15cm (4–6in)30cm (12in)Seeds: 1cm (1⁄2in) Seedlings: 15–20cm (6–8in)16–20 weeks; can be left to stand over winterCloves: singly in modules autumn  or spring; transplant spring A18cm (7in) 18cm (7in)2.5cm (1in)16–36 weeksONION SEEDS AND SETSBulb onions190 A–Z of perennialsBegonia – Catananche 191BERGENIAELEPHANT’S EARSDivision in autumn or spring A Seeds in spring AA  Cuttings in autumn or spring A Older plants of these mostly fully hardy perennials form a mass of woody, creeping rhizomes, often on the soil surface, with  leaves only at their tips. If just a few plants  are required, these may be detached. For large numbers of new plants, take rhizome cuttings.DIVISIONAfter flowering or in autumn, lift and sever new plantlets from the ends of the long rhizomes (see p.149 and below) and replant, leaving the parent to flower. Plantlets flower the next year. SEEDS Sow seeds (see p.151) in trays. They will germinate, without heat, in 3–6 weeks. New plants flower after two years.CALCEOLARIA SLIPPER FLOWERSeeds in spring and summer AA Cuttings in early autumn or spring AAPerennials in this genus are frost-tender to fully hardy (for annuals, see p.221). Many species, and modern cultivars of Calceolaria integrifolia (syn. C. rugosa), may be raised  from seeds, surface-sown at 16°C (61°F)  to germinate in two weeks (see p.151, or  for alpines p.165). Seedlings need cool,  airy conditions.Take semi-ripe heel cuttings (see p.154, or for alpines p.166) in autumn and overwinter with frost protection, or overwinter stock plants to supply cuttings in spring. They  root easily, in two weeks. Plant out in  late spring.Detach individual rosette cuttings (see p.166) from alpine species in summer and root in a gritty compost.The mostly hardy perennials include  alpines as well as stout herbaceous plants. Some smaller types, such as Campanula rotundifolia, self-sow invasively, and are a ready source of divisions and cuttings.DIVISION Divide the fibrous or woody crowns (see p.148) to increase cultivars and good forms. Self-rooted shoots or plantlets on runners may be detached from the fringes of many campanulas, especially the alpine species (see p.167), without lifting the parent plant. Keep potted sections in a sheltered place to establish.SEEDS Sow the fine seeds thinly (see p.152) and cover lightly. Spring-sown seeds should be kept at 15.5°C (60°F); if sown in autumn, pots or trays of seeds may be placed in a cold frame. Plant out seedlings of more robust CAMPANULA BELLFLOWERDivision in early autumn or in spring A Seeds in autumn or spring A Cuttings in late spring or in early summer AACANNA CANNA LILYDivision in spring A Seeds in spring AAAThese half-hardy to frost-tender plants are often lifted to overwinter dry under cover  in cooler climates. Divide the rhizomes (see p.149) and start them into growth at 16°C (61°C) for flowers in the same season. File or hot-water treat the seeds to break their seed-coat dormancy before sowing them. Sow the seeds (see p.151) at 21°C (70°F). Seed-raised plants usually flower in their second year. BERGENIA RHIZOME CUTTINGS1Cut older pieces of leafless rhizome  into 4–5cm (11⁄2–2in) sections, each with several dormant buds. Trim any long roots. Half-bury the sections, buds uppermost,  about 5cm (2in) apart in trays in moist  perlite or compost. Label. 2Keep the cuttings at a humid 21°C (70°F)  in a heated propagator. After 10–12 weeks, plantlets (here of B. cordifolia) should have rooted. Pot singly or line out in a nursery bed. DIVIDING BERGENIASDivide plants in early spring, ensuring that  each piece has a good rosette of leaves and about 15cm (6in) of rhizome with roots. Trim  off larger leaves to reduce water loss. Replant deeper than before if the parent rhizomes were on the soil surface. BEGONIADivision in early spring A Seeds when ripe or in spring AA Stem cuttings in autumn or in spring A Leaf cuttings from late spring to early summer AMost perennials in this genus are frost-tender. Rhizomatous begonias, such as Begonia bowerae, B. manicata, and B. rex may be divided. The popular Semperflorens begonias used as bedding are usually grown from seeds, although basal  stem cuttings can be taken. Leaf cuttings  root readily from B. rex, B. masoniana, and many others, possibly all species and forms. For tuberous begonias, see p.262.DIVISION Divide rhizomes (see p.149) into sections with at least one growing tip and pot individually. Older, leafless portions of rhizome may be cut into 5cm (2in) pieces and lined out in trays of standard cuttings compost. Keep moist at 21°C (70°F). When shoots and roots have formed, usually after six weeks, they can be potted singly and the temperature reduced to 15°C (59°F). Plants should reach a good size in six months.SEEDS In cool climates, sow the fine seeds (see p.151) at 21°C (70°F) in spring; in warm regions, sow also when seeds ripen. Do  not cover the seeds – light is required for germination. The seedlings appear after 2–3 weeks and are transplanted as soon as they are large enough to handle. B. semperflorens should flower in 3–6 months; other species may take a year.CUTTINGS Stem-tip cuttings (see p.154) can be taken from all stem-forming begonias. They should root within a month at 21°C (70°F). Cuttings from the winter-flowering Lorraine begonias are best taken in spring.Leaf cuttings (see p.157) are prepared with a portion of stalk, 2.5cm (1in) long, inserted into the compost so that the leaf rests on the surface. At 21°C (70°F), plantlets form in about six weeks. To produce more plants from the leaf, cut through the main veins or cut the leaves into small squares (see below).TAKING LEAF CUTTINGS FROM BEGONIAS1Select a fully-grown, healthy leaf (here of Begonia rex). Using a sharp knife, cut off  the leaf stalk and then straight across each  of the main veins on the underside of the leaf. 2Pin the leaf, cut side down, onto the surface of a tray of standard cuttings compost or vermiculite; label. Keep humid at 21°C (70°F) until plantlets develop, usually in two months.3When the plantlets are large enough to handle, lift the leaf and carefully separate the plantlets. Take care to preserve some compost around the roots of each one. Pot individually into 8cm (3in) pots of soilless potting compost to grow on. Water and label.CUTTINGS When dividing bergenias, cut the  remaining, older parts of the rhizomes, which are devoid of leaves, into sections. Place in trays of compost or perlite with their upper surfaces exposed (see above). After watering, place them in a heated propagator or cover with a sheet of plastic or glass to prevent dehydration. Keep shaded at 21° (70°F) to root. The new plants can be planted out in spring. Expect flowering within 12–24 months.perennials in the summer or autumn of the first year. Overwinter seedlings of smaller alpines (see p.164) in their containers and  pot them in the spring. Sow C. pyramidalis  and C. medium as biennials (see p.221). CUTTINGS Nearly all alpine species may be grown  from basal stem cuttings (see p.166), inserted in gritty compost, preferably in late spring. Roots should form, without bottom heat,  in 2–3 weeks. Take stem-tip cuttings of herbaceous species (see p.154) from new growth after flowering. Take root cuttings  (see p.158) from C. glomerata in winter.CARDAMINE BITTERCRESS Division after flowering or in early autumn A Seeds when ripe or in early spring A Cuttings in early spring AAMany hardy perennials (syn. Dentaria) in  this genus have fragile rhizomes: divide with care; any fragments can be potted. Sow seeds (see p.151) at 10°C (50°F); keep rhizomatous seedlings in their pots for a year. Weighting a leaf of C. pratensis or its cultivars onto soil may induce a plantlet to form; this species also forms bulbils (see p.26) below or at soil level. LEAF SQUARE CUTTINGSCut squares, about 2.5cm (1in) across, from a large, healthy leaf. Each square must have a main vein running through it. Pin them, veins downwards, into a tray of cuttings compost and treat as in steps 2 and 3 (left). ALPINE BELLFLOWER CUTTINGRosette cuttings about 1cm (1⁄2in) long may be taken from many alpine bellflowers (here of Campanula cochleariifolia).Begonia  ‘Organdy’Campanula raineriBELLIS  Divide cultivars after flowering (see p.148) A. Sow seeds (p.151) for spring bedding in midsummer A. BERTOLONIA  Seeds (see p.151) in spring  at 21°C (70°F) A. Stem-tip cuttings (p.154)  in spring A.BIDENS  Sow seeds (see p.151) in spring at 15°C (59°F) A. Take stem-tip cuttings (p.154)  in spring or in early autumn A.BLANDFORDIA  Separate clumps in spring or after flowering (see p.149) AA. Sow fresh seeds (p.151) in spring at 15°C (59°F) A. BOLAX  Detach rooted offsets (see p.166) AA. Sow ripe seeds (p.164); keep cool in  cold frame AA. BOLTONIA  Divide (see p.148) in early spring A. Sow seeds (p.151) in spring at 15°C (59°F) A. BORAGO  Divide B.pygmaea (see p.148) A. (Annuals, see p.291.) BOYKINIA  Divide (see p.167) in late winter or OTHER PERENNIALSSecure cuttings with pins over veins Pins over veins keep them in contact with compostEach cut is 1cm ( 1⁄2in) longPull plantlets apart gentlyearly spring AA. Sow seeds (p.164) in spring; keep cool in cold frame AA. BRACHYSCOME (syn. Brachycome)  Sow seeds (see p.164) in spring at 18°C (64°F); few viable seeds are produced A. Take basal stem cuttings (p.166) in spring A. BRUNNERA  Divide after flowering (see p.149) A. Seeds (p.151) in spring at 10°C (50°F) A. Take root cuttings (p.158) in winter A. BULBINE  As for Iris (see p 202) A. BULBINELLA  Divide (see p.148) in autumn A. Sow ripe seeds (p.151); keep cool in cold frame A.BUPHTHALMUM  Divide in spring (see p.148) A. Sow seeds in spring (p.151) at 10°C (50°F) A. BUPLEURUM  As for Buphthalmum.CALAMINTHA  Divide in spring (see p.148) or lift rooted stems A. Seeds (p.151) in spring at 10°C (50°F) A. Take semi-ripe cuttings (p.154) in  early autumn A. CALANDRINIA  Sow seeds in spring at  15°C (59°F), as for Lewisia (see p.202) AA. Sow seeds of alpines in autumn (p.164); overwinter in sheltered place to break dormancy for best results A. Root rosette cuttings of alpines (p.166) in sand in summer; suitable shoots may be few AA. CALATHEA  Divide (see p.149) in late spring A. Sow seeds (p.151) in spring at 21°C (70°F) A. CALIBRACHOA As for Petunia (see p.206) A.CALLISIA (syn. Phyodina)  Divide (see p.148) in spring A. Seeds in spring (p.151) at 17°C (63°F) A.CAREX  Divide in spring (see p.148); pot or grow on single rooted shoots in nursery bed (p.149) A. Sow short-lived seeds (p.151) in autumn if possible, or in spring at 15°C (59°F) AA. CARLINA  Sow seeds (see p.151) in spring  at 15°C (59°F) A. CATANANCHE  Divide in mid-spring (see p.148) A. Sow seeds (p.151) in spring at 15°C (59°F) AA. Take root cuttings (p.158) in winter AA.
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Introduction
An understanding of the ways in which plants grow and reproduce,  and of the relevance and application of practical techniques, will allow  the gardener to propagate plants with ease and confidenceThe art of propagation is as old as civilization: from the beginning, farmers and gardeners have observed, learned, and adapted from nature to perfect ways of increasing plants in cultivation. The parallels between plant reproduction in the wild and long-established methods  of propagation are here described, as well as the advances made with the help of modern technology that may influence the way we garden in future. The practice of propagation is always easier if based  on a thorough understanding of how plants function.  The mechanisms of both sexual reproduction, from seeds, and asexual or vegetative reproduction, such as layering, are explained and illustrated in detail to show how the techniques of propagation are applied, in what ways they improve on natural methods, and why they are successful. The practicalities of propagation are also dealt with: suitable tools for the various tasks are illustrated, together with the range of containers that are used in propagation. The importance of the growing medium is recognized, with a survey of the types of soils, composts, and other media that may be used, and their relative merits. Advice is also given on how to make up suitable composts at home. Climate has a great influence on propagation, on how it  is done, what plants may be increased, and the likelihood  of success. For instance, in cooler climates, much propagation is carried out under cover, perhaps with artificial heat, whereas in warm or tropical regions, plants are easily raised in the open garden. The main types of climates, and the consequent differences in propagation  are summarized, with a full-colour map.Success in propagation usually depends on providing  a supportive environment for the plant material and, later, for the new plants. Their special needs – and ways of supplying them, whether in the home, the open garden,  or in a greenhouse – are discussed and amply illustrated. Finally, problems that are likely to affect plants at this  stage are listed, together with ways  to combat them.PERENNIAL FERNThe magnificent royal fern, Osmunda regalis, may be raised from spores or propagated vegetatively. Spores must be sown quickly because they become non-viable after three days. Mature plants form clumps that may be divided.ANNUAL  SEEDHEADLike all annuals,  Love-in-a-mist  (Nigella damascena)  is raised from seeds.  These are contained in  attractive, inflated seed  capsules. When the seeds ripen, each capsule splits open to scatter the seeds at the foot of the plant.
