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FOREWORD

FAO is indebted to G.W. Chapman and T.G. Allan for the preparation of
this document on establishment techniques for forest plantations. The first
draft was prepared by Mr. Chapman, a forestry officer of many years' experience
in the Mediterranean and Near Fast regions. It was based largely on the papers
submitted to the FAQO World Symposium on Man-Made Forests and their Industrial
Importance, held in Canberra, Australia, in 1967, and supplemented by other
available information. The draft was widely circulated, and many useful
suggestions were received for its refinement. 1In the light of these commenis,
and with the aid of more recent literature, the dooument was revised and
updated in 1977 by Mr., Allan, who also drew on his long experience of
afforestation in Africa.

Appreciation is also expressed to H.C. Dawkins, L.R. Letourneau, A.I.
Fraser and B, Kingston whose work is reproduoed in the appendices.

Louis Huguet
Director
Forest Resources Division
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PREFACE

The FAO World Symposium on Man-Made Forests and their Industrial Importance,
convened in Canberra, Australia, in 1967, drew attention to the increasing contribution
of man-made forests in the field of forest development and wood production. Estimates
made at the time of the symposium were that a world total of about 80 million ha of
man-made forests had been planted up to 1965, and that by 1985 the total might well
reach 200 million ha (FAO, 1967). In some countries of the world, a substantial part
of the national wood consumption is already met by wood production from plantations,
and in othei oountries there is a growing recognition of the possibilities and
advantages offered by man-made forests, even where considerable reserves of natural
forest exist.

This document is intended to serve as a reference book on some of the principal
methods of establishing forest plantations. Coverage is global, with some emphasis on
techniques suitable for tropical and subtropical regions.

For the purposes of this book, the plantation establishment phase is considered
to be that general period from initial site preparation to the stage when the plantation
orop closes canopy. The book, therefore, oovers site preparation, planting and direct
sowing, early tending and protection operations, as well as the neoessary operational
planning measures required to ensure timely and efficient completion of activities.
Subsequent managerial practioces carried out after canopy closure and operations done
prior to site preparation, such as nursery production and choice of species and sites,
have been excluded.

The subject matter is treated on a broad base, covering the main techniques and
general principles of plantation establishment and operational planning. Ureater detail
on specific practices for particular arsas can be found by consulting handbooks or
manuals prepared for individual regions or projeots, many of which are listed in the
extensive bibliography provided at the end of each chapter. An additional bibliography
of general, ocomprehensive sources of information is given at the end of the book.
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CHAPTER 1

SITE PHREPARATION

GENERAL CONSIDERATIONS

Site preparation as discussed in this chapter is confined to firm, well-drained or
generally dry land sites, already occupied by a usually indigenous ground cover {more
diffioult sites are dealt with in Chapter 4). This vegetative cover can sometimes prevent
the suoccessful establishment of a new plantation orop by occupying and utilizing the
required land, by creating excessive competition for available moisture and/or nutrients,
by depriving seedlings of light or by hindering the introduction of technigques necessary
for suocessful establishment. Under such conditions, a primary requirement is to determine
efficient and economic methods of eliminating harmful competition. Sometimes removal of
vegetation creates sufficiently favourable conditions for tree establishment without
further assistance, but in other areas the main aim is to create oconditions whereby
regrowth and weeds can readily be controlled during the establishment period, which may
cover a number of years. Site preparation is an early investment and often constitutes a
major proportion of total establishment costs. The fact that such costs considerably
affect financial feasibility underlines the need to use efficient and economic methods.

As the removal of an indigenous vegetative cover constitutes a major ecological
change, no site clearing should take place without knowledge of what these effects are
likely to be andwithout careful planning to ensure that cleared land is carefully and
efficiently used and that necessary precautions are taken to prevent soil degradation or
erosion,

In certain favourable circumstances, it may be possible to establish the
plantation crop with minimum disturbance of the natural oover and minimal or no
cultivation of the soil. For example, where fast—growing tropioal pines are planted on
short—-stemmed grass sites, it is common practice to plant the seedlings without prior
oultivation, the only preparatory work being to burn off the grass in the dry season
preceding planting. At the other extreme, there are sxamples where dense tropical rain
forest has to be removed, often under difficult conditions of climate and terrain, before
planting oan begin. Often the soils of such rain forests are fragile and great care has
to be exercized if excessive erosion is not to ensue. DBetween these extremes, there is a
great range of sites and conditions offering a number of options on how site preparation
may be undertaken.



Site preparatien using labour and handtools is the oldest and remains the mest
commen method. More recently, particularly where the labour supply is restricted or
cestly, a number of mechanized techniques have been developed, many involving specialized
equipment for clearing and cultivation. Site preparation in forest or woedland,
particularly in hot climates, is exiremely arduous and heavy power units can take some ef
the drudgery out of such work. Machinery offers high outputs per hour or per day, but
involves a high capital expenditure and requires special operating and maintenance skills.,
A further innovation is the development of chemical weedicides which can be used in
forestry to centrol or eliminate unwanted vegetation. Some chemical methods are used on
an operational scale, but others remain at the experimental stage; for many there is
incomplete information of their possible harmful effects on the general environment.

For any afforestation project, site preparation methods should be investigated,
developed and assessed prior to initiating the project. In many countries, adequate
manual techniques are established and known, but for some operations the employment of
mechanized or chemical techniques may offer improved cost efficiency or opportunities to
extend the scale of project. In the absence of any previous site preparation investig-
atiens, a series of trials is required to compare the standard local techniques with other
methods which seem relevant to the sites being developed. The comparisens should be made
on the same or highly similar sites and should not be confined only to site preparation
but should relate the operations to subsequent establishment, tending and growth.

The general objectives of site preparatien involving clearing of vegetation and/or
cultivation aret

1) to clear the site of existing vegetation sc as to reduce or eliminate
competition which could prevent adequate establishment or adversely
affect the plantation crop and

?) to cultivate the ground

a) to facilitate planting and establishment and to encourage
rapid root development,

b) to reduce the weed cover,

c) to reduce erosion by providing physical barriers to surface
runoff and,

d) where mech-nized post-planting weeding is planned, at the
time of culi:;ivation or before to remove all surface or

below ground obstructions likely to hinder wesding operations.

Under specified cenditions only some of these objectives may apply to a particular
area or project.

MANUAL METHODS

Manual methods for clearing ground cover and fer seil preparation are in use
predominantly under the following circumstances:

1) where the ground cover requires a minimum of disturbance prior to
planting or seeding,

2) where labour is plentiful, cheap and efficient or, in some cases,
where it may be socially desirable to employ labour in preference
to ether alternatives, and



3) where machinery is not available or where the terrain is too
steep, too rocky, too wet or otherwise unsuitable for its
operation.

Grags or Shrub Covered Sites
Direot Planting without Clearing

On some sites where the ground oover oonsists predominantly of grass species or
of low, shrubby species, direot planting may be carried out with a minimum ef previous
site preparatien. Such is the case in the pine plantatiens of Zululand in South Afrioca
vhere pines originating primarily from southern U,S.A. (Pinus elliottii) have shewn a
remarkable oapacity fer growing up threugh the undisturbed mature grass, provided that
their teps are kept free by slashing. No form of seil preparation is needed and the
plants are simply inserted into holes or slits made with a trowel.

Direct planting without previous site preparation is alse practised in many
northern temperate countries, for inatance on old clear-felled conifer forest land or
dry heath moors, where soil nutrients and moisture are sufficient both for the newly
planted seedlings and fer the native vegetation. Sometimes the retention of ground
oover is even desirable because of its beneficial affeot in protecting the young ferest
plants from frost or from exposure or in reducing the risk of eresion on steep or hilly
sites. The essential feature in the direct planting method is that the ferester relies
mainly on post-planting weeding and slashing to keep the forest plants from being
suppressed by the native vegetation.

Strip and Patoh Clearing

In cases where the competition of herbaceous or shrubby vegetation is harmful to
the new forest orop, as happens frequently in the Mediterranean region and other areas
subject to pronounced dry seasons, it is neoessary to clear the vegetation prier to
planting. Where burning cannot be safely managed and where it is too costly to clean
cultivate the whole area, clearance of the vegetation is limited to relatively small
patches or narrow strips, in which the tree seedlings are later planted. The cleared
patohes or strips should not be less than one metre in width, preferably 1.5 metres, and
should be well cultivated to good tilth before sowing or planting. The tools most
commonly used for this work are the mattock, heavy hoe and grubber. Most effective is
the mattook, which has a hoe or digging blade on one side and a pick or ocutting blade on
the other.

On hillsides liable to erosion, the oleared patohes and strips are usually sited
on the contour, the uprooted vegetation being stacked along the lower edge as a
precaution againet scil wash. Where soil conditions permit, contour strips oan be
ploughed.

In Morocoo, the soil preparatien method most used in shrub-covered foothills for
planting Fucalyptus gomphogephala and Pinus halepensis is to clear and ocultivate by mattook
patohes of land gotets§ 50 — 70 om2. Frequently these oultivations are oombined with seil
and water conservation measures such as contour ditching or construction of narrow terraces
(gradoni or banquettes).

Burning Off

Controlled burning of grass or low bush covered sites prior to planting is common
practice in many countries and can be said to be the oldest method of ground olearance and
may be the oheapest. Controlled burming requires oareful planning. The general appreach
involves ocultivating or clearing a fireline or break areund the area and initially burning



a strip at least 50 m wide into the wind, with the fire being kept under centrol by beaters.
Onoce a sufficiently large downwind strip is clear of inflammable matter, the rest of the
perimeter is set alight and the fire is allowed to run with the breeze. This main burning
is best done in the evening or at night when winds generally drop and the fire is less
likely to get out of control.

Burning in some cases may be harmful, for instance by stimulating the regeneratien
of undesirable speoies, by aggravating soil erosion or by promoting the outbreak of fungus
diseases (e.g. Rhizina undulata on Pinus sylvestris).

Bugh or Forest Covered Sites

On sites covered with woody vegetatien there are two major clearing techniques @
1) felling, where roets are left in the ground or 2) stumping, where the roots are
extracted.

Felling without Root Extractien

Clear Felling

The clearing of more or less densely ocovered bush or forest land is almost invariably
cestly in manpower, though the financial cost to a projeot may be reduoed if a good
preportien of the wood being cleared carries some commercial value a8 firewood or charcoal,
posts, poles, pulpwood or even timber. In such cases, the land clearing operation is often
contracted. The forms of such contracts naturally vary widely throughout the world, with
mich depending on the value and usefulness of the material to be oleared. In favourable
oircumstanoces, clearing may yield a net income, recouped either in cash or commuted for
additional site preparation work such as fencing, draining, or construction of access roads.

In other areas, the site to be prepared for planting may be previously logged
forest in which all or most of the usable material has already besen removed, leaving only
the felling debris mingled with unmerchantable stems, weeds, coppice spreuts, an under-
story forest or bamboos. There is then little alternative but to meve in with gangs of
men to cut and clear the vegetation for broadoast burning or to pile it in heaps or rows
where it oan be burned or left to rot.

In Papua New (Quinea, native rain forest is olear-felled from plantation sites by
manual methods. Labourers first go through the area cutting all ground vegetation and
stems up to 7.5 om diameter. This clears the way for the next gang of men who fell all
the stems above this diameter and at the same time trim off the branches from the larger
felled trees. Some mix to eight weeks later, during a few days dry spell, the cut-over
areas are systematiocally burned, and generally all but the heavier logs are consumed.
The brushing and felling work alone requires up to 50 man-days per heotare.

In Ghana, tropical high forest is also manually cleared for planting, Following
selective logging, understoocked sites are oleared of underbrush and small trees by gangs
of labourers using machetes. Larger trees are felled with power saws er poisoned. Seme
de-limbing is done in associatien with felling to facilitate a good burn, but stacking and
windrowing are not practised. Broadcast burming is dene in the dry season. The felling
and buming operation require an average of 86 man-days/ha.

Similar large-scale manual clearing of cemmercially poor lewland tropical rain
forest is dene at the Jari River project in the Brazilian Amazen regien, where large gangs
of olesely supervised contract labour have replaced heavy tractors {ll’almer, 1977).



In Papua New Quinea, Chana and Brazil, the species subsequently planted are light-
demanders. These require total felling of existing vegetatien, but with more shade-tolerant
species it may not be necessary or even desirable to remove all the indigenous forest growth
from the site. Consequently, systems of partial clearing have evolved which may be called
"strip er line clearing” where the vegetation is totally cleared along lines or bands at
fixed intervals, and Mrelease clearing for underplanting" in which the ground vegetation
and understory species are totally cleared while the overstory of larger stems is thinned
out systematically so that the crowns of the remaining stems cast a mosaio pattern of light
and shade on the ground.

Strip Clearing

Strip clearing has been widely used in the tropiocs in connection with : 1)
enrichment planting, aimed at improving the percentage of desirable timber species in
natural ferest without eliminating existing useful trees and 2) conversion planting, aimed
at the cemplete replacement of the existing vegetation by an entirely new man-made forest
(Fao, 1970 ). Although these two reforestation methods differ in aim, the techniques used
are often very similar. For both, fast-growing, light-demanding trees are planted in lines
cleared through the existing forest after varying reductions in the canopy; for enrichment
planting some of the trees of the natural forest are intended to be preserved, while for
conversien planting all are eventually removed. The width of the cleared strips and their
frequency varies, but the method of carrying out the work is essentially the same.

The first step is to establish a cleared base line (if no roads or suitable paths
are available) at right angles to the direction of the future planting lines. This
direction may be determined by consideratiens of topography, of future extraction routes or
of lateral shading (in many West African countries an east-west orientation 1s preferred).
The planting lines are then "blazed out" at right angles to the base line by a brushing
gang, the correct direction being maintained by a prismatic compass or a simple sighting
instrument. The blazed lines are then cleared to the required width by cutting and
felling gangs. The resulting debris is piled to rot along one edge of the strip or,
preferably, burned if atmospheric conditions permit. The cleared strips are hoed in lines
or in spots ready for planting or sowing. Trees in the bands of forest between the cleared
strips which may cast overhead or lateral shade on the planted trees are either felled,
ring-barked (i.e. girdled) or poisoned, the intensity of removal depending on whether the
objective is enrichment or conversion.

Although line planting has been widely practised in the tropics, it has met with
varying degrees of success; there have been a number of attempts to identify the reasons
for success and failure (Catinot, 1969; Dawkins ex Lamb, 1967; Groulez, 1976; Jackson,
1974 and Lamb, 1969). Most successful have been the line conversion plantings in
francophone West Africa. Line enrichment planting, on the other hand, has been abandoned
in some countries, after having been practised for a number of years. In scme cases this
is because the techniques used were unsuccessful; but many of these failures could have
been avoided had the general criteria for success as formulated by Dawkins (ex Lamb, 1967),
and reproduced in Appendix A, been followed. In particular, early and complete opening of
the overhead canopy and the use of species capable of rapid initial growth and tolerant of
weed competition are necessary (Jackson, 1974). In eother cases the inoreased demand for
forest products, especially from thinnings, has made close plantations more attractive than
line plantings. On the whole the tendenoy is to change from line plantings to more intensive
forms of forest management, such as olose plantations or taungya plantations. Line planting,
however, is still used extensively in some countries and remains under study in a number of
others. It can still be of great value in regenerating exploited forests when more
irtensive management is uneconomic or where natural forest conditions must be maintained to
proteot the environment.



In the British Solomon Islands Pretectorate, for example, line planting has become
the standard technique for large-scale reforestation of cut-over native forests (Jacksen,
1974). Lines are out 3 m wide at 13 m intervals and the plants are spaced 3.6 m along the
line. All stems in the remaining overwood larger than about 5 cm diameter which cannot be
felled economically with a machete are frill-peisoned with sodium arsenite two months after
planting. The first two line cleanings are done to ground level at 2 — 3 month intervals.
Subsequent cleanings are done to knee height at 3 - 4 month intervals during the first 18
months, Thereafter climber cutting is practised as required. In 1970 labour requirements,
exoluding supervision, were 55 man-days/ha, broken dewn as followss

Operatien Man-days/ha
Site preparation (line clearing, poisoning,
regeneration roads) 19
Planting and plant production 11

Tending (cleaning, climber cutting, boundary
maintenance) for three years 25

Release Clearing for Underplanting

This method may well be considered as an extension of, or deriving from, the
Buropean system of shelterwood regeneration. It has application particularly where:

1) the species to be introduced needs (or tolerates) overhead shelter
in the earlier years after planting,

2) the existing forest contains a relatively high number of large,
undesirable stems whose removal would be unduly costly or
difficult, or

3) the existing forest contains a number of valuable timber apecies
which it is desirable to retain, the aim of new planting being
either to enrich the forest with the same species or to introduce
a replacement crop of some other species.

The usual procedure is to brush or cut away all the low vegetatien (small coppice
and trees under 10 om dia.eter) which is then piled and, where possible, burned, leaving
the ground surface more or less freely acceasible for tree planting. Some of the
remaining trees are then ring-barked, leaving sufficient stems in the overwood to produce
the desired mosaic of light and shade ef the forest floor. The remaining overwood is
killed off selectively by ring-barking in subsequent years, depending on the progress of
the underplanted crop. The ideal density of the overwood ie one whioh maintains
sufficient shade to keep the forest floor reasonably free from weeds and coppice
regrowth while letting in sufficient light for satisfactory establishment of the new
forest orop.

Ring-barking is most effective if carried out in the season of active growth.
Care should be taken to remove a complete band of bark, ocutting threugh into the wood
of the stem to ensure that the cambium is completely severed. There are many species
which are net killed cempletely in the first year after ring-barking and linger for
several years before finally dying. It is beooming an increasingly ocommon practice to
ring trees by chemical methods, as desoribed later in this ochapter.



Unless the overwood mtems have some commeroial value, in whioh case they would be
felled and extraoted through the young underplanted forest, normal practice is to leave the
dead overwood stems to “rot on their feet": <the side branches fall off gradually when rotten
and finally the hulk of the old trunk falls; damage to the new plantatien is usually
negligible. However, on steep slopes experience has shown that the trunk, when it eventually
falls, can roll and oause oonsiderable damage to the young crop. There is also the problem
of the danger of falling branohes from the dead trees whioh makes labour reluctant to work
in treated areas.

One example of underplanting after release clearing, oan be found in the United

Kingdom where Tsuga heterophylla is often planted under eristing hardwood cover such as
birch (Betula), old oak (Quercus), coppioce or ash (Fraxinus).

Stumping

Stumping is neocessary where it is envisaged that there will be subsequent
cultivation, often mechanized, requiring the eliminatien of roots. Manual stumping is the
oldest and most common means. The work may be done by direot or oontract labour using,
for the most part, spades, hoes, mattooks and axes. The operation involves exoavation,
cutting of roots and felling and in most instances includes removal of the whole standing
tree at the time of stumping. The soil from around the tree is dug out; +the depth and
the width of the exoavation varies with the size of tree and root system. On completion
of excavation, the lateral roots are severed and the tree is then felled by cutting the
taproot. In Nigeria, output varied with unit basal area: savanna with a basal area of
9 mz/ha required an average of 65 man-days to stump one ha whereas heavier woodland at
13 m2/ha required 123 man-days (Allan and Akwada, 1977).

Manual stumping is an arduous and highly labour intensive task, still widely
practised in Afrioan savannas. (Courtesy T.G, Allan)
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Disposal of Debris

When the felled vegetation is sufficiently dense to support a hot burn, it ocan be
burned in place without piling on windrowing. In other areas, labourers cut and clear the
felled material and pile it into heaps or rows clear of the planting lines where it can be
burned or left to rot. If the piled rows are not burned, gaps should be left at intervals
to allow ready acoess for tending or for fire fighting. For burning, the debris is often
piled into windrows or out into billets whioh are heaped into tight piles and stacked
around the larger timber to facilitate ignition and burning. The burning of windrows is
desoribed further on page 21, and the subsequent operation of plantation layout is treated

on pages 59 and 142.

When clearing ooours close to oentres of population, it may be possible to dispose
of this debris as firewood, which is not only sound utilization of the resource but can be
socially and eoonomically benefioial to the plantation project. Opening areas to charcoal
produotion is another possibility. Charcoal produotion allows a more oomplete utilization
of the debris than firewood, and being lighter ocan extend the eoonomic transport distanoce.

Taungya

Agrisilviculture may be defined as a system combining agrioultural ocrops and/or
livestook with growing trees, with the aim of optimizing the total produotion per unit
area oompatible with the primary objective and sound land use. Within thie concept may
be inoluded the taun , or shamba, plantation system where a forest crop is raised in
oombination with a temporary agricultural orop. Under this system, manual site preparation
is oarried out by cultivators who use the land for food production during the period when
the plantations are being established.

Taungya is & Burmese word for a cultivation plot of the type of shifting
oultivatien practised in the hilly evergreen forest areas. Shamba is the Kiswahili word
for a similar olearing in savanna or forest in East Africa.

The taungya plantation system is very often developed in itropical areas where
shifting oultivation is common. Shifting oultivation is & primitive but effective form
of agrioculture where land is unlimited. The essential features are land in which the
level of fertility is quickly diminished under oultivation, and where even if artifioial
fertilizer oould be effective the cultivatore are too poor to afford them. Instead of
fertilizers, a tree fallow is used to replenish fertility. However, wherever land is
limited in relation to an often expanding population, the ouliivation ocycle is shortened,
with oonsequent losses in fertility, and soil degradation often ensues.

The development of the traditional taungya plantatien system is only pessible
where there is land hunger and industrieus, landless cultivators. Under this systom, the
cultivator is allotted an area of natural forest which he clears by stumping, cutting and
burmning. The plot is olean oultivated with hand tools and used for the production of food
for the ocultivator and his family; any surplus corops are sold for inoome. The plantation
tree seedlings are introduoced into the agricultural crop at e stage when they will be
weeded for at least a year and should readily become established when the cultivator
abandons that area for food production and moves on to olear another taungya area.

In parts of southeast Asia, traditienal taungya is used extensively to create teak
plantationa. In Thailand the system is associated with the establishment of forest
villagesiwhereas in the Solo water catohment area in Indanesia the growing of trees is
combined with a grass fodder. In Sierra Leone the cultivation of taungya agrioultural
orops is limited to one year, and the trees are incorporated as soen as olearing is
completed. In the Kenya shamba system, the oultivators were employed by the forsst
department for nine menths or more per year.



In Ghana muoh of the heavy debris remaining on planting eites following selective
harvesting, manual clearing and broadcast burning of the tropiocal high forest is
utilized for charcoal production. Subsequent planting and tending is done manually.
(Courtesy D.A. Harcharik)
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A variation of the traditicnal taungya system used extensively in Nigeria (where it
is called "farming for pay” or "direot taungya") and in Ghana (called "departmental taungya)
has the following main features (Olawoye, 1975)3

1) The farmers employed are reoruited as wage-paid employees of
the forest department.

2) Land hunger is not a prerequisite to taungya.

3) The forest department owns both the farm crop and the trees.

4) There is no allocation of individual farm plots.

Although there are many variations of the taungya system, incentives have muoh to

do with participation; the general inputs and benefits can be those as shown in the
following table.

Inputs Benefits
Cultivators Labour (in return for the Inoome from employment
use of land and for wages) or incentives

Food for family

Cash from sale of surplus
crops

Housing, servioes, educ-
ation facilities and

infrastructure
Forest agency, Land Reduced direct plantation
or government Management, tocls and establishment costs
equipment Long-term wood preduction
Housing and services Reduction in shifting
Empl cyment cultivation

Not all of these factors apply to every case but they constitute a general outline.
For the landless shifting oultivators the provision of land for foocd production is one of
the main incentives influenoing partioipation in taungya plantatiens.

The origins of the taungya system lay in the desire to displace harmful shifting
cultivation and to reduce forest plantation establishment costs. As a form of controlled
shifting ocultivation, which minimizes damage to the soil by providing an effective tree
cover, the gystem does not cause the stress that too great a change in agricultural
practice oould oreate for traditional cultivators. In the past, taungya has reduced the
cost of plantation establishment. More recently, some if not all, of these apparent
savings have been applied to foresiry community development, as in Thailand and Kenya,
ensuring that the commmnity is to some degree reoompensed for its contributions to the
system. Traditienal taungya may be considered an intermediate form of land use in the
development from shifting cultivation to either sedentery agriculture or full (forest)
employment, or possibly to a mixture of smallholding and part-time employment.

The intensive oropping of taungya plots reduces fertility of the soil, partioularly
as additional fertilizer is seldom applied and the food crops are in competition with the
plantation trees. In Kenya, for example, trees grown in clean cultivation showed a 15%
better height growth than those in a maize shamba and an 8% inorease over those in a bean
shamba (Kenya Forest Department, 1967). In another region, Turbo, no oomparative fall in
growth was recorded in fertilised maize.
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MECHANIZATION AND MECHANIZED METHODS

Labour ocan do almost all of the work in establishing a forest plantation, and even
on a large scale oan be effioient and economic. In Brazil, for example, clearing of the
native forest was initially done by traoctors, but high costs and low production led to the
use of manual methods and now nearly all the field operations are carried out by large
gangs of oontract labour working under supervision of project autherities (Palmer, 1977).
In other areas, however, the sheer size and oost of the lavour foroe required for large-
soale projects may preclude this as a realistic possibility. Mechanization, then, is an
impertant alternative.

Many of the site preparation operations desoribed in the preceding seotions can be
mechanized, and there is a range of machines and equipment available for suoh operations.
The main ebjeot of meohanization in plantatioens 18 to oarry out seleoted operations
effeotively and economically by employing machines. Where operatiens are done satisfact-
orily and economically by manual labour, and where there is a plentiful supply of suitable
labour, then only those operations beyond the capability of the labour and supervisery
services need be meohanized.

It is frequently suggested that mechanization reduces employment oppertunities.
In comparing the relative merits of labour employment and meohanization, it is necessary
to balance social benefits against the oost benefits of using more effioient alternatives.
A soundly based, sucoessful project, for example, whether mechanized or labour-intensive,
will in the long term provide more permanent direct employment, and additional indirect
employment in wood processing industries, than a non-viable undertaking. In general,
therefore, where mechanization of larger scale plantation projects reduces costs and is a
factor in project viability, it seldom results in jobs being lest but rather increases
employment possibilities within the economio criteria established by management and
planning.

Mechanization in the strict sense refers to the introduction of machines to
supplement manpower used in carrying out selected operations, In this publication the
term is used primarily to cover mobile engine powered units such as tractors, but 1t also
includes the use of chain saws and other hand-held power units, the operation of which is
labour intensive. Use of draught animal power is treated separately.

Mechanization Prinoiples

When mechanization is planned, there are certain basic principles which require
consideration and which apply not only to the land preparation phase but also to the
entire plantation rotation.

In selecting machines and implements for plantations, it is essential that
equipment should be fully suited to the operations required of it. It might, for example,
seem beneficial to purohase a machine or equipment which is capable of carrying out a
number of operations, but if such a compromise results in the seleotion of equipment not
completely suited to the critical task then its real usefulness may be at slight or at
most somewhat devalued. The concept underlines the need for trials to determine types
of equipment best suited to and most efficient for specified operations.

The planning of field cperations should aim to maximize the effective use of
selected machines. In plantation layout and design, large blocks offer greater
possibilities of effioiency than small and diffused areas. The road and ride pattern
should allow ready access and turning space for mechanical equipment. To reduce the
proportion of unproductive turning time for tractors, the planned layout should allow
long tractor runs, preferably in two directions. Spacing is another critical factor
affecting the tree crops and equipment efficiency and offering a range of management
optiens requiring evaluation and judgement. For example, a spacing of less than 2.8 m
is seldom possible when normal agricultural tractors are used.
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A major requirement is that every machine operator should be fully competent in
the operation of the machine or equipment in use. Poor driving and migsuse of equipment
commenly reduce tractor produotivity by more than fifty percent. In many developing
countries where there is a shortage of skilled operators, training facilities are
necessary if the required levels of operating skill are to be attained. For trained
operators to maintain and improve their work, it is necessary to provide financial or
other incentives based on the smerviceability and produotivity of the equipment used.

Critically important in mechanization is the provision of an adequate repair
and servioce organization staffed by skilled personnel with an assured supply of spares
and replacements to ensure early and effective maintenance. As is the ocase for operators,
in many parts of the world there is a need to provide training in repair and maintenance.
A maohine is only of real value when it oan perform its presoribed work efficiently.

Nechanization is a costly process, and its introduction requires a clear under-
standing that the objectives of the projeot are to be achieved efficiently and economio~
ally. For effective management, it is necessary to cost the various mechanized methods
or alternative methods of carrying out partioular plantation operations. To maintain
the incentives for sucoess, mechanized operations should be organized on as sound a
oommeroial base as posseible.

In the early stages of plantation development, mechanization can and does ooour
without full implementation of the main requirements discussed above but, of oourse, not
without oreating problems and some loss in effeotiveness. To commence large-scale
operations, however, without due consideration of the principles ocutlined can only lead
to the oreation of an inefficient and uneconomic mechanized enterprize.

