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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
capaclity. 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 seedlings 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-
vyielding 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 zZone, 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 majcr 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 important 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. Wwhen a given scion {s
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 sihoot 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, i{s the only truly
:lonal method involving grafting.

The three propagation systems, sexual, isexual
(veqetative), and mixed (involving grafting), will be
lescribed, but the ¢arly sections of this Part are
intended to provide some jeneral recammendations -n the
tstadlishment and equipment 5f 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.

Where 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 (S kg)
viable seed per acre of teff grass (Eragrostis abyssinica)
could suppress volunteer weeds 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 soil 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.

vwhere a pumped water supply is conveyed some distance
through pipes there is always a marked reduction in pressure
at the outlet points. Ihis 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 he 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 succesgs 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 a3 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 shcot 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 piecegs of rough
timber, should be erected whilst some quick-growing hedging
i3 beinqg established. It must be remembered, howeresr. 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 trnpics. 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 i(ower moisture-retaining polyethylene



or other material to permit free circulation of air between
the two layers. As short a distance as one foot (3O 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 ieaves 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 atrention 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 caj wide, are spaced 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
polypropylene 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
shading rather than large spaces accompanying large
areas. The light from many small apertures quickly
ing with shade gives more even conditions for plant

overhead
opaque
alternat-
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 square, 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
thrcocughout the world in sizes from thimbles to bushels,



usually circular and tapered to facilitate emptying. They
may be used repeated!' until accidentally broken. With

continued re-use sal tend to accumulate in the earthenware,
from which they may - removed by soaking 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
to 140° to 180°F (¢ ° 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 used, 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 5 the bottom and these should also be covered with
shard: when filling. when filled, these large pots should
be s:-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)
t are best not crocked, particularly where they are to
stood on a level layer of fine sand as a means of sub-
lrrigation. If the sand is placed on a sheet of polyethylene
and kept moist the smaller non-crocked pots will obtain much
tf 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 will 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
scme 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 gquite 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 rvot disturbance is 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), & 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 1is bent over and tucked
into the weave to finish off the top of the basket. Larger
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baskets may be inade 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 (Gl19). 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 ba 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 effsct upon plante~raising practices. 1Its
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 opaque,
relatively inexpensive and readily obtainable. Bags of all

13



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
light on the cutside of the nursery bed, but this is of
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 containers 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 polybaqgs 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.
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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
nvaestigations 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
ld 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
50 contain & little humus, but this is of negligible

»ortance ss it is added separately. The best loam has
3t encugh c¢lay 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 guality 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 (11l1l), 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 3 steady supply of nitrates,

16




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 slow—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 3) 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 1b (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 (6) 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 2% lb (1.1 kg)
Potassium nitrate 6 oz (0.17 kg)
Potassium sulphate 4 oz (0.1 kg)
Superphosphate 2% 1b (1.1 kg)
Dolomite lime 44 1b (2.0 kg)
Chalk 1y 1b (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 4 oz (0.1 kg)
Potassium sulphate 4 oz (0.1 kg)
Superphosphate 2 1b (0.9 kg)
Dolomite lime 5 b (2.3 kg)
Chalk 4 1b (1.8 kg)

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 condition or starvation symptoms
appear. It is conveniently given in dilute liquid form.
Recommended dilutions vary greatly. To supply nitrogen alone,
15 oz (0.4 kq) of sulphate of ammonia per 100 gallons (455 1)
of water at ten-day intervals would probably suffice. To
supply nitrogein, 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. [t is
he 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.
Furthermore 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,; ot many valuable seeds, thus permitting
direct seeding in a planned planting programme. In the main,
moisture content and st.ragye 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 (115).
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 (13O 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 appropriate, in his choice of particular
seed sources.

Pre-treatments

Although it is true that sound, fresh se2ed of most
tropical plantation crops soon germinates after planting,
exceptions occur. Oil palm may serve as an example, giving
slow and erratic germinatjion in the absence of special treat-
ment. The technique recommended (103) 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
times 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 ambient seed-bed temperature of 250 - 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 Lln 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 socap 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
ieeds 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 seeda are dropped intco 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. :

fiability tests

In seed testing, the sample on which the test i3 made
sust be representative. A bulk should be well mixed prior
o sampling. This is safely accomplished with dormant seed,
ut {f germination has bequn considerable damage may be done.
in this case the sample should be hand selected from different
positions in the heap or layer. Seeds should be taken from
10t less than ten different positions in the bulk, whether
this is 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 socaked 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 socak 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 33 F (4. 4° 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. wWeaker 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 tnree main wavs of sowing seeds. They may
be sown i1n situ, commonly termes sowina 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
damage 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 inches (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 {it.

Sowing in seed-beds. Bulky organic weed-free materials may
be incorporated during the preliminary cultivations, care
being taken to obtain an even distribution toc 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
only access paths, the seed being sown in long rows some 15
to 30 cm (6 to 12 in) apart with 60 ce (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 it
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 (l1). The loss
from this practice has been lessened by mixing the material
in the open drill using a narrow rake or hand hoe 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 sowin