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10 IntroductionLearning from naturePlants have evolved a fascinating array  of reproductive strategies in order to survive and increase, and to colonize new ground. They have adapted to a wide range of adverse habitats, such as deserts (see below); high altitudes where winds  damage foliage and discourage  pollinating insects; and even water,  where problems are completely different. Since the dawn of civilization, the  farmer and gardener have used their observations of plant reproduction in  the wild to develop propagation methods  in cultivation. All plant reproduction is  by seeds (sexual reproduction) or by vegetative (asexual) methods. REPRODUCTION FROM SEEDSSexual reproduction remains the most important method of increase for many plants (see pp.16–21). Genetic material  from a male and female parent of one  species (preferably on different plants)  unites in the seed or spore. The seed  embryo forms a new plant that often  looks the same as the parents, but has  a different genetic make-up to either. This capacity for evolution enables  plants to adapt over a period of time to environmental changes or to colonize  areas originally hostile to the species. Another advantage of producing seeds  is that the plant embryos are able to lie dormant in hostile conditions, such as drought or a severe winter, delaying the  next stage of reproduction until more favourable conditions occur. Sexual reproduction can give rise to botanical subspecies or varieties, whose characteristics deviate to some degree from the parent species. This is most marked in mountainous areas where some plants become isolated on a valley floor or alpine peak from the more widespread species.  The potential for variation is more dramatic where plants are isolated by water, creating colonies on separate islands. Geographical isolation can also result in endemism: a species limited to one locality (see right).In contrast, where two species from the same genus grow in the same area, they  may cross-breed to produce natural hybrids. Arbutus x andrachnoides grows wild in Greece and is a hybrid of two species, Arbutus andrachne and A. unedo. In the wild, plants disperse hundreds  or even millions of seeds in order that a  few seedlings might survive to maturity.  In cultivation, a high yield of good- quality seedlings may be obtained more quickly by providing them with as ideal  an environment as possible (see The Propagation Environment, pp.38–45). Humankind has also benefited from the genetic diversity of seeds, selecting forms that may have died out in the wild and developing from them plants with immense value in cultivation (see The Evolution of Bread Wheat, facing page). Seeds offer the potential to introduce an exciting range of plants, with new forms of flower and  leaf, hardiness, habit, adaptability for specific conditions, and resistance to  pests and diseases.However, seedlings may not be as suited to local conditions in the wild, or as garden-worthy in cultivation, as the parents. This risk can be reduced by the gardener, to  some extent, by using seeds from known sources, where good-quality parents are selected and grown away from possible pollen contamination from inferior plants. Some seeds have a deep-seated or complex ENDEMIC PLANTThe desert rose (Adenium obesum subsp. socotranum) is found only on the small island of Socotra, off the north-east African coast. The isle has been isolated from the continent for 1.6 million years and has at least 310 endemic species. ▲ SAFETY IN NUMBERS Echium wildpretii colonizes the stony, dry hills of the Canary Islands by producing huge quantities of seeds.▶ DESERT DENIZEN Welwitschia mirabilis survives in the harsh deserts of south-western Africa by collecting dew on its two leaves. The leaves are 2m (6 ft) or more and channel dew  into the ground above the plant’s huge tap root. Each plant is either male or female, so can only reproduce if a plant of the opposite sex is nearby. 
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Learning from nature 11dormancy (see p.19), as in Davidia involucrata, where seeds do not always germinate in any quantity in one season  or may take several years to reproduce.  Other species may fail to produce seeds  at all or yield seeds with low viability,  such as Acer griseum. VEGETATIVE REPRODUCTIONNature has overcome the limitations  of seeds by adopting asexual reproduction also, producing offspring (clones) that  are genetically identical to the parent.  Plants have many ways of increasing vegetatively from modified roots or stems. The simplest is by forming a closely knit mass, or crown, of shoots and buds, each being a separate plant. Some plants can regenerate shoots  or roots from growth tissue to produce  new plants (runners or layers). Others form specialized organs, including stem tubers (potato), corms (crocus), and pseudobulbs (cymbidium orchids), that store food (see pp.25–27). This enables a plant to survive unfavourable conditions and save energy  for reproduction when favourable  conditions occur.Vegetative reproduction allows some plants to colonize an area more rapidly  than by seeds, as any gardener who  has encountered couch or witch grass (Agropyron repens) knows. It is also useful to plants at the fringes of their  natural habitat, where flowering and  seed production are difficult. Blackberries  (Rubus fruticosus) rarely flower in dappled woodland, but spread rapidly by tip  layering (see p.24). Gardeners have adapted natural vegetative, or clonal, reproduction to  obtain plants that are always “true”  to the parent (see pp.22–27). Methods  such as division of herbaceous plants are even more reliable than seeds. Artificial ways of increase, such as by cuttings or  air layering, have also been developed by exploiting plants’ regenerative abilities. FROM GRASS TO WHEATWild grasses like einkorn and  emmer were difficult to harvest.  A cultivated emmer, from ancient Greece and Rome, crossed with  wild goat grass to form spelt, with bigger grains. Spelt is a parent of modern wheat, which is easier to harvest because of its short stalks and upright ears.THE EVOLUTION OF BREAD WHEATThere is an element of mystery to the history of bread wheat. The species contains three genomes, leading to the speculation that an Aegilops, goat grass, crossed with einkorn,  a wild wheat (Triticum monococcum), to  form fertile plants with larger ears called emmer (T. dicoccum), the species cultivated  by the ancient Greeks and Romans. It is thought emmer later crossed with another Aegilops to produce a fertile hybrid with even larger ears, called bread wheat (T. aestivum). However, breeding experiments have failed to duplicate this result. The wild grasses, including emmer, had long, thin stalks which snapped easily and ears which broke up into grains attached to husks and were carried on the wind. This helped natural distribution of seeds, but made harvesting difficult. Bread wheat had shorter, sturdier stalks and ears that did not disintegrate. The ears must be broken by thrashing, and the husks removed as chaff while the plump grains fall to the ground. Therefore bread wheat needs help for its distribution and man and plant have come together for mutual benefit.FROM THE WILD  TO THE GARDENSpecies can be increased selectively in cultivation  to produce plants that bear little resemblance  to wild species. Meadow tulips, such as Tulipa australis (see far left),  have been hybridized  over many years to produce thousands of showy, large-bloomed cultivars, such as Tulipa ‘Estella Rijnveld’ (left).NATURAL GRAFTIn the wild, grafts can occur between woody plants of related, thin-barked species if they grow in close proximity. Two branches on one plant may grow together, as on this parrotia. Grafting has been copied in cultivation as a  way of propagation, although it occurs in nature accidentally, not as a true mode of reproduction.Clonal propagation carries dangers,  however. Genetically identical plants  carry the same susceptibility to disease.  For example, the Romans introduced the English elm to the UK using just a few clones from Italy, and reproduced new plants by suckers. Consequently, large numbers  of genetically uniform trees succumbed to Dutch elm disease in the 1970s. If the elms had reproduced sexually from seed, they may have retained sufficient genetic diversity to produce disease-resistant individuals.LEARNING FROM NATUREMost plants have the capacity to increase sexually and asexually, which avoids disasters similar to that suffered by the English elm. This benefits gardeners, who can choose a propagation method to suit their needs and the capacity of each  plant to reproduce in the local conditions. The plant family can be a useful guide: plants in the same family often reproduce  similarly. For example, most plants  in the Gesneriaceae, such as African  violets (Saintpaulia), Columnea, Ramonda, and Streptocarpus readily regenerate from leaf tissue. The Labiatae, including coleus (Solenostemon), sage (Salvia), Lamium, and rosemary, root easily from stem cuttings –  in the wild, stems close to moist soil  produce roots. Another factor is the plant’s natural limit of distribution; often reproductive ability declines outside this area (see pp.36–37).  This may be countered by providing controlled conditions (see The Propagation Environment, pp.38–45).Spelt wheatWild emmerWild  einkornBread wheat
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12 IntroductionPropagation in the pastThe cultivation and propagation of plants began when human tribes abandoned their nomadic, hunter-gatherer way of life to live in settled communities. This change occurred just after the last ice age, and marked the beginning of modern civilization. It is often referred to as the “agricultural revolution”, but appears to have been mainly the result  of a remarkable genetic accident that led to the development of bread wheat (see p.11). This biological miracle took place in about 8,000 bce in the Middle East, and was the trigger for the advent of farming.Ancient civilizations throughout the world grew a wide range of food crops, including cereals, from seeds, after noting how plants naturally dispersed seeds that later produced seedlings. In ancient Greek and Roman times, writers such as the poet Virgil recorded current methods of propagation in some detail. Olives, date palms, and cypresses  were grown from seeds, as well as other food plants such as cabbages, turnips, lettuces, and herbs. To speed up germination, the Greeks soaked seeds in milk or honey. Seeds were also protected with thin sheets  of mica or a form of bell glass.There are also frequent references to propagating plants in the Bible, whether  by cuttings, grafting, or seed. Examples include Psalm 128:3, which refers to “slips  of olives” – likely the rooted shoots that appear at the base of the tree and that can be detached and replanted, and Apostle Paul’s explicit reference to grafting in Romans 11:17–24. ORIGINS OF VEGETATIVE PROPAGATIONPropagation from cuttings began when rooted shoots or suckers were detached and replanted. This led to propagation from unrooted cuttings. Romans dipped the bases of cuttings in ox manure to stimulate rooting. In the Middle East, settlers discovered how to propagate superior forms of grapes, olives, and figs to preserve their desirable characteristics by thrusting woody stems into the soil. By 2,000 bce, grafting was fairly common in Greece, the Middle East, Egypt, and China. The earliest form of grafting was probably approach grafting, because it has a high success rate. The branch of one tree, while still attached to the parent tree, was securely fixed to the branch of another tree, after the bark of each branch had been wounded. This mimics natural grafting  (see p.11) and illustrates how closely people were observing nature. Grafting was used  to propagate plants that were difficult to  root from cuttings, and to encourage  early fruiting. The Romans were among the first to practise detached scion grafting (see also p.27), where  a piece of the chosen plant is removed and inserted into a cut in a rootstock, selected to provide vigour for the grafted plant. They used a variety of methods and may have even grafted a single rootstock with a number of different fruit cultivars, such as apples, to produce what is now known as a “family tree” (see p.57). The Romans and ancient Chinese also employed the technique of budding (see p.27).Other natural vegetative reproduction methods were exploited by propagating  from food-storage organs such as bulbs, tubers, and rhizomes (see pp.25–27).  Plants increased in this way included  onion and garlic (Mediterran ean), sugar  cane (tropical Africa), banana (India and Indonesia), potato and pineapple (South America), and bamboo (Asia). Simple layering was adapted  from natural layering of wild plants (see p.24). Records show that the Romans were layering vines in the 1st century. Air layering (see p.25) probably began to be used 4,000 years ago in China; it is often still referred  to as Chinese layering.Towards the dawn of the first century ce, plant propagation practices were already well-established. Throughout the centuries that followed, these early propagation techniques were continually developed  and improved.CHINESE CHRYSANTHEMUMThe ancient Chinese were expert gardeners, particularly in the art of hybridization. Hybrids of treasured plants such as the chrysanthemum were created for the delight of Emperors.ANCIENT EGYPTIAN FARMINGThis wall painting of Semedjem  and his wife in the Valley of the Nobles, Thebes, shows that  sowing cereal seeds in drills  was practised in ancient Egypt.  The mixed orchard of palms and olive trees (below) was probably grown from seeds or cuttings.
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Propagation in the past 13VICTORIAN INFLUENCESAn explosion of plant-hunting took place  in the western world in the 18th and 19th centuries. A wealth of new and exciting plants were discovered and traded between Europe and Japan, China, the East Indies, Austra lasia, Africa, North America, Mexico, and South America. New introductions arrived as seeds, bulbs, or even plants. Enthusiasm for these new plants and  the desire to grow and propagate them, coupled with the financial wealth of the plant collectors, was the inspiration for  the golden age of the glasshouse (see right). Victorians were very inventive in both the construction and design. Their methods of controlling temperature and levels of light and humidity in the growing environment of the glasshouse were impressively complex. The glasshouse enabled the creative  use of propagation methods and the refinement of techniques. The role of “propagator” became important for any garden of note. Initially, trial and error must have been used when attempting to increase stocks of each unfamiliar plant. Propagators were proud of their new knowledge and often guarded it jealously, to secure their reputations and future employment. This was probably the origin of the mystique which often surrounds plant propagation even today. The propagation equipment that was available to Victorian gardeners was fairly primitive compared to modern advances, yet their ideas still form the basis of what is done today. They used cold frames and hot beds (see above) to control temperature and humidity. Cold frames, sited to capture as much warmth as possible from the sun, especially in winter, were used for seeds, root cuttings, and easy stem cuttings. Bell jars were used in great numbers.  The bell-shaped, glass jars, about 45cm (18in) tall, were placed over cuttings in prepared soil or in pots. Although difficult to control precisely, it was possible to maintain high humidity inside the bell jars. Warmth was provided by solar radiation. Bell jars were effective for raising small quantities of plants from seeds, stem or root cuttings and even grafted plants. Today, bell jars have largely been replaced by more versatile cloches (see p.39).Towards the end of the 19th century, gardeners used to split the base of each cutting and place a wheat seed inside the cut stem before inserting the cutting in compost. As the wheat seed absorbed water and began to germinate, it released  HOT BEDVictorian gardeners often used hot beds like this restored one in Cornwall, England, for propagation and for raising tender vegetables or fruits (here pineapples) in winter.GLORIOUS GLASSHOUSESWith the advent of the heated glasshouse in 18th-century Europe, temperature, light, and humidity could be controlled. This extended the range of plants that could be propagated, as in this tropical greenhouse, c. 1870.growth-promoting substances. These helped the cutting to root more easily  and with more vigour. The practice  became obsolete after 1940, following  the introduction of synthetic rooting hormones, or auxins (see p.30). Gardeners also understood the need  for seed treatments such as scarification;  in the days of fob watches, pea seeds  were carried in the waistcoat pocket so  they became scratched by the watch.THE POWER OF MANUREProviding bottom heat for propagation  is easy today, with the aid of electricity,  but solid-fuelled boilers and hot-water  pipes were cumbersome and expensive  in earlier times. One way of giving plants bottom heat, for propagation and forcing early crops, was the “hot bed”, which came to prominence in the Victorian era. This ingenious but simple system relied on heat generated by microbial action on a mixture of equal parts fresh manure and deciduous leaves.The hot bed consisted of a glazed frame placed in a pit, approximately 90cm (3ft) deep and 45cm (18in) longer and wider than the dimensions of the frame, filled with the manure mix. To activate the manure before filling the pit,  the manure and leaves  were thoroughly mixed, moisten ed, and left for about two weeks. The heap was turned three or four times during this period to ensure even heating. It was then placed in the pit, firmed, and watered. The frame was placed on top and soil added to a depth of 20cm (8in), to spread the heat. Pots and trays of cuttings or seeds were placed on the soil.Hot beds are becoming popular again  as gardeners realize the value of heat from decomposition. For anyone with access to manure, and the space for a large pit, they  are practical, organic, and cheap (see p.41). A hot bed made in spring releases heat for up to eight weeks. Manure with high straw content releases less heat, but over a  longer period.
