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INTRODUCTION

An attribate of anything living is its propensity to
be different. This provides the basis for selection and
survival. Whenever attention is focussed on a particular
plant, whether it be cashew or jackfrult, mango or jujube,
great variation is found in certain external and internal
features, resulting in wide differences in individual plant
behaviour in no way reducible by cultural management. This
natural seedling variation may be increased by the plant
breeder to provide a wider choice for selection and a
valuable gene-bank for further work in the improvement of
plants (Gl9¥*).

Having obtained a range of variability, the plent
raiser then isolates his chosen few. The improvement of
tree crops and other long-lived woody subjects presents many
problems not encountered with annual plants. A major impedi-
ment is the longer life-cycle and the time taken to pass
through the juvenile and labile phases of development during
which the adult characters are being established. A hurried
assessment of plants before they have become fully adult may
prove disappointing. The early growth features, even the
first fruits, may give but a passing indication of ultimate
behaviour. This is also true of the plant's regenerative
capacity. Cuttings taken from plants in the early seedling
or juvenile phase root very readily. This propensity to
root commonly falls off as the source plant approaches the
flowering or adult phase (40). With easily rooted subjects
which root well in the adult phase this deterioration may
pass unnoticed,; but in those very difficult to root such as
the clove (Eugenia caryophyllus) it is extremely noticeable (79).

Hitherto, most fruit cultivars have been selected from
chance gseedlings which have already survived many hazards
and are in the adult fruiting phase. 1Indeed, their choice
is largely based upon their fruiting character, the juvenile
phase being no longer a problem. This is true of the majority
of tree fruit cultivars throughout the world, thus it has come
about that the chance seedling has monopolized the garden and

* References to the bibliography prefixed with the letter 'G'
relate to the Bibliography of General Books and Articles to
be found at the end of this book.




orchard. From now onwards, however, it can be expected
that the work of geneticists and plant breeders will itself
contribute an increasing supply of superior cultivars.

The first step in improvement is to pick out high-
yielding indiviuuals possessing other merits such as good
form (122). Selection will also be made for ease of harvest-
ing, such as position of the fruit in relation to the leaves,
and even ripening, particularly where the entire crop is to
be harvested at one picking. Further improvement is dependent
on a breeding programme designed to combine desired qualities
to produce planting material of even greater value.

The two methods of propagating, saxual or asexual,
should not be regarded as alternatives, for one does not
replace the other, but each attains quite different ends.

In the scientifically advanced pome fruit industry of the
temperate zone, every tree, almost without exception, has

been raised vegetatively, both scion and rootstock. Moreover,
the differing influence of the clonal rootstocks now available
enables growers to select composite trees of standard perform-
ance to suit their particular soil, climate and chosen method
of culture (51). These advances have led to increased
production and to major improvements in market quality. Such
advances have largely stemmed from organized research and
extension work during the last fifty years. There is good
reason to expect a similar result in the tropical field.

It is jimportant to appreciate the quite different
consequences of the two main methods of multiplication, the
seed involving variation, the vegetative clone eliminating
variation, except for the chance mutation. It is equally
important to realize that there {3 a third method which is
a mixture of both. This method involves grafting and can
have three quite different effects. When a given scion {is
grafted upon a collection of seedlings, each tree may be
expected to develop somewhat differently. When grafted upon
a vegetatively-propagated clonal rootstock it will give a
comparable performance, though the composite plant is no
longer truly clonal because the proportions of the two
components may differ, or the specific effects of rootstock
and scion may be partly or wholly nullified by suckering
from the roots or by rooting from the scion. The third
grafting system, in which pieces of root and shoot are taken
from a single individual own-rooted plant and joined to form




1ew plants, as is done when the subject is difficult to
sropagate from root and shoot cuttings, is the only truly
:lonal method involving grafting.

The three propagation systems, sexual, isexual
(vegetative), and mixed (involving grafting), will be
lescribed, but the early sections of this Part are
ntended to provide some jeneral recammendations -~n “he
tstadlishment and equipment of a plant nursery.
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CHAPTER X

THE NURSERY

Site

The concentration of tree raising in nurseries,
involving as it does a high labour cost and the use of much
special equipment, demands the best possible choice of site.
There should be ready access to an ample water supply but
freedom from any risk of flooding. The land should be flat
if possible, otherwise it must be carefully contgured, and
in a sheltered position. Soils should be avoided that are
highly calcareous, heavy or very sandy or which contain
many stones which make it difficult to lift plants without
damage.

Soil

The land should be cleared of tree roots and weeds and
thoroughly and deeply cultivated to a depth sufficient to
achieve this and to break any hard pan which may be present.

wWhere well-drained land is selected, cultivation to a
depth of 20 to 30 cm (B to 12 in ) is fully adequate.
Both top and subsoil should be tested for pH reaction.
Tropical fruits in general do well in slightly acid soils,
a pH of about 6.5 being optimal.

In the preliminary clearing of land for a nursery,
care should be taken to avoid leaving the disturbed soil long
exposed to the sun. As Webster and Wilson (122) emphasized,
a clean fallow suffers from the disadvantage that the bare
soil is exposed to sun, wind and rain, with consequent risk
of erosion by wind and water. They suggest the provision
of protective covering by such means as stubble-mulching,
killing weeds chemically leaving them lying on the surface,
or even by growing a temporary vegetative cover selected
for its low demand on water. In Tanzania it has been shown
{(95) that in the semi-arid tropics a sowing of 20 lb (9 kg)
viable seed per acre of teff grass (Eragrostis abyssinica)
could suppress volunteer weads and lead to the storage of
subsoil moisture for the future crop. The aim in all cases
should be to minimjize bare-soil disturbance and to shorten
as much as possible the time of exposure of scil to the
2lements.




water supply

Water must be constantly available in adequate
quantity to meet the continuing needs of the nursery.
Water of drinkable quality is not necessary for plants, but
it must not have a high salt content. Continuous use of
hard water raises the soil pH substantially and such water
should be used only with great care. Rain water, being soft
and clean, is an ideal alternative.

Water that is dirty with particles of vegetative or
other organic matter will provide conditions for the develop-
ment of slimes, leading to blocked pipes and nozzles. Where
this is the only water available it should be passed through
a gradation of coarse to fine filters to lessen the risk of
pipe blockage. This is particularly necessary when using
mist propagation units. Bore-hole and well water, when not
too highly charged with minerals, being free of organic
contamination, is excellent.

s#here a pumped water supply is conveyed some distance
through pipes there is always a marked reduction in pressure
at the outlet points. rIhis can be minimized by the use of
iarge diameter pipes ieading from the source right up close
to the outlets. An abundant water supply is essential to
provide a sufficient flow to permit of heavy watering at any
given time. Where supplies have to bhe economized or rationed
there is a tendency to give too little water at shorter
intervals, resulting in rapid salt accumulation in the surface
soil around the plants due to evaporation. Where water is
restricted, occasional heavy waterings should be given to
wash out accumulated salts.

Physical requirements

When planning a nursery it is essential to consider the
basic requirements for efficient plant multiplication, both
by seed and vegetatively. The aim is to provide an environ-
ment to meet the needs of the material and to condition it
for success in its permanent site.

Plants primarily respond to physical or climatic
factors and become conditioned to their particular environ-
ments. Seeds carry forward 'built-in' characteristics from
their parents. The same is true of cuttings, though this is
not so commonly appreciated. Once a seed or cutting is




removed from the parent, any treatment given will be con-
fined to the separated material and there will be no
continuing modifying influence or support by the parent.
There is then a need for nursing, less critical for seeds,
which are complete entities, than for cuttings which are
discrete parts and must be nursed to wholeness.

Successful nursery procedures depend upon a proper
appreciation of local climatic factors, mainly of tempera-
ture, rainfall and atmospheric humidity, light intensity and
duration (118), and their interaction. These main factors may
be locally modified by the presence or absence of extensive
water surfaces, altitude and aspect, and surrounding
vegetation, all of which have a major influence on local winds.

The plant raiser’'s problem is to provide conditions
in the immediate vicinity of his nurslings which will guard
them from adverse effects of violent temperature fluctuations,
intense sun heat and light, high evaporation and damaging
winds, yet provide sufficient warmth, light and moisture to
ensure root and shoot development and adequate photosynthetic
activity of the leaves.

General protective measures

Having chosen a nursery site with regard to soil working
conditions, drainage, water supply, ready access to labour
and transport, the main consideration is to provide shelter
from strong winds. This may already be adequately provided
by forest or mature plantation trees; otherwise, well
supported eight to ten-foot (2.5 to }.0-m) fences of reed
or split bamboo held in line by horizontal pieces of rough
timber, should be erected whilst some quick-growing hedging
is beinqg established. It must be remembered, hower sr. that
such fences afford protection for a distance of only about
24 times their own height.

Many different kinds of intimate protection are used
in nurseries. Glass structures, so widely used in temperate
zones, quickly overheat in hot sun and are generally un-
suitable for use in the tropics. Structures which have prowved
more useful have been a combination of partial shading over-
head with moisture-retaining covers below to provide the
desired ecoclimate in the immediate vicinity of the plant.
For effective heat protection the top shade should be placed
some distance above the iower moisture-retaining polyethylene



or other material to permit free circulation of air between
the two layers. As short a distance as one foot (30 cm) is
said to be effective, but the majority of workers prefer much
higher top shade.

Overhead shade

For a high-shade 'walk-in' nursery the horizontal
shading is placed about eight feet (2.5 m) above ground to
provide ready access. The shading material must be supported
on strong posts spaced eight to ten feet (2.5 to 3.0 m) apart
in lines that may be twenty to twenty-five feet (6.0 to 7.5 m)
aparct, althougn the exact distance will be governed by the
length of supporting cross-pieces available. Two-inch (5-cm)
steel pipes, set in concrete, are sometimes used instead of
wooden posts and cross members may be replaced by tightly-
drawn stout wires to support the shading material. If the
ends of the wires are fixed to 'dead men' the whole structure
is strengthened.

Various materials serve for shading, including laths,
bamboo, banana leaves and palm branches. A favourite used
in Malawi (107) is composed of grass woven into two-inch
(5-cm) chicken wire. This lasts up to two years, requiring
little attention once installed and it withztands storms and
strong winds.

Lath houses are commonly used :c provide 'walk_-in' and
other shade structures. They are somewhat expensive compared
with those made from grass, leavas or bamboo. The laths may
be pre-fabricated as rollable mats or blinds to ease the work
of installation. The individual laths,commonly some two inches
(5 cmj wide, are gpaced to provide the degree of shading
required. A 50 per cent covar is often used (121); this may
not, however, result in SO per cent of available light
reaching the plants.

Plastic fabric

Overhead shade is also provided by woven plastic
material commoiiiy referred to in the United States as saran.
This is avallable in different densities, is light-weight
and readily attached to wires (see above). Rather stronger
polypronylene fabric serves the same purpose of providing
shade and weather protection. The life of some of these
plastic materials is apt to be rather short, especially in
hot sunny regions.




It is better to have many small spaces in the overhead
shading rather than large spaces accompanying large opaque
areas. The light from many small apertures quickly alternat-
ing with shade gives more even conditions for plant growth.
Moreover there is less danger of channelling heavy rainfall
to particular spots. Uneven rain distribution is also
engendered by drooping top shade, which precipitates water
to the lower levels through which it cascades causing damage
and erosion.




CHAPTER I1

POTS AND OTHER CONTAINERS

Plants in containers are more under the control of
the nurseryman than those planted out in the field and are
therefore dependent on the skill, care and management of the
' operator. Containers are widely used for all propagating
methods, frequently for seedlings as well as vegetatively
raised material. They are particularly valuable for cuttings
and grafted plants, not only because these demand careful
nursing but also because of their greater value due to high
labour input.

All containers, unless made alongside where they are
to be filled, should be shaped so that they nest together
compactly, otherwise they will take up considerable storage
space. Collapsible containers, such as those made from
polyethylene lay-flat tubing or folded waxed paper, present
no problem. Rigid containers such as clay pots and rigid
plastic imitations, whether round or sgquare, tapered toward
their base, not only economize storage space but also greatly
ease the removal of the plant and soil intact at planting
time. Non-tapered metal containers, commonly salvaged from
canneries, hotels and restaurants, are quite often used for
plants but these must be cut down each side with powerful
shears or tin-snips to permit removal of the plant, often
incurring, while doing so, some root damage and the risk of
cut fingers.

There are two main classes of container - the durable,
used repeatedly, and the non-durable which goes with the
plant into the planting pit where it disintegrates without
impeding root development. Locally woven baskets and
factory-made peat-fibre pots are examples of the latter.

The features of containers found especially suitable are
mentioned here, but it is appreciated that there are many
locally available containers and materials which may be found
adequate for plant raising, such as bamboo joints and folded
leaves.

Durable containers

Clay pots. Earthenware porous clay pots are in general use
throughout the world in sizes from thimbles to bushels,



usually circular and tapered to facilitate emptying. They I
may be used repeated!' until accidentally broken. With
continued re-use sal! tend to accumulate in the earthenware,
from which they may - removed by socaking in water in a tank
or stream. It has .en found possible to achieve both a
reduction of salir  and disinfection of the pots in one
operation (6) by ~ :ting the water in which they are soaked I
to 140° to 180°F (¢ 2 to 829C) for 24 hours. This destroys
algae and mosses, as well as disease organisms. The pots

may then be rinsed in clean water if desired. Provision for
drainage is essential. Where very coarse potting mixtures
are uged, particularly in small pots, special internal
drainage may be unnecessary, but in larger pots it should be
placed over the holes. Small pots need only one hole in the
middle of the bottom but pots above six inches (15 cm) in
diameter should have three or four holes and these should be
covered with pot shards (crocks). Pots of ten inches (25 cm)
and more should have additional holes low down in their walls,
close o5 the bottom and these should also be covered with
sharc: when filling. when filled, these large pots should

be sv-cd on free-draining gravel, broken brick or coarse

cles ashes, otherwise the drainage holes may become blocked.

With respect to small pots (3 to 5 inches or 8 to 13 cm)
e are best not crocked, particularly where they are to
stood on a level layer of fine sand as a means of sub-
trrigation. If the sand is placed on a sheet of polyethylene
and kept moist the smaller non-crocked pots will obtain much
1f not all of their water requirement by capillarity.

Irrespective of type of plant container about a sixth
of the pot depth should be left unfilled so as to receive
water which willi be sufficient to percolate and completely
moisten the pot contents at a single watering.

The porous nature of unglazed earthenware permits some
movement of air and water through the sides of the pot and
some consider this to be preferable to the conditions
imposed by impervious materials such as metal or plastic.

Metal cans. Provided tapered steel cans are galvanised or
well painted to prevent rusting they may be re-used many
times. Being thin they nest well for transport or storage
and, compared with clay pots of similar size, are relatively
light in weight. They are manufactured in sizes from one

gallon (4.5 ') upwards and provided with numerous holes for
drainage.
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In some countries meat and other processors pack their
products in tapered cans or buckets coated with tin and
lacquer. With holes punched in their bottoms (from inside
the can outwards) they make excellent plant containers. Soil
in metal containers exposed to the sun, either in the nursery
or at the planting site, may, however, become overheated,
causing root damage (123), and some protective shade may be
necessary.

Rigid plastic pots. There are many shapes and sizes now
available and, provided they cover the points already
enumerated, they are quite acceptable. They are non-porous
and must therefore have fully adequate drainage holes: holes
in the base should be associated with miniature runnels to
the side of the pot for good drainage. Some types are
fragile and cannot be lifted by their rims and so need
careful handling. Having chosen the particular size and
shape required it is helpful to keep that size separate

from other batches of similar size, otherwise, when nested
together they get wedged one with another and it becomes
difficult to part them again without cracking. Damage may
also occur when extracting the plant by inverting and tapping
the rim of the pot.

Non-durable containers

Baskets. Probably one of the earliest non-durable plant
containers was the basket loosely woven from coarse grasses
or split bamboo reeds grown in the locality. On transplanting
to the permanent site, the basket with the plant is placed

in the ground and any root disturbance i{s thereby avoided.
Baskets are comparatively cheap to make; the clear instruc-
tions which follow were supplied by E. E. Cheeseman (see 28).
In the West Indies the baskets were made of 'tirite’
(Ischnosiphon arouma), a marantaceous plant growing abundantly
in the local forests. 1Its stems are about 1 am (0.4 in) in
diameter. They are split lengthwise, scraped to remove the
pith, and dried. The dry material is damped in working to
make it easier to handle. The first step is to lay six
stronqg pleces of tirite about two feet (0.6 m) long in the
form of a star, crossing at their centres. These are fixed
in this position by interweaving a circular tie to form the
bottom of the pot. The twelve ribs are bent upwards and
weaving is continued to form the sides of the basket. The
last inch (2.5 cm) or sc of the rib is bent over and tucked
into the weave to finish off the top of the basket. Larger

11




baskets may be iade by using coarser materials and rather
more crossing pieces for the uprights, but a basket diameter
of from five to eight inches (13 to 20 cm) with a height of
between eight and twelve inches (20 and 30 cm) will cover the
practical handling range. When roots appear through the
sides of the pot it is time to transfer the plants into pits
in the field.

Bamboo joints. Bamboo joints have frequently been used as
pots, and as they are very resistant to decay they could also
be classed as durable. Large bamboo stems cut transversely’
iust below each node form useful pots of somewhat limited
size; a hole should be made through the node for drainage.
If the potted seedlings are left in bamboo until they are
pot-bound it may be necessary to split the pots to release
them. This difficult operation may be avoided by splitting
the unfilled pot into two halves and binding these together
again with one round turn of wire before use. If to be re-
used the two halves should be kept together.

Banana sheaths. The dried sheaths of bananas may be used for
plant pots (Gl9). The basal portions of two petioles placed
opposite each other round a log as a temporary support while
tying them together with fibres, form quite practical, open
ended pots or cylinders to hold well -structured media.
Lengths of dried banana sheath, three or four inches (7.5

or 10 cm} wide, are also readily formed into pots as follows
(91) . A short post, fixed upright in the ground, or a cut-
down tree trunk, makes a suitable mould on which to form

the pot. Strips of fibre are laid crosswise on the top of
the mould and folded down the sides to enclose it completely.
The strips are then tied down to form the depth of pot
desired and bent back towards the top of the mould where

they are again tied. The surplus ends of the sheaths are
then cut off and the completed pot lifted off. This method
of construction may L adapted to form containers from various
kinds of leaves, fibres and other materials, including pieces
of waxed or tarred paper; the natural fibre ties may be
replaced by non-rotting plastic string.

In many localities baskets made from natural materials

have now been largely replaced by plastic sleeves or bags
(see below).

Coated-paper containers. Paper, cardboard and compressed
fibre, if impregnated with paraffin wax, bitumen or other
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water-repellant materials of a non-poisonous nature, make
excellent temporary containers that are generally more rigid
than polybags (polyethylene bags). Although they are non-
durable it -is desirable to remove them, at least in part, at
the - .eld planting stage, normally by tearing. None except
the smaller sizes, and those made of the tougher materials,
can safely be lifted by the rim. They must be handled
individually using both hands.

Paraffined paper drinking cups, if punched with
drainage holes, are useful for raising seedlings for early
lining-out in nursery rows. They must be removed at trans-
planting and may give further service if carefully handled.
They are cheap, light in weight and occupy little storage
space.

Bitumen-coated paper pots are available in various
sizes and are comparatively inexpensive, of light weight and
readily nested for transport and storage. For maximum life
the paper should be completely impregnated with water-proofing
material, but treating the inside surface only may suffice
for short-term use. In general, it is unnecessary to remove
the sides of the pot when planting out, but it may be advisable
to pull away the base, particularly where this is formed of
a number of layers.

Mulch-paper and compressed peat pots. Mulch-paper and also
compressed peat pots, widely used in small sizes in temperate
zones, have a comparatively short life, particularly in
alkaline soils. Roots readily penetrate the walls of these
pots under moist conditions and this reduces the risk of a
planting check at transference. If the pots are plunged in

a nursery bed care should be taken to leave about one inch
(2.5 cm) of the rim above the medium to postpone collapse

of the pot. Peat fibre pots are obtainable in small sizes

up to four inches (10 om) in diameter. Units of six or
twelve, fixed together as a tray, may save labour in handling
but they have a very short life.

Polyethylene bags and sleeves. The invention of polyethylene
has had a profound effect upon planteraising practices. Its
use in film form for plant containers is now widespread,
replacing many of the traditional materials already described.
It is waterprocf, tough and flexible, light in weight,

readily stored until required, transparen: or opague,
relatively inexpensive and readily obtainable. Bags of all
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sizes, often called polybags, are cbtainable in varjious
thicknesses. Where sleeves, i.e. open-ended cylinders
rather than bags, are required,extra drainage may not be
necessary but the bags should have numerous holes in their

base and, particularly in larger sizes, additional holes in
their sides up to half theair height.

When required in quantity polybags can be made available
in a particular shape, size and thickness. For unimpeded
tap-root development very deep bags are sometimes used, re-
quiring firm mutual support in the nursery. Black polybags
are more commonly used than clear; the main difference is
that the clear polybags permit the growth of algae and
seedlings on the inside of the containers where exposed to
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little consequence. Soil in black containers with their
sides exposed to the sun may overheat and this may seriously
affect root development in the container. Examination of the
effects of high soil~temperature (47) has shown that soil in
non~porous black containers exposed to the sun may rise to
115°F (46° C), whereas contajiners covered with aluminium

foil or shaded by a wooden board have temperatures similar
to that of the air. This overheating adversely affects root
development and causes a one-sided root development and
poorer establishment in the field. The influence of root
temperature on plant growth, namely dry weight gain, plant
height, root extent and form, flowering and fruiting, has
recently been extensively reviewed by Cooper (20).

When filled the polybags are stood close together on
the ground in blocks up to some six feet (1.8 m) wide to
permit inspection and watering from alleyways. Support may
be given to the outer rows by sleepers, baulks of timber or
low walls, but adjustment of the ground level when first
standing-out should make this extra support unnecessary
provided there is adequate wind protection.

Plants in polybags are already largely protected from
water loss during transport and are at less risk than those
in porous containers. When comparing polybags with clay pots
or other tapered conta:ners it should be remembered that
polybags, size for size (diameter and depth), hold about
twice as much compost and provide additional root-run.

14
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CHAPTER III

POTTING COMPOSTS

Plant raisers have used many different potting or
ontainer composts. Most of these are quite satisfactory,
ut some have proved unreliable, causing loss of valuable
lants and consequent delay in fulfilling planting projects.
uch losses have occurred in all parts of the world, eventually
eading to methodical investigations into the basic requirements
or the successful production of container composts. The
nvestigations at the John Innes Institute in England (68)
nd those at the California Agricultural Experiment Station
n America (6) cover the subject well and provide a sound
asis for their recommendations.

Lawrence and Newell (68) found that there were three
ssential characteristics of a good container compost:

(1) It should possess a crumbly structure that
pexrmits the entry of air and be able to hold
moisture while permitting excess to drain away.

(2) It should provide an adequate and balanced food
supply at every stage of plant growth.

{(3) It should be free from all harmful organisms and
other substances.

8¢ structure and composition of composts

Lavrence and Newell (68) urge that the same ingredient
ould be used for each mix to obtain uniform results. This
11 not always be possible, but the principles will always
1ld good. The Californian workers, who evolved the University
California (U.C.) system, based their mixes on fine sand
th peat or sawdust, adding nutrients and lime according to
e many different purposes in view.

Generally speaking, loam, peat and sand are the basic
gredients of container composts. A loam contains sand,
lt and clay in approximately equal proportions. It may
S50 contain & little humus, but this is of negligible
portance #3 it is added separately. The best loam has
st enocugh clay in it to leave a ‘greasy' smear when rubbed
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by the finger (68). Humuas, or organic matter, can be
supplied in the form of leaf-mould (e.g. from forest floors),
swamp peat, coconut fibre refuse, pulverized bark, etc. Leaf
mould rots quickly and does not maintain a well-draining
structure when it is kept in containers for a long time.
More rot-resistant materials are generally preferable. Sand
is added to obtain correct physical condition and good
drainage. It should be clean, free of fine particles and
grade up to 1/8 inch (0.3 am). The proportions of these
main ingredients may be varied according to the quality of
each. If the loam is inclined to be sandy, rather less sand
should be used; if the organic matter is finely decomposed,
more sand should be used or same coarser unrotted material
such as coconut fibre should be added; if the local sand is
too fine, a more suitable one should be sought. The test of
a well-structured mix is that it will not surface-pack when
watered but will drain within a few minutes and will not
shrink from the sides of the container when dry.

The traditional recipes for potting composts,
resulting from long experience, invariably contain a large
proportion of well-structured organic matter such as leaf-
mould and animal manure, peat or other fibrous material,
together with sand or fine grit. Loam or silt soils are
often added to provide trace elements and improve water-
holding power and to encourage the development of roots
adapted to meet the soil conditions of the open field.
Mixes fulfilling these requirements are detailed by many
authors. Singh, in his monograph on the mango (1l1ll), advocates
equal parts of so0il, compost and leaf-mould; the soil should
not contain too much clay but should be modified by the
inclusion of, or total substitution by, canal or river silt.
Others in India (G24) set their rooted cuttings in a mixture
of leaf-mould, soil and sand in the ratio 3:2:l.

For both young seedlings and cuttings a. more open
structure is required such as sand, loam, peat (or peat
substitute) in the ratic 2:1:1, whereas for plants 'growing
on' in containers the ratio could well be 1:2:1 (48).

Food supply

The basic ingredients must be supplemented with plant
fond materials. For germination and early healthy develop-
ment of seedlings phosphate is particularly important. For
further growth and development » steady supply of nitrates,
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in addition to phosphate and potash, must be assured. All
composts should include some calcium in the form of ground
limestone or chalk or, where magnesium is apt to be in short
supply, in the form of dolomitic limestone. The initial dose
of nitrogen may be supplemented by periodic liquid feeds, but
the inclusion in the campost of blow—release materials such
as ground hoof and horn, or one of the'patent slow-release
fertilizers now available, ensures a more steady source of
plant nutrient. These two ways of feeding are often used

in conjunction.

The John Innes composite fertilizer addltlves, thoroughly
incorporated in the mix, all per cubic yard (0.76 m ) of soil

mix, are as follows:

Seed compost

Superphosphate 2 1b (0.9 kg) (lby
phosphoric acid)
Chalk 1 1b (0.45 kg) (55%

calcium oxide)

Potting compost

Hoof and horn 2 1b (13% nitrogen)
Superphosphate 2 1lb (16% phosphoric acid)
Sulphate of potash 1 1b (50% potash)

The U.C. type soil mixes are based on the two
ingredients fine sand and peat moss. Other materials such
as sawdust or shavings, pulverized bark, coconut fibre,
rice hulls or chaff, may be substituted for all or part of
the peat. The sand partirle range recommended is 0.05 to
0.5 mm (0.002 to 0.02 in); tihe peat preferred is sphagnum
peat. By varying the proportion of these it is possible
to meet most requirements. The mixing operation is made
easier by moistening the peat a day or two in advance.
Baker (&) lists some 30 rates of additives appropriate to
different sand/peat bases. The following are examples:

Sand/Eeat {75/25%)

For fast-growing rooted cuttings or transplants
also for potting-on, all per cubic yard of soil mix.



Hoof and horn or

blood meal 24 1b (1.1 kg)
Potassium nitrate 6 oz (0.17 kqg)
Potassium sulphate 4 oz (0.1 kg)
Superphosphate 24 1b (1.1 kg)
Dolomite lime 44 1b (2.0 kg)
Chalk 1y b (0.6 kg)
Gypsum 1% 1b (0.6 kg)

Pear/sand (75/25%)

For seed germination and transplanting, supple-
mentary nitrogen soon required:

Potassium nitrate
Potassium sulphate

oz (0.1 kqg)
oz (0.1 kg)

[NV, I NI - -3

Superphosphate b (0.9 kqg)
Dolomite lime b (2.3 kg)
Chalk b (1.8 kqg)

When mixing these additives with the basic ingredients
it is as well to mix all together with a small portion of
the sand and to spread this over the heap of peat and saad
for the main mixing.

Supplementary feeding should be started when the plant
roots first reach the sides and bottom of the container,
long before a pot-bound cendition or starvation symptoms
appear. It is conveniently given in dilute liquid form.
Recommended dilutions vary greatly. To supply nitrogen alone,
15 oz (0.4 kg) of sulphate of ammonia per 100 gallons (455 1)
of water at ten-day intervals would probably suffice. To
supply nitrogeii, phosphate and potassium to fully rooted
plants Lawrence (68) suggests liquid feeds containing three
to six 1lb (1.4 ro 2.7 kg) per 100 gallons (455 1}, preferably
of rain water to avoid precipitation of salts; the feed to
be made and used the same day and applied at weekly or ten-
day intervals according to need.

Baker (6) lists a range of liquid feeds for use with
U.C. peat/sand bases, twe of which are most commonly used.
For nitrogen only one lb (0.45 kg) of ammonium nitrate is
dissolved in 100 gallons (455 1) of water. To supply the
three main fertilizers to plants already well established in
containers, dissolve half a pound (0.23 kg) each of ammonium
nitrate, mono-ammonium phosphate and potassium chloride in
100 gallons (455 1) of water and apply in place of a
reqular irrigation as considered necessary.
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In U.K. nurseries liquid feeds for container plants
re currently based largely on equal proportions of ammonium
itrate and potassium nitrate at concentrations of from 200
o 400 p.p.m. depending on the plant species. Phosphate may
e added occasionally but may be adequately supplied 1n the

asic mix.

Foliar feeds are of undoubted value, especially high-
itrogen feeds for semi-shade plants exposed to full sun.
'hey should be sprayed on the plants during growth flushes

.t seven to ten-day intervals. It is
the nitrogen requirement rises as the
xposed to sunlight, and particularly
)leing hardened to light as they leave
:he open plantation.
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CHAPTER IV

PROPAGATION BY SEED

Propagation by seed is the primary method of plant
multiplication and remains the principal way of raising the
majority of tropical fruits. It has advantages and dis-
advantages. Being merely an extension of the natural way
it is easy. The seed endows the young plant with power to
overcome initial adverse features of the environment by
means of stored food accompanied by a high root/shoot ratio.
Furthaermore seeds normally possess power to respond
appropriately to the environment by means of inhibitors and
'timing’' devices related to physical features such as
moisture, temperature and light. With few exceptions the
seedling starts free of virus infection.

Collection of seed

Collecting seed from suitable sources can do much to
minimize seedling variation. Collection from groves of high
reputation from which inferior plants have been eliminated
is recommended. Such seed sources may well be established
in isolated areas or villages} either by planting only
selected seedlings there or, where practicable, planting
vegetatively-propagated clones in seed gardens. Seedlings
arising from such a source tend to reproduce characteristics
observed in the parents (48).

Seed from a single plant established in a mixed
collection, as found in an arboretum for example, would be
a poor source from the variation point of view. On the
other hand seed from a pure stand of a clonal cultivar lacking
cross-pollination may not prove so satisfactory as that from
a stand of two or more clones with regard to health and vigour.
When a seed source has acquired a reputation by progeny
testing it may sometimes, if properly exploited, prove of

far greater value to the grower for propagation purposes than
for fruit production.

The best time to harvest most seeds is when the fruits
are fully ripe. Occasionally it may be advantageous to
collect somewhat immature fruits for seed in order to reduce
losses from depredation by birds and other predators, and
because sometimes this results in more rapid germination, but
most tropical fruit seed responds best when taken from mature
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fruits for immediate sowing. In some cases fleshy or oily
seeds have a very short storage life precluding wide dis-
persal owing to the time taken in transit. Once harvested,
seeds need very close attention to ensure that viability is
retained until they are sown.

The phenomenon of polyembryony (the formation of more
than one embryo in an embryo sac) occurs in a number of plants,
notably mango and citrus. Adventive embryos arise from the
cells of the nucellus and are highly uniform, being of
vegetative origin. If, after germination, the generative
seedlings can be distinguished from the vegetative seedlings
and eliminated, a non-variable line of descendants should
result. This is discussed in more detail later under
vegetative propagation (p. 82 ).

Storage of seed

Seed viability can be maintained for a considerable
time under appropriate storage conditions. It has been shown
(9) that, although all kinds deteriorate very rapidly in the
tropics, it is possible, by humidity and temperature control,
to extend the viability,; of many valuable seeds, thus permitting
direct seeding in a planned planting programme. In the main,
moisture content and st.ragje temperature determine the
keeping quality of seeus 1n storage.

Moist seed, freshly harvested, rapidly deteriorates in
the high ambient tei.peratures of the tropics; but over-
drying is equally dangerous. Seed cleaned of any adhering
fruit pulp by washing should be surface-dried under shade and
kept cool thereafter. Very few data are available on the
storage of tropical tree-fruit seeds but it may be appropriate
to quote some values available for rubber (Hevea brasiliensis),
soya bean (Glycine max) and oil palm (Elaeis guineensis), all
of which possess high oil contents.

Rubber seed can be stored at ambient temperatures for up
to two months (105). Good results have been obtained by
mixing the seed with an equal volume of sawdust (lO per cent
initial moisture content) and spreading this mixture in
shallow layers inside perforated polyethylene lay-flat tubes
to avoid heat build-up. Under these conditions viability was
unimpaired for at least two months and was still about 50 per
cent even after four months; moreover no germination occurred
in the bags.
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Soya seed loses viability rapidly at high ambient
temperatures in Trinidad, particularly when poorly ventilated
and with initial moisture contents above 14 per cent (1l15).
Under conditions in Trinidad, with maximum and minimum
temperatures of about 85° and 680F (29o and ZOOC), and with
humidity at saturation point almost every night, a 90 per
cent loss of viability occurred over a lo—month period, whereas
similar seed cool stored at 55° to 60°F (13° to 16°C) retained
full germinating power.

The treatment of oil palm seed is described in the
following section.

As experience is gained it will become clear that
varietal characteristics are among the factors determining
the life-span of seeds and the skilled propagator will use
this knowledge, where appropriacte, in his choice of particular
seed sources.

Pre-treatments

Although it i3 true that sound, fresh sezed of most
tropical plantation crops soon germinates after planting,
exceptions occur. Oil palm may serve as an example, giving
slow and erratic germination in the absence of special treat-
ment. The technique recommended (l03) is to place moist clean
seed in a container covered by a sheet of polyethylene
{gauge 0.002 in: 0.005 cm) and to mist-spray the seed three
theg a week. Optimum temperature was found to be about 39°%
(l102°F), with a duration of treatment of 70 - 80 days.

Higher temperatures for brief periods were only slightly
harmful, but any marked heat reduction was accompanied by a
large drop in germination rate. Following the ten weeks
treatment an ambtent seed-bed temperature of 25° -~ 28°%C

(77° to 84°F) has given over 80 per cent germination in 12

to 15 days. Additional treatments to prevent or reduce losses
from diseases caused by organisms associated with the seed,

or present in the seed-bed, may be helpful. Chemical treat-
ments are the most common method (45). Organic fungicides
are used more than inorganic and they are conveniently applied
as dusts. In general, {t is found that proprietary dusts are
efficient and economical. The makers' explicit directions
should be carefully followed. All dusts present hazards to
workers and special precautions are necessary. When treating
large quantities of seed, clean filter masks should be worn
and the treatment applied Ln the oSpen or i1n a well ventilated
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hed. Ideally, the treatment room should be provided with
xhaust fans to collect the floating dust. The operators
hould wash away any personal contamination with soap and
ater, this being particularly important prior to eating or

rinking.
Both dusts and fluid disinfectants or protectants must

ome into close contact with each seed. For small lots of
eed this is conveniently achieved by placing seed and
aterial in a tumbling barrel or old-fashioned butter churn.
arger quantities may be well mixed on a concrete floor by
urning three or four times with a shovel. In general, the

leeds of tropical fruits exhibit little or no dormancy.

Among tropical plants, however, the seed of wattle
‘Acacia mearnsii) -germinates well following treatment with
oiling water. The seeds are dropped into a vessel of
oiling water which is then removed from the heat source
ind left overnight to cool. The seed may ®hen be sown, or
rashed, dried and stored. :

Tiability tests

In seed testing, the sample on which the test is made
sust be representative. A bulk should be well mixed prior
0o sampling. This is safely accomplished with dormant seed,
sut {f germination has bequn considerable damage may be done.
in this case the sample should be hand selected from different
pesitions in the heap or layer. Seeds should be taken from
10t less than ten different positions in the bulk, whether
this i3 in sacks or rigid containers or in a single heap.
#hen the individual samples are found to be more than
sufficient they should be put together, well mixed and then
halved by a single movement. If necessary, one of these
halves may be re-mixed and halved again, to obtain a manage-
able sample for testing.