Advantages and Disadvantages of Meohanized Land Preparation

The main reasons for selectively mechanizing land clearing operations generally
oonoern the availability of labour, cost efficienoy, scale of operatien, timeliness of
operation and the quality of work performed.

Labour Availability

The absence or shortage of adequate labour ocan be a primary faoctor requiring the
introduotion of meohanization. The optimwn time for ocarrying out muoch of the land
preparation work is when soils are moist,and in many regions this coincides with the
period of maximum agricultural activity, with consequent looal and seasonal labour
shortages. Again many of the land preparation activities entail heavy and arduous work
and the application of relective mechanization eliminates the manual drudgery from such
tasks,.

Cost Efficiency

In general, large-soale land olearing can be done with greater cost effioienoy
by mechanized teohniques than is possible by manual methods. A further factor,
particularly in developing oountries, ie the tendenscy for labour rates to inorease at a
faster rate than machine oosts, a trend whioh inoreases the comparative cost effiocienoy
of meohanized methods, Where there is large-scale unemployment, however, the applioation
of shadow costs for labour can indioate mocial oost benefits favouring labour intensive
methods.
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Scale

Scale of operation is related to efficiency. There are no hard and fast rules as
to the level or scale at whioh mechanization should or may be introduced. For selected
projects all the relevant factors have to be studied and evaluated before any decision on
the posaible timing and degree of mechanization is possible. In general, for larger scale
projects prcblems of control and productivity of labour tend to justify the introduction
of selective meohanization. The eoonomios from increased usage of machines at the larger
scale further favour mechanized development.

Timeliness

In plantation development timeliness of operation is often oritical; for example,
late land preparation can cause delays in subsequent operations, often with adverse effects
on both the plantation orop and an cost efficiency. Where labour or related elements
limit rates of produoction, mechanization with its generally fast work rates provides a
method of acoelerating produotivity and completing operations in timely fashion.

Quality

As a oonsequence of the considerable power and weight of machines, the quality of
mechanized land clearing tends to be superior to that of hand labour, Mechanized stumping
or knockdown generally removes a greater proportion of roots to a greater depth than
comparable manual operations. Similarly, plough or harrow cultivatien is more effective
than cultivation by hoe.

Common constraints to mechanization in plantation development include:

1) diffioult terrain where steepness, gullies or rocky outorops
preclude the efficient use of machinesy

2) the high initial cost, often in foreign currency, of setting
up a mechanized operation, together with the high and rising
operating cost of fuels and oilsy

3) poor tractor serviceability due to lack of skilled persannel
to manage, operate and maintain equipment, often aggravated by

a) laock of spare parts,

b) bureaucratic delays in ordering or paying for parts
or services,

c) poor land clearance resulting in damage to oultiv-
ation equipment in subsequent operations and/or

d) 1lack of personnel incentives;

4) poor machine operation often resulting in unnecessary soil disturbance
or ocompaction detrimental to subsequent plant growth and

5) +the opinion, often irrational, that mechanization causes redundancy
or loss of job opportunity.
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Land Preparation Operations

This section is primarily conoerned with mechanized methods for the removal or
destruction of vegetative cover and the cultivation of soils prior to planting or
seeding. In many parts of the world, partioularly in areas with a marked dry season
suoh as in savannas, successful plantation establishment involves clean weeding in the
initial stages. Except on small areas or where taungya is possible, clean weeding
neoessitates a oonsiderable input of mechanized cultivation. To allow efficient
mechanized weeding, land should be free of all surface woody vegetation and of all roots
and stumps to the maximum depth of penetration of the weeding implements, which requires
the stumping of all standing trees and the disposal of all stumps, roots and other woody
debris from the site.

The main operations ares

1) felling or stumping of natural woody vegetation by knookdown,

2) windrowing,

3) cleaning up,

4) burning or disposal of debris,

5) 1laying out and

6) pre-planting oultivation,

Operations 1 to 4 presuppose a natural woody vegetative oover which has to be
removed or destroyed before plantation development can proceed. On grassland sites
development would be initiated at operations 4, 5 or 6, with burning, when used, confined
to eliminating the grass cover in the dry season prior to planting. Cleaning up,
burning and laying out are generally manual operations, although some supplementary

mechanized inputs may be required.

Removal of Natural Woody Cover

There is a considerable range of mechanized land olearing teohniques; +the main
methods are adapted to the type and density of vegetation, topography, climate and
subsequent establishment techniques. In areas where no meohanized weeding is planned,
for example, the removal of roots is optional, and trees can be felled at or above ground
level. Where harrow weeding is intended, however, in addition to all woody vegetation,
roots and stumps should be oleared tc the maximum depth of cultivation. Vegetation density
is important in that the heavier the tree cover the greater the power necessary to remove
it. It follows, therefore, that equipment and teohniques will vary over a range of
vegetation types suoh as thicket, woodland or rainforest. Slope and terrain place some
limit both on what may safely be cleared and how the meleoted technique will be applied.
Rainfall also affects many facets of clearing, but is most critical to the timing of
operations. It is recommended that oclearing take place only when soils are moist
beoause roots are extracted freely under such conditions and beoause at this time tree
stems are full of sap and are less liable to breakags.

Felling without Root Extraotion

Mechanized outting employs crawler tractors with front-end mounted sharp blades
to out and fell trees at or near ground level. An angled and sharpened K.G, blade is
suitable for shearing thioket or woodland trees up to 30 om diameter or larger; +the
V-shaped blade is suitable for larger forest trees.
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On smaller areas or on gradients where tractors cannot be used, trees may be felled
using a range of chain saws; for brush or thickets a portable sorub cutter is useful.
This is a small ocircular saw at the end of a metal rod, powered by a small back-carried
petrol motor.

In the UsS.As brush or thioket growth is extensively felled using heavy rolling
ochoppers, which comprise a large drum with outting blades towed by a orawler tractor. They
cut the woody vegetation into small pieces and incorporate the debris into the soil. There
is a range of makes and types of ohoppers from small to very large single drum types to
miltiple—~drume pulled in tandem. The cutting and orushing effeot can be increased by
filling the drum with water. In general, unless a speed of about O km/hr or more is
maintained, the drums roll over the vegetation and give inadequate ochopping. To maintain
speed, a direct-drive power unit is required.

The light-weight 4% ton model chopper filled with water requires a 35 to 60 drawbar
horsepower and is effective on woody stems up to 5 om diameter. The 8 ton model requires a
50 to 75 hp drawbar pull and is effective on brush to 8 om diameter. The 11 ton model
requires 70 to 125 hp drawbar and is effective in chopping hardwood brush up to 10 om
diameter. Even larger models to 16 ton requiring a 250 hp drawbar pull are available for
dense brush and extensive areas. The size of chopper needed for a partioular job is
determined largely by the density and size of the hardwood sorub species. In trials on
sandy soils in southeastern U.S.A. (Burns and Hebb, 1972) it was found that the 11 ton
model was more effective than either of the lighter types and that it killed more
nardwoods of all sizes and resulted in higher survival of the planted pines. These trials
were limited and did not include choppers of greater weight than 16 tons.

Fleco Corporation (1968) gives the following estimates of chopping productivity:

Clearing Unit Output in ha per hour
385 FWHP y + 16 £t (4.9 m) ohopper 1.5 to 4.1
216 DBHP 2/ + 14 tt (4.3 m) chopper 143 t0 243
52 DBHP + 7 ft (2.1 m) chopper 0.7 to 1.4

A single chopping treatment does not provide sufficient control of hardwoods,
regardless of the size or weight of equipment used. Sprouts develop at the root collar
and this requires a second operation. This applies to all tree cutting operations, and
unless there is a subsequent effort to kill the stumps, coppice or sucker regrowth will
occur and the woody cover will quickly re-establish itself.

In Turkey, an Australian made "tritter" or "land conditioner" was used to macerate
maquisg scrub (Querous coccifera, Arbutus unedo and Erica spps) of up to 8 om diameter
(Deveria, 1977Y. The tritter is a towed scrub clearing machine of varying widths; that
tested in Turkey was 1.58 m wide. It is driven from the power take-off of the towing
tractor by V-belts and requires a 100 hp rated gear box and a speed reduction box. The
machine breaks up the woody vegetation by the action of a flailing hammer, leaving a
mulch of chopped vegetation on the soil. Performance depends on vegetation size and
density and the forward speed of the tractor, the size of material it can deal with is
inversely proportional to the speed. For typioal maquis in Turkey an average clearing
rate of 0,28 ha/hr was achieved.

1/ FWHP = Flywheel horsepower

g/ DBHP = Drawbar horsepower
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A County 4 x 4 wheel-tractor with rear-mounted tritter is used in Turkey to
pulverize maquis in preparation for ploughing. A banksman keeps watch for
boulders. (Courtesy E.N.G. Cooling)

Removal where Roots are Extracted

In mechanized stumping or knockdown, crawler tractors and matching equipment are
used to push or pull over standing trees while extracting the roots in the same operation.
A main objective in these mechanized operations is to minimize soil disturbance;
therefore none of the techniques incorporate digging or scraping.

1. Single tractor techrfiques

One of the better units for knoockdown is a crawler tractor with a front-
mounted application rake with top pusher bar. In woodland, for example, the tractor
makes a pass at a standing tree by applying the pusher bar as high on the bole as it will
reach and pushes the tree over, The rake is then lowered and applied to the exposed root
system; the roots and main laterals are ripped out of the ground and the tree may be
pushed for windrowing. The tractor then reverses before advancing to the next tree where
the operation is repeated. Where a larger tree will not readily yield to the pusher, rear
mounted rippers are lowered into the soil and the tree ie oiroled to cut lateral roots.
Suoh a tree is then usually fairly easily pushed over.
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The front-mounted rake is suitable for light clearing and windrowing. In Turkey it
is attached to the C-frame of a tractor and is used for clearing and piling degraded
ocak ooppice and similar vegetation of small diameter and large root mass.

(Courtesy E.N.G., Cooling)

The system may be adapted for heavy or rain forest vegetation by carrying out the
work in two phases. First, a traotor fitted with an angled blade (a KeQJ. blade without
the knife edge is satisfactory) and hydraulic tilt rams advances through the forest
pushing over all undergrowth and small trees. Following this, when visibility has been
improved, a tractor fitted with a tree stinger advances through the area and pushes over
all the remaining large trees. In practioe, the work is usually carried out by two
traotors working around the forest in circular fashion. The tractors operate individually,
with the understory clearing tractor usually at least 100 m in advance of the tree pushing
tractor,

A corawler tractor fitted with a hydraulically operated bulldozer was
previously the most commonly used machine for clearing scrub. Although still used,
espeoially in small areas, the bulldozer is considerably less efficient for clearing than
a pusher and rake. In most thicket or brush a heavy duty clearing or grubbing rake is a
better attachment for readily extracting roots and stems.
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A crawler tractor fitted with a tree stinger can be used to push over trees in
woodland or rain forest which are too large for efficient clearing with ohaining
units or more conventional bulldozer or angledozer blades. (Courtesy T.G. Allan)

2. Chaining techniques

Chaining employs two orawler tractors with front-mounted blades or rakes and
between them & rear-hitched heavy 90 m or longer anchor chain. In areas with larger or
strong rooting trees, it is necessary to have additional or follow-up tractors fitted
with a tree stinger to push over any tree holding up chaining progress.

In woodland the two orawler tractors advance at the same steady speed some 15 to
25 m apart dragging the chain behind. The distance apart varies with the density of the
trees; +the greater the density the closer the tractors have to operate. The outer tractor
travels along the outside of the unoleared bush, and the inner tractor, 15 to 25 m inside
the bush, advanoes parallel to the outer tractor and in as straight a line as possible, It
ig important that the tractor operators are able to see one another and that the outer
driver maintains the same speed as that of the inner., The tractors advanoe at a reasonable
speed and the trailed loop of the chain progresses in a meandering fashion seldom striking
more than two trees at one time and putting little strain on the tractors. It is essential
to keep the ohain moving over the ground at a reasonable pace as it is impact which knooks
over the trees and thereby loosens and extracts the root system. The chain generally rolls
freely over knooked-down trees. As the trees are knocked down, the main root system and
laterals are extracted at the same time. In larger trees, the lateral roots extending in
the direotion of fall are only partially extracted, but such soil embedded roots are usually
ripped out at windrowing. If no windrowing is prescribed, back chaining may further extraoct
such roots.
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An effiocient unit for large-scale clearing of savanna woodland comprises two standard
D-8 tractors, fitted with protective canopy, which pull a heavy anchor chain at least
90 m long. A third tractor fitted with a tree stinger assists in pushing over large

trees. (Courtesy T.G. Allan)

Anchor chains are fitted with heavy swivels near the towing tractors to prevent +the
chain from kinking. (Courtesy T.G. Allan)
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Tractor runs should be as long as possible, as turning time is largely unproductive.
At the end of each run, the tractor unit is turned to return on a swath immediately adjacent
to the previous run, In the turning process, the tractors reverse inner and outer positions
giving an equable share of work to the tractor operators in that the inner station is
generally the more diffiocult to operate.

Chaining is best suited for large-soale clearing of woodland or savanna type
vegetation cover. It is not suitable for some types of thiocket, however, where the trees
tend to bend under the chain making extraotion diffiocult; nor can it be used in dense
forest or rain forest because visibility is mso poor as to preclude the teamwork neoessary
for sucocessful operation.

The chain size depends on the tractor power available and the type of vegetation,
but the length should be at least two and a half times the height of the tallest trees.
A 5 om stud link 90 m long and weighing about 500 kg is suitable for light woodland.
Heavier ocnains are available for heavier bush types.

Speoial Conditions

Areas oovered with a coppice, shrub or thicket with full root systems below ground
are often found near centres of population where forests have been felled for firewood.
Such areas may be stumped manually or mechanically using a crawler tractor and rear-
mounted root plough. The root plough is a V-shaped cutting blade which when drawn
laterally through the soil floats at a predetermined depth and effectively severs all
roots encountered. Behind a 180 hp ocrawler tractor the implement effectively operates at
a depth of up to 42 cm. Vanes bring the severed roots to the surface with minimum soil
disturbance. Providing the outting edge is kept sharp, this is a most effective stumping
and subsoiling tool. It can readily be used for clearing stumps from logged over areas.

A crawler tractor with rear-mounted root plough is eftective in cLearing tuickeis
with extensive root systems. The plough is set into the s0il at a predetermined

depth where it severs the roots, which are then forced to the surface by special

vanes. (Courtesy T.G. Allan)
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Windrowin

Following knookdown, it is necessary to dispose of the felled debris whioh litters
the area. The same crawler tractors whioh were used for knookdown ocan be readily fitted
with front-mounted rakes for meohanized windrowing and under some oonditions heavy wheeled
tractors may be useds On level terrain the heaps may be linear and parallel, while on
slopes they may be sited on the oontour. Windrowing may be done at any time during the
year., In woodland it is oonvenient to site windrows 50 m apart. In this operation the
front—-end rake is lowered to ground level and all debris over a pass 25 m long and at
right angles to the windrow is pushed onto the heap. The tractor then reverses 25 m and
the raking process is repeated. This pushing of debris is then repeated from the other
side of the windrow, leaving some 50 m between linear heaps. It is important to pack the
windrows tightly and to include as little soil as possible. To allow access, 5 m gaps
shiould be left in the windrows at 100 to 200 m intervals. In heavy forest with extensive
debris, windrows might be only 25 m apart.

An alternative method of windrowing is to pile the debris around felled larger
trees. This gives an irregular pattern of heaps and tendes to take marginally longer than
linear windrowing.

The general equipment for windrowing is a heavy track or wheel tractor, preferably
with power-shift control and with a front-mounted rake. The reinforced teeth of the rake
are set into the soil and in pushing forward most surface and some sub-surface woody
vegetation is picked up while most of the so0il falls between the rake teeth or tines, but
even with careful operation, some topsoil is swept up with the woody debris and is
denosited in or near the windrows.

A ftront—end rake mounted to a orawler tractor is used in the Ivory Coast to windrow
rain forest debris following knockdown. (Courtesy T.G. Allan)
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This front-mounted rake is a useful attachment for removing rocks and roots and
for piling heavy brush. (Courtesy T.G. Allan)

Cleaning Up

No matter how well knockdown and windrowing have been carried out, there is usually
gome debris or stumps remaining in the oleared area, Stumps left in the ground should be
pegged or marked. Where there is not a great deal to clean up the usual practice is to use
manual labour to gather the residual debris and put it in heaps or windrows and to deal
likewise with any stumps it is necessary to excavate. Where there is extensive cleaning
up, the operation may be mechanized using orawler tractors with rear or front mounted
stump extractors or rakes. If there are holes where stumps have been excavated, these
require filling and levelling.

Burning of Windrows

When windrows or heaps have dried out, they should be burnt when conditions are
suitable. The aim should be to burn as late in the dry season as possible. This may require
protecting the heaps from incomplete, aoccidental burning earlier in the dry season. In
rain forest areas where dry periods are short, it may be necessary to supplement or
intensify the burn with oil fuel, and even then it may prove difficult to obtain a
satisfactory total burn. The object is to have as fierce a fire as possible, and for this
burning should take place during the day, preferably when there is a wind. The fire should
be 1it on the windward side of the windrow, where it will develop its own draught. When
burning is inoomplete it is advisable to have a corawler tractor with mounted rake standing
by for repiling. When the fire has lost its main intensity, smouldering logs and stumps
should be repiled to maintain the ooncentration of heat and combustible material.
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Land Clearing Produotivity and Choice of Equipment

Productivity data forms the basis of planning and selection of land clearing
methods. Any general rate or ocost of land clearing per hectare is of little value unless
it is related to vegetation density and tractor power. Basal area of woody plants
expressed as m2/ha gives a reagonable assessment of forest density (although a factor may
have to be applied for major height differences). Work in Nigeria (Allan, 1977) shows
that:

1) in light savanna of 9 m2/ha basal area, chaining productivity was
5¢5 ha/hr for a clearing unit consisting of two 180 hp tractors;
single tractor knockdown and windrowing using a 65 hp crawler
tractor were 0.48 ha/hr and 0.49 ha/hr respectively; while hand—
stumping and piling employed 69 man—days and 63 man-days/ha
respectively;

2) in heavier savanna of 13 m2/ha basal area, chaining productivity
was 2.8 ha/hr using a olearing unit consisting of three 180 hp
tractors (two for chaining and one for follow-up knockdown with
a stinger); windrowing using a 180 hp crawler was 0,57 ha/hr while
hand stumping and piling employed 134 man-days and 99 man—days/ha
respectively.

This gives an indication of the range of productivities and of the type of options
open to management. Translating these productivities into costs and taking manual
operations as 100%, chaining costs in Nigerian savanna are of the order of 5%, single
tractor knockdown around 10% and mechanized windrowing less than 12%. Similar data may be
determined by trial for any plantation project. In Brazilian cerrado, the productivity of
a chaining unit consisting of two 160 hp crawler tractors varied with woodland density
from 0.5 to 8 ha/hr (Ter8ncio da Silva and Lourenco, 1971).

In rain forest in the Ivory Coast, the average tractor hours/ha for clearing
using 180 to 220 hp heavy crawler tractors was 8 to 12; the lower figure was apportioned
as 3 hours knockdown, 3 hours windrowing and 2 hours cleaning up (Allan, 1973a). No basal
area figures were available.

In selecting methods of land clearing, the management options are manual, single
tractor technique, chaining or a combination of these techniques. If one of the major
objeotives of the project is employment, then all of the clearing operations could be
manual, whereas if minimizing cost is considered critical then mechanization may be
preferred. Unfortunately, deciding among the options available is seldom as simple or
clear cut as this. The first requirement is to determine the availability of resources.
In relation to labour, are the required numbers available as and when required? For
mechanized operations some of the essential considerations are:

1) past experience in mechanized work;

2) availability of equipment in the area or locality;

3) efficiency of the available equipment for the required operations;
4) availability of operators of the required skill and

5) existence of the required infrastructure, or possibility of
establishing it readily.



Deocisions require local data and local information. Scale of operation will
greatly affeot seleotion. Small-soale projeots are most readily dealt with by manual
olearing, while for large-soale projeots meohanization is usually more eoonomio and
efficient. Small-scale projeots usually do not lend themselves to meohanization beocause
they do not allow for traotors to be operated for long enough pericds to be cost efficient.
For example, in general a mechanized land olearing unit oan only be justified if the
individual tractors ocan operate somewhere in the region of 1 250 hours or more per annum.
Although there are no hard and fast rules relative to soale, something of the order of
4 000 ha/annum on a sustained basis would oertainly oonstitute large soale. Suoh a
programme oould well be made up of a number of smaller areas or projects, or of oombined
forestry and agrioultural programmes.

A ohaining unit oonsisting of four 180 hp tractors and equipped with chain, rakes,
tree stingers, root ploughs and other neoessary equipment oould deal with the following
annual scale of work:

1) Xnookdown -~ 4 000 to 6 000 ha during a 4 months wet season;
2) windrow - 5 000 to 6 000 ha during a 6 manths dry season and
3) major overhaul, maintenanoe and repairs - 2 months.

Any time not used as above oould be used for ocultivation, road making or other capital
works.

Conoerning seleotion of equipment, there is a considerable range of orawler
traotors; the essential is to ohoose that model or models best suited to the planned
operations, Land olearing oan be dangerous and all tractors should have heavy duty oabs
and other proteotion features. In the bush, bees and other inseots oan oause problems
and protection against them may be required.

The main tractor attachments for land clearing are as follows:

tree stinger, root plough,
front-end rake, anchor chain,
combined rake and pusher bar or tree boom, rolling ohopper,
bulldozer blade, stumpers,

KeGe blade, towed root rake,
V-type blade, land conditioner.
rippers,

Seleotion of tractors and matching equipment is an important management deoision.
The oareful matohing of machines and equipment to looal oonditions, for example, oan easily
effeot savings of more than 50% of total mechanization oosts, as compared to the use of less
suited or poorly matched machinery.

Servioeability is also a principal oriterion, and that local agenoy providing the
better back-up servioe and supply of spares should be given preferential oonsideration.
All attachments must be matohed to the power units held. As there is a oonsiderable range
of equipment, speoifications need to be oarefully ocompiled and it is often advisable to
obtain spaecialist advioce.

Plantation Layout

Laying out is an operation in which oompartments, blocks, roads, rides and fire-
breaks are surveyed and delineated on the ground. As the design of plantation layout is
a major planning consideration it is also discussed in Chapter 6., The main mechanized
aspeots of the operation are the oultivation of firebreaks and the formation, draining and
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paving of roads. Firebreaks are readily cultivated using the same crawler tractors and
heavy offset disc harrow ploughs as for pioneer ploughing. The land clearing orawler
tractors with bulldozer blades can be used for putting in road lines and outs, and such
lines when provided with bridges and culvertes will serve as class 3 roads or planting
traoks. Road formation and the provision of all-weather surfacing of the higher
specification class 1 and 2 roads will require additional meohanization in the form of

road graders, front-end loaders and tipper trucks. More complete notes on the establishment
of plantation roads are given in Appendix B.

Mechanised Pre-planting Cultivation

The main purpose of removing roots and woody debris from selected sites is to
allow moil oultivation before and after planting. Such clearing and oultivation oreates
site oonditions particularly favourable to the plantation tree orop by eliminating or
reducing vegetative competition and by inocreasing peroolation, which can reduce the
moisture loss from the soil. These favourable water budget features are partioularly
important in areas of restriocted or seasonal rainfall., The need to reduce oompetition
applies also on certain dense or tall grassland sites where failure to oultivate resultes
in inadequate plantation establishment.

Cultivation may be partial as in strip oultivation and ridge ploughing, total as
in clean oultivation or supplementary as in ripping or subsoiling.

Strip Cultivation

Under certain site conditions where some species require only looal weeding to
allow adequate growth and development, it may be enough to oultivate only a narrow band
(1 to 2 m wide) along the planting line, suffioient to give the trees freedom from
competition in the initial period after planting. Often this can be achieved by the
harrowing effect of a mechanical tree planting machine (see for example page 63). The
planting stock used in these conditions must be vigorous. Where necessary, further
cultivation would take the form of a supplementary manual operation. S3trip cultivation
by opening up only a part of the gite may be of partioular importance where there is a
high risk of erosion.

Strip nloughing along contour lines in gentle terrain is used extensively in
establishing Pinus patula on the Viphya Plateau in Malawi. A reversible 3-disc plough
drawn by a 70 hp wheeled tractor is used to breakup the short montane grass cover.
Initial oultivation is to depths of less than 30 om; a subsequent harrowing improves
the s0il tilth., On shallower soils over an indurated, weathered quartzite layer, where
plough penetration is slight, subsoiling in the direotion of the planting line is
necessary. On sites free from stones, a 1.55 m wide rotavator is sometimes used, which
can cultivate to 12.5 cm depth provided grass is previously burnt off. Mattock pitting
is necessary on rougher and steeper sites, but records show that it is almost twice as
costly as strip ploughing.

Ridge or Turf Ploughing

Ridge ploughing is used extensively in the United Kingdom and other upland
temperate areas, partioularly on wet soils and peatland bogs. A specialized mould-board
plough, generally drawn by a heavy crawler tractor, is used to turn over a broad turf
ridge oreating a olean deep furrow which helps to drain the site. On difficult sites
where the peat is deep, the furrows are spaced at intervals of 1.5 to 1.8 m, On better,
less wet gites, furrows are spaced at 5.0 to 6.5 m apart. The turves are then manually
out into squares which are laid out at the required plant spacing. At planting, tree
seedlings are planted into the turves.
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Grassland sites of gentle terrain on the Viphya Plateau in Malawli are prepared
for planting by ploughing contour strips 1.2 m wide with a mechanical disc plough.
(Courtesy D.A. Harcharik

——
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age of heavy wet sites in the United Kingdom ocan be improved by ploughing with
a mould-board plough. That shown here is used with a standard parkgate oarriage
towed by a FMiat 100 ¢ tractor. (Courtesy D.A. Thompson)
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On drier moorland sites, espeoially Calluna heath lands, the problem is to reduce
shrub competition and soil oompaction and to break the hardpan when present. Single
furrows are made at the required plant spacing using either single mould-board plough
or & speoial tine plough. At planting, seedlings are notched either into the furrow
bottom or into the side of the furrow and ridge.

Clean Cultivation

Clean cultivation of the site prior to planting is required where subsequent
weeding is to be done mechanically. The practice is common, for example, in regions with
a long dry season where oclean weeding is necessary in order to prevent grass from
competing excessively with the tree orop for limited soil moisture. Clean ocultivation
often oomprises two main operationss 1) pioneer ploughing and 2) pre-planting harrowing.

1« Pioneer ploughing

The objeotive of pioneer ploughing is to break in the soil for the first
time and plough in all weeds or vegetation. This is essentially a rough operation and
the cultivation need not be to the same precision or standard as is required for
agriculture. The ploughing should generally be done when the soil is moist but not
saturated and to a depth in excess of that reached by lighter implements used in
subsequent weeding operations; over 20 cm is usually required. Penetration is often
difficult in dry soils.

The operation may be effectively done by a crawler tractor with a matched heavy
duty disc harrow plough having heavy steel disce of over 75 cm diameter. This offset
harrow plough gives a deep penetration of over 30 cm under ideal conditions and, although
it is a harrowing rather than a plough action, in practice has given adequate results for
subsequent plantation operations. Although these heavy duty harrows are sufficiently
strong to shatter most stumps, and can therefore be used to plough unstumped land, suoch
rough operation is likely to reduce the life of the equipment and increase the cost of
operation.

The heavy duty offset disc harrow plough towed by a orawler tractor is used for
pioneer ploughing. (Courtesy T.G. Allan)
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Pioneer ploughing oan also be undertaken by a medium wheeled tractor with a mounted
diso plough. The oultivation is good, but generally to a shallower depth than the harrow
plough, On difficult sites, the dimso plough is less robust than the heavy harrow.

On sloping ground in Turkey, the Clark double mouldboard tine plough is used for
pioneer ploughing on the oontour (Deveria, 1977). This subsoiling plough produces a mound
and furrow effeot, with a downside mound approximately 1.5 m wide and 0.5 m high and the
upside trenoh 0.3 m deep and 0.5 m wide. The trenoh has a subsoiling groove extending for
a further 0.3 m depth.

2. Pre-planting harrowing

Pre-planting harrowing usually takes place just prior to planting. The
objeotive is to breakup soil olods and oreate a tilth, to level the soil surface, to bury
any weed growth and to have the land in & clean state for planting., Land free of weeds,
with friable soil cultivated to at least 15 om oonsiderably facilitates planting and
subsequent mechanized weeding. The operation is generally undertaken by a medium wheeled
tractor with a mounted agricultural type diso harrow. The operation should be in the same
direction as ploughing. If justified by the quantity of work, a wide heavy duty disoc
harrow may be used specifioally for this work, or alternatively, fuller use may be made of
smaller weeding harrows. Cultivation may also be done by a rotavator, or rotary hoe, but
this implement requires greater skill to operate. There are also a number of large heavy
harrows that may be used with crawler tractors, but implements such as the pulverizing
harrow produoe so fine a tilth that great ocare is required in their use, partiocularly in
areas liable to erosion.