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14 IntroductionModern propagationSince the 1950s, modern technology and  an increase in the exchange of information among professionals has led to the development of new propagation techniques for the first time in centuries. These new methods, together with modern equipment, make propagation much easier today. Continuing research regularly opens up more possibilities in propagation; these are first tested by professionals and, if they prove worth-while, eventually benefit the gardener. MIST PROPAGATIONThe intermittent mist propagation system (see below) was designed in the 1950s  for rooting stem cuttings, particularly of softwood and semi-ripe material. The unit provides bottom heat to stimulate rooting and constant, regulated humidity to keep the cuttings moist and cool. This advance allowed up to six batches of cuttings to be taken per bench per year, and many plants that had previously been grafted could be rooted, at a fraction of the cost. Today, instead of a soil thermostat,  digital sensors spaced evenly through the bed and linked to a central system are often used. Mist is provided when the mist control sensor placed at the level of the cuttings indicates a fall in the moisture-film level on the cuttings.Mist propagation is widely used in commercial propagation and is useful for gardeners. If you cannot afford a dedicated unit (see p.44), create your own version with soil-warming cables and a misting system in a closed case.PLASTIC FILM Another development of the 1950s was plastic film. Cuttings are provided with bottom heat and the plastic film (a sheet  of clear plastic) is draped over them, in  order to create a sealed environment which maintains high humidity around the tops of the cuttings. This system is easily adopted by gardeners, although rotting can be a problem in cool temperatures. Plastic film can also be used with cold frames to warm soil before cuttings or seeds are inserted, and then to cover new plants in the frame.FOG PROPAGATIONThe main development in the mid-1980s  was fog propagation, which provides a much smaller water droplet than mist propagation, so that the air remains moist for a much longer period. It also avoids wetting the foliage, as in mist propagation, so is ideal  for cuttings or seedlings that are prone to  rot. In recent years, fog systems have been simplified and made more reliable (see p.44). SEED TREATMENTSSeed priming exploits the natural ability  of some seeds to halt development if soil conditions are unfavourable. It improves speed and uniformity of germination.  Seeds are started into pregermination  with a controlled amount of water and  then redried just before the radicle (embryonic root) emerges. Timing of  the treatment is critical. True germination does not occur until the seeds are sown. In commerce, seeds are germinated,  or chitted, until the radicle emerges,  then packed, sometimes in gel (see above),  and despatched for immediate sowing. Gardeners can also chit seeds; it is very useful for hard-coated seeds, especially  of vegetables (see p.282).Pelleted seeds are coated with an inert material, such as a polymer, that splits or softens on contact with water. The coating may contain fungicides, nutrients, and a fluorescent dye. The pellet makes sowing easier, particularly with small seeds, thus reducing losses. MICROPROPAGATIONThis technique, developed in the 1960s,  is used to propagate huge numbers of  plants from a small amount of material. It enables plants that are difficult to propagate by traditional means, new cultivars, and virus-free stocks of crop  plants such as raspberries, to be made available to gardeners. Old and rare  plants can be increased from existing  stocks, to conserve plants in the wild. Micropropagation usually involves growing pieces of plant tissue in vitro (in glass) in sterile laboratory conditions (see  top of facing page). This is possible because of the ability of most plants to regenerate from a single cell. Tissue from the shoot tip (meristem) is most often used, but root tips, calluses (which form on wounds), anthers, flower buds, leaves, seeds, or fruits may also provide suitable tissue. Temperature and MIST  PROPAGATION UNIT This thermostatically controlled unit is self-contained and can be covered and insulated  at the base and sides.  It supplies bottom heat through an electrically heated bed of sand or compost. Bursts of fine water droplets maintain a constant film of water to prevent the cuttings from drying out.PREGERMINATING SEEDS These lucerne seeds (a cattle fodder crop)  are embedded in beads of gel, so that they are already germinated and growing before sowing. Keeping seeds moist and supplied with nutrients will pregerminate them.Electric socketSand is warmed by cablesControl box Misting head sprays fine mist over plantsDrainage holeStop tapStand pipeSolenoid valve connects sensor to misting headSoil sensorSoil-warming cable  warms sand bed, providing bottom heat  to encourage rootingSoil thermostat regulates temperature of sand bed or compost through soil sensorWater pipeMist control sensor detects fall in humidity
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Modern propagation 15levels of light, nutrients, and hormones are regulated in specially adapted growing rooms. The resulting plants are grown  on in greenhouse conditions. Viruses  and systemic disease rarely penetrate growing tips, so micropropagated plants  are normally disease-free and may be  safely introduced to other countries. There are some disadvantages to micropropagation: it is costly; bacteria  and viruses may not always be totally eradicated; plants may show genetic mutations; and plants may fail to adapt  well to a normal growing environment.THE FUTURE OF PROPAGATIONNew scientific discoveries continue to  affect plant propagation. The benefits  of these techniques are not always yet available to gardeners, but may be in  the future. Recent innovations include genetic engineering – a contro versial  area – artificial seeds and micro grafting. In genetic engineering, foreign genes  with known, desirable characteristics are transferred into another plant cell (see right). It is possible to introduce a gene that is totally unrelated to the recipient plant – unlike natural hybridizing and traditional selective breeding, both of which also  result in offspring which are genetically different to the parent plants. The technology, involving molecular  biology, is very complex and not without problems. An average plant has 20,000 different genes, of which there may be  five million copies in a single cell, so determining which gene is responsible  for what characteristic can be difficult.  The minute scale of the gene transfer operation demands special techniques.  The finished cell is micropropagated to produce a stock plant for propagation. Genetic engineering has immense potential to enhance the usefulness of existing plants and to create new ones. Current work is aimed at improving resistance of crops to disease, frost, and pests. Successes include potatoes that do not suffer cold damage and oil seed rape  that yields more oil. There are concerns, however, about the consequences of introducing plants that could never  occur in nature into the environment. Naturally fertilized seeds contain genes from two parents; no two seeds are identical. It is now possible to create artificial seeds (somatic embryos) from vegetative tissue. This involves isolating embryos – grown  in solution from single cells – and giving them a synthetic coating. Vast numbers  of genetically uniform “seeds” can be produced, which give rise to genetically identical plants. GENETIC ENGINEERING  Plant cells (here of tobacco plant) are chemically treated to remove their tough outer cell walls. Genes from other plant cells are then introduced into the cells and the outer walls are regrown.CULTURED PLANT TISSUE  Plant cells (here of tobacco plant) are grown on a nutrient gel until the cell mass produces embryo plants.CUTTING UP CULTURED TISSUE  The mass of plant tissue is cut into pieces, each with one embryo, and transferred to a rooting medium.ROOTING PLANTLETS  Hormones  in the nutrient gel encourage the plantlets (here sundews) to produce roots and shoots like seedlings.YOUNG PLANTS  Plantlets (here orchids) are grown on in sealed, sterile flasks until they are large enough to transplant into compost.MICROPROPAGATING FROM PLANT CELLSOTHER FORMS OF MICROPROPAGATIONThe sterile conditions of micropropagation can be  used to gain better yields and preserve disease-free stocks  by adapting methods already used to increase plants. Plantlets are grown from tiny leaf cuttings; microtubers can  be easily transported; orchid seeds have a much improved survival rate if protected from airborne bacteria.African violet leaf cuttingPotato microtubersOrchid seedlingsIn micrografting, minute pieces of plant tissue are used to produce disease- and virus-free plants, especially fruit trees.  First, seedling rootstocks are raised in sterile conditions. When a seedling reaches the first true leaf stage, it is micrografted with the tiny, virus-free tip (meristem) of the desired plant. After about six months, micrografts are ready for normal planting. Virus-free, micro propagated (clonal) rootstocks may  also be used, to avoid the variability that  can occur with seedling rootstocks.
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16 IntroductionMale flowerOuter tepal (monocot sepal)StigmaStamensStyleFemale flowerMonoecious (Begonia)Bisexual (Schlumbergera)Dioecious  (Skimmia)POLLINATING AGENTSBATS  Several bats feed on nectar, especially in warm climates. Some cactus flowers bloom only at night and emit a powerful, foul-smelling scent especially to attract the bats. The pollen is then transported to other flowers on the bat’s fur. INSECTS  Many flowers, such as this loofah (Luffa acutangula), are large and brightly coloured to attract insects such as beetles.  Ripe pollen is sticky; it adheres to the beetle’s carapace until it is carried to another flower.Inner tepal (monocot petal)Female flower with no stamensStamens on male flower SEXUALITY OF FLOWERSSome plants have bisexual flowers with stigmas and stamens. Other plants are monoecious, with separate male and  female flowers, or dioecious, with flowers  of only one sex borne on each plant.FilamentAntherPedicel (flower stalk)OvaryStamenStigmaFLOWER STRUCTUREThe female ovary in a monocot flower (here a gloriosa) gives rise to the seeds in a fruit. The style connects the ovary with the stigma, which receives pollen. Stamens form the male part  of a flower; each is composed of a filament supporting an anther, which produces pollen. Sexual increase of plantsPOLLINATIONBefore it can produce seeds, the flower must first be pollinated. Pollination is the transfer of (male) pollen from the anther to the (female) stigma. If a plant pollinates itself, instead  of receiving pollen from another individual of the same species, genetic variation in the seed is reduced. The majority of plants, especially wild species, have systems to prevent self-pollination. With some flowers, their anthers and stigmas ripen at different times, so that  even if pollen drops onto the stigma of  the same flower, it simply dies. Some (monoecious) species such as hazel (Corylus), and sweetcorn (Zea mays) have single-sex flowers, of both sexes, on the same plant. Sometimes they are on separate parts of  the plant, as with sweetcorn, where the  male flowers are grouped at the top of  the plant to catch the wind. This favours cross-pollination, although self-pollination  is still possible. Other (dioecious) species separate male and female flowers by locating them on different individual plants. Examples  include hollies (Ilex), poplars (Populus), willows (Salix), the shrub Garrya elliptica,  and date palm (Phoenix dactylifera). Many dioecious plants are wind-pollinated. A danger of this method, in nature, is that an isolated plant may be unable to set seeds. The disadvantage of dioecious plants for gardeners is that it may be at least five years before plants raised from seeds flower and may be sexed. Female, berrying hollies The female reproductive part of the flower, which produces the seeds within some  sort of fruit, is the ovary. The style, a slender  stalk, connects the ovary with the stigma, which receives pollen. Ovary, style, and stigma form the carpel. There may be one or several carpels, always at the centre or apex of the flower. Surrounding the carpels, in a bisexual flower (see above), are the stamens, the male part of the flower. Each stamen has a slender filament which supports the anther, where pollen is produced. Other flowers are single-sexed and have only stamens or carpels. The seed is the basic biological unit for  the reproduction of conifers (gymnosperms)  and flowering plants (angiosperms). Each seed combines male and female genes  in a plant embryo and gives rise to  offspring that varies genetically from  the parent plants. By this means, a  species can preserve and perpetuate  its identity, yet constantly exchange  genetic material within the species  so that it can evolve and so adapt to  changes in the environment. Seeds also enable a plant to colonize  a large area and can lie dormant until conditions are favourable, which greatly increases their chances of survival. Understanding how seeds are formed  and dispersed and how they germinate  is essential to successful propagation. THE STRUCTURE OF THE FLOWERIn angiosperms, the process of seed production begins with the flower: a structure that contains either male or  female sex organs or both. Most flowers  are composed of inner petals and outer sepals, collectively called tepals or  perianth segments, and show great  diversity in shape and colour. The Talipot palm (Corypha umbraculifera) produces a massive cluster of thousands  of flowers (inflorescence) at the apex of  the palm. The plant is monocarpic: after flowering once, the palm dies. In contrast, the largest single flower in the world is produced by Rafflesia, a tropical parasite  that has no leaves and blooms directly  from the roots of the host plant. These flowers can measure 80cm (32in) across. Between these extremes are the flowers  of more familiar garden plants such as fuchsias and pelargoniums. 