Seed may be tested for a variety of characteristics
such as purity or lack of contamination by other seeds, seed
size, internal condition, cleanliness, freedom from progressive
rots and, above all, germination percentage and vigour.

Each sample to be tested should be scaked or otherwise
moistened and placed in a suitable temperature. Smail seeds
may be lined-out on moist filter or blotting paper and
covered with glass covers within a controlled cabinet or
incubator. Large seeds, such as avocado, are better partially
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buried in a layer of sand or clean fibrous material. This
permits the seed to be kept in appropriate orientation.
Records should be taken at regular intervals, daily if
necessary, of numbers germinated in relation to time and
grading, incidence of rotting and vigour of germination.

Various quick viability tests have been devised to
provide data for a rapid report on germination capacity.
In the ‘cutting' test the seeds are simply cut open and empty
or damaged ones counted (9). A variation of this, known as
the 'half-seed' method, is to soak the seed and cut off one
end, without injuring the embryo, placing the remainder of
the seed in reduced light in a germinator where greening of
the cotyledons indicates viability. Non-viable embryos rot
quickly without turning green.

Eariy appraisal of dormant., or seemingly dormant, ¢ -ed
may be made by use of the tetrazolium test. This TZ tes  is
especially useful in evaluating dormant seeds just harve ted
(18) and also when seeking the cause of non-germination >f
firm seeds that remain dormant at the end of growth tes .s.

For the TZ test the seeds should be soaked in water for
a day or more to facilitate even absorption of the chemical
and subsequent clean cutting. where this is necessary. It
is generally recommended that small seeds (grains, etc.) be
cut through before they are placed in the solution, but
larger seeds should be treated without cutting. A suitable
solution is 0.25% 2,3,5-triphenyl tetrazolium chioride in
water, i.e. 1 g in 400 ml. Seed immersed in this solutica
for one to two days in complete darkness at temperatu:es of
75° to 90°F (23° to 32 °c), should be adequately stained. The
solution is discarded and the seed kept wet and CuUL by
meersion in water in a refrigerator at 40 to 57 F (4. a° to
107C) till testing. 1In the test the seed ccat is removed to
reveal the degree of staining of the tissues. Strong,
healthy, viable tissues are stained red. weaker tissues, of
old seed or seed badly harvested or improperly stored, will
be mottled or only palely coloured, whilst dead tissues are
white. Confirmation of the individual staining reaction may
be obtained by inspection of sliced seed.

A

Sowing or planting tie seed

There are three main wavs of sowing seeds. They may
be sown i1n situ, commonly termes sowing at stake', in



prepared seed-beds or in containers such as pots, bags or
baskets.

Sowing at stake. sowing seed in situ, where the plants are
to remain throughout their lives, has some advantages over
transplanting irom nurseries, including the avoidance of
transport of bulky containerized plants from a distance, but
there ar= a number of hazards, only partly overcome by good
management and horticultural care. The wide spacing of the
seed sites, involving considerable areas, lessens opportunity
for frequent and regular inspection and permits extensive
dagage to occur before adequate control measures can be
implemented. Depredation by rodents and birds is only
partially mitigated by sowing a number of seeds at each site
and mulching these with branches, straw, woodwool, etc. A
general drawback to sowing In situ is the early occupation

of the land, which might otherwise have been cropped or under-
going preparatory treatment, for example to eradicate weeds,
prior to the planting of nursery-raised trees, in some cases
already grafted. Moreover, it is found that establishment
failures and supplying with new seed or transplanted material,
both demanding widely scattered supervision, leads to variable
development and productivity of the plantation. Points in
favour of sowing at stake include the avoidance of damage to
the tap-root and really firm anchorage from the beginning,
initial vigour and a considerable saving in the use of skilled
labour in the nursery.

It is recommended that the land be cleared and deeply
cultivated well before planting time. After marking out, the
vl “ould be dug well in advance of planting the seed. A

=% of one month is recommended to permit weathering.
About two weeks before planting the seeds, the pits are filled
with a mixture of top soil, compost or rotted manure, wood ash
and sometimes, in accordance with local recommendations for
particular situations, some phosphatic fertilizer may be added.
This should be well forked into the soil to avoid direct
contact with the roots. These operations should take place
in time to plant the seed soon after the onset of rains in
order tu lessen the need for watering. From three to five
seeds should be planted in each hole to allow for germination
failures and losses caused by pests. If the seeds are set
five or six itnches (13 to 15 cm) apart it will facilitate
thinning to the single selected plant later. When removing
the others ~are should be taken not to disturb the roots of
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the selected plant. This may be achieved by placing a foot
firmly beside the selected plant, pulling the discarded ones
upwards, and refirming the disturbed soil by treading.

. As soon as the seed has been planted, protection from
pests should be provided. Crows, doves and other birds,
jackals, rodents and monkeys, may be attracted to the seed
and young seedlings. They may be deterred by placing a close
thorny enclosure around each site, over and through the mulch
mentioned earlier, and this should be maintained until the
first growth flush is well developed. The surface soil of
the pit and its immediate surrounds should be kept free from
weeds. In dry spells the sites should be well watered and
in periods of intensive insolation shade may be provided by
leavy branches, fern and palm fronds, inserted around the
young plant to incline over {t.

Sowing in seed-beds. Bulky organic weed-free materials may
be incorporated during the preliminary cultivations, care
being taken to obtain an even distribution to avoid uneven
development of the seedlings. It is important to select a
row spacing and plant density which will provide room for
good sturdy growth combined with economy and convenience in
working, but the best layout naturally varies with the crop
and material to be raised. 1In very favourable situations
where the land is flat, extremely well drained and otherwise
excellent, it is possible to leave the soil level, providing
ornly access paths, the seed being sown in long rows some 15
to 30 cm (6 to 12 in) apart with 60 cm (24 in) paths every
1.5 m (60 in). Most sites, however, are best made into
raised nursery beds with sunken paths between. Beds of

120 am (47 in) width may be hand-weeded by reaching in from
the paths, thus granting freedom in choice of spacing of the
seed and avoidance of surface compaction by treading. Although
it is possible to work from 40 cm (16 in) paths, a width of
about 60 cm (24 in) is often preferred. Following marking
out, the top soil from the paths is thrown onto the beds. In
this operation the lowering of the path by 10 cm (4 in) will
provide soil to raise the bed some S cm (2 in) and result in
a differential of 15 cm (6 in) which will provide ample surface
drainage in soils of good structure. On a large scale this
work can be done by improvised ploughs and scrapers. Follow-
ing preparation, and before sowing, inorganic fertilizers may
be incorporated into the upper two or three inches (5 to 8 cm)
of the bed before its final consolidation.
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Granular fertilizers can be spread by hand or by a
mechanical distributor. A simple hand-drawn drill-like
distributor may be improvised. The fertilizer should be
incorporated in the upper three to five inches (8 to 1] cm)
of soil by forking or raking. On a large scale light tractor-
propelled rotovators will greatly speed the work. Although {t
may be easier merely to spread and roll-in fertilizer, this is
a practice which can somewhat reduce germination, owing to the
close proximity of the material to the seeds (l). The loss
from this practice has been lessened by mixing the material
in the open drill using a narrow rake or hand noe before
planting the seed.

Rates of fertilizer application should be related to
the nursery conditions and the crop to be raised, and full
advantage taken of local advice and analytical facilities.
Of the main nutrients, nitrogen, phosphorus and potassium,
it is generally recommended that phosphatic and potassic
fertilizers be applied before sowing and that nitrogen be
provided by light top-dressings at intervals until the seed-
lings leave the nursery. There i3 no advantage in applying
highly soluble nitrogen fertilizers before sowing because
they will be washed through to the subsoil and below before
the young plants can make use of them.

The degree of consolidation necessary depends on the
nature and condition of the soil, and whether it is dry or
wet, but some degree of firmness is essential in order that
soil moisture may reach the upper layers containing the seeds,
by capillary action, and so prevent the soil surface from
drying ocut. This is especially important for small seeds,
but with large seeds, set comparatively deeply, it is rather
less so. Soil of really good structure, containing plenty
of organic matter, can hardly be firmed too much, but a
poorly structured soil, particularly when wet, may be much
damaged by treading or rolling.

Once the seed-beds are prepared there may be a con-
siderable development of weed seedlings and small root pieces.
These may be destroyed by the application of contact non-
residual herbicides such as paraquat prior to sowing.

Time to sow the seed. In the tropics the time of planting
seeds 1is Lntimately associated with the availability of
moisture; many crops are therefore sown at the beginning of
the rains (27). For some crops with low water requirement it
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may be possible to sow during the dry season, provided there

is sufficient soil moisture for germination to take place.

An important factor in the production of seedlings is to have
them fit for transplanting when field conditions are favourable.
This may entail sowing the seed in the dry season under
adequate irrigation. Seeds with a very short life are best
sown immediately and if this coincides with a dry period the
only solution is to have the nursery irrigated and independent
of rainfall.

Sound management will ensure that the seeds have under-
gone their preliminary treatments including cleaning and
storage, as already detailed and, where considered advisable,

a period of soaking in water immediately prior to sowing.
Widely differing pre-sowing soaking periods have been suggested
as helpful, from a few hours to as much as a week or more.

With fresh seed, kept moist and cool after collection and
extraction, a final water-soak may be of little benefit, but
where the seed is aging there would appear to be some

advantage in it (102).

Depth and pose of seed. Almost every different kind of seed
has its own optimum sowing depth in relation to local conditions,
but, 1n general, large seeds are best planted more deeply than
small and all more deeply in open sandy soils than in stiff
clays. Thus from early times gardeners have advocated a depth
approximating to two or three times the diameter of the seed,
remembering that plants which lift their cotyledons above the
soil should not be planted tooc deeply. However, the exposure
of fleshy cotyledons, e.g. of cashew, which are much sought
after by predators, is a serious disadvantage. Work by Rao

et al. (101) to ascertain the effect of various planting

depths and positions or attitudes of cashew seeds has made it
clear that planting at a depth of two to three inches (5 to

8 cm), with the stalk end upwards and inclined at about 45°

to the soil surface is best, as it combines a high germination
rate with low percentage cotyledon emergence. It has also been
shown that the germination percentage falls rapidly as plant-
ing depth increases beyond three inches (8 cm).

When seeds are first sown in trays or other containers
it is customary to plant them less deeply than in the open
nursery rows, even with the points of the seeds above the
surface of the medium or only slightly covered as recommended
for avocado (78). oOther authors (G18) boldly recommend
appropriate seed depths for various fruits, whether in containers
or open nursery, thus covering mango seed cne to one-and-a-half
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inches (2.5 to 4 cm), giving half that depth for cherimoya

and pawpaw, and for guava only one quarter of an inch (0.6 cm).
There is indeed a wide variation in recommended depths, but

it should be remembered that the response of the seed will
largely be governed by its immediate environment. In con-
tinuously moist conditions, as under electronically controlled
mist, the seeds may gexrminate rapidly when fully exposed on
the surface, but subsequently they will be displaced by the
thrusting of the issuing radicle or plumule and form inferior
twisted plants for transference. On the other hand, over-deep
planting may compel the plant to exhaust its reserves in
growing to-the surface, and make it more difficult to lift
without damage and also to replant. The chief aim of the
sower should be to place the seed for stability, access to
moisture and warmth, and posed and spaced for straight and
sturdy growth.

|

éowing in containers. Raising seedlings in individual
&ontainers for later transference to the field, with minimal
qisturbance of the roots, confers a number of advantages but
involves considerally more investment of labour and money than
either sowing in %itu or in nursery beds. Plants raised in
containers can be established in their permanent position in

the field without suffering a severe check so commonly experienced
following bare-rcot planting. Container-raised plants can be
more readily protected from predators than those grown directly
from field-sown seed. These features of container-raised plants
favour a full establishment at a single planting and obviate

the expensive operation of replacing missing plants, which
may go on for more than a season and result in an uneven
plantation with a delay in the attainment of full production.

Included among the adverse features of container usage
is the fact that the plants must be transferred to their
permanent site before the roots have become spirally congested
or twisted around. Plants with spiralled rcots may never
recover. Any roots already entering this state upon arrival
at the planting pit should be teased loose and spread outwards
on the floor of the pit. Another point to be considered is

e difficulty of transporting containerized plants over long
stances or ower awkward terrain, not only because they are
eavy but also because they require considerable space durirg
-ansport to’accommcdate them in an upright position, their
aximum height having to govern the shelf spacing in the
ehicle. Plants raised close to the plantation will not have
ese transport problems to the same degree.
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CHAPTER V

VEGETATIVE PROPAGATION

As explained earlier, the two modes of plant propaga-
tion, by seed and vegetatively, while both resulting in plant
increase, have quite different effects. One of the attributes
of seedlings is variation of individuals which may provide
for improvement or deterioration. On the other hand, vegetative
propagation multiplies the individual. It is the real basis
of horticulture, enabling the plant raisers not only to aim
at perfection by selection but to perpetuate at will any
advance achieved.

Systems of vegetative propagation

Plants are vegetatively propagated in two main ways, by
division or by cuttings. Under the term 'division' come all
those processes by weans of which a part of the plant, usually
the stem, is induced to grow roots and shoots before separation
from the parent. This is simply preparation for division and
covers stooling, layering, and all types of marcottage or
gootee.

Propagation by cuttings consists in the taking of
comparatively small pieces of a plant and setting them in
situations where they are able to develop to wholeness. Cuttings
can be taken from any part of a plant, root, shoot or leaf, and
each can be treated in many different ways. They readily lend
themselves to 'factory'methods, for they are compact and
convenient to handle even in large numbers and plant production
is therefore flexible, unlike that in a layer bed which once
installed yields a similar number of rooted progeny each year
regardless of fluctuating needs.

In addition to the two modes of vegetative multiplication -
division and cuttings - there is another major system involving
the joining of one plant to another by grafting. Whether
grafting has any place in truly clonal propagation depends on
circumstances. The placing of scions of clonal origin on root-
stocks of other kinds, seedlings or vegetatively raised, does
not multiply the total number of plants but merely increases
one kind at the expense of others. If only one of the
components is truly clonal the result is a mixed population.
Even If two true but different clones are joined together it
does not foilow that the results will be truly clonal, for
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- the proportion of each may differ, rootstock suckers arise or
scion roots enter the soil. For truly clonal propagation by
grafting one must join parts of the same clone as when an
established plant is diswmwembered and pieces of root and pieces
of shoot are grafted together to form complete plants which,
in turn, may be treated similarly.

Still another mode of vegetative propagation is based
on polyembryony which takes place within some seeds. This
will be discussed under this main heading of vegetative
propagation, following description of the systems division,
layers and cuttings.
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CHAPTER VI

DIVISION

Many plants both woody and herbaceous naturally multiply
themselves by developing offshoots or side-plants. In some
cases specialized organs enable the plant to establish vegeta-
tive progeny at some distance from the parent either by runnners
(stolons) or by arching their shoots or boughs so that the tips
of such branches reach the ground, where they root. Offshoots
arising at the base of a plant are often seen in monocotyledonous
plants such as the date palm, pineapple and others. Some plants
spread very efficiently by forming adventitious buds upon their
roots and thus develop new plants; numerocus examples are seen
among woody plants where they are often termed suckers. Such
suckers, whether close to or distant from the parent may be
readily removed, complete with roots, and established elsewhere.
Where plants form clusters of shoots at ground level the whole
plant may be lifted, divided and replanted. Thus a limited
form of division may be carried out at the early seedling stage
by splitting seedlings directly stem and root are clearly
discernible (73). This is known as twinning and is only of
limited application.

Any plants naturally adapted for propagating themselves
by division, including those which readily form adventitious
roots from their shoots or branches, will respond well to
various comparatively simple propagation techniques, all of
which can be described as layering or, as stated earlier,
preparation for division. The term layering covers all processes
in which a part of the plant, usually the stem is induced to
grow roots and/or shoots before separation from the parent.
Thus the term covers stooling, layering, and all types of
marcottage or gootee. It is convenient to deal with these
subdivisions individually.

Stooling

Essentlials. The basic requirement for successful stooling
is the plants' power to produce numerous root-bearing shoots
in response to severe pruning, in a position where it is
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FIGURE 1

The stooling method
A = Newly-planted parent. B = Established parent. C = Cut

down one year after planting. D = New shoots earthed a first
time. E = Rooted shoots on the stool ready for collection.

33




convenient to cover the bases of the shoots with soil or
compost. Success comes from the maintenance of vigorous
growth, early covering of the shoot bases so as to provide

time for root initiation and development in one growing season,
and the avoidance of excessively deep earthing or covering
which buries active leaves and thus progressively weakens the
stool and shortens its productive life (32).

Stool establishment. On a small scale it may be possible to
stool isolated plants already established in the locality,

but for practical convenience parent plants should be placed

in rows. Row spacing must be wide enough to permit ready access
and to provide sufficient area of soil for subsequent mounding
of well-developed stools. Spacing at two to three feet (60 to
90 cm) in rows some five feet (1.5 m) apart has proved
sufficient.

After one growing season, and when well established, the
plants are cut down to within one or two inches (2.5 or 5 cm)
of the ground. This cutting should be done with a sharp
knife or clean-cutting shears and the cut surface sealed with
a suitable wound dressing, care being taken to avoid covering
the stem from wihich shoots will grow.

In free rooting species the stool is not normally
earthed-up until shoots have developed, but with shy-rooting
subjects a light covering of about one inch (2.5 cm) is some-
times given. This not only provides a better rooting
environment for the base of the shoots but also prevents
overheating of the bare stool.

Annual treatment. When the new shoots from the stools are
five or six inches (13 or 15 am) high, soil is drawn up to and
amongst thex to half their height. When the shoots have made
further growth more soil is added. Still later yet more soil
may be added to ensure that a depth of soil of up to six to
eight inches (15 to 20 cm) is stabilized round the shoot bases.
In areas of heavy rain it may be difficult to maintain a

mound of soil. This problem may be solved by the use of
fibrous composts, pulverized bark, sawdust or coconut fibre
refuse as mounding material. The addition of a modicum of
loam soil to this open fibrous material encourages the
formation of roots better adapted for successful transplanting.
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When necessary, mounding material may be kept in position by
boards or strips of material, such as bituminous roofing
felt, Eixed at the sides of the mound.

At the end of the second zeason, when the new shoots
have rooted, the mounding material is removed and all the
shoots are cut off close to the parent stool which is then
left exposed until a further crop of shoots arise. The new
shoots are then mounded as in the previous year. Some pro-
tection of the bare stool may be given by a light covering of
twigs or fern. Stools may last many years but the productive
life of a stool depends on the kind of plant and horticultural
care, including correct timing of cutting down, mounding and
removal of rooted shoots. Should some of the shoots not be
rooted or be poorly rooted, they may be successfully established
if treated like hardwood cuttings. These are described in a
later section.

Consiricticn of shoots. Many workers have found that con-
stricting the base of new shoots by wiring increases rooting
(32j . when the stool shoots are half grown or semi-lignified,
with a period of further growth and secondary thickening to
follow, they are wired close to the base. Thin copper wire

is used {n three or four turns round the shoot taking care not
to cut the bark too severely. Narrow, easily tied strips of
polyvinyl chloride may serve instead of wire. It is recommended
that not more than two-thirds of the shoots should be wired (56)
so that the parent plant may have the benefit of those left.

The wired shoots are covered, or recovered if previously
earthed, as described above. Further thickening of the wired
shoots brings about constriction and rooting takes place just
above the wire. An analytical study (l16) showad that
carbohydrate accumulation above a girdled shoot base is a

major factor in the promotion of rooting above the girdle,

but. root promoting substances or their precursors and increased
development of disorganized tissue alsc play their part.

Wiring of stooled plants and also of branch layers has
proved successful in the clonal propagation of guavas in
South Africa (96). Only weak rooting occurred during the
first season and it was found best to leave the wired shoots
a further year. It appeared possible to obtain an annual supply
of well rooted layers by wiring part of the available shoots
each year and, when removing those well rooted, to wire a
further batch.
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Tha operation of wiring individual shoots, especially
when preceded by earthing, unearthing and re-earthing is
somewhat labour-consuming. A simplification of the process
(55) is afforded by the placing of a galvanized steel strip of
screen (3/16 in or 5 mm square mesh) 18 in (4.5 cm) wide, over
the cut-back stumps before covering them with soil. As the
new shoots develcp they grow up through the screen and are
girdled as they thicken. This girdling promotes rooting close
above the screen and facilitates tha later separation of the
shoot. For fast-growing plants, quickly producing thick
shoots, a somewhat larger mesh may be needed. Rigid plastic
mesh has also been used with some success.

paxering
The etiolation method.
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FIGURE 2

The etiolation method of layering

h = Newly-planted parent. B = Established and pegged down
one year after planting. C = Rooted shoots on the parent
layer one year later. D = Home-made wooden pegs with 2-inch
wire nail near upper end. E = Wire (gauge 10) doubled for
pegging down slender shoots.
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Shoots developed in complete darkness differ from those

exposed to light in three main ways. They are white, or pale
yellow, and have no leaves within the region etiolated; when
growing through a covering of soil or compost their tips are
bent over as occurs with the plumule of a deep-planted seed and
their internal stem structure is modified, having less fibrous
tissue than exposed shoots. In practical terms the etiolated
shoot is somewhat more like a root than a stem, with an
increasing propensity to form adventitious roots. Etiolation

is quite different from blanching. In blanching, a shoot
already fully exposed to light and already having normal

leaves is earthed or otherwise covered so that it only gradually
loses its green colour in an intimate environment where root
initiation and development is encouraged. Ready rooting plants
respond well to blanching but shy-rooting plants only to methods
of layering which involve etiolation {28; 32; 65).

To form a layer bed, young plants of the variety or
rootstock to be propagated are planted at an angle of 450, in
single rows, all inclined in the same direction to form a
continuous line of shoots when laid down. Such rows are spaced
some six feet (1.8 m) apart. When the plants are well
established, normally after one growing season, they are
pegged down flat in shaliow trenches along the rows. In
some areas it has been found inadvisable to use freshly cut,
non-treated wooden stakes in pegging down the layers as fungi
may thus be introduced. The use of metal pegs, or stout wire
bent in the form of a U, obviates the danger. The pegging
down is made easier by first removing a spade-full of soil
from close under the parent stem, this, moreover, reduces the
risk of stem breakage. With deciduous trees this is done in
the dormant season but with the evergreen trees of the tropics,
which are seldom completely dormant, certain modifications may
be necessary. Thus, when leafy shoots are pegged down flat,
as many leaves as possible should be bent upwards and a friable
compost placed veneath the leaves so that the leaf-blades
remain in the light. A compost depth of two inches (5 cm) is
adequate. It may be found that the re-arrangement of leaf
angle, coupled with the sun heat reflected from the soil, may
result in severe leaf scorch and necessitate the provision of
some light overhead shade by trees or by lath structures.

As the new shoots push up through the layer of soil or
compocst, a further inch (2.5 cm) or so of soil is placed upon
them. No soil is added where shoots have not yet appeared.




This process is repeated two or three times during the first
few wezks of the growing season. It has the effect of ensuring
the etiolation of the first inch (2.5 am) or so of the young
shoot and it is from this area that roots will eventually
arise. Without this etiolation there is little or no rooting.

After the initial earthings, and when the shoots have
grown three or four inchee (B or 10 cm) above the soil, earth
is again added to half the height of the shoot. [Further
additions are made at intervals of a few weeks until the
bases of the shoots are buried six or eight inches (15 or
20 cm), but at no time should the shoots be buried to more
than half their total length.

At the end of the growing season the soil is drawn away
from the bases of the shoots and the rooted shoots are removed
at their juncture with the parent layer. Unrooted shoots are
left to be pegged down as described above. If all the shoots
are rooted, some of the most vigorous cnes must be left for
pegging down, one strong shoor per foot (30 cm) of row
sufficing. At each layering the laid shoots must lie
alongside those they overlap, they must not cross each other,
and they must be kept as flat as possible. If allowed to
bend upwards from their point of origin only a limited number
of very vigorous shoots will arise near the top of the bend
in a position difficult to cover with soil. When pegging down
strong shoots inclined to break at their juncture with the
parent layer the bending strain may be distributed by first
bending the shoot at right angles to the direction of the
layer, half-way towards the ground, and then completing the
flattening by forcing it alongside the other laid shoots.

Working with a ten-year-old layer bed (113) it was found
that a reduction in length of the laid, or parent, shoots
markedly increased rooting as did removing the buds from the
top sides of the laid shoots: both reduction of shoot length
and removal of buds increased the output of rooted layers.
Thus, shoots arising from the underside of the layer rooted
best. They were etiolated over a greater length and also had
a bend at. their base.

Although the etioclation method has been used mainly for
the propagation of clonal rootstocks it can, of course, equally
well be applied to trees which it is desired to establish on
their own roots.




The blanching method. The layer bed is established exactly
as in the etiolation method described above, and the plants
are pegged down similarly, but the laid shoots are not covered
until they have grown to ten inches (25 cm) when they are
earthed to a third or half their height. This initial

exposure of the laid shoots ensures a maximum number of new
shoots, unlike the darkening, or etiolation, process which
tends to suppress development of some of the buds. The

method works well with ready rooting subjects and is more
productive than stooling, particularly in the first few years.
A well-eatablished layer bed, particularly if firmly pegged
down, may be converted to a continuous stool by closely cutting
down all the shoots and thereafter treating the row as though
it were a collection of stools. As the method does not involve
immediate earthing, any leaves cn the shoots remain exposed

ahd fully active while the new shoots are developing.

|

éiuple layering. The first requirement for maximum pro-
ductian by simple layering is to have an ample and continuous
q“pply of shoots from the parent, and sufficient space for
placing them in the surrounding soil. A spacing of ten feet
(3 m) may prove sufficient and, after a season for esstablish-
jent, the parent plant should be severely pruned, or stooled,
z:nencouraqc the production of numerous fast-growing shoots
capable of being bent to the ground. This bending will tend
to force further shoots for the next season's layering. Such
shoots may come from the crown of the plant or from the lower
parts of the bent shoots.

B8efore layering, the soil about the parent plant should
we Cleared of weeds, well cultivated and generously manured
with compost.

The layering consists in bending down each shoot and
burying a part of it in a shallow hole in the ground, so that
the tip is in the air. The part in the hole may be held firmly

position by a stone or peqg before refilling the hole. The

buried portion is sometimes wounded by cutting in various ways
or by twisting. The simplest method of cutting is by a single
stroke upwards on the underside of the shoot to be buried. This
cut may extend more than half-way through the shoot. The

pward bending in the burying process opens the cut and the

ntry of soil prevents the cut surfaces from grcwing together.
ith the cut underneath, the upward bending sometimes extends
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the cut by breakage and hence some operators cut the upper
side and give a sideways twist when bending the shoot upwards.
This modification prevents breakage and completely separates
the cut surfaces.

When all available shoots have been layered they should
be well watered. This watering should be repeated during dry
spells. When the rooted layers have been removed, the basal
parts of the parent shoots are pruned back to encourage
replacement shoots for further production. When successive
crops of layers have been taken, the surrounding soil should
be replenished with fresh soil and compost.

!
Ground layering of branches. Selected branches of mature \
plantation trees are sometimes subjected to simple layering,
but the process is cumbersome and interferes with cultivations
The rooting response is often slower than from vigorously !
growing well established parents and the resulting plants may |
be slow to establish after severance. The system is essentially
the same as in simple layering but the bending-down process
must be more individually applied.

In his book on the mango, L. B. Singh (111) advocates
the selection of low-growing branches which may be bent to
touch the ground without breaking; here they are attached
to pegs firmly fixed in the ground. Singh describes the
woundind of the part to be buried; much as detailed above
for simple layering, and recommends that the layer should
be kept moist by frequent watering. After two or three
months, inspection may reveal sufficient rooting for
severance and eventual establishment irn the nursery, other-
wise the soil is replaced for a further period. It is
advisable to sever the layer gradually by nicking the branch
close below the rooting point and to complete the cutting
through a few weeks later. Even then it is advisable to leave |
the severed plant in position, continuing to water it for a
further two to three weeks before potting it into a large
container of nutritive compost to encourage vigorous growth
under partial shade, with close attention to watering.

Serpentine layering. Long shoots are bent in an undulating

way, alternately covered and exposed, thus a number of rooted
layers may be cbtained from one shoot. The method works well
in the propagation of climbers but is rarely used in that of
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non-climbing woody plants. The technique is similar to that

of simple layering, except that the branch is alternately covered
and exposed along its length, one or more buds being left to
develop shoots between each buried part to bear shoots and

leaves which will serve to nourish the new roots of thei:
section. When well rooted the layered branch is lifted and

cut into sections each comprised of a rooted portion and its
distal piece of shoot.

Mulching ground layers. Whereas in temperate climates, with
a well distributed rainfall, bare-soil temperatures rarely
rise to a point where they inhibit root growth, this is not
true in the tropics where bare soil exposed to the sun may
overheat at midday and fall substantially in temperature at
midnight. Such fluctuations may seriously check root
development and should be reduced by any practical means
available.

The mounding or ridging of soil in stooling, and
continuous row layering, normally tend to increase soil
temperature fluctuation. There are two main ways of moderating
this. One is to place the parent plant in a shallow pit or
trench to reduce the need for a high mound. Such deep plant-
ing unfortunately increases the labour of un-earthing,
removing the crop of rooted shoots and re-laying. The other
way is to maintain close round the layer a mulch of material
such as banana leaves, sugar cane trash, or guinea grass
(Panicum maximum). Such mulches reduce the daily fluctuation
in soil temperature by decreasing the gain of heat by day and
the loss of heat by night (20). The effect of a mulch decreases
as it decays and it should be replenished from time to time
until the crop itself provides sufficient shade.

In simple layering, ground layering of branches, or
serpentine layering there is no need to mound the soil, indeed,
it is better to place the layers in shaliow depressions where
they will gain and retain the maximum water from rain or
irrigation. Even so, a mulch placed around the laid shoots
will have a beneficial effect by conserving soil moisture and
maintaining an even temperature close round them.
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Alr layering (Marcotting, Gootee)

FIGURE 3

Air layering (Marcotting)

A = Shoot ringed. B = Painted for one inch above the ring
with growth substance. C = Rooting medium. D = Film
enclosure. E = Support by a neighbouring branch,

Essentials. Essentially the treatment (also called marcotting
or gootee) is to girdle a shoot and surround the wound with
moist material until roots emerge, when the rooted shoot is
severed from the parent and established as a new individual.
This is an ancient method well described by many writers as

a reliable though somewhat tedious way of propagating very
many woody plants, including avocado (94), cashew (see

Part 2) and mango (1l11).




Age of shoots. Judging by the many results of trials with

a wide range of species it would seem that young shoots, with
a fast growing potential in a position on the parent tree
where there is adequate light, respond best to marcotting.
Firm shoots sufficiently lignified to withstand the necessary
manipulation, yet young enough to respond to treatment, should
be selected. Generally it will be found that one-year-old
shoots with a good supply of leaves and leaf-buds are ideal
for rapid root initiation and development, which largely depend
on the downward flow of essential substances from developing
leaves and shoots growing above the marcot. Thus it is that
the phasic development of the actual shoot and not that of the
parent tree as a whole is vital. The shoots should always be
young, and can be obtained on old trees by heading them back.
In mango, shoots of less than two years of age have been shown
to give 3 higher percentage of rooting than older ones (110).
However, with cashew (99) it was found that one-year-old

wood was better than current season's growth.

Girdling and wounding. It has sometimes been suggested that
slicing, notching or half-cutting~through, are alternatives to
complete girdling or cincturing, but these partial interruptions
of the downward movement of materjals are less effective than
complete girdling. Where success has followed mere wounding (it
may have been brought about by extensive tissue damage, and
consequently girdling effect, or by exceesive use of a highly
concentrated growth substance.

As to the best season for the operation, work in various
countries has shown that there is no major advantage in
choosing a particular month. The condition of the shoot is
the important factor; it should be young and active but not
too soft, and one or two-year-old shoots have generally proved
the most suitable. A practical consideration of some importance
is to time the operation so that the rooted shoot is due for
removal for transplanting early in the rainy season so as to
facilitate establishment.

The position of the cincture, whether above or below a
bud or midway along an internode, is relatively unimportant
but it should be placed wheres it can be conveniently wrapped
and be supported either by being tied to a neighbouring branch
3r to a stick or cane. Another practical consideration is
the eventual size of the rooted layer. The rooting of very
large branches leads to establishment difficuliies. Size
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reduction by pruning, at the moment of transference, may aid
survival but may result in a mis-shapen plant based on lateral
development. Suitable shoot sizes about the cinctured position
have varied from 9 to 24 inches (23 to 61 cm) in length and
from pencil thickness up to half an inch (1.25 cm) in diameter.
A cincture a little above the base of the shoot will be ideally
placed with regard to root formation and support.

The cincture itself is made by removing a ccmplete r{hg
of bark. Widths advocated have varied from one-eighth to
three inches (0.3 to 7.6 cm). The essential aim is to stop
the downward movement of carbohydrates and growth substances
su‘ that they accumulate above the cincture and are available
for the initiation and development of roots. This interruption
of flow should be as complete as possible without interfering
with the upward passage of water and other materials to the
shoot above. An eighth-inch (0.3 cm) girdle will heal and
form a bridge too quickly, whilst a three~inch (7.6 cm) gap
is excessive. An inch (2.5 cm)-wide girdling will generally
serve and this can be made by two encircling cuts and the
removal of the intermediate rind. The operation can be done
with a sharp knife or with a double bladed tool. These cuts
should not enter the wood (xylem) of the shoot for this not
only checks the upward sap flow but, by weakening the shoot
structure, increases the risk of loss by breakage. The vital
necessity of preventing the downward flow of materials cannot
be overstressed. Some workers have treated the bared wood-
surface with disinfectants or other chemicals in an attempt
to prevent the formation of a new rind, but with no clear
benefit. A somewhat more efficacious treatment is to rub a
pad of steel wool, or other abrasive, around the cincture to
remove all traces of meristematic tissue. Another method is
to pull twine or strong plastic thread very firmly into the
wound to prevent bridging by callus:

Synthetic growth substances. It has become customary to

apply synthetic growth substances to the upper part of the
cincture and to about the first inch (2.5 cm) of the bark
immediately above it. This is not essential for readily rooting
subjects but has generally proved helpful in speeding root
formation and in increasing the nhumber and length of roots.

Many substances have been used with success, the most popular
being indole acetic acid, indole butyric acid and naphthalene
acetic acid, or mixtures thereof. They may be applied diluted
in alcohol, in inert dusts or in grease bases such as lanolin.




From a survey of the literature it would seem that the
most effective single substance for assisting root formation
is indole butyric acid (IBA). To prepare an alcoholic solution
of IBA (or other crystalline growth substance) dissolve 1 g in
50 ml of ethyl alcohol, methyl alcohol or methylated spirit and
then dilute this with an equal volume of water to make 100 ml
of soluiion containing 10,000 p.p.m. IBA. To dilute the
10,000 p.p.m. to 5,000 p.p.m. add a further 100 ml of 50/50
alcohol/water mixture. Stored in well-stoppered opaque
bottles in a refrigerator, the solutions retain their activity
indefinitely, and should be strong enough for shy-rooting subject:

Dusts containing synthetic growth substances ready for 3
usc may be purchased or can be made as follows. To make a
dust containing 10,000 p.p.m. of growth substance dissolve 1 g
of the substance in 40 ml of methylated spirit or 95 per cent
alcchol, and stir this into 100 g of pharmaceutical talc to
form a smooth paste. This should be done in a darkened
room away from strong light (117). Stir the paste while it
is drying until it becomes a fine dry powder. This prepared
dust remains active for six months or more if stored in a
closed opaque container in a refrigerator.

Lanolin pastes, which are particularly convenient for
use in marcotting but are now regarded as an obsolete treatment
for cuttings (5), are made by stirring the growth substance
into the molten lanolin and then allowing it to cool (93).

To make a paste containing 5,000 p.p.m. of growth substance
melt 200 g of lanolin and thoroughly stir into this mclten
lanolin 1 g of IBA, or other growth substance required. This
prepared paste will keep indefinitely if stored in a well-
stoppered opaque glass vessel within a refrigerator.