€, e

Following ploughing, tilth can be improved by pre-planting harrowing with an
offset diso harrow. A wheeled tractor is a suitable power unit for this
operation. (Courtesy T.G. Allan)
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In parts of the moutheastern United States and other areas where there is a high
water table during much of the year, bedding, or mounding, of the planting sites facilitates
planting and results in better tree growth by improving drainage and microsite environment.
The operation is done with a disc bedding harrow designed to conocentrate surface soil,
litter and vegetative debris into raised beds 15 ~ 30 om high and about 1.2 m wide at the
base. A rolling hourglass-—shaped drum with a centre-mounted coulter is often used behind
the harrow to shape and pack the bed. The site must be sufficiently free from logging
debris and vegetation for a well-shaped bed to be formed. Beds should be oriented so as
to ohannel runoff into ditches and natural water courses and, except in flat terrain, they
should follow the contour. The operation is not suitable where seedlings would suffer from
seasonal drought (Haines et al., 1975 and Balmer et al., 1976).

Subgoiling or Ripping

On shallow soils overlying weathered rock, on compacted soils or on soils with an
underlying hardpan where voot growth is restricted, water infiltration and root penetration
can often be improved by subsoiling, or ripping. The operation involves tillage of the
subsurface soil, without inversion, by subsoiling tines or rippers mounted behind wheeled
or orawler tractors. Subsoilers can be either of the single-tooth or multiple-tooth type.
With the appropriate tractor and equipment, subsoiling to depths in excess of one metre
is possible, but shallower operation to about 60 — 70 cm is more common. Subsoiling
usually follows normal ploughing, and on sloping land it should be done along the contour.
In Cuba (Masson, 1973) it was found that subsoiling in the dry season gave much better
lateral shattering than when carried out in wet soil and that the general effect was
highly benefiocial to subsecuent planting.

Indurated soil layers can be broken by subsoiling to improve water infiltration and
seedling root penetration. The soil surface ig not turned. (Courtesy T.G. Allan)



Surface drainage and microsite conditions can be improved by using a bedding harrow
and roller to form raised beds for pnlanting. (Courtesy T.Ge. Allan)
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Oultivation Productivity and Choice of Equipment

Recorded praotical data on ploughing and harrowing indicate productivities of the
following ordert

Operation and Equipment Output in ha./hr
Ploughing Tropiocal _1/ Temperate _2./

65 hp wheeled tractor with mounted
3 diso plough 0.35 to 0.40 0.46 to 0.56

80 - 100 hp orawler tractor with
matohed heavy duty harrow plough 0.5 to 0.75 -

Pre-planting harrowing

65 hp wheeled tractor with 2 m
disc harrow 0.5 to 0.9 1.0 to 1.2

65 hp wheeled tractor with 3 m
diso harrow 09 to 1.1 1e1 to 1.7

80 - 100 hp orawler tractor with
pulverizing harrow 1.0 to 1.2 -

y Figures for the tropios are based on practioal field trials in east and
west Africa.

g/ Figures for temperate regions are based on Culpin(1975) for agricultural
land.

Note: Productivity is a faotor of so many variables such as state of i
equipment, operator effioiency, soil type and condition that
figures quoted are only indicative. Tropical outputs tend to
be less because they refer to pioneer operations under rough
oconditions whereas the temperate figures are based on agri-
cultural practice.

There is an extensive range of tractors and oultivation implements adequate for
plantation oultivation; the main ohoice is between wheeled or orawler units. In relation
to ploughing, wheeled tractor units tend to be marginally more cost efficient, but heavy
duty orawler units cultivate to greater depths and eradioate hidden roots and other movable
obstruotions. As for land olearing equipment, decisions on oultivation equipment should be
based on local experience and knowledge and where there are gaps, data may be obtained from
trials or from projeots operating under similar conditions.

If timeliness is considered the main faotor in pre-planting oultivation, then those
units giving the greatest productivity should be preferred. Efficiency and usage can be
important, however, and it may be possible to reduce costs by fuller use of heavy oclearing
equipment in oultivation or by increasing the use of wheeled tragctor weeding units in the
cultivation phase.



Sequence of Land Preparation Operations

As already noted, climate oonsiderably affeots land preparation operations. The
following is an outline sequence of operations for an area with a 6-month dry season,
assuming that land cleared during one wet season will be planted at the beginning of the
next. The sequenoe oan be adapted to other olimatio patterns and may even be extended over
two years, but any longer period runs into regrowth or weed problems.

Season

Start of raine (after 100 mm
reoorded), year O

20 days after end of rains,
year 0O

Before end of dry season, year O

Beginning of rains, year 1

Start of rains (after 100 mm
reoorded). yvear 1

Commenoce knockdown or stumping.
Windrowing, cleaning-up and
ploughing between windrows may
also start.

Stop knookdown or stumping.
Complete windrowing.
Clean—up between windrows.

Burn—-off windrows.

Complete ploughing.
Harrow prior to planting.

Commence planting.
Commence knoockdown and ploughing
for year 2 planting area.

DRAUGHT ANIMALS

For small-scale plantations in light soils, trials in northern Nigeria employing
oxen with matohed ploughs and spring tine harrows have indioated that suoh units oan be
operated practically and economically for pioneer ploughing and pre-planting harrowing
QAllan, 1973b). Such units require a large training input, however, and are seldom used

in forestry.

Cultivation using oxen with matched ploughs and spring tine harrows is a feasible and
economic possibility for small-scale plantation development on seleoted sites.,

(Courtesy Te.G. Allan)



CHEMICAL METHODS

The main use of ohemicals in site preparation is to kill grass, shrubs, trees or
stumps. Under certain conditions ochemioal application alone may give adequate site
preparation, but more frequently chemicals are used in conjunotion with or supplementary
to other land clearing techniques. Areas of grass, for example, may be killed by
herbicides so that it oan be burnt off while surrounding vegetation remains green.
Chemicals may also be used to kill regrowth following felling, stumping or ohopping.

In addition to their use in site preparation, ohemicals are also widely used to
control weeds during plantation establishment. For post-planting weeding it is important
to apply the chemical in suoh a way and at such a season as to minimize the risk of damage
to the plantation trees.

Various terms are used to refer to the chemiocals used in site preparation and
tending. A "phytocide" is a general term for any chemical preparation used to kill or
inhibit the growth of plants. It includes "arboricides", "silvioides" and brushkillers,
which are used against trees and other woody plants, "herbicides", whioh striotly speaking
are used against herbs, and "fungioides'", whioh are direoted against fungi. The term
herbicide, however, is now in oommon usage to refer to all chemical substanoes used for
killing plants, especially weeds, regardless of whether they are herbaceous or woody, and
is used in this sense in this publication.

Herbioides are usually marketed under proprietory names, and the same chemioal
oompound may have different names in different parts of the world. Some are toxic to all
vegetation while others are seleotive, for example, affeoting only dicotyledonous plants,
only grasses, or only oertain genera.

Herbicides aot in the following ways in killing plantst

1) The "contaot" herbicides poison the parts of the plants ooming in
oontact with the ohemioal.

2) The "translocation" ohemioals are absorbed either through roots,
foliage or stems and are translocated via the xylem or phloem,

3) The "soil acting" or pre-emergenoce ohemicals are toxioc in the
soil to germinating seeds.

4) The "total" weedkillers, like sodium chlorate, kill all vegetation
when applied to the soil. The soil remains poisoned for several
months after appliocation.

The effeotiveness of herbioides is dependent on a number of variables such as
season of application, plant species and size, forest struoture, soil moisture and weather.
Herbiocide applications made during the growing season are generally more sucoessful. Late
spring or early summer when root reserves are low are particularly favourable periods. In
general, large trees are harder to kill than small ones, and the more vigorous the tree
the more diffioult it is to kill. Trees under one year old are partiocularly susceptible
40 herbiocides. Forest stands of two or more levels will require either two different
treatments or two applioations of the same treatment, and partiocularly dense stands may
preolude the successful use of herbicides. Soil moisture has an effeot on the sucocess of
translocated herbicides. Although a low or deficient supply of soil water does not affeot
absorption, it can hinder translocation in hardwoods. Rainfall oan have adverse effeots
by washing off sprays from bark and foliage, and high winds make broadcast applioations
ineffeotive or spotty. Moderately warm temperatures and high humidity are oconsidered
favourable conditions for spraying, but high temperatures oan physically effect the
herbicide, as even low vclatile esters start to volatilize above 32°C. These represent
only a few of the possible variants affeoting herbiocide appliocation.



In some oountries oonsiderable work has been done on the types and uses of
herbicides, and rates and methods of applioation can be laid down for specifio vegetative
types. In many other areas work is at the experimental stage and much remains to be done
in developing optimum and safe teohniques. As a consequence of the many variables in
herbicide application and the toxio side~effeocts of many of the ohemiocals, there is an
obvious need for detailed study and research before applying such techniques in new areas.
A useful "Review of the Ecological Effeot of Herbicide Usage in Forestry" has been compiled
by Kimmins (1975) whioch contains an extensive list of references.

Prinoipal Herbioides Used in Forestry

The following sections give a summary desoription of the main herbiocides which
have found application in forestry., The list is far from complete; for a more
oomprehensive acoount of the type of herbioides and more detailed information on their
use, the reader should consult one of many weed oontrol handbooks, suoh as Crafts (1975),
Fryer and Evans (1970) and Fryer and Makepeace (1972).

Herbioides for the Control of Woody and Herbaceous Weeds

2 -7 (2 -trichlorophenoxyacetic acid)

This is a translocation herbicide, particularly effective against woody broadleaved
species. Most oonifers are resistant in the dormant season, but some speoies suoh as the
larohes and some pines {e.g. Pinus radiata) are susoeptible.

Various forms of 2,4,5-T are available; most common are the: 1) amine salts, 2)
unformilated esters and 3) formulated or emulsifiable esters). The amines oome in liquid
form and are available as either water or oil soluble for foliar spraying. The unform-
ulated esters are suitable for use only in oil (itself toxio to trees{iuhioh restriots
their use to the ocontrol of vegetation before the forest orop is planted, or to
applications to stumps, stems and frill girdles. The formulated or emulsifiable 2,4,5-T
esters are prepared for emulsification in water, These are normally diluted in water for
spraying and, though more expensive, have a more widespread use.

Most of the oommon broadleaved woody species, in all olimatioc regions, are
susceptible to 2,4,5-T foliar spraying, some more than others, and this has beoome one of
the most widely tried and used herbioides. In the temperate gzones, the genera most
susceptible are Alnus, Aesoulus, Acer, Betula, Corylus, Carginus, Populus, Prunus, Salix,
Sambucus and Ulex. Resistant genera are llex, Ligustrum and Rhododendron. Quercus sppe.,
though partially resistan* to foliar sprays, oan be controlled by bark spraying. Often
a related phenoxy herbicide called silvex 2(2,4,S-triohlorophonoxy) propionic aoid, is
more effeotive than 2,4,5-T in oontrolling ocertain woody plants, partiocularly oaks.

In the United States 2,4,5-T has been used extensively for site preparation and
for weeding. Rates of appliocation are in the order of:

Method Applioation Hate

Foliage sprays 2.5 to 5.0 kg acid equivalent (a.e.)
per ha

Shoot sprays 5 to 7.5 kg s.e. per ha

Basal bark and out 6 40 8 kg a.e. per 450 litre of

stump treatments oil

In Australia 2,4,5-T has been reported as effective in oontrolling eucalypt ooppice
regrowth in pine plantations.



2,4-D (2,4-diohlorophenaxyacetic acid)

This is a translocation herbicide useful for the control of a wide variety of
broadleaved herbaceous weeds, It is available in the same forms as 2,4,5-T. In forestry,
2,4-D has found a particular use in eliminating heathers (e.g. species of Calluna, Erica
and Rubus). For this purpose, the low volatile monyl ester of 2,4-D oontaining 500 g aoid
per litre is suitable; prepared for emulsification in water it oan be used as a foliar
spray. Young oonifer plants are susoeptible to damage by 2,4-D in the growing season.

The amine salt formulation is used undiluted for application to outs made in the bark of
trees,

The oombination of 2,4-D and 2,4,5-T emulsifiable esters forms a dual purpose
spray for the oontrol of broadleaved vegetation oontaining both woody and herbaceous
species. Applications are usually in the region of 2 to 5 kg/ha a.,e., but difficult or
persistent species may require speoial heavy applioations.

Ammonium Sulphamate (AMS, or Ammate)

This is a highly soluble, orystalline chemioal whioh kills many woody speocies,
Its main use is for applioation to out stumps or the stems of 2,4,5-T resistant speoies.
A solution of 400 g of AMS per litre of water is normally used, but the applioation of
small amounts of the chemioal in orystalline form direot to the freshly out stump or
frill-girdle is also effeotive. It ocan also be applied as a foliar spray. Areas sprayed
or misted with AMS should not be planted until 12 weeks have elapsed after treatmaent.

This ohemioal rapidly corrodes all metal and should therefore be stored only in
plastio oontainers; spraying equipment should be thoroughly oleaned immediately after use.

Sodium Arsenite

This highly toxic ohemical has found wide use throughout the tropios for frill-
girdling unwanted stems whioh are too large to be eoonomiocally out and removed. Frill-
girlding with sodium arsenite is standard practioce, partioularly in the method of line-
planting in tropical rain forest areas. In the Solomon Islands, for example, this method
is normally used to poison over-wood stems, using an average of 170 g of sodium arsenite
per ha. Its great mammalian toxioity, however, oonstitutes a serious risk for personnel
handling it, and in many countries its use as a herbioide is prohibited. It is dangerous
to cattle or game, due to its attraotion as a salt liok,

Pentachlorophenol (PCP)

This chemiocal has been used in Papua New Quinea, (obtainable as a 15% oonoentrate)
for foliage sprays killing annual broadleaved and grass weeds both in nurseries and in the
field.

Picloram {4~animo-3,5,6~trichloropioalinioc acid)

Picloram, or tordon, is a postemergence, translocated herbicide extremely
effeotive against woody plants and particularly useful in preventing ooppioe growth.
Most grasses are tolerant. It has been used in southwestern Australia for killing
euoalypt growth in plantations of Pinus radiata, whioh is less susoeptible to pioloram
than to 2,4,5-T. It is also used in oontrolling brush along rights-of-way, roadsides
and firebreaks and ocan be obtained as a water—soluble material for aerial applioation or
in pellets for hand or machine applioation,
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Triagzines

The triazines, including simazine and atrazine, act on emerging seedlings by
interfering with processes associated with photosynthesis. As they lack phloem mobility,
they are applied to the soil where they are readily absorbed by roots and transloocated to
the foliage via the xylem. They are generally most effective with good soil preparation.

Atragzine is probably the triazine of widest agricultural use. In forestry it is
used as a preemergenoe herbioide in nurseries and plantations.

Simagine is also a preemergence herbicide but is more persistent in soils than
atrazine. Usually marketed as a wettable powder containing 50% or 80% simazine, it is
generally applied to the soil before planting. In the United States simazine has been
suocessful in oontrolling grass and herbaceous weeds when sprayed along the planting lines
in early spring prior to planting with Soots pine. It is, however, most widely used in
forest nurseries for weed oontrol in transplant beds.

Sodium Chlorate
This is a "total" herbicide applied to the soil for killing perennial vegetation
on roads, traocks and firebreaks and in depots and store yards etc. The soil remains

effeotively poisoned for many months, and in the case of some species for a year or more.

Herbicides gpecifically for the Control of (rasses

Competition by perennial grasses in young plantations is a widespread problem,
often retarding crop growth and giving rise to high weeding costs. Two chemical sprays
have so far proved satisfactory: dalapon and paraquat.

Dalapon ( Dowpon)

Dalapon is a translocated herbioide affeoting only monocotyledons. Some grass
speoies are more susceptible than others: Agrostis, Deschampsia, Molinia and Nardus
species are very sensitive, Agropyron and Holocus species less so. For pre-planting
control of grassy sites, a solution of 8 to 17 kg dalapon in 350 -~ 450 litres of water
per ha is sprayed not more than six weeks and not less than three weeks before planting.
This enables the crop to be planted into newly killed grass.

In planted areas dalapon can be effective in controlling grass between the rows
of young conifers at an application rate of 11 kg dalapon per ha without damage to the
conifers, provided that r~praying is restrioted to periods when the trees are dormant.
Control spraying should be repeated at intervals depending on the vigour of the regrowth.

Dalapon is one of the few chemioals whioh can be used to control monocotyledonous
water plants in ditches, water oourses and ponde without endangering fish or other forms
of 1life in the water. Its effeoctiveness against weeds, sedges and rushes in wet sites is
often improved by mixing with 2,2,3-trichloroproprionioc acid.

Paraquat (Gramoxone)

This is one of the dipyridylium group of chemicals and acts by translocation. It
is quickly absorbed and is extremely rapid in action against nearly all green growth.
Paraquat is partioularly effeotive in killing annual grasses and fibrous-rooted or
stoloniferous species. It oan defoliate woody species, but rarely kills them, so its usge
is mainly oonfined toc sites where grass or herbaceous weeds are troublesome, The chemiocal
is generally inactivated on contact with the soil so planting can follow shortly after
spray treatment.



Paraquat can be used in young plantations, provided that the plants are well
gsoreened from the epray. It is most effective in early spring before weed growth has
grown taller than about 20 - 25 om,

The rate of application is normally at 11 litres of gramoxone in 550 litres of
water per hectare treated. The chemical is highly poisonous and requires care in handling.

Methods of Herbicide Application

The main methods of applying herbicides are by apparatus carried by an operator,
by machine powered equipment or by aerial application. The most common equipment consists
of a range of knapsack sprayers, which are carried on the operator's back and, employing
compression, emit a fine spray through a jet. The direction, timing and type of spray
droplets can be controlled by the operator., Other related types of applicators include
motorized knapsack mist blowers for low volume application of liquids and a similar item
designed for applying granular herbicides.

Ultra low volume (U.L.V.) sprays are a more recent development which spread the
herbicide by producing large numbers of relatively uniform-sized droplets which are
dispersed evenly over the area by a fan, or by gravity and the natural movement of the air.
The basic applicator oconsists of a plastic tube which acts as battery holder and a handle
for the applicator head. The head contains a two-tier electric powered disc onto whioh
the herbicide is fed from a one litre reservoir. The disc has a serrated edge and when
rotated at high speed (up to 6 000 revolutions per second) produces an extremely fine
dispersal. The main advantage of the U.L.V. applicator is that the same dispersal of
active ingredient can be achieved with 2 to 10 litres of conoentrate as would be attained
with 100 to 700 litres of diluted herbicide using oconventional sprayers. In using the
U.L.V. technique, the saving in transport of dilutent is obvious, which offers new
opportunities in arid areas where water availability is a constraint to using conventional
spraying. The use of U.L.V. techniques is being developed in forestry, and a range of
investigations is being carried out in a number of ocountries.

There are a number of tools which are used to inject herbicides into the tissues
of undesirable trees or shrubs. Such equipment usually comprises an axe or chisel head
through whioch herbicide is injected from a reservoir when the cutting edge is applied to
the cambium. These tools offer a more sophisticated approach to frill girdling whioch can
be supplemented by spray or paint brush application of herbicide if required.

A range of equipment for larger scale operation has been designed for tractor
mounted or towed operation. The types of equipment are live reel sprayers, mist blowers
and granule applicators. Work on tractor mounted U.L.V. apparatus is under research and
development., Aerial application generally from fixed-wing aircraft, is perhaps the best
method of covering large areas quickly. The big risk in aerial application, however, is
drift of herbicide onto adjacent lands, water courses or orops, and this factor severely
limits its use.

Many of the herbicides have harmful or irritant effects on operators if protective
or safety measures are not taken. It is essential, therefore, that the possible effects
of any chemical should be fully studied before use, and that any recommended or legal
safety measures be applied. Using any of the herbioides requires the wearing of
protective clothing, often including gloves and face shields. Such requirements have
limited the use of herbicides in warm or hot climates.
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Features of Herbioide Vegetation Control

One of the major advantages of sucoessful ochemical site preparation is that the
effeot can be longer lasting than that of other methods, and when so effeotive the problem
of unwanted regrowth is diminisheds In areas liable to erosion, the killed vegetation very
often aots as a muloh, reducing the rate of erosion while presenting no competition to the
plantation orop, but in drier areas suoh dead matter contributes to the fire hasard.
Chemical clearing oan be used in terrain too difficult for mechanized methods. Although
chemioal olearing may often be more ocostly than other methods, frill-girdling and basal
spraying teohniques of killing unwanted stems have been developed for eoonomic use in a
number of oountries. A major disadvantage is that the need to carry or have large
quantities of dilutents available on sites has restrioted the use and range of ordinary
sprayers. Fortunately the development of ultra low volume appliocatiors is likely to
diminish this problem,
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CHAPTER 2

DIRECT SOWING

(ENERAL CONSIDERATIONS

Once the area to be afforested has been prepared, the forest crop is introduced
either by sowing the tree seeds directly or by planting forest nursery stock, stumps,
wildlings or ocuttings. The choice of whether to sow or to plant depends on a number of
faotors. The factors favouring the choice of direct sowing aret

1) Cost. Direct sowing, when successful, is usually cheaper than planting:
it avoids the cost of raising nursery plants and generally is a less
costly operation than planting. Costs can be further reduced if aerial
seeding methods are possible, espeocially in areas of difficult access.

2) Abundanoce of cheap seed. Direoct seeding requires much greater quantities
of seeds to seoure a reasonably full stoocking than is required by
planting nursery stoock. A oritioal factor, therefore, is the possibility
of proouring large quantities of seed easily, and at low cost, as is
often the came when local species are used.

3) Seeds whioh do not ow well in nurseries. The seeds of oertain speoies
(e.g. Pinus roxburghii of the Himalayas) are diffioult to raise in
nurseries, and direot sowing gives better results. Plants of most
species suffer from the shock of being transferred from the nursery to
the planting site, and in some ocases direct sowing might give better
results, Plants resulting from direct sowing, for example, partioularly
in fine textured scils, often have better root development than nursery-
grown seedlings field planted in notches where root development is often
restriocted to the plane of the planting slit.

4) Seeds of easily established fast_growing species, or of species growing
on sites where oompeting vegetation is negligible. Direot sowing is
preferred where seedlings grow fast enough to survive and outstrip
oompeting vegetation on the site, making a prolonged period of tending
and weeding unnecessary; otherwise the finanoial advantage of sowing
is lost. Direot sowing from the air has been employed very suoccessfully




for seeding Pinus radiata on short grass sites in parts of New Zealand
and for various other pines in the southern U.S.A. as well as in the
prairie provinces of Canada. In Finland direct seeding of Scots pine
on some types of reocently drained peat bogs withcut other soil
preparation is a ocommon practioce (the wet surface offers a good
germination substrate, the competing vegetation is less abundant and
pests and diseases are more scarce than on mineral soils).

5) Adequate germination. The species selected must give reliable and
forecastable germination under field oonditions. Often species with
large seeds are preferred because they give large seedlings which
resist adverse environmental conditions better than smaller ones.

The main disadvantages of direot sowing are:

1) The relatively large quantities of seed needed to offset losses from

seed—eating birds, rodents and inseots, as well as losses due to
climate, scil and oompeting weed growth. Other sources of seedling
loss are frost, whioch freezes seedlings or lifts them out of the
ground (i.e. frost heaving), and animals that browse or trample
seedlings. If the cost of obtaining seed is high, for example, when
using imported seed, or seed of speocial provenances or from seed
orohards, or when it ias diffioult to obtain adequate supplies, it is
often more economical and efficient to raise nursery stook.

2) The irregular stocking, especially with broadcast sowing and, therefore,
the less efficient use of the growing space, compared with planting
methods. Too dense stocking will require an early cleaning or reduction
operaticn. This was the case in New Zealand where such additional work
reduced much of the cost benefit of direct sowing. On the cther hand,
oontinuous changes in the site (e.g. soil fertility) are utilized more
effiociently when using direct sowing.

The economies possible by sowing from the air have encouraged research into methods
of embedding the seed in pellets containing anti-pest chemicals and materials designed to
aid germination. Sucoessful develcpments in these fields have made direct sowing a
commonly used and practical afforestation method in many parts of the world. Nonetheless,
the trend is towards planting which, though more costly, is generally more certain and
allows greater oontrol over .he orop.

PRE-SOWING TREATMENT OF THE SEED

Some seeds are ready for sowing as soon as they are collected from the parent tree;
others pass through a dormant stage during which the embryc completes its development.
Often a pre-treatment is used to hasten germination, or to obtain a more even germination.
The types of treatment vary with the different types of dormancy of tree seeds; <the main
types of dormancy are:

1) Exogenous dormancy, conneoted with the properties of the
pericarp or the seed coat (i.e. mechanical, physioal or
ohemiocal);

2) Endogenous dormancy, determined by the properties of the
embryo or the endosperm (i.e. morphological or physiologiocal)
and
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3) Combined dormanocy.

Pre—Treatment Methods for Overcoming Exogenous Dormanoy
Soaking in Cold Water

With a great number of speoies, soaking in oold water from one to several days is
suffioient to secure germination. The improvement in germination oaused by soaking in hot
or oold water is oaused by the softening of the meed coat and the ensuring of adequate
water absorption by the living tissues. Cold soaking is used, for example, for the
Himalayan pines and in Japan for pine and spruce seeds. When long soaking periods are
used it is reoommended that the water be ohanged at intervals., It is usually important to
sow the seed immediately after soaking without drying, beocause drying generally seriously
reduces the viability of the seed. An exoeption to this is Acacia mearnsii in southern
Afrioa which is dried after hot water treatment and stored for three weeks. Also, in some
oountries teak seed is given alternate soaking and drying.

Seaking in Hot or Boiling Water

The seeds of many leguminous species have extremely tough outer ooats whioh can
delay germination for months or years after sowing unless subjeoted to pre-treatment by
immersion in boiling water. Examples are Acacia decurrens, A. mearmmsii and A. arabioa.
The seed is immersed in two to three times its volume of boiling water where it is allowed
t0 seak until the water is cold. The gummy muoilaginous exudations from the seed coat are
then washed off by stirring in several lots of olean water.

Sometimes acorns, chestnuts and similar fleshy seeds give better germination if
soalded, that is dipped for only 15 - 30 seoonds in boiling water, whioh kills the inseots
and grubs often found on the seeds. If the soalding is prolonged above one minute,
however, the seed may be killed.

Acid Treatment

Soaking in solutions of acid is used in the oase of seeds with very hard seed
ooats suoh as Acacia nilotica and Albizzia lebbeok. Conoentrated sulphurio acid is the
chemioal most generally used; after soaking the seed must be immediately washed in oclean
water., Tests should be made to determine the optimum period for treatment for each speocies,
and even for different provenances, sinoce over—exposure can easily damage the seed.

Examples of the recommended times for soaking in acid of seeds of a few Acacia
speoies are (Laurie,1974):

Species Time (minutes)

A. albida 20
As nilotioa 60 to 80
A. senegal 40

Other Treatments

In special cases seeds are scarified, for example in revolving drums, to orack or
pierve the ocuter seed coat. Sometimes the seed has to be oracked or ocut open, or
partially out by hand (e.g. Pterocarpus angolensis and P. mdntus) to obtain good
germination. Oermination of Pinus lambertiana was improved by removing the seed ooat and
menbrane. In some countries le.g. India and Sudan), seeds of Acacia and Prosopis species
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are fed to goats and later collected from their droppings; the partial digestion in the
gut is held to enhanoe germination, but the method has obvious diffioulties in applioation
and is now only used if acid treatment is not possible.

Pre-Treatment Methods for Overcoming Endogenous Dormancy
Stratifiocation

Stratification means the storing of seeds in a moistened medium, for example peat
or sand, so as to maintain viability and overcome dormancy. If seed is stored moist in
near-freezing temperatures, the method is called cold stratification or pre-chilling,
even if no medium is used. Stratifioation is commonly used for large, fleshy seeds, such
a8 aoorns, walnuts and teak. The seed is usually stored in a pit or trench in altemative
layers with moist sand, peat, leaves or straw, and the heap is oovered to keep rain off
and protect from the depredations of rodents,

Moist oold stratifioation is oommonly used to break dormanocy or improve germinatien
for a range of pine seeds (Schubert and Adams, 1971). In this methods

1) The seeds are thoroughly mixed with moistened sterile river sand or
vermioulite;

2) The mixture is poured into trays or cans with bottom drainage holes
and

3) The oontainers are placed in refrigerators at 0.5° to 2,0°C for the
period to break dormancy.

The medium has to be kept moist through the stratifiocation periocd. To minimize
the formation of moulds the seed should be treated with a fungicide such as Captan before
stratification. An alternative method is to soak the seed for one or two days and, after
draining off the exoess moisture, to seal the seed in polythene bags for storage at 0° o
20C, The time required to break dormancy is variable, for example Pseudotsuga menziesii
takes 40 to 150 days depending on the origin of the seed and Pinus ponderosa required
some 30 days, so that trials and investigations are neoessary to determine optimum periods
for species in selected areas.