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Sexual increase of plants 17Unripe fruitSeed coat (testa)DICOTYLEDONOUS SEED  This germinating seed has two seed leaves, protected by  a seed coat. The seed leaves comprise  the embryo, together with the tiny root  and shoot at their base. Sometimes  (as in this broad bean) the seed leaves  contain the food store (endosperm). Broad bean (Vicia faba)Seed leaf (cotyledon)Embryonic root (radicle)Embryonic shoot (plumule)Seed leaf (cotyledon)Dicot leafMonocot leafMONOCOTYLEDONS AND DICOTYLEDONSFlowering plants (angiosperms) are divided into two groups. Monocotyledons have one seed leaf (cotyledon), usually parallel veins on the leaves, indistinguishable petals and sepals in multiples of three, and non-woody stems. Dicotyledons have two seed leaves,  net-like veins on the leaves, often small green sepals, petals usually in multiples of four or five, and thicker stems that may have woody tissue, formed by the cambium.In some plants, the seed’s endosperm completely surrounds the embryo and forms the storage tissue of the mature plant, as with onions (Allium). It may also act as a temporary food reserve within the seed leaves to nourish the embryo in the early stages just after germination, as with broad beans (see above) and sweet peas (Lathyrus). In angiosperms, the endosperm develops before the embryo, but in most gymnosperms, the embryo forms first.A hard outer layer – the seed coat or  testa – protects the embryo and its food store from attack by fungi, bacteria, insects, and animals, and from any environmental stress such as drought, flooding, and low  and high temperatures. The maturing seed usually dries while on the plant, to prepare  it for a period of harsh conditions. Achieving the correct degree of dryness, or maximum dry weight, for the plant at full maturity, is thought to influence the seeds’ capacity  to germinate in most cases. The amount and size of seeds varies immensely: some are as fine as dust, others as large as footballs. Generally the smaller the seeds, the more are produced. Seeds are usually enclosed. The protective casing and fertilized seeds form the fruit (see left). GYMNOSPERMSUnlike angiosperms, the “naked” seeds  of gymnosperms such as conifers, are  only partly enclosed by tissues of the  parent plant. Conifer cones (see also  p.71) are wind-pollinated and seeds  form on the scales of female cones.  Other gymnosperms include cycads  (see also p.68) and Ginkgo (see p.80). StamensOvary is hard and greenSeedsFleshy pericarpSwelling ovaryRipe seedsFading bloomRipe rosehipPollinated flowerThis causes the pollen grains to stick, and  also provides energy for the pollen grain  to germinate. If the pollen is compatible,  it will then grow and form a pollen tube.  The tube burrows down the style so that male sex cells can enter the ovary and fertilize the female egg cell (ovule). Both the male and female sex cells contain chromosomes (which hold genetic material) from each parent plant, but in only half the quantity of that in an adult plant. When a male sex cell fuses with the single egg nucleus, and the full set of chromosomes is effected, seeds begin to form. THE STRUCTURE OF SEEDS Fully developed seeds usually consist of an embryo – a  tiny plant with a shoot (plumule) and a root (radicle), together with seed leaves (cotyledons) – that is surrounded by  a store of food (endosperm).HOW SEEDS DEVELOPOnce the flower has been fertilized, the petals begin to fade and then fall and  the ovary begins to swell. The stigma  and stamens wither and die. The fertilized  egg cells (ovules) within the ovary develop seed coats (testa) to protect their embryos, while the ovary wall forms a protective layer (pericarp) around the seeds. Together the seeds and pericarp form  the fruit. It may be succulent, when the  middle layer of the pericarp becomes thick  and fleshy as with the rosehip, or dry and  hard or papery. As the seeds mature, the ripening fruit changes colour. Fleshy fruits often ripen from green to a bright colour. cannot be selected for 7–20 years, for instance. In contrast, the male form of  Garrya elliptica is more garden-worthy  than the female because its grey catkins  are much longer.POLLINATING AGENTSTo ensure cross-pollination, plants  have evolved a wide range of ingenious techniques. They often exploit insects  or animals to transfer pollen from one  flower to another (see facing page). The creatures are attracted by scent or by coloured or large petals and rewarded  with nectar, protein-rich pollen, or fleshy petals. Orchids have some of the most bizarre mechanisms, including flowers shaped or smelling like female insects to  lure male insects into attempting to mate with the flowers. Bats, beetles, bees, butterflies, flies, small mammals, and  moths are all agents of pollination. Some plants have two or three kinds of flowers, which look similar. The prominence of stigmas and stamens differs, however,  as with primroses (Primula vulgaris), so that an insect can only pick up pollen from the stamens of one flower or deposit pollen on the stigma of another flower. Other plants use wind or water to  transfer pollen, so the flowers are often  less conspicuous because they need to  offer no “bribe”, but these methods are  more wasteful and erratic. FERTILIZATION OF A FLOWER For fertilization to occur, pollen must be compatible and alive. The stigma must  also be receptive; usually it exudes a  sugary solution and becomes sticky.  
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18 IntroductionCompound fruit(Raspberry)Nut(Sweet chestnut)Ripe seeds with “tails”Long flower stalkSeedheadSPORE-BEARING PLANTSPlants such as mosses, liverworts, ferns,  club mosses, and horsetails reproduce by spores. A spore may look like a seed, but  is asexual and develops male and female  sex organs independently from the plant  that bore it. The consequent sexual stage  of reproduction can occur only in the presence of water (see also Ferns, p.159).METHODS OF SEED DISPERSAL Once seeds have matured, they must be dispersed; if they all germinated close to  the parent plant, they would compete for water, light, and nutrients. Plants have developed various strategies to ensure  that their seeds are dispersed far and  wide – one of the advantages of seeds  over vegetative propagation. The fruits or pods that contain the  seeds have adapted to different dispersal methods. Some fruits are very simple and look like a big seed, such as the oak acorn (Quercus), which has a thick shell to protect the true, thin-coated seed inside. Acorns  are resistant to physical damage and can survive rolling around the ground and  being buried by animals. Some seed coats develop into papery capsules or pods, as are produced by asclepias and delphiniums; the pod dries unevenly as it ripens, causing tension in  the pod walls that eventually splits it open  to release large numbers of seeds. The  seeds either drop to the ground or are  carried off on the wind (see below).Other seed pods, such as those of acanthus, witch hazel (Hamamelis) and peas (Pisum), burst explosively to expel the seeds over quite some distance. The successful weed, hairy bittercress (Cardamine hirsuta), needs only to be touched or blown gently by the wind to cause its seed capsules to burst and eject seeds. The Mediterranean squirting cucumber (Ecballium elaterium) has a pod that fills with liquid as it ripens until the pressure bursts the pod from the stalk, expelling a stream of seeds and juice as  it flies through the air. Seeds of some plants, for example grasses, cereals, and the bulb, amaryllis, germinate as soon as they ripen, while still on the parent plant, if conditions are suitably wet. The germinating seeds then fall into the moist soil and grow away immediately. SEED DISPERSAL BY ANIMALS Plants often have fleshy fruits to tempt animals to visit the plant and provide something for the animals to eat. The animals do not then need to digest the seeds, which often have more nutrients.  The seeds pass unharmed through an animal’s digestive system and are deposited in droppings (a ready-made seedbed) far away from the parent plant. Fleshy fruits include berries (grape, Vitis), drupes or stone fruits with single seeds (plum, Prunus), and pomes with several seeds (apple, Malus). Compound fleshy fruits include the pineapple (Ananas) and raspberry (Rubus idaeus), strictly collections of drupelets. Many seeds and fruits have various appendages that are capable of latching  onto animal hair or feathers, some very tenaciously. Such seedheads may be transported over a great distance before  the unfortunate animal is able to dislodge them. The burrs of burdocks (Arctium)  and cleavers (Galium) cling to fur and  clothes tenaciously. WIND DISPERSAL OF SEEDS Many seeds are very small and carried by the wind. It is an economical method of transport because it demands less energy from the plant to produce a light, tiny seed than a large one with a fleshy fruit. Minute seeds are produced in great numbers to compensate for the reduced likelihood of alighting on suitable soil. Rhododendrons, and especially orchids, have extremely light seeds, which are carried on the wind. Other seeds have developed structures to keep them airborne. The seeds of willowherb (Epilobium) are plumed (see facing page); those of dandelions (Taraxacum) and olearias have feather-like parachutes. Ailanthus, ash (Fraxinus) and maples (Acer) have prominent, papery wings that spin like helicopter blades  (these winged seeds are known as samaras). SEED DISPERSAL BY WATERPlants that have adapted to growing in water or alongside watercourses produce seeds or fruits that are waterproof and buoyant. Seeds of the swamp cypress (Taxodium distichum) may be carried away by streams and rivers before they germinate. One of the most successful travellers on water is the coconut fruit (Cocos nucifera); it can survive a voyage across an entire ocean (see facing page). HERON’S BILL  (ERODIUM MANESCAVII) SEEDS Each tail contains hygroscopic cells  that respond to humidity. As a result,  each tail coils helically within ten  minutes of being dropped on to  warm soil, capable of pushing the seed beneath the surface.Pome(Apple)Cone(Pine) Drupe(Apricot)TYPES OF FRUITCapsule(Poppy) Legume (pod)(Blackeye peas)Berry(Cape gooseberry) 
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Sexual increase of plants 19VIABILITY OF SEEDSSeeds, according to their habits in the wild and moisture content, have differing life spans. Some, especially fleshy seeds, die very quickly so have to be sown as soon as they ripen; others, particularly dry seeds, like those of beans or tomatoes, can be  kept for up to ten years. Correct storage,  in dark, dry conditions below 4°C  (39°F), can preserve viability, but exposure to higher temperatures or increased humidity may kill seeds or encourage premature germination. Plump, healthy seeds produce the most vigorous new plants.METHODS OF SEED DISPERSALBY SEA  The coconut palm grows on the shore so some fruits drop into the sea. Air trapped within the fibres of its outer husk makes a coconut very buoyant, allowing it to drift on ocean currents. It germinates when washed  up on a distant shore.Seed dormancy is usually caused by a hard seed coat (pericarp), an immature embryo, or chemical inhibition of the embryo. According to the difficulty with which the dormancy  is broken, it is also described as shallow, intermediate, or deep-seated dormancy. Gardeners can overcome dormancy in several ways (see below). When dormant seeds have been primed for germination, they must be kept stable. Any change  in conditions, such as increased heat,  dryness, or lack of oxygen, will prompt  the seeds to enter a secondary dormancy which is extremely difficult to break. SEED-COAT DORMANCYSome seed coats contain waterproofing that is gradually broken down by low temperatures. Further decay of the seed coat is caused by bacteria and fungi in the soil. Until a seed absorbs moisture, it will not germinate. Drying of a seed coat as it ripens can  also cause dormancy. Physical degrading of the seed coat – scarification  – allows moisture to reach  the seed embryo. This can be achieved  by rubbing seeds against an abrasive  surface such as sandpaper. Large seeds  can be chipped with a knife. Only a small area should be removed and care must  be taken not to damage the seeds. Crack large nuts carefully in a vice. Commercially seeds are soaked in acid, but this is too dangerous for gardeners. Collecting seeds as soon as they are fully developed, but early in the development of the seed coat, reduces the time needed to decompose the seed coat, so germination  is more reliable. Primula seeds germinate almost at once if sown while fully matured but before they dry. They are much slower to germinate once dry and released from the pod naturally. If hornbeam (Carpinus betulus) seeds are left on the tree until midwinter, the seed coats harden and delay germination for 2–3 years. Seeds with a water-repellent covering  on the seed coat, such as Gleditsia and Fremontodendron may be soaked in hot water. This extracts the waterproofing, allowing the seeds to absorb water. Subjecting the seeds to a temperature change – called stratification after the practice of chilling seeds in layers of  sand – either before or after sowing is  the simplest and often the most effective option, emulating in part the natural  process. Seeds of alpine plants and hardy trees and shrubs respond well to this. The period of chilling depends upon the severity of the dormancy. Seeds with shallow dormancy may need 3–4 weeks, those with intermediate dormancy need 4–8 weeks and those with deep-seated dormancy between 8–20 weeks. Once 30 per cent of seeds have embryo roots (chitted), they can all be sown. EMBRYO DORMANCY With some plants, such as orchids, holly (Ilex), and some Viburnum species, the embryo is not fully developed when the  seed is ripe. This results in complex dormancy. Seeds with rudimentary or immature embryos will not germinate  after seed dispersal until the embryo develops further. This is normally achieved by subjecting seeds to warm temperatures, for 60 days at 20°C (68°F), as is received during the first summer following the dispersal of ripe seeds in nature. Once the embryo has fully matured germination may follow, but the seeds may also have seed coat or chemical dormancy,  as with Fraxinus excelsior and peonies. These conditions can be relieved by natural or artificial chilling of 8–20 weeks at 1–2°C (34–36°F), for germination in the second spring. CHEMICAL DORMANCYSeeds borne in fleshy fruits, like those  of magnolias, roses, or Sorbus, are often inhibited from (continued on p.20) SEED DORMANCYSeeds are regarded as being dormant  if they fail to germinate when placed  under conditions that are considered suitable for the species. The conditions include adequate temperature, moisture,  air and, in some cases, light. If these are present, non-dormant seeds should soon germinate after absorbing water. In areas where the seasons alternate between warm summers and cold  winters, or where dry and wet seasons persist, dormancy prevents seeds from germinating as soon as they are ripe,  at the end of the growing season. The seedlings would be killed either through extreme cold or heat or from drought. Dormancy also results in staggered germination of seeds in the wild,  thereby reducing competition  between seedlings. ON THE WIND   Some plants produce fluffy seedheads that contain small, light seeds with plumes, like this rosebay willowherb (Chamaenerion angustifolium).  The plumes enable the seeds to be carried over long distances on the wind. In this way, the plant can colonize very  large areas.Calendula seedsTropaeolum seeds