The alcoholic solution is conveniently applied by
means of an artist's camel-hair brush, the liquid being
contained in a small glass bottle held close to the cinctured
shoot. The bottle should be stoppered between each individual
application. The liquid should wet the lower inch (2.5 cm) or so
of the bark close above the cincture as well as the adjacent cut
edge. An inadvertent wetting of the exposed wood (xylem) is
of little consequence. The solution should be allowed to dry
before applying the medium.

Dugsts can be generously applied by means of a half-inch
(1 cm) brush. If insufficient dust adheres, the bark above
the cincture should first be wetted with water or a mixture of
50/50 methylated spirit and water.
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Lanolin pastes are applied by means of a small pliable
serrated spatula, a brush of stiff bristle or by the finger
protected by a rubber finger-stall.

Rooting media. The choice of the rooting medium to place
around the cincture has been widely studied and the present
view is that a wide range of media are satisfactory (see page 15
A good medium should be open in structure to permit air and
moisture movement and be able to retain its structure throughout
the rooting process. It should therefore not ferment or
otherwise breakdown, hence live sphagnum moss has been widely
accepted as a basis, but coir fibre and coir dust, wood

shaving and sawdust have all proved sxcellent as basic
ingredients. Work with cashew in Tanzania (89) showed that
vermiculite alone was superior to fibre, moss, coir, sawdust

or a 50/50 mixture of vermiculite and sand. It is an advantage
if the selected material is light in weight and holds tcgether
whilst being placed in position during the wrapping procedure.
Whilst an open, light-weight medium provides an excellent
rooting environment, it should be remembered that the main
hazard in marcot propagation occurs during transference and
establishment. From general experience it has been learned
that transference to soil or mixtures thereof, whether in
containers or the open nursery, is more readily accomplished

if the marcotting medium contains a modicum of loam or clay
soil. A medium of equal parts clay soil and sieved leaf mould
has proved superior to moss alone in regard to rooting and
survival of mango air layers in India (120) but it should be
remembered that heavy additions of soil anrease the need for
extra support for the marcot.

Wrapping the air layer. The medium should be well moistened.
Fibrous material should be thoroughly wetted and squeezad
free tfrom excess water at the moment of application. It may
be convenient to pack the material round the cinctured part
before placing the wrapping over it. Often a better way is
to place the medium on the wrapping and so lift it into position
Polyethylene sheet is an ideal wrapping material, being both
water~-tight and transparent, obviating the need to water the
marcot and enabling the new roots to be seen when they come
through the rooting medium. As with many other kinds of
enveloping material polyethylene may be punctured and torn by
birds. where this occurs the only remedy appears to be an
outer cover of really tough, resilient mater‘al such as a
piece of inner tube from a car tyre. The polyethylene film
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must be thin enough to be wrapped and folded round the shoot

to form an air-tight enclosure. Thicknesses of from 100 to

400 gauge (0.00l to 0.004 in or 0.025 to O.1 mm) are sujitable.
Thicker films are difficult to fold sufficiently tightly to
prevent drying of the enclosed medium. Occasionally it {is
possible to manceuvre a length of polyethylene lay-flat tube,
three or four inches (8 or 10 cm) wide, over the top of a shoot
bearing only small leaves and to fix this below the cincture and
then to fill it with rooting medium before closing it tightly
above., Mostly a scuare of sheeting must be used, the size
varying with the situation. Pieces measuring about 7 x 10 inches
(18 x 25 cm) are normally large enough to contain a ball of
medium some three inches (8 cm) long and 24 inches (6.5 cm)

in diameter, leaving two inches (5 cm) for a double-fold
lengthwise and two inches (5 cm) at either end for closely
wrapping round the shoot.

Having made the cincture and applied the growth
substance, a handful or so of moist medium is placed in
the middle of the wrapping and immediately lifted into
position round tha shoot, the two edges of the wrapping
ares matched together and folded over twice to hold the
medium quite firmly. The lower open end is closed by a
twisting motion very firmly round the shoot and there tied
or taped with plastic strip or strong adhesive tape. The
medium is firmed below the open top, using the fingers,
before tightly taping. The wrapping and tying must be done
in such a way that no opening is left for evaporation from
the medium. The tie at the top end should always begin on
the bare shoot and be spiralled down on to the wrapping to
prevent excessive rain seeping down into the marcot. Sometimes,
in spite of all wrapping precautions, marcots become waterlogged.
This appears to be due to overheating of plastic-wrapped marcots
by direct sunshine followed by heavy rain which, flowing down
the shoot, rapidly cools the marcot, setting up a strong suction
pressure which draws water into the marcot through even the
smallest opening. An outer loose covering such as that
suggested as a protection against birds, or a white paper
covering, will reduce excessive water intake.

In the absence of plastic materials or rubber sheeting
A great variety of wrapping materials have been used such as
gqunny (hessian sacking), cloth, various fibres, barks or leaves,
or even old boots, but the distinct advantage in efficiency
of using transparent, foldable plastic sheet, not least the
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absence of the need to water a plastic-covered marcot, ensures
its present and future popularity.

Transference of the rooted air layer. When the marcot has
rooted sufficiently to ensure successful transplantation (the
period may vary from as little as 30 to more than 100 days)
the procedure of separation should begin. Ideally this is
done in stages, the branch is half nicked close below the
wrapping and completely severed one or twc weeks later. At
this moment of separation the rooted marcot is vulnerable

to adverse weather conditions and it is advisable to place it
in a container and to take it through the full nursery '
procedure as described for young seedlings or newly-rooted
cuttings, including adequate nutritional treatment to build
a fully self-contained plant for transference to the plantation.




CHAPTER VII

CUTTINGS — ONE

Definitions and basic factors

Cuttings are parts of plants which are separated
from the parent and treated in various ways to encourage
the production of a complete plant. The cutting may be
a piece of root, stem, leaf, a single bud or eye, or merely
a tiny piece of meristem. If a root cutting, then this must
grow a shoot from an adventitious bud, and continue to extend
in order to establish a balance between shoot and root. If a
stem cutting, it musc produce adventitious roots to balance
stem growth. A leaf cutting, without a bud, must initiate
and develop both a root and a shoot, but a leaf-bud cutting
needs only to initiate roots to form a separate plant. In
propagation by meristem culture the separated part must
initiate root, shoot and complementary tissue.

As mentioned earlier, plant variation provides
opportunities of selection for individual characters for
specific purposes including regenerative attributes. Not
only do species behave differently, but cultivars of a
single species often respond very differently to particular
treatments. Thus it is that the propagator's choice of a
particular cutting in regard to phasic and nutritional status
so vitally contributes to the achievement of high efficiency
in plant multiplication. But he must appreciate that cuttings
are also influenced, after collection, by handling treatments
and subsequent environment, between all of which there is
powerful interplay. The selected cutting must be nursed so
that it develops into a whole plant.

The behaviour of cuttings depends upon many factors
and these have been investigated by numerous specialists
throughout the world. The propagator can profit from a study
of the results obtained, provided he adapts them to the
problems encountered in his own field. Fortunately there
are general rules, or guide lines, applicable to all plants
and conditions. The source quality of the cutting is
profoundly influenced (32) by the contributory factors of the
genotype, phasic development and nutrition of the parent plant,

49




itself influenced by local environment, heat, light and
rainfall. The cardinal rule is that a cutting must be alive
when collected and thereafter be kept alive while it is
becoming a complete entity capable of fending for itself.

Some workers have laid down guide-lines for propagation
by cuttings. Bayley Balfour (10) states that the cutting
method consists in:

(1) Maintaining adequate water supply in the
cutting untili it is able to absorb for itself.

(2) Applying stimuli to encourage the development
of the new water-absorbing organs, and to
promote the development of the shoot.

(3) Securing adequate temperatura and aeration
at the rooting end of the cutting.

Although these directions may well be accepted as
principles it is clear that very many practical factors are
involved and that they vary in their effect in relation to
each other (38), e.g. a soft herbaceous cutting requires less
hormonal stimulation than a woody cutting, and a leafless
cutting may need less shade than a leafy one. The practical
factors may be grouped for consideration under three heads:

(1) Source or internal condition of the cutting
when collected.

(2) Treatment of the cutting between cnllaction
and planting.

(3) Environment prior to planting.
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CHAPTER VIIIX

CUTTINGS — TWO
SOURCE OF CUTTINGS

Clonal influence

Much has been said in the introduction concerning
plant variation and opportunities for selecting plants with
desired attributes, including that of ready vegetative
propagation, and a warning was given against relying on
full persistence of this capacity beyond the juvenile phase.
A striking example of a change in rooting behaviour is seen
in rubber (Hevea brasiliensis) where cuttings root readily
when juvenile but only very slowly, or not at all, when the
source plant has reached the fruiting or adult phase.
Nevertheless, the capacity to rcot generally remains with
most plants in sufficient degree to achieve effective
propagation.

The response of the cutting is materially governed by
its origin or source; it has been said that its future is
largely patterned by its history.

Culture of source E;ant

Having selected the plant required to be multiplied it
should be cultured to provide adequate quantities of material
for cuttings of high regenerative capacity. As a cutting-source
plant approaches the flowering or mature phase its rooting
capacity is reduced. On the other hand, cuttings of parts
of plants in active vegetative growth have high regenerative
capacity, whether such active or fast growth is associated
with the juvenile phase, adventitious origin or invigoration
by a vigorous rootstock, hard pruning or environmental control.
Any treatment giving rise to increased vegetative vigour, with
postponed flowering, will enhance the propensity to regenerate
vegetatively (40). A simple practical way to produce good
supplies of regenerative shoot cuttings is to hard-prune
established plants (83). 1It is often found convenient to
prune isolated established plants for cuttings severely, but for
ease of management and of collecting cuttings, and also to reduce
the risk of admixtures during collection, it is best to
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astablish separate hedges or rows of selected plants solely
for shoot-cutting production. The basic rules also hold

for root cuttings, only in reverse. The best root cuttings
are obtained from young newly-established plants up to two

or three years of age. Well rooted young plants should be
root-pruned and set in a stone-~free soil conducive to the
rapid production of straight roots. The stems of the plants
should not be reduced beyond the level necessary to ensure
survival of the plant in order to obtain a high shoot/root
ratio, which engenders rapid root production. The considerable
labour needed for collecting roots has led to the practice of
taking a few roots from each nursery-raised plant at lifting-
time. This is a sound procedure with healthy non-grafted
plants, or with grafted plants free of virus or other systemic
disease, though there is always a danger that any varijetal
admixture of roots will increase in complexity with each
generation in the absence of careful management.

Cutting-source plants, whether isolated or in hedges,
should be given every possible attention in the way of weeding
and pest and disease control, and should receive annual
dressings of complete fertilizer. Mulching and any necessary
irrigations should be given according to local conditions.
Foliar sprays of one per cent urea may be found useful in
maintaining healthy leaf and shoot growth.

Choice of material from parent plant selected

The age, shape and size of the cutting will decide the
initial form of plant produced and directly affect its early
growth pattern and value for field planting. Some plants
exhibit two distinct types of shoot,known as fans(horizontal,
plagiotropic) and chupons (vertical, orthotropic). Cuttings of
fan shoots normally continue to produce only fan shoots,
whilst chupons give rise to erect plantas. Vertical shoot
development can often be obtained in established fan-form
plants by hard cutting back, but it s simpler to select erect
cuttings at the start. Moreover it is generally found that
erect vigorous shoots root more readily than fans. The
periodical hard pruning of cutting-source plants, advocated

above,will greatly increase the production of straight vertical
shoots for efficient propagation.
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Laterals or terminals

The rooting behaviour of cuttings varies from tree
to tree and between different parts of the same tree. In
general,an uncrowded non-pruned tree develops roughly a
pyramidal form, at least in its early years, with one or
more leading shoots and with lateral branches diminishing
in length as the height from the ground increases. In the
lower and older lateral branches the growth rate decreases
and they become redundant. Consequently growth activity
moves higher up the plant and the best cuttings are found
at higher and higher levels. The terminal shoots of
leading branches often exhibit comparatively long internodes
with a low leaf/shoot ratio and are generally too coarse
for use as cuttings. So, the ba2st position from which to
collect cuttings is where the shoots are active, yet not
too coarse,close jointed and with a high leaf/shoot ratio.

Shoots from plants pruned regularly, particularly
from flat-topped isolated plants or hedges, will tend to be
of one class, redundant laterals and coarse leaders having
been eliminated.

Firmness of shoots for cuttings

Vigour is opposed to ripeness; a vigorous shoot
retains its leaves longer and flowers less profusely than
a less vigorous one. In a sense it is both less adult and
less mature, and it roots better. However, it may be more
tender and gsmnsitive to other influencea and ag a cutting
it demands more nursing. This i3 well seen as the new shoot
develops through the flush or jrowing season. At first it is
tender, and as a carefully nursed softwood cutting it is
quick to root, but also quick to die. A little later it becomes
- semi-lignified and in this state it roots more slowly and needs
less nursing. When fully developed the shoot becomes less
sensitive, slower to root and more tolerant of its surroundings.
- High rooting potential goes with vigour and immaturity but
such material needs careful nursing. A well ripened cutting,
being relatively insensitive, survives well, but a soft
immature cutting may die before it can root. Hence a
compromise must be made. With suitable controlled environments,
such as propagation cases with bottom heat or mist
installations, the soft cutting should be used. Otherwise
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the firm cutting is to be preferred.

Structure and rooting relationship

A comparison of the anatomical structure of stems with
their capacity to form adventitious roots has shown that a
relationship exists between anatomy and rooting capacity in
a wide range of species (11). Many workers have found a
close connexion between the presence of a sclerenchymatous
sheath of fibres and sclereids outside the phloem and ends
of the medullary rays, and rooting behaviour. Where this
sheath is substantial and complete, propagation is found to
be extremely difficult (Figure 4). But where it is incomplete,
dispersed into groups or absent, rooting is often readily
accomplished. It has not always been possible definitely
to forecast rooting potential by the presence or absence of
a fibrous sheath, but the negative correlation has been so
close that, for general propagation purposes, it has proved
a reliable means of forecasting the speed and degree of
rooting likely to be achieved. Detailed summaries of many
research reports (4; 48; 98) suggest ways in which the
structural development of shoots may be modified to increase
rooting potential. Beakbane (l1) suggested various courses
open to propagators in order to obtain more readily-rooting
cuttings from otherwise shy-rooting clones. Shoots from
parts of plants in the juvenile phase, such as are obtainable
from plants still in a juvenile condition, or from adventitious
shoots, or shoots arising directly from roots, also fast-
growing shoots of recent origin, possess fewer primary phloem
fibres than normal shoots. It is such material that the
propagator must seek for ready rooting.

Juvenile and adult phases

Once a source plant has become fully adult it is doubtful
if it can ever re-enter the completely juvenile phase except
by seed regeneration. Nevertheless, the plant can, as it
were, take some steps back towards a juvenile condition in which
state its internal structure will be modified, notably by a
reduction in phloem fibre, resulting in more ready rooting.
Treatments to effect this include severe pruning (40) as in
stooling and hedging, complete disbudding to encourage
sphaeroblast development (7; 22; 37) and grafting upon vigorous
compatible rootstocks to obtain very fast growth (39), or by
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FIGURE 4
Stem capacity to root
Transections (diagrammatic) after Beakbane (1969). A = Cortex.

B = Fibre groups. C = Fibre sheath. D = Secondary phloem.
E = Xylem. F = Rays.
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grafting repeatedly upon successive young juvenile seedlings
at short intervals (84). Adventitious shoots from roots have
a number of characters distinctly reminiscent of the juvenile
form, including a lessening of phloem fibres. To obtain a
supply of vigorous adventitious shoots from roots, scions of
pieces of root of subjects able to form buds on their roots
may be grafted on the tops of established seedlings (see p.126 ).
The rooting capacity of shoots of adventitious origin falls
off in succeeding vegetative generations (40). Decline of
regenerative power with age in the clonal root system closely
resembles that observed in seedling root systems (42). In
seedlings this is an expression of juvenility and the
parallel in the mature clone suggests that adventitious
formation of roots in mature stem tissue may largely restore
regenerative capacity, which then again falls off with age.

Etiolation and ringing

Shoots of a wide range of woody plants develop
incipient root initials internally, more frequently towards
the base of the shoot (71) but also at or close to each node
(15). These initials may be encouraged to develop in
darkness or reduced light, particularly in a moist environ-
ment, such as is involved in layering as described above.
Thus it is possible to increase the rooting propensity of
shoots whilst on the source-plant before they are taken
for cuttings, by blanching the basal inch (2.5 cm) or so
of the young shoots directly they appear. There are various
ways of doing this. One is to place black tubes of waxed
paper or plastic (31) over the new shoots before the leaves
expand, so that they develop in darkness for two or three
inches (S or 7.5 cm) before emerging into the light. Tubes
of a quarter inch (0.6 cm) diameter some four inches (10 cm)
long are suitable, depending on the nature of the plant.

If the lower end of the tube is lightly bound with copper
wire or strong plastic thread, constriction will occur and
lead to an increase in the rooting potential. Complete
etiolation (see p. 37 ) is practically impossible to
apply except by a layering process, not applicable to

the above-ground parts of a shrub or hedge plant. Early
blanching, however, can be applied in a number of ways to
young shoots by binding with black, or otherwise opaque,
adhesive tapes. Such binding also serves to constrict
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the base of the shoot and this may contribute to increased
rooting of the shoot as a cutting. Black paints, such as
bitumen water emulsions, may be substituted for the light-
excluding tape but have no constricting effect.

Attempts have been made to improve the quality of material
for cuttings by wiring and ringing shoots while they are still
attached to the parent plant. The best results are generally
obtained by ringing leafy shoots some two or three weeks before
collection (17; 112). Basal and middle parts of shoots root
better than tips. A further increase in rooting has sometimes
been obtained by the application of growth substances at the
ring, but it appears that the ringing alone coatributes most
to success. The cutting should be taken with its base
immediately below the girdle and then treated as a normal
cutting.

Heeled and non-heeled cuttings

A "heel”™ is a portion of older tissue at the base of a
young shoot torn or cut from the parent. Heeled cuttings are
vwidely recommended as giving better results than straight or
heel-less cuttings. This recommendation needs qualification.
In softwood cuttings the presence of a heel is usually a dis-
advantage, increasing the time taken to form roots and
reducing the number of cuttings rooted (51). In general, it
is best to take cuttings exactly at the base of the shoot.

It is considered (36) that the value of a heel on a cutting
is principally to ensure that the base of the shoot is
included in the cutting, for it is in this basal region that
the anatomy of the shoot lends itself to ready root emergence
and it is here that natural growth substances tend to collect
and synthetic stimulants are best applied.

Species that root readily throughout the length of their
shoots may be cut into a number of pieces for cuttings. In
most of these the position of the basal cut in relation to
nodes is of little consequence but it is well to form the
apical end of each cutting close above a bud to avoid having
a2 dead snag in this position which will give rise to sideways
growth. If the cuttings are grouped into basal, middle and
apical cuttings {t will be possible to provide spersial treatments
to each class and encourage an even development in the cutting-
bed.

S§ize of cuttings

The choice of cuttings of a particular size is largely
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governed by their regenerative behaviour and partly by the
use to be made of the resulting plant (32). Small, quickly
rooting cuttings may be economically rooted in somewhat costly
structures such as closed cases and mist-spray units since
they occupy minimal space and are soon succeeded by further
batches. Large leafy cuttings, because more space is needed,
may only be acceptable if they root rapidly and then pass
quickly through the nursery hardening processes.

Some woody plants, notably citrus, are best bud-grafted
into young quick-growing stems and long cuttings are then
undesirable because the stem is already becoming hard. Short
cuttings are used to produce a young shoot to receive the scion
bud. Long cuttings planted deeply, particularly where rooting
occurs chiefly at the base of the cutting, are more difficult
to lift from the nursery than short cuttings. Nevertheless,
if long cuttings succeed in the open ground, or under other
low~cost conditions, and are accepted by the planter, they
have much to recommend them. Large cuttings produced on well
established open-grown plants receiving minimal attention
gain their size in the cheapest possible way. They need only
to acquire roots to achieve wholeness for planting. Once
initiated, roots from large cuttings will make rapid headway.

Very large cuttings are sometimes recommended. Examples
are seen in kapok (Ceiba pentandra), where orthotropic branches
two to three inches (5 to 8 cm) in diameter and four to six
feet (1 - 2 m) long are readily established (G19) and large
fencing posts of young seedling rubber (Hevea brasiliensis)
will form trees.

Single-node cuttings with a single leaf are among the
smallest cuttings, and are commonly used in tea (Camellia
sinensis). The size of the cutting is governed by the size
of the leaf which, being set horizontally without overlappirng,
decides the spacing required. Leaf--bud cxuitings with very
1arge leaves take up less space if the Laaf is inclined at
45° but may need some support such + L sliver of bamboo
stuck through the leaf blade.

Root cuttings of widely dif. - '~ s$i1ze have been used
with success. When roots are removeu ¢vom the soil they dry
very quickly and must be kept moist una:r shade till planted.
Small thin roots will dry extremely quickly and this often
precludes their successful regeneration. On the other hand,
very large pieces of root will result in ungainly planting
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material. Sizes up to the length of a man's foot and as
thick as his first fincer have proved suitable, but shorter

cuttings, where successful, provide a neater plant for
transference to the field.
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CHAPTER IX

CUTTINGS — THREE
TREATMENT OF CUTTINGS

Protection from drying

In accordance with the precept that an adequate water
supply in the cutting must be maintained, great care should
be taken to reduce water loss in the cutting material from
the moment it i3z taken from the source plant. To ensure that
the cutting contains a good supply of water at the time of
collection it is widely recommended that cuttings should be
collected in the early mornin¢ when they are fully turgid.
Herbaceous leafy cuttings lose water very quickly. Root
cuttings, having no surface protection against water loss,
and not exhibiting water loss by wilting leaves, are in
considerable danger of drying and must be kept moist at all
times. Leafless stem cuttings dry comparatively slowly but
even these may be seriously damaged by drying. Indeed, the
greatest hazard to cuttings is desiccation which, if carried
too far, means certain death (35).

Moist-lined containers should be used to hold the
cuttings as they are collected. Such containers should
exclude direct sun heat and air movement. Polyethylene bags
are excellent provided they are not exposed to the sun.
Cardboard or wood containers lined with polyethylene and
containing some moist materjial such as wet cloth or newspaper
are excellent. Closed containers should not be tightly filled
or the cuttings may be killed by suffocation and heating.
Polyethylene bags when containing living material should
remain adequately ventilated.

When skilled workers are available to collect shoots for
cuttings, the point of severance may be also the base of the
cutting. This ensures early collection of downward moving
substances at the base of the cutting and the earliest possible
start to wound healing processes. This procedure is not

possible when branch systems are collected for later division
into cuttings.

Some operators, in their concern to maintain moisture in
cuttings between collection and planting, stand them in water.
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With very few exceptions thia has the deleterious effect of
soaking away substances from the base of the cutting. It is
better to prevent water loss from the cutting rather than
attempt to add more.

The reduction of water loss from leafy cuttings is often
brought about in practice by removal of part of the leaf area
(14), but in removing leaves it must be remembered that any
reduction in leaf area may reduce rooting, other things being
satisfactory. Cuttings with very large leaves, or compound
leaves on long petioles, may individually occupy an excesgsive
area in the cutting bed. Such cuttings may require less room
if their leaves are lightly bunched together by thread or
plastic strip.

Wound ing cuttings

Additional wounds at the base of cuttings have sometimes
been associated with increased rooting, particularly when
followed by hormone treatment, probably due to a greater intake
of the material. Various kinds of wound have been used
including the removal of a shallow slice from one side, extend-
ing an inch (2.5 cm) or so from the base of the cutting.
Longitudinal slitting of the bark and splitting the basal end
croaswise for an inch (2.5 cm) or so has sometimes proved
beneficial, chiefly with hardwood cuttings.

Nurse grafting

Cuttings of valuable cultivars that are difficult to
propagate by customary methods may be induced to root by
temporarily grafting them to roots or cuttings of subjects
which root more readily. A simple way is to graft a plece of
root, or a whole root of a related seedling, onto the base of
the cutting and to bind wire or metal strip close above the
graft junction before planting deeply in the cutting-bed
(see p.145). The cutting-scion will root above this con-
striction and may be transplanted separately later. It is

suggested that the nurse-root supplies moisture and soil -

nutrients to the cutting until {t fends for itself. A similar
but larger effect is obtained by approach-grafting a seedling,
or other readily obtainable plant, to a rootless cutting (30).
A reverse type of nursing, in which a cutting is supplied with
extra stems and leaves by grafting a piece of young related
seedling on {ts apex, has sometimes stimulated rooting of a
cutting found difficult to root. This has been carried further
by the suckling technique (34) in which hardwood cuttings are
planted alongside well established compatible plants into which
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they are inarched by grafting (Figure 5) and there left until
they develop their own roots and shoots before being separated

N4
l

FIGURE 5

Suckling

Hardwood cuttings nourished by an established plant until
they root.

Use of synthetic growth substances

Of the various ways in which growth substances are
applied, those proving the most practicable are the dust
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method and the solution method, employing various carriers

and solvents (93). Injection, soaking, the insertion of
impregnated wicks or splinters, wrapping with prepared bandages,
spraying or painting with solutions, smearing with lanolin in
which substances are dissolved, are among many other methods
which have been tried with varying success.

The preparation of solutions and dusts is as described
on page 44 for use when air layering. Ready prepared dusts
and solutions are cbtainable commercially and many propagators
rely on such sources for their material. If it is desired to
have materials made up to a particular formula this can be
done by a local pharmaceutical chemist.

The dust method. The usual method of application is to dip
the bases of the cuttings, a number at a time, into the dust
so that the lower inch (2.5 cm) or less is covered. where it
is found that the dust does not adhere, the bases of the
cuttings may be dipped into water to moisten them before
dipping into the dust. Even better adherence, and penetration
of the growth substance, may be obtained by momentarily pra-
dipping the cutting base in 50 per cent ethanol or methylated
spirit.

Tc avoid exposing the bulk supply of dust to contamina-
tion by moisture and foreign material it is as well to place
a quantity of it in a shallow dish sufficient only for the
task in hand. Once used, the surplus material should not be
returned to the bulk supply. After dipping the cuttings into
the dust they should be lightly tapped on the side of the
vessel so that any excess falls back into the container. The
treated cuttings are planted immediately. They should not be
pushed into the medium, as this removes most of the dust, but
should be placed in a small trench or dibbled hole.

Solution methods. There are two main ways of solution
application, the dilute solution method and the concentrated
solution (or instantaneous dip) method. The dilute solution
method depends upon the slow uptake of comparatively dilute
water solutions over periods varying from 8 to 24 hours.
Concentrations used vary from as low as 5 to 25 p.p.m. for very
soft herbaceous cuttings up to 100 p.p.m. or more for cuttings
very difficult to root. iIn practice it is convenient to place
prepared cuttings in the solution at the end of one day's work
and to plant them next morning, some 16 hours later. The
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cuttings are stood in the solution with their bases immersed
about one inch (2.5 am). Any basal leaves, which would other-
wise be covered by the solution, are first removed, as it is
found that soaked leaves tend to rot. The temperature and
humidity of the surrounding air affects the amount of solution
entering the cutting and it is advisable to shade the cuttings
and protect them from air currents during the absorption period.
One should make sure that all the cuttings remain in the
solution throughout the treatment, after which they should be
rinsed in plain water and planted normally.

The concentrated dip method. The customary procedure is to

dip the bases of stem cuttings momentarily half an inch to

two inches(l.25 to 5 cm), according to size, in an alcoholic
solution of synthetic growth substance and to plant immediately
(49). Recent work has indicated that dipping depth and d' ration
may be critical (60; 85: 86).

Although the final result of treatment largely depends
on the cultivar reaction and the growth substance concentra-
tion, the highest proportion of cuttings rooted is generally
obtained by merely wetting the basal cut surface of the cutting.
The detrimental effect of deep dipping increases with concentra-
tion and this is due to the application of growth substance to
the epidermis. Nahiawi and Howard (85) have shown that
epidermal application of concentrated IBA dips is only
beneficial when insufficient stimulation is obtained by
basal application alone. To facilitate shallow dipping,
cuttings should be prepared with smooth transverse basal
cuts. The solution is best placed ir shallow dishes or small
trays and the work should be done in a cool draught-proof
building, to avoid evaporation and concentration of the
solution. The aim should be to wet only the cut surface
and avoid splashing the sides of the cutting. Rather higher
concentrations of growth substance should be used for shallow
dipping than for deep dipping. For shallow dipping, or basal

wetting, concentrations in the range of 2,500 to 5,000 p.p.m.
IBA, or equivalent, are suitable. Nahlawi and Howard (86)
found that the rooting response of plum rootstock hardwood
cuttings to 50, 500 and 5,000 p.p.m. IBR was influenced by
the duration of treatment in the solution; 18 minutes, 30
geconds and 5 seconds being needed to achiave similar levels
of rooting at the respective concentrations. It is suggested
that dipping for a relatively short time (say 5 seconds) in a
suitably high concentration is probably the most convenient
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practical way of treating large numbers of cuttings. The
need to ensure adequate entry of growth substance into the
cutting at the place of highest rooting response may explain
why, in general practice, very high concentrations have had
to be used when carried in powders such as talc, from which
immediate uptake would be minimal, and also why dipping
durations of up o 24 hours are recommended for aqueous
solutions.

Coating cuttings

Protecting newly planted nursery stock from drying by
plastering with mud, wrapping with straw, reeds or bark,
and painting with lime and clay washes, has been practised
gince ancient times to augment the natural waxy protection
already possessed by plants in varying degree. More recently
a number of water-proofing coatings have been used to check
loss of moisture from plant material, particularly when
transplanting, in transport or when on display in exhibitions
(80). The surface sealing of cuttings has been examined to
a limited extent, sufficient to indicate the likely value of
such treatments and also the possible consequence of their
misuse (32).

Water loss from the above-ground parts of cuttings,
with or without leaves, may be reduced by dipping their upper
parts in commercially produced anti-transpirants such as
$.600, Wiltpruf, etc., taking care to follow the maker's
recommendations. Home manufacture of anti-transpirants
involving the use of emulsifying equipment has been described
in some detail (80).

Nahlawi and Howard (86) mention the use of a polyvinyl-
chloride resin seal at the basal end of hardwood cuttings to
prevent subsequent entry of solutions through the epidermis
(see above). 1If the basal cut is covered with sealing
material, a fresh cut must be made to remove the sealing
compound to allow for entry of the sclution and normal uptake
of water during the propagation period.

In connexion with basal sealing of cuttings and the free
entry of water it is of interest to find that wilting has been
attributed to the presence of lanolin on the basal cut
surface following the use of lanolin as a vehicle for growth
gubstance treatment (26).
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Controlled temperature storage

Subjecting cuttings after collection to periods of warmth
before planting has often led to increased rooting. Such ‘
success has only been achieved by close attention to other
factors, notably moisture relations both external and internal,
the timing and degree of growth substance application and,
above all, the closest control of temperature levels and
duration of treatment.

Practical propagators have long based their cutting
procedures on the adage "warm bottoms and cool tops"”. This
is exemplified by mist propagation, where water sprays cool
the leaves by evaporation and by the greater success in
rooting tea and other plants in comparatively cool highland
areas. In temperate zones, where bud dormancy lasts for a
considerable period, it has been found that warmth at the
base of a stem cutting encourages root initiation and develop-
ment in advance of shoot growth and leads to improved establish-
ment. With hardwood leafless cuttings placed in controlled
storage through the dormant season the advantages are four-
fold (50, viz. (i) providing a cutting "bank", obviating the
necessity to plant cuttings immediately after collection,
(1i) to provide an ideal rocting environment during the
early life of the cutting, (iii) as an insurance against
deficient soil temperature, and (iv) to supply any special
temperature requirement beyond the scope of the natural
surroundings.

In warm climates where plants experience no prolonged
clear-cut dormant period it is possible that the rooting and
establishment of stem cuttings may be hastened by the applica-
tion of extra warmth to the base of the cutting. Work on
warm storage in America (15) and in England (59) has led to
the development of warm storage bins for large scale use (57).

In the absence of detailed information on the use of
controlled storage of cuttings in the tropics it is only
possible to suggest procedures based on successful work in
the temperate zone. Howard and his associates working at
East Malling, England, with deciduous fruit-tree rootstocks
and various ornamental trees have indicated the lines to be
followed. Rooting rate increases with rising temperature to
an optimum level, but, if this level is maintained longer
than about four weeks, rotting occurs. Heat must be applied
to the base of the cutting only, by electrical soil-warming
wires controlled by a rod thermostat placed level with the
base of the cuttings (Figure 6).
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A loading of up to 15 W/ft2 is adequate. Howard states (23},
"This equipment is installed in insulated bins, preferably
sited in a cool insulated building such as a stone barn, to
ensure minimum bud development and maximum freedom from
draughts which cause cuttings to become dry and the rooting
medium tec dry out and need frequent and harmful rewetting.
Careful siting of the thermostat is needed to ensure maximum
contact between the sensitive rod and the rooting compost at
one to one -and-a-half inches (2.5 to 4 cm) above the heating
wires and on the same level -as the base of the cuttings. A
thermometer plunged to the same depth will accurately record
the temperature in the rooting zone. The rooting compost is
a 1l:1 mixture of coarse sphagnum peat and coarse grit (up to
3/16 inch (0.5 cm) diameter) about ten inches (25 cm) deep.
Rewetting of the compost should not be neglected, but con-
servation of existing moisture is essential since rotting
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FIGURE 6

East Malling cutting bins under overhead protection

Vertical section (diagrammatic) after Misc. Pub. 85, E. Malling
Res. Stat. A = Coarse drainage. B = Drainage between floor
blocks. C = Warming wires attached to underside of 'weldmesh’
scxeen. D = Rod thermostat. E = Earth thermometer. F = Cuttings
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occurs Lf the compost is saturated. Good drainage is
essential and the moisture status should be assessed at the
base of the cuttings. Compost re-used over a period of years
will result in increased loss from rotting. Annual replace-
ment of the rooting medium is recommended and this is most
easily and thoroughly done if the warming wires are attached
to the underside of the protection grid so that they can be
lifted clear to allow the bin floor to be swept and disinfected".

For those who decide to try warm storage under tropical
conditions it is suggested that, for bin treatment, cuttings
be collected at, or soon after, the completion of a flush.

They should be partially defoliated, to reduce loss of water
and to allow for close spacing, treated with growth substance
and placed in the bin where they may be lightly moistened
overhead from time to time, using a syringe or very fine spray.
Whereas a basal temperature of 70°F (21°C) is optimal in
temperate regions a somewhat higher temperature is required

to obtain sufficient differentigl in tge trogics. A basal
temperature in the :eqionoof 85o to 90°F (30 to 32°C) with

a top temperature some 20 F (11 C) lower may prove helpful.




CHAPTER X

CUTTINGS — FOUR
PLANTING ENVIRONMENT

Basic requirements

The planting environment of cuttings has probably
received more attention and discussion than any other aspect
of vegetative propagation, but this must not limit due attention
being given to the important factors involved in the source
and treatment of the cutting. Cutting behaviour is patterned
by its history, its treatment between collection and planting
and its nursing environment thereafter. Results depend on the
interplay of all the factors involved.

The cutting environment must provide conditions in which
the cutting remains alive and able to initiate and develop
new structures and, at the same time retain the power to grow
into a new plant. The basic nursery requirement is to prevent
desiccation whilst providing adequate aeration, moisture, light
and warmth. Such requirements may be met by exotic treatments
but the practical propagator will envisage the problem of
transplanting the rooted cutting to a normal soil environment.
Hence it is wise to provide rooting media related, in some
degree, to subsequent environments. Where very open media are
empioyed, such as clean coarse sands, plain moss or fibre, the
incorporation of a small amount of loam will greatly aid trans-
planting and will also mitigate the effect of a temporary
inadequate water supply during the rooting period.

Field planting of cuttings

Where it is found that plants will root readily from
comparatively large cuttings, say six inches (15 cm) long and
at least one-fifth inch (0.5 ar) thick, they may be economically
propagated in the open i{f given minimal attention as regards
shading and watering. An area of well drained flat land
should be selected and this should be fenced against marauders.
Subject to a good supply of irrigation water being available
an established plantation providing a moderate shade canopy,
or a forest fringe, often proves suitable.

The planting distances of cuttings should be governed by
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the form of cultivation practised. 1In large beds cultivated
mechanically the rows must be wider than when entirely hand
cultivated. The spacing within the rows should be sufficient
to allow for development of the plant prior to transference.
Spacings of two to eight inches (5 to 20 cm) are generally
suitable.