In Japan a form of stratification under snow is practised to quiocken the
germination of certain species (e.g. Abies machalinensis, A. homolepis, A. firma). After
a short wetting the seed is spread evenly on a prepared site and covered in clean river
sand. The sand is then covered with straw upon which a pile of snow 1.5 to 2 m thick is
packed. The snow is replenished from time to time until the spring thaw arrives and the
seeds are ready for sowing.

Warm followed by cold stratifioation has been found effective for a oonsiderable
number of speoies (e.g. Fraxinus excelsior). The seeds are held at germination
temperatures for one to several months, after which they are shifted to oold ohambers or
refrigerators and held at low temperatures for an additional one to several months.

Treatment with Chemicals

Chemicals, such as hydrogen peroxide, have been found effective in breaki
internal dormancy in most seeds (e.g. Pseudotsuga, Abies and southern U.S.A. pino:g.
Gibberellic acid has been shown to enhanoe the germination ocapacity and even to
stimulate meristematio growth rates, while a number of forest tree seeds respond to
treatment with various organic compounds, including oitrioc and tartario agid. Other
tested and effective chemioal treatments have included potassium nitrate (1 - 4% for
24 hours) and red oopper oxide or sino oxide dusts.
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Pre-Treatment Methods for Overcoming Double Dormanoy

To overcome double dormanoy it is necessary to treat the seed so as to make the
seed ooat permeable and induce in the embryo the changes essential for germination.
Sometimes ocold stratification is sufficient, but more often hot water soaking, acid
treatment or scarification followed by stratification is necessary. Warm followed by
oold stratification has also given good results in many cases.

SEED COATING AND PELLETING

Where seed-eating pests cause serious losses, the seed should be treated with
insecticides and rodent and bird repellents before sowing. Chemioals suoh as arsenate
and endrin are used against inseots and rodents; arasan and anthraquinone are effective
bird repellents and fungicidese.

The development of seeding from the air has stimulated experiments in coating the
seed with hygrosoropioc substanoes containing nutrients and toxio repellents. These
artifioial coatings add weight to some of the lighter seeds, thereby improving the scatter
pattern in aerial seeding. A ooating formulation consisting of endrin and arasan as the
repellents, with a latex sticker to aot as a bond, has been successfully used with Pinus
palustris and P. taeda in southern U.S.A. The seedling yields in field studies oomparing
coated seed with untreated seed were 55 : 1 for P. palustris and 12 ¢ 1 for P, taeda
(Derr and Mann, 1971). Aluminium powder has been found useful as a lubricant for seed
pellets. In Fast Afrioca Rhizoctol combi is used in pelleting P. patula seed as a
protection against damping off,

SITE PHREPARATION

In most cases, direot sowing will not be successful unless the seed is in oontact
with mineral soil and preferably covered by a thin layer of proteoting earth. Exposure
of the mineral soil can be achieved by burning or by clearing and ocultivating. Controlled
burning is an important method of site preparation for eucalypts in Australia, espeoially
in the wetter forest types and is also used extensively for aerial sowing of pines in
southern U.S.A.

Land clearing and oultivation prior to sowing may be done on the whole area to be
seeded or it may be restricted to strips or spots. On sloping land oultivating is
generally done in bands (either oontinuous or interrupted) following the contour. Where
s0il erosion is a danger, it is usual to leave the native vegetation undisturbed in the
bands between the oultivated strips.

In Tanzania a method oalled "tie-ridging" has been found effective, especially
for Cassia siamea plantations. With this method the whole area is cultivated and ridges
are built up at intervals by hoeing. Tie-ridging is generally used on gently sloping
land where the basins are very effective in oontrolling surface runoff. Sowing the seed
along the ridges has given very good results. Wherever possible the growing of a forest
orop is combined with the raising of food orops.

The Indian "rab' method is also used in some dryer regions of the savanna type.
The rab method consists of piling the slash oleared from the land in windrows or heaps
and burning it when dry. The seed is sown direotly on the ash after burning. The
advantage of this method is that the burn partially sterilizes the soil, killing all
weed growth and the surface population of termites and ants. The rows remain free of
weeds for an appreoiable period, and the ash provides a useful fertilizer for the
seedlings. In Zambia a similar method, ocalled “oitemene" was used, but has been
abandoned because of problems in ocarrying out a timely burn over large areas and in
proteoting the young orop from fire.



-48-

TIMES FOR SOWING

In general, sowing should be done when soil conditions are sufficiently moist and
warm to permit germinatien to start and to promote rapid early growth of the seedlings,
that is to say in the spring or at the onset of rains. MNoisture and rainfall are the
main oritioal factors so actual sowing dates may vary from year to year. If sowing is
presoribed on a preselected date regardless of soil moisture, there is a risk that initial
rains will be sufficient to start germination but inadequate to sustain it. The soil
should also be free of frost, but with some species higher soil temperatures are necessary
for germination.

In areas subject to snowfall, especially in drier regions, there are sometimes
advantages in sowing before the snow season. The seed is protected by the snow from birds
and other seed—eating animals during the winter, and germinates immediately after snow-
melt when oonditions are favourable, which is an advantage when the onset of dry summer
weather followe very soon after the thaw, In other cases, the seed is sown immediately
after the snow has disappeared or sometimes on the surface of the snow as soon as the thaw
oconditions have set in.

In southern U.S.A. (Derr and Mann, 1971) sowing may be done during the spring or
autumn, but best results are generally obtained from early spring sowing. In California,
however, late autumn seeding offers a longer seeding period, avoids the need to stratify
and results in earlier germination in the spring.

DIRECT SOWING METHODS

Broadcast Sowing

Broadcasting seed oan be done by hand, by using a tractor mounted spinner of the
type used in agriculture for spreading complete fertilizer or aerially by using aeroplanes
or helioopters. Broadcast sowing is used for many species but requires much more seed per
unit area sown (two or more times the quantity used in the other methods mentioned). It
is used in circumstances where the seed supply is abundant and cheap and pre~supposes that
only a relatively small peroentage (30% or less) of the germinating seeds survive to
establishment. If germination and survival conditions are good, then broadcasting may
well result in too high a stocking of the land, requiring subsequent drastic reduction of
the orop by hand or mechanical weeding methods. In such oonditions line sowing, drilling
or even spot sowing is less wasteful of seed. However, when seeding from the air is
feasible, then over-stockin~ with subsequent thinning out of the seedlings is sometimes
cansidered acoeptable.

In New Zealand Pinus radiata plantations have been extensively established by
aerial broadcasting, and in Canada direct sowing of Pinus contorta, Pinus banksiana and
Picea glauca, partly from the air and partly by using tractor mounted seeders, is widely
used, thanks to developments in seed-coating techniques. In Canada from 150 to 450 g/ha
of seed is used in broadcast seeding depending on the species and the locality of sowing.

Broadcast seeding from the air has also been highly successful on a large soale
for sowing Pinus elliottii and other fast growing pines in the southern states of U.S.A.
It is the quickest and cheapest method, an aeroplane seeding 600 hectares per day and a
helioopter up to 1 000 hectares. Broadcast seeding by machine is much slower, covering
up to 35 hectares a day, while 8 heoctares is about the maximum a man could seed a day.

Tne possibilities of reclaiming sand dune areas by aerial seeding followed by
spraying the land with a coagulating chemiocal to fix the blowing sand is referred to in
Chapter 4.
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Whersver possible the seed should be ocoversd for proteotion with a layer of soil
of a depth equal to two or three times the diameter of the seed. Where the land has been
previously olean cultivated thie can be achieved by rolling the seeds in with a tractor
drawn agricultural roller or by dragging a rounded log or baulk over the land with ropes
or chains attached to each end and yoked to a traotor or to draft animals. Covering the
seed has a marked effest on inoreasing the survival germination percentage.

Sowing in Lines or Drills

Sowing in iines may be oconveniently used either on olean ocultivated sites or on
land oultivated in lines or strips. The seed is sown by hand or oan be drilled in with
a modified agrioultural seeding drill. Line seeding uses one-half to one~third the
quantities of seed required for broadoasting. It is also the method best suited to sowing
large seed. The distance apart of lines oan be selected on the basis of growth rates or
subsequent tending methods, and the spaoing of seed in the line should be suoh as to ensure
an adequate density of stocking.

Hand sowing in linem is still oommonly used in many oountries, particularly for
small-soale afforestation sohemes. It is the enly possible methed on planting sites
prepared with tied-~ridges and aleong contour trenches and gradoni on steep slopes. Some-
times a shallow furrow is drawn into whioh the seeds are dropped before oclosing the furrow
in with a hoe or rake.

Very large seeds oan be dibbled in holes made in the moil by a pointed stake. In
Brazil the seeds ef Araucaria angustifolia are dibbled in holes 10 to 20 om deep at
spacings of 1 to 3 m within the rows and 1 to 3 m between rows (Ntima, 1968). From one
to three seeds are sown in each hole. A similar method is used with this speocies in
Argentina, where lines are 1 m apart and within row spacing is 0.5 m. This close
spacing requires 40 to 120 kg of meed per heotare. At year three the seedlings are
thinned out to 2 500 plants/ha. Line seeding is also the general methed used in Italy
for Pinus pinea plantations; 50 - 120 kg of seeds per heotare are used, and the seeds
are buried "a finger’s depth" in the soil.

Where possible drilling with traoctor drawn implements is eften mere timely and
efficient than sowing by hand. A traoter and drill oan seed 5 heotares a day while 25
men would be needed to de the same work in the same period. In Canada a speocially
designed drill mseeder has reocently come into use whioh is towed by & orawler traotor
fitted with a V-shaped dozer blade. Use of thim machine allows scarifioation of the
soil and seeding to be carried out in one operation.

Spot-Jowing

In this method, seed is sown in relatively small oultivated patohes spaced at
regular intervals corresponding to the desired orop spacing. Spot sowing is oommonly
used for such genera as Swietenia or Umelina in the tropios with 2 or 3 seeds being sown
in each spot.

In New South Wales, Australia, spot-sowing is the standard method of establishing
plantations of Euoalyptus pilularis and E. grandis. The land is first ocleared of
vegetatioen which is later burned in situ. The seed is sown on the ground in small spots of
20 om diameter at intervals of 2.50 x 2.80 mor 3 mx 3 m using a seed shaker or "pepper
pot" oontainer oonsisting of a sorew-topped jar, or a plastic oontainer with perforated
1id through which the seed can be shaken but will not flow freely. Sowing rates for
these species vary between 250 and 500 g per heotare. The same method is used for
sowing Euoalyptus seed in Zambia and the Congo; however in these areasz it has not
suocesded as well as in New Seuth Wales, where the two species are native. In general,
Pucalyptus spp. in exotio sites are more successful if planted.
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The Panama direct seeder is a lightweight hand tool used for spot sowing directly
onto mineral soil. It has a trigger dispenser and an adjustable hole size which

allows the operator to oontrol the number of seeds released per spot. (Courtesy

U.S. Forest Service)

The spot sowing method is oommonly used for establishing conifer plantations in
hilly regions, particularly in some Mediterranean countries, in the Himalayas and in Japan.
In Japan the spots are about half a metre in diameter and are sown with about 50 seeds of
Pinus densiflora which are covered by lightly raking over the spot.

Spote may take the form of reoctangles which are often about 1.5 m wide and 2 - 4 m
long, with the longer axis oriented along the oontour. These rectangular spots are cleared
of shrubby growth and cultivated with a mattock or hoe. In Italy, Pinus pinaster and P.
larioio are normally sown in this way or on continuous cultivated strips using 6 - 15 kg
of seeds per heotare. The method is also used extensively in Cyprus for re-seeding burned-
over forests with P. brutia. Similar methods have been used with success for establishing
Cedrus deodara, Pinus griffithii and P. roxburghii using 2.1 kg of Cedrus seed and 1.5 kg
of pine seed per hectare. Almost double this quantity of meed is needed for sowing along
continuous contour lines.

Another varient is "mound" or bed sowing, especially on moist sites or in poorly
drained scils, where the scil is excavated from pits and deposited in a series of small,
flat-topped mounds, on which the seed is sown or dibbled.
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Spot sowing is sometimes used in taungya plantations, the spots being marked by a
stake driven into the ground so that the cultivator ocan take precautions against injuring
the meedlings during weeding or harvesting werk.

Replagement Seeding

Failures after seeding operations are filled by re-seeding the following year or
by transplanting seedlings found growing in excessive numbers in other parts of the area.
In the oase of fast—growing species, it is advisable to fill the blank spots by planting
nursery grown plants rather than to attempt re-seeding. An essential is to determine the
reason for any failure, in an attempt to ensure that any ocasual factors will not similarly
affect any re-seeding.
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CHAPTER 3
'PLANTING AND TENDING

PLANTING

The decision to afforest on a reasonably large socale should always be based on a
series of trials or researoh to determine effeotive methods of establishment. Both direct
seeding, primarily because of its possible cheapness, and planting with nursery stock
should be coneidered, but planting is by far the most oommon method.

Planting allows for regular spacing which favours good utilization of the mite and
facilitates subsequent tending operations and plantation management. On diffioult sites,
partioularly in dry regions, planting has proved by far the most effective method, indeed
often the only method, of establishing plantations., It is also often the most sucoessful
method for fertile productive sites where oompetition from weed growth is fieroce. When
seed supplies are soaroe or costly, nursery production and planting offer the best
opportunity of using seed effioiently; while in circumstances where plants are reproduced
vegetatively, such as hybrid poplars or spscies that produoe little or no viable seed,
there is no alternative to planting.

The main disadvantages of planting when compared with direot sowing are the ocost
and time required to produce nursery stook, the high costs and tranaport problems in moving
stock to planting sites without deterioration in their oondition and the increased
requirements in number and skill of planting teams. Unaekilled or careless planting often
results in poor survival or in root deformation that adversely affect= growth and stability.

The essential prinoiples of planting are that:

1) The planting stook should be healthy and vigorous;

2) The selected trees should be suited to the planting site,
and suoh sites should be prepared to a oondition favour-
able for the tree ocrop, and

3) Planting should be oarried out in an efficient and timely

fashion and the mseedlings should be given proper care and
protection during and after the planting operation.
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Kinds of Planting Stook

The kind of planting stock used has a direot bearing on the planting method. The
main types of planting stook are bare-rooted, ball-rooted, potted and tubed plants, stumps,
cuttings and sets.

Bare-Root Plants

Bare-root plants are despatohed from the nursery after shaking the exoess earth
from the roots, leaving only a thin layer for proteotion. The plants are tied in bundles
and protected from drying in transit by oovering the roots with wet moss or leaves or by
dipping them in olay slurries or speocially prepared mixtures. The bundles are placed in
paper or plastio sacks, oardboard oartons eto., for despatoh. Plastio bags or paper sacks
lined with plastio film have the advantage of being permeable to oarbon dioxide but
impermeable to water, thus minimizing the risk of drying. Bare-root plants are most
frequently used in temperate regions or in other regions where the olimate has a
relatively high atmospherio humidity during the planting season. In temperate regions,
seedlings are generally in a resting phase at the time of planting, and this faocilitates
bare-root planting. However, plants are liable to a loss of viability, even in humid
olimates, if the roots are exposed to sun or wind; they should, therefore, always be kept
covered on delivery at the planting site until the time for planting out arrives. When-
ever there is a possibility of a delay of more than a few hours betwsen delivery and
planting, the bundles should be "heeled in"™ - that is to say, placed in specially dug
trenohes and the roots ocovered in moist sand, peat or light earth. Plants that have been
carefully heeled in and kept watered oan survive several days, even weeks, without damage,

"Striplings" are large nursery plants with a 1 to 2 m shoot whioh is stripped of
leaves prior to despatoh for planting. Stripping off the leaves reduces transpiration
losses., Suoh plants are used mainly in the tropios where browsing is a speoial hasgard,

"Wildings" are natural forest seedlings or root suckers whioh are sometimes used
for planting when nursery stock is either too small or in short supply. They are most
often used in enriohment planting operatioms.

Ball-Rooted, Potted or Tubed Plants

In ball planting, the plants are despatohed from the nursery with their roots
enveloped in nursery soil, which proteots them from drying and reduces physioal damage
to the roots as a oonsequence of lifting from nursery or transplant beds. A method
developed in Rast Africa, for example, is to oarve up the nursery bed into seotions and
to place the seotions into shallow-sided boxes, or to grow the seedlings direotly in the
boxes., At the planting site, individual seedlings with small blooks of soil are out from
the box for planting.

The main problem with ball planting is to prevent the soil from being shaken loose
from the roots during transit from the nursery to the planting site. To overoome this,
different teohniques have been tried, suoh as enolosing the bare roots of nursery stock
in balls or blooks of speoially mixed and oompressed earth (usually oonsisting of olay,
sandy loam and peat or hums in equal parts), or in earth-filled oontainers. Stock thus
treated are termed "balled-plants®. In a similar method developed in Brasil, and formerly
used on a large-soale, the potting soil is oompressed by a machine to form a soil blook,
oalled a torrao paulista, into whioh seed is sown.

On a muoh wider soale, the problems of root exposure have been largely overoome
by the uee of seedlings raised in some form of oontainer. Plantation systems using
oontainer-grown stoock are now common in most parts of the world, and are used almost
exolusively in areas with a marked or long dry season. Container plants have a
oonsiderable oapacity to withstand limited dry periods following planting; <+heir use



therefore can prolong the planting season, partioularly in temperate zones, and to a muoh
lesser degree in harsh environments.

Containers oan be either "pots", whioh have a olosed bottom, preferably with
drainage holes, or "tubes", whioh have no bottom but require a soil medium that is
sufficiently adhesive not to fall out when handled.

The use of oontainers made of polythene has become widespread; but prior to their
development, various other materials such as metal, bamboo, wood veneer, banana or palm
leaves, oardboard and waterproof paper were widely used in different parts of the world.
Although still used in some areas, most of these are either more expensive or less
convenient than polythene, whioh has the advantages of being cheap, light and easy to
handle and has generally proved effective over a wide range of oonditions., The polythene
used for containers is usually 150 to 250 gauge (0.0375 to 0.0625 mm thiokness) and is
generally black or transparent, the black being more durable.

The size of container varies with speoies, age and size of stook preferred for
planting as well as harshness of the site. In Nigeria, for example, in areas with less
than 800 mm of rain, and a dry season of at least six months, pots 25 om long by 25 cm
oiroumferenoe are used, while in areas with over 800 mm rainfall, smaller pots 15 om by
25 om are used, and experiments using pots 15 om x 15 om are being actively oontinued. In
Zambia tubes 15 om by 25 om were standard, but "minipots" 15 om by 15 om have been
developed and are extensively used. The size of a oontainer has an obvious effect on its
weight when filled with soil. For example, in Nigeria the different sizes of pot filled
with soil weigh approximately: large, 1.9 kg; medium, 1.1 kg and small, 0.4 kg. The work
input and cost of transporting container seedlings inoreases with the size of container,
whioh underlines the impetus for research into the use of minipots and "tubelings". 4n
objective in container planting should be to use the smallest container compatible with
successful establishment and subsequent growth and development.

The use of containers has oocasionally oaused root malformation of seedlings, with
an adverse effect on their subsequent growth and development, and one disadvantage of
small pots is that they may increase the ohance of such malformation (Ball, 1976). When
plants are kept too long in oontainers, the restriction of lateral root growth may cause
distortion, ocoiling and spiralling which may later lead to basal stem snap, reduced wind~-
firmness and stunted growth, and in extreme cases it may result in mutual strangulation of
roots and the death of the tree. These symptoms, however, may not always appear, or may
not become apparent until some years after planting. In Nigeria, for example, in trials
of removal, partial removal or retention of polythene bags at the time of planting, there
were indications of increased mortality in four-year-old pines when bags were not removed,
but in euocalypts up to seven years old removal made little difference (FA0, 1976)s To
reduce the risk of root ooiling, it is important to time nursery operations so that plants
do not become too large for their oontainers before out-planting; and to mitigate the
damage from coiling it is advisable to completely remove the container at the time of
planting. In addition, Ben Salem (1971), Stone {1971) and Donald (1968) recommend making
two or three vertioal incisions about 1 om deep down the length of the so0il oylinder with
a sharp instrument to out any coiling roots.

In recent years new types of oontainer have been developed in North Amerioa whioh
are designed to minimize root coiling (Tinus et al., 1974). The inner walls of these
oontainers have vertioal ribs whioh ohannel the roots to a central bottom hole. By
supporting the containers olear of the ground, emerging roots are killed back by "air
pruning"”, thus encouraging growth of numerous laterals into a tapered form. The plant and
growing medium (together called a "plug") are removed from the container at the time of
planting and are inserted into the soil with the aid of a specially made dibble.
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umps, Cuttings and Sets

"Stump" is a term applied to large nursery stock of certain broadleaved speoies
which has been subjected to drastic pruning of both the roots and the shoot. The top is
generally out back to about 2 om and the root to about 22 om (Parry, 1956). Stump
planting is especially suitable for taproot dominated species and is frequently used when
establishing teak, gmelina and a number of other important tropioal genera (e.g. Afzelia,
Cassia, Chlorophora, Entandrophr s Khaya, Lovoa, Pierocarpus, Terminalia, Triplochiton,
Bischofia, Dalbergia and many Leguminosae. Stumped plants of Agacia cyanophylla are also
uged in arid zone drift sand stabilization plantations. During transit stumps are
normally oovered with wet sacks or layers of large leaves,

Cuttings and sets are also commonly used as planting etock in reforestation
programmes, A outting is a short length ocut from a young living stem or branoh for
propagating, i.e. produoing a whole new plant when planted in the field., A rooted
outting is one that has been rcoted in the nursery prior to field planting. Sets are
long, relatively thin, stem ocuttings or whole branches, such as those sometimes used for
propagating willows,

Trees easily and oommonly propagated by outtings include poplars, willows and
gmelina. For some harder to root species, rooted ocuttings are sometimes used in reforest-
ation to supplement scarce seed supplies and as a means of tree improvement (Brix and van
den Driessohe, 1977). Rooted outtings of Cryptomeria japonica, for example, are common
in Japan, and Pioea abies rooted cuttings are used in West Germany and Finland. Extensive
research on rooted cuttings is being conduoted in New Zealand and Australia for Pinus
radiata, in the United States for Pseudotsuga menziesii, in Nigeria for Triploghiton and
in the Congo for Buocalyptus spp.

Size and Quality of Planting Stock

There is a oonsiderable range in what is considered the optimum size of seedling
for planting. The optimum size varies depending on: 1) whether the seedlings are bare-
root or oontainer-grown, 2) the species and 3}) the oharacteristics of the planting site.

It is generally agreed that plants with a well proportioned root/shoot ratio
represent good planting stook, but except under detailed specified oonditions it is
difficult to define an optimum root/shoot ratio. A generalized ratio based on length
might vary betwsen 0.4 and 1.0, although a root/shoot weight ratio would give a more
acourate measure of balance. Stem diameter and height are other criteria for grading
planting stook that might allow the setting of minimum acceptable limits. In the United
Kingdom for example, seedlings are graded by height and diameter, with bare-root conifers
generally varying from 15 to 22 om minimum height and from 2.5 to 4.0 mm minimum stem
diameter (Aldhous, 1372). Such plants are usually from one to four years old and may have
spent one or two years in transplant beds. In the tropios plants are ready for planting at
between 3 and 12 months. Experience and research indicate that medium-size stock, for
example conifers between 15 and 40 cm, with a woody root collar often have a better
survival rate than smaller plants.

The morphologioal grading of planting stock must depend to a large extent on local
research and experience and the setting of loocal standards. Studies in the United States
have cast some doubt on the adequaoy of such morphological grading as a survival index,
and research is ourrently being directed towards the determination of physiological oriteria
and ;n particular the capacity for rapid root development following planting (Kozlowski,
1973).



In the case of tubed or potted stock, the maximum size for planting out is largely
determined by the size of the container., The larger the container the larger the plant
that can be grown in it, but the period is limited to that period free of harmful root
restriotion. For eucalypts in the Sudan and Nigeria, plants are usually 20 to 30 om high
from root collar to tip. In Zambia there is a trend to smaller euocalypt plants 10 to 15
om high, and for pines 15 to 20 om is specified for standard tubes and 10 to 15 cm for
minipots. Very esmall plants may be subject to frost heaving in temperate regions, whereas
excessively tall plants are liable to be blown over or loosened in the ground, and root
development may be restricted or inadequate to cope with the high transpiration demand of
a large top.

Planting stock should as far as possible have been hardened-off in the nursery
prior to planting, but this is not always possible with fast-growing species such as
euocalypts.

A further factor affecting grade of stock is the state of the planting site. It
is possible, for example, to successfully plant smaller seedlings on clean cultivated sites
than in weed-covered uncultivated land. A high standard subsequent weeding regime oan also
compensate for smaller stock at planting.

Timing of Planting

In general the best time to plant is when the s0il is moist and free from frost,
when atmospheric oonditions are humid and evaporation rates minimal and if possible when
plant shoots are in a dormant state. Dry, sunny and windy days should be avoided. In
many of the cooler temperate regions the best planting time is in spring when ground
temperatures are above 4 ~ 5°C. In the Australian temperate regions planting is mainly
during the winter; in California it is in the late autumn, winter and early spring.
Spring planting generally limits the period suitable for planting to about one month,
exoept for container plants for which the planting season may be slightly extended.
Delays in planting which prevent taking advantage of optimum periods reduce the degree of
suocess, and long delays may result in complete failure.

In some moist tropical or equable climates, planting may be feasible over much of
the year, but in other regions where there are pronounced wet and dry seasons, planting
operations should coincide with the onset of the period of regular and continuous rains
and should begin as scon as the soil has become sufficiently moist. In Zambia, for
example, planting is started when the soil is moist to a depth of 30 om. In East Africa
a formula has been evolved to determine the soil moisture buildup based on daily rainfall
and temperature readings (Griffith, 1957). Briefly, thie method ascertains the daily loss
of moigture from the soil by evaporation and a measure of the daily gain from rainfall.

A running gain and loss account is kept, and when a certain amount of soil moisture has
acoumulated, planting is commenced. The amount has to be calculated for each planting
locality and depends on type of soil, altitude, local probability of rainfall and the tree
species being planted. Such a procedure brings greater certainty into the decision of
when to start planting, but still requires judgement based on a knowledge of local rainfall

patterns.

In many savanna areas the optimum period for planting is only one month or less.
To achieve extensive planting programmes in such a limited period requires considerable
planning preparation and acourate ocaloulation of probable planting dates. In Nigeria,
for example, Kowal (1975) estimated planting dates for a number of savanna stations with
Penman's formuls based on reliable synoptio stations. By programming nursery and land
preparation to such planning dates, it should be possible to slightly advance or delay
planting to take advantage of actual favourable climatic conditions ooocurring either side
of the estimated dates.



The use of oontainer stook can extend the planting season, since the plants are
more tolerant of olimatioc variations, partiocularly dry spells, than bare-root stook.
Even in dryer regions planting can be extended outside the normal planting season,
provided the plants are watered or irrigated until they are established.

Plant Spacing

As the spaocing between plants varies with a number of often oonflioting
requirements, the selected spacing may be a compromise between silvioultural and managerial
objectives. Close spacing, for example, may be desirable to achieve early ocanopy olosure
with oonsequent suppression of weeds and reduction in the weeding period, but if soil
moisture is a limiting factor at ocertain times of the year a wider spacing may be required
if stagnation of the plantation due to a moisture defioit is to be avoided. The early
taking-over of the site by the plantation orop is not only of consequence in suppressing
weed oompetition but also reduces any fire hazard at a stage when the orop is partioularly
vulnerable, However, while a close spacing will produce early oanopy olosure, it may also
oreate a need for early and unsaleable thinnings.

Some of the factors influenoing the chcice of planting distanoces are:

1) The growth rate of the speoies planted. Slower growing species
tend to be planted at oloser spacing than faster growing species,
and for this reason spasings in the tropics tend to be greater
than in temperate regions.

2) The growth form of the speoies planted. Some species have a very
branchy form and need to be planted olosely to promote the form-
ation of a well-defined leading stem. Other species, inoluding
many of those from the tropios, are self-pruning and can therefore
be planted more widely apart.

3) The hazard posed by competing weed growth. Despite the faot that
olose spacing reduces the time to oanopy closure, it may well
increase the difficulties and oosts of weeding. Mechanized weeding
requires a spacing between tree rows suffioiently wide to allow for
the passage of a tractor and implement., A distanoe of 2.8 m
between rows is oonsidered a minimum spacing where weeding is
mechaniged.

4) The availability of soil nutrients and soil moisture. In shallow
soils, or on sites with frequent rock outcrops, the spacing will
tend to be wider allowing more room for root development or it may
be irregular to oonform with the distribution of so0il pockets among
the roocks. In arid regions, soil moisture is often a limiting
factor and the general practice is to use fairly wide spacings,
especially where inter-row cultivation is practised to promote rain
water retention.