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20 IntroductionSeed leavesTrue leavesSeed leavesTrue leavesBREAKING SEED DORMANCYHOW A SEED GERMINATESEPIGEAL GERMINATION  The growth of  the seed’s root pushes the plumule and its protective seed leaves out of the soil. The  seed leaves are borne at the tip of the growing shoot until the first true leaves are produced.HYPOGEAL GERMINATION  Once the root emerges, the embryonic shoot (plumule) is pushed upwards, leaving the seed leaves behind in the soil. The plumule then emerges above the soil and produces its first true leaves.ANIMALS  Some seeds, like nuts, have very  hard outer coats or shells. These protect  the seeds but also stop moisture reaching the seeds. Animals such as this squirrel eat some nuts, but only damage the shells of others. Water can then pass through to the seeds  and initiate germination. HEAT AND SMOKE  Plants native to areas that experience bush fires have seeds that often lie dormant until fire destroys competing plant life. The heat of bush fires makes the hard fruits of some plants, like Banksia,  pop open to release  the seeds. Chemicals  in the smoke trigger germination in seeds  of plants such  as Eriostemon.(continued from p.19) germinating by a chemical suppressant in the seed coat. It is normally degraded during passage through an animal’s gut. To overcome this dormancy, the flesh should be cleaned off the seeds before they ripen. Some seeds are triggered to germinate by chemicals in smoke. This happens in areas that experience bush fires, such as Australia and South Africa. Chemicals in the smoke prompt seeds to germinate when existing plants have been burnt off, thus reducing competition for the seedlings. Previously, some seeds were treated by direct heat, which worked as long as smoke was generated. Now difficult-to-germinate  seeds can be smoked in large numbers without heat or soaked in chemical solutions. Fire also acts to crack or damage the hard coats of seeds, such as those of the wattle (Acacia), facilitating germination. (59–75°F) for plants from warmer climates. Germination can be delayed in high temperatures. Supplying heat in excess  of that needed for germination by artificial means is wasteful and costly and may  cause a secondary dormancy. Some seeds need light for germination, especially very fine seeds that have little or no food stores to nourish the embryo. These include cress (Lepidium sativum), lettuce (Lactuca), and birch (Betula). Artificial light can be used (see p.42), but it should suffice to cover sown seeds lightly with compost or top-dress with vermiculite, to expose them to natural light during spring and summer. Nearly all seeds, if sown too deeply, either die in time or become dormant because they cannot recognize when the surface light is sufficient for growth. As a rule of thumb, seeds are best covered to no more than  their own depth. Some seeds can detect the levels of red in light to avoid germinating in shade, such as under trees, where the green leaves absorb red light waves. HOW A SEED GERMINATESThere are two basic ways in which seeds germinate (see below). Plants such as the tomato (Lycopersicon) and beech (Fagus) emerge by elevating the seed leaves above the surface (epigeal germination) at the  same time as the root radicle develops. If  the shoot tip is frosted or killed, no further growth is possible. Hypogeal germination occurs with plants such as the pea (Pisum), oak (Quercus), and some bulbs, when the seed leaves and food store remain in the soil with the root. The growing shoot emerges only when the first true leaves form. If the seed is deep enough, it has a good chance of survival if the shoot tip is damaged and can produce a secondary shoot or shoots. Hypogeal germination CONDITIONS NEEDED  FOR GERMINATIONBefore a dried seed can begin to grow it must be rehydrated; water causes the seed coat  to swell and burst. Most seeds double in size before germinating. Development of the seed embryo is a complex biochemical activity and massive amounts of oxygen are needed to unlock the seed’s energy reserves. If the soil or compost is frozen, compacted, waterlogged,  or baked hard, oxygen will not reach the seed embryo and it will not be able to breathe.Usually germination is prompted by temperatures typical of spring in the plant’s natural habitat, allowing the seedlings  time to become established before the following winter. Suitable temperatures vary considerably. Fraxinus excelsior germinates at 2ºC (36ºF), if its complex dormancy has been overcome. In contrast, seeds of zonal pelargoniums germinate best at 25ºC (77ºF). A median temperature for flower and vegetable seeds from temperate climates  is usually 8–18ºC (46–64ºF) or 15–24°C  
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Sexual increase of plants 21ParentsFirst filial (F1) hybrids Second filial (F2) hybridsInadvertent hybrids are frequent amongst garden-collected seed, hence the caveat in catalogues, “from open pollination”. The advantages of home collecting seeds  are various. • Seeds with low viability have a better rate  of germination if sown fresh. • Collecting seeds at the point of ripeness  can avoid seed-coat dormancy occurring.  Early collection also enables pre-sowing treatments that break complex dormancies  to have effect before the most suitable  sowing date for germination. • A large number of plants may be obtained  at little cost. • Seeds from the garden often produce plants that are better adapted to local conditions. Home-collected vegetable seeds may be particularly adaptable. A hardy parent does  not necessarily produce hardy offspring, but  it is more likely. • Increasing stocks of rare plants from collected seeds helps to conserve plants in the wild by reducing demand. • Stocks of plants, especially vegetables,  that are no longer available commercially  may be preserved and genetic diversity  within the genus promoted. HOME SEED COLLECTINGAs a general rule, if collecting seeds from  the garden, they should be from a species,  not a hybrid. Seedlings from a hybrid  (unless stabilized to breed true to type) will  be extremely variable; some may be as good  as or even better than the parent, but few will  be the same. Ideally, collect seeds from a vigorous plant with typical characteristics,  that seeds prolifically. If the plant is isolated from similar species, the risk of natural hybridization is less and the seedlings  should “come true”, closely resembling  the parents.GATHERING SEEDS  Collect seedheads (here of hollyhocks, Alcea) as soon as they ripen. and clean the seeds for storing or sowing.the offspring are selected and hybridized  with another plant, to introduce further traits, or with siblings or one of the original parents to further reinforce desirable characteristics. F1 hybrids are frequently disease-resistant and offer a guarantee of performance, but they tend to flower at the same time and the seeds cost more than F2 seeds. For the vegetable grower, F1 seeds ensure a good crop. F2 or species seeds can give herbaceous flowering plants of good quality that flower successively. HOW TO HYBRIDIZE A GARDEN PLANTBreeding a commercially successful and stable hybrid is usually an expensive  and laborious task, but the amateur gardener can have fun experimenting with this technique. Some genera, such as dahlias, irises, or roses, lend themselves to hybridizing on an amateur scale, often producing quite pleasing seedlings. Indeed, many hybrids that are now on the market were originally produced by amateur gardeners. Home hybridizing is not very complicated, but requires a methodical approach and some patience. It helps to concentrate on  one species or genus. Have a specific aim, say to produce larger-flowered Knipfolia that are hardy to -20°C (-36°F) or a range of double-flowered oriental poppies. Do some research to find out if any characteristics that you are aiming for in the hybrid are evident to some extent within the species  or genus. Then select parents that may be  of interest and commence hybridizing, crossing and back-crossing, selecting  and reselecting the progeny. Although plants differ in their flower forms, the hybridization procedure is basically the same (for details, see Roses, pp.116–17). Useful tools include small, fine paintbrushes for transferring pollen; a pair  of strong tweezers and fine, sharp scissors; labels; fine net or muslin bags to place over pollinated flowers; and a notebook to record all the crosses. traits are selected. One parent is usually  then chosen as the seed (female) parent and the other as the pollen (male) parent. Flowers on the seed parent have their stamens removed as soon as possible to avoid self-pollination and are hand-pollinated with pollen from the pollen parent to guarantee the parentage of each seed. The seed parent is also protected from contamination by insect pollinators by covering each flower with a muslin bag or by keeping the plant under cover until seeds form.The first hybrid (F1) generation is uniform (see below). If the F1 hybrids are crossed,  the second (F2) generation will present the grower with a range of forms reflecting both parents, the F1 generation and others. Often, HOW HYBRIDS ARE CREATEDSuccessful hybridizing requires two parent plants (here antirrhinums) with stable characteristics, usually species or selections of a species from the same genus or, less often, species from two genera. When crossed, the parents will produce offspring with uniform characteristics and the results will be the same from subsequent crosses. This first generation is called the first filial, or F1, hybrid. If the F1 hybrids are cross-bred with themselves, the second generation,  or F2 hybrids, will exhibit a range of forms with characteristics reflecting both the parents and the F1 hybrids in varying degrees. causes difficulty for gardeners because it may be many months after germination before any sign of growth is visible. Once germination begins, if the levels  of moisture, light, air, or warmth decline,  the seed will quickly die. HYBRIDIZATION The exchange of maternal and paternal genetic material in plants, by the sexual production of seeds, is fundamental to a plant’s ability to adapt to environmental change, but it can be exploited to breed  new plants (hybrids) with improved colour, form, habit, disease-resistance, or scent to suit the needs of gardeners. A hybrid is a cross between two different plants. The differences may be minimal if the hybrid is between two selections of the same plant, or they may be more significant if the cross is between two species. Occasionally, the hybrid may be between two different genera. (A cultivar – short for cultivated variety – may be a hybrid but is not necessarily so. It may be a named form  of a species, such as a variegated sport,  that first arose in cultivation.) If hybrids are produced from crossing  two unrelated plants, the offspring often have great vigour, in the same manner  as mongrel dogs are often very healthy. Conversely, if plants are self-pollinated  for several generations, they tend to lose vigour, like in-bred pedigree dogs. In commercial hybridizing, parent  plants are screened over time to ensure  that they are stable and will breed true. Two parents that each show some of the desired 
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22 IntroductionFibrous roots Healthy shoot and rootsMature rosette on parent crownPlantlet already has good rootsDIVISION OF CLUMP-FORMING PLANTSFLESHY-ROOTED HERBACEOUS PERENNIAL   Plants like this hosta have a compacted crown that is difficult to divide without damaging  the pronounced, fleshy buds and roots. Pull  it apart into pieces with at least one bud  and good roots.FIBROUS-ROOTED HERBACEOUS PERENNIAL  Clumps with fibrous roots (here of aster, Doellingeria umbellatus) are easily pulled or cut apart into pieces that will establish quickly. Clean off the soil to reveal the natural lines of division.NATURALLY DIVIDING ALPINE  Plants like  this Saxifraga paniculata produce new plantlets each year around the parent crown. Dividing  the plant is a simple task: lift the plant and gently pull the plantlets apart for replanting.Vegetative propagation“wound” roots because, in most plants, they occur only after some type of wounding,  such as cutting off a piece of stem. In some plants, such as ivy (Hedera), poplars (Populus), and many in the Labiatae family (rose mary and Salvia), preformed  root initials lie dormant in stems and so  they root rapidly and easily from cuttings.  A few plants, like Prunus ‘Colt’, even form root buds, normally visible at the bases of shoots. Other, often hardy, woody, plants  are difficult to root: with these, callusing  (see facing page) may hinder root formation, and it may be best to graft (see p.27). PREPARING CUTTINGS Most cuttings are taken from a plant stem; they may be severed between the leaf joints, or nodes (internodal cutting), or just below a Herbaceous plants with fleshy roots and buds, such as Astilbe, hellebores, and  hostas (see below, right), are rather more difficult to divide without damage. Semi-woody herbaceous plants are usually evergreen; these include Astelia, pampas grass (Cortaderia), Phormium, and Yucca filamentosa. They produce single, sword-like leaves from ground level, crowded in dense terminal clusters, each with its own roots. Clumps are split with a sharp border spade or mattock. Young plants are easier to tackle. A small number of woody shrubs and trees, including Acer circinatum, Aesculus parviflora, and Aronia x prunifolia, form clumps of growth from suckers below soil level; these can be removed to make new plants. Young parent plants may be lifted completely before dividing the clumps, but leave the central core intact. The term “division” is also widely used  to refer to processes similar to true division, for instance the separation from a parent plant of offsets of bulbs or cacti, of orchid pseudobulbs, and of rooted suckers and rooted runners. CUTTINGS Propagation from cuttings exploits the remarkable ability of a piece of plant tissue, from the stem, leaf, root, or bud, to regenerate into a fully developed plant, with roots and shoots. In this regenerative process, roots arising from stem, leaf, or bud tissue are known as adventitious roots. To produce these, a group of growth (meristematic) cells, usually close to the central core of vascular (sap-carrying) tissue, changes, becoming root initials (root cells), which form root buds and then adventitious roots. These are also called “induced” or In nature, some plants can reproduce asexually, or vegetatively, as well as sexually from seeds. The new plant is nearly always genetically identical to the parent (a clone), although minor mutations can occasionally occur. Vegetative propagation exploits this natural ability and extends it, to involve the separation of vegetative parts of plant tissue such as roots, shoots, and leaves. Gardeners are able by these means to propagate from a single plant and to preserve characteristics such as variegation in the offspring. The various methods used include division, cuttings, layering, and grafting. DIVISIONStrictly, division is the separation of one plant into several, self-supporting ones.  It utilizes the habit of many plants that produce a mass of closely-knit shoots  or buds, forming a clump, or crown,  of growth. The clump can be split into sections, each with at least one shoot or  bud and its own roots. This is quick and easy, but yields only a few new plants. In temperate climates, division is often carried out when the plant starts into growth in spring. Water loss is minimized because of the lack of leaves and roots grow quickly to re-establish the division. In tropical areas, divide plants whenever convenient; always trim the leaf area to reduce moisture loss  and provide shade and adequate water. Naturally dividing alpines, such as Campanula garganica, Raoulia australis and Saxifraga paniculata (see below, left), and herbaceous plants with fibrous roots, such  as Achillea, asters (see below, centre),  phlox, and Stokesia, are simply pulled  apart. Young crowns are easier to deal  with than old, woody ones. A few, mostly succulent plants, for example  this Kalanchoe daigremontiana,  can reproduce vegetatively by producing tiny plantlets, called adventitious buds, on the leaf margins. When fully formed, the  plantlets drop to the ground and root into the soil. These provide a very easy means  of propagation.ADVENTITIOUS BUDS