The cuttings may be planted by dibber provided the holes
can be made sufficiently deep, and each cutting can be set in
close contact with the bottom of the hole and the soil be
pressed firmly against the sides of the cutting. It is possible
to speed the dibbing work by the use of a trident or multiple,
foot-operated, dibber (Figure 7). Such implements should have
blunt points to avoid leaving an air space below the cutting
base.

Grip planting, in which a spade or similar bladed
implement is pushed into the soil and moved backwards and
forwards to leave a slit-like opening into which the cuttings
are pushed, is an acceptable method provided the soil is
sufficiently crumbly to close around the cutting when firmed
with the foot or by a heavy wheel. 1In stiff soils such a
procedure does not allow the cutting to reach the bottom of
the slit, nor does the soil close round the cutting. Trench
planting is preferable to grip planting in such soils.

Trench planting has many advantages. Using a spade
or plough, a trench with one vertical side is opened to the
required depth and the cuttings are stood close against this
side either upright or slanting. Some sand or
grit may be placed in the bottom of the trench to a depth of
one to two inches (2.5 to 5 cm) to provide good well-aerated
conditions round the cutting base. Some operators find it
convenient to put this material into the trench before inserting
the cuttings, so that the cuttings are held in position while
the trench is being filled. Soil sufficient to half-fill the
trench is now placed in it and trodden firmly against the base
of the cuttings. This firming at the cutting base is very
important and is best done with the heel. One's leg is kept
rigid throughout its length and the whole weight of the body
is transferred towards the cutting base by suddenly lifting
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FIGURE 7

Multiple foot-operated dibber
A = 4-inch water pipe welded to % x l-inch bar B.

C = 9/16-inch rods welded to the bar. D = Hand grips.
E = Foot rest. F = Support for large dibber.
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the disengaged leg. Merely pressing the soil down, with the
knee flexed, does not have the same beneficial effect. 1If
treading i{s well done, in one movement, the planting 1s
completed by levelling-off the soil, otherwise another treading
is given after adding more soil before finally levelling-off
with crumbly surface soil. On completion of planting, the

soil between the rows may be lightly cultivated and a mulch

applied.

After planting it is often helpful to give a heavy
watering sufficient to moisten the soil down to and beyond the
base of the cuttings. Under continued dry conditions the
cuttings should be watered from time to time. To make the
most of limited water supplies some operators fill the trenches
with water after giving the basal treading, before replacing
and levelling-off the top soil.

It is generally advisable to insert cuttings to at
least two thirds of their length to protect them from drying.
Most propagators habitually remove the leaves from the parts
which will be below ground so that the rotting leaves shall
not infect the body of thes cutting. However, it is not certain
that this is really necessary; some investigators suggest
that attached lower leaves help to increase water absorption
by the cuttings (44) and may, for a limited period, return
some food substances to the stem of the cutting before they
decay, even though the leaves are in complete darkness (90).

Under ideal soil conditions, where it is possible to
form a deep tilth, cuttings may be pushed straight into the
soil. Stiff shoot-cuttings lend themselves to this treatment.
They should be pushed down deeply, provided that at least the
apical bud remains above or only very slightly below ground
level. Any upper adhering leaves should remain above ground.
In the pushing-down operation it is advisable to wear either
a stout thumb stall or a handiron or palm. To avoid damage
to the apical bud the stem of the cutting should be left a
little above the apical bud by cutting through the intermnode.
Pushed-in cuttings may also be set slantwise. Long cuttings
too can be 'pushed in', leaving the tops exposed, but this is
inadvisable except under moist conditions.

Root cuttings, provided they are sufficiently stiff,
are eminently suitable for push-in planting, the apical ends
being at or close to the soil surface and these covered with
a light open mulch.

|
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Protective measures for cuttings

This section should be read in conjunction with 'The
nursery' starting on page 4.

Propagating pits. One of the simplest ways of protecting
leafy cuttings from desiccation and providing them with a
steady supply of moisture and an equable temperature is to

put them in pits. This is an ancient method which has often
proved successful but it involves considerable labour. The
pits should be sited where they will not be filled with surface
water by heavy rains; a small bank of soil around the edge of
the pit will help to prevent this. They are normally located
under high shade. A pit depth of three feet (0.9 m) is common
(G1l) . A well-aerated open mixture of coarse grit and friable
soil should be placed in the bottom of the pit to a depth of
four to six inches (10 to 15 cm) to receive the cuttings.

After watering the cuttings the pit is covered against the
direct sun with a temporary shade of leaves or fern, preferably
in the form of a thatched hurdle, but thin enough to admit
ample light to the cuttings. Leaf-covered pits should be
sprayed over at frequent intervals and the shade thinned as

the cuttings become established. Another way is to shade with
'Netlon' or close netting stretched flat across the pit so

that watering can be given through the net. White polyethylene
may also be used as a cover but this should be arched over the
pit to shed rain which otherwise pushes the cover into the pit.
I1f the arched polyethylene is left open at its ends, like a
tunnel, watering can be done without moving the covering.

Half-span sheds. A slanting thatched roof, eight to nine
feet (2.4 to 2.7 m) wide, beginning at ground level or on a
low ridge, wall, or thatched fence, and reaching a height of
five feet (1.5 m) or so on the side open to the morning sun
may prove quite satisfactory for many ready-rooting subjects.
A three-foot (0.9 m)-wide cutting bed, which can be reached
from the front without treading on the bed permits close
spacing of the cuttings. Sand and compost should be worked
into this bed before planting and the cuttings should ke well
watered at planting. A cover of thin polyethylene (100 or
200 gauge) held down at the edges with a little soil, or by
a batten, will almost completely protect the cuttings from
drying until they root, when it should be gradually removed
and the cuttings sprayed and watered as necessary. Further
hardening-off is accomplished by gradually thinning the over-
head shade.
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Glass covered fravwes and cases. These are normally used in
conjunction with more or less permanent structures. In hot
climates soundly constructed overhead shade is essential.
This should be built so that no pieces fall onto the glass
below. The glass-covered frames or cases may be at ground
level or waist high for ease of operation. In the former the
lights may be supported on a board edging and the latter on
brick or concretz walls. Ground level frames should contain
a drainage layerr of gravel or broken brick on which is placed
a sheet of a quarter-inch (6 mm) plastic net to receive the
rocting mwedium and prevent it from being washed down and
blocking the drainage. The netting also simplifies the task
of replacing the rooting wmedium. Waist-high frames need
strong support, normally afforded by brick or breeze-block
walling. If metal piping or angle-~iron is used fnr support,
the open space beneath the frame is available for other
purposes,

For the rooting of leafy cuttings in frames it is usually
necessary to reduce the overhead available light to 50 per cent
and to maintain high humidity round the cuttings with minimal
addition of shade. Although high humidity is easily maintained
by heavy shading this causes leaf-shedding and non-rooting.

The aim is to admit as much light as possible to the cuttings
whilst maintaining a moist atmosphere around them. This is
largely achieved by frequent or continuous wetting of the
cuttings and interior walls of the frame. However, frequent
watering leaches essential materials from the cuttings and
causes waterlogging of the medium. The need for frequent
watering may be reduced by cooling the sloping frame covers
by the evaporation of water from a layer of muslin or other
coarsely wcven material kept wet by a trickle of water from a
trough or reservoir placed at the higher side of the frame.

The water level in the reservoir may be controlled by a ball
valve.

Another way to keep the temperature uniform was developed
in Dutch Guiana by Floor for the propagation of tropical
evergreens (32). A box having holes in the bottom for drainage
is half filled with washed sand or similar medium (Figure 8)
and lidded with a tray composed of a sheet of glass and a
raised metal edge to hold about half an inch (1.25 cm) of
water. The box is placed under high shade but fully exposed
to morning light and 50 per cent light thereafter. The

whole apparatus is covered with a blanket at night to maintain
warmth.
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FIGURE 8

Small propagation case for use in the tropics

Polybag rooting of cuttings (see also p. 13 ). Small, thin
(150 gauge) polyethylene bags have been variously employed,
both for the individual establishment of seedlings and for

the rooting, establishment and conveyance of cuttings to the
field (88). The base of a semi-hardwood cutting bearing a

few trimmed leaves is placed in wet leached sawdust laid in
coconut fibre. This is folded round and held by a rubber

band resulting in a ball about half the size of a clenched
fist. The balled cutting is placed in a 150-gauge plastic
bag, one third of a pint (190 ml) of water is added, the

neck of the bag tied with string and the whole suspended by -
the string under a cloth shade permitting the passage of up

to one-tenth of incident light. When the cutting is well
rooted the bag is taken to the nurserv or field where the
fibre-balled cutting is extr_._ced ard planted. The surplus
water in the bag i3 poured over the plant and the bag inverted
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over the plant with the mouth resting on the soil. Two banana
leaves are pushed slantwise into the surrounding scil on
either side to shade the cutting. The bag is removed a week
or so later and used again. The withering banana leaves serve
to harden the plant by a gradual reduction of shade.

Hurov and his associates (62) report that the bag methcd
is economical because it obviates potting-on and facilitates
transport and establishment in the field. It can be readily
adapted to meet particular needs. Hurov recommends the use of
polybags six or eight inches (15 or 20 cm) wide and fifteen to
twenty inches (38 to 50 cm) deep. An open light-weight potting
mixture is well moistened and placed in the bag to a depth of
about five inches (13 cm) and there firmed, without bursting
the bag. The basal two inches (5 cm) or so of the cutting is
inserted in the medium and again firmed, the bag is pulled up
over the cutting and closed by twisting or folding and clipped
or pinned. No water is given until the roots can be seen at
the base, when the bag should be gradually opened and some
holes made in the bottom of the bag. Water should now be
given and the overhead shade reduced a little to harden the
cuttings before planting out.

Basket rooting of cuttings. A very economical method
developed in West Africa for cacao cuttings (76) may be adapted
for a wide range of woody trees and shrubs. Short cuttings of
two or three nodes, bearing viable leaves, are given normal
growth substance treatment and inserted in 6 x 7inch (15 x 18 cm)
baskets (ssze p.11 ). 1In West Africa the baskets are filled
with potting soil round a central core of rooting medium
(50:50 sand and composted palm fibre) into which the cuttings
are inserted. A group of a hundred or so baskets is piaced on
the ground under slatted or other 'walk under' shade and well
watered. A sheet of polyethylene, 300 gauge or thicker, is
laid over the cuttings and held down at the edges with battens.
Inspection and watering are made easier if one edge is held
down firmly by soil and the opposite edge by a batten attached
to it. The recommendation for cacao cuttings (76) is to

raise the sheet early in the moming every third day and to
spray the cuttings lightly, using only about one pint (570 ml)
of water for every 50 cuttings to avoid the risk of water-
logging. When rooted the cuttings are hardened by uncovering
for two or three hours in the early morning and, after one
week, this period is gradually extended until in about four
weeks the sheet is no longer required and the overhead shade
temains the sole protection until planting time.
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Tents and tunnels. Plastic tents and tunnels of various

size have proved excellent for the rooting and establishment
of cuttings throughout the world. 1In the tropics it is usual
to provide overhead shade to reduce incident light some 75 per
cent and to use 300- to 500-gauge clear plastic for the tents.
A light dome-shaped framework, some three to four feet (0.9 to
1.2 m) wide, is used to support the sheet. Small gauge, 6 x 6
inch (15 x 15 cm) ‘Weldmesh", as used for reinforcing concrete
paths, provides a suitable support. Any sharp corners or
protrusions should be wrapped with plastic film or tape.

when the cuttings have been inserted and well watered,
the wire support is bent. over and the edges buried to form a
rigid support for the plastic. The plastic is then laid over
and the edges are held down by soil. This is done by forming
a straight-edged trench some four inches (10 cm} deep, with a
flat bottom into which the sheet is put and held by returned
soil lightly trodden to stretch the sheet. With quick-rooting
material under favourable conditions the initial watering may
suffice until the hardening phase, when the plastic is gradually
removed and water is given. If the cuttings take a long time
to root the plastic should be lifted every three to four weeks
for watering. The author is greatly indebted to I. P.
Scarborough, horticulturist to the Tea Research Foundation,
Mulanje, Malawi, for information on the use and management of
plastic tunnels for cuttings.

Large walk-in plastic tunnels and single-span greenhouses
are widely used in temperate and sub-tropical regions for the
rooting of a wide range of cuttings. However, even in
temperate zones it is advisable to use 500~gauge white plastic
to reduce incident light. The success of such structures in
the tropics must depend upon the reduction of light and heat
by high sr~de and provision for internal water sprays. Full
descriptions of such and detailed instructions for their
erection have been published by the Agricultural Development
and Advisory Service of the Ministry of Agriculture, Fisheries
and Food, London (1973).

Mist gprays

Modern mist spray propagation is merely mechanization
of the frequent hand syringing long practised by gardeners (l0).
A review and digest of mist propagation of cuttings (104) out-
lines the history of its aims, development and practical use



in propagation and nursery projects. Its effect upon cuttings
has been well described by Hess (52) and Snyder (114). The
object is to maintain a film of water on the leaves at all
times which results, by evaporation, in a reduction of leaf
temperature and leads to reduced transpiration and respiration,
thus mak.i;; nossible propagation under high light intensity
with ‘accompany.ing high rates of photosynthesis.

Mist is a superlative nurse for leafy cuttings and
therein lies a danger. In the mist environment the cutting
becomes acclimatized and then, when mist is no longer required,
the cutting needs to be carefully hardened prior to planting
out. To assist this procedure the amount and frequency of the
sprays should be kept to the essential minimum and be further
reduced as soon as the rooted cuttings can stand alone.
Reliability is the basis for success and in a mist unit this
chiefly depends upon the provision of a supply of clean water
dt a more or less constant pressure (see p. 5 couple& with
a well-maintained control system electronically or otherwise
automatically operated. Hence it is not surprising that mist
propagation has so often failed to function in tropical areas
where local conditions are inadequate (108). In such circum-
stances the sealed plastic tent will prove superior, being
less exacting and yot yielding satisfactory results (109).
Although fully-automatic mist may not be possible, manually
controlled mist and coarse sprays are invaluable in the
nursery, being quite economic when the size of the enterprise
justifies the full-time attention of a trained operator.

Continuous versus intermittent mist. Although a continuous
aist spray system is easier to install and maintain than an
intermittent one it often applies an excessive amount of

water which produces leaching in the cuttings and a waterlcgged
hed, unless full provision is msde for drainage; moreover it
~owers the temperature of the rooting medium. Intermittent
mist is generally preferred, controlled by an interval-timer

or by 'weather conscious' devices. A time-clock may be used

to turn the system on in the morniny and off at night.

Temperature of rooting medium. In cool climates artificial
heating is regarded as essential. This 1is accomplished by
electric soil-warming cables laid beneath the rooting medium.
Suitably earthed mains voltage cable, plastic or lead covered,
is now used in coils about six inches (15 cm) apart to give a
loading of 15 W/ft”. A rod-type thermostat controls the
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temperaturs. This should be placed at right angles to the
coils and an inch (2.5 cm) or so above them, level with the
bases of the inserted cuttings. In temperate regions it has
been found tgat the opginum base temperature lies between 70°
and 80°F (21° and 26.5°C) for most species. In the lowland
tropics the ambjent temperature will normally be adequate and
cbviate the need for artificial heating. In extensive work
with rubber cuttings in Malaya, Tinley (119) obtained no benefit
from the use of additional heat. It is considered that the
continual rapid evaporation of water deposited on the leaf
surface will maintain the leaf at 10°F (5-6°C) below normal
and help to provide an adequate inverse temperature gradient.
In general, heating will be unnecessary but it may have to

be provided in regions of high altituge where soil temperatures
may fall substantially below 70°F (21°%¢) at night.

Spray nozzles and water supply. Deflection type nozzles are
by far the best, provided water pressures are reasonably good.
They were designed especially for mist propagation. A stream
of water is directed onto a flat surface where it is broken
into a fine spray. The MacPenny nozzle, which is readily
adjusted and incorporates a filter, is very good, giving a
réasonable coverage aven under reduced pressure. At nozzle
pressures above 3O p.s.i. nozzles may be set at intervals of
four feet (1.2 m). Individual nozzles may be closed over
vacant parts of the bed or whilst working.

Adequate supplies of clean water must be available, the
ideal being filtered rain-water although this 1is rarely
possible. The presence of large quantities of mineral sub-
stances will not only block nozzles but will also interfere

with leaf activity. Screens and filters should be provided
at various stages in the supply to reduce the risk of blockage
at the nozzles. Water consumption by intermittent mist may

ba as high as 24 gallons (ll 1) per hour at each nozzle. So,
in one line of ten nozzles (bed 5 x 40 ft or 1.5 x 12 m),

25 gallons (114 1) may be needed e¢ach hour and 250 gallons
(1137 1) in one 10-hour day. Continuocus fine mist may require
twice this amount. )

Where miins pressure is low or variable a booster pump
wiil be necessary to raise the water pressure. A one hp
electrical cenirlfuqal pump will raise the mains pressure from
15 to SO 1b/in when operating a flow of 400 gallons (1818 1)
per hour. Absoluts reliability of a well-atomized spray is
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essential and there should be a static water supply available
at all times, in case the mains fail. In addition there should
be a completely independent pressure supply by means of a
petrol-driven pump to cover all eventualities.

Pipework and fixtures. The water must be brought to the unit
in large-bore pipes to avoid pressure impedance; two inch

(5 cm) should be regarded as minimal for other than the smallest
installation. Such a pipe serving a number of beds at right
angles to it should have a screw-plug or valve at its two
extremities for flushing ocut sediment. There should be

flexible connexions between this two-inch (5 cm) pipe and the
spray lines so that individual lines may be readily moved.

These and the pipe leading to the nozzle connexions should

have ¥ inch (1.9 cm) bore and the extremity should again have

a plug or valve for washing through. The %-inch {1.9 cm) line and
h-inch (1.25 cm) nozzle connexions should be ¢f plastic or
aluminium alloy to obviate scaling and corrosion, the common
cause of blockage.

The overhead system is recommended as this allows ready
adjustment of spray-lines and their use elsewhere as desired.
The drip from such lines is of little consequence under tropical
conditions. The overhead spray-line is supported some three
feet (0.9 m) above the bed either on posts or cross-bars fixed
to the overhead shade structure. It is important to start with
the tops of the nozzles all level, later adjustment being
extremely difficult. Unlevel nozzles cause excessive drip
and uneven spraying, as well as excessive water loss by
dribbling.

Shade and protection. Air movement can upset the most care-
fully designed mist system, and although it is not necessary
or advisable in the tropics to have complete enclosure, some
overhead and side shading is necessary and also all-round
protection from wind.

Composition of bed. Perfect drainage is essential. This,
provided there is no drainage impedance in the soil beneath,
may be achieved by building the bed directly on the ground,
within low retaining walls or boards. First a layer of
broken brick, then a layer of granite, or other clean rock
chippings, followed by a six-inch (15 cm) layer of l:1 coarse
clean sand and peat or partly rotted sawdust. Pure sand may
be used but root formationm is then likely to be less amenable
to transplanting.

80




With some subjects it may be possible to root the
cuttings in a four-inch (lO-cm) layer of sand/sawdust (or
puvre sand) placed directly on the soil surface and to leave
the cutting to extend its roots downwards until lifting time.
In such a situation the spray-line may be removed and used
elsewhere, provided the necessary irrigation is given tc the
rooted plants in some other way.

Hardening rooted cuttings and transference. Once rooting

has occurred, normally after a month or so according to the
species, the spray should be gradually reduced until it is

only applied occasionally during the hottest part of the day,
and then not at all. The shade may also be gradually removed.
As the spray is reduced it will be necessary to irrigate the
rooting medium by hose or watering can or by manually controlled
spray lines. It will then be convenient to add nutrients to

the rooting medium either through irrigation or by solid
dressings. Another way is to provide a nutrient spray for

the final spray application each day throcughout the period

the cutting is in the bed so that it is available for absorption
during the night. On a small scale this can be applied by
watering can; on a large scale it is worth while arranging a
separate tanked supply to which one can switch for the final
evening application. Tinley, in Malaya (11%9), gave his cuttings
continuous mist through the day and changed to nutrient mist

for the last spray, using a solution containing a mixture of
urea, potassium nitrate and diammonium phosphate. Magnesium
and minor elements might advantageously be added in this way.

Mist spray reduction can be achieved by use of a 'weaner'
{(an electronic device) which reduces misting frequency by set

amounts, e.g. 1/3 or 1/6 the normal rate. Alternatively the
sensitive element may be placed close to a mist nozzle so that
it dries more slowly, or an interval timer may be used. If
the rooted cuttings are to be established in pots, baskets or
perforated polyethylene bags they may be lifted from the
rooting bed, potted and then either returned to the same

mist or placed under an intermittent spray beneath other shade.

Working with the difficult subject rubber, Tinley (119)
found it convenient to place rooted cuttings in perforated
polyethylene bags holding 12 1b (5 kg) of soil (similar to
John Innes No. 2) 1in an open, well-drained compost with
adequate nutrients. He placed these under clock-controlled
mist, reducing to no spray at all and full light after four
weeks.
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CHAPTER X1

POLYEMBRYONY

Certain plants, notably cultivars of mango and
citrus, produce polyembryonic seeds, that is, seeds
which contain several embryos, only one or possibly
none of which is the result of fertilization, the
others arising from cells ocutside the embryo sac and
being thus essentially vegetative in origin. If, after
germination, the sexual seedlings can be distinguished
from the vegetative plants and eliminated, a pure line
of vegetatively-produced descendants should result (G4).

In some fruits the sexual seedling, resulting from
hybridization, may be suppressed at germination and only
the vegetative ones develop into plants. This behaviour
may occur more frequently with certain cultivars of one
species than with others, resulting in clenal populations
in a given locality as with the mango.

Since 'seedling’ propagation is normally less
costly than vegetative it would seem worth testing the
degree of polyembryony in valuable cultivars before
resorting to vegetative propagation. In some cases it
may be possible to stimulate very young embryonic shoots
to proliferate in the very early cotyledon stage for use
as cuttings which possess a high rooting potential
because they are truly adventitious in origin (see
juvenile and adult phases, p. 54 ).




CHAPTER XII
GRAFTING — ONE
PROCESS AND MATERIALS
Grafting has many uses (34) chief among which are three:

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

{2) To suvbstitute one part of a plant for another.
(3) To join plants each selected for special properties,

e.g. disease resistance or adaptability to special
conditions of soil or climate.

In addition, grafting may be used to repair damage,
to overcome stock/scion incompatibility, to invigorate weakly
plants and to elucidate research probiems. Whereas a plant
composed of two parts taken from two plants is not truly
vegetatively propagated (see p. 30 ), yet it is a way of
multiplying a seiected plant, albeit at the expense of another.
Indeed, grafting ofter proves the only efficient way to
multiply selected aultivars and therefore merits close
attention both to the basic requirements for Lts success and
the exploitation of known techniques and their further
development. The basic requiremerts are four:

(1) Campatibility between stock and scion.
(2) Life of the parts joined together.

(3} wWounding to expose cambia or other meristematic
tissue.

(4) Anchorage of the parts.

Compatibility. Much attention has been given to problems of
stock/scion incompatibility and some excellent reviews are
available (3;82). Mutual relationships of the parts joined
is essential for a 1ong-lived union; plants of different
families form no permanent unicn. Generic differences do
not always involve failure to join but, in general, it has
roved safer t:; keep within a genus. But even within a
pecies, graft failure may occur. In fact, :the botanist's
lassificatiosi serves only as a rough guide for it is

ounded upon the reproductive characters, and experience has
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taught that this is not a r=zliable guide to graft compatibility.
Something more than kinship is required for a good union (16).

Symptoms of incompatibility may be delayed, sometimes
long enough to permit a satisfactory or even improved cropping
performance. This is sometimes seen when one of the components
is a tolerant carrier of a slow-spreading virus to which the
other is susceptible. Again, where union breakage is the
sole cause of union failure, the campound tree may long
survive if supported by an efficient stake. In such cases
there is no suggestion of interference with the passage of
essential plant foods across the union. Thus, such incompati-
bility is not camparable to a constricting girdle. 1In fully
compatible unions, where the fibres are firmly interlocked,
there is no free passage for all materials or intermixing of
tissues. Each component retains its own characteristics
right up to the junction, as can be clearly seen when plants
with coloured cell sap are grafted upon those with colourless
cell sap, the colour ceasing abruptly at the union.

Components of widely differing maturity, such as an
unripened scion and a mature stock, form satisfactory unions
provided they can be joined without crushing the tissues.
Differing growth rate due to differential response to seasonal
conditions is no impediment to full compatibility. Nor do
the parts have to be matched size for size, provided that
at least some parts of the wounds are made to coincide.

Life. The fact that both stock and scion must be alive and
biologically active, not only when first positioned but
throughout the grafting process, is ignored at the grafter's
peril. On the contrary, a full appreciation of the need to use
only healthy material and to protect this by horticultural

care against the hazards of desiccation will help to ensure
success. Herbaceous leafy material requires a moist environment,
warmth and light for growth processes to continue more or

less normally. Suitable conditions may be provided by mist
sprays, polyethylene tents or other protection. Defoliated
material may be intimately protected by anti-desiccants
including smears, paints and dips, provided they are non-
poisonous. The aim is to prevent both drying and waterlogging.

When the scions, or the rootstocks, are stored or




transported long distances the utmost care is necessary to
protect them from both overheating and drying. Moist storage,
above freezing point, such as that provided by jacketed stores
is ideal. During the grafting work the scions, and the
rootstocks also when bench grafting, should be kept cool in
moist wraps or containers away from sun heat till the moment
of the operation. Thereafter protection is given by seals

and other covers.

Wounding to expose the cambia

Provided the parts placed together are living and
mutually compatible, the only remaining essential is that the
cambia or other meristematic tissues are at least in some
degree in contact, or so close together, that they achieve
contact by further growth. Grafting comes about by the
healing in common of wounds (34). Wound healing is not
governed by innate dormancy but proceeds at any season
subject only to suitable growth conditions, mainly warmth
and moisture. Clearly, wound healing is imperative and
has first call on plant resources, so it is wise to avoid
making wounds in excess of grafting needs. In nature,
healing tissue develops to meet across the wound and, in
grafting, slight misplacement of the components is acceptabie,
provided the parts live until organically united.

Although it is a comparatively simple matter to place
the cambia in contact where the stems are of similar size,
it requires rather more care to achieve cambial contact
between stems of different size and age. In one-year-old
stems the rind is thin and the cambium is close to the
outside of the shoot, but in older stems the rind is much
thicker and the cambium much further from the surface. Thus
the matching of the outer edges of the rind will not bring
about cambial contact and it is always necessary to place
the inner edges of the rind together (see Figure 9). The
rind of roots is considerably thicker than that of stems of
the same size and in stem/root grafting it is vitally
necessary to place the inner edges of the two rinds in
contact. Any grafting process which involves lifting the
rind from the wood when the cambium is in active growth will
reveal the position of the cambium, for it is in this region
that the separation occurs. Some cambial tissue adheres to
the lifted rind, whilst some remains attached to the wood, and
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FIGURE 9

Examples of cambial contact

1l = Scion with thin rind. Cambium (dotted line) close to

the outside of the rind. 2 = Stock with thick rind. shading
indicates cut surface of scion and limits of cambial contact.
3 = Stock prepared to achieve good apical and basal contact
with scion cambium. 4 = Scion applied to stock. Note good
contact at base and matching of inner rind (cambium) rather
than outer rind (bark). 5 = Good cambial contact at top of
stock. .6 = Large stock with thick rind prepared for thin scion.
7 = Scion with thin rind. 8 = Stock and scion fitted. Note
parts of stock rind outside the scion. 9 = Cross-section.
Note alignment cof cambia and unmatched barks.
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much of it is moist and slippery to the touch. This cambium,
whether remaining on the wood along with other meristematic
alements, or on the rind, is able to continue growth, laying
down new rind on the outside and new wood on the inside,
provided it {s protected from the air and does not beccme
infected with destructive organisms.

anchorage of the parts

The graft components may be firmly held together in
many ways. Self-holding grafts such as some wedge and cleft
grafts are perfectly anchored; when well done they exert high
pressure at the junction and also avoid the risk of constriction
by the tie, or its premature loosening. Many tying materials
are used. In the past the chief ligatures were bast and
other fibres, raffia, jute, wool, cotton, various twines and
waxed tapes. These have been largely replaced by rubber
strips and patches, plastics of various kinds, nails, pins
and clips. In scme cases quick setting mastics may obviate
the use of ties.

Firm anchorage is essential, the degree of firmness
only limited by the resistance of the tissues to crushing.
Ready release of the tie or other fixative, once the union
is effective, is also an important considaration. Feeble
tying permits the callus to force apart the compon=nts and
thus preclude or delay the build-up of adequate pressure
for union formation.

In grafting large woody stocks, as when re-working
established trees, it is possible to anchor the parts with
nails. This obviates constriction by the tie and eliminates
the need for release. The nail rewains buried in the woody
tissues without detriment to growth. Tapered nails tend to
split the material and should not be used. Gimp pins, or
other parallel-sided nails, with a thin shaft and flat head,
are ideal.

Tools and azccessories

Knives, chisels and cleavers. Tool care is indicative of
good workmanship. Edge tools, particularly, should be
carafully maintained by tue operator and protected from
misuse. Other knives should always be at hand for general
pruning and trimming work and for cutting string and
releasing ligatures. A good lasting cutting edge must not
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only be smooth and sharp but also strong and lasting. Knives
with folding blades are more convenient to carry and the
cutting edges are protected against damage when not in use,
but fixed blades are stronger and are particularly valuable
for heavy cutting and trimming and for preparing large
hardwooded stocks for grafting. Small and delicate knives
such as scalpels, lancets and razors, are commonly made
with fixed handles and are best kept in their special cases
between operations. The joints of all folding knives should
be oiled to lessen wear, which is otherwise the main cause
of their deterioration.

Domestic knives and carpenters' chisels are often
quite adequate for grafting work and may be adapted in
various ways. A kitchen knife is commonly used in budding
large material. Large tools are readily controlled by the
operator and give flatter cuts than thinner flexible tools.
Moreover, being in common use they are relatively inexpensive.
Orthodox grafting knives should be of good quality and have
a straight-edged blade strongly set in a handle large enough
to afford a comfortable grip. Curved blades are difficult
to sharpen but a straight blade can be perfectly sharpened
on a flat sharpening stone. The stone should remain fixed
throughout the sharpening operation and not be held in the
hand. The whole width of the stone should be used so that
its surface remains flat. The knife is held to the stone
at an angle of between 200 and 25° and moved forward along
the stone against the cutting edge. The edge is thus ‘pushed
on 'to the knife and not 'drawn away 'by the stone. When
beginning to sharpen, the direction of the movements may
be changed every half-dozen strokes but the operation should
be finished off by single strokes in alternate directions. A
correctly sharpened knive will retain a good edge for many
hours' work and during it only require stropping on a
leather to retain a perfect edge.

Some toolmakers provide knives bevelled on one side
only, like a chisel. Such are preferred by some workers
but beginners should take note that such one-sided sharpening
makes the knife 'cut in' one way and 'skid off' in the other.
However, knives so sharpened form excellent flat non-digging
cuts which are particularly necessary when side grafting by
splicing and kindred methods.

Shears and secateurs. Nothing has proved equal to a well




sharpened knife for making clean cuts in a chosen position.
Nevertheless, a pair of shears or secateurs is almost
indispensable for the rapid preparation of rootstocks and
trees for grafting. Parrot-billed shears are generally
found unsuitable for nursery work because they do not cut
close enough when removing lateral shoots, though the large
parrot-bills with long handles, sometimes known as 'mighty
cutters', are useful for harvesting grqund layers and stool
shoots.

The anvil type shears tend to crush one side and, like
the parrot-bills do not cut close. It is generally found that
shears with one curved blade which passes a strongly made narrow
anvil, scissor fashion, are able to cut laterals cleanly from
a main stem and also sexrves to cut close to buds, simulating
a knife cut.

Saws. Saws will be required for preparing large trees for
grafting. The saw blade should be narrow and self supporting
so that it can pass between closely spaced branches. The rough
or ridged surface left by the saw may be shaved off with a
knife. There is little evidence that this shaving treatment

is an advantage, but where ends of limbs are left unsealed,

the rough surface certainly holds more moisture and may

assist the establishment of certain diseases which enter
through wounds. When removing lateral branches the saw cut
should be made flush with the surface of the supporting

branch or trunk; similarly, when lowering the main stem

the cut should be made close to a lateral branch and no snag

or stub left which would die back, and so prevent rapid healing.
Small limbs should be supported as the cut nears its end to
prevent tearing the rind below the cut. Large limbs should

be removed by first undercutting them some distance from

their base followed by an upper cut an inch (2.5 cm) or so
nearer the base. The stub is then removed by a third cut,
without risk of tearing.

Graft seals and wound dressings

The cut surfaces exposed at grafting time are covered
to prevent the entry of water and limit the passage of air.
They should adhere well and remain stable while at the same
time allowing for changes due to growth. Above all, seals
and wound dressings must not injure the stock or scion.

Good sealing may help to prevent the entry of disease
organisms and damage by predators, particularly when the
material contains a non-injurious disinfectant or insecticide.
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Very many materials will meet these requirements and it is
not surprising that a host of substances have been used

for sealing. From early times various clay and clay/dung
mixtures have been used but in modern times many other
materials have become available many of which are preferred
to clays and other bulky packs. A few examples from each
class may indicate their special attributes and lead to
further adaptation of suitable materials.

Clay and admixtures. These bulky materials are only
suitable for large grafts as used when topworking established
trees or inarching or approach grafting stout stems able to
support the weight of the pug. A suitable grafting pug

may be made by kneading two parts clay with one of fresh
cowdung. The incorporation of some cowhair or other fine
fibre prevents the material from falling away when dried.
Alternatively the pugged graft may be wrapped with cloth or
plant-fibres of various kinds to hold it in place. When
the graft has taken, the growth itself may slough off the
dried pug but obstinate pieces may be dispersed by striking
them simul taneously on either side with wooden billets.

Plain clay, or pug, is useful for smearing into large
cracks formed when cleft~-grafting large stocks. This prevents
the entry of soft sealing materials which otherwise might
prevent the joining of the plant tissues. Plasticine,
as used for modelling, serves the same purpose as clay
but is more expensive.

Hand mastics. Hand mastics and waxes are quite satisfactory
for use on a small scale but are generally found to be too
time-consuming for large scale use. They must be readily
pliable yet not so soft as to flow away from the graft

under the influence of the noonday sun. The best hand

waxes contain a fair proportion of beeswax, which is
expensive. A common practice is to melt varying amounts

of resin, beeswax and tallow together, stir and then pour
this misture into a bucket of cold water to permit thorough
kneading and pulling. The hands should be well greased with
some spare tallow to prevent sticking. Recipes vary in
accordance with local weather conditions, the proportions
ranging from 10 to 12 per cent tallow, 20 tec 70 per cent
resin, and 20 to 60 per cent beeswax. A small increase in
the amount of tallow will soften the mastic; increasing the
resin will harden it; and increasing the beeswax will improve




malleable quality whilst maintaining stability. Mastics
for hand application should remain firm when not in use
and be softened for application by £frequent kneading.
Where the graftexr works alone there is some danger of his
hands carrying the seal on to the cut surfaces. With two
workers this may be avoided.

Cold brush seals. Seals that depend on the rapid evaporation
of a solvent may prove unsuitable in hot climates largely
because they must be stored in air-tight containers and

only be exposed in small quantities at one time.

Here is a typical formula (34):

Resin 2 1b (0.9 kq)
Peeswax 1 1b (0.45 kg)
Talc k b (0.1l kg)

Methylated spirit L4 pint (0.281)

Melt the resin, then add the beeswax. When melted and
stirred, remove from the heat and add the talc, previously
warmed, stirring all the time. Wwhen thoroughly mixed,
remove the vessel to the open air away from any fire or
naked light, and while warm but aot hot, add the spirit
gradually, stirring all the time. Store the mixture in
air-tight containers in a cool place. The seal is applied
with a small, fairly stiff brush.

A simpler, brush-applied, cold mastic may be made
by dissolving shellac in methylated spirit as commonly
done by carpenters for covering knots prior to painting.
It is thinner than the above resin and beeswax mixture,
being more like a paint (which see).