5) The influence of drainage or irrigation works. The layout of drains
in wet soils or of the water channels in irrigated plantations oan
also influenoe the spacing of planting lines, For example, in
plantations on peat lands, where the trees are planted along ridges
turned up by drain ploughs, the spacing and the drainage pattern
have to be coordinated.
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6) Future management. If it is policy to reduce the number of early
and often unsaleable thinnings wider spacing is recommended, as in
the ocase of some plantations of fast growing tropiocal oonifers
where orown closure is delayed in the interests of promoting
diameter growth. The oosts of high pruning the final orop stems
is an additional debit. On the other hand, oloser spaoing oan be
adopted if the produotion of fuelwood, small diameter poles, or
pulpwood is the object of management. In cut-over tropioal high
forest, wide spacing of planting lines ooinciding more or less
with final orop espacement has been adopted leaving inter-bands of
natural regrowth, and in taungya plantations the tree orop spacing
has to be suffioiently wide to allow the cultivator to oarry out
his oropping over a reasonable period.

7) PFinancial aspeots. Costs for plants and labour tend to increase

with deoreasing planting distances, but on the other hand, oosts of
weeding tend to inorease with wider spacing.

Organization of Planting Operations

General Layout

The general layout of the entire plantation area with the planned subdivisions,
roads, rides and drains will have been delineated on the plantation maps, as noted in
Chapter 6 on plantation planning.

The area programmed for planting in any partioular year will normally be made
ready for planting prior to the estimated planting date. Compartments will be surveyed
and delineated by roads, rides, tracks or firebreaks. All cormer and interseotion points
should be marked by plainly visible, more or less permanent beacons. An essential
feature is that there should be sufficient all weather roads in the planting area to
allow the transport of plants and acoess for labour to ocarry out planting and subsequent
operations. Where meohanized operations, such as weeding, are planned, sufficient space
should be left for tractor turning, not neocessarily at the end of each compartment but at
that boundary which might serve as the end of weeding runs,

Marking or Pegging for Planting

With the possible exception of plantations on hilly ground where goil oonservation
works following the oontour are neoessary, planting should wherever possible be in
straight lines. This is mainly to facilitate weeding operations after planting, and is
equally important whether hand, mechaniocal or chemiocal weeding is employed. Plants whioh
are out of line (and often obsoured in weed growth) are more liable to be out or injured
during weeding. The maintenanoce of straight lines is not of the sams oonsequence where
there is no subsequent weeding.

Except up or down hill, straight line planting is not of course possible on sloping
ground under oonditions where oontour soil or water oonservation works form part of the
site preparation worke On such sites planting lines normally follow the direotion of the

oontour banks, steps or ridges.

There are many variations in marking out or pegging planting lines, but for
straight line planting squaring is the most ocommon. Commenocing at the corner of a
compartment and using a compass or optic square, the oorners of an exact square are laid
out and pegged. The sides of the square will be the length of the planting chain and will
be an exact multiple of the plant spaocing. Planting chains are tagged at the plant
spacing and are generally from 30 to 80 m long. From the ocuter pegs of the original
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square two base lines are laid out at right angles, placing pegs in the ground at the end
of each planting ohain length. Returning to the starting point, and using the ohain, the
oorner of other squares are sighted in from the original pegs until the entire area is
squared. Adjacent oompartments should have their pegging aligned to that of the first to
facilitate subsequent operations. It is important to ocarry out periodio ohecks to ensure
that the distanoe between pegs is being acourately maintained. Chains should be ohecked
for stretohing during the operation. At any irregular oompartment edges, with seotions
less than the partioipating ohain length, a peg should be inserted at that last planting
tag whioh oomes within the planting area. Where meohanized weeding is envisaged, the base
lines should leave a margin of 2 m or more between the edge of the road and the planting
line to allow for weeding. Suoh squaring is usually adequate for subsequent pitting or
planting operations, but in some areas the tagged planting ohain is also used to peg the
plant spaoing along the two opposite sides of eash squars.

Another method of marking is to use a light traoctor fitted with a boom carrying
tines at set intervals whioh mark the planting lines by soratohing parallel furrows in
the soil. When repeated at right angles the interseotions mark the planting spots. This
method depends on the tractor driver's ability to steer a straight course on his sighting
beacon, and is only feasible on relatively level surfaces free of obstruotions. Similarly,
where subsoiling is oarried out during preparation work, the planting lines ocorrespond with
or are olose to the furrows of the subsoiler tines.

In ocases where oross oultivation or weeding by tractor and implement is presoribed
for post-planting tending work, it is important to ensure that the planting pegs are in
straight lines in two directions,

Where pit planting methods are planned, pits may be dug soon after pegging out, or
may be done at planting time. Where notohing methods are used, it is oommon for the
planters to pase out planting distances as they plant, a skilled planter being able to
maintain the planting line by eye. Mistakes, however, ocan be made if the planter is
oareless or tired, so that where inter~row tending by meohanioal means is presoribed it is
always advisable to take the trouble to peg or ohain planting lines.

Organization of Planting Work

The sequence of all operations preceding the actual planting must be so timed
that planting can begin immediately site oonditions beoome suitable. If, as has been
noted, the planting season is relatively short, it beoomes important to ensure that
adequate supplies of planting stook are distributed at depots easily acoessible to the
planting area.

The suoocess or failure of a plantation depends to a great extent on the skill of
the planters. If skilled men are not available for this work it will be advisable to
provide training before planting begins.

The forester or supervisor in charge should ensure deliveries of plants from the
nurseries in suoh quantities as to keep the planting gangs fully at work. This requires
a knowledge of 1) the average labour planting rate, 2) the planting method used, 3) the
size and type of plants (bare-root or oontainer), 4) the terrain and soil type and 5)
the skill and experience of the planters.

Sinoe planting stook is liable to deterioration from exposure, the foresier should
gauge deliveries so that stoock is planted during the same day as delivery, but usually
some surplus stook has to be oarried to provide for emergencies. Stock not required for
impediate planting should be protected against exposure by "heeling in® of bare-root
plants or by placing oontainer and ball-rooted plants in depots where the plante oan be
shaded and watered. The roots of all plants should be kept moist. The feasibility of
treating the shoots or the roots of planting stook with ohemioal anti-transepirants is
under investigation and trial in many countries.
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In exceptional ocases, for example, whers plants need to be delivered to the
planting site before snows blook road communioations, the establishment of temporary
storage nurseries should be oonsidered.

The means of distribution of planting stock from the main off-loading or delivery
point to the aotual planting areas depends largely on the terrain, the transport available
and the type of plants. Bundles of bare-rooted plants oan be ocarried to the site by men,
by pack transport or by four-wheel-drive vehioles, depending on the terrain. The plants
are subsequently oolleoted by planters who refill their bags or ocontainers from looal
depots spaced out at short intervals over each day's planting area.

Container plants are normally despatohed from the nursery packed in wooden trays
or boxes of standard dimensions oonveniently handled and oarried by one worker. The
number of plants per container may also be oonveniently matched to the number of plants
required between squaring pegs. The trays are loaded on tractor trailers for transport
to the planting areas or, in very steep terrain where animal transport is used, on
specially designed saddles. The trays are off-loaded at intervals along the planting
lines ahead of the planting gangs. The oarrying capacity of lorries and trailers is
greatly increased if the lorries and trailers are fitted with shelving allowing trays to
be stacked in tiers.

RV A
.’ 1‘? LA

Multi-level tractor trailers of various sizes oan be construoted for
trangporting tree seedlings from the nursery to the planting sites. The
trailer of limited capacity shown here is suitable for planting small areas
near the nursery and for replacement planting; for more extensive areas,
greater transport efficiency oan be attained by using larger trailers.
(courtesy D.A. Harcharik)
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Planting Methods

Proper attention to detail in planting is oftten of greater importance than the
method itself. It has been indicated ?W&kely, 1954) that depth of planting and proper
olosure of the planting hole are the more oritical faotors affecting survival.

Hand Planting

The two main manual techniques are notohing and pit planting. Notching is used
only with bare-root plants. In its simplest form it consists of ocutting a slit in the
ground with a spade or mattook, opening the slit wide enough to insert the roots of the
plant, and finally oclosing the slit by pressing with the foot or heel. Variations oonsist
of the T notoch and the + notoch. Both require a double slit, which takes longer unless a
special tool is used, but the plant roots can be better spread than in the simple notch
which tends to set the roots in one plane. When planting on turf or peat ridges and
mounds, the slit should penetrate the ridge only as far as the original surface of the
ground, as experience indicated that survival rates are less satisfactory if the roots
are set deeper than this.

Dibbling is a variant of notching in which a planting bar or dibbling stick is
driven into the ground oreating a slit into which the plant is inserted and firmed by
driving the bar into the ground beside the plant and levering the soll lightly against
the plant. Dibbling is used for planting bare-root stock, unrooted cuttings, sets and
sometimes for stump plants.

Ball-rooted or container stock can only be planted in pits. Pits are very often
of much greater dimensions than the ball or cantainer. It has been suggested that larger
pits may have beneficial results in uncultivated sites as this provides a greater zone
for early root penetration. In general, however, a pit that will readily accommodate the
seedling roots is adequate.

For container-raised seedlings, manual digging of the planting hole is the
standard technique. A hoe, such as that shown here in use near Ain Beida,
Algeria, is a suitable tool. (FAO photo)
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Pits are usually dug with types of spade or a broad-bladed mattock, the top soil
being kept separate from the subsoil, so that it can be filled in firset at the time of
planting. In some countries pits are exoavated some months before planting to allow the
spoil as well as the exposed sides of the pit to be moistened by rainfall. On sites that
have been already ploughed this is not so neoessary, and the digging of pits is then
ocarried out just ahead of or at the time of planting.

Pits oan also be dug by power-driven borers or augers. These are either hand-
oarried or tracstor-mounted; the latter are driven from the power takeoff. Tractor-
mounted augers oan dig about 10 times faster than a man, but their operation is
restrioted to flat areas, and they are oostly to operate. Traotor-mounted borers are,
however, very suitable for planting poplars and similar tall stock, for whioh deep holes
(0.5 m or more) are needed. One disadvantage of meohanized borers is the danger of
glazing or oompaocting the sides of the planting pits.

All types of planting stock oan be planted in pits. When bare-root stoock is used
the plant is held in the pit so that it will be set at about the same depth or not more
than 3 om deeper than it grew in the nursery, and the roots are spread out freely. Using
the other hand, half of the pit is filled and packed with moist soil. The remainder of
the pit is then filled, packed and oonsolidated. At the end of the operation the soil in
the pit should be level or slightly higher than the surface of the ground to allow for the
earth sinking after rain or watering. For this reason it is usual to bury the root oollar
a few oentimetres, so that after oonsolidation it remains at or near the surface of the
ground. If the root oollar is axposed, survival may be jeopardized. In dry regions it is
usual not to fill the pit to ground level so that a depression is left to oolleoct rain
water or dew, but in heavy soils with low peroolation rates, suoh depressions oan retain
water for several weeks, oausing localized waterlogging resulting in the death of the
plant.

Deep-planting, whereby the plant is almost oompletely buried, leaving only the tip
of the shoot exposed, is practised in arid regions on driftsand or loose texiured soils
where the top layers of the soil are liable to dry out oompletely during the summsr. Suoh
soils frequently have a moist layer below the oapillary 1ift zone (the layer to which
ground water is lifted by oapillary foroes), into which the roots must be planted.

When planting oontainer stook, a pit just slightly larger than the oontainer is
made with a trowel, dibbler or mattocke It is usually neoessary to remove the plant from
the container, or to slit or out it before planting. For full removal of a polythene pot,
a knife or razor is used %o slit the pct, the bottom is torn off and the remaining tube is
slipped off as the seedling is placed in the pit, Partial removal is similar exoept that
some 7 om of the upper tube is left around the soil oylinder. This forms a oollar, of
which approximately 3 om are left above the ground after planting. This practioe is
oommon in areas where termites ere & problem, suoh as in African savannas, The objeot of
leaving the collaer is to prevent field soil oovering the inseotioide-~treated pot soil
during weeding. Such untreated field soil oan serve as a bridge for termites to attaok
susceptible speoies. Onoe the seedling is in the pit, the excavated soil is used to fill
any gaps or holes and the plant is thoroughly firmed in by foot pressure.

The soil round all newly planted stook should be firmed by trampling to avoid
large air spaces from forming in the soil and to bring the earth into intimate oontaot with
the roots. Firming also minimizes damage osused by wind whioh ocan shake the plant and
disturb the roots in the period between planting and oonsolidation of the soil. Very tall
planting stook is muoh more liable to wind disturbances, and where wind is a problem it
may be neoessary to drive wooden stakes firmly into the ground beside the plant and to tie
the stem to the smieskes, Staking newly planted poplars, whioh are often 2 to 3 m in height,
is oommon praotioe.



Meochanized Planting

Planting machines are at present used mainly with bare-root stoock. If correctly
adjusted and used they generally give good survival, minimize root distortion and cover
the ground quiokly (e.g. up to 12 000 plants and more per machine daily), but they can
only be economioally used over large areas and are limited by topography and vegetation.
By handling mainly bare-root stock, mechanised planting is mainly oonfined to temperate
olimates, but research and development is being carried out to develop planting mashines
for small oontainer plants and other machines for poplar sets or ocuttings.

Planting machines are either mounted on or towed by a tractor. Towed planters
are the most widely used, but heavier mounted planters tend to be more effective on
diffioult sites and slopes. The basic machine operations are: 1) the making of a vertioal
out in the ground, 2) opening up the out to receive the seedling and 3) oloeing the out
and firming the soil around the plant. These .«sio cperations may be supplemented by
devices for removing vegetation, by water sprays or fertilizing systems or by a timer for
mc re acgourate plant spacing. The vertical ocut oan be made by a knife edge or a plough
st sre but the most common tool is a straight or ocurved ooulter diso, whioh has the
advantage of reducing the pulling power required, of riding over obstructions and of
ocutting most soils easily. The opening devioce or “plant shoe' consists of a slotted
piece of steel plate, with the front edge pointed and designed to lead into the out and
the back end open to allow the seedling to pass through. An operator in a seat or saddle
situated behind the coulter diso feeds seedlings into the planting shoe at the required
gpaoing. The final operaition of closing the slot is achieved by two inclined rotating
wheels, normally fitted with pneumatic tyres. Supplies of planting stoock are carried in
oradles on the machine within easy reach of the operator, and precautions are taken to
prevent drying out of the seedlings.

Most planting machines, suoh as this one in operation in the U.3.4., are
designed to handle bare-root seedlings. Development of mechanical planters
suitable for oontainer stock is now underway. (Courtesy K.P. Karamohandani)
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High productivity rates can be attained by mechanical planting on areas of level
terrain and few obstructions, such as these grasslands in Venezuela which are
being converted to Pinus caribaea. (Courtesy B.J. Zobel),

Replagement Planting

Replacement planting, "in-filling" or "beating-up" are the terms used for replacing
dead plants in a reoently created plantation. The aim in all planting should be to have no
replacement to do, but inevitably there are some failures due to suoh factors as poor
planting, drought, frost or breakage. When deaths do ooour, the plantation has to be
assessed to determine whether the remaining trees are sufficient to establish a satisfactory
crop. The time of sampling for replacement planting generally is related to growth rates
and for fast growing speoies would be within weeks or a few months of planting, whereas with
slower growing trees six months to a year and sometimes more after planting would be

adequate.

What oonstitutes a satisfactory survival varies in different regions. In California,
for example, for pine timber plantations planted at 3Imx 3 ma 46% survival at five years
oonstitutes an acoeptable stand., This is, however, a minimum standard and higher stooking
survival is desirable (Schubert and Adams, 1971). In Nigerian savanna, a survival of 90%
is desirable for euoalypts and pines planted at 3 m x 3 m, but when this falls below 80% an
assessment is needed to determine whether replacement or total replanting is required. With
high mortality the object of tak:l.ng over the site may not be achieved, and & heavy influx of
weeds ocan have a further deleterious effect n remaining trees and may create an unaccept—
able fire hazard., In Britain it is rarely oonsidered worth beating-up a plantation if

survival is 80% or better,
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The distribution of casualties oan also affeoct the need for replacement planting.
For example, where failures are evenly distributed the average survival figures may be
acceptable, but this may not be the oase where deaths oocour in groups or patohes. To be
effective, replacement planting must be oarried out as soon as reasonably possible after
planting, and rarely more than a year later, even with slow growing trees. Consequently
it is important to carry out this operation with considerable ocare and with high quality
gseedlings at least as good as the original stook.

Serious failures, although sometimes attributable to unusual olimatioc oonditions,
are often due to errors in judgement or teohnique during the establishment prooess, for
example, seleoting the wrong site or speoies, inadequate site preparation, use of poor
planting stook, oareless handling, exoessive exposure during transport, poor planting,
pest or disease depredations or negleot of maintenance. Any serious failure requires
oareful investigation to determine the possible oauses, so that remedial aotion can be
taken in the future and before any replacement planting.

Fertilizers and Mycorrhizae

Soil Nutrient Status

Treea, as other plants, require from the socil an adequate supply of all thirteen
essential elements for healthy vigorous growth. These elements are the macro-nutrients:
nitrogen, phosphorus, potassium, magnesium, caloium snd sulphur; and the miocro-nutrients
or trace elementss boron, copper, iron, szino, manganese, molybdenum and chlorine. Unthrifty
growth or even failure may indioate deficiencies of one or more of these nutrients, but poor
growth may be due to other osuses including:

1) Exoess or deficient soil moisture,
2) Inadequate soil aeration,

3) Pathologioal oondition (due to attaok by insects, fungi,
bacteria, viruses or nematodes) or

4) Soil oonditions whioh inaoctivate the soil flora or fauna.

If soil nutrient defioienoy is suspeoted as causing poor growth, the soil should
be analyzed tc discover whioh elements appear to be in defiocit. Foliar analysis is
another diagnostio teclhnique whioh is being more frequently used. Loocal field tests
should oonfirm the oomposition and quantity of fertilizer and the methods and times of
applioation required to remedy the defioienoy and give healthy growth.

The elements most oommonly in short availability are phosphorus and nitrogen, and
in experiments in whioch these elementsz were added inoreases of growth were most often
obtained. However, nitrogen fertilizers in the absenoe of adequate phosphorus, either in
the so0il or in the fertiliszer, have occasionally been deleterious and, even with suffioient
phosphorus present, they do not always give positive responses unless there has been
adequate rainfall and generally moist conditions prevail. Potassium rarely seems to give
positive responses. In dry zZones the appliocation of fertilizers sometimes oauses
inoreased mortality in newly-planted areas, possibly due to high ooncentrations of the
fertilizer salts in the soil solution if adequate rainfall does not follow. The worst
damage is to be expeoted after light rain followed by a dry spell, and where rains at
planting time are unreliable it may be advisable to defer fertilisger application until
the rains have beoome established and there is no danger of the soil drying out (La.urie,

1974).
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Fertiliser Appliocation

The main reasons for applying fertilizers ares

1) To allow the planting and growth of selected irees on sites where
adequate tree growth is not possible due to general lack of
fertility or to specifio nutrient deficiencies and

2) To aocelerate the growth rate of trees after planting so as to
inorease the ohances of survival and to shorten the establishment
pha.se.

Advanoes in the soienoe and teohnology of forest fertilization have been fairly
rapid over the past twenty years., The identifioation of phosphorus and nitrogen defioienoy
over extensive areas of plantation land have been promptly and effectively dealt with by
the applioation of fertilizer teohnology adapted from agriculture (Bengston, 1973). Types
of phosphorus and nitrogen fertilizers suited to partiocular forestry situations have been
and are being developed.

The timing of fertilizer applioation is important. For some speocies and soils,
addition of fertiliszers at the time of, or soon after, planting may be benefioial; in
othsr oases, fertilizers are applied years after planting, Numerous fertilizer experiments
have been oarried out, often with oonflioting results. This is perhaps to be expeoted when
the great variety of soils and of species is oconsidered, and it is difficult to formulate
generalised recommendations either for species or recommendations.

Fertilizer application is often by hand, but an extensive range of equipment has
also been evolved, partiocularly for large-soale applioation. The types of equipment inolude:

1) Traoctor mounted spreaders using air blowers or mechanical spreaders
to broadoast fertilizers and lime,

2) Tractor mounted applioators whioh oan meter and seleotively apply
fertilizers simultaneously with either site preparation or planting
operations and

3) Aerial application by fixed-wing airoraft or helioopter,

Aerial application is exocellent for large areas. The technique was advanoed rapidly
by the development of speoial disposal reservoirs or ocanisters whioh can be quiokly fitted
and removed. Sinoe 1974, however, the steeply rising oosts of fertilizers have encouraged
new researoh and development of equipment and techniques which aim to eoonomize on the
amounts of fertilizer used by effeoting more preoise placement.

Tree Response to Fertilizers

Fertilizer application to remedy defioienoy oonditions oan often produce remarkable
results. In many savanna areas, for exampls, eucalypts, in partioular Eucalyptus grandis,
are found to be very sensitive to low fertility, espeoially to boron deficienoy. The
symptoms of boron deficienoy are leaf deformation, serious die-back during the dry season
and frequently death. Experiments in Zambia, Nigeria and elsewhere have oconfirmed the need
to apply boron fertilizer in suoh areas, and in Zambia heavy standard applioations of from
57 to 144 g of borate (14% B) per plant are given, the quantity depending on site. Boron
defiocient orops will produce no saleable ylelds but E. grandis with borate often reaches a
mean annual inorement of over 25 m3/ha.
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A great deal of work has been done on fertilizer applioation to pines, partioularly
phosphates (Waring, 1973), and some of the findings have fairly wide application. With
P, radiata in Australia it was found that for maximum produoction it is necessary to
Tertilize at planting and to control weeds. Early responses to fertilizer were still
evident at canopy oclosure and inoreased with time up to at least 25 years without additional
stimilation. Delaying fertilizer appliocation can appreciably reduce productivity. The
quantity, time and type of fertiliszation, type and quality of site preparation and degree
of weed oontrol interact to influence early response and consequently total produotion.
Optimizing these various faotors offers good management an opportunity to maeximigze inorement.
In Nigeria, an application of 114 g of phosphate was found to inorease both survival and
growth of P. caribaea (Jackson, 1974), and in Western Australia zino fertilizers improved
the growth of P. pinaster plantations.

Nitrogen defioiency is a limiting factor on some sites, often on abandoned and
degraded fields or in areas of drifting sand. The addition of nitrogen-rioh oompound
fertilizers, urea or organio manures is required to get the trees away to a good start on
suoh sites. There is, however, a danger of acidifying oertain soils by excessive
applioation of urea or other nitrogenous fertilizers. Sometimes nitrogen-fixing tree orops
suoch as alders (Alnus Spp.), and many leguminous species are grown either as pioneer nurse
crops or as an understory in admixture with the main tree crop. Lucerne and other herb-
aceous legumes grown as green manure can also be used to raise nitrogen availability in the
soils.

Mxo orrhizae

Most forest trees have mycorrhizal fungl associated with their roots and it is
thought that trees will not thrive unless satisfactory symbiosis with one or more kinds of
mycorrhizae has developed. As a result, the practioe of inoculating nursery soils with
mycorrhiza~infeoted soil from forests or plantations has become widespread. Instances have
been reported from East Africa and from Latin Amerioa of unthrifty plantations of tropical
pines which have been restored to health and vigour following soil inooulations by cultures
from areas where the pine is indigenous or has beoome well established. Many species of
Arancaria are reputed not to thrive as exotios unless both the eoto— and endotrophic forms
of the mycorrhizae normally associated with their roots are present in the soil.

Recent research has shown that in very fertile soils tree roots tend to have a much
more limited association with myoorrhizae or none at all; accordingly the application of
fertilizers also seems to reduce the dependence on symbionts. It has not yet been fully
established whether the mycorrhizal association is essential for the development of trees,
or whether the association is developed by the tree as a device for increasing nutrient
availability in less fertile sites. In recent years, much research has centred on
comparing the effects of d.fferent species of mycorrhizal-forming fungi, often with notable
suocoess. Marx and Bryan (1975), for example,have shown that Pinus taeda seedlings
inooulated with Pisolithus tinotorius grew better on harsh, infertile, disturbed sites with
periodio high soil temperatures tnan did seedlings inoculated with Telephora terrestris,
the more oommon and typical pine nursery inooulum in the southeastern United States. P.
tinotorius also holds promise as & pine inooculum suited to high tropical temperatures; in
Nigeria, Momoh et al. (1977) found it was able to withstand higher temperatures than

Rhizopogon luteolus, the general mycorrhisal fungus in use.

PENDING OPERATIONS

Tending operations are those required to promote oonditions favourable for the
survival of the plants after planting and to stimulate & healthy and vigourous growth until
the plantation is established. On most plantation sites, tending is mostly oonocerned with
preventing the plants from being suppressed by competing weed vegetation. Other tending
operations are watering or irrigating the plants in dry areas; in some oases pruning or

tree shaping may also be necessary.
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Heeding

Weeding in plantations may generally be defined as a ocultural operation eliminating
or suppressing undesirable vegetation whioh would, if no action was taken, impair the
growth of the plantation tree crop. Weeds oompete with the tree orop for light, water and
nutrients, and weeding should increase the availability of all or the most oritioal of these
elements to the planting orop. The main objeotive of weeding is to promote the growth and
development of the plantation orop, while keeping the costs of the operation within
acoeptable limits.

The main factor affecting the intensity and duration of weeding is the interaction
between the tree crop and the weeds. On some sites the tree crop would eventually grow
through the weeds, dominate the site and beoome established; and on such sites the main
function of weeding is to increase crop uniformity and speed up the process of establish-
ment. On other sites, the type or density of the weed growth is such that in the early
stage of a plantation it will suppress and kill some or all of the planted trees, and in
such areas the main purpose of weeding is to reduce mortality and maintain an adequate
stocking of trees to establishment. When the interaction between the tree crops and weed
growth has been determined and understood, plantation management will have some under-
standing of the general principles of weeding and of the options open in relation to
frequency and duration of weeding; some of these are:

1) Most crops would benefit from a form of total weeding, but very often
this is neither feasible nor can it be economically justified.

2) With tree species to some degree tolerant of weeds, a range of weeding
intensity may be applied down to the level that will just achieve
satisfaoctory establishment.

3) Tree species intolerant of weed growth require high intensity weeding
until the tree crop has taken over or dominated the site.

Clean weeding is not confined to the tropics. In northern Italy, for example,
industrial plantations of Pinus strobus are clean cultivated mechanically during
the establishment phase. ZCourtesy Instituto Naziounale per Piante da Legno, Torino)
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Other prinocipal faotors affecting weeding are rainfall, temperature, initial crop
spacing, sise of plants, rates of growth, weed species snd denwmity, ability of the weeds
to regenerate, such site features as fertility, moisture availability and slope and the
skill of the manpower available for weeding.

Methods of Weeding

The main methods of weeding are suppression and elimination; both oan be done
manually, meohanioally or by ohemioal teohniques. Weed suppression is effected by
physically beating down or orushing the weeds or by outting or soreefing the weeds back at
or above ground level, Weed elimination is aohieved by killing the weeds, either by
destroying the whole plant by oultivation or by the use of ohemioals, Weeding may be total
or partial; +the main partial methods being spot or line weeding.

Weed Suppression

The simplest method of manual suppression is to trample or beat the weeds down,
away from the plantation trees. This operation may be meohanized by using a trastor-towed
roller, but suoh an implement cannot operate too olose to the tree orop.

The moet oommon manual method of weed suppression is to out them back using a
variety of outting tools suoh as siokles, brush hooks and soythes. In many countries oane
knives or matchetes are used, and although suoh tools may not be ideally suited for
partioular vegetation types, they are used with great skill and the labour need not adapt
to a ohange of tool.

There is a wide range of mechanised outting weeders, such as:
1) The portable brush ocutter, as noted in Chapter 13

2) The pedestrian controlled two wheeled machines such as the
reoiprooating bladed sutosoythes or similar machines with
rotating blades or flails;

3) Tractor powered machines for brush cutting, mainly rear-
mounted and operated from the power take—off:

a) horisontally rotating chain swipe machines,
b) horisontally rotating blade machines and
o) vertioally rotating flail machines,

Weed Elimination

Weeding by cultivation generally requires that the weeds, inoluding the roots, are
dug out of the scil and are sither laid on the surface or are chopped up and worked into
the soil. In addition to eliminating weeds, such cultivation may inorease rainfall
peroolation and reduoe evaporation from the soil, features which are of considerable
signifioance in certain areas with a marked dry season.

Manual weeding oultivation is done mainly by long handled straight hoes or, in the
tropios, by shorter handled recurved hoes. The operation is usually more effeotive if the
hoe is used for actual oultivation involving turning over of the soil, rather than soraping-
off of the weeds. As total manual cultivation requires high and oostly labout inputs (e.g.
Nigeria 25 to 30 mn—dnys/hl.) the operation is usually oonfined to spot or line weeding.,

In spot weeding a oiroular area 1 — 2 m diameger is hosd around the trees; in line weeding
a strip about eme metre wide is hoed along $he plamting line. Weeding eosis are reduced in
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taungys plantations, where the farmer in tending his orops gives full or partial weeding
oultivation over the area during the growing season.