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Vegetative propagation 23Leaf gives energy for rootingNew roots (acanthus)New shoots grow from each nodeLeaf sectionDark, woody base (weigela)Cutting (hydrangea) trimmed just below nodeBark2.5cm (1in) cut exposes cambium NodeClean, sharp knife reduces risk of diseaseGreen pithHeel contains high levels of growth hormone and protects cutting against rotAdventitious  roots growing through callus padPlantlet (begonia) forms where vein was nickedNew shoot (camellia) will develop from leaf budParent leaf (pachyphytum)PREPARING CUTTINGSSOFTWOOD  These are taken from new shoot tips (stem-tip cuttings) or basal shoots (basal stem cuttings) most often in spring, when they are almost fully developed but still soft. CALLUSING  When a stem is cut or wounded,  it forms callus tissue (see inset) over the damaged cells. In difficult-to-root plants,  or if the compost is too aerated or alkaline (high pH), the callus pad may thicken, preventing root growth. If this happens,  pare away the excess with a scalpel.HEEL CUTTING  Some cuttings, especially of semi-ripe wood, are taken by pulling away a small sideshoot so that it retains a “heel” of bark from the main shoot. WOUNDING  A cutting from semi-ripe or hard wood often roots more readily  if bark is cut away from  the base of the stem. This exposes more of the growth cells in the cambium layer.NODAL CUTTING  The cells involved in growth are most concentrated at the leaf joints, or nodes, so most cuttings are trimmed just below a node to optimize root formation.TYPES OF CUTTINGnode (nodal cutting). Nodal cuttings expose the most vascular tissue, increasing the likelihood of root formation (see above). Other ways of encouraging rooting include wounding (see above), especially of woody plants, and the application of hormone rooting compound (see p.30). The growing tip may also be removed from a cutting to redistribute natural growth hormones (auxins) to the rest of the stem for root  and shoot growth. TYPES OF CUTTINGCuttings are taken from stems, leaves, or roots (see right). There are several types. SOFTWOOD CUTTINGS  These are usually taken from the first flush of growth in spring. They have the highest rooting potential of stem cuttings, but a low survival rate. They lose water and wilt quickly, as well as being vulnerable to bruising, which may expose the foliage and stem to attack from botrytis (rot). GREENWOOD CUTTINGS  The stems are still young, but beginning to firm up. They are easier to handle than softwood cuttings  and not so prone to wilting. SEMI-RIPE CUTTINGS  When stems are  firmer and buds have developed, they  are semi-ripe. Cuttings may be taken  with a heel, especially from broad-leaved evergreens and conifers. HARDWOOD CUTTINGS  These are from dormant wood, so are slower to root, but robust and not prone to drying out. LEAF-BUD CUTTINGS  Often taken from shrubs, these provide an economical way of using semi-ripe stems. LEAF CUTTINGS  A few plants can regenerate new plants from a detached leaf or section of leaf tissue. These include members of the families Begoniaceae (see p.190), Crassu laceae (see p.245) and Gesneriaceae (see p.207). It is possible to root leaves of plants such as clematis, hoya, and Mahonia, but they cannot produce buds so can never develop into complete plants. ROOT CUTTINGS  A limited range of plants – ones that natur ally produce shoots, or suckers, (continued on p.24) PART LEAF  A few plants regenerate from leaf tissue.  Take leaf sections  or wound leaves  at any time in the growing season.LEAF-BUD  Semi-ripe cuttings with a short stem and one leaf can be taken from some plants to obtain more cuttings from one stem.HARDWOOD  Long lengths  of fully mature, young stems are taken, after leaf fall and before new growth starts  in spring, from deciduous, woody plants (here of willow) or broad-leaved evergreens. WHOLE LEAF  Some plants have dormant buds at the leaf bases. These produce new plants when leaves are treated  as cuttings.SEMI-RIPE  Once new growth has slowed and the shoots have started to become firm, which may be from midsummer to autumn, semi-ripe cuttings are taken from the stems.ROOT  Lengths  of healthy, strong  root can be taken  in the dormant season, of pencil  or medium thickness for the plant.
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24 IntroductionCut rooted  layers in  autumnMound of open soil added when shoots are 15–20cm (6–8in) tallRooted layerParent stemtouch the soil (see above, left). Such plants include Campsis, Hydrangea anomala subsp. petiolaris (see p.131) and ivy (Hedera). Some form new plants by tip layering (see above). These tendencies are exploited in layering, in which stems in active growth  are induced to produce roots at the site of  a wound (see top of facing page) while they are still attached to the parent plant. Once rooted, the stems, or layers, are severed from the parent plant and grown on individually. Layering is a good way of creating a small number of new plants with relative certainty, since the new plant is nourished by its parent until rooted, but it is space-consuming. Most layering involves pinning the stem to the ground, as in simple layering (see p.106) and serpentine layering (see p.107). With 15–25°C (59–77°F) can promote rooting.  The air should be much cooler, to avoid encouraging growth of foliage instead of roots. The rooting medium (see pp.32–35) should be moist at all times and the air humid, especially with leafy cuttings. (See The Propagation Environment, pp.38–45.)The time taken for a cutting to root depends upon the plant, the type of  cutting, age of the stem, how it was  prepared, and the rooting environment.  Leafy cuttings root in about three weeks; woody cuttings take up to five months. LAYERINGSome plants have a natural propensity  to regenerate by self-layering – forming adventitious roots from the stems where they Soil encourages new shoot to rootplant to 2°C (36°F) for two weeks, followed  by forcing at 8–15°C (46–59°C) induces new shoots with enhanced rooting ability: this method suits certain deciduous plants such  as some azaleas (Rhododendron), clematis,  and Cerato stigma. Keeping stems out of light for a time elongates the cell tissue, whitens  the stem, and softens the skin (etiolation), helping difficult plants to root. No more than 60 per cent of the top-growth should be taken from a stock plant at any one time. After taking the cutting material, allow the plant to grow back. can be passed on to cuttings. The age of a stock plant can affect its ability to root. New plant introductions, especially ones selected from seedlings, often show vastly improved rooting capacity over older plants of the same species. There are several ways of conditioning a stock plant to improve its regenerative ability. High potassium levels and a pH appropriate to the plant in the growing medium, good light, and a restricted root run ensure high energy reserves for root and shoot development in cutting material. Hard pruning will produce strong  basal shoots for cuttings. Subjecting the stock A stock plant is grown purely to provide cutting material. It can be encouraged to produce the best type of growth for cuttings, while plants that are grown for garden display can be left untouched. A stock plant should be healthy,  mature, and vigorous, with compact, bushy  growth and lots of young shoots. It should  be a good example of its type; for instance  it should flower and fruit well. Cuttings from such plants root more easily and give better results. Avoid diseased plants, especially those infected by virus, because diseases  CUTTINGS  A container-grown plant can be kept to supply cuttings repeatedly or just once before planting out. This hebe yielded 84 semi-ripe stem-tip cuttings without appreciably altering its shape. USING STOCK PLANTS FOR PROPAGATIONPlantlets form  at leaf nodesNew shoot  growing  from node on  parent stemRoots develop when runner touches soilSELF-LAYERING  Some plants naturally reproduce by layering. Plants with runners, such as ground ivy (Glechoma hederacea), produce plantlets along their runners that are nourished by the parent until they root into the soil. Rooted stems are easily lifted and divided.TIP LAYERING  A few shrubs and climbers, notably brambles (Rubus), will root from the tips of their long, arching stems. Once the new shoot forms, the rooted tip can be detached.TRADITIONAL STOOLING  A young, strong stock shrub  is cut hard back in late winter or early spring and new  shoots are mounded with soil (see left) to produce rooted layers in the autumn, all of which are removed. The base (stool) will send up new shoots next year. NATURAL LAYERING(continued from p.23) from the roots, such as Acanthus mollis (see p.158) and Rhus typhina – can be propa gated from root cuttings (see p.23). Their roots are usually thick and fleshy, in order to store the food that allows the root to survive as it produces shoots. SUCCESS WITH CUTTINGSThe process of taking cuttings is relatively simple, but success will depend on several factors. The inherent ability of the parent plant to produce adventitious roots will determine the degree of care needed to coax cuttings to root. Also, the condition of the parent influences the quality of the rooted cutting. Always choose a healthy plant; diseases or pests can be transmitted to a cutting. Material taken from young plants, especially when  in active growth, is usually more likely to root. Water the parent plant thoroughly a  few hours beforehand so that the tissue is fully turgid, especially for leafy cuttings. Prepare and insert cuttings quickly  to avoid them losing moisture through transpiration. Hygiene is also essential to avoid introducing disease into a cutting through cuts or wounds. Keep surfaces and equipment clean (see p.30). The cutting tools should be sterile and as sharp as possible to avoid crushing plant cells along the cut. In warm climates, cuttings of many plants may be rooted outdoors, directly inserted into prepared soil in shade, at almost any time of year. In cooler areas, a controlled environ ment is often vital; rooting may be unpredictable and slow. Bottom heat of 
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Vegetative propagation 25Non-scaly (Daffodil)Scale leafOffsets form naturallyScale leavesScale leafSideshootsPegged-down shootStooled plantINDUCING LAYERINGOffsetsChippingScoringTwin-scalingScaly (Lily)ScalingWound in stem packed with moss to stop it healing before it rootsStem roots into moist sphagnum moss AIR LAYERING  This technique provides a  way of layering an aerial shoot. The shoot is wounded with a shallow cut or by removing  a ring of bark to stimulate rooting and a  plastic sleeve full of moss or compost is  taped around the stem.will form a new plant. In scaling (see  below and p.258), the scale leaves are deliberately detached and induced to form bulblets as for chipping and twin-scaling. For hyacinths mainly, scooping  (see p.270) and scoring (see below  and p.270) are effective. They involve wounding the basal plate: callus tissue then forms, encouraging bulblets to develop. In scooping, the centre of  the basal plate is removed, leaving the outer edge intact. When scoring a bulb, two shallow cuts are incised at right  angles to each other into the basal plate (continued on p.26). or sometimes bulblets and bulbils (see p.26). Detaching these and growing them on is the easiest and quickest means of propa gating bulbs. Plants with bulbs can be increased in larger numbers by various, albeit slower, and sometimes challenging, methods. A bulb may be cut into segments, by chipping, or into pairs of scales, in twin-scaling, each retaining a piece of basal plate (see below and p.259). In suitable conditions, the chips or twin-scales can be induced  to produce bulblets on their basal plates. Bulblets can then be grown on singly. When a scaly bulb is lifted from the ground, single scales may fall away and, if left in the soil, WAYS TO PROPAGATE FROM BULBSTYPES OF BULBFRENCH LAYERING  In this form of stooling  (see facing page), new shoots from the stool are pegged along the soil. Sideshoots are earthed up in stages to a depth of 15cm (6in). When these root, they are separated and grown on. WOUNDING A LAYERED STEMWounding prompts a layered stem to root.  Do this by gently twisting the stem until the bark cracks (see above left), scraping off a little bark, or by making a sloping cut into  the stem to form a “tongue” (above right).mounding (see p.290), stooling (see  box, facing page) and the more complex  French layering (see above), layered  stems are also etiolated, by earthing up,  and pruned. This builds up energy and growth hormones needed for rooting at specific sites on the stems. Air layering (see above) is used for stems that cannot be trained to reach soil level; instead, a rooting medium is packed around an aerial branch. Air layering works because removing the bark of the stem traps food  that would normally go to the roots, thereby providing energy for rooting at the site of the wound on the stem. STORAGE ORGANSSome plants have natural food-storage organs, that enable them to survive a period of dormancy until conditions are once again favourable for growth. They also provide energy for developing shoot systems during periods of growth. The storage organs may last for several years or be renewed annually. This natural vegetative process of regeneration can be exploited to produce many new plants. Many plants with storage organs are collectively known as bulbous plants, but only some of these are true bulbs. BULBS  are compressed stems with a  basal plate from which roots grow. Each  bulb contains a bud, with an embryonic shoot or a complete embryonic flower,  which is enclosed by a series of fleshy  leaves known as scales.In bulbs such as those of daffodils, tulips, and onions, these scales are tightly packed, completely encircling those within and not readily separated; this type of bulb is described as non-scaly (see right). The bulb is enclosed in a papery covering, or tunic, that protects it from surface damage and drying out. Others, such as fritillaries and lilies, produce narrower, modified scale leaves that are not protected by a tunic; these are known as scaly bulbs (see right)  and are more susceptible to drying out. Bulbs reproduce by producing offsets (see right)  