Bitumen/water emulsions have largely replaced the
old mastics and are recammended for general use. They are
availakble specially prepared for dressing tree wounds and
for sealing grafts. Being water emulsions they may be
further thinned by the addition of a small quantity of
clean water. They are particularly useful for dressing
wounds, as they exhibit excellent covering power and are
harmless to trees. where the method of grafting entails
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leaving gaps and.crevices, as in some cleft methods, these
paint-like materials are not entirely successful in covering
the gaps and it is advisable to pre-fill them with pug or
other non-flowing material before applying the emulsion.
Bitumen emulsions set in the presence of air and it is
necessary to avoid exposing them in bulk. Brushes must

be washed with water at intervals during work; it helps

to keep the brushes immersed in water whenever they are

not actually in use. If heavy rain occurs within an hour

of sealing it may be necessary to repaint the grafts.

Unless definitely known to be harmless to trees,
bitumastic paints and waterproofing materials should not
be used as graft seals. Amongst well tried proprietary
bitumen emulsions are Arbrex, Flintkote and Tree Heal.

Hot waxes. Waxes, melted and applied by brush, or by
ipping in the case of bench grafts, are probakly the

most popular graft seals. Each formula may be varied

to suit particular conditions. In hot climates the amount

of inert solid should be increased to prevent running,
though for the hottest climates the bitumen emulsions may

prove more suitable.

Dark-coloured or black waxes may become very hot
in strong sunlight and are not so suitable as those of
lighter colour (21). Some bright red waxes have been
more attacked by birds than waxes of nondescript colour.
Pitch waxes,which melt only at a high temperature and
become unworkable below about 120°C (248°F), must be
continually reheated and are therefore more wasteful
of time than waxes which are workable at a more moderate
temperature and therefore cool relatively slowly. Waxes
based on resin fall into this latter category.

Resin based hot wax:

resin 10 1b (4.5 kg)
beeswax 2 1b (0.9 kq)
siliceous earth (Fuller's earth) 1 1b (0.45 kg)

Melt together the resin and beeswax and stir in the
siliceous earth. To reduce any tendency to flow in hot
weather the amount of inert solid may be increased.




Paraffin based hot wax:

paraffin wax 5 1b (2.3 kg)
siliceous earth 3 1b (1.4 kg)
zinc oxide 1 1b (0.45 kqg)

Melt the wax and stir in the siliceous earth and zinc
oxide. Stir in also a little turpentine to soften the
mixture, as may be found necessary for the local conditions.

Melted paraffin wax alone can be used as a graft seal.
It is obtainable in varying degrees of hardness (melting point)
and one should be selected to suit the local climate. Unlike
the wax mixtures mentioned above, selected paraffins exhibit
a narrow melting range from the solid to liquid state and
there is some risk of applying the .ax 2t to2 high a
temperature merely to achieve a thin, clear seal.

Paints and dips. Once the scion material is cut it is vitally
important to protect it from drying (see p. 85 ). Paints

and dips of many kinds have proved helpful. Partial
protection of budwood in transit is given by momentarily
dipping the cut ends in molten paraffin wax or similar
material, followed by wrapping with plastic film or insertion
in polyethylene lay-flat tubing, within an opaque cover.
Complete dipping of scion wood is sometimes advised when it
has to be packed for transport. Low-melting paraffin wax

is suitable for this and also some proprietary anti-desiccants.
It is essential that the material used should either set or
dry to a non-sticky condition and be in no danger of being
smeared onto the cut surfaces made when grafting.

Wax and other dips have been used to obviate the
subsequent sealing of the completed graft. The scion wood
is first cut into grafting lengths, then tied in bundles
and completely dipped in the anti-desiccant and hung up
to dry. At grafting, the work is completed by merely
tying with tape or other close-fitting strip, without
additional sealing. The author has used household water-
emulsion paint for this pre-sealing, leaving the dipped
scion-bundles to dry overnight.
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Tying materials

Provided a material is readily obtainable, is non-
poisonous to the stock and scion, is not injurious to the
operator, is pliable yet sufficiently strong to maintain
adequat2 pressure whilst the graft-union forms, there is
no reason why it should not prove suitable as a graft tie.
Materials, already widely used, fall into four main categories.

Natural fibres. Raffia, hitherto the most commonly used
tying material, is obtained from the raffia palm (Raphia ruffia).
It is soft and strong and is best used slightly damp. This
condition may be achieved by wrapping a small hank at a

time in wet cloth and so carrying to the work. Many other
fibres have been used, including bast from the inner bark

of a number of trees and also leaf fibres of palms and

banana. Natural fibres do not stretch and care must be

taken to release them before they cut into the growing plant;
neither do they seal the graft, as do many synthetic materials.
But with some methcds of grafting sealing is not essential,
indeed, airtight sealing may, in some cases, be harmful.

Rubber strips and patches. The main advantages of rubber are
its stretching power and sealing properties. There are

many sizes and qualities. Natural rubber is quickly
destroyed by direct sunlight and by contact with petroleum
solvents. Synthetic rubber is not 3o susceptible to

failure in sunlight. Prepared rubber budding-strips four to
six inches (10 to 15 cm) long, stretchable to some 18 inches
(45 cm) with consequent thinning, normally leave considerable
space uncovered between the turns. Wwhere a complete cover
is required much wider strips must be used. Both wide and
narrow strips are fixed by lapping the first turn over the

beginning of the strip and tucking the end under the last
turn.

Rubber patches (29) up to 1% inches (4 cm) square,
fixed on the opposite side of the stock by means of a wire
staple, have proved a rapid means of tying inserted buds
where no very high pressure is required (Figure 10).
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FIGURE 10

Tying bud grafts

A = pPlastic (P.V.C.) strip looped to facilitate removal.
B = Fleischhaur (1957) rubber-sheet and steel-wire staple.
C = Sheet placed over the bud and pulled firmly round behind

the stock. D = Staple pushed through and held by tensed
sheet.
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When grafting thin and delicate herbaceous stocks
it is difficult to tie with the usual ligatures. In these
cases a sheet form of self-sealing pure crépe rubber has
proved useful (46). A piece of rubber sheet is folded
round the graft and pressed together so that it grips «nd
seals the graft. This is then covered with a sheet of
tin-foil to prevent deterioration of the rubber in sun-
light (Figure 36).

Plastic strips. Various proprietary strips are produced
specially for tying and sealing buds and grafts. Most of
them are made either of polyethylene or polyvinyl chloride
(PVC), the latter being rather stronger and particularly
suitable for very firm tying. Both materials must be
released to avoid constriction and, being impervious to
moisture, should be removed by cutting or unwinding as soon
as the graft has united, otherwise some rotting may occur
beneath the bandage due to the enclosure of moisture.
Polyethylene of up to 300 grade (see p.13 ) will stretch
under tension to provide same latitude in the time of
removal and make possible the complete enclosure of the
eye of the bud without undue crushing or flattening,
except where the bud is exceptionally prominent.

Strip width and thickness can be varied to suit
the grafting method. Narrow strip, up to % inch (0.6 cm),
may be fixed by tucking under, as with rubber strip (q.v.).
Wider strips and bandages cannot readily be tucked-in and,
when non-adhesive, must be pinned, clipped or otherwise
held by a separate tie or a morsel of wax.

Plastic strips generally are chemically inert and
may be re-used repeatedly. To facilitate salvage the
strip is hitched with a loop (Figure 10) for easy removal.
The strips are washed in hot water and domestic detergent
to free them from grease and dirt.
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wared cloth and string. Wax-impregnated cloth or tape
forms both a self-fixing tie and a very efficient seal.
Low quality cotton sheeting or tape, easily torn, is
prepared by dipping in molten wax. Mixtures recommended
vary from equal parts of beeswax and resin to rather
more complex mixtures as under:

(a) (b)
4 parts beeswax 1 part beeswax
2 " resin 4 " resin
tallow 1 " tallow
1 " raw linseed oil*

* This must be non-treated raw linseed oil, not
‘boiled' or treated oil used in paints, for
this contains poisonous substances which may
kill or otherwise damage plant tissues.

Cloth may be impregnated in various ways. The cloth
may be rolled on a stick before dipping in molten wax or
it may be unrolled from one spcol on to another, via the
molten wax and a scraper to ramove surplus wax. To locate the
edge or end of the waxed cloth this should be tied with a
readily identifiable piece of string. Where a large number
of graftings require the same length of tape, it may
be cut into lengths, rolled on small spools of a hundred
or so lengths, and then dipped in very hot melted wax. For
ease of unrolling the strips from the spool, the end of
one strip may be lapped one inch (2.5 cm) over the beginning
of the next, so that removing a strip raises the end of
another. '

Waxed twine or cotton (crochet or knitting cotton) is
commonly used. The spools are dipped, after locating the
beginning of the twine, into melted wax for up to half an
hour and allowed to drain. If the wax is melted over a
fire the spools should be suspended in the vessel, otherwise
they may char where resting on the bottom of the container.
When grafting, the spools may be kept soft by immersion in
warm water. It is unnecessary to knot the tie, it is merely
broken off and remains in position.
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Caps and covers. Protecting newly grafted plants against
wind, rain storms and hot sun may be necessary. Where
nursery structures (p. 6 ) give shade and a moist atmosphere
no additional protection is required, but where plants are
grafted in situ in the open, or bench grafts are set out at
an early stage some temporary protection may be helpful in
raising the percentage success and may also speed development
of the plant. Thatch protection has already been mentioned
(p. 73 ). Very simple individual protectors may be made from
waxed paper, or from bitumen-lined paper such as ‘'Sisal Kraft',
folded into either an open-ended cylinder or a cone fixed by
a pin or staple. Cylinders provide adequate ventilation,
avoiding heat build-up, but cones should remain open at the
apex. A little soil heaped around the base of the protector
prevents it blowing against the graft. If the grafted plant
is staked the protector can be passed over the stake and plant.
Polyethylene sleeves and bags may be used but they must be
well ventilated, preferably by having a number of holes in
their sides. Merely leaving the top open will not serve,
because the soft material may fold over and adhere to itself.
Waxed paper drinking cups inverted over new grafts and
supported clear of the scion buds by one or two small stakes,
or a piece of bamboo or reed buckled to grip the cup from
inside, may serve.

Scion selection and treatment

Parent trees from which scions are to be taken should be
labelled and their position recorded and mapped. If given an
individual number this can be repeated when labelling the
scions and so provide further information on the quality of
the parent as a scion source. When scion-wood is to be stored
for a considerable time, or packaged and transported, the
labels should be strongly affixed and indelibly marked. Large
woody scions may be directly numbered or otherwise coded on
the bark or on a sliced patch at their base. Labels should be
attached so that they cannot slip off the ends of the shoots.
Straight, smooth shoots may have to be threaded through and
the ties knotted. Even the best labels should be supplemented
by notes in the nursery book (p. 171).

There is considerable evidence o. the transfer of
certain diseases from the scion-wood tre.s to the nursery
in the form of latent spores, invisible t»> the naked eye
until they cause lesions in the nursery ma“terial. Treatment
with fungicide has given a high degree of control of disease




transfer (12; 67); cammercially available fungicides based
on captan (Orthocide), didecyldimethyl ammonium bromide,
DDAB (Deciquam), dodine (Cyprex), Melprex and ferbam (Fermate)
have been used at conventional concentrations. Bud-wood
should be treated, preferably by dipping in an aquecus
dispersion of the fungicide and allowed to become completely
dry befcre grafting operations begin. Working with rubber
(Hevea brasiliensis} it was found advantageous to treat

also the area on the rootstock destined to receive the bud
patch. This was conveniently done by wiping with a cloth
dipped in the fungicide dispersion. Although the above
treatments provide a high degree of protection it is only by
completely freeing the scion source plants from infection
that the highest possible standard of control is attained.

Within an individual tree there is considerable
variation in scion quality. Shaded and attenuated shoots
from the lower parts of large trees are inferior to those
well exposed to light in the ocuter and higher parts. More-
over, the inner, shaded shoots are more prone to carry the
spores of diseases such as mildew and canker, not only
because they are unripe but alsoc because they have not been
efficiently sprayed. The few coarse shoots found at the
apex of the tree are most unsuitable as scions.

Leafy shoots lose water very quickly and it is
customary to remove all leaves at the time of collection by
cutting through the petiole. The petiole base adhering to
bud-wood may serve as a convenient 'handle’ when budding, but
has no other useful purpose and, if enclosed by the tie, may
be crushed, causing rotting of neighbouring tissue. If
petioles are severed a week or so pefore collecting the bud
sticks the petiole bases will abscise, leaving a healed scar.
When de-leafed the shoots must be protected from drying by
placing them in a moist and shaded container. When it is
necessary to collect bud-wood well in advance, either for
long distance transport, or because it is in a suitable
condition for use before the stocks are ready, appropriate
cool storage conditions should be provided.

Within an individual shoot there is considerable varia-
tion in form and growth potential of the buds. Shoots on
severely pruned trees will tend to have a high proportion of
desirable vegetative buds. Such buds are of particular value in
those species in which single buds are mainly flower buds,incapable
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of producing a vegetative shoot. Species which commonly bear
mixed buds, or have axillary buds in reserve are acceptable,
but scions possessing only vegetative buds are better. The
expansion of flowers on a newly grafted scion may dry it out

before it has united. They should be nipped out at grafting
time.

100




CHAPTER XIII

GRAFTING — TWO
APPROACH GRAFTING

Provided the four basic requirements are met (p. 83 )
almost any carpentry will serve, as is demonstrated by the
very many different techniques employed, some complex and
difficult, others simple and easily accomplished (34). It
is the latter which are of immediate concern and from which
examples are now selected to cover the most practical and
productive range. They fall under two main heads: (1) graft-
ing by approach, in which scion and stock are not, or are only
in part, severed from the parent plant until a union is
effected, and (2) grafting with detached scions.

True approach grafting

Approach grafting is somewhat cumbersome compared with
detached scion grafting, largely because of the space occupied
by the completed graft and by the high deqree of horticultural
care demanded in watering and gradual s@2paration over a period.
Nevertheless approach grafting may be regarded as an almost
foolproof method provided the necessary time and patience
are given; time and patience are indeed absolutely essential.
The principal need is to provide a constant supply of moisture
to the ingrafted plant, accompanied by firm anchorage. In-
grafted plants must be firmly supported. This {s difficult
on an elevated platform subject to movement of either component
by high winds. The danger is sreduced by tying the components
together below the graft so that they move in concert. Even
so, attendance to high platforms is difficult and costly: it
is much better to graft close to the ground, best of all to
have Lhe ingrafted plant plunged or actually planted in the
ground close to the scion-wood tree wher: 1t can be conveniently
watered or mechanically irrigated. Some subjects in favourable
areas may be planted close to the plant which provides the
scion and allowed to establish there well before grafting time.
Aftexr grafting, good anchorage is achieved by attachment to
stakes in the ground.

Although approach grafts may be successful at any time
it may be advantageous to graft either at the beginning of the
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rainy season in regions of light rain or at the end of a
heavy rainy period, the object being to avoid both drought
and rain-storms, and yet to coincide with a favourable period
for growth (1ll).

Spliced approach graft (Figure 11). The stock and scion,
preferably of equal size, are sliced deeply with flat cuts

to match; these cuts may ke up to three or four inches (8

or 10 cm) in length. These cut surfaces are placed together
and very firmly tied, taking care that the upprer and lower
ends of the cuts ceoincide and that tying presses particularly
hard at these points. Sealing completes the work.

FIGURE 11
Spliced approach graft

A = The components sliced to expose the cambium in equal
pattern. B = Two small stocks set against one scion.
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Tongqued approach graft (Figure 12). Long deep slices are
removed from both stock and scion so that the cambia are
equally exposed. A tongue is made, starting about one third
way along the stock slice and proceeding downwards until it
is two-thirds of the way down the slice. A similar tongue is
formed in the scion, but in the reverse direction. Both
tongues must be square across so that the sliced surfaces lie
flat ajainst each other when interlocked. Very firm tying is
essential as in spliced approach grafts (g.v.). The graft
should be sealed.

FIGURE 12

Tongued approach craft

A = The components sliced and tongued.
B = Fitted together and ready for tying.
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Bot*le grafting (Figure 13). Both leafy and leafless shoots
may be approach grafted provided they can be prevented from
wilting. The rootless shoot or small branch stands in a
bottle of water until a union is formed. Some overhead shade
and protection is helpful suvch ag that given by a small sheaf
of reeds or grass tied around the completed graft. A few
lumps of charcoal placed in the water help to keep it sweet
and clean. At nc time must the water fall below the level of
tie cut end of the scion. A leafy scion is best collected
frox the parent by severing under water, slipping the filled
bottle under its lower end and so conveying it to the grafting

site. The bottle can best be held firmly to the stock branch
if first wrapped in cloth.

Inarching

Under this heading come all those methods in which cne
of the partners is decapitated and inserted into the other
so that there are two parts below the graft and one above.
This technique is employed for joining rootstocks to selected
scion varieties which are otherwise difficult to root or to
graft as detached scions. The rootstockg, already in pots or
polybags, or established in the soil close to the scion-
source tree as for approach graftinrg (g.v.), are placed so
as to meet the young branches without urndue bending and where
they can be held to a stake or other anchor to prevent
straining at the graft. Inarching is also commonly used to
invigorate weakly trees by augmenting their root systems,
for bridging trunk and branch wounds and for furnishing bare
limbs with lateral growths.

Cleft inarching (Figure 14). This {s a very simple method to
use when the components are not more than an inch or so

(2.5 cm) in diameter. An upward cleft is made in the stem
equal in size to a wedge cut at the top of the shoot to be
inserted. A short, deep cleft is needed where it is desired
to transfer the shoot to the inserted stock as rapidly as
possible, as for propagation, but a shallow cut suffices where
the inarching is designed to add to the vigour of a tree
without checking its already feeble growth by a deep incision.
The graft should be well bound and sealed. Waxed cloth or
tape is ideal for this purpose.
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FIGURE 13

Bottle grafting

The leafy scion is approach~grafted to the established stock.

The base of the scion is kept in water until a union has been

formed when this base is cut off close to the stock. The head
of the stock is also removed, preferably by stages.
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FIGURE 14

Cleft inarching

A = An upward cut forms a cleft, B = A wedge is made to fit
into the cleft. This graft must be firmly tied.

Rind inarching. Where it is necessary to inarch a thick
component with a small one a rind method is more practical
than a cleft, provided the rind lifts readily. Probably the
simplest method of all is to make an L-shaped incision in the
thicker component. The thinner part to be inserted is
prepared (Figure 15) by making one principal cut (A) and a
second cut (B) on the opposite gside to expose the cambium.

A thin shavihg may be taken from the edge of the cut (A).
One vertical radial cut (C) is made in the rind of the larger
partner and an upward inclined incision connects this in the
form of an open L. The prepared end is inserted under this
rind and fixed by a thin nail or gimp pin. The work should be
well sealed.
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FIGURE 15

Rind inarching with an L incision

A rather more complex method, making a very neat job
(Figure 16) requires the thinner component to have one
principal cut (A), two very shallow cuts (B), and the removal
of the tip (C) to strengthen the end and expose the cambium.
Two parallel incisions (D) are made in the rind of the larger
component and the lower ends of these are joined by a third
cut (E} inclined upwards through the rind. The rind is now
raised a little and the thinner component inserted. The rind
is pushed outwards and some of it is cut off. Two nails
serve to hold the parts firmly and sealing completes the
operation.
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FIGURE 16

Rind inarching

Separation of successful grafts

As in the air layering process (p. 48 ), separation
and transfer, via the nursery to the open field, should be
done in stages. Approach grafts ard inarches may take about
two months to form a sufficiently sound union for safe
separation, which should be a graduval process. Adequate
support must be maintained throughout. First the scion is
nicked an inch or so (2.5 cm) below the union. After one
week this nick should be deepened, and one week later completely
cut through and the ‘'tail' trimmed back close below the union.
It is advisable to seal all cuts as they are made. At the
same time the top of the stock should either be reduced by
about half, or completely removed close above the union. The
newly separated plants should be taken through the nursery
as advised for young seedlings and newly rooted cuttings (g.v.).

108



CHAPTER XIV

GRAFTING — THREE
DETACHED SCION GRAFTING

Grafting with detached scions requires extra care in
maintaining life in both scion and roctstock throughout the
grafting process and until the composite plant is well
established (see p. 84 ). Though it is thus more hazardous
than approach grafting it demands less labour per graft and,
by its relative simplicity lends itself to standardization
essential in the exploitation of mass production techniques.
The aim must be simplicity with efficiency. The methods now
to be described are the basic methods used in the propagation
of woody plants by grafting and adaptable for particular plant
material and local conditions. Descriptions of those highly
ingenious methods advocated to meet peculiar circumstances
have been given elsewhere (8; 34).

Bud grafting

Grafting with a scion possessing only one bud, or a
single cluster or eye of buds, and a small piece of the
suppocrting tissue, not extending across the whole of the stem
cross—-section, is often termed budding, though it is really
bud grafting. Most of the methods now to be described are
rind grafts. Cleft bud grafting, not dependent on separating
the rind from the wood, is exemplified by the chip method. In
all these the scion is comparatively small and is best left
artached to the scion-shoot and so carried to the stock for
final manipulation.

Shield budding (T-budding). This method is sometimes known
as T-budding, indicating the form of incision in the stock
or, more rarely. 'inoculation' because the shield is inserted
under the rind, or ‘oculation' with reference to the implant-
ing of an eye of buds.

Shield budding is most easily employed where the stock
rind is pliant and not too thick to fold round the inserted
bud. It i3 best done when the rind of the stock is readily
separated from the wood. The scion bud-wood (bud-sticks)
are usually taken from shoots of the current season's growth,
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but where buds remain viable on older stems and branches
these may also be used, provided they are not too large for
insertion. Leafy shoots must be defoliated immediately after
collection to reduce moisture loss. This is cammonly done

by removing the unripe tip of the shoot and cutting through
the petioles of the lower leaves close to the shoot (see

p. .99).

In the operation of shield budding (Figure 17) the stick
of buds is held by the upper end and the first good bud nearest
this is removed by a shallow slicing cut which begins half
to one inch (1 to 2.5 am) below the bud, passes under the
bud and comes out well above it (A). The bud shield should
contain a sliver of wood but should be quite thin and flexible
So that it will bend to fit closely the curved surface of the
wood of the stock and be neatly enfolded by the stock rind.

If the knife blade is arrested before it quite attains the
surface at the finish of the cut, and the removal of the bud
patch is completed by tearing, the patch, or shield, will
terminate in a long strip of rind which may be used as a
convenient handle. This handle is cut off after bud insertion
(8) . The stock (B) is prepared by making a T incision (D)
through the rind down to the wood. The rind is raised (E)

and the bud inserted (F). The tail of the handle (H) is cut
off exactly at the horizontal incision and the bud is firmly
tied (see p. 94 ). The bud must remain firmly tied for two

or three weeks and thereafter the stock must not be constricted.

Almost every separate movement in the act of budding has
been modified to suit the operator's particular convenience
or, less commonly, because such variations in techniques have
proved more efficient. Some modifications have improved the
take of buds in some areas and with particular species.

Removing the wood from the bud shield: Some operators
remove the sliver of wood from the shield before insertion.
In the method described above the shield is cut thin, but where
the wood is to be removed a thicker shield is preferred. To-
remove the wood, bend the tail or handle of rind (Figure 17)

to and fro so that the layer of wood separates from the thin
rind in the tail.
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FIGURE 17

shield budding

The bud (eye) prepared and inserted in the stock ready for
tying. Refer to text for full description.

NN

FIGURE 18

Removing the wood from the bud shield
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Place the petiole or bud protuberance between the finger and
thumb, with the cut surface uppermost, so that the tail lies
along and in line with the thumb (Figure 18). The second
finger grips the tail against the base of the thumb, and the
sliver of wood is flicked upward and backwards, increasing the
bending motion slightly (B) as it is about to leave the inner
eye of the bud. The little knob (bud trace) should remain
attached to the shield. It is not always vital that this
should stay but it is generally considered that a hollow shield
should not be used.

Inverted T incision: This has long been advocated for
use in wet conditions to avoid the entry of water which may
rot the bud, but efficient use of plastic or other modern
waterproof wraps should overcome this tendency. The inverted
T is traditional in the budding of citrus (63). Recent work
(19) indicates that the horizontal cut used in the T incision
impedes the access of descending growth swstances to the bud
whereas the inverted g does not and therefore helps to improve
bud performance under certain conditions.

Inversion entails a different preparation of the bud
shield which must now be held with the base towards the
operator and the knife proceeds from above the bud downwards.
The bud shield is drawn upwards beneath the rind; otherwise
the technique is the same as for normal shield budding. With
non-petioled bud wood it may prove more difficult to slide the
bud under the rind. The tip of the knife may be used to
draw the shield into its final position, but great care must
be taken to avoid injuring the bud itself.

Patch budding. This is a simple veneering process in which
a patch of rind, including a bud, is lifted from the scion
and used to replace a patch of rind removed from the stock.
There are many practical modifications, including the Forkert,
flute and ring methods (see below). 1In all these success
largely depends upon ready separation of the rind from the
wood and good vegetative growth potential as seen in well-
pruned scion-source material and in young actively growing
rootstocks. Thus it is that the timing of the operation is
so important, budding at the beginning of a major growth
p2riod being best. For ease of manipulation the stock and
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FIGURE 19

Patch budding
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scion should be of approximately the same age and diameter
and in such condition that the rind parts readily from the
wood. Wwhen the rind of the stock is considerably thicker
than the rind of the scion, the stock rind should be pared
down so that, when 1n position, the scion is either level
with or above the stock rind. This facilitates firm tying
of the patch. By the use of a knife with two parallel blades
(Figure 19), cuts are made horizontally round the budwood,
through the rind above and below the selected bud. Two
vertical cuts (B) made with a single blade connect the
horizontal cuts, and the piece (D) containing the bud is
removed. The stock (E) receives similar horizontal cuts (F)
slightly longer than the width of the patch. A single
vertical cut (G) enables the rind to be raised and peeled
back (H) so that the bud may be placed in position. The
stock rind is peeled back a distance equal to the width of
the bud. A vertical cut (J) removes the surplus stock rind,
and all exposed edges of stock rind and scion patch are in
contact. Tying completes the operation. In some cases it
appears to be advantageous to seal the exposed cut surfaces
and to shade the bud by tying a young leaf to the stock above
the graft so that the bud is covered and water running down
the stock stem is diverted from the bud.

Flute budding. This is an extended patch used when it is
required to interrupt almost completely connection between
the upper and lower parts of the stock at the graft or to
provide a sound embracing attachment early in the life of the
graft. The scion is prepared (Figure 20) by making two
parallel horizontal cuts (A) encircling the bud wood (B),
through the rind down to the wood. One vertical cut (D)
connects the two horizontal cuts and enables the bud on its
ring of rind to be removed. If the horizontal length of this
bud ring is more than sufficient to encircle some saven-
eighths of the stock, it should be shortened by a vertical

cut removing the required amount of surplus rind. This will
avoid completely girdling the stock when fitting the bud
patch and, if the bud patch dies, the head of the stock will
be saved. Similar horizontal cuts (E) are made almost
completely round the stock and a vertical cut (F) enables

the rind to be raised from the wood. The vertical edge (K)
of the rind patch carrying the bud is placed against the
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Flute budding

FIGURE 20
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corresponding cut edge (F) of the stock. The rind of the
stock between the horizontal cuts is then peeled back until
the bud patcih fits the stock. The raised rind of the stock
is removed by a vertical cut to coincide with the edge of the
bud patch. Opposite sides of a budded stock are shown at (H)
and (I). Tying, sealing and shading complete the operation.

Ring budding (annular budding). This method is an extension
of the flute method so that the stock is completely girdled by
the scion and beyond this needs no further description.

Should a ring bud fail to unite with the stock the parts of
the stock above the ring eventually die.

Forkert budding (brown budding). Since its development in
Indonesia, primarily for rubber (Hevea brasiliensis), this
method has proved excellent for many widely differing species.
Where, as in rubber, the subject exudes latex or resin when
cut or bent, the method provides means of reducing the risk
of exudates contaminating the grafting surfaces. This is
achieved (see below) by keeping *the rind of the bud shield
unbent whilst removing the sliver of wood. The proceilure is
fully described in Planters' Builetin No. 20 (1955), issued
by the Rubber Research Institute of Malaya.

Well-developed budwood, brown in colour and leafless,
is best callec 'ed vn the day of budding. It is kept cool and
protected f{rom bruising by placing it in a container or soft
wrapping. On reaching the nursery the budslips (patches) are
sliced from the budwood by means of a sharp kitchen knife
cloth-wrapped at its tip for use with both hands. Only a
few slips should be cut at one time, to minimize drying time.

Stocks, preferably one or more inches (2.5 cm or more)
thick at the budding position, and in active growth, should
be wiped clean with a coarse cloth dipped in a fungicide
dispersion (see p. 99 ) and allowed to dry.

N

When bud grafting rubber it is recommended that three
cuts should be made through the stock rind, one horizontal
of % inch (2 cm) and from the ends of this two vertical ones
three or four inches 8 or 10 cm) long, preferably on the
shady side. A dozen or so stocks should be cut in advance of
budding to give time for coagulation of the latex. Remove
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FIGURE 21

Forkert budding
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the sliver of wood fram “he bud slip taking care no* to bend
the rind. This can be done by holding the slip tautly by
each end and then grasping the sliver of wood with the teeth
and bending it away, taking care not to touch or soil -he
cambial surface of the bud patch. If the bud-trace comes
away with the wood the patch is best discarded. The de-
wooded patch is placed on a clean board or work-~box, cambium
uppermost, and the edg?s trimmed to fit within the incised
patch on the stock leaving a gap or frame of about 1/8 inch
(0.3 cm). The stock flap is now lifted with the spatula end
of the budding knife and the bud inserted without rubbing or
sliding the cambial surfaces together. The flap is then
closed over the bud and tied with either a bandage or palm
frond slip and twine. To shade the bud from sunlight, a

few leaves are tied above the binding so that they hang over
the bud (24).

The details given here relate to an upward-pointing
flap but the techniquz i3 equally successful using a downward
flap.

After about three weeks the ties should be removed and
the flaps cut away at the ridge formed near the attached end.
In exposed situations the leaf shade should be renewed. Two
or three weeks later the bud may be forced into growth by
gradually reducing the top of the stock or by complete removal
and sealing of the wound.

Working with plants other than rubber (Figure 21) some
workers make only the horizontal cut (A) and then peel the
rind (B) to expose the cambium. The rind may peel in one or
several strips. Two thirds of the length of the flaps thus
formed are removed (D). The bud (E) is cut to fit the stripped
area and, after de-wooding, is placed partly beneath the
remaining portion of the flap (F), taped and shaded.

Green strip budding. Following the wide success of the Forkert
method, H. R. Hurov in North Borneo developed a practical way
of bud grafting rubber when in the young green-wood stage,
using buds from a new flush on rootstocks 24 to 5 months old.
It is essential that the buds should strip cleanly from the
scion wood. Although this technique was specially developed
for the somewhat difficult-to-bud latex producer Hevea
brasiliensis, there is no reason why it should not prove
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FIGURE 22

Green strip budding

A = Two vertical 3-inch incisions and one rolling horizontal
incision in the stock. B = The strip pulled back and cut off,
leaving a h-inch flap. C = Corresponding cuts outlining the
bud patch. The patch gripped between knife and thumb at its
lower extremity and pulled (in direction of arrow) without
bending and so placed in the stock panel. D = The bud-patch
held by the flap and in edge-to-edga contact at its lower
end. E = The plastic tie, held by two or three turns well
above the patch, is spiralled downwards and half-hitched

below the patch (see text).
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successful with a wide range of tropical trees. Working with
rubber, Hurov and Chcng (62) issued a detailed descript.on

of the technique which was found successful and might well

be adapted for other subjects and to particular local
conditions.

Budwood sources are best established specially to provide
successive flushes of green terminal shoots with semi-hardened
but flexible stems, though vigorous growth flushes on mature
trees are also suitable. Such shoots may be collected by
grasping them by their leafy tips and pulling them off, so
avoiding bruising the lower parts from which leafless bud
patches are later to be stripped. If the rootstocks are
established rniear the source of scions losses from bruising
whilst in transit will be minimized. The leafy tops are cut
off immediately after this shoot plucking. With rubber it
is necessary to dip the cut ends about 4% inch (0.6 cm) in
molten wax to prevent contamination of the surface of the
wood with latex. The deleafed budsticks should be placed
in small ventilated bags of thin polyethylene inside
containers, or other protective wrapping, and kept shaded
and cool untii used.

Suitable rootstocks for budding should be vigorous,
have ripened (brown) basal bark and be from pencil size up
to one inch (2.5 cm) thick. Two three-inch (8-cm) vertical
incisions are made about 1l/3 inch (0.8 cm) apart a few inches
above ground level and are connected at their lower ends by
a horizontal rolling incision. The released strip is pulled
gently upwards and cut off leaving a &-inch (l-cm) flap and
a two to three-inch (5 to 8-cm) long exposed panel. With
latex exuders the budwood should have been collected at least
4 hours previously. Incisions two to three inches (5 to 8 cm)
long are made on either side of the bud about 1/3 inch
(0.8 cm) apart and cut above by rolling the stick against the
knife. A similar cut is made two to three inches (5 to 8 cm)
below this, the patch gripped between knife and thumb and
gently pulled off without bending it. Bruised or otherwise
damaged patches should be discarded. The healthy patch,
held as indicated (Figure 22), is inserted, gripped by the
flap remnant and in close edge-to-edge contact with the lower
cut on the stock. Binding should begin a little above the
patch and flap and proceed spirally downwards with adequate
overlap, taking care by finger pressure that the patch does
not slip sideways whilst binding. Bud grafted plants should
be cut to about three inches (8 cm) above the bud some two
weeks after budding.
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Chip budding (plate budding). Thera are many variations but
it would seem that none of the more complex techniques is
superior to the very simple chip method which so perfectly
provides good cambial contact and is so easily anchored by
simple tying or taping. Since the simple method now to be
described is a cleft graft it may be used over a longer
season than a rind graft (72) and, provided the scion-chip is
properly sealed against drying, it may succeed at almost any
time. It is an ancient method but only recently (6l) has it
been proved superior in performance to commoner techniques
including shield budding with or without T incisions, and is
now being used for a wide range of species of fruit, ornamental
and forest trees. Those who are not yet acquainted with the
method would do well to try it.

The stock is wiped clean, as with other methods.
Standing over the stock (D), with the budwood in hand, a cut
is made downwards in the side of the stock with the knife held
horizontally so that the bottom of the cut, though curved
where it begins, is horizontal at its base (58). A second
cut, one or two inches (2.5 or 5 cm) long, judged to fit the
bud shield, is made downwards to meet the first and the
piece of stock so released is discarded. The budwood is then
held with its base towards the operator and is given a
horizontal cut (A) about Y inch (1 cm) below the bud, and a
second cut (B) starting an inch or so (2.5 cm) abov- the bud
to join the first, thus releasing a bud-chip (C) to rit the
prepared stock (D). The chip is held by the stock flap (E).
The stock rind is usually found to be somewhat thicker than
the chip rind and a margin or layer of the outer rind of the
stock should be left visible to ensure that the cambia or
inner edge of the rind of both stock and chip coincide. This
is not necessary when a thin stock is used as in (F). Some
operators prefer to cut the scion bud first and then to cut
the stock to fit the scion. Very firm tying is particularly
important for this cleft method, along with perfect sealing
with plastic or waxed tape. Twine or thread ties should be
lightly sealed with a coating of wax. It may prove inadvisable
to tie over the actual bud, particularly when it is very
prominent, otherwise complete coverind with thin plastic strip
such as one inch- (2.5- cm) wide 200 gauge polyethylene may
improve bud take. Shading, as described for the Forkert method,
is advisable in exposed situations.

Chip budding'in the cotyledon stage. Because the simple chip
budding technique described above is readily accomplished
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by smooth f{lat cuts with a razor or thin sharp knife, it is
excellent for grafting soft active tissues. Provided the
tissue has developed beyond the 'watery' stage, so that it
maintaing its structure when cut and placed together, the
earlicr it is grafted the sooner will union take place, given
reascnably adequate horticuitural attention, notably shading
and irrigation. Indeed, whenever it is found that tissues of
woody plants are slow to unite, or when united the bud {s slow
to develop an adequate shoot in a reasonable time, it is worth
trying bud grafting at a much earljer stage in the life of
both the stock and the scion shoot which is to provide the
bud. Examples of this are the 'pink stage’' budding of mango
(74) and the green chip budding of guava (64). Costs of
production of bud grafted mango treas were markedly lowered

by grafting three-week-old seedlings still in the succulent
red stage with buds of selected cultivars taken from terminal
shoots in the last stages of pink stem, ti:e shoots being no
thicker than 3/8 inch (2 cm). Thicker material gives too
large a chip for use on young stocks.