In oertain areas with a marked dry season, such as savanna, it has been found that
spot or line weeding is insuffioient to give adequate plantation survival or growth, and a
system of mechanized total oultivation on suitable flat or gently sloping sites has been
developeds Total cultivation for large—soale plantations involves mechanized interrow
weeding and supplementary hand weeding olose to the plants. The only totally mechanized
cultivation is the pre-planting harrowing which although olassed as & land preparation
operation, also serves the same purpose as a weeding carried out immediately before
planting.

There is a wide range of meohanized equipment for weeding oultivations inoluding
powered two-wheeled or oxen drawn cultivators for small-soale operations; the main
weeding equipment for larger scale work includess

1) Agricultural tractors with rear-mounted heavy duty offset
disc harrows and

2) Agriocultural tractors with rear-mounted rotavators.

The disc harrows are widely used and, exoept in areas of exoeptionally heavy weed growth,
have proven satisfactory in practioe. The rotavators also give good cultivation and can

deal with heavier weed cover than harrows, but being more sophistioated than harrows, are
more prone to damage, unless operated with care and 'skill.

When interrow weeding is in one direotion only it is supplemented by line weeding,
when in two direotions it is supplemented by spot weeding. Line weeding requires a labour
input of some 60% more than spot weeding. Mechanized oross weeding, however, results in
some 66% of the interrow area being cultivated twice. One major disadvantage of cross
weeding is that the tractor has to oross at right angles the furrows made earlier by the
harrow, and the oonsequent pitching and shock loading can seriously increase wear and
tear on the unit.

Total and partial weeding using chemioal herbicides have and are being extensively
developeds The types of herbicide commonly used for weeding are inocluded in those listed
for site preparation in Chapter 1. The essential feature is that experiments are necessary
to determine types of herbicide and methods of application, suited to particular plant-
ation speoles and sites. The main methods of application inolude:

1) Hand operated knapsack sprayers,

2) Motorized knapsack mist blowers,

3) GOranular herbicide applioators,

4) Tractor-mounted mist blowers and high volume sprayers,

5) Ultra low volume sprayers and

6) Aerial application.

The seleotion of type of herbioide application is largely a matter of soale and

experienoce. The development of ultra low volume sprayers has generally widened the

possibility of herbiocide use. Aerial spr is feasible for some large—soale plant-
ations; it is extensively used, for example, in New Zealand where some 25 000 ha, or 8

of the annual weeding programme, was done by this method (Chavasse and Fitzpatrick, 1973).
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A wheeled tractor with a rear-mounted disc harrow is used for interrow weeding
young pine and eucalypt plantations in African savannas. (Cour'tesy T.G. Allan)
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Types of Weeding Regime

In temperate regions where partial weeding by ocutting or ochemicals is done, it is
common practice to do summer weeding onoe sach year until the plantation trees top the
weeds. This oan involve a weeding programme of from two to five years. Poplars, for
example, require weeding in the two to three years following planting. A common temperate
practioe is to cut the vegetation and lay a muloh of 1.2 to 2 m around the tree each
Season.

In savanna regions a common mechanized schedule for eucaiypts would be:

Time of Operation Type and Number of Weedings
First year regime (age 0 to 8 6 mechanized interrow weedings
monthsgv: during the rains in altermate directions supple~

mented by 5 spot weedings

Seoond year regime (age 12 to 1 to 4 mechanized interrow
20 months) weedings, with no hand weeding
necessary

A similar regime would be used for pines but the duration would be three to five
years instead of two. Both eucalypts and pines in the tropios grow during the dry
season at which time the quantity of soil moisture is restriocted and the olean weeding
regime should inorease the water availability to the plantation trees, particularly during
the initial year when root development is taking place.

Watering and Irrigation

Plantations in arid and semi-arid regions often need watering periodioally during
the first growing season to obtain a satisfactory survival rate. Watering should begin
sometime after the cessation of rains when the moisture content of the soil has fallen to
near the wilting coeffiocient and should be repeated at intervals until the onset of the
next rains, Before eash watering the trees should be hoed clean of weeds and a shallow
basin made round the stem of each tree. Where evaporation is high, a heavy watering (20
litres or more per tree) at relatively long intervals is more effective than more frequent
light waterings.

Watering is usually an expensive operation, especially on terrain too steep or too
rough for the passage of tank vehicles so that pack animals are required to carry drums of
water to the plantation site. Watering is uneconomical for large plantations, especially
if the source of water is at some distance away from the plantation, but it may be
justified in the ocase of small amenity plantations or for establishing rocadside avenues.
In many semi-arid countries, regular oultivation and weeding, espeocially during the first
growing season, has proved sufficient to oonserve enough soil moisture for satisfactory
survival of the plants, obviating the need for watering.

In the case of irrigated plantations, regular periodic irrigation of the whole
plantation is the principal routine tending operation, and may oontinue until the end of
the orop rotation. Irrigation channels need weeding at intervals to prevent weed growth
impeding flow rate. Spraying ohannel banks with herbioides, repeated at fairly frequent
intervals before the weeds grow too high, is an effective method of oontrol. Irrigated
plantations are discussed more fully in Chapter 4.



Pruning and Shaping

With the exception of very widely spaced orops, pruning is not & normal operation
during the establishment phase. However, with ocertain species of tropioal pine, for
example, Pinus kesiya and P. oooarps, a basal pruning may be necessary to remove adventit-
ious and undesirable branches at ground level. Ocoasionally pruning may also be carried
out not so much to improve the quality of the timber, but to allow acoess or to reduce the
possibility of fire spreading from ground level to the crown,

Tree shaping operations, inoluding the exoision of double leaders, are practised
in certain plantations, partioularly those grown from stumps or ocuttings. Suoch work may
very often be combined with climber outting operations.

The early pruning of side branches and adventitious branchlets is oustomary in
wide~-spread poplar plantations where the trees are expected to provide peeler logs for
match-making or veneers. Normally the boles are clean pruned up to one~half the total
height of the stem for the first five years, thereafter gradually reducing the orown
proportion to about one third of the total stem height. Adventitious branchlets, which
tend to appear each spring on the pruned section of the bole, are trimmed off as soon as
poseible after their appsarance. Pruning of larger branches is best ocarried out in the
spring before the sap rises; this also appears to accelerats ooclusion of the wounds.
Pruning wounds or bark damage caused by weeding operations can be treated with formula-
tioms of lancline plus indolacetic acid or lanocline plus Agrosan (an organo-mercuric
chemioal) whioh hasten occlusion.
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CHAPTER 4

SPECIAL TECHNIQUES FOR DIFFICULT SITES

Chapters 1 to 3 were ooncerned with site preparation and planting methods primarily
on firm ground of gentle terrain where soil moisture was neither excessive nor so limiting
as to require irrigation or the construotion of special water-retaining structures. This
chapter desoribes techniques which have been developed for partiocularly diffiocult sites 3
1) areas where soil and water conservation measures are critical factors for forest
establishment, 2) irrigable sites, 3) sand dunes, 4) waterlogged sites and 5) mine tips and
soil dumps,

SITES WHERE SOIL, AND WATER CONSERVATION MEASURES
ARE CRITICAL FACTORS IN FOREST ESTABLISHMENT

This section is ooncerned with two distinot sets of environmental conditions having
one important factor in ocommon — the need to retard or prevent the runoff of rain water
falling on the ground. The two environmental categories are sites prone to erosion and
arid sites. The need to combine soil and water oonservation techniques with tree planting
is a characteristioc oommon to both site types. Soil and water conservation teohniques are
age-cld; although in modern times many new teohniques have been developed, first using
manpower but recently using mechanized methods to an ever-inoreasing extent,

Site Conditions and Runoff

Sites Prone to Erosion

These are areas with eroding or erodible soils, generally with moderate to steeply
sloping surfaces, which are from time tc time subjeot to rainfall intensities capable of
produoing surface runoff in amounts damaging to the soil struoture in the ocatohment areas.
Excessive runoff ocan also lead to downstream damage in the form of giltation and destructive

inundations.

Land subjeot tc severe erosion ococurs ocommonly in the hilly or mountainous parts of
those oclimatio regions with sharply differentiated dry and rainy seasons but also in areas
with extensive and heavy rainfalls. In areas with a marked dry season, the surface soil
layers tend to become dry and compaoted and less able to absorb the rainfall at the onset
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of the rainy season. Even when the soil has beoome recharged to field oapacity, ocoasional
high intensity preoipitation during storms can exoeed the soil's oapacity for infiltratien,
peroolation and disposal through subsoil drainage, resulting in surface runoff in oonoen-
trations which oause soil erosion.

A dense ground oover of permanent vegetation is the best form of proteotion for
soils in suoh environments. The aerial parts of the vegetation offer physiocal obstruotion
to heavy rain and rapid runoff, while the roots and humus-rich horizons facilitate
infiltration and absorption of the rain water into the soil. The total destruction of this
surface oover for arable oultivation or by persistent burning soon leads to oonditions of
severe soil erosion and the depletion of catohment effioiency with the concomitants of
degraded soils, reduced farming yields and floods. The removal of litter and vegetation
for fuel is another faotor oontributing to soil degradation. In suoh conditions the rest-
oration of the vegetation cover -~ usually, but not necessarily always by afforestation -
beocomes a sine qua non for the ocontrol of erosion and further prevention of site deter-
ioration.

Arid Sites

The arid and sub-desert areas are charaocterized by a long dry season and annual
rainfall as low as 10 to 200 mm. Suoh areas are more or less sparsely vegetated with deep
rooting, xerophytio shrubs, bushes and low trees. The rainy season is usually short in
duration, but rainfall, when it oomes, often takes the form of high intensity storms giving
high surface runoff, so that a large volume of the water is lost in flood spates. The
development of teohniques oapable of holding a large proportion of this runoff in the soil
has made possible afforestation with trees of greater economic interest than the native
xerophytes in certain areas such as North Afrioa. South of the Sahera in the Sahelian zone,
the establishment of trees at rainfalls of 200 to 500 mm presents tremendous problems except
for a few exceptional, favourable sites.

The Problem of Surface Runoff

The basic aim of soil and water oonservation is to oreate conditions wherein rain-
fall, or water from snow melt, can be held and enocouraged to percolate direotly in the soil,
In other words, the objeot is to reduce runoff to a minimum, provided that water for
reservoir storage is not a problem.

In regions of abundant or adequate rainfall, soil moisture may be adequate to support
both a tree orop and a moi» or less dense oover of ground vegetation. On suoh sites,
afforestation requires a m.nimum disturbanoe of the existing ground oover suffioient only to
enable the introduoed tree orop to grow without harmful oompetition. In this situation, the
problem is to control runoff and soil wash until suoh time as the new forest cover can
develop its own oapaoity for soil proteotion. The extent and costs of preliminary soil
ocongervation works can offen be reduced if the native ground cover oan be intensified by
protection from suoh destructive faoctors as oultivation of unsuitable sites, exoessive
grazing of domestio livestook or persistent burming. In Cyprus the total exclusion of goat
grazing from burned—over forest areas in the mountain lands resulted in so dense a regrowth
of the indigenous shrubs and maquis vegetation in the ocourse of two or three years, that
the previously applied and costly soil oonservation works oould be dispensed with almost
entirely.

On arid sites the emphasis is more on the need to oolleoct and retain rain falling
on the plantation site for utilization by the forest irees during the growing season. In
such oliroumstances the competition of existing vegetation for limited soil water reserves
oan prove oritical, so that afforestation techniques on arid sites favour clean ocultivation
and water retaining structures.



The objeotive of all soil conservation and water retention teohniques is to induoce
or to maintain conditions of maximum water infiltration, absorption and disposal through
subsoil drainage. ZEach site will have an optimum water absorption, depending on
the vegetative oover, the surface litter and the texture of the soil through all horizons
to the underlying bedrook formations., Conservation techniques should aim to restore the
water retaining oapacity of the site to its optimum level. During heavy preoipitation,
rainfall intensity often exoeeds infiltration oapacity and water begins to run off,
Conservation measures should, therefore, be designed to store in reservoir form as muoh
runoff water as possible and to provide for the safe disposal of any water whioh is surplus
to the oreated reservoir capaocity. Under oertain oonditions, particularly on mudstone
slopes or unstable soils, inoreased water retention is liable to result in landslips, and
on such sites oertain water oonservation measures oould prove harmful.

The design of conservation measures, their oapacity and oomplexity and, therefore,
their cost will derive from the terrain and from the foreoast of rainfall amounts and
intensities as oompared with the water retention oapacity of the site. Suoh rainfall
foreoasts can be reasonably accurate if long term data (inoluding rainfall intensity
records) are available for the area together with runoff data, as recorded by experimental
runoff plots and local stream flow gauges. In the absenoe of suoh data the forester will
have to design the conservation plan on the basis of the best local experience available,
as the time available for investigation and researoh is often limited.

The less detailed or reliable the information and data are for making estimates of

peak runoff from a given site, the greater the emphasis should be on the inclusion of drains
and other devioes for diverting surplus runoff into oontrolled discharge drains.

Soil and Water Conservation Methods in Regions of Good Rainfall

A great deal of technioal experienoe has been reocorded on the subjeot of erosion
and on soil and water oonservation techniques. The intention here is to disouss briefly
those measures which are oommonly employed in oombination with afforestation.

Hevegetation

In areas where rainfall is sufficiently plentiful or well distributed through the
year to maintain a relatively lush ground ocover of indigenous species, the first step to
be taken is to ensure the proteotion of the site from any form of use reduocing the effeot~
iveness of this natural vegetative oover.

The most commonly enoountered destructive factors are fires, overgrazing, and
shifting cultivation. Proteotion against suoh forms of damage nearly always involve
disruption of traditional methods of land use and the introduotion of new systems of land
management. Suoh changes may provoke hostile reactions from the ocommunities affected
unless social problems are identified and analyzed and acceptable solutions found. In the
example fromCyprusmentioned earlier, the land set aside for afforestation oonsisted of
hilly forest reserves traditionally grazed by livestock owned by fringing communities. The
herdsmen, usually a landless minority community, in return for agreeing to abandon forest
grazing, were oompensated by grants of agrioultural holdings, sometimes exoised from other
parts of the reserve, or by grants in oash suffigient to enable them to set themselves up
in some other form of employment. With the cessation of grazing, the fire hazard was
greatly diminished.

In Cyprus a solution to overgrazing was relatively simple; other countries facing
similar erosion problems are evolving other solutions suitable to their varying conditions.
In Yugoslavia the abolition of forest grazing was greatly assisted by planned industrial
development whioch was able to absorb the migrating forest grazing oommunities., In Greece
and Turkey more emphasis is given to the development of improved range lands and the
introduotion of high-produotivity livestock as indireot oompensation for the olosure of
other seotors of the oatohment destined for afforestation.
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In South Korea the national encouragement of cummunity self reliance and the
development of village forests is proving an effective way of reforesting marginal, eroded
hill lands. In Thailand the setting up of forest villages, together with the provision of
land for ocultivation and ocash benefits from afforestation work, is reducing shifting
oultivation by offering the cultivators a settled and higher standard of living. In
Indonesia, the provision of ocash subsidies and the development of a fodder/forest cash
orop system has persuaded farmers to initiate the reforestation of steep catohmsnt land
whioh they had previously ocleared but found unsuitable for long-term ocultivation.

The exolusion of grazing and shifting oultivation by legal or administrative action
has rarely proved suocessful unless acoompanied by some acoceptable compensatory measures.

Water and Soil Retaining Struoctures

The underlying prinoiple of such struotures is to oontain or retard the flow of
rainwater off the ground as it falls, preventing surface runoff water from acoumulating
in volumes sufficient to oause damage to the land by socouring.

Terracing

The age-old method was to level the land in a series of steps down the mountainside,
the steps being supported by terraced walls of unmortioed masonry where stones were abundant
on the site; on sites lacking stones the terraces were supported by earth banks or bunds
protected by natural vegetation. Modern techniques, as desoribed recently by Sheng (1977),
are mostly adaptations of these ancient soil conservation works.

Construotion of narrow contour terraces is a common site preparation technique
on steep, erodible slopes in northwestern Turkey. ( FAO photo)
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Contour Steps and Ditohes

Contour steps (i.e. gradoni or banquettes) oconsist of a ledge dug out of the hill
slope along the contour, the outer edge of the ledge or step being raised above the inner
edge. The contour ditoh differs from the ocontour step only in having a more pronounced
basin and bank effeot when viewed in profile.

Contour steps or ditohes can be designed so that their water storage oapaocity
matohes the expeoted runoff from the strip of land immediately above them, to the next
oontour work above. Alternatively, for any fixed design oapacity, the frequency of the
oontour steps or ditches — or the width of the interval between them — can be related to
the expected maximum intensity runoff. Several formulae for ocaloulating the size and
frequenoy of contour ditohes and steps exist. Saccardy (1950 and 1959) working in Algeria
used the following formulas

3
H
5 - 260 + 10

where H is the vertical interval betwsen contour ditches or banks, and S is the degree of

slope in percent.

A similar formula used in Sri Lanka, among other countries, is:

S )

where H is the longtitudinal distance in metres between contour banks and n is the degree
of slope in percent.

In areas liable to erosion the distances in the table below are given as a guide to
the spacing of contour terraces, steps or ditches.

Table 1: Distance between contour works aocording to slope

Slope Digtanoces in metres
(Percent)
Vertiocal Horizontal

3 2,0 67.0

6 245 42.0
10 3.0 30.0

15 3.4 23.0
25 4.0 16.0
35 4.5 13.0
50 5.0 10.0

The steeper the slope the greater the vertical distance between lines and the
smaller the horizonal distance. This is oomputed in proportion to the rainfall catchment
area betwsen lines of oontour works.
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Contour ditohes and steps are usually oonstruoted by hand, using pickaxes or
grubbing hoes. Lines 10 m to 40 m long and 1 m to 1.5 m wide can be oonstruoted per man-
day depending on the design and size of the ditoh or strip and on the terrain, vegetation
cover and soil struocture. Contour steps of 2.3 m width ocan also be oonstruoted mechaniocally,
even on slopes up to 60%, using orawler tractors fitted with angledozers. This method is
used extensively in Algeria and in Cyprus, where the contour strips are called "catastrips".
Subsequent subsoiling along the catastrip inoreases the capacity of the soil, and hence the
effectivenees of the entire operation.

On easy slopes (below 25%) where the soil is often deeper, contour ditches can be
congtructed by a tractor-drawn share plough, turning the soil downhill.

An example of the oomparative costs per hectare of afforestation and soil
conservation is provided by data reported from Tunisia where both manual and mechanized
methods are in general use. There the manual construction of 550 — 600 linear metres of
oontour steps per hectare required 235 man-days of labour. The same work was done by
machine in one day, at one-third the cost. The full ocosts in 1966 of plantation establish-
ment are shown in Table 2,

Table 2: Costs of Afforestation Combined with Soil Conservation
Works in Tunisia (1966)

In US Dollars (1 Dinar = US$ 1.90) and Man-days (m/d)

By Hand By Machine
Work Item With With With On less
Banquettes Steps Banquettes sloping
land
Clearing vegetation $ 123.98 $ 123.98 $ 93.88 $ 62.32
150 m/d 150 m/d 126 m/d 80 m/d
Construction of banquettes |$ 177.13 $ 57.90
(550-600 linear m per ha) 235 m/d 1 m/d
Construction of steps in
broken lines $ T73.44
(800-1000 linear m per ha) 105 m/d
Sub-soiling - - $ 41.80 $ 32.30
1 m/d 1 m/d
Construction of access $ 17.95 $ 13.63
roads 13 m/d 5 m/d
Cost of planting stoock $ 45.16
22 m/d
Transport and planting $ 31.16
40 m/d
Tending and replacements $ 45.36 $ 49.16 $ 39.33
25 m/d 25 m/d 20 m/d
TOTAL $ 440.00 $ 337.00 $ 332.00 $ 224,00
485 m/d 355 m/d 220 m/d 168 m/d
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To be effeotive it is essential that the looation of the ditohes be aligned
acourately using surveyors' levels and that the ditohes be subsequently oonstruoted exactly
on the pegged lines. Nonetheless experienoe has shown that it ie diffioult to oonstruot
lines of steps or ditohes exaotly on the ocontour, however acourately pegged out, with the
result that where errars have ocourred, water acoumulating in these slight dips in the line
sooner or later overflows, oreating just the sort of damaging runoff whioh the system seeks
to eliminate. Damage resulting from minor deviations from the oontour oan be mitigated to
some extent by the canstruotion of septa across the ditoh or step, whioh in effeot divide
the ditoh into a series of oompartments or basins, inoreasing the amount of water retention
on lines having a slight downward inolination.

Inaoccurate oonstruotion, espeoially on diffioult terrain or where the workers laock
the neoessary skills, has been frequently enoountered, and this has led to the introduotion
of alternative systems inoorporating ooocasional graded ditohes between "broken" lines of
oontour ditohes and steps (i.e. §18ments de banquettes).

Varying Grade Contour Ditohes

One method of overooming the danger of accelerated erosion arising from faults in
the levels of oontour ditoches is to oonstruot at intervals down the slope a series of
graded ditohes designed to evacuate runoff water from the hill face to specially oonstructed
disocharge points in the beds of natural drainage ohannels. The inolination of the drainage
ditches should be 0.5%, inoreasing in stages of 1.0% towards the disoharge end. The length
of these graded trenohes will depend on the topography, but it is advisable to keep the
length as short as possible. The greater the length, the larger and the more ocostly must
be the oross-seotion dimensions. Lengths exoeeding 500 metres should be avoided, if possible.

These graded ditohes must be pegged out and oonstruoted with oonsiderable aococurasy.
Their frequency and loocation must be decided partly on oonsideration of the estimated
quantities of runoff water and partly to avoid rooky outorops or other obstasles lying on
possible oourses. The main disadvantage of the graded ditch is the absolute necessity to
maintain the ohannel in good oondition by removing at frequent intervals acoumulations of
debris, earth and stones whioh may be washed into the ditch after heavy storms. If suoh
maintenance is negleoted the channel will beoome ohoked and will spill its water at the
point of blookage down the unprotected hillside, possibly overwhelming the whole system of
downhill ditches and thereby adding, sometimes apeotacularly, to the erosion problem the
ditohes were designed to control,.

The maintenance difficulty, experienced in many afforestation projects, where
labour and supervisory staff may have to be ooncentrated in other areas of the projeot,
has tended to limit the use of this system to the incorporation of an occasional line of
graded ditches as a kind of safety-valve with other types of oonservation works.

Broken Contour Line Teohniques

These have evolved from the oontour ditoh or step method previously desoribed and
inolude the digging of planting holes or steps on the slopes bstween the contour lines.
In their simplest form, they would ooneist of a number of steps 0.6 to 1 m square, hacked
out of the hillside at distances diotated by the plantation spaocing prescribed. A few
seeds or a single plant are put in each square.

When the plantation spacing is relatively dense, these square steps are elongated
laterally along the ocontour to provide short distanoces of steps or ditches, leaving short
intervening stretohes of untouched vegetated land. The row of trenches or steps next
below would be staggered in suoh a way as to catch runoff water passing through the gaps
in the line above. This method has been extensively applied in Morooco and Algeria where
the broken lines of steps are oalled §léments de banquette. This method has the advantage
that very acourate levelling oan be dispensed with, sinoce it relies on a multipliocity of
small steps or ditohes to provide protection against runoff and scil erosion. Even where
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unbroken contour ditohes or varying grade ditches are used it is often necessary to prepare
planting holes or short lengths of steps or ditches betwsen the main contour works, in
order to maintain a more or less regular plantation espacement.

A variation of the broken line system, generally known as the "oresoent method",
oonsists of digging a small basin from whioch trenches lead out laterally at & slight
upward inolination, oconcentrating rainwater runoff in the basin. The tree is usually
planted above the basin. The orescent method is partioularly applicable on drier sites
and with relatively wide planting espacements.

Pied-Ridging Nethod

This method is an adaptation from an agricultural system of water oonservation
praotised in East Africa, resembling the North Ameriocan “basin-listing™ method, by whioh
the entire surface of the land is covered with basin-like furrows scooped out along the
ocontour with a speoial plough. In the East African tied-ridge system as applied in
afforestation, the land is first ploughed or hoed and then ridged up in lines 2.5 m apart
roughly along the contour, these ridges are “tied" by seocondary ridges construoted at
right-angles to the main ridge lines at intervals of 3 m, forming a series of basins,
which are oapable of trapping & sudden 50 mm storm. In ocompacted soils this method has
proved superior to sub—soiling due to the faot that the whole rainfall is trapped and
utilized. Its application however is limited tc flat or gently sloping land.

Wicker Work Fenoces

On steep slopes where the soil is unstable and liable to oreep, the oonstruotion
of contour steps and ditohes may merely serve to inorease instability or even to acoentuate
the rate of earth slip. In such situations the implantation along the contour of rough
wioker work fenoes ocan help to stabilise the soil temporarily until permanent fixation is
achieved by the roots of planted trees and a cover of invading vegetation. These fences
are oonstruoted by driving a line of wooden piockets of some durable speoies into the
ground at about 1 m intervals and weaving between the pickets a maas of branchwood. The
height of the wicker fences above ground level varies between 0.5 and 1 m. In Japan
unstable slopes are sometimes milched with rice straw pegged into the ground to oompletely
oover the strips between the wicker fenoe lines.

On unstable soils or stony sorees, wicker work fenoces are often useful, but these
sites are generally too impoverished to plant without further treatment. It may be
neoessary therefore to import good loam or forest soil from elsewhere to fill in the
planting hocles to give th. young trees a good start, but this, of oourse, is a costly
operation. A oover of wire netting oan also be used to hold and stabilise soree slopes.

Ravine and Torrent Control Methods

On sites where erosion has reached an advanoced stage, it is common to find the
land deeply dissected by ravines and gullies exocavated by runoff water from the slopes.
Unless stabiliszsed by vegetation or by the mechanical action of oheck dams, such ravines
gradually become deeper through the scouring action of the water flows, which also under-
mine the banks oasusing their ocollapse and a gradual lateral extension of the ravine.
Aotively eroding ravines should be stabilised at the same time as the hill slopes,
otherwise they oan eventually destroy the effectiveness of oonservation measures
oonstructed on the planting sites. Heede (1977) has desoribed the construction of gully
oontrol works.

Wherever oontour steps or ditches oross ravines, the banks of the ditches will
require strengthening by stone reveitments; but in the oase of ravines exceeding one
square metre in oross-section, it is advisable to stop the oontour works some metres
from the edge of the ravine to guard against the possibility of the ravine banks eroding
outwards and "tapping™ the oontour work.
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Where graded ditches disoharge into a ravine it is essential to avoid cascading the

water into the ravine, sinoe this will result in the ditch channel being eroded back.

Where

stones are available a masonry oheok dam should be construocted across the ravine to a height

level with the bank of the oontour ditoh and more or less continuous with it.
from the ditoh ocan thus flow into the ravine behind the cheok dam without oascading.

The water

The

wall of the oheck dam should be provided with an outlet spillway at the top and a masonry

apron at the bottom toc prevent water undermining the foundations of the dam wall.

When building check dams the following points should be notedt

1)
2)

3)

4)

The foundations should be strongly made and bedded into roock;

The ends should be revetted well into the banks of the ravine to
prevent water seeping round the wall, eventually causing a
collapse;

The downstream face of the wall should be given a pronounced
back-slope (1:2 inclination from the vertical if unout stones or
boulders are used; 1t} for dry-masonry walls of roughly out
stones; 1:4 to 136 if cement masonry or oast cement walls are
used). The upstream face of the wall can be vertical but it
should be filled up with rock and debris to the level of the
spillway;

A spillway must be incorporated in the top centre of the dam

wall, sufficiently large to pass the maximum torrent flows
expeocted. The spillway should be constructed of large flat stones,
preferably cemented together in the top course of masonry.

To ensure thorough stabilization of the ravine, a series of check dams should be

oonstructed from top to bottom;

effects.

in the torrent bed between each pair of oheck dams.

the dams being so spaced that they oomplement each other's
This rule can be relaxed to allow a slope of not more than 5 percent to build up

Check dams may be oonstructed of 1) logs and fascines set aoross the ravine and
held in place by posts driven well into the soil, 2) of masonry (where suitable stones are
available), 3) of gabions (galvanized steel wire netting "baskets" or "sausages" filled

with stones and pebbles), or 4) of reinforced concrete.
in small gullies, partioularly if the brush includes a species capable of vegetative
reproduction and if the upstream side of the dam is well sodded.

used for check dams depends on the following factorss

1)

2)
3)

The slcpe of the ravine bed and its cross-section dimensions, hence
the volume and veloocity of the torrent flows to be oontrolled;

The type of construotion material most convenient to the site, and

The value of the land, including lines of commnications, habit-
ations etc.,situated below the ravine and whioh the stabilization
works are required to protect. Under some oiroumstances the cost
of ravine stabllization may exceed the value of the proteotion
gained, in which case some compromise needs to be struck in the
planning stage. This compromise may take the form of confining
stabilization work to the smaller branch ravines, and reducing the
number of the larger and more costly structures in the main ravines,

Brushwood check dams are useful

The choice of material
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Water Conservation Measures on Arid Sites

Sucoessful afforestation in very low rainfall areas (down to 200 mm) depends on
seouring maximum absorption and retention of sporadic rainfall by the soil in the areas
to be ccoupied by roots of the trees. The spaocing between trees will generally increase
with deoreasing rainfall. Land between tree rows whioh is not expeoted to be ocoupied by
tree roots in the future can be regarded as water catchment areas for the planted zone.
It follows that any indigenous vegetation should be eliminated so as to minimize
competition for soil moisture, exoept on sites where suoh denudation could lead to wind
erosion of the exposed topsoil.