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26 IntroductionRhizome is cut here alsoYoung segment with new shootOld cormCormelsNew cormStem bulbletParent bulbBase of stemthe best characteristics of its two parents.  A root system is provided by one plant,  the rootstock or stock, and the desired  top-growth by the other plant, the scion. Although the rootstock greatly influences the growth of the scion, both retain  separate genetic identities and there is no intermingling of cell tissue between the grafted parts. Shoots produced above and below the graft union will be characteristic of the rootstock or the scion, but not both. Grafting and budding are labour-intensive, requiring skill in preparing the rootstock and scion and in caring for the graft to ensure that the parts unite. They are however useful ways of increase for woody and herbaceous plants that are difficult to root from cuttings, and for cultivars, which rarely come true from seeds. They can be used to manipulate plants to perform in  a certain way or to adapt to specific conditions. Grafted plants often mature faster than those raised from cuttings. Rootstocks can confer disease- from either side, or both. To propagate  stem tubers, take basal cuttings or cut into sections (see facing page). PSEUDOBULBS  are found only in sympodial orchids like cymbidiums. They often resemble bulbs, but are actually thickened stems arising from a rhizome. Pseudobulbs may be divided in various ways by cutting through the rhizome (see p.179). OTHER STORAGE ORGANS  Some plants,  for example Saxifraga granulata and some kalanchoes, develop round, bulb-like buds at the shoot axils. These can be propagated as for bulblets or cormels (see above and below). In some aquatic plants, for example frogbit (Hydro charis) and Hottonia, these buds are relatively large and are known as turions. When mature, the buds drop off the parent plant and in spring rise to the surface to develop into new plants. Other plants produce tubercles (see facing page). GRAFTING Grafting and budding involve joining two separate plants so that they function as one, creating a strong, healthy plant that has only BULBILSIN A FLOWERHEAD  Small bulb-like structures form in the flowerheads of some bulbs, like this tree onion. The bulbils weigh the stem down to the soil, into which the bulbils root (see inset).IN LEAF AXILS  Some plants (here a lily) form bulbils in leaf axils. Mature bulbils come away easily and can be grown like seeds (see inset). Cut back lilies before flowering for more bulbils.BULBLETS Tiny bulbs sometimes form naturally on the parent bulb or on rooting stems below ground (here on a lily). These may be detached and potted to develop into mature bulbs.RHIZOMERhizomes are sometimes swollen stems that usually grow horizontally below or on the soil. Mature rhizomes (here of iris) may be increased by cutting them into sections of young, healthy growth, each with at least one bud.CORM AND CORMELSA corm has one or more buds at the apex, from which a new corm grows each year. Usually, the old corm withers away. Tiny corms (cormels) may form between the old and new corm;  they may be removed and grown on (see inset).(Continued from p.25.) Some bulbous plants produce tiny bulbs (bulblets) or bulb-like structures (bulbils) which in the wild root into the ground to form new plants (see above). These readily form new plants  if detached. CORMS are formed from the thickened underground base of a stem, usually within some overlapping, papery, scale-like leaves (see below). One or more buds arise on the upper surface. In most cases, the corm is renewed every year, form ing at the base of the current season’s stem, on top of the old corm. Tiny corms, cormels, may form around the parent and can be used for propagation.RHIZOMES are usually swollen under ground stems, either thick, as in bearded irises, thin, wide-spreading and fast-growing, as in wild rye (Elymus repens) or in a crown, as in asparagus. Ferns produce a variety of rhizomatous structures (see p.162). As a rhizome grows, it often develops segments, each with buds that break into growth when conditions are favourable. The segments are cut apart to propagate them (see below right). Some rhizomes, such as those of  mint, look like fleshy roots; treat these  as root cuttings (see p.288). ROOT TUBERS are swollen sections of root that are unable to form adventitious buds except at the crown (see facing page). Once the buds have produced shoots and the food store is used up, the tubers die. New tubers form during the growing season. The plant can be increased by detaching a section of the crown with a bud. STEM TUBERS are modified stems with the same function and life cycle as root tubers, but they possess more growth buds, over much of their surfaces. Many tubers may  be produced by one plant, as in the potato (Solanum tuberosum). Tubers of perennials such as Anemone coronaria increase in size each growing season, producing leaf and flower shoots from the upper side and roots 
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Vegetative propagation 27Stock  for chip-buddingSliver of barkWhip-and-tongue graftBarkCaladium sectionPiece of parent tuberCallused unionExposed cambiumPithCambium CallusScionWhip-grafted stockBuddingGraftingRootstockScionRootstockBudSTEM TUBERROOT TUBER ROOTED SECTION  Many stem  tubers may be cut into several wedge-shaped sections (see inset), each with a bud. The bud should produce new roots and shoots.BASAL CUTTING  One way of propagating stem tubers is to take basal cuttings (here of begonia). These each consist of a new shoot with a piece of tuber at the base.DORMANT STEM TUBER  Stem  tubers (here a cyclamen) have the same storage function as root tubers, but because they are modified stems they produce more growth buds.Root tubers are swollen sections  of root near the stem base (here of Kleinia). The buds are at the crown of the plant, which may be divided provided that each piece has a bud.BASIC TYPES OF GRAFTIn detached-scion grafting, a prepared scion (shoot) is joined to the rootstock, which may  or may not be cut back. In budding, the scion takes the form of a single bud; the rootstock  is cut back when the bud begins to shoot. THE GRAFT UNIONSuccess in grafting depends on matching the cambiums of both rootstock (see above, left)  and scion. When in contact, these form a union between stock and scion and the wound seals itself with a corky layer or callus (above right).PROPAGATING  FROM TUBERCLESTubercles are small, tuber-like structures that are actually fleshy, scaly rhizomes. They  are most commonly produced below ground, as with Achimenes (see p.186), but  can also be formed from  buds located in the leaf axils  or in inflorescences towards  the end of the growing season. They can be detached and grown on in the same way  as bulbils (see facing page). or pest-resistance or control the rate of  scion growth; some produce dwarf or  very vigorous fruit trees. Plants must be closely related if a  strong union is to form and remain strong throughout the life of the plant; those of the same species are normally compatible. Scion wood must be well-ripened and not pithy.  As with cuttings, grafts should be prepared speedily so that the cut surfaces do not dry out. Use of strict hygiene and sharp knives are critical in preventing fungi and bacteria from contaminating the cut surfaces. For the tissues to knit successfully, the cambium layers (see right) of scion and rootstock must be brought into firm  contact. The cambium – a continuous, narrow band of thin-walled, regenerative cells just below the bark or rind – grows to form a bridge, or union, between the two parts in days. This consists of water- and food-conducting tissue, allowing the scion to benefit from the sap flowing from the stock. Tissue growth at the graft is enhanced by warm temperatures. If the fibres of the rootstock and the  scion fail to interlock, shoots may develop  at the union. Corky tissue between the rootstock and scion may appear, making  the union weak and prone to collapse at a later stage. Some root stocks sucker from below the graft union, especially if roots  are damaged. Ugly swellings at or near  the union occur on trees if the growth  rates of the scion and root stock are  very different. TYPES OF GRAFTING In approach grafting, the scion grows  on its own roots until the graft union  is made. It is rarely practised today,  except perhaps in the case of tomatoes  (see p.303). Detached-scion grafting  is used instead. This involves uniting  a piece of the scion, the plant to be propagated, with the stock. The  stock  should be more advanced in growth  than is the scion, ensuring that the  union calluses well before the scion  breaks into growth. In apical grafting, the top of the stock  is removed and replaced by a scion, end  to end. Popular apical grafts are: spliced  side, whip, whip-and-tongue, and apical-wedge. In side grafting, such as a spliced side-veneer graft (see p.73), the scion is inserted without heading back the stock. (See also pp.56–63 and pp.108–109.)  Budding is also a side graft, using a  single bud (see right), often used for  roses (see p.114), fruit trees, and some ornamental trees and shrubs, when  scion material is limited. There are  two types: chip-budding (see p.60)  and T-budding (see p.62). It is possible to graft three plants in line (double-working) to ensure root anchorage together with controlled vigour or to use  the interstem (between the roots and the  fruiting part of the tree) as a link between an incompatible rootstock and scion. Novelties such as weeping standards or family trees (see p.57) can be created by top-working. 
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28 IntroductionTools and equipmentAs well as general gardening tools, such as spades, forks for lifting plants, and rakes for preparing seedbeds, there are certain items that are essential or useful in preparation of propagation material. For details on larger items, such as greenhouse equipment, cloches, and shading, that are used once plant material has been prepared, see The Propagation Environment (pp.38–45).A small, but essential, item is the label: always label propagated material to avoid confusion later. Note the name and include the date so you can judge when to expect growth. Many kinds, including plastic and copper (see below), are available. If storing seed packets in a refrigerator, use ballpoint pen on freezer-bag labels – it does not run.EQUIPMENT FOR SEEDS  AND CUTTINGS Several items of equipment make sowing seeds or taking cuttings easier, such as dedicated seed sowers for large numbers  of seeds (see right) and seed trays, pots,  and other containers (see p.30). Also very useful are: SIEVES  When sorting and cleaning home-collected seeds, choose a clean sieve (see below) of a mesh size appropriate to the  size of the seeds. When preparing soils  or composts, a metal or plastic soil sieve  with 3–12mm (1⁄8–1⁄2in) mesh is suitable  to remove coarse material or lumps. Use one with a finer mesh to sift a covering of compost over seeds. DIBBERS AND WIDGERS  These tools (see bottom) are used for making holes in soil  or compost for seeds or cuttings, and for lifting new plants after rooting or germi-nation. Pencils, chop sticks, and old  spoons also work well. GARDEN LINE  If sowing seeds in rows outdoors, use this (see bottom, right)  as a guide to draw out the drills. DIBBERS AND WIDGERSA dibber is a pencil-shaped tool, with or without a handle, used to make planting holes. Use a large dibber for sowing large seeds, such as beans, direct or for transplanting seedlings, especially those, such as leeks, that need a wide planting hole. A small dibber is ideal for sowing seeds or inserting cuttings in containers. Tray dibbers are fine for accurate space-sowing or for marking compost before dibbing. Widgers allow lifting of seedlings and cuttings with the minimum of disturbance to their new roots.SEED SIEVESDomestic sieves (right) can be used to sieve seeds, but must not then be used for culinary purposes. Specialized seed sieves (far right) are used in stacks. The chaff collects in the top, coarse sieve and the seeds fall through to the middle or lower sieve, depending on their size. Dust-like chaff sifts through the lower, fine sieve into the metal bowl.GARDEN LINEWhen marking out drills, use this tool as a guide. Plunge one stake into the soil and unfurl the line to the required length. Depth markings are scored into the stakes to keep the line level.Tray dibberMeasuring dibberSteel widgerPlastic widgerSmall dibberLarge dibberWHEELED SOWER  Use this seed sower  to distribute seeds evenly along drills. It has a long handle, enabling the gardener to work without bending and making the task less tiring.SEED SOWERSHAND-HELD SOWER  This seed sower has adjustable settings for different-sized seeds; it releases them one by one so they can be space-sown and will not need thinning.ScratchPLANT LABELSPlastic labels may be written on in pencil, so are reusable, but fade and become brittle over time. Copper labels are permanent but cannot be reused and are expensive. Black scratch labels are permanent but are plastic and less durable.Seed sieving set Tea strainer  Flour sieveMiddle sieveMetal bowlTop sieveFine meshMedium meshLower sievePlasticCopper
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Tools and equipment 29PLANTING BOARD  A narrow board or plank, 3m (10ft) long and marked every 2.5cm (1in), allows you to stand on soil without compacting it, provides a straight edge to draw out drills and a rule to  measure spacings.HOE  Use a hoe to make seed drills (see p.218) and to weed between new plants. KNIVES AND CUTTERS  A garden knife  with a plastic or wooden handle is useful  for taking and preparing cuttings (see above). Most have a carbon steel blade which is fixed or folds into the handle.  Use snippers (see above) for very fine,  soft stems. Secateurs are good for taking woody cuttings; the scissor type makes a cleaner cut than anvil secateurs. Use a scalpel (see above) or fine-bladed craft  knife for very small cuttings and for  cutting very soft tissue, such as cacti.  All blades used for propagation should  be kept clean and very sharp. DESICCANT  Silica gel crystals are useful  for keeping stored seeds dry and may be reused. Place a layer of gel at the bottom  of a container, and the seeds in labelled paper packets on top. Milk powder can  also be effective, but is not reusable. PAINTBRUSH  A small paintbrush with  fine, soft bristles is useful for hand-pollinating flowers in order to improve  seed set or in hybridizing. GRAFTING EQUIPMENTKNIVES  A grafting knife (see above, left)  has a strong, straight blade, and is ideal for making accurate cuts in woody stems. A budding knife (see above, left) has a spatula on the reverse of the blade, which is used for prising open the bark around the incision when budding. For intricate seedling grafts, safety razor blades are more precise. BINDING MATERIALS  As well as plastic grafting tape and raffia (see above), wide rubber bands or latex budding tape are used to bind a graft union until it heals.BUDDING PATCHES  Rubber patches (see above) are used to bind bud-grafts, especially of roses. The rubber rots away over two months as the union calluses.SEALANTS  For sealing grafts, use wax,  which may be applied cold (see above) or hot, or bituminous wound paint.GENERAL PROPAGATION EQUIPMENTOther items that are particularly useful for propagation include the potting tidy (see left), which can be portable or built into greenhouse staging, and watering cans.  Use a plastic or galvanized metal watering can (see below), with a fine rose. Begin watering seedlings and cuttings to the  side (continued on p.30)POTTING TIDYA potting tidy, made from plastic or metal, provides a self-contained area for  tasks that involve  using compost, such  as transplanting seedlings, sowing  seeds, and potting cuttings. The potting tidy is easily cleaned and moved to a convenient spot.Budding knifeScalpelSnippersGarden knifeGrafting knifeUSING A WATERING CANUse a fine rose turned upwards to water seedlings and cuttings (here of rosemary). This creates a fine, light spray and avoids disturbing the compost. Brass roses (see below) give a finer spray than plastic.KNIVES AND CUTTERSFor propagation, it is important to use knives appropriate to the plant material and technique. Use a garden knife for standard cuttings, but a scalpel for cutting soft tissue such as cacti.GRAFTING EQUIPMENTGrafting tape, raffia, or rubber patches are used to hold together  a graft while it is “taking”. Sealants such as cold or hot grafting wax protect exposed wood around the graft from disease or drying out.Grafting waxBudding patchesRaffiaGrafting tapeFine brass rose