Some two weeks prior to grafting, the leaves are closely
cut from the bud-wood shoots, leaving only two leaves at their
tips. This remaining piece of petiole will abscise and the
bud will swell. Each shoot should yield from five to eight
usable buds. The normal chip budding technique (Figure 23)
is used, taking pasticular care not to bruise the tissues.
Workers in Florida (74) recommend wrapping the graft completely
with one and 2 half turns of two inch (S cm) - wide very
thin polyethylene and binding over this with rubber strip.

Two weeks later the binding and covering is removed, and one
wuek later still the stock is cut down to three leaves above
‘the graft. Wwhen the bud has grown three or four inches (8 or
10 an) the head of the stock is removed close to the bud and
the wound is sealed. The season for budding at this early
stage depends on the availability of germinating seed.

Inlay chip budding. Also described as veneering with green
shoots, this method has been used for budding tea (25) and may
be of use with some tropical fruits (Figure 24). The scion

is simply sliced from the shoot, with its ieaf attached, and
squared at both ends (A). The leaf-blade should be considerably
reduced to check drying. Two parallel cuts, just as wide as
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FIGURE 24

Inlay chip budding
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the scion and connected at the top, enable the rind to be
lifted and peeled downwards. The scion is placed in this
cavity and the peeled rind cut off level with the base of the
scion bud. Waxed cloth, or polyethylene strip, is used for
binding and all exposed cut surfaces are sealed. After ten
days a healthy half-leaf denotes success. A strip of rind (C)
is now taken off the stock above the graft. After another
ten days, when the bud begins to swell, the head of the stock
and the bandage are removed.

Aftercare of bud grafts. Bud grafting normally entails the
positioning of the scion relatively low down on a rootstock

in active growth, particularly from the stock's extremities.
Most tree species exhibit a powerful apical dominance so that
growth from the newly placed scion-bud is suppressed. Only

by removing or checking the upper dominating growth can the
scion be forced into activity and so become the trunk and
branches of the new tree. But first the new bud must be given
every opportunity of uniting with the stock. Good horticultural
care should be continued in the form of cultivation, disease
control, wind protection, shading and irrigation. After a

few weeks, inspection may reveal that the bud has united with
the stock and that the ties are tending to coastrict. The
ties should be released and either removed entirely or lightly
replaced for a further period until the union is fully secure.
Any sucker growths may be removed at this time. The growth of
the stock above the bud should not be reduced by pruning until
the time comes to force scion growth. If in doubt as to the
stage at which the bud should be forced, some propagators
merely bend the stock over and tie it down to a neighbouring
plant or peg so that the bud is positioned at the top of the
bend, thus acquiring apical dominance. Then, when the bud has
developed into a shoot, they gradually prune back the stock
close to it. This technique ensures a continuing food supply
to the roots during scion bud development. Another means of
bud forcing is to brut (half-break or snap-over) the shoots

to remove their dominance but retain their growth contribution,
cutting them right away later. New buddings may also be
forced by removing a ring of rind from round the stock
immediately above the inserted bud. Half-rings on the budded
side often attain the same end without destroying the upper
part of the stock.
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Throughout the period when the scion bud is first
extending and the top of the stock has just been removed
the budlings are particularly vulnerable to damage. Temporary
supports for the new tender growths also serve as guards. The
simplest form of support is provided by cutting through the
stock some four or five inches (10 or 13 cm) above the bud
leaving a snhag to which the new growth is carefully looped,
‘allowing space for rapid expansion of the young growth. IFf
the stock is cut through close above the bud the new growth
may be left unsupported but a protective stake is often
found worthwhile. Bamboo shields, obtained by cleaving four
inch (10 cm) - diameter bamboo to form half-rounds and
pointing them for driving in to half-surround the young shoot
have proved excellent both for protection and the encouragement
of erect growth. When the stock is cut-over it is advisable
to dress the cut with a protective paint to prevent desiccation
of the tissues close to the bud and the entry of disease
organisms. Where a snag is left to support the new growth
this is removed either after the first flush or when it is
considered that the new growth has hardened sufficiently.

Apical grafting

Apical or end-to-end grafting takes many forms. As in
all grafting the basic essentials must be met, including that
of anchorage of the parts, and in these end-to-end methods the
simplest way to achieve this is to provide a good overlap of
each on the other, as in splicing or whipping. Although it
may be possible to obtain cambjial contact by abutting stocks
and scions of equal diameter, anchorage is then only obtain-
able by means of artificial splints, entailing exctra labour
and sxpense. It is far better to use overlapping, self-
holding methods such as the splice, whip~-and-tongue, strap
an« wedge.

Splice graft (whip graft). A long slanting cut (A) is made
at the basal end of the scion (Figure 25). A corresponding
cut (B) is made at the apical end of the stock. The cut
surfaces are placed together (D) sc that the cambial regions
(C) are in contact. Stock and scion are bound together

and the cut surfaces are sealed.

A plain splice, such as this, must be held together
whilst tying; hence it is not a convenient method for use
at ground level but only for bench or pot work, or high
working, where the same person does both cutting and tying.
The following whip and tongue method has not these limitations.
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FIGURE 25

Splice graft (whip graft)

Whip and tongue graft. This method is most suitable when the
scion and stock are comparatively small, not more than one inch
(2.5 cm) in diameter. It is similar to the splice graft

except for the tongue which serves to hold stock and scion
together, so that the operator as both hands free for tying,
or 3o that the fitted graft can be left for an assistant to
bind and seal.
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Whip and tongue grafting (FPigure 26) is used to best
advantage when stock and scion are of equal diameter. A flat
slanting cut, the length of which is about six times the
thickness of the scion, is made at the basal end of the scion.
A downward-pointing tongue (A) is made in the apical half of
this slanting surface. A slanting cut, corresponding in
length to that of the scion, is made upwards through the
stock. An upward pointing tongue (B) is made in the apical
half of this slanting surface. The cut surfaces of the scion
and stock are placed together so that the tongues interlock
(D) and the cambial regions (C) are in contact over as great
a length as possible. If the stock is considerably larger
than the scion it is advisable to take only a comparatively
shallow slice off the stock (E) so that the cambium of the
large stock coincides with that of the smaller scion (F) ard
the cambia at the top end (G) are well matched to promote a
complete, non-splitting union by subsequent formation of callus.

FIGURE 26

Whip and tongue graft
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when beheading a thick stock to receive the scion the
transverse cut is normally made horizontally (as depicted)
so that the tie of twine or similar material may extend to
the top of the stock without slipping, so holding the scion
firmly against the edge of the transverse cut. But if wide
tapes of polyethylene or waxed cloth are used, the top cut
should be sloped about 45° to facilitate neat wrapping and
sealing of the top of the stock.

Double tongue graft (big tongue graft). With subjects which
have a large pith this method often succeeds where others fail.
Well-ripened, solid scion-wood, found at the base of the past
season's growth, preferably already de-leafed naturally or
following peticle severance, makes the best scions (Figure 27).
It may be well to collect the scion-wood along with a short
length of older wood attached, so that the true base of the
shoot may be freshly cut to form the base of the scion.

The scion (A) is prepared with a strap (B) made by
cucting upwards, from below a bud, slfjhtly into the wood,
but not as far as the pith. A long slanting cut right through
the scion-wood is made (C) from a little above the level of
the upper end of the strap to just below the [owexr end of the
strap. The knife is now inserted backwards in %he cleft (D)
and brought downwards to straighten the 'big’tcngue (E;. The
slender tip of the strap, containing no cambium, i3 cut away
by a slanting downward cut.

The stock is cut transversely, preferably in the region
of the hypocotyl or root, where the cross-sectional area of
the pith is minimal. A slice is then taken off the side,
so that the cambium is exposed to fit the inner surface of
the scion strap. A deep cleft (G) is now made, beginning
one-eighth of an inch (0.3 cm) from the top of the slice and
ending level with its base. The scion is now fitted and a
small plece of stock rind is raised to cov' r the exposed
cambium at the base of the scinn strap (k). The graft is
tied firmly with stout twine and all cut surfaces are carefully
sealed,
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FIGURE 27

Double-tongue graft (big-tongue graft)
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Strap or saddle grafts. These grafts form extra strong
junctions due to the scion grasping both sides of the stock
and they also rapidly form a well healed union. They have
long been advocated for bushy evergreens subject to storm
stress. MNany techniques have been devised but all are modi-
fications of straps or saddles.

The strap method is virtually a saddle with unequal
sides devised for grafting a small scion to a somewhat large
stock. The scion is prepared (Figure 28) by first raising a
strip of bark (A) with a small amount of wood upon the scion-
wood opposite a bud (B). The kiiife is reversed and a
slanting cut as long as or longer than the strap is made
through the scion wood to a point an inch or so (2.5 cm)
below the bud. A tongue (C) is raised midway along this
second cut surface.

The head of the stock is removed by a long slanting cut
(D), and a second but shallower cut (E) is made on the
opposite side to form an upward-pointing unequally sided wedge.

A tongue is raised up on the surface of the first c t on
the stock to correspond with the scion tongue. Stock and
scion are fitted together (F) and firmly tied, and the cut
surfaces are sealed. Where the stock is much greater in
diameter than the scion, as in topworking established trees
(g.v.), the strap is made correspondingly longer and the
tongue is usually omitted.

For saddle grafting, the stock and scion should be
about the same size. The scion is prepared by cutting upwards
through the rind and into the wood on opposite sides of the
scion piece. The knife should penetrate more deeply into the
wood as the cuts are lengthened and, before the knife is
withdrawn, turned as sharply as possible towards the middle
of the scion, so that the middle portion may be removed and
the scion (A) have the required saddle formation (Figure 29).
The stock (B) is cut transversely and receives two upward
cuts (D) on either side, sufficiently deep to expose the
cambia so positioned as to match those in the saddle of the
scion. The apex (E) of the stock is shaped to fit the saddle.
Stock and scion are fitted together, firmly tied and sealed.
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Wedge or cleft graft. In its simplest form this graft is an
easy way to join scions to whole, or pieces of, root and is
commonly used to multiply rootstocks vegetatively which are
difficult to root from cuttings (see p. 54 ). It is also
eminently suitable for grafting tender herbaceous material
whilst in the cotyledon or terminal growing point stage (34).
Wedge grafts, of many kinds, are also employed in the grafting
of woody subjects as met with in topworking mature trees (q.v.)
The scion may be of the same or less diameter than the stock.
As with all cleft methods it is vitally necessary for the
operator to ensure that the cambia of stock and scion are
placed in intimate contact and clamped together firmly, either

by the stock itself or by a peq, ¢lip, adhesive tape or
strong tie.

The scion (A) is prepared with its basal end in the form
of a wedge (Figure 30). The stock is split at its apical end
(B) and the scion inserted so that the apical porticns (C) of
the cut surfaces of the scion are just visible and at least
one side of the cambia of stock and scion is in contact. The
graft requires tying and sealing, except where it is possible
to obtain a union by placing it in moist material.

Oblique wedge graft. This graft can take the place of the
popular whip and tongue graft in favourable circumstances.
The scion is prepared (Figure 31) with its base in the form
of an unequally sided wedge (A). The scion should be as
short as practicable and it is usually necessary to prepare
the base of the scion before separating it from the scion-
wood in order to grip the scion whilst cutting. The apical
bud (B) and longer basal cut should be on the same side of
the scion. The stock is cleft in the side (C), no deeper
than the middle, and is pressed aside to open the cleft (D).
The scion is inserted with its longer cut towards the stock
and its apical bud uppermost. The stock is then released and
cut off close above the inserted scion (E). The graft should
be well sealed with a hard setting wax. This graft needs no
tying.
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Wwindbreaks, by checking wind speed, have a number
of good effects. They lessen wind battering of the
leaves and fruits, they increase pollination by encouragqing
ingsect visitors, they reduce evaporation from the soil
and transpiration of the plants and, to a small degree,
increase air humidity. Living windbreaks should be
composed of well ancnored tall trees, preferably leguminous,
augmented with shrubs on the windward side, so spaced
as to allow part of the wind to pass through at reduced
velocity to produce a cushioning effect to leeward and
an increase in the distance that is effectively sheltered,
which may amount to some 20 times the height of the
windbreak and to have some effect up to double that
distance.

Maps and records

A precige scale map of each plantation is useful
though not essential, but without adequate records of
the materjial planted, including its name, age and origin,
future planning for further development may be gravely
handicapped. A readily available master plan should
£: kept in a safe place and a notebook or file, containing
details of the many items and occurrences connected with
the project, should be maintained. A separate strongly
bound pocket book available to the man in the field
should contain, in headed column form, all necessary
data for row and tree identification. Individual tree
labels, or indelibly coloured or code-shaped tags, are
helpful to both field workers and visitors but they
are of less importance than maps and written records.
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The manuring of young trees is simply accomplished
by scattering fertilizer round each tree over an area
roughly corresponding to the spread of the root system.
Thus, at first, application over a circular area of about
one foot (30 cm) radius is normally adequate, this area being
increased as the trees develop.

Protective paints

1f the newly planted tree has a bare stem exposed
to the sun some damage may result from exessively high
temperatures. Plants are particularly vulnerable because
of a reduced sap flow combined with the increased exposure
on leaving the shady and moist nursery environment. The
day temperature of exposed stems may be lowered considerably
by a coating of whitewash or of a white water-emulsion
paint such as is commonly used for interior decoration.

Deblossoming

Some young trees flower soon after transplanting.
This early flowering, occasionally followed by fruiting,
is mainly at the expense of vegetative growth which {s
so essential ior the development of a strong basal framework
to the tree. The inflorescence should be nipped or cut
off immediately it emerges, the process being continued
until the new growth is well established (11l1).

Fencing and windbreaks

A strong woven-wire fence, with barbed wire at the
top, may be effective against both animais and trespassers
but {ts initial cost is very high. If wood posts ars
used thay should be thoroughly treated against termites
and rotting. Hedges are less expensive initially but
need much maintenance if they are to remain effective.
Strong thorny hedges are often advocated, but all hedges
tend to develop holes in their lower parts as they mature.
A combination of a simple barbed-wire fence with an
inside thorn hedge is probably ideal. Merely to exclude
animals, strands of barbed wire fixed to trees at the
edge of the clearing may suffice.
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Early management of the plantation

A newly established plantation will have large
areas of its soil exposed, and this soil will need to
be shielded from direct sunlight which raises soil
temperatures and increases the rate of decomposition
of organic matter (122). Exposure to the direct impact
of rainfall breaks down the soil structure, seals the
surface, reduces penetration and increases run-off and
erosion. Even on flat land a sealed surface increases
water loss by evaporation. Until the tree crop has
developed to form a more or less closed canopy, some
intimate soil protection should be provided. The
nature of this protection will depend on the local
rainfall and irrigation facilities and by the feasibility
of growing cash or green-manure cover crops. In areas
of sufficient rainfall it may be possible in the early
years to grow cash crops between the trees or some ground
cover creeper. Such plants should not be grown close to
the trees and so compete with them and they should have
their own manurial programme.

Ground cover plants not only protect the soil
against erosion but also provide leaf litter and dead
roots to improve the physical condition of the soil,
raising the base exchange capacity, releasing minor
elements and plant nutrients which subsequently become
available to the tree crop.

there rainfall is sufficient a natural regeneration
of weeds, controlled by frequent slashing, may accomplish
the necessary soil conservation, but where rainfall is
inadequate periodic cutting of weeds cannot be recommended
owing to competition for water (95). The best procedure
in the drier areas is mulching with grass, brushwood or
vegetable trash.

Mulching aids the infiltration of water and improves
and conserves soil structure. Mulches are best applied
immediately after planting, at the beginning of the
rainy season. An ideal mulch is one that is readily
penetrated by rain, retains its form through the season
and can eventually be cultivated into the surface soil;
later to be replaced with a further mulch. The mulch
can safely be sprayed with herbicides to check the
regeneration of weeds.
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FIGURE 48

Tree staking

A = A clove-hitch near the top of the stake. B = Cord loosely
encircling stake and tree protector. C = Cord wound tightly
round encircling tie o keep stake and tree apart.

Many kinds of tying material may be used. An efficient
and economical method is to place a small sheaf of palm,
or a few strips of sacking, round the plant stem between
plant and stake, and then a length of coir string or
thin rope somewhat loosely round both tree and stake,
then over and over between stake and tree to form a
separating pad. As the tree grows the tie tightens

and then, if support is to continue, it must be adjusted
or replaced.

A mulch of straw, fern fronds or leafy branches
should be laid round each plant, taking care to leave
uncovered a few inches round the stem of the tree to
prevent the base becoming excessively wet and prone
to attach by disease organisms and to discourage small
rodents from chewing the bark. If hot sunny weather is
prevalent some small leafy boughs, palm or banana leaves
should be stuck around each plant to provide partial
shade and protection from drying winds.

168




CHAPTER XVII

PLANTING OUT

One of the most important factors making for high ¢
productivity in modern plantings is efficient transplanting
and early care of the young trees (l22) in order to obtain
a full stand of plants that grow vigorously and reach the

productive stage as quickly as possible.

The beginning of the rainy season, or immediately
before, is generally considered the best time to plant.
The site having been prepared and marked out, the tree
holes or pits should be dug. In reasonably good soil
there i3 no advantage in making the holes larger than
will accommodate the plant roots. When transplanting
from seed-beds or lines, the plants, whether previously
undercut or not, should be well watered a few hours
efore lifting to aid the retention of soil around the
ccts. If possible, sach plant should be lifted with

ball or cube of soil and placed on a square of
polyethylene or sacking which is then wrapped round to
hold the soil in place and reduce drying whilst in
transit to the plantation. Containerized plants should
likewise recejive a thorough irrigation prior to moving.
During transit both balled and containerized plants
should be closely shaded with cloths or a canvas tilt.

b
4
a

Planting depth should approximate to the soil
level in the nursery. Firm planting should be the rule
by treading when the planting nole is about half filled
and again when full, finishing off with an inch or so
(2.5 cm) of friable soil. The plants should be well
watered, preferably before topping-off with the friable
soil. If stakes are required these may be either driven
into the base of the planting pit before placing the
plant, or driven in after planting. When tying the
plant to the stake care must be taken to prevent the
plant stem rubbing on the stake by placing the upper
tie close to the top of the stake (Figure 48).
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FIGURE 47

inlay approach grart

A = The smaller component prepared by one main slicing cut

and two very small straightening cuts (B). C = The rind of

the larger component removed from between two parallel
incisions. D = Fitted and held by two small nails. E = Method
used when rind does not separate readily from the wocd.

F = Lajid in and nailed.

branch, preferably already inclined somewhat towards

the branch tc be grafted to it, is pulled down and
across to pass alongside and beyond the recipient branch
so that, as nearly as possible, it forms a triangle

with the two limbs. Two parallel incisions are made in
the limb, extending slightly round it, just as wide as
the lateral is thick, and the rind between is peeled
away. A slice is removed from the lateral, corresponding
in length to the strip of rind removed. The sliced
lateral is placed in this rindless channel and there
fixed with three or four thin nails. The lateral

should be slightly bent round the limb but for not more
than one fifth of the limb's circumference, otherwise
the lateral may snap. This slight bend forms a much
stronger graft than a straight junction. The graft
should be sealed and the part of the lateral extending
beyond the junction should be left until a sound union
has been established.
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Tree invigoration by approach grafting. Where the use
of unsuitakble rootstocks or damage to the roots has
resulted in stunted trees, it is often possible to
improve growth by inarching into them more vigorous
plants which eventually take over the duties of the
original roots. Two plants placed on opposite sides

of the tree may prove sufficient, but large trees may
respond more quickly if a larger number are used. The
grafts should be placed as low as convenient. A fairly
large hole should be dug close to the tree, between the
existing main roots. The new rootstock plant, preferably
previously containerized, may be grafted before the
hole is re-filled. This facilitates manipulation.- The
hole should be filled with top soil in which has been
incorporated some rotted dung. The rootstock should be
planted firmly, taking care not to wrench the graft,
and should be well watered. Grafting by approach is
preferable to inarching, the inlay approach technique
being particularly suitable when one of the partners is
very large. Mature trees often have extremely thick
rind. consequently manipulation by rind methods is
difficult. Such thick rind should be thinned to make
it pliable, by slicing off the outer layers at the
place of inarching (54). This should be done before
incising the rind. The small component is prepared
(Figure 47) by a long slicing cut (A) followed by very
shaliow straightening cuts at the sides (B).

The large component receives two parallel cuts (C)
through the rind, spaced the width of the smaller
partner. The rind is removed from between these twc
incisions and the parts fitted together and fixed
with two thin nails (D). Sealing completes the
operation.

If the rind does not lift readily, the smaller
component may be prepared by two cuts (E) forming a long
wedge, and the larger grooved by two deep incisions,
so that when fitted the cambia of the two partners
are lightly pressed together. Nails are usad to fix
the graft. Sealing completes the work.

Bracing. Branches forming a narrow angled crotch have
a tendency to split apart, generally as the tree comes
into cropping. Such branches may be prevented from
splitting apart by joining one to the other with a
well placed natural brace. A lateral branch from one
limb is approach grafted to the other. This lateral
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Repair grafting

Generally it is better to repair a damaged tree
than to replace it with a young one. Certain of the
methods already described, notably approach grafting,
inarching and bridging, are useful for the rehabilitation
of damaged trees. Although repair grafting will not
assist trees already affected with some systemic disease
it may well restore trees suffering localized damage.

Bridge grafting. Trees girdled by animals, or by
localized cankers, will die unless branches and roots
are reconnected. Death may not occur until one or two
years after girdling since nutrients pass up in the
undamaged wood and enable the leaves to function, but
eventually the roots die because no metabolites return
to them via the rind. Reconnection of the girdled rind
saves the tree. If the rind has been eaten away down
to ground level, the soil should be removed to expose
some undamaged rind and replaced after grafting. The
edges of the bark should be trimmed and any discoloured
tissue, due to canker or other disease must be pared
away before grafting. Defoliated scions of sufficient
length for ease of manipulation are required. Small
trees an inch or so (2.5 cm) in diametexr can be saved
by one side-cleft grafted bridge. Larger trees should
have one bridge for every inch (2.5 cm) of their
diameter. Thus a trunk 6 in(l5 cm) thick would have
five or six bridges spaced some three inches (8 cm)
apart. The inverted L rind graft (Figure 45) already
described for frameworking (p.161) is one of the simplest
bridging methods.

Insert the lower end first, a few inches below the girdle,
and nail firmly in position; then prepare and insert the
apical end a few inches above the girdle in a reversed
incision. It is easier to obtain a good fit if the

bridge is bowed outwards. Girdled branches are prone

to sucker from below the girdle. When sufficiently

long these suckers form excellent bridges requiring only

a single graft, preferably an approach graft so that the
upper part forms a reserve hranch whilst also contributing
to a sound union.

All cut surfaces should be sealed. The girdled
area should be painted with an anti-desiccant and, if
erposed to direct sunlight, the whole area, including
the bridges, whitewashed or otherwise shaded. Young
growth from the bridges should be rubbed out as it
appears.
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operation. The whole tree should be sprayed or painted
with whitewash. Mature trees are generally too large

for the provision of cverhead shade but some protection
is obtajined from bunches of fern or palm tied to the ends
and sides of the limbs. Such protective material must be

tied firmly so that it cannot damage the scions in stormy
weather.

FIGURE 46

Slit graft

Sucker shoots arising from the old variety should
be rubbed out as they appear, except where a new scion
is clearly dead, when a sucker should be allowed to
develop for later grafting. If sufficient scions have
bean yassd very few suckers will arise in later years,
and these may be removed at pruning time.
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by first making one sloping cut of about one and a half
inches (4 cm) in length at the basal end, followed by a
very shallow cut at one side, just sufficient to expose
the cambium (A). The scion is then reversed and a
shallower cut than the first is made a little to the

side of the scion, away from the small second cut (B).
The limb to be grafted now receives a cut (C) as depicted
in Figure 45. The term inverted L does not accurately
describe this cut. In the diagram it will be noted that
the longer, or lower, cut is not made in line with the
limb, as this would cause the scion to lie along the

limb at an unnatural angle, but is so made that the scion
stands away from the surface of the limb. The top cut

in the rind is not made at right angles to the lower one
but more nearly approaches 150 . It is also cut obliquely
into the rind, thus enabling the scion to enter beneath
the rind more easily and to fit snugly into position.

The scion is inserted (D) and is held firmly in position

by a flat-headed nail or gimp pin, which is driven right
home through the rind and scion into the wood. When the
rind is abnormally thick, %-inch (2-cm) nails of fine gauge
are used. Stout nails tend to split the scion. 1In sealing
this type of graft it is especially important to ensure
that water cannot enter between the scion and the limb.

Slit graft. This very simple method is particularly
successful where the rind separates readily from the
wood. Branches less than an inch (2.5 cm) thick are

not suitable for slit grafting and should be stub or side
grafted. The tree is cleared of laterals. The base of
the scion is cut to form a wedge an inch (2.5 cm) or

so long. A two-inch (5-cm) oblique slit is made along
the limb so that the tip of the knife meets the wood of
the limb at a tangent (Figure 46).

The scion is pushed into the slit and finds its way
between wocd and rind. The scion may be set at any
desired angle by raising or lowering the apex. All cut
surfaces are sealed; no tying or nailing is required.

Aftercare of frameworked trees. As with freshly topworked
trees precautions must be taken to prevent insect and other
damage. The considerable number of scion buds, developing
throughout the tree, will themselves soon provide some
shade and cooling effect, but the tree's limbs and trunk
remain largely exposed for some weeks after the grafting
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ends in the form of an unequally sided and comparatively
long wedge (A, B and C). 1In preparing the scions,
advantage should be taken of the slightly zigzag nature
of the shoots, in order that the scion, when inserted,

may stand away from the framework branch as much as
possible, so that the angle is approximately that of a
lateral shoot. A cut is made into the side of the branch
at an angle of about 20° and never deeper than one-quarter
of the diameter of the branch. The cut is opened by slight
bending of the branch and the scion is inserted so that
its cambium is in contact with that of the framework.

The thin lip of bark raised from the branch prior to
inserting the graft is cut off after the scion has been
pushed home (D). In order to complete the graft it

only remains to seal the exposed cut surfaces.

Inverted L rind graft. All lateral shoots are removed
before grafting begins. The scion is prepared (Figure 45)

FIGURE 45

Inverted L rind graft
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Methods of cleaving obliquely

Note treatment of large, medium and small limbs.
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thick rind of the stock and the thin rind of the scion.

The wedge or tcol is removed and the scions are held fast

by the pressure of the limb (C). For rapid work it is

an advantage to sling the tool and mallet together (Figure 37)
with a thong or cord, so that when the tool is used as a
wedge the mallet may be left to dangle and the operator

is free to use both hands for the preparation and insertion
of the scions. Hand pressure on the free end of the tool
serves to open the cleft for the insertion of the scicns

and firm gripping of the scions upon release.

When sealing large clefts some moist clay should be
placed in the clefts and vertical splits to prevent liquid
seals from running too far into them or between any {1l-
fitting scion and stock. When all exposed cut surfaces
have been carefully sealed, including the end of the limb
and the side gplits, the scions and the limb should be
whitewashed. Additional protection against sun-scald is
given by fern or palm branches tied to the limbs so that
they provide shade above the grafts.

Oblique cleft grart. This method avoids splitting the
heartwood of the limb and permits each limb to be furnished
with one or more scions. The clefts, none of which should
extend right across the branch (Figure 319)

are opened by means of the grafting tool and the scions are
inserted, particular care being taken to see that the
cambia are in contact (Figure 40).

Removing the tool causes the scion to be held firmly and
no other fixing is necessary. Careful sealing and protection
are essential as in the cleft method (above).

Whip and tongue graft. This method (see p.127 ) is used

in topworking for grafting small lateral branches. Such
laterals are produced when trees are severely cut back.

As the laterals appear, those not required are pinched

back to provide intimate shade. At grafting time the

selected shoots are cut to within a few inches of the

limbs and there whip-and-tongue grafted. Wwhen the scions

ars well grown, the unwanted stock growths, not required

for supplementary grafting or for shade, are gradually removed.

Veneer crown graft. This is one of the best methods to
use when the rind of the stock limb can be readily lifted,
as at the beginning of the rainy season. The tree is
beheaded as described for other topworking methods. The
scion is prepared with one major cut (Figure 41)
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Tool and mallet slung together

FTGURE 37

The cord should be long enough to permit free movement. When
the wedge is driven into the cleft, the mallet is dropped and
the operator uses both hands to prepare and ingsert the scion.
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FIGURE 38
Cleft graft (split graft)
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the temperature of the sapwood of fully exposed branches
was found to be some 15°F higher than that of similar
branches that had been whitewashed. This difference is
likely to be greater in the tropics where the surface
temperature of branches directly exposed to the noonday

sun may far exceed normal lethal temperatures. All

small branches below the general level of grafting should
be left intact for at least a year to feed the roots and
retain growth activity. Such branches are commonly

known as sap drawers or lungs. The presence of such branches
in no way diminishes scion growth but actually increases it,
encourages healing and reduces the risk of loss due to
diseases which enter through wounds.

In preparing trees for topworking it should be
remembered that large wounds take a long time to heal,
and it is better to insert scions into two small limbs
above a fork rather than in one large limb lower down.
Branches of five inches (13 cm) or more in diameter
should be sawn off higher up, where their diameter is
not more than three or four inches (8 or 10 cm).
Eventually it is best if only one scion remains at the
end of each limb of the old variety, as this makes for
strength at the new union. Two or three scions inserted
at the end of each limb serve to retain life at the
edges of the cut surface but all except one should be
removed by stages as the wound heals.

The methods of grafting are very numerous. Those
of special value are certain of the simple cleft and rind
methods used in apical grafting. Approach grafting (qg.v.)
has also been used with success in tropical regions
(LoOo; 111 ).

Cleft graft (split graft) The cut end of the limb is
cleft diametrically. This cleft is opened by inserting
either a long handled wedge or the spiked end of the
grafting tool midway along the cleft (Figure 37).

The scions, preferably of one-year-old wood, bearing
three or four buds, are prepared (Figure 38)

by two slanting cuts at their base in the form of a long
tapering wedge {(A). The presence of a bud (B) between the
two cut surfaces and about half-way between the point

at which the cuts begin and the base of the scion is an
advantage. The scions are inserted so that their cambi-’
reglons are in contact, due allowance being made for th-
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CHAPTER XVI

GRAFTING — FIVE
GRAFTING ESTABLISHED TREES

As the years go by,new cultivars become available
superior in quality and yield, possibly also in disease
resistance, ease of harvesting and market acceptance.

So it becomes necessary to change from the old to the new.
This can be achieved in either of two ways. The existing
trees may be grubbed and replaced with those of greater
value, or they may be re-grafted. Much work is entailed
in grubbing established trees, new trees cost money and
when planted in ground recently occupied by mature trees,
they not infrequently fail to make satisfactory growth,

By re-grafting, the trunk and branches and the whole root

system are retained and the new scions soon form fruiting
branches.

Trees may be re-worked in two main ways, by topworking
or frameworking. In topworking, the branches to be grafted
are removed almost entirely and the cut ends set with
scions of the desired cultivar. In frameworking the main
framework branches are retained and furnished with new scions.

The beginning of the rainy season is considered best for
the work.

ToE!orking

The removal of a large proportion of the main
branches disturbs the root/shoot ratio or growth balance
of the tree and this may cause the death of much of the
root system. Root growth is maintained by leaving some
leaf-pearing branches unpruned until the new scions have
become well grown during two or three seasons. Such branches
may then be removed, or grafted in their turn.

The removal of large branches exposes previously
shaded parts and this may be followed by bark-scald, death
of tissues and graft failure. This may be prevented by
leaving sufficient branches, as above, to provide shade.
The exposed cut branches should be painted or sprayed
with whitening to check overheating. In California (16)
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FTCURE 136

Use of self-gsealing crepe rubber

A = Strip of self-sealing crepe rubber. B = Folded and
nipped along folded edge between thumb and forefinger.

C = Folded strip ready for use. D = Strip placed around

the graft and free ends in contact. E = Strip tightened

by nipping both sides equally between thumbs and forefingers.

level so that the scion forms its own roots above the
union. This scion-rooting will be hastened if the scion
is constricted close above the union by extending the
graft tie, and hitching it, a little above the union.
Alternatively, a pliable metal strip may be folded and
locked around the scion immediately above the union.
Constriction by a few turns of wire is less efficient
because, being narrow, it is readily overgrown and
permanently bridged.

Short cuttings of shy-rooting cultiva:s can be
nursed by splice approach grafting them (see p.102)
with a quick-rooting cutting. The suggestion is (30)
that the early-rooting component supplies moisture to
the whole, so maintaining the shy rootar until it has
time to root. When the shy rooter has formed its own
roots the nurse is removed by breaking or cutting away.
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FIGURE 135

Wedge grafting in the cotyledon stage

A = Scion trimmed to reduce transpiration.

B = Cut down on
' to a clean surface to form wedge.

C = Stock prepared and ,
thread in position for easy adjustment after scion inserted.

D = Graft secured with self-sealing rubber (see Fig. 36).
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for graft establishment. 1In this environment union and
sprouting occur in some two weeks, when the plants are
gradually hardened-off for later transference, in
containers, to the open field.

Macadamia has also responded well to seed grafting
(70). The technique is much as described above but it
is recommended that the scion wood, preferably from non-
flowering shoots, be cinctured at least four weeks before
collection. The scion should have two whorls of buds and
should be deleafed at the time of collection. Grafting
is done when the radicle has extended about two inches
(5 am), by which time the shell is sufficiently opened to
accept the scion. The wedge-based scion is inserted by
forcing it into the cotyledons as far as possible without
splitting the nut into two pieces. The inserticn must be
made at an angle of 90° with the cotyledon faces, not
into the division. The top of the scion should be sealed
and the plant set in a well drained medium to avoid
rotting. Winter or spring grafting is recommended, the
seed stocks having been forwarded as required.

Seedlings in which the cotyledons come above ground
(epigeal) are readily wedge grafted in the cotyledon
stage (33) with soft tips of scion varieties. Young
seedlings showing their first true leaves are cut
transversely immediately above the cotyledons (D) and
cleft between them (Figure 35).
A tip scion, not more than an inch or so (2.5 cm) in
length, is formed into a wedge, any unfolding leaves are
trimmed tc reduce transpiration. Cutting the scion lengthwise
downwards onto a card is sometimes easier than in the hand (A, B).
The scion is inserted and gently but firmly tied. Self-
sealing crépe rubber (Stericrepe) makes an excellent tie
and seal (Figure 36).

Nurse grafting

Many tree fruits grow and crop well upon
their own roots, so avoiding the nuisance of suckers

from inferior rootstocks and the risk of incompatibility.
Such cultivars, selected for their fruiting rather than
their rooting characters, are commonly found to be difficult
to root from cuttings or layers and must be helped to

do so by a nurse plant.

One of the simplest nursing methods is to graft a
seedling root onto the base of a shoot of the selected
cultivar and to plant it with the union well below soil
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If the grafting and subsequent planting are completed
in a period of rain, sealing may not be necessary, provided
the grafts are covered with soil. Generally, however,
sealing will greatly reduce losses from both drying and
rotting.

Bench grafting in the cotyledon stage.

In moist situations excellent results are obtained by
grafting in the cotyledon stage. Success appears to depend
on the maintenance of good growing conditions, particularly
of mecisture, light and warmth. Workers in India (77) suggest
that full use should be made of periods of prolonged rain,
when work is only possible under cover. Mango stones were
sown in July and the seedlings were used as rootstocks for
selected cultivars when one week old. The tips of terminal
shoots, defoliated ten days before grafting were used as
scions. Of a number of methods tried the plain splice was
most successful. The seedlings were sliced through by a one
inch cut starting close to the seed. The base of a two to
three inches (5 to 8 cm) terminal scion received a similar
cut and stock and scion were fitted together, bound very
firmly with polyethylene strip and planted in pots under
protection.

The use of a germinating seed to aid regeneration
of plant parts is an ancient idea (32). Recently (81)
large seeds have been used with good success to nurse
shy-rooting cuttings of related species. Seeds which
retain their cotyledons below ground (hypogeal) are
germinated and, when the radicle is some two inches
(5 cm) long, both radicle and plumule are sliced off
to reveal the cotyledon connective. This connective,
or petiole stub, is split with the point of the knife
and the wedge-shaped base of the scion is inserted so
that the cambium of the scion is in firm contact with
the cut surfaces of the petiole stub (75). The seed
grafts are set two or three inches (5 or 8 cm) deep in
an open medium, under protection, as are non-grafted
leafy cuttings.

The 'stone grafting' of margo is said to have a
number of advantages over other methods (13). The
method is essentially as described above. Both wedge
and splice techniques are successful and the whole
opexation is performed under a lath house, or other
improvised shelter, with the help of a nursery frame
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are separated and each piece receives a scion, then the
method is termed piece-root grafting. Young seedlings,
or rooted layers and cuttings are commonly used as rootstocks.
Many subjects do not form shoots below their cotyledons and,
if grafted at or below the hypocotyl, do not form stock
suckers. Stocks raised by layering or from shoot cuttings
may sucker from below the graft but this propensity varies
greatly. Some species do not develop buds in darkness so
that deep planting prevents suckering. These matters should
be considered when choosing the grafting position.

The stocks are lifted, trimmed and graded. Tap
roots are normally shortened to about eight inches (20 cm).
The portion of stem to be grafted is wiped with a cloth
to remove grit which would otherwise blunt the grafter's
knife. Wiping the part concerned is preferable to soaking
or washing the stock or scion because washing a root or
stem system increases the rate of water loss once the
surface hag dried. The scion weod, like the stocks, should
be size-graded and cut to the required length.

Where the graft is cut and tied by one operator,
the plain splice (see p. 126 ) and wedge (see p. 134 )
are suitable. where one person cuts and fits the graft,
leaving another to tie, the whip and tongue (see p. 127 )
or other holding method must be used. Wwhichever method
is used, it is important to make a good join by matching
the cambia, taking particular care that the cut surfaces
of tha scion lap onto the cambium of the stock and not
onto the outer rind surface. Bad fitting often results
in callus knots at the union. Firm tying is important.
The use of tying material which later stretches or
disintegrates, obviates the work of releasing the tie.
If lasting ties are used such as rubber strip, plastic
oxr waxed twine, the tie should be arranged for easy
release. After tying, all cut surfaces should normally
be sealed. A convenient way of doing this is to dip the
scion and grafted portion into a suitable wax, such as a
paraffin based hot wax (sfe p. 92 ) or pure paraffin
(see p. 93 ). The wax should be kept fluid in a water-
jacketed heater to prevent it getting too hot. A quick
dip into the molten wax should be closely followed by
a dip of the waxed portion into cold water.
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CHAPTER XV

GRAFTING — FOUR
BENCH GRAFTING

This term is applied to any grafting process performed
where both stock and scion are unplanted, regardless of
the technique involved. The work is usually done sitting
or standing at a bench, hence the name. The bench sgystem
permits the use of a number of mechanical aids and easy
management to speed the work. The workers and plant
material should be placed under shade and storm protection,
with ready access to a supply of water. All materials
should be arranged in order of use so that smooth progress
is continuous. Materials should be placed at readily
accessible levels where they are within easy reach from
a sitting position. It is well to have requisites on
raised inclines at right angles to the work bench and to
have moist contajners at a lower level to receive the
completed grafts, thus eliminating as far as possible
the lifting and lowering of materials and the need for
grafters to bend or stretch. Above all, plant materials,
containers, soil mixes or other media should be kept
adequately moist at all times (see Life, p. 84 ).

Bench grafting is used not only to unite selected
cultivars with rootstocks at an early stage but also
for multiplying trees vpon their own roots, as in the
propagation of clonal rootstocks or the interposing of
an interstem between a readily available root and a
desired cultivar, a process cften termed double working,
used to overcome stock/scion incompatibility or to
influence growth vigour.

Bench grafted material, except stocks well established
in substantial containers, requires a period of nursing
to fit it for safe transference to the field. Overhead
slat shade alone may be sufficient but most material
requires the additional protection of tents or closed
cases for gradual hardening.

Bench grafting on roots

If one rootstock is used for each scion it is
known as whole-root grafting, but if the stock roots
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grafting. The upper scion is whip grafted to the upper
end of the intermediate. The basal end of this composite
scion is now grafted to the rootstock and both grafts

are sealed. Where the rootstock is already planted in
moist until it reaches the stock for the second grafting.
The period between the first and second operation may be
delayed, provided the composite scion is meanwhile kept
moist and cool. Added protection may be provided by
dipping the composite scion in an anti-desiccant as

advocated for cuttings (p. 69 ) and for scinmwood (p.93 ).

Where it is considered best to do all the work in |
the open nursery on rootstocks already established, the
intermediate may be grafted in various ways, including |
bud grafting or inarching, and these grown for a season
before the upper scion is applied. This preliminary
establishment of the intermediate, especially where the
rootstocks are vary variable, may contribute to uniformity
and provide a better stem for the grafting operation.

Where the object is stem building the lower union must be
established well in advance of the upper union. In some
cases the upper graft is not made until the single grafted
tree reaches the orchard.
i

Double working provides a way of obtaining, in one tree,
an economical root system, a disease resistant stem and
a productive head. For example, rootstocks selected for
their health and vigour, and ready availability, may be
grafted at ground level with a diseass-resistant clone
and then, at head height or a short distance along the main
limbs, be topworked with a cultivar selected for its
fruit-bearing capacity.

In temperate climates (48) much use has been made
of double working in the production of dwarf apple trees.
Seedling or other vigorous rootstocks are double grafted,
normally in one operation, with a short piece of a
selected dwarfing rootstock. Such trees crop very early
in their lives and remain highly productive in relation
to their size, thus the output of fruit from a given
area is substantially increased.

Where it is desired to reduce the ultimate size
of trees, to facilitate cultivation and harvesting,
stem building with a selection known to check vigorous
growth, may prove worthwhile. The vigour-monitoring
effect of an interstem appears to increase with its
length, being greatest when it forms both trunk and lower
parts of the fruit-bearing branches.

141




FIGURE 34

Slotted side graft

Double working and interstems

When a plant is grafted twice, so that it has two
unions one above the other, it is said to be double worked
and the intermediate piece is commonly termed an interstem.
Double working has various purposes (34,48). Its widest
use is in changing trees of inferior varieties to more
desirable kinds, or to obtain a more uniform performance
in the orchard (1ll). But primarily, double working is
employed to (1) overcome incompatibility between scion
and rootstock (82), (2) build trees with strong straight
stems (stem building), (3) increase resistance to disease
by providing resistant stems, (4) curtail vigour and
increase fruiting. To overcome incompatibility the work
must be done early in the life of the plant, either by
bench grafting, or double grafting in the nursery in
a single operation. The scion-wood of the intermediate
variety, selected for its compatibility with both roctstock
and upper scion, is cut into lengths of six inches (15 cm)
or less, only large enough to be comfortably held whilst
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Spliced side graft (veneer side graft)



vegetative bud have proved successful on nursery-grown seedlings

and on plants established in containers under slat or other
overhead protection. The scions are completely or partially
defoliated at the time of collection and inserted low down
where they are conveniently protected by covering with soil,
compost, moss or fibre.

Grafting normally takes place at or immediately before
a main growth period. A flat smooth shallow cut (A;, about
two inches (5 cm) long, is made downwards near ghe base of
the stock (Figure 33). A second cut (B), at 45  to the first,
serves to remove a thin strip of rind and wood. The scion
(C) is prepared with a long and short cut to correspond with
the prepared stock to which it is fitted (D) and is firmly
tied, and then sealed and protected. When united the head
of the stock is reduced by stages down to the union (dotted
line E) and the wound sealed. In his bcok on the mango
L. B. Singh (l1l) advocates notching at two inches (5 cm)
above the graft when the scion begins to shoot so as to speed
the growth, deepening the notch gradually until the head of
the stock is completely removed, meanwhile maintaining
irrigation.

Slotted side graft. This method is useful when the stock is
considerably thicker than the scion and the rind of the

stock is thick, inflexible and difficult to fit closely rouna
the scion using other rind methods. The scion is prepared
(Figure 34) with its basal end in the form of an unequally
sided wedge (A and B). The stock receives a downward cut
penetrating to the wood. A transverse cut at the base of the
downward cut produces a step (D) in the side of the stock.
Two parallel cuts, very slightly closer together than the
width of the scion to ensure a tight fit, are made downwards
from the transverse cut. These two cuts should equal the
length of the longest slanting cut of the scion. The rind (E)
between the parallel cuts is raised slightly, and the scion,
with its longer cut surface towards the branch, is pushed
down under the raised rind until the whole of the tapered
base of the scion is below the level of the transverse

cut (P) in the stock. A gimp pin (G) (see p.162 ) {s

driven through the upper part of the raised rind, through

the scion and into the wood of the stock. Exposed cut
surfaces are sealed. Wh. 1 the scion is established the
stock is sawn through close above the graft and the cut
sealed. The method is eminently suitable for refurnishing
bare limbs or trunks with lateral branches.

138




A

FIGURE 31

Oblique wedge graft

FIGURE 32

Side cleft graft
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Side grafting

Although all except apical grafts might be considered
to be side grafts, even bud grafts and inlays, those selected
for description here under "side grafting" are generally so
regarded. They all permit the top of the stock to continue
to function, more or less as it did before grafting, until
union is complete, at which time the head of the stock is
removed just above the junction. Where, as in frameworking
described later, one stock is side grafted with a number of
scions the body-frame of the stock is a permanent feature.

Side cleft graft. This resembles the oblique wedge graft
(g.v.), an apical self-holding graft using a short scion, but
the scion for this side graft may be quite long, provided it
is tied and the upper part of the stock is retained. Two
slanting cuts, one (A) slightly longer than the other (B),

are made at the basal end of the scion, at opposite sides, to
form a gradually tapering wedge (Figure 32). An incisiog (D)
is made in the side of the stock at an angle of about 20 and
of sufficient depth to permit the insertion of the wedge. The
longer side of the wedge is placed against the stock stem in
such a position that the cambjial regions of stock and scion
are in contact. By bending the stock so that the jincision (D)
is opened, the scion may be pushed home more readily. The
graft is best tied with strong twine and sealed; alternatively
it may be bound with strong waxed cloth to resist movement at
the graft junction due to swaying of the top of the stock
during union formation. When union is complete the head of
the stock may be cut back close to the graft and sealed, but
if in doubt this should be done in two or three stages.

Spliced side graft (veneer side graft). This differs little
from the side cleft graft except that the stock receives only
a shallow cut, raising a thin slice of even thickness resembling
a veneer. It is widely used throughout the world for the
propagation of shy-rooting ornamental trees, particularly
evergreens and conifers which may justify extra protection
for a period following grafting. It is commonly used when
bench grafting (q.v.), either on rootstocks established in
small containers or on bare-root seedlings which are then
plunged in pits or frames. The method is also successful

in the open, using defoliated scions, treated with anti-
desiccants (see paints and dips, p. 93 ), or temporary covers
of thin plastic or waxed paper (see caps and covers, p- 98 ).
Very short, one-inch (2.5-cm), terminal scions with an apical
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ANACARDEUM OCCIDENTALE —
CASHEW

by

G. K. ARGLES

Formerly of the Commonwealth Bureau of Horticulture
and Plantation Crops

ECOLOGY AND BOTANY IN RELATION TO PROPAGATION

Distribution and ecology

The cashew is a native of tropical Central and South
America and the West Indies but has become naturalized in
many other tropical countries. Although it may be found
growing at elevations up to 4000 feet(l1200 m) it is best
suited to the lower elevations, and self-sown seedling trees
are particularly abundant in coastal regions.

Some of the regions in which cashews have become
naturalized have an average annual rainfall of only about
20 inches (500 mm), which may be very unevenly distributed.
There is no doubt that the cashew's reputation for drought
resistance is well-founded although it is sufficiently
adaptable to be grown successfully in some areas with rain-
falls up to 150 inches (3800 mm). In parts of southern
Tanzania where cashews are grown cn a substantial commercial
scale the average annual rainfall is commonly 30 - 40 inches
(760~1016 mm) .

One factor of particular importance in the resistance
of cashew trees to drought is the extent to which they suffer
competition for water and nutrients from neighbouring cashew
trees or weeds. It has been found that widely spaced, clean-
weeded trees can flourish by exploiting the water reserves in
the soil under conditions where the annual rainfall is some
35-36 inches (900 mm) while evaporation from an open surface
is nearly 80 inches (2000 mm). Such ‘rees continue to
transpire freely and to grow throughout the dry season, whereas

closely spaced trees providing a closed canopy may suffer
severe water stress.

Liitle appears to be known about the reactions of cashews
to temperature apart from the fact that they are sensitive to
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frost and to excessively hot dry weather such as occurs in
parts of northern India. Nor has any information been
encountered on their response to variations in daylength.

Cashews are often grown on soils that are considered to
be too poor or stony for most other crops, but they prefer
loams or sandy loams to very sandy soils. Whatever the nature
of the top-soil, free drainage and the absence »f brackish
conditions are considered to be essential. On heavier soils
or on soils with impeded drainage near the surface *he trees
are apt to be poorly anchored and may sometimes be uprooted
by strong winds despite a reputation for wind resistance.
Given soils with suitable textures, the trees appear to
tolerate a fairly wide range of pHA values.

From the standpoint of propagation the implications »f
these observations would seem to be as follows:

(1) As the cashew is able to adapt itself to a variety
of ciimatic and soil conditions, anyone wishing to propagate
it is presented with a relatively wide choice of environments
in which teo raise seedlings or to grow selected mother trees
for the production of either seeds or shcot material for
vegetative propagation.

(2) The fact that self-sown seedling trees so often
establish themselves in areas that are subject to severe
droughts suggests that no major problems should be =encountered
in raising cashews from seed, and that it should also be
possible to overcome difficulties experienced in transplanting
young trees and thus encourage the use of seleczed clones 1in
place of seedlings.

(3) Under conditions where periods of drought occur 1t
seems clear that mother trees selected to provide jraftwood,
layers or cuttings should be grown at wide spacings ind be
kept free from weed competition to prevent them suffering
from water stress that is likely to reduce their propagation
ability. *(Gl5; G19: G23; G24; 18;37: 7))

* References to the bibliography prefixed with the letter
'G' relate to the Bibliography »f General Books and
Articles to be found at the end of this book.
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Shoot growth

The cashew is a spreading evergreen tree that occasionally
reaches 40 feet (12 m) in height. The lower branches may
sometimes trail on the ground and under favourable conditions
may occasionally strike root. The leaves, arranged alternately,
are leathery and glabrous.

Where climatic conditions are suitable and soil moisture
is adequate, as in parts of Tanzania, some shoot growth may
occur in every month of the year, but even where this happens
two or three peak periods of growth are usually evident. 1In
bearing trees one of these main growth periocds, sometimes
called the flower flush, is essentially generative, in that
most, though not all, of the shoots formed give rise to terminal
inflorescences soon after they have ceased to extend. The other
growth flushes are essentially vegetative, in that they give
rise to few, if any, inflorescences. Under some conditions
the trees may become "dormant" after the completion of a
vegetative flush, with little or no further shoot growth
occurring for periods of up to two or three months.

In some regions the largest amount of new extension growth
is made by the flower flush which develops over a period of
several months during relatively dry weather, and under such
conditions a growth peak occurring during the rainy season may
be relatively small. 1In other regions the flower flush may
be less pronounced and the largest amount of new extension
growth may arise from a vegetative flush that coincides with
the rainy season. In either case, however, and also in areas
where only two peak periods of growth are recognized it would
seem that a distinct vegetative flush, consisting of lateral
shoots, always develops soon after the main crop of fruits
has matured.

The patterin of growth presented by bearing trees may
thus perhaps best be defined as one of indeterminate flushing,
with individual shoots emerging at different times over
comparatively long periods. This suggests that prounounced
physiological differences may exist between individual branches
of a tree throughout the periods when growth is occurring. The
nature of these physiological differences is unknown, although
in the flower flush they seem to be reflected in differences
in the sturdiness and total leaf area of bearing and non-
bearing shoots.

Whether similar patterns of growth occur in young trees
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in the juvenile, non-fruiting stage does not seem to have been
recorded. Nor does it seem that any studies have yet been
made cn the anatomy of cashew shoots from different growth
flushes.

In terms of vegetative propagation the cashew would
appear capable of providing, during many months of the year,
an unusually wide and interesting range of shoot material,
which is likely to show substantial differences in rooting,
and perhaps grafting, ability. The choice extends from purely
vegetative shoots produced on juvenile trees or .t seas.ns
when adult trees are not flowering and fruiting, to both
vegetative and generative shoots produced during the flower
flush. Moreover, with any given growth flush it will normally
be possible to select shoots differing in their stage of
maturity.

This breadth of choice emphasizes the need in investi-
gations on methods of propagation for adequate descriptions
of the shoot material used. Such descriptions are likely to
be of far greater value than details of the dates on which
shoots happen to have been taken. (G19; 13; 20; 41; 51)

Root growth

The existence of a dominant tap-root in young cashew
seedlings is sometimes blamed for difficulties experienced
in transplanting them successfully. In older trees the tap-
roots are said to penetrate deep into the soil, chus playing
an important part in the resistance of the trees to drought.
Recent excavations of trees in Tanzania, however, suggest
that emphasis placed on the original tap-root may have been
somewhat exaggerated. Even in very young trees, only 1% to
2l years old, very extensive lateral root systems were found
extending to almost twice the diameter of the canopy. These
roots were supplemented by vertical "sinker" roots, some
emerging from the original tap-root and others from various
points along the main lateral roots. These observations
suggest that severing the tap-root shortly before or during
the transplanting of a young tree should not in itself
jeopardize the survival of the tree, provided that the soil
into which it is planted is in a condition which encourages
the rapid development of both lateral and vertical ronts.

So far as is known no information is available on the
periodicity of root growth. In as much as some top growth

187




may occur throughout the year it is probably safe to assume
that some root growth is aiso taking place during the greater
part of the year. It would be of interest to discover if, as
in certain other tropical evergreens, peak periods of top
growth are followed closely by peak periods of root growth,
because this might provide an indication as to the times when
the rooting ability of cuttings or layers would be relatively
high (41; 70).

Flowering and fruiting

Cashew trees usually start bearing appreciable crops in
their third to fifth year, although some fruits may be borne
on trees that are younger and sometimes little more than one
year old. The juvenile, non-bearing stage, which many propaga-
tors favour as a source of free-rooting cuttings, is therefore
much shorter than in many other tree crops.

The cashew inflorescence is a lax, terminal, many-
flowered panicle, in which male flowers outnumber hermaphrodite
flowers, usually by about six to one, but occasionally by
much higher proportions.

Inflorescences are normally borne on only one of the main
growth flushes, although occasionally some flowers and fruits
are borne on one of the other growth flushes. The period
during which inflorescences appear on the flower flush may,
however, extend from two to five months, during which flowering
may reach one or more distinct peaks. Under favourable condi-

tions the majority, but not all, of the shoots formed in this
qgrowth flush produce flowers.

In India wind is thought to be the main pollinating
agent, but elsewhere various insects appear to play an
important role. Bagged inflorescences do not set fruit, but
fruits can be produced by artificial self-pollination as
well as by open cross-pollination. Following pollination
there may be a substantial fall of fruitlets, which is
generally attributed to physiological causes, but may also be
accentuated by insect attack.

A period of two to three months elapses between fruit
set and fruit maturity. The true fruit or nut reaches its
maximus size during the first half of this period, whereas
the fleshy cashew apple, consisting of an enlarged pedicel,
receptacle and disc, makes most of its growth during the
second half of the period. The harvesting period lasts from
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one-and-a-half to three or four months, depending on the
region.

Although light showers of rain during flowering may not
be harmful and may even sometimes be beneficial, heavy rain
during flowering or fruit development may result in the crop
being lost.

With many woody plants the presence of flowers and
particularly of fruits is regarded as detrimental to the
formation of roots by cuttings or layers made during the
fruiting period. Although with the cashew there is some
evidence that ajr-layers made on non-bearing shoots will
root more readily than layers made on bearing shoots, the
prolonged period over which inflorescences develop may con-
ceivably mean that the impact of flowering and fruiting on
rooting ability is less proncunced than in species which
have a short flowering and fruit-setting season.

Where circumstances necessitate taking shoots for
vegetative propagation during the flowering and fruiting
season, it might be worth investigating methods of preventing
fruit set, as for example by the use of chemicals or, where
facilities exist, perhaps by applying sprinkler irrigat .or to
sSimulate heavy rain. (Gl5; Gl18; Gl9; G24; 4; 13; 19; 39; 41; S1)

Diseases and pests

Cashews appear to be relatively free from diseases which
may damage or destroy young trees in the nursery or are likely
to affect adversely shoots used for vegetative propagation.

On the other hand, they are subject to attack in many areas

by various species of thrips and by capsid bugs (Helopeltis
spp.), and it would be reasonable to assume that severe

attacks by these leaf-sucking insects might have a particularly
adverse effect on root reqgeneration by cuttings and layers and
on the formation of graft unions- (G18; Gl19: 13; 41)

PROPAGATION BY SEED *

Introduction

The vast majority of the cashew nuts that figure in an

*In this and subsequent sections substantial use has been made
of an unpublished draft review on cashew propagation and plant-
ing prepared in 1965 by Mr. G. E. Tidbury, now Director of the
Commonwealth Bureau of Horticulture and Plantation Crops.
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expanding world trade are harvested from wild self-sown
seedlings or from plantations in which the trees have been
raised in situ from seeds planted at stake. The preference
for planting seeds at stake instead of raising them in
nurseries arises from difficulties experienced in transplanting
young seedlings successfully. These difficulties are usually
attributed, though without any really sclid evidence, to the
dominant role played by the tap-root. Damage to the tap-root
during transplanting is held responsible for reduced growth
and cropping associated particularly with loss of ability to
withstand drought (29).

Seedling variation and selection

As might be expected with a heterogeneous seedling
population yields of nuts vary widely from tree to tree as do
the shape and size of the nuts. The cashew apples also vary
markedly in shape, size and colour. The results of one study
in India suggest that high yielding trees are more likely to
bear nuts of medium weight (51-75 per pound = 0.45 kg) than
lighter or heavier nuts, but in Tanzania trees bearing large
numbers of nuts tend to produce nuts that are too small to be
suitable for the cashew trade. Because of this,less than
1 per cent of the trees in a population were considered worthy
of selection on a basis of high yield and satisfactory nut
size and quality.

Although it has sometimes been assumed that cashew
seedlings come reasonably true to type, the studies in
Tanzania have revealed marked variations among the progeny
of individual parent trees. These presumably arcose mainly,
if not entirely, from cross-pollination, and only in two out
of the eight lines examined was any uniformity evident in
fruit characteristics. Whether greater uniformity would be
found among progeny resulting from artificial self-pollination
remains to be determined, as does the effect of raising
seedlings from orchards composed entirely of clones selected
for their superior performance.

Thus, as things stand at present, the only positive step
that can usually be taken is to collect seeds from individual
trees known to produce consistently high yields of good-
quality nuts.(6; 24; 27; 29; 139; 41; 66; 68)

Seed quality and selection

Cashew seeds vary markedly in size and weight, but only
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the latter character is closely correlated with the kernel
content, because the larger nuts commonly contain air pockets
between the kernel and shell or between the cotyledons, and
their kernels are sometimes defective,

In an experiment in India, using nuts harvested from a
single tree, better germination was obtained with seeds of
medium weight (60 nuts per pound = 0.45 kg) than with heavier
(50 nuts) or lighter (80 nuts) seeds. Somewhat simillar
results were obtained when the nuts were divided into three
groups based on size.

A more useful criterion of seed quality, however, 1s
its specific gravity. A simple way of eliminating seeds with
a low specific gravity is to place them in water and discard
those that float. In trials nuts that floated showed lower
viability and also took much longer to germinate than nuts
that sank.

Greater precision in sorting out seeds on a basis of their
specific gravity can be obtained by using a sugar solution 1in
place of water. In trials in Tanzania four sugar solutions
were used to separate cashew nuts into five cateqgories with
specific gravities ranyiny from below 1.0 to above 1.075.

Both the speed of germination and the percentage germination
rose progressively with each rise in the specific gravity of
the seeds. This has led to the general advice that only seeds
which sink in a solution composed of 1% lb (0.68 kg) of sugar
to 1 gallcn (4.5 1) of water should be used for planting.

The advantages of separating seeds on a basis of their
specific gravity are not limited to better germination. The
trials in Tanzania were extended to record the performance of
the seedlings raised from the five seed-density groups mentioned
above, and these records showed that the seedlings from the
higher -density groups grew better and gave a substantially
heavier yield of nuts in the first three harvest years than
seedlings from the lower -density groups. However, by the time
of the fourth harvest, when the trees were nearly six years
old, the difference between the high and low-density groups,
both with respect to yield and tree girth, had almost disappeared.
This is thought to have been largely due to a check to the
growth of the high-density trees caused by the larger crops
they bore in the earlier years, and it is not considered in
any way to nullify the advantages of selecting seeds with a
high specific gravity.
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All the work on seed selection referred to above has
related to nuts collected at one time when they were fully
matured. Studies in India suggest that neither the time when
mature nuts are collected nor their stage of maturity is likely
to affect germination appreciably. The lack of variation in
~response to time of collection, which covered a two-month
period, need perhaps evoke little surprise, but the finding
that seeds harvested so early that the apples had barely
started to develop and were still shorter than the nuts,
germinated as readily as more mature seeds suggests interest-
ing possibilities. In this latter trial all batches of seeds
showed 95-100 per cent germination whether the seeds were planted
after two days' drying in the sun or after storage for 1l weeks,
and their seedlings showed no differences in growth during the
first four months. This result does not lend support to a
popular belief that nuts used for seed purposes should be
coljacted before they are fully mature, but it does suggest
thac it might be worth re-examining other criteria of
viability, and in particular specific gravity, in relation
to the stage of nut maturity.

Studies in Florence have shown that the provenance of
cashew seeds can affect the behaviour of the seedlings,
notably their response to salinity. Seeds from Mozambique
produced plants that were considerably affected by one per
cent soil salinity, whereas plants from Kenyan seed tolerated
a 1.5 - 2 per cent salinity level. (12;. 24; 33; 35; 40: 41;
S0;: 56; 57; 68; 71)

Seed treatment and storage

In the Indian trial mentioned in the last section
reference was made to planting freshly harvested seeds after
the nuts had been dried for two days in the sun. Sun-drying
is in fact often recommended, sometimes for as long as 12 to
14 days, on the grounds that fresh seeds sown without drying
produce seedlings that are weak and liable to insect attack.
So far as is known, there is no experimental evidence to support
this view, and the results of the Indian trial suggest that
there is no dormancy problem in cashew seeds, whether mature
or immature, which might require special treatment. On the
nther hand it was shown 1n an American trial that chilling

(exposure to 4°c for 15 minutes) did accelerate the germination
of cashew zeeds.

Various other gseed treatments have been tested in
isolated trials. 1In India, for instance, treatment with
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gibberellic acid improved seed germination. In Italy soaking
the seeds in weak solutions of NaOH or NaHCO; sometimes
increased germination but such treatments were not considered
worth while. Daily illumination of the nuts for 12 hours
delayed but did not depress germination.

As most seeds are planted at stake and are therefore
dependent on rainfall for germination, planting is normally
deferred until the start of a rainy season. This means in
practice that seed nuts have to be stored for some time
before they can be planted.

The effects on seed viability of prolonged periods of
storage were studied in India by the same team of workers.
They found that when nuts were stored in tins with lids that
were not air-tight they retained their viability virtually
unimpaired for seven months. Thereafter viability declined
and the time taken by the seeds to start germinating rose
from two weeks to about three weeks, until by the 14th month
no seeds germinated.

In a further trial, involving comparisons between
different storage containers, seeds retained their viability
for up to 12 months in tins with lids that were not air-
tight (95 per cent germination) and comparable results were
obtained when the tins had sealed lids, and when the cseeds
were wrapped in lOO-gauge polyethylene film before insertion
in the tins. On the other hand, viability declined much
more rapidly when nuts were kept in the traditional local
manner in single or double gunny bags or in rice straw.

In an attempt to improve the germination of seeds that
had been stored for long periods and might be expected to
show declining viability, nuts that had been stored for 8 to
14 months were soaked in water for 24 or 48 hours before being
planted. Both soaking treatments improved germination percent-
ages slightly and hastened germination by one to four days,
but the effects on nuts stored for 11 months or longer were
too slight to be of value. On the other hand, the soaking
overnight of all cashew seeds, whether fresh or stored, is
general recommended practice in Mysore.

In an Italian trial it was found that the viability of

the nuts altered Very little for 2 years after picking pro-
vided they were kept dry.(23; 51; 56; 60; 64; 66)
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Se¢ed planting and germination

Where seeds are planted at stake the usual practice is
to prepare planting pits a month or more before the date of
planting. These pits are commonly about l% x lh x 14 feet
(46 x 46 x 46 cm) in size and are left open until about 2
weeks before planting, after which they are filled with top-
soil, to which farmyard manure or compost may be added. Burnt
earth and ashes may also be incorporated. Artificial
fertilizers are not normally applied, although the application
of rock phosphate is sometimes advocated where similar pits
are used for transplanted seedlings. Wwhether or not this
procedure is necessary or even desirable does not appear
to have been tested experimentally. It would seem that given
suitable conditions a simpler procedure may be satisfactory,
because in Madras cashew seeds are sometimes merely planted
in plough furrows.

This is not the place to discuss spacing and planting
arrangements in detail. Recommendations vary widely, but in
general close spacing of about 20 x 20 feet (6 x 6 m) is
recommended for infertile soils and wider spacing of about
40 x 40 feet (12 x 12 m) for rich soils. For windy sites
as much as 50 x 50 (1S x 15 m) has been suggested. Some
authorities also advocate interplanting with filler trees,
removing the latter when the orchard has been established
for seven to ten years. In view of the results of recent
studies in Tanzania on spacing, which were mentioned earlier
in the section cn Ecology, it would seem that rainfall rather
than soil fertility should be the factor given greatest
attention when deciding on the spacing to adopt. In regions
with long dry seasons wider spacings should be adopted than
in regions with more abundant and better distributed rains.

The planting of seeds at stake should obviously be done
as early as possible during a rainy season, to give the
seedlings an opportunity of becoming established before dry
weather supervenes. Even during the rainy season there may,
however, be spells of dry weather, during which it may be
advisable to provide water and shade.

The fleshy cotyledons of seeds planted at stake are
attractive to numerous pests, such as crows, jackals, monkeys
and various rodents. As a partial insurance against
depredations by these pests, as well as the failure of some
seeds to germinate, it is common practice to plant two or three
seeds at each site, the individual seeds being about nine
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inches (23 cm) apart. In addition, a thorny enclosure is
often erected around each site, and this is maintained until
the foliage leaves are well developed. Where two or more
seedlings succeed in growing, the weaker ones are subsequently
removed. Recommendations on the best time to do this range
from one to five months after planting.

It must be admitted that from a horticultural stand-
point planting at stake is a crude method of establishing an
orchard. It is also wasteful of seed, which may be important
where only limited quantities of seeds from selected mother
treeg are available. It is therefore of interest that a recent
advisory note from Mysore should advocate raising cashew
seedlings in bamboo basket pots or plastic bags. These
containers, about 8 x 4 inches (20 x 10 cm) in size, should
be filled with a loamy soil supplemented with a little
compos:, and one seed only should be sown in each container.

A major advantage of this system is that the seeds can be

sown two or three months before the start of the rainy season,
when the well developed seedlings can be planted out with
their balls of earth intact.

The advisory note from Mysore also advocates that the
geeds should be planted one inch (2.5 cm) deep and with the
stalk-end uppermost. This recommendation arises from earlier
work in India in which seeds of uniform size from a single
tree were planted in six different positions. The highest
percentage germination resulted when seeds were planted with
their stalk-end uppermost, and this was followed by a treatment
in which the stalk-ends were uppermost but the seeds inclined
at an angle of 45° and by another in which the seeds were
planted flat. Inferior germination resulted when the seeds
were planted with their sutures ejither upwards or downwards,
and very poor germination when the stalk-ends were placed
downwards. The only disadvantage of planting the seeds with
their stalk-ends uppermost was that the fleshy cotyledons
were exposed above the soil surface in about 40 per cent of
the seedlings and would thus attract the attention of predators
in the field. It was therefore concluded that where seeds are
to be planted at stake, it might be preferable to use the
second-best method, namely stalk-end upwards but seed inclined
at an angle, because in this case only about five per cent of
the cotyledons were exposed. The need for this precaution
should not of course apply to seeds planted in pots; hence
the recommendation to plant seeds vertically with their
stalk-ends upwards.



In the same series of trials seeds of uniform size from
a selected tree were planted at six different depths ranging
from one to six inches (2.5 to 1f cm). There was no signi-
ficant difference in germination between seeds planted one,
two or three inches (2.5, 5 or 8 cm) deep, but the percentage
germination dropped sharply at ‘‘our inches (l0 cm) and was
negligible at six inches (15 cw). Germination was most rapid
(average of 17 days) at one inch (2.5 cm), took slightly longer
at 2 inches (5 cm) (20 days) and considerably longer at three
to five inches (8 to 13 cm) (27-28 days), while at six
inches (15 cm) the few seedlings that emerged took 44 days.
Examination of the deeper batches of seeds showed that many
had started to germinate, but their plumules had failed to
reach the surface. On the other hand, with the seeds planted
at only one inch (2.5 cm) the cotyledons appeared above the
surface on more than half the seedlings that germinated. This
contrasted with only five per cent of the seedlings from seeds
planted at two inches (5 cm) deep and with no cotyledons
emerging in the other treatments. Thus for seeds planted at
stake a depth of two or three inches ( 5 or B cm) is considered
preferable to one of one inch (2.5 cm).

It is perhaps worth mentioning that in both the trials
outlined above the general level of germination was rather
low, the best treatments resulting in 52 and 60 per cent
germination, respectively. No reason for this is advanced,
although in other trials the same workers had obtained
germination percentages of between 90 and 100 per cent for
all rthe treatments they had compared. 1In the absence of any
explanation, all that can be said is that it lends support
to a fairly widely held view that the cashew seeds are apt
to germinate rather erratically.

One factor that may perhaps sometimes account for
indifferent germination may be temperature. In a recent
study at Florente in Italy samples of cashew nuts that had
been grown in Dahomey, Mozambique and Tanzania were germlnated
at seven dlfferent temperatures ranging from 10° to 40° C
(SO to 104 F) The three batches of nuts varied considerably
in viability, but in each case the highest percentage germina-

o o

tion occurred at 35 C (95 F). The percentage germlnatlon
declined appreciably at 30° and 25° c, (86° and 77 F) and
sharply at 20° and 40°C (68° and 104°F); at 15°C (59°F) only
a few seeds in the batch with the hlghest viability germinated,
while at 10°C (50°F) no seeds germinated. The speed of
g2rmination was also very rapid at 35°%¢ (95 F}, averaging
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just over eight days’ for the three batches of seeds. It
was still rapid at 30° and 25°c (86° and 77°F) (about 11-
12 days) and at 4Q °c (10409) (about 10 days), but it_became
much slower at 20°c (68° F) (about 18 days) and at 15°¢
(59°F) (28 days). These results would appear to be of
considerable interest, because if they prove to be generally
applicable, they could well account for some of the low
germination percentages and relatively slow rates of
germination obtained in trials in many regions where
temperatures may fluctuate quite sharply, (Gl15; G24; 3; 7;
14; 16;32; 33; 35; 42; 43; 45; 46; 47: 56; 59; 60; 63; 65;
66; 69; 71; 72; 73)

PROPAGATION BY GRAFTING

Rootstocks

For all types of graft cashew seedlings have been used
as rootstocks. No information has been encoutered of variations
in the growth of grafred trees which might be attributable to
specific rootstock effects or to stock/scion incompatibility.
Indeed in the few comparisons that have been made, grafted trees
have grown better and fruited earlier than seedling trees of
similar age.

Approach grafting

In India approach grafting (often called inarching) and
air layering are generally regarded as the most satisfactory
means of propagating selected trees vegetatively.

The method used does not appear to differ in any way
from that used for other tropical fruits, such as the mango.
A seedling rootstock growing in a pot, basket or plastic bag
is supported on staging constructed in the tree's canopy,
and an appropriate scion shoot and the stem of the rootstock
are grafted together by removing matching slices of stem, two
to three inches (5 to 8 cm) long, and binding these tightly
together. After a union has been formed the scion is severed
below, and the rootstock above, the graft.
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A series of trials was started at the Central Cashewnut

Research Station, Mangalore, in 1954. As seedlings raised in
pots had previously proved too spindly and weak for grafting,
the rootstocks used in thesge trials were raised in beds and
transplanted into 1O x 4-in (25 x lO-cm) hill-grass pots,
containing equal parts of red earth, leaf mould and well rotted
farmyard manure, when they were ll months old and 20-24 inches
(50-60 cm) tall, with girths of about l% inches (4.5 cm).
At the time of potting up, the seedlings were headed back to
a half or one-third of their height. They were then grown in
shade for about a month, towards the end of which new shoots
emerged, and they were then used for grafting.

The grafts were made in the usual way, but were covered
with waxed cloth as well as being tied tightly with twine.
The potted rootstocks were watered once or twice daily Lf
there was no rain. When union had been completed some

three to three-and-a half months later, severance was
carried out in stages. Cuts were first made part of the way
through the scion one inch (2.5 cm) below the graft and also
part vf the way through the rootstock above the graft. The
cuts were deepened seven to eight days later and the final
severance made after a further four days.

The first trial described was designed to determine the
best time of the year in which to carry out approach grafting
on bearing trees. Ten grafts were made in each month of the
year except for December, January and February, which were
considered to be so dry as to make watering costs prohibitive.
In six out of the nine months the take ranged from 60 to 100
per cent. These included the pre-monsoon months March and
April and also June when the monsoon started. The May batch
of grafts showed only 30 per cent take, which was attributed
largely to a severe gale, which also damaged some of the
April grafts (60 per cent take). Only 3O per cent of the
grafts made during the rainy season in August and September
formed unions. The number of days from grafting to severance
ranged from 86 to 108.

In the following season a similar trial was carried out,
but with the grass pots holding the rootstock replaced by
100~gauqge polyethylene film wraps, 20 x 12 inches (about
50 x 30 cm) in siza, or by sacking rovered by the polyethylene.
The aim was to reduce costs by obviating the -eed to water the
rootstocks during dry weather. The free er.is .f the film were
tied tightly above and below the grafts. Grafts were made
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every month of the year. Results were rather variable, but

in each of the six months preceding the monsoon the percentage
take reached 50 or more, except for April when it only reached
40. For the remaining six months, July to December, the take
ranged from 10 to 40 per cent. In general, the results
obtained with polyethylene wraps alone were slightly better
than those obtained with the double wraps of sacking and
polyethylene. In this trial the time elapsing between
grafting and severance ranged from 88 to 133 days.

The results of these trials suggest that approach
grafting is likely to be most successful if done during
periods when the trees are in an active state of growth,
flowering and fruiting, and least successful if done when
the trees are dormant or just starting a growth flush. On
the other hand, at Kottarakkara in Kerala State, where the
monsoon also ocgurs during June to August, lOO per cent

success was obtained with approach grafts made in September
and October. Grafted trees raised at Kottarakkara outgrew
and outyielded layered and seedling trees of the same age
during the first three years.

Some of the trees raised by grafting at Mangalore were
also planted out and compared with seedlings of comparable
age. One year later the grafted trees were nearly twice the
gize of the seedlings. Despite this encouraging result, the
cost of raising trees by approach grafting remains an obstacle
to its wider use. Even with the aid of polyethylene film the
grafts were three to four times more expensive than trees
raised by air-layering.

Slightly lower costs have been reported from trials in
which two- to three-month-old seedling rootstocks were used
in place of 1l2-month-old seedlings. The stocks were again
established in grass and polyethylene containers. In two
successive years an average of 65 and 70 per cent of the
grafts made united satisfactorily. No further details of
this modified method appear to have been published. It has,
however, been given a new name, air-grafting, and it is
possible that one of its aims may be the elimination or
reduction of the staging used to support the older and heavier
conventional rootstocks.
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Yet another modification of approach grafting that has
proved fairly successful is the so-called "nurse-grafted Y-
cutting method", which was originally evolved for certain
citrus species that proved difficult to propagate from cuttings
or air-layers. In this method an approach graft is made in
the usual way, and then at a point below the next lateral
shoot on the same scion branch an air layer is made. 1If both
succeed, two independent plants are produced, the graft from
one arm of the Y and the air layer from the other arm plus
the stem of the Y.

In trials at Mangalore it was found possible to modify
the original procedure in several respects. For one thing
polyethylene was available for wrapping both the root ball of
the rootstock and the air layer, and for another it was found
possible to carry out grafting and air layering at the same
time instead of making the graft some four weeks ahead of
the layer. When the layer was seen to have rooted it was
removed and potted up with the graft still attached. Sub-
sequently when new shoots appeared, the grafted portion was

separated. When 10 Y-shoots were treated in this way in

each of the months of the year, an average of six grafts and
four layers was obtained, that is 50 per cent of the total
possible. The best results were obtained with grafts and
layers made during the relatively dry period from December

to May when the trees were in an active state of growth. The
total period taken to produce separate plants ranged from 100
to 143 days, although it was noted that the air layers rooted
rather faster than conventional layers made without the aid of
nurse grafts.(Gl5; G24; 24; 30; 32; 35; 36; 53; 54; 68)

Side grafting

Side grafting as a possible method of propagating cashews
only appears to have been tested at Mangalore in India, where
the procedure adopted was based on the so~called Nakamura
method.

In the first of two trials grafts were made in each of
12 months, the scions taken "rom selected trees consisting of
terminal shoots, four inche: .10 cm) long and of pencil
thickness, and the rootstocks of l-year-old seadlings. Pre-
sumably the leaf blades of the scions were cut off before the
grafts were inserted. The result was an almost total failure,
nearly all the scions shrivelling within 10 to 15 days of their
insertion.
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It was therefore decided to repeat the trial, taking
steps to prevent the grafts from drying out. This was done
by applying damp moss two to three inches (5-8 cm) above and
below each graft and enclosing the moss and the graft inside
1l0O-gauge polyethylene film. 1In addition muslin was susrended
above the grafts to shade them from direct sunlight. As soon
as the grafts started to grow the muslin and film were
removed in stages.

The best takes, ranging from 35 to 70 per cent, were
obtained during February to May, which, as noted in the -revicus
section, was the period of active growth when the best results
were also obtained at Mangalore ‘with approach graftina.

Results were much poorer during and immediately after the
monsoon period from June to August.(24; 57)

Veneer grafting

In the Ahmednagar district of India veneer grafting has
been studied as a method of raising clonal material in situ.
It was best used on seedling rootstocks not older than five
months and not more than 50 cm (20 in) high with a airth of
four to five cm (14~2 in). 7The method was most successful if
carried out early in the rainy season (June - July) (44).

Tip grafting

Tip grafting of cashews appears to have been tested
first in Mozambique about ten years ago where it was used to
graft trees in the field. The best time was found to be from
November to February. It was recommended that the stocks
should be five to twelve months old, 0.6-1 m (2-3 ft) hith and
with a basal diameter of 1.0-1.5 cm (0.4-0.6 in). Scions
should be taken from the current season's shoots one month
after the start of flowering. Tips of shoots were whip-arafted.
the union was wrapped in plastic tape and the terminal bud was
covered in a separate piece of plastic. In a later triai 1n
Mozambique tip grafting proved 59 per cent successful ana 96
per cent of the grafts that took survived transplanting. Ten-
month-old rootstocks gave better results than ones three
months old. A further modification of this method, reported
in 1973, was called mini-grafting. This technique made :se
of splice and cleft grafting with stocks and scions -5 mm
(0.1-0.2 in) in diameter. Leaves were left on the stock, and
the scion had a terminal bud that was on the point »f opening.
The grafts were wrapped in PVC until union was complete. It
is claimed that this method was 100 per cent successful.
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Inspired by the good results obtained in Mozambique and
the simplicity of the method, tip grafting was also tried out
in the Malagasy Fepublic. Here seedling stocks were raised
in pots and grafted when three to four months old, the stem
having a minimum diameter of 5 mm (0.2 in) at the point of
grafting, 15-25 cm (6-10 in) from soil level, A terminal scion
8-10 cm (3-4 in) long with a swelling terminal bud was used.
The scion was prepared four to eight days in advance by’
removing the leaves. The graft could be planted out about
six weeks after working, when the terminal shoot had four to
five leaves. The results were excellent, over 90 per cent
take being obtained, with 78 per cent survival after trans-
planting even under adverse weather conditions. (5; 6; 10;

29; 31)

Wedge grafting

This method was recently used in one small-scale test
in India. Seed was sown in polyethylene bags and after 21
days the seedlings were grafted with terminal current season's
shoots. These scion shoots were either thick (0.4 cm (0.15 in)
diameter) or thin (0.3 cm (0.12 in)). Some of the scion
shoots had been defoliated seven days before grafting. Two
months after grafting the success rate for thin scions was
62 per cent both with and without defoliation, and for thick
scions it was only l4 and 20 per cent without and with de-
foliation, respectively. As wedge grafting is a relatively
easy method of propagation, its use with thin scions might be
worth further study. (See also tip grafting above.) (l2a)

Budding

In view of the fact that shield budding, if successful,
is generally regarded as the most efficient and economical
method of grafting and that it was reported as being success-
fully used with cashews in Malaya and the Philippines over 30
years ago, it is surprising that no serious attempt appears
to have been made to develop a technique that might be used
on a commercial scale. In fact, almost the only information
available consists of an early recommendation from the
Philippines to the effect that non-petioled mature budwood
turning greyish in colour should be used, and that the bud
should be inserted at a point where the bark of the stock is
in a similar condition.
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A technique called chip budding, which appears to be
similar to, and may well be the same as, shield budding, jave
very promising results in a single trial in India. The root-
stocks used were about cne year old and the buds inserted-
were three to four cm (about lh in) long with underlying wood.
The grafts were bound with polyethylene tape which was removed
in three to four weeks, when the stock was cut back at about
four to five cm (l4h~2 in) above the union. The 88 per cent
take was good, and 79 per cent of these jrafts survived trans-
planting.

Patch budding is said to have been used successfully in
India and Malaya, but little information is available on this
work. In Mozambique patch budding has been used to bud trees
in the field, using rootstocks five to twelve months old and
scions of the current season's shoots one month after the
start of flowering. It is recommenied that the ends »f the
scion shoots be topped one to two weeks before use; buds
should then be cut from the ful.y hardened part. After
budding the stock was wrapped with plastic tape and immediately
cut off 20 cm (8 in) above the union. This method may not
have continued to give good results because 6 years later, 1in
1973, it is reported from Mozambique that budding had been
unsatisfactory. (G4; Gb: GlS:; G24; 5; 9: 10; 3Jo: 32: 33; 14,
43; 44; 62; 68)

PROPAGATION BY LAYERING

Ground layering

Layering, referred to here as ground layering to
distinquish it from air layering which has been widely used
for cashews, is a method used commercially to propagate many
trees and shrubs which have a spreading jrowth habit and
produce branches close to the jround. The cashew has such a
growth habit, and indeed when its branches rest on iamp jround
they sometimes produce adventitious roots.

The rooting of low branches can be encouraged by removing
rings of bark or cutting tongues at appropriate places, pegging
the branches down and covering them with so1l; higher branches

can be similarly encouraged to root into pots placed 5n staging.

As trials in Madras have shown, however, *hese methods are not
always successful.
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It is rather surprising that the method of layering
known as stooling or mound layering does not appear to have
been tried with cashews. The cashew produces water shoots from
the base of the tree, which are normally removed in pruning.
In other plants water shoots of this type commonly possess
higher root-forming ability than normal branches, and for
stooling their production is often encouraged by regular
coppicing. This is followed by earthing up as the shc--*s
develop to etiolate their bases and to provide a moist madium
in which roots can develop. (G19; 11; 24)

Alr layering

Air layering, otherwise known as marcotting or gootee
layering, has been widely used to propagate selected clones of
cashew, the method adopted being essentially the same as that
used for mangoes and many other tropical trees. As with
approach grafting the advent of waterproof plastic filams has
wade it much easier to keep the layers moist until roots have
formed.

Studies in India, notably at the Central Cashewnut
Research Station, Mangalore, and in Tanzania have shed a good
deal of light on the following factors that affect the rooting
of cashew air layers:

Age of the parent tree
Variation between cashew trees
Age and condition of shoots at the point of air layering

Time of air layering and the stage of growth of the
parent tree

Rooting media
Growth substance treatment

Films for wrapping air layers,
Age of the parent tree: Rao and Hassan (52) describe a
trial at Mangalore in which air layers were made on trees in
five age groups, namely six- to twelve-month-old seedlings,
one-year-old seedlings and seedling trees two to five years
old and over 20 years old. 1In all five groups layering was
carried out on shoots of the current season, which were between
si1x and nine months old, green, rounded and about the thickness
of a pencil, and also in the three older groups of trees on
>n=-year-old shoots. Each layer was prepared by removing a
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ring of bark % to % inch (30 to 60 mm) wide, tying a piece

of twine over the cut to prevent callus from the cut surfaces
uniting, applying damp moss and enclosing it in a &6 x 5-inch
(15 x 13-cm) sheet of 100-gauge polyethvlene film. The trial
was started in December and repeated in March, June and
September. Each treatment consisted of ten layers.

An average of 74 per cent of all the layers formed
roots and there were no clear differences in percentage strike
attributable to the age of the parent trees. On the other
hand, the layers rooted more quickly on the two youngest
groups of trees (30 days) than on the older trees (40 days).
Conceivably this may be an indication, if only a faint one,
that cashew trees in the juvenile stage may possess a
potentially higher rooting ability than adult trees.

Variation between cashew trees: It is only to be expected
that a seedling population, which shows as wide variations 1in
growth and fruiting characteristics as the cashew, will show
differences in the root-forming ability of its shoots. This
indeed is the only interpretation that can be placed on the
results of a trial carried out by Northwood (38) in

Tanzania. In this trial one air layer was made ¢n each of

ten different trees 1nn each month of the year. The number

of layers successfully rooted and separated ranged from

three to ten per tree. While in any given month it might be
possible to attribute differences in the rooting of layers to
variations in such factors as moisture conditions in the sites
on which the trees were growing, differences maintained con-
sistently throughout the year would appear to reflect inherent
variations in root-forming ability.

As Northwood points out, poor root-forming ability may
not be of much importance when it is only desired to raise a
few trees vegetatively, but the elimination of poor rooting
individuals would be necessary if ever clonal cashews were to
be developed on a commercial scale.

Age and condition of shoots at the point of air layering:

In the trial by Rao and Hassan referred to above, both shoots
of the current season and one-year-old shoots were layered on
the three groups of olider trees. A somewhat hignher average
rooting percentage resulted from layering one-year-old snoots
(79 per cent) than from layering six- tu nine-month-o.la shpouts
(67 per cent), but all the batches of Layers, except Lne, took
the same time to root.
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In further trials by Rao (49) in which one-year-cld
shoots were layered in every month of the year and current
season's shoots in eight months, the former again showed a
higher averaqe strike (76 compared with 60 per cent). The
average time taken for roots to appear was slightly longer
than in the earlier trial and the young shoots took longer
to reach this stage than the older shoots (55 compared with
45 days), but as subsequent root development was somewhat
faster in the young shoots, both types of layer reached the
stage when they Could be separated from the parent tree after
the same time (an average of 82-83 days). There was some
indication that the older layers formed more roots than the
young layers.

The investigations by Rao and Hassan (52) were extended
to compare the rooting of current season's shoots and one-
year-old wood when rings were cut above a node, at a node and
below a node. This trial, which was repeated in four different
months, again showed a slightly higher average rooting percent-
age from the older shoots, but there were no appreciable
differences attributable to the position of the ring. On
the other hand, in all four months the layers ringed at a node
rooted faster (average 3B days) than layers ringed either above
or below a node {(both 47 days).

In trials in Tanzania it would seem that only current
season's shoots have been layered, although in an early report
a passing reference is made to the fact that no difference in
percentage rooting was obtained when both "green™ and "hard"
shoots were compared.

The time of air layering and the stage of growth of the parent
tree: As mentioned above, the studies at Mangalore included
making batches of layers in every month of the year. Rao (49)
recorded the stage of growth of the trees in each month.
Satisfactory results were obtained at all times of the year
axcept June and July when the monsoon had set in and the trees
were described as being dormant. In general, high percentages
2f rooting were cbtained between August and April, the best
results being cbtained when growth was most active during the
‘flower flush, which in south-west India extends from October
to April. It will be recalled that this alsc proved the best
period in which to gratt cashews.
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A reccnt advisory note by Aiyadurai (4) confirms that
in Kerala as well as in Mysore October to April has proved
the best period to make air-layers. He also confirms that
one-year-old shoots give better results than current season's
shoots, but he makes an interesting distinction between
flowered and non-flowered shoots, pointing out that at two
research stations non-flowered shoots showed significantly
higher rooting percentages than flowered shoots.

Following the publication of Raoc and Hassan's results
in India similar trials were carried ocut by Northwood (38) in
southern Tanzania, batches of layers being prepared in each
month of one year and in three of the most promising months
during the next year. The method of air layering resembled
that used in the Indian trials though with minor variations
including the use of vermiculite in place of moss. The
layers were all made on current season's shoots.

A superficial examination 3f the results of Northwood's
trials suggest that they resemble thcse of Rao and Hassan, in
that the best percentages of rooting (60-100 per cent) and
also the quickest rooting (66-8b days to separation) were
obtained between October and April and the worst results in
June and July (lO-40 per <ent rooting and 168-179 days to
separation). However, i1n terms of rainfall and the flower
flush they differ dramatically from those obtained in India.
In southern Tanzania November to April is the rainy season,
which, according to Bigger (13), is the period when the trees
make the greater part of their vegetative growth but do not
flower. Flowering occurs in conjunction with a much smaller
amount of shoot growth from June to October.

Thus, whereas in India the best rooting of air layers
13 obtained during relatively dry weather and the flower flush
and the worst rooting during the height of the wet season, in
Tanzania the best rooting is obtained during relatively wet
weather when the trees are not flowering and the worst
rooting during dry weather when the trees are starting to flower.
There i3, however, one important respect in which the results
coincide. In both cases the best rooting occurred when the
trees were making their major flush of vegetative growth, and
this suggests that it is this factor and not rainfall or the
presence or absence of flowers and fruits which determines
the success of air layering.
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Rooting media: In the mair Indian trials moss was used as
the rcoting wmedium, whereas vermiculite was used in the
Tanzanian trials. In other trials in India (30; 36) good
results have been claimed for various other substances,
including ceoir fibre, sand, wood shavings and mixtures of
sand and sawdust.

Rac and Hassan (52) carried out a trial at Mangalore
with eight different rooting media. They obtained good
results (70-90 per cent rooting) with the moss from the
Nilgiri hills used in most of their trials and with sand,
wood shavings, ceir husk dust and coir fibre, and poor
results (15-30 per cent rooting) with a local moss, sawdust
and a mixture of leaf mould and red earth.

In a similar trial in Tanzania Northwood (38) obtained
75 to 8l per cent rooting with vermiculite, sphagnum moss,
milled coir fibre and fibre from the palm Phoenix reclinata.
Moderately good results (62-69 per cent rooting) were obtained
with sawdust and a 50:50 mixture of vermiculite and sand.
Poor rooting (31 per cent) was obtained with milled groundnut
shells.

In the absence of information on such characteristics
as the air/water relations of these different media it is
impossible to draw any general conclusions, other than that
it should not be difficult to provide a suitable rooting medium
from among the various materials likely to be available locally
1n reqgions where casnews are grown.

Growth substance treatment: Rao and Hassan (52) carried out

a trial, repeated in 4 different months, in which indolebutyric
acid (IBA) was applied either in the liquid form of Seradix A
at 1 or 2 ml/1 to the moss rooting medium or in the powder

form of Seradix B3 direct to the rings cut in layered shoots.

The effects of IBA on the percentage of cuttings that
rooted was generally small, although Seradix A, though not
Seradix B3, appeared to improve rooting during the difficult
June period. Seradix A at both concentrations did, however,
markedly increase the number of primary roots formed by layers
made in all 4 months. By contrast, Seradix B3, if anything,
reduced the number of roots formed.

In a trial at Bihar Agricultural College,Chhonkar and

S:ngh (15) obtained a slight improvement in the rooting of
air layers by treating the upper sides of the rings cut on
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one-year-old shoots with 75 p.p.m. of IBA in lanolin paste
(88 per cent rooting compared with 71 per cent in the controls).
Treatment with indoleacetic acid (IAA) did not improve the
rooting percentage. Both growth substances, however, improved
the average number of roots produced and their length, IBA
having more effect in this respect as the concentration applied
rose from 50 to 100 p.p.m., but IAA being most effective at

75 p.p.m.

In a more recent trial in India Acharyya and Dash i.))
treated the upper end of the air layer ring with IBA o: ‘iAA
at 100, 200 or 300 p.p.m. in white petroleum jelly. IBA at
300 p.p.m. was most effective, resulting in 84.6 per cent
successful marcotting compared with 46.2 per cent in the
controls; it also gave the longest roots, the greatest
number of roots and the shortest period of root emergence.
Results with 200 p.p.m. IBA were statistically as good, but
NAA was considerably less effective.

In Tanzania vermiculite and sawdust rooting media were
soaked in another formulation of IBA, Hortomone A, but a
brief report from the Department of Agriculture (68) mentions
that it did not give better results than soaking the media
in plain water.

Films for wrapping air layers

Polyethylene film in the form of 1l00-gauge Alkathene
was used in most of the air layering trials at Mangalore,
while in Tanzania it was used in the form of 150-gauge
Alkathene tubing. In one trial at Mangalore, however, Rao
and Hassan (52) compared five thicknesses of Alkathene film
ranging from 10O-gauge to 300-gauge in four different months.
While results with the heavier gauges were generally satis-
factory, none gave as high a percentage of rooting as the
standard 100-gauge film.

Discussion: BAmong the various methods by which cashews

can be propagated vegetatively air layering seems to be
generally regarded as the most satisfactory. Trees can be
propagated successfully during six or seven months of the

year when the parent trees are in an active state of growth,
and within this long period it is generally possible tu choose
times for layering which will result in having plants ready
for planting out at the beginning of the rainy season.




In the few cases in which trees raised by air layering
have been compared with seedlings they have generally made
better growth and come intoc bearing earlier.

The question remains as to whether air layering can be
reqgarded as an economic method for the large-scale propagation
of selected clones. Northwood (38) clearly doubts this,
because he describes it as a time-consuming and expensive
operation that cannot be regarded as a satisfactory means of
praoducing improved planting material on a large scale for
African farmers.

In India, on the other hand, Rao (49) worked out the
cost of an air layered plant at only 2 annas 8 pies (about
1p ) in 1956. This figure he thought could be cut to about
2 annas by using improved techniques. As mentioned earlier
these costs are much below those calculated for trees produced
by approach grafting.(Gl5; G24; 1l; s; 4; 13; 15; 24; 30: 36;
38; 49; S2; S54; 68)

PROPAGATION BY CUTTINGS

As is to be expected with any plant that can be raised
by layers, it is possible to propagate cashews by cuttings,
but attempts so far made to develop a satisfactory technique
can only be described as half-hearted, despite the fact that
cuttings, if successful, would almost certainly prove a more
eccnomical method of vegetative propagation than air layering
or approach grafting.

Bailey's Standard Cyclopedia of Horticulture (Gl)
mentions that under temperate conditions cuttings consisting
of mature wood with their leaves retained have been rooted
under glass.

A short note in a report from Jamaica (26) mentions that
an attempt was made to root "hard and semi~hardwood" cuttings,
but without success. Although it is not specifically stated,
thase cuttings appear to have been leafless, because they
started leafing out after about two weeks. It is common
experience that cuttings of evergreen plants which are taken
without leaves or which shed their leaves rarely form roots.
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Attempts to strike cuttings in various parts of India
and in Tanzania appear generally to have failed, but in the
absence of any details as to the methcods adopted no reasons
for the failures can be suggested. One trial in Mysore did,
however, achieve some success. In a brief note on this trial
{24) 1t is stated that when shoots were etiolated for JO days
before cuttings were taken in seven different months, an
average of 25 per cent rooted. The best result was obtained
in November. when 40 per cent rooted.

So far as can be discovered no one has attempted to
root softwood cashew cuttings under mist or in frames enclosed
in water-retaining plastic films, although both these aids to
propagation have now been available for more than 1S years.
Nor would it seem that wounding treatments or root-promuting
growth substances have been tested. There is clearly con-
siderable scope for further investigations on this method
of propagation. (Gl; GLS: 24; 26; 30; 33; 34; 68; 69)

BANDLING AND TRANSPLANTING YOUNG CASHEW TREES

As mentioned earlier in the section on Propagation by
Seed, the widespread practice of planting seeds at stake hasg
arisen very largely from difficulties experienced in trans-
planting young cashew seedlings, which have usually been
attributed to the inability of the tap-root %o recover from
injury or disturbance. Planting seeds directly in basket
pots or other containers which can be planted intact without
disturbing the root ball has also been recommended by some
authorities. It is generally agreed that seedlings transplanted
with bare roots into the field will rarely, if ever, survive.
Difficulties have also been sometimes experienced in establish-
ing approach-grafted or layered plants after they have been
separated from the parent treeg,

In view of these difficulties, which must be regarded
As a major obstacle to the establisshment of cashews as an
efficient orchard crop, it is surprising that only two
investigations have been reported on transplanting techniques.
In both of these seedlings were raised in beds and subsequently
transplanted into basket pots.

The first trial was carried out by Tai and Topper (67)
in Jamaica. They had found that cashews could only be
transplanted easily during the first week or two after
germination, when the cotyledons were still the only fully
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developed part of the plant above ground. In an attempt to
overcome the difficulty experienced in transplanting older
plants, they subjected plants that were three to five feet

(0.9 to 1.5 m) tall, growing in nursery beds to various
treatments, including severing the tap~root nine inches

(23 cm) below the ground ten weeks in advance of transplanting,
heading back the plants lightly and severely,and halving the
leaves either at the time of transplanting or two weeks earlier.

The results indicated that little was to be gained from
severing the tap-root well in advance of transplanting or
in halving the leaves. In fact, only 20 per cent of the
seedlings with their tap-roots severed but tops left intact
survived compared with 40 per cent of the seedlings that
received no treatment at all. Between 70 and 90 per cent of
the plants that had been severely headed back to leave only
one-third of the tops survived, compared with an average of
55 per cent for all treatments and of 30 per cent for plants
that were not headed back.

Subsequently a similar trial was carried out at
Mangalore in India by Hassan and Rao (22). 1In this case they
compared severing the tap-root six weeks or four weeks before
transplanting with heading back to leave only half or one-
third of the tops. The experiment was repeated over twelve
months on seedlings of different ages ranging fram six to
twelve months.

Here again cutting the tap-root some weeks before
transplanting was, if anything, detrimental, only 43 to 50
per cent of all the plants treated in this way survived,
compared with 69 per cent of the untreated control seedlings,
but both heading-back treatments were beneficial, in that 94
and 81 per cent of all the seedlings cut back to one-third
and a half respectively, survived. The heading-back treatments
were subsequently repeated on twelve-month-old seedlings in
four successive months, the average survival on this occasion
being 83 and 93 per cent compared with 60 per cent for the
countrol trees.

In one further trial Hassan and Rao examined the effect
of the age of seedlings on their transplanting ability.
Batches of seedlings from one to twelve months old were
transplanted without any root or top cutting treatments. As
found by Tai and Topper very young seedlings transplanted well,
an average of 95 per cent of those that were only one month
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old surviving. Thereafter the percentage survival declined
steadily as the seedlings grew older until it reached only
10-14 per cent when they were six and seven months old. With
eight-month-old se~dlings, however, it rose again to 60 per
cent, and with seedlings that were nine to twelve months old

it ranged from BO to 100 per cent. It is tempting to interpret
the results of these trials in terms of fluctuations in the
top:root ratio, or to be more precise the transpiring top:
absorbing root ratio. One would expect to find a lower top:root
ratio in very young seedlings than in somewhat older seedlings
that are making rapid shoot growth. Again, as root excavations
made by Tsakiris and Northwood (70) in Tanzania have shown,
cashew trees that are only cone-and-a-half years old may possess
such extensive lateral root systems as to suggest that such
development must have started at some time during the latter
part of the first year's growth of the trees. In other words,
the dominant role attributed to the tap-root appears to be
relatively short-lived. If extensive lateral root development
does occur during the first year, it could conceivably coincide
with a rise in the proportions of mature wood to soft flush growth
in the tops and lead to a drop in the top:root ratio. Some
such pattern of development, if it occurs, might explain

the variations found by Hassan and Rao in the survival of
transplanted seedlings «f lifferent ages, and would aiso

help to explain why headinj back, but not tap-root severance,
resulted in improved survival.

It must be emphasized that these observations are pure
speculation. Whether right or wrong, however, they may serve
a useful purpose if they persuade persons working on cashew
propagation problems to make a systematic study of root growth
in young cashew trees, both seedlings and vegetatively
propagated. In particular, such a study should take account
of fluctuations in the periodicity of root growth in relation
to flushes of top growth, because it is possible that the
top:root ratio is at its lowest point, and the trees in the
best condition to survive transplanting, when the terminal
buds are just starting to swell preparatory to making a new
flush of growth.*

*The writer found that young mango trees could be transplanted
most readily when the terminal bud showed signs of renewed
growth, but not at other times, even though the last terminal
flush appeared to have hardened off completely. Similar
observations have been reported for certain woody ornamentals
in temperate countries.
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Finally, it might be worth exploring modern ways of
reducing transpiration losses in newly transplanted trees
that could perhaps prove more effective than the traditional
methods of providing shade and watering the trees periodically.
These include the use of anti-transpirant sprays and holding
newly potted trees for a period in polyethylene-covered
frames in which the relative humidity can be maintained at
a higher level than in the open. Mist spraying units adapted
for “weaning" newly rooted cuttings could also be used for
this purpose.(Gl5; G24; 7; 14; 22; 26; 30:; 33: 35; 42; 43;
45: 47; 48; 61; 65; 67; 69; 70; 72)

CONCLUSIONS AND SUGGESTIONS

Superior trees have been selected in various countries,
but it seems probable that the progeny of such trees, when
derived from open-pollination, will continue to show con-
siderable variations in yield and quality. It remains to be
determined whether the progeny of artifically self-pollinated
superior trees, or of collections of superior trees assembled
in isolated orchards, will yield sufficiently large crops of
nutgs of the desired quality.

Cashews have been propagated, though with varying degrees
of success, by approach grafting, side grafting, veneer
grafting, tip grafting, wedge grafting, shield, chip and patch
budding, ground-layering, air layering and cuttings. Of these
methods only approach grafting, tip grafting and air layering
appear to have been at all widely used or subjected to any
detailed study. Approach grafting has been most successful,
and plants raised in this way have compared favourably with
seedlings in both growth and cropping during the first two
or three years. The method is, however, much more cumbersome
and expensive than air layering and may not find general
commercial application.

Shield budding, generally regarded as the most economical
method of grafting, both in terms of labour and the amount of
graftwood needed, does not appear to have been studied in any
detail as a means of raising cashews, although it was shown
to be feasible more than 40 years ago. Further systematic
favestigation of this method might prove worth while.
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Natural layering may occasionally occur when low
branches of cashew trees sre in contact with moist soil, and
this process has occasionally been aided artifically. No
attempt appears to have been made, hcwever, to discover
whether cashews can be propagated by mound layering or
stooling, which, when combined with coppicing, might exploit
the potentially higher root forming ability of juvenile
shoots or water suckers arising from the bole of the tree.

Air layering appears currently to be the method most
widely used to propagate cashews vegetatively. Growth
substances can improve results considerably. Compared
with approach grafting air layering is relatively inexpensive,
but it may still prove too costly for raising trees for
commercial purposes.

It has been demonstrated that cashews can be raised
from leafy cuttings, but no serious attempts have keen made
to evolve a satisfactory technique, despite the fact that,
wherever cuttings have been found to root readily, they are
usually regaxded as providing the most satisfactory and
economical means of raising clonal material in all cases
where a particular rootstock effect is not desired. There
is a clear need for systematic studies on raising cashews
from cuttings, in which modern techniques, such as the use
of mist and of moisture-retaining plastics, are fully
exploited.

The use of anti-transpirant chemicals, moisture-
retaining plastic covers and mist sprays as means of reducing
transpiration losses in newly transplanted trees might repay
investigation. A better understanding of the factors affect-
ing survival in transplanting and also perhaps of the factors
affecting root development by layers and cuttings, may only
become possible when studies have been carried out on the
nature and periodicity of root growth in young trees, both
seedlings and vegetatively propagated. Anatomical examination
of shoots might also be useful as a possible indication of
differences in root forming ability that may exist between
different clones and also between* shoots of a single clone
that differ from one cnother in age or in other respects.
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ANNONA SPP.

by

D. O'D. BOURKE

Commonwealth Bureau of Horticulture and Plantation Crops

INTRODUCTION

Annona (possibly from the Latin annona, yearly produce,
or else a latinized form of the Spanish andn, from Taino")is
the genus which gives its name to the Annonaceae, a fairly
primitive dicotyledonous family (l14). It contains more than
40 genera, of which only two besides Annona produce edible
fruit; they include biriba (Rollinia deliciosa), which has
been used as a rootstock for cultivated annonas, and Asimina
triloba. The genus Annona includes some 120 species from warm
countries, mainly from the American tropics and sub~tropics.
Many yield edible fruit and have been long domesticated. The
four most important species for fruit production are the
cherimoya (A. cherimola), the bullock's heart (A. reticulata),
the soursop (A. muricata) and the sweetsop (A. squamosa). The
group has the common name of 'custard apple', a name which is
alsc applied to two different species and a hybrid, and which
can therefore lead to confusion. Some of the current common
names are as follows:

A. cherimola - cherimoya

A. cherimola x A. squamosa ~ atemoya,
custard apple (in Queensland
and New South Wales)

A. diversifolia - ilama,
cherimoya-of~the ~lowlands

A. montana - wountain soursop
A. muricata - soursop
A. purpurea - soncoya

* Or the Latin suggested by the Haitian name anon for one of

the species. Although commonly spelled anona Linnaeus used
the double n. (Gl)
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A. reticulata - bullock's heart,
custard apple (in the West Indies),
and often considered the "true"
custard apple.

A. squamosa - sweetsop,
' sugar apple,
custard apple (in the East)

The annonas have traditionally been associated with
gardens and compounds and not commercial orchards, but they
have always played an important role in the life of people of
tropical America. Terra-cotta vases modelled on annona fruits
have been found in prehistoric graves in Peru (35). Annonas
are small trees easily grown from seed on a wide variety of
soils. The ripe fruits are soft, easily fermented and difficult
to transport in the fresh state. They are therefore usually
eaten fresh or used to make refreshing drinks, and also to
flavour ices, sherbets or puddings. In India they are also
valued for their medicinal properties (44). There is at
present no reduction in these forms of use but their commercial
use is increasing in many countries and this may be expected
to lead to increased commerxcial planting.

The published literature on Annona species shows some
evidence of confusion of nomenclature; some is also general
in its approach to the whole group of cultivated annonas. 1In
this chapter, the following paragraphs refer to annonas in
general, the literature on individual species being later
reviewed in greater detail, as follows:

Page
Annona spp. in general 225
A. cherimola 228
A. muricata 233
A. squamoza 236
A. reticulata 239
A. cherimola x A. squamosa 241
A. diversivolia 242
A. glabra 242
Other annonas 242
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ANNONA SPECIES IN GENERAL

ECOLOGY AND GROWTH IN RELATION TO PROPAGATION

Distribution and ecology

Annonas were widely distributed after the discovery ot
the New World and are now to be found in all tropical and sub-
tropical regions. They have been established for so long in
India that they have been given names which link them tu local
legends (44).

They are generally shallow-rooted and do not require

deep soils (20). They adapt themselves to acid, neutr.: or
slightly alkaline soils but the majority prefer slightiy acid
te acid soils (ph 5.5 to 6.5). With the exception of the pond

apple (A. glabra), sometimes recommended as a rootstock, they
do not tolerate waterlogging. Their climatic ranges vary
according to their origins. The soursop (the most tropical in
its requirements), bullock's heart, sweetsop and ilama are all
associated with tropical lowlands. The cherimoya, on the other
hand, prefers climates similar to those of its original home,
the Andes of Peru and Ecuador.

Growth habit and flower biology

Cultivated annonas are small trees, about 7 m (23 ft)
tall, with simple, entire alternate leaves. They may be ever-
green or deciduous. The flowers are yellowish and hermaphrodite.
They are protogynou