Contour Banks

One method of site preparation designed to meet the basic requirement of maximum
water storage for afforestation on arid sites consists of forming a series of large banks
or bunds sited acourately on the oontour and oonstruoted of earth and stones soraped off
the catohment zones above each line of banks. The forest trees are planted either on,
just below or just above the banks,

In most oases, and espeocially where the soil is compacted or a hardpan ocours near
the surface, deep subsoiling or ripping should be carried out prior to the oconstruction of
the bank. The subsoiled band should be broad enough to extend on either side of the bank
to loosen the so0il throughout the tree root zone. The existing vegetation should be
eliminated by grubbing, hoeing or diso-harrowing and should be spread as a muloh row::
the trees after planting.

The height of the contour banks is determined by the estimated quantity of runoff
to be oontained after each heavy rainfall, Where there is a possibility of high intensity
rainfall, the banks should be provided with devioes for spilling surplus water into
prepared channels or drainage ways. These safety-valve spillways should be strongly
oonstruoted to resist the soouring of breaches in the banks and should be large enough to
allow an ample safety margin to cope with storm runoff flows.

The oonstruction of suoh extensive earthworks is too arduous and too costly to be
carried out except by heavy earthmoving machinery,

Under arid oonditions tree planting in simple holes without water oonservation
measures rarely suoceeds, unless facilities exist for watering or irrigating the trees
throughout the dry seasons until the plantations have beoome fully established.

Méthode Steppique

In recent years the inoreasing availability of speocialized agrioultural and heavy
machinery has enabled foresters in arid and sub-desert zones to attempt afforestation
projects in areas formerly oomsidered teohnically unplantable. Some of the most
spectacularly suocoessful arid zone afforestation has been acoomplished in Morocoo and
Algeria, where techniques have been developed under the name méthode steppique.

Under the most favourable site oonditions in these oountries (i.e. on relatively
deep, level or gently sloping soils with annual rainfall of 300 - 500 mm spread over five
winter mmths), site preparation is oonfined to deep subsoiling with a heavy rooter fitted
with 2 or 3 tines penetrating to depths of 60 — 80 om. The area is subsoiled in oontinuous
lines in one direction, and sometimes by passing the machine in oriss-cross lines. The
subsoiling loosens the soil to suoh an extent that all rain water is absorbed. Trees are
then planted at spaoings of at least 3 x 3 or 4 x 4 m. Under oertain oonditions, subsoiling
may be dispensed with altogether, it being sufficient to oultivate the land with agricult-~
ural implements to break up the soil surface and to destroy existing vegetation. Most of
the extensive Eucalyptus plantations in the Marmora region of Morocoo were established in
this way.
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More commonly, subsoiling is accompanied by the construction of banks or ridges 0.5
to 1,0 m in height with bases 2.0 -~ 3.0 m wide. These banks are pushed up by heavy orawler
tractors (150 -~ 230 hp) carrying bulldozers or angledozer blades. The smaller 0.5 m banks
are made by traversing on the contour with an angledoger, returning on the same line with
the blade angle reversed., The larger banks are made by bulldozing soil from the land lying
above the line of bank in a series of backward and forward movements. The strips between
the banks may be further subsoiled if necessary. On gentle slopes, the banks are often
made in broken, staggered rows, forcing surface runoff downhill in a zig zag direotion
through the staggered gaps, effeotively spreading the water for improved absorption by the
soil,

Although in some areas, for example Cuba (Masson,1973), subsoiling is done on slopes
up to 40%, the practice is generally confined to slopes of less than 25%. The method used
for steep slopes is the construction of narrow terraces cut into the hills by angledozers
(eegs the “oatastrip” method used in Cyprus desoribed on page 84). A subsoiler oan be
subsequently passed along the bed of the terrace once the angledozer has completed forming
the terraoce.

Trees are normally planted partway down the slope of the banks oorresponding to the
original soil level. The mass of loose soil forming the bank favours easy penetration by
the tree roots, and experience has dsmonstrated that trees planted on the banks grow
congiderably better than those planted on land which has only been subsoiled.

In areas subjeot to strong desiooating winds it has been found expedient to plough
deep furrows (in Algeria the single share mould-board plough is preferred) and to plant
the trees in the bottom of the furrow. This provides good shelter from the wind during the
first one or two seasons. A oombination of banking and deep furrowing provides even better
proteotion from the wind.

Emphagis must be laid on the necessity for removing all vegetation from the
plantation area and for keeping the surface olean weeded for two or three years after
planting until the trees are well established. The xerophytio vegetation is usually
desprooting and has a strong and persistent capacity for re-sprouting. It is, therefore,
essential to uproot this vegetation as far as possible by diso-ploughing or harrowing or
by hand grubbing where the vegetation contains a high proportion of woody species. Hand
grubbing is laborious and expensive; mechanized clearing is easier, and for this,
speoially adapted subsoilers (rasettes) are available whioh are fitted with a forward
projeoting cutting blade spanning the points of the subsoiler's tines. As the tractor
progresses, this blade passes horizontally under the ground and severs the roots, turning
up the stumps in the wake of the subsoiler. The root plough attachment for crawler
traotors has a similar funotion but with the primary purpose of cutting root systems.

The main site preparation in eastern Morocoo is subsoiling, using very heavy
tractors (230 hp) pulling 7 - 10 ton rooters capable of breaking up orusts and hardpans
to depths of 70 and 80 om. The oconstruction of banks is usually omitted, except on the
limited areas of deep s0il free from hardpan where a large plough ocapable of opening 50
om deep furrowsis used to throw up contour ridgee on which the trees are subsequently
planted. Over most of the zone, the large plates of rooky orust turned up by the rooters
are such as to make mechanioal oultivation of the surface impracticable. The trees are
planted in basins made by hand at the intersection of the subsoiled lines., Speoial ocare
is taken to keep all plantations olean-weeded for two years, either by wheeled tractors
with disc-harrows where ground oonditions permit, or otherwise by hand. These plantation
methods have enabled Pinus halepensis plantations to survive a year of extreme drought
when no more than 64 mm rainfall was recorded.



IRRIGATED OR IRRIGABLE SITES

(eneral Considerations

Irrigated tree planting is generally assoociated with arid sites where the annual
rainfall rarely exoeeds 200 mm or with semi-arid sites, where the rainy period is short,
both resulting in long periods when soil moisture is defioient. Under suoch conditioms,
indigenous forest growth is either absent or limited to xerophytio speoies with very deep
taproots and strongly developed transpiration ocontrol mechanisms. Such arsas have an
extremely low produotivity and are usually of limited eoonomic interest.

Some desert or sub-desert lands, however, have proved suitable for the production
of eocomic forestry orops using irrigation. Notable developments of irrigated tree
plantations exist in the Sind Desert of Pakistan, in Iraq, in Egypt and in central Sudan.

Apart from the desert or semi-desert regions, irrigation has also been associated
with the oculture of poplars, and to a lesser extent of willows, in regions characterized
by a relatively high winter or seasonal rainfall alternating with a pronounoced dry summer
season, such as in the higher altitude distriocts of the Mediterranean and in countries
with oontinental olimates. Under these olimatic oonditions, the soil moisture regime is
normally not a limiting factor to tree growth, except for suoh fast-growing speoies as
poplars, whioh require moist soil throughout the year.

Growing forest trees under irrigation has developed from row and ornamental
plantations in agricultural areas, and most forest irrigation methods have adapted methods
used for the field orops grown in the same looality. However, in recent years forest
research has questioned the advisability of following these agricultural methods too
olosely. Some of the questions to be answered by research into irrigated silviculture are:

1) The optimal yearly oonsumptive use of water (i.e. orop water
requirement) for each species, that is, the quantities and timing
of water needs. The water requirement varies with olimate and
species and even for different provenances within a speoies;

2) The best methods of applying the water to the land, giving due
oonsideration to such factors as oonveyanoe loss, deep peroolation
as well as future weeding and thinning, and the exploitation of the
orop;

3) The response of indigenous and exotic tree species when grown undsr
irrigated conditions.

Plantations in Irrigated Agrioultural Projects

Due to the high oost of initial establishment, irrigated plantations will only be
supported in a few regions where there is a serious lack of wood or where other consider—
ations, such as prevention of erosion or desertification have to be taken into account.
Most often, irrigated forests will only be oonsidsred as a by-product of an already
existing soheme, and under such oonditions the extra cost of irrigated wood production
can be kept within an acceptable range. Howsver, where forest plantations are established
in irrigated agrioultural projeots, the irrigation layout will normally have been designed
to suit the rhythm of field orop ocultivation. The forester is thus obliged to adapt his
methods to this rhythm, which may not be ideal for growing trees. Many irrigated
agrioultural systems are also based on a certain orop intensity; however, forest
plantations may need water more or less continuously through the year, therefore the areas
suitable for irrigated forestry are best located on sites accessible to the main arterial
canals whioh carry water throughout the ywar,
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Sometimes irrigation water is out off for oonsiderable periods of the year
depending on the sesasonal flows of souroe rivers, the storage oapaocity of reservoirs or on
water usage rights operating downstream. In Pakistan some irrigation schemes in the Indus
Plain provide water for only eix months of the year; for the rest of the ysar orops depend
on residual soil moisture. Treaty arrangsmenta between Egypt and the Sudan limit the water
withdrawal from the Nile River during certain periods of the year in the Sudan, In the
Gezira irrigation project and others dependsnt on the Nile water, no irrigation water is
available at all for three and one-half months (mid-March through June) during the hottest !
time of the year, which means that only tree species ocapable of adapting to this inter-
vening drought period oan be used.

Most of the older irrigation projeots were designed for agrioulture without thought
of forest orop produotion. As & result, forest planting was often relegated to sites
unsuited for field orops or adjacent to the tail end of irrigation oanals. On suoh sites
water supplies are often irregular, sometimes in excess - leading to waterlogging - and at
other times defioient when the water needs of field orops take priority.

In some more reoent irrigation projeots, the need for amenity planting, lumber,
and, more partiocularly, fuel wood for the projeot oommunities has been recogniged.

Irrigated Afforestation Projects

Although most irrigated afforestation work is assocated with existing agrioultural
schemes, sometimes an irrigation system is oreated molely for produotion of forest
plantations. In northern Irag, for example, a number of plantations have been established
in "Ahrash" sorub lands forming broad strips along the banks of the river Tigris and its
tributaries; these are irrigated by water pumped from the river. Similar plantations
exist in the "Gerf" areas flanking parts of the Nile in the Sudan.

In this type of projeot the forester is responsible for the layout, oonstruotion
and operation of the whole irrigetion system and though this involves engineering skills
outside his normal training, it has the great advantage that he is ables generally with
some expert assistance, to design a system to suit the special needs of the tree orops.

The Influenoce of Soils

Two soil oharacteristios govern the ohoioe of an irrigation method and also the
quantity of water applied and the frequenoy of irrigation. These are the rates at whioh
water will enter the soil (infiltration rate) and the capacity of the soil to hold water
for use by the crop (waterholding oapacity). Sandy or gravelly soils are most easily
penetrated but hold muoh less water than a madium or heavy textured soil.

The presenoce of a water table oan also provide a reservoir of soil water for the
tree roots, and onoe they reach this depth they can grow without or with muoh less
irrigation, provided salinity is not a problem. For example, in the Khartoum greenbelt
afforestation projeot, the heavy clay soils restriot water percolation through the surface
layers so that an intervening dry layer between the groundwater table and the wetter
surface zone prevents tree roots reaching the water table.

Salts are always praesent in the soil and in irrigation water. If these salts are
allowed to acoumulate in the upper soil they oan damage and prevent the growth of orops.
During irrigation, additional water is necessary to ensure that these are leached below
the orop root zone. The danger of suoh salinity is also acute where drainage problems
oconr. Wherever the soil is saline it may be necessary to plant only those tree species
Imown to be tolerant of soil salinity; it may also be neoessary to equip the projeot area
with a oomplementary system of drains oapable of drawing off the salts dissolved in
irrigation water. Where saline soils exist, it is advisable to leach these out prior to
planting. In certain oases it may be poasible to grow a field orop suoch as barley, during
the leaching period whioh oan help to offset the costs involved.
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The foregoing underlines that a thorough soil survey is an essential prerequisite
for designing the irrigation layout and for selecting the species to be planted.

Irrigation Nethods

Of all irrigation systems, surface irrigation is the oheapest and the one best
adapted to tree orops. It oan be praotised by using either the basin, furrow or border
.methods, of whioh the first two are most oommonly used for plantations. In the flood or
basin system, the water is spread evenly over the surface of the ground; in the furrow
system the ground is wetted by lateral infiltration.

Flood Basin and Border Irrigation

The basin method is most suitable on gently sloping land with & more or less even
surface. It oonsists of a series of medium-size basins with 20 to 30 m sides surrounded
by earth bunds. The basins are filled up one after the other with 10 to 20 om of water
depending on the soil's water-holding capacity.

The border system of irrigation is similar to the basin method but is designed for
smooth sloping surfaces. Rectangular plots 15 - 30 m wide and 100 - 150 m long are
oongtructed in the direction of the main slope. The plots are separated by earth bunds
20 om high., Ditches run along the upper edge of each plot, and the water flows down the
whole surface into the drainage ditch at the bottom.

Another variant of basin irrigation is very frequently used for poplar oultivation
in mountain valleys, where the land is levelled in a series of terraces following the
contour line. The water enters at the top of the geries and each basin is successively
irrigated from spillways construoted in the bunds of the terrace above.

Purrow Irrigation

L
In this system furrows are constructed leading off from the feeder ohannel in
parallel lines spaced at sufficient intervals to wet the tree rooting zone. The spacing
between furrows and their oapacity therefore depends on the permeability of the soil.

Poplars respond well to
irrigation. Those shown
here on the Rhab Plain,
Morocco, are four years
old. (FAO photo)




As a general rule the heavier the soil the larger and the wider apart the furrows will be;
the opposite applies in more porous soils. In the heavy olay soils of the Khartoum
gresnbelt plantations, the furrows are normally spaced at 2,5 m intervals, but following
recent investigations it has been found that adequate wetting of the root zone ocan be
obtained by furrows 6 m apart.

This system has spescial applioation in elevated areas within irrigation projeots
to00 high to be reached by the normal gravity flow irrigation. Provided the ground is not
more than about 1 m above water level, deep and wide furrows are made, and the trees are
planted on the sides or banks of these furrows. This method is used in Iraq, especially
for plantations of pomegranates and other fruit trees, as well as for plantations of
Bucalyptue and Casuarina. However, the digging of such deep furrows by hand is costly.
Another major disadvantage of this method in forest plantations lies in the obstruotion
the furrows offer to the passage of tractors and implements, for example, during inter-
row weeding operations. Suoh a sub-irrigation system can also cause severe waterlogging
and salinity problems.

Trickle or Drip Irrigation

Triokle or drip irrigation is a modern,oomplex, precise method of irrigation whioh
is being developed for agriculture and hortioulture but has recently been adapted for the
establishment of tree orops in areas where there are adequate finanoial resouroces to meet
the high costs. The main benefits of this method are that it reduoes water loss, produoes
good orop responses, optimizes fertilizer use and results in less weed growth., In
experiments in Pakistan, drip irrigation used only 22 percent as muoh water as furrow
irrigation and 15 peroent as muoh as flood irrigation. The main limitations are the high
oosts oompared with furrow irrigation; the high level of skill required for design,
installation and operation; moisture distribution problems including the sensitivity of
equipment to clogging, and salinity hazards (FAO, 1973).

Triokle or drip irrigation is a watering system where water is distributed to
points without atomization and without soaking the land. The density of the watering
points oan be arranged to allow the seleoted subsoil to be suitably moistened, while the
greater part of the surface soil remains dry. Water delivery is by polyethylene or other
forms of plastic pipes fitted with "drippers" or "tricklers" which deliver a suitable flow
at low pressure, normally within the range of one to two atmospheres. The pipe system is
often buried in the soil to apply moisture at prescribed rooting depths, but under ocertain
oonditions it may be on the surface, allowing easy removal when neoessary. Clogging of
drippers is a oommon problem, and there are a number of approaches and types of drippers
to reduce this difficulty.

Water requiremeats of tree crops

Water requirement is the depth of water needed to replenish the available moisture in the
root zone, depleted by evapotranspiration. The water required to enable a forest plantation
to grow at optimum rate will vary from season to season: it will increase with each succeeding
year of the rotation until full crown cover has been attained. If the groundwater table is close
to the surface, requirements will diminish once the roots have reached the ground water.
Like agricultural crops, different tree species have different water requirements, depending
largely on their transpiration control mechanisms.

Crop water requirement, whether of agricultural of forest crops, can be computed using
the following formula:

ET crop = Kc. ETo

where ET crop is the crop water requirement in mm over a given period of time (i.e. the
evapotranspiration when soil water supply is non-restricting); iTo is the reference eva—
potranspiration in mm over the same period; and Kc is the crop coefficient. For a fuller
description of the method see FAO 1977g,
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Reference evapotranspiration~(ET°)’ is defined as "the rate of evapotranspiration from an
extensive short green cover completely shading the ground and adequately supplied with
water", [mpirical formulae have been devised for calculating #To. Common methods are (i)
the Blaney-Criddle method which is used when only temperature data are available; (ii)
the radiation method which is used when available climatic data include measured air ten~
perature and sunshine, cloudiness or radiation; (iii) the Penman menthod which is used
when measured data on temperature, humidity, wind,and sunshine or radiation are available.

Crop coefficient (Kc). Crop water requirement is affected by several factors including
crop characteristics, stage of growth, and the prevailing weather conditions. Values of
Kc have been established for vegetable and fruit tree crops. Using the Kc values for fruit
trees as a guide, a rough estimate of the coefficient for low~transpiring trees would be
about 0.5; high-transpiring trees would have a coefficient around 0.9 or more. For example,
in subtropical climaetes with winter rainfall, kto is about 1,000 - 1,300 mm/year, and the
crop coefficient for low~tramspiring fruit trees such as citrusreaches a maximum point
in June-July of around 0.7; ET crop would then be approximately 700 - 900 mm/year. Olive
trees, which are well known for their very low transpiration, would have an estimated crop
coefficient of 0.4 - 0.5, and the ET crop would consequently be somewhere between 400 and
440 mm/year. High-transpiring tree species may have considerably higher Kc values. The
water requirements for optimum growth of forest crops havebeen inadequately studied.

Irrigation requirements of tree crops

The main purpose of irrigation is to prevent lack of water from limiting tree growth.
The net irrigation water requirement of a tree crop can be computed by the following
formula:

In = ET crop - (Pe + Ge + Wb)

(loBBes) (gains)
where In = net irrigation requirement (mm/period of time)
ET crop = crop water requirement ( " "
Pe = effective rainfall (" " "
Ge = groundwater contribution (n n "

Wb = stored soil water at the beginning of each period.

Effective rainfall (Pe). Not all rainfall is effective as part of the water is lost by
surface run~-off, by deep percolation, and by direct evaporation. That part of the rain
which penetrates the soil and is effectively available to the trees is defined as the
effective rainfall, Effectiveness of rainfall depends on its intensity, amount and fre-

quency.
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Groundwater contribution (Ge). Oroundwater can contribute to the supply of water to trees
when it is within reach of the roots, It is therefore useful to determine the depth of the
watertable in relation to expected tree rooting depth, Watertable depth often varies season~
elly, and seasonal measurements are therefore required. When the groundwater iable is close
to the surface, e.g, in valleys, mature trees generally do not require irrigetion; in such
cases irrigation may only be needed for the establishment of Yyoung plantations, and can
cease when the roots of the trees reach the watertable.

Stored soil water (Wb). The storage capacity of the soil is the quantity of water
available; it ranges between field capacity (soil water temsion 0.2 atm.) and wilting
point (15 atm.). The quantity of water ihat can be stored depends on the soil texture;
heavy soils store some 200 mm/m, medium textured soils some 140 mm/m, and light textured
soile some 60 mm/m or less, It will be noted that use of the above formula will, theo-
retically,cause Wb to be zero for all successive irrigation periods except the first,

In irrigation, the rate of soil water uptake by the trees and the storage capacity of
the soil play a very important role in determining the depth and frequency of applications.
Heavy soils may receive large applications at extended intervals, whereas light soils re-
quire smaller applications at more frequent intervals,

Relatively little research on net irrigation requirements has been carried out for
forest plantations, In Pakistan, experiments have shown that the optimum amount of water
for Dalbergia sissoo (the most important plantation species) lies between Y00 and 1,350 mm,
applied at fortnightly intervals through the six-month irrigation period, The non-availa-
bility of irrigation water during the other six dry winter months limits the selection of
species to those which have an extended period of dormancy.

In the Sudan, investigations on net irrigation requirements in Bucalyptus nicrotheca
plantations in the black cotton soils of the Gezira indicate that 2,400 mm per year,
applied in 13 irrigations, give good results. The irrigations are made at forinightly
intervals during the period July to December when irrigation water supply is unrestricted,
and at 6 week intervals from January to March when water is in short supply. From mid-
March to June no irrigaiion water is available under the Sudan-BEgypt agreement, The rain-
fall, which is 230 - 450 mm per year, falls mostly in the summer months from July to Sept-
ember, Investigations carried out in the Khartoum greenbelt indicate that best growth
results when annual irrigation is about 750 mm/ha/year, although mean annual rainfall is
less than 200 nm., Higher irrigation rates lead to waterlogging in the heavy alkaline clays
in this area, and to reduced growth.

In Turkey, scientists working at the National Poplar Institute calculated the water
requirements for poplar plantations at a large number of stations located in the different
climatic regions of the country; the calculations tock into account precipitation, normal
shade temperatures, humidity, Gaussen's Coefficient, and calculaled global radiation.
Irrigation is normally necessary between May and September, increasing gradually up to July
and August (the hottest and driest months), and thereafier decreasing. The highest water
requirements of about 1,000 to 1,100 mm, for the six-months irrigation season, occur in the
Diyarbekir region in southeastern Turkey. No irrigation is needed at Rize (in the north-
ea81 Black Sea coastal region) where well distributed annual precipitation averages 2,440
mm and exceeds the calculated maximum evapotranspiration. TFor most poplar plantations in
Turkey net irrigation water requirement is between 500 and 700 mm,
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The above figures refer to net irrigation requirements, Gross irrigation requirements

may need to take account of leaching requirements (additional water required to flow through

and beyond the root zone in order to prevent salinity build-up) and of the efficiency of
the delivery system.

Response to limited water availability

Very little is known of the comparative response of different tree species to limited
availability of soil water. Iost studies have been related to "optimum" levels of irri-
gation to produce "optimum" growth rate, In many dry areas it may be necessary to limit
water availability at certain seasons to less than the "optimum", HNore research is needed
on the response of different species to depletion of soil water, expressed as a reduction
in the rates of transpiration and of growth.

Planning the Layout of Irrigated Plantations

As already noted, forestry is usually anoillary to agrioulture in irrigation
sohemes, and the setting up of irrigation purely for plantations is an infrequent
ocourrence., Planning and designing the layout of an irrigation projeot is a highly
skilled, precise and demanding task, and it is neocessary to oall upon high expertise and
specialist advioce if an adequate and sucoessful project is to be prepared.

Following is an outline of some of the faotors influenoing the layout and extent
of irrigated plantations:

1) Gross area oommanded by the main canal. This is oomposed of
(a) the gross irrigable area, where irrigation can be developed
and (b) the non-irrigable area, all land whioh is unsuitable for
irrigation. The gross irrigable area is oomposed of the net
irrigable area and the area needed for the roads, water ohannels
and buildings.

2) Availability and seasonal variation of water supply in relation
to the estimated water requirement of the speocies selected.

3) Quality of the irrigation water, partioularly as regards the
quantities of salts or other toxioc elements.

4) Topography. The most suitable sites are on level or gently
sloping lan’, Steeper slopes or land with many undulations and
surface irregularities add to the complexity of the water
distribution system and the oost of levelling work. A detailed
topographical survey with 1 metre contour lines is an essential
preliminary to planning the layout of the whole projeot.

5) Soils, with partioular reference to their permeability, chemiocal
status and ground water formatien.

The main layout plan should delineate on the topographical map 1) the oourse of
the main oanal from its head, or water intake point, to the highest point commanding the
lands to be irrigated, 2) the direction of the main branch canals within the boundaries
of the total area commanded and 3) the location and extent of enclaves of land unsuitable
for irrigation or planting. A detailed soil survey map should be imposed on the topo-
graphiocal map. Finally, the layout of future plantation oompartments and irrigation
blocks should be determined so that the delivery capaocity of the branch canals serving
each irrigation blook oan be correlated with the areas watered, the periodiocity of
irrigetion and the water need of the speocies planted.
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Preparation of the Land and Construction of the Canal System

After clearing of existing vegetation, the whole area should be roughly levelled.
The objeot of land levelling is to reach a good uniformity in water appliocation by an even
flow of water over the soil surface., However, as tree orops seldom support the extra cost
required for full land levelling, it is recommended that lands be chosen with a slope as
even as possible and that levelling be limited to a simple operation of smoothing out only
the main irregularities.

The next operation is to mark out and conetruot the main distributor channels and
the road network. Bulldozers and graders, if available, are suitable for levelling and
for pushing up embankments. Channels can be opened by double mould-board drain ploughs or
by excavators, depending on the size of the ohannel required. Finally, the network of
smaller channels feeding each oompartment or plot much be constructed.

Before planting, it is essential to carry out trial or test irrigations to expose
any faults or low places in oanal and channel networks and also any areas within the
oompartments in need of further levelling.

Flow Capaoities in Irrigation Channels

The rate of delivery of water in a channel is a funotion of its orose—seotion
dimension, its grade and the smoothness of the surface of the channel bed and sides, The
flow is usually expressed in_"oumeos" (cubio metres per second) or "ouseos™ (ocubic feet
per seoond)(1 ft3 = 0,0283 m3). There are various forms of gauges which can be installed
in the channels to measure delivery rates, but in the absence of these a method of
estimating is to multiply the oross—seotion area of the ohannel up to the wetted perimeter
2the part of a ohannel which is wetted by the flow of water) by the flow velooity

obtained by stop-watoh timing of a floating ocork over a measured distance of channel).
This will give the volume of water passing a given point per seoond. This nominal figure
must then be diminished by multiplying by a coefficient representing the drag on the flow
exerted by the roughness of the side of the ohannel. This coefficient will depend on the
smoothness of the walls and of the dimensions and gradient of the channel. As a rough
guide the ocoefficient for a channel with a gradient of 1 to 5 000 would be abouts

Conorete lined channels 0.80
Clean earth channels 0,70
Channel walls, grassed—over 0.60
Channels obstruoted by fairly 0.50

dense vegetation

In the case of unlined channels the coefficient also includes allowanoce for losses by
seepage.

Sluice (Gates, Off-take Regulators and Syphonsg

Al]l distribution channels require sluice gates or off-take regulators oonstruoted
at all points where subsidiary channels branch off. These are preferably construoted in
conorete or masonry but are sometimes made of wood. The simplest construoction ooneists
of a sliding gate which can be raised or lowered to oontrol the volume of water entering
the subsidiary channel,

Conorete syphons are used at road crossings whenever irrigation channels are at the
same or at higher elevations than the roadway.
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Pumped Irrigation

Situations ooour when land destined for irrigated plantations lies above the level
of the water source. The water must then be raised by pumps to the level of the main
irrigation canal.

Irrigation pumping usually requires large flows under low heads. The pumps best
suited for this kind of use are of the propeller or mixed-flow type. They oan lift from
1 m3/s to 10 m3/s or more under heads of 3 to 10 m or more if several stages are used.
Several pumps, preferably of similar design, should be used to provide the total flow
needed for the irrigated area, and if these operate on a 24 h per day basis, an extra
pump should be on hand in oase of breakdowns. These pumps usually have a very good overall
offioienoy. Their rotation speed is low and they are able to operate for long oontinuous
periods of time without damage., Their wear is very low and they oonsequently have a leng
lifetime of up to 20 years. The propeller or mixed flow pumps are large and must be
installed in sturdy pumping plants espeoially oonstruoted and adapted to the type of pump
used. In the upper part of the plants the engines are located on a very strong floor
to support their weight. Undesmmeath oomes an intermediate level composed of various
vertioal oasings through which the water flows up and out of the station. The lower part
is where the large pumps are installed. The individual impellers must be at a suffioient
depth below the minimum water level to protect the pumps from the formation of vortex and
from cavitation effects on the blades, Intake grids should be installed in front of the
pumping plante to keep any large floating matter from entering and damaging the pumps.
Likewise there must be gates to isolate each pump for maintenance or repair purposes.

Much smaller pumps oan be used for very small irrigated areas. They oan be either
of the vertical or horizontal type, but in the latter oase the intake pipe should be as
short and as olose to the water as possible., Check valves should be ingtalled at their
foot to reduce any problem of suction.

Road Networks

The road network must be planned and oonstructed simultaneously with the irrigation
channel system, so that the number of bridges, culverts and syphons are kept to a minimum,
All main oanals and distributaries should be provided with roads to allow acoess for oanal
maintenance operations, and no roadsids avenus irees should be planted whioh might
subsequently impede the passage of canal clearing machines, a precaution that is frequently
overlocked.

Establighment Costs of Irrigated Plantations

Establishing an irrigation soheme is always very oostly. At 1966 costs simple surfaoce
irrigation would require an initial investment of at least US$ 1 500 per hectare. The major
expense item is the cost of oonmtructing the canal and road network, especially if the whole
oost of the oanal system is inoluded in the forest budget. In existing irrigation schemes
for agrioultural development, the oapital charge for the construotion of the main oanal and
distribution network is born entirely by the irrigation authority, which may or may not
oharge a rate on the water supplied to the forest amuthority., In the Indus Desert in
Pakistan, forest plantations paid an irrigation water rate per heotare; but in the Sudan,
irrigation water in the Gesira and greenbelt plantations, is provided without charge to the
forest authority, which is therefore concerned only with the layout of secondary feeder
ohannels within the plantation.



SAND DUNE SITES

(General Considerations

Vast areas of unstable sand dunes oococur throughout the world in all climatic
regions wherever regular strong winds and friable topsoils oocur. Some areas of sand-
drift originate along shore lines with wide strips of sandy beaches, and at times of
strong winds the sand is blown inland to form what are called maritime dunes, as distinot
from continental dune formations, which have no relation to the sea and usually result
from the destruction of the native vegetation by cultivation or overgrazing., Noteworthy
examples of oontinental dunes ocour in the "dust-bowl areas" of central U.S.A. and in the
semi-arid sandy steppe lands of the lower basins of the Don and Volga rivers in U.S.S.R.

When wind erosion ocours, the coarser particles of sand or soil are carried close
to the ground surface, about 90% of the material within 30 om and some 57% within 5 cm of
the surface. These particles move in a series of bumping movements and induce movement
in other particles in a type of saltation process. Sand dunes or hillocks form as the
blowing sand encounters bushes, trees or some obstruotion capable of creating turbulence.
This turbulence reduces the carrying force of the wind to both the windward and leeward
sides of the obstacle, causing the sand to be deposited in mounds until the obstacle has
been completely engulfed in the dune. Dunes extend in the direction of the wind as sand
is blown up the windward face of a dune over the crest and again deposited by turbulence
on the leeward side, Rates of advance of as much as one metre a month during periods of
very high winds have been observed.

Drifting sand can become a menace by encroaching on agricultural land or by
blocking canals and lines of communication, or even by engulfing habitations. If, however,
the drift sands can be stabilized, experience shows that they can often be successfully
afforested and can, under favourable glimatic conditions, become very productive. The
Pinus pinaster forests in southwest France in Les Landes offer a good example of successful
reclamation of a former waste of dunes formed by strong prevailing winds blowing in off the
Atlantic in the Bay of Bisoay. There are many other examples of successfully stabilized
dune formations, e.g. those in North Jutland in Denmark, in Tunisia and in western Libya
where the fixation and afforestation of vast areas of both maritime and continental dunes
are among the principal tasks of the forest services.

Drift sands, though generally poor in nutrients and often devoid of organic matter,
usually hold moisture well., Even in very arid areas, where annual rainfall seldom exceeds
200 mm and is oonfined to a short rainy season, the sand remains moist at depths of 50 - 60
om although the surface layers become desiccated by evaporation. An exception is free
draining sand, where water percolates rapidly through the soil and under extreme conditions
the available soil moisture is insufficient to support tree establishment., The basic
problem in drift sand afforestation is tc fix the moving sand for periods long enough for
the young trees to become established. Once established, the plantation is able to provide
its own shelter effeot within the planted area and in course of time to enrich the sand with
the humus from decaying leaves, providing of course, that sand from outside the area is
prevented from engulfing and burying the young plantation. Sand drift stabilization,
therefore, involves attempting toc provide barriers or windbreaks at the windward source of
the drifting sand and thereafter to prevent the sand from movements caused by eddies and
turbulence within the zone sheltered by the windbreaks.

Fortunately there are periods during the year in most sand drift areas when the
sand is not in movement, when high winds are lulled or when heavy rains give some temporary
cohesion to the surface layer. Such periods of rest may be of sufficient duration to
encourage the survival of indigenous vegetation, which can spread fairly rapidly over the
surface onoce shelterbelis are provided, aiding considerably in the processes of stabilization.
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In very favourable conditions where regular, well-defined high wind periods are
interspersed with relatively long intervals of heavy rains and warm temperatures, it may
even be possible to stabilize moving sands simply by planting trees of well-adapted, fast-
growing speoies during the wind free periods. Such appears to be the oase in the coastal
sand-drift areas of southern Viet Nam, where the dunes can be stabilized by planting rows
of Casuarina without the necessity of employing any other special firxation techniques.

In general, however, tree planting cannot be successful unless speocial measures
are first +taken to prevent or reduce sand movement,

Sand-Drift Fixation Methods

The first step in sand firxation is to identify the sources of the blown material
and, if possible, to oreate barriers to prevent or oheok any further invasion of this
material. Such primary barriers or shelterbelts will normally have to be repeated in
series at intervals downwind from the source area in order to oreate sheltered zones where
the main foroce of wind is broken up into turbulent eddies having only a localized action
on the surface. The seoond stage in the stabilization proocess is to proteot the surface
from this relatively localized soour and deposit effeot of air turbulence within the
shelter zones. This secondary protection oan be achieved by a variety of methods which
act, in effect, as surface mulohes.

Primary Proteotive Barriers

Where ocoastal beaches are the source of the blown sand, the normal practioce is to
form a littoral dune along the shoreline, This is done by erecting a oontinuocus but
permeable fence of posts, fasoines or any other material convenient to the site. As the
blown sand acoumulates and buries the fenoe & similar fence is constructed along the top
of the dune on the windward side of the orest, and as this is buried in sand a third may
be oonstruoted and so on. In a few years littoral dunes oan be built in this way up to
10 metres in height. If necessary, several parallel lines of dunes can be constructed
along the ooast, and the hollows between them stabilized and planted with ground vegetation
and belts of trees to form a first line defence against the invading sand. The species
used in the first shelter belt should be windfirm and tolerant of salt spray carried in-
shore by the wind.
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At Waitarere, New Zealand, a belt of Pinus radiata stabilizes ooastal sand dunes -
and protects adjoining ﬁgricultural land. Marram grass was planted on these dunes
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The sources of windblown sand forming oontinental dunes are often less simple to
control than in the oase of maritime dunes. The sand may be picked up from wide stretches
of oultivated plains or, as in the oase of North Afrioa, from rainless deserts, such as
the Sahara. The logical first step, therefore, is to try to remedy the oonditions ocausing
the exposure of the soil to wind action., This may be accomplished by stubble mulohing in
grain growing areas, by controlling exoessive grazing and by systematic planting of wind-
breaks in the farm and pasture lands where the topsoils are liable to wind erosion. Even
where such measures are not possible, as in the Sahara, it may be feasible by systematio
reconnaissance to disoover points where the topography causes "wind-funneling" effeots.

A range of hills may form a barrier to the drifting sand which, however, suococeeds in
penetrating the barrier at some low-lying point or where streams or torrent beds have ocut
passages through it. Such points offer possibilities for stabilization by the formation
of protective dunes across the direotion of the wind using methods similar to those for
littoral dunes.

The main objective in oreating such barriers or shelterbelts is to reduce the
force of prevailing winds to less than 18 — 25 km/h, whioh is the threshold velooity at
which soils begin to move., A great deal of the information acquired in the oourse of
investigations of tree windbreaks in different parts of the world is applioable to drift
sand oontrol and stabilization. In general terms these effeots may be summarized as
followss

1) The distance that protection extends to leeward is proportionate to
the height of the windbreak; when wind direotion is at right angles
to the line of the barrier, wind speed to leeward is reduced signif-
ioantly for distanoces up to 20 times the height of the barrier. The
percentage reduction of wind speed varies also with the density of
the windbreak and with the distance to leeward. There is also a zcne
of reduced wind speeds to windward, varying from twioe to five times
the height of the windbreak;

2) Wide windbreaks are not necessarily more effective than narrow ones;
best results are obtained with those whioh are about as wide as they
are high;

3) Evaporation is greatly reduced in the lee of windbreaks, owing to
reduced air movement and temperature and inoreased atmospherio
humidity. BEvaporation may be reduced for a distanoe extending up to
24 times the height to leeward of the windbreak. The reduction is
proportionate to windbreak density, so that a permeable barrier,
especially with a sparse lower level, is not as efficient as a dense
one in reducing evaporation. This effeot is of particular importance
in afforesting sand drift areas in hot, semi-arid regions.

Surfaoce Stabilization Methods

Even within the shelter afforded by littoral dunes or windbreaks, wind velocities
may &t times, and in some places be high enough to oause sand movement. The effect of
such movement, or sand blast, can be very damaging, especially to newly-planted trees.
Eddies of wind may ocause localized scouring and deposition so that some of the young trees
are either uprooted or are buried in sand. It is, therefore, almost always necessary to
blanket the whole area with somes sort of mulohing or a network of small windbreaks capable
of stopping the sand from blowing. In recent years a technique of mulching the surface by
spraying with Bitumen emulsions shows oonsiderable promise of success and has been widely
used in oertain parts of the world.



-102-

Classioal Methods

The method in most general use is to cover the whole area with a chequer-board
pattern of minature windbreaks, which may consist of stake and wattle fencing made of out
brenches or of stiff-ptemmed grasses or canes, Sometimes the fences consist of living
plants. These fences or hedges vary in height from 0.5 to 2 metres and may be spaced
apart from as muioh as 40 metres to as close as 2 metres, in the latter ocase only one tree
is subsequently planted in each square. When wider spacings are employed, it has sometimes
proved necessary to cover the surface of the ground with branches, straw or grass ocuttings
to give additional proteotion., Sometimes a surface covering of branohwood is suffioient in
itself to stop sand blowing without the need to oonstruot the squares.

In Tunisia all the methods desoribed are used. In spite of the proteotion of
littoral dunes, the maritime dunes are ocovered with a network of fenoing made of out
branohes from adjacent maquis forests. Live hedges of Saccharum aegyptiaoum are planted
in squares of 15 m or 20 m and the soil is then mulched with a layer of branohes. In Cyprus,
on the other hand, a simple ocovering of branches was found suffioient protection for
plantations of Acacia oyamnophylla to survive the first year, after whioh the plants
provided sufficient cover to protect the site. Where oonditions are not too severe, direot
planting of "stumps" of Acacia oysnophylla has sucoeeded in establishing a cover without
the need of other fixation measures.

This oclassical method of fixing dunes is usually costly, espeoially if ocut branoh-
wood or out grass is not available olose to the areas to be stabilized. Even where
available the large amounts required may mean denuding one area to proteot another,
Fixation methods using live grasses or tree cuttings often delay the planting of main orop
species while waiting for vegetation or hedges to grow enough to stabilize the surface, and
onoce having done so, their rcots may spread so far into the intervening space as to compete
seriously with the forest trees. Hedges and fences in closely spaced squares also impede
the movement of men in the area, especially at tree planting times, and inevitably fenoes
get damaged so that gaps appear causing localized "wind funnel" ercsion.

Dune Spraying Techniques

Spraying shifting sand with fuel oil or bitumen produots has been used as a method
of fixing blown sand in many countries. Such products are used in the United States and
Kuwait, for example, for proteoting highways against enoroaching sand, and in India and
Pakistan for fixing dunes whioh fill up irrigation canals. In reocent years spraying drift
sands in connection with afforestation has been developed on a relatively wide soale in
Libya end Tunisia. The type of bitumen produot used in these couniries is available from
most of the oil oompani s, The Pakistan Irrigation Researoh Ingtitute has recently
investigated the stabilizing effioaocy of oertain of these proprietary products as oompared
to some similar laboratory-prepared bituminous emulsions. These latter oonsist of bitumen,
potagsium hydroxide and potassium oarbonates with stearin pitoch, vinsol resin soap and 5%
bentonite slurry emulsified in water at 959C, When sprayed on sand such emulsions penetrate
the surface layers and dry rapidly to form a orust on the surface whioh gives ocomplete
protection against wind. The depth of penetration varies to some extent with the produot
used, with the proportion of water in the mixture and with the quantities sprayed per unit
area. To be effective, penetrations of 1 to 3 om must be obtained. The spraying also has
the effeoct of inoreasing the load bearing pressures of the sand by up to 20 - 30 tons per
squars metre.

In Libya one oompany, working on oontract for the forest service, has sprayed
several thousand heotares of dunes, and similar techniques have been tried in Tunisia,
Initially conventional tank truoks were employed which were espeoially equipped for desert
use to ocarry the oil into the areas to be afforested, The compound was then sprayed over
the sand by hand operated lance sprays. To spyed up the work the oompany developed a
special vehiole, a steel sled fitted with an 800 litre tank and wide spray booms, which is
towed or winohed over the dunes by bulldeser, In this way, the spraying equipment can
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surmount the most diffiocult dune terrain leaving behind it a sprayed strip 25 metres wide.
Each vehiole can cover about 4 heotares a day and uses approximately 4 000 litres of the
oil produot per heotare. In Libya the spraying was found to have toxioc effeots on some of
the plants used (generally Acacia and Fucal us) so spraying now precedes planting. This
also enables spraying to be carried out in seasons unsuitable for planting. In Tunisia
trials with the same bitumen produot indioated that spraying after planting is more
prasticable, sinoe it was not harmful to the young plents (Acacia and Pinus). In areas
sprayed before planting the movements of the men planting and oarrying plants to the
planting sites caused so much disturbanoce to the stabilised surface orust that its
proteotive effeots were greatly diminished,

Continuing experienoce will oertainly bring improvements in spraying teohniques and
in the formulation of the stabilizing products used. Combined with the advantages of speed
and lower costs, it seems likely that spraying teohniques will tend to replace the olassioal
methods of dune fixation. This tendenoy is likely to be acoelerated if experiments in Libya
for air-spraying a new type of ohemioal stabilizer are sucoessful. This stabilizer is a
ohemical adhesive oompound whioh oocagulates when it absorbs moisture and forms a thin
stabilizing layer over the surface of the dunes. 3Seeding of the areas from the air at the
same time as the ohemiocal stabilizer could mean a oomplete revolution in the techniques of
afforesting drift sands, Early reoords indicated that spraying teohniques were more oost
effioient than the oclassical method of dune fixation.

WET OR WATERLOGGED SITES

Wet sites are those in whioch the soil is waterlogged for the whole or the greater
part of the year and can only be afforested if the land is drained.

The vast areas of swamps and fens, supporting natural self-regenerating forests of
hydrophytic species of eoonomio value, whioch ocour both in the tropiocal regions and in the
boreal ooniferous zone are excluded from oconsideration here since the tree speoies have
themselves esvolved ways of overcoming the difficulties inherent in this environment.
However, there are also equally vast areas of swamps and peatlands which are entirely
treeless or only oarry an arboreal vegetation of low-value species. Acoording to some
estimates this area is as great as 200 million heotares. A large proportion of this area
oould, after drainage, be afforested with species of high economio value.

Apart from these large expanses of bog land, the forester is often faoced with
relatively small marshy lands ooccurring as sub-sites in a larger afforestation projeot
on well drained soils. Such loocal sites may ocour in small depressions or on alluvial
flats adjoining the banks of rivers, and their drainage may be required as part of the
general afforestation plan.

Whether water-logging is a oharacteristioc of the whole area or only of some
relatively small seotion, the techniques for draining away the water and rehabilitating
the soils are essentially the same.

Sites Where Drainage is Practised

Marshes with Free-Standing Water

Before soil drainage or soil drying can be undertaken, standing water on the
surface mist be evaouated. This requires knowledge of the origins of the water coming
into the marsh and the reasons for it oolleoting and stagnating in the area.

In the cases where the water flows from higher land it may be possible, under

oertain tog.ographio oonditions, to interocept the flow at some suitable point above the
level of the marsh and to divert it to a out-off drain or oanal leading intoc some natural

drainage channel,
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Riparian marshes oreated by periodioc inundations of a river in flood ocan only be
drained by oonstructing bunds or embankments oapable of keeping flood water from entering
the riverside flats. It may then be neoessary to oonstruot a series of drains in the marsh
to dry out pools left in old flood ohannels or to oope with water entering by underground
seepage from the river bed. If, as is sometimes the oase, the topography does not allow
the evacuation of these drains downstream by gravity flow, it may be neoessary to
oonoentrate such water in a sump pond whenoe it oan be pumped back into the river ohannel
over the proteoting embankment.

Similarly with lagoon type marshes bordering the seashore, sluice regulators are
required on all ocutlets to the sea, to be olosed at high tides and opened again at low
tides to allow the marsh water to drain out to sea. Suoh regulators may be olosed by an
automatio devioe, actuated by the rising tide water levels.

A marsh may sometimes owe its origin to the presenoe of an obstruotion to its
natural outlet ohannel caused by geographical faulting, or by land slips or falls of rock.
Many upland marshes exist as the relios of former lakes and drowned valleys formed by
geologioal upthrusts damming in the valley. In time, the natural spill-ways are eroded
away, gradually lowering the level of the lake water until the water beoomes shallow
enough for marsh formation. These marshes oan be drained by cutting a channel through the
obstruoting barrier or by tunnelling through it, always assuming the oosts are not
excessive in relation to the area to be reolaimed.

Some marshes are formed on the low-lying shores of lakes as a result of periodic
rises in the lake water level following heavy rains., These can be reolaimed by oonstructing
embankments above the highest water mark of the lake and subsequently draining the marshes
by pumping or by the use of regulator sluioes on the drain outlets to the lake.

A similar method is employed extensively in low-lying areas in the Paran# delta in
Argentina for reclaiming land whioh is periodically covered to shallow depths by flood
waters. Here the marsh lands are enoiroled by bunds and then drained by pumping, forming
a series of reolaimed islands which are then afforested. In the dry season, the pumps are
used to pump water in the reverse direotion from the deeper marsh water ohannels for
irrigating the plantations.

Peat Bogs and (ley Soils

Poorly drained peat soils oscour mainly in those regions of the world where annual
rainfall greatly exoeeds evaporation and where temperature is sufficient for a rich
production of organic matter but too oold for its rapid deoomposition. Under suoh olimatio
oonditions, an acoumulation of plant remains and the formation of peat is oommon., In
addition to climatic factors, level topography and poor water permeability of the subsoil
favour bog formation. Swamps and other waterlogged soils are, therefore, fairly oommon in
flat lowlands even in tropioal and subtropioal olimates, although owing to more rapid
deoomposition in warmer areas, true peat may be missing, On the other hand, under
extremely humid and maritime oonditions bogs with thick peat deposits oan exist even on
quite steep slopes, as in parts of Scotland and western Norway.

Waterlogged mineral soils with little or no peat formation also ocour in oconditions
of impeded soil drainage., These are usually heavy olay soils and exhibit the typical
mottling discoloration associated with gley soils. Poor drainage may be due to an
impervious substratum or to the presence of a podsolized or laterized hardpan.

Even in waterlogged soils the uppermost horizon may be suffioiently aerated to
support a ground oover of mosses and other water-loving speoies; in some oases, this
layer may be deep snough to support trees, though these are often deformed with very
shallow root systems and liable to windthrow. Early attempts in Great Britain to afforest
peat bogs after oonstruoting shallow surface drains proved that the tree orops, while
making good growth in the early years, oould not withstand strong winds during the pole stage.
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It is essential to achieve an aerated layer of topsoil at least 30 om deep, preferably
deeper, To achieve this, drains must be out considerably deeper to allow for the effeots
of what is known as the "oapillary fringe". This is in effect a waterlogged sone which is
formed due to capillary foroces just above the level of the true water table or above the
level of surface water in the reoceiving drain., This ocapillary fringe ocan sometimes reach
as muoh as 30 om upwards, whioh explains why shallow drains sometimes appear to have no
effeot on waterlogging. To allow for this capillary fringe, receiving drains should
therefore be at least 40 - 60 om deep, and even deeper to ensure the formation of a
guffioient layer of fully asrated soil for root development.

Salines and Salt Marshes

Waterlogged soils and marshes ooour where high salinity is an additional limiting
faoctor to soil wetness. Salt or brackish marshes formed along the ooasts and subject to
inflows of sea water are found in many parts of the world. In arid olimates, salines oan
result from the evaporation of salt-bearing spate flows impounded in inland depressions.

Though there are some tree speoies of eoonomio value, e.g. Rhizophora spp.,
Tamarix artioulata, Prosopis tamarugo, and the date palms, whioh tolerate a high deagree of
goil salinity (and in the oase of the mangroves, marshy oonditions as well), the
afforestation of salines is impossible unless the land is both drained and the salt ocontent
of the moil reduced or removed by leaching with large quantities of fresh water. This may
be feasible in situations where the saline is oapable of being drained, so that flood waters
entering ocan be used for washing the salt out of the soil or where irrigation, oombined with
drainage, may achieve the same effect. Desalination, however, is almost always a very
oostly undertaking and ocan seldom be justified for tree crops alone. Further mention is
made of this matter in the seotion dealing with irrigated plantations,

Where permanent drainage is not feasible, the only alternative is to oonstruct a
series of alternating mounds and ditohes, the soil being excavated from the ditches and
spread on the intervening mounds whioh become plantable onoe the salts have been leached
out over a period of time by local rainfall. Such mounds should be large enough to provide
adequate growing space for the expanding tree root systems above the highest level of
fluctuations in the water table. This again is a very oostly operation and can seldom be
justified on eoonomic produotion criteria.

In faoct foresters would be well advised to avoid trying to reolaim marshy areas
where the diffioulties of site preparation are further oomplicated by high salinity.

Drainage Teohniques

Drain Characteristics and Layout

For planning the layout of the drainage systems in marshes or waterlogged soils,
a detailed topographic survey of the area is neoessary. Also, in waterlogged soils, or in
marshlands from whioh free-standing water has been drained, soil formations should be
examined carefully so as to identify the type of soil, the depth of any peat layers or the
presence and depth of any hardpan formation. Chemioal analyses of the s0il are needed as
a guide to possible fertilizer treatments.

Experimental plots should be established to test the drainage effioienoy of
different intensities and depths of drains by measuring the movement of the water level
in pits located between the drains.
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On waterlogged sites, drainage ditches must be constructed prior to planting of
most species. The photo shows a vigorous pine stand in Queensland, Australia.
(Courtesy D.A. Haroharik)

Three types of open drains are reoog,'nized{ cut-off drains, reoeiving or collector
drains, and evaouator draing.

Cut—off Drains

Cut—off drains are designed to intercept water entering the marsh and to lead it
to some other line of natural drainage, thus by-passing the swamp. The dimensions of a
cut—off drain should be large enough to take the maximum flow of water entering the marsh
in times of heavy rains or of floods.

Collector Drains

Colleotor drains are those whioh actually reoceive the water seeping from the soilj
the spacing between colleotor drains must therefore relate to the peroolation rate of
water in the soil, The heavier the soil, i.e. the higher its olay content, the slower the
psroolation rate and, therefors, the shorter the distance between drains., Peat also holds
water tenaciously, whioh means that sites with deep peat layers need very intensive
drainage works. On sloping terrain, collector drains should be aligned as far as possible
along the contour, allowing just enough downward inclination toc induce a flow into the
main evacuator drains. In this way the maximmum interoeption is obtained for a minimum
length, A drain aligned at a more pronounced oblique angle aoross the slope will have a
steeper gradient and a longer length for the same interception, while a drain aligned at
right-angles to the contour loses its interception oapacity entirely.
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The oross section dimensions of collector drains will be determined largely by the
type of soils encountered, but normally they would be at least 40 om and possibly as much
as 1 m deep. The top width of the drain should be at least as great as the depth, and the
sides whioh slope down to the bed should not be less than 20 om deep and not less than 30
om in peat to allow for the tendency of these soils to olose.

The gradient of the drains (i.e. the downward inclination of the bed of the drain
towards the discharge point) should be between 0,25 and 3.0%. Below 0,25% there is a
danger of exoessive silting and above 3.0% there is the risk of scouring and erosion unless
the bed is out in very resistant soil formations. The required gradient can be obtained
either by gradually deepening the drain or, on sloping land, by aligning the drains at an
oblique angle to the contour without varying the depth of the drain. This is the method
used when drains are construocted by fixed depth draining ploughs.

The length of oollector drains should in general fall between 50 and 100 m as in
longer drains there are more ohances for error in gradient, especially when encountering
changes in the direction of the slope. Moreover, the longer the drain the greater the
risk of excessive acoumulations of water in times of heavy rains,

The distance between oollector drains will vary according to the soil type
encountered and also the slope of the terrain. As already stated, in general the heavier
the soil the closer the drains should be to one another. The standard distances between
draines on gley and peaty-gley soils adopted by the British Forestry Commission is 7 m on
slopes up to 5%, 10 m on slopes between 5 and 7.5% and 13.5 m on slopes above 7.5%. On
less heavy soils, as for example the peaty podsols which characterize certain upland heaths
in Great Britain, the spacing can be doubled.

In Sweden, Finland and Russia drains are generally wider apart. In these countries
when the drainage of peat bogs was started, drains were constructed 80 - 120 m apart and
1.0 = 1.5 m deep, but experience suggested that these distances were too great to seoure
efficient drainage., In later years when a change over from manual to mechanized drain
digging became possible, distanoes have been reduced to 20 - 30 m between shallower drains
of only 40 - 60 cm depth. On sloping terrain and particularly on waterlogged mineral soils
with thin peat layers, the British system of relatively closely spaced drains has been
introduced with success. Determining the economic optimum suggests that narrower spacings
be used on level swamps than on swamps which are sloping and that wider spacings should be
chosen on poor sites and narrower spacings on good quality peatlands.

Evacuator Drains

Collector drains discharge into evaouator drains, whose function is to oonvey
drainage water to some point where it can be disposed of either by discharge into asome
natural water course or by pumping.

The layout of the system of evacuator drains should be designed to tap as many
colleoctor drains as possible, Experience indioates that this is most likely to be achieved
by the so-called 'herring-bone' layout with a central main evacuator drain and branch
colleoctor drains taking off on both sides.

The dimensions and gradient of evaocuator drains are normally greater than those of
the ocolleotors; their design should be suffiociently generous to acoommodate exceptional
flows in times of heavy rains. Theiroross-seotion resembles the trunoated V-form of the
colleoctor drains.
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Other Forms of Soil Drainage

In ocases where waterlogging of the soil oan be attributed to the presence of an
impermeable hardpan, it may be possible to drain the land by breaking up the hardpan with
subsoiling implements, enabling soil water to percolate downwards through the breaches in
the hardpan. This has proved possible in oertain types of ooarser texiured soils over-
lying podsolized hardpan in upland heath moors in Sootland.

The effeotiveness of drainage work oan sometimes be improved by mole ploughing
(see page 109),especially in stiff olay soils free of stanes. The opening of subsoil
drains in this way oan speed up the action of oolleotor drains, and in favourable
ciroumstances mole ploughing direotly into evacuator drains enables the oolleotor drains
to be more widely spaced or to be dispensed with altogether. The British Forestry
Commission is now experimenting with some suocess with the use of a special forest mole
plough oapable of opening a subsoil tunnel drain in peat beds. This plough extrudes a
ribbon of peat 38 x 20 om leaving only a narrow slot at ground level.

Drainage Machinery and Implements

The opening of drains by hand, though still used on sites too small to warrant the
expense of maghinery, has by now been superseded in most situations by mechanized methods.
Nowadays, there exists a great variety of drain digging machines, but the two types found
most oonvenient in forestry drainage work are the drainage ploughs and the hydraulic type
exoavators mounted on wheeled or orawler type vehicles.

Drainage Ploughs

In peat and other soft soils free from large stones, ploughs provide by far the
oheapest method of forming drains. The most usual type in use is the double mould-board
drainer drawn by a tractor or by a tractor and winch. This plough cuts a V-shaped drain
throwing the so0il on both sides of the drain. If short wings are bolted to the top of
the shares extending laterally and slightly above the soil level, the soil thrown by the
shares is pushed well olear of the drain edges, thereby reducing the amount of soil falling
back into the drain.

Single share mould-board ploughs are less often used than the double share drainer,
but they are preferred in oertain oircumstances. For example, when cutting oontour drains
on sloping surfaces it may be desirable to throw the soil out on the downhill side of the
drain furrow.s In the United Kingdom the single share plough is used extensively for
making shallow (20 - 30 »m deep) drains in peaty soils, though the main objeot of the
operation is to provide ridges of peat turves on whioch the trees are planted. The plough
furrows of gourse also