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(continued from p.29) of the container,  then move the spray over it to avoid drips disturbing the compost. A greenhouse watering can may have a long spout, to  reach the back of a bench.MIST SPRAYERS  These may be hand- held or pump-action and are useful for misting young plants that need a humid atmosphere. The nozzle can be adjusted  to produce a fine spray.COMPOST PRESSER OR TAMPER  Square  or round wooden presses (see top of  facing page) are easy to make and useful  for firming compost in pots. A firming  board slightly smaller than a seed tray is  also handy. You could also use an empty container of the same shape and size. SHARPENING STONE  Use this to keep blades of knives and secateurs (see p.29) sharp. Always do this yourself, because everyone holds the knife at a different angle. A sharp blade will not crush the cells of  the plant tissue along the cut, so there  is less opportunity for disease to enter propagating material and chances of success are improved.FUNGICIDE  Before taking cuttings, apply  a proprietary fungicide to the parent plant,  to avoid contamination. Also dip prepared cuttings in a dilute fungicidal solution and dust cut surfaces, such as on fleshy roots  or bulbs and tubers.HORMONE ROOTING COMPOUND This preparation contains synthetic hormones similar to those that occur naturally in plants, and is used to  encourage root growth, for example in cuttings and layered stems. It may also contain a fungicide to protect against  rot. The compound is available in powder, gel, or liquid form. Gel adheres to a stem  or wound better than powder, and is less likely to coat the stem too thickly or to be wiped off as cuttings are inserted. These are sometimes available in three strengths: no.1, the weakest, is for softwood; no.2, of moderate strength, is for semi-ripe wood; and no.3, the strongest, is for hardwood –  but more often, they are multi-purpose. When using hormone rooting compound, tip a small amount onto a lid or container and discard any unused compound when you are finished, so that the rest of the compound does not become contaminated. With powder, knock off any excess; too  thick a layer may inhibit rooting. The compound lasts about a year in a refrigerator.CONTAINERS A wide range of containers, including the traditional pot and seed tray, are now available (see below). Plastic pots are more hygienic, lighter, and cheaper for propagation purposes than clay or terracotta pots. Plastic pots retain more moisture, but clay pots provide better aeration and drainage. Square pots take up less space and make more efficient use of bottom heat than round ones. STANDARD AND HALF POTS  Standard pots are as deep as they are broad. Half pots are one-half to two-thirds the depth of a standard  pot. The pots are useful for small quantities of seeds or cuttings, and for growing on young plants.FLEXIBLE PLASTIC AND SOFT PLASTIC POTS These are cheaper than rigid pots, but are used only once and then discarded. They are good for raising summer bedding plants or vegetables, and for growing on young plants.THE IMPORTANCE OF HYGIENEWhen propagating plants, it is essential to maintain high standards  of hygiene to prevent any possibility of pests and diseases being transmitted through contamination. Sterilize tools and equipment  before use, particularly blades of knives and secateurs, either by heating them (see right) or wiping them in surgical spirit between each cut. It also helps to wear gloves (see below) or wash hands regularly, and keep work surfaces clean, especially when wounding plant material. Ideally, use new containers or sterile, preformed units such  as rockwool modules or compressed  peat pellets (see p.35). Pots and other containers should always be scrubbed and sterilized (see far right).LATEX GLOVES These are close-fitting, with a more sensitive touch than gardening gloves, and sterile, so are ideal for use when preparing plant material such as cuttings or bulb sections. The gloves also protect against irritant sap.STERILIZING TOOLSKeep knife, scalpel, or secateur blades sterile by heat-treating  them. Dip a blade in methylated spirits and quickly pass it through a candle flame. Do not re-contaminate the blade by touching it or wiping  off any soot.CLEANING CONTAINERSDirty containers can harbour diseases and minute pests.  Wear protective gloves and thoroughly scrub each pot with  a stiff brush in dilute horticultural disinfectant. Rinse and allow to dry before use.POTS FOR PROPAGATIONHalf potsPot saucersBiodegradable  potsFlexible plastic potsSoft plastic pots (bags)Root trainersTube potsDeep pots (long toms)Standard pots in clay or plasticSeed and bulb pans30 Introduction
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PANS  These are one-third the depth of a standard pot (see facing page), so are good for shallow-rooting material which might rot  in too great a depth of compost. Used for seeds, small cuttings, and bulbs.DEEP POTS (long toms)  These are used for direct sowing or transplant ing deep-rooted plants, such as some trees and legumes, to avoid restricting the roots. They are also good for plants with long tap roots, such as cycads, and other plants that might suffer a check in growth if the roots are disturbed.ROOT TRAINERS  Each plastic pack of individual cells is hinged, to allow root  balls to be removed without disturbance. The sides are grooved vertically to train  root growth. They are mainly used for  deep-rooted trees and shrubs.TUBE POTS  Also known as sweet pea tubes, these are made of plastic or cardboard and can be planted out without disturbing the plant roots. BIODEGRADABLE POTS  These come singly or in strips and are usually made from compressed peat and other fibres. The  roots grow through the pots into the soil when planted out. They are good for vegetables and summer bedding plants.POT SAUCERS  Saucers may be used for vegetable seeds, such as salad rape.SEED TRAYS  Standard or half seed trays  (see above, right) may be used for sowing seeds, transplanting seedlings, and rooting small cuttings. SEED TRAY INSERTS  These allow strips or modules of compost to be held in a seed tray (see above, right), to save space and avoid a stage of transplanting. Rigid inserts last longer than flexible ones. DRIP TRAYS  Drip trays (see above right)  lined with capillary matting make  watering easier. The matting holds a reservoir of moisture that is taken up into the compost as needed.MODULE TRAYS  Module, or cell,  trays in a range of sizes (see right)  are now available for raising “plug”  plants that are easy to transplant.  Care is needed in watering, because  they dry out quickly.COMPOST PRESSERPressers are very useful for firming compost  in containers. A small wooden presser with a handle is easily made; use a pot as a template. Firm the compost by pressing gently and evenly.MODULE TRAYSModule trays have been used commercially  for a number of years and are now widely available to the amateur. The modules allow seedlings or cuttings to develop sturdy root systems before being potted up and to be  handled without disturbing the roots  or harming the stems. Fill a tray with soilless seed compost  and sow seeds singly into the modules, or cells. When roots show at the base, allow them  to dry out slightly, then push  out of the modules with a pencil.40MM ROCKWOOL TRAYTrays of rock wool  modules can be used,  but feed seedlings or cuttings with a dilute  liquid fertilizer once  they develop true leaves.Half seed trayDrip tray with capillary matSeed tray Flexible strip insertFlexible modular insertTRAYS AND INSERTSAs well as standard seed trays, many systems are available for seeds and cuttings. Strip and module trays allow seedlings  and rooted cuttings to be  potted without much root disturbance. Those made of flexible plastic fit into  a standard seed tray and do not last as long as  the rigid forms. Drip or watering trays allow containers to be  watered from below.37MM MODULE TRAYThe larger trays hold up to 70 seedlings or small herbaceous cuttings.13MM MODULE TRAYThis is the smallest practical size of module. Use this size to grow  up to 576 small, fast-germinating seedlings.30MM MODULE TRAYUp to 135 seedlings may  be grown in this tray. Pot  the modules into 6cm  (21⁄2in) pots.20MM MODULE TRAYThis tray allows up to  273 seedlings to develop several pairs of leaves.Rigid stripTools and equipment 31
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32 Introduction2    The weed seeds  will germinate  on the cultivated ground after a few weeks (see right of bed). Clear them by light hoeing or with  a weedkiller, without disturbing the soil.1This technique helps to destroy  as many weeds as possible before sowing seeds in a seedbed. Dig the soil lightly to disturb any weed seeds in the soil (see right of bed).STALE SEEDBED TECHNIQUEDig a trench, 30cm (12in) wide and a spade’s blade deep. Dig a second trench, placing the soil into the first. Continue, filling the last trench with the soil from the first.Soils and growing mediause a proprietary kit. A pH below 7 indicates acid soil; if the soil has a pH over 7, it is alkaline. Regardless of the mature plant’s preferred pH requirement, a low pH is best for cuttings, because any higher than 6.5 induces “hard” callus tissue to form and hinder root development (see also p.23). Maintaining a pH of 4.5–5 also helps to prevent damping off (see p.46). Sulphur  will increase acidity of alkaline soils. OUTDOOR BEDSSpecial outdoor beds offer the best way  to provide ideal conditions for seeds and  for rooting new plants. Digging helps to aerate the soil and break up compacted areas, as well as allowing organic matter  and fertilizers to be added if necessary. For propagation, the important nutrients are potassium (for root growth) and nitrogen  (for leaf and stem growth); phosphorus (for flowers and fruits) benefits established plants. Digging wet soil will cause compaction. Forking is less harmful  to soil structure; it breaks up soil  along existing natural lines. Seeds require a fine “tilth” – level, moisture-retentive surface soil that  consists of small, even particles. This ensures good contact between seeds and soil, so that moisture can be absorbed for germination. Choose a sheltered site: if needed, erect a wind break or shading. About one month before sowing, single dig the bed as shown (see above, left).  Pile the soil from the first trench to one  side and replace it in the last trench. Leave the bed to weather and break up naturally. Just before sowing, break up any remaining lumps with a rake and level the ground by treading it gently. Rake the surface with progressively finer rakes, in different and sand content (see chart below); to identify a soil, rub a small amount of moist soil between your fingers. Soil preparation  to achieve the ideal texture, fertility, and drainage for propagation is worthwhile.The acidity of the soil should also be considered. This is determined by its pH level, on a scale of 1–14. To test your soil,  An appropriate growing medium is crucial to success in propagation. Soil beds outdoors are often used for growing  on divisions, woody cuttings, and direct sowing of seeds, especially of vegetables and annuals, but most methods involve composts and inert media under cover,  to provide ideal conditions free from diseases and pests. Any propagation media must be moisture-retentive, but also porous to keep it aerated. It must  be sufficiently free-draining so that the medium does not become waterlogged, but not so much that the medium dries out. SOILSA healthy soil is vital for successful plant propagation. Soils consist of tiny particles of different, weathered rocks, and organic matter. Very fine particles impede drainage, so the soil becomes waterlogged and low in oxygen; large particles allow free drainage and air to reach roots, but  dry out quickly. The best soil has a mix  of particle sizes. Fertile soil also includes trace minerals – such as boron, copper, iron, manganese, and zinc – needed for healthy growth. Loam soils have an ideal particle mix, with 8–25 per cent clay, good drainage and water retention, and high fertility. Soil is classified by its clay, silt,  SINGLE DIGGINGBASIC SOIL TYPES AND HOW TO PREPARE THEM SOIL TYPESOIL CHARACTERISTICSPREPARING THE SOILSANDY  Dry, light, gritty, and very  free-draining. A handful will not  “ball” or stick together. Easy to work, warms up quickly in spring, but not very fertile. Usually acidic (low pH).Improve loose structure with small amounts of clay (marling). Water and feed often. Add organic matter to hold moisture. Water-retentive gels are useful on a small scale.CHALKY  Pale, shallow, stony, free-draining, and low fertility. Alkaline, with pH of 7 or higher. May be deficient in minerals such as boron, manganese, and phosphorus.“Hungry” soil that breaks down organic matter quickly; dress seed and nursery beds often with organic matter, preferably acidic, such as bark or rotted farmyard manure.PEATY  Dark, crumbly, and rich in organic matter. Retains moisture well, but can be too wet. Acidic (pH below 7). May lack phosphorus and contain too much manganese or aluminium.Makes excellent soil if limed, drained, and fertilized. Add lime  or mushroom compost to achieve best pH of 5.8. Add grit to improve drainage for seed and nursery beds.SILTY  Silky or soapy to the touch,  with fine particles and a low amount of clay. Reasonably fertile and moisture-retentive, but compacts easily, especially when dry. Encourage crumbly structure by marling (see sandy soil) or adding plenty of bulky organic matter. Ideal soil for propagation use, especially for early sowings.CLAY  Wet, sticky, heavy, and slow-draining. Rolls into malleable ball if pressed, that goes shiny if smoothed. Usually very fertile. Slow to warm up in spring; bakes hard in hot weather.Add lime to encourage fine particles to clump together; lay drainage channels of coarse sand or gravel. Add plenty of bulky organic matter and grit to open up soil texture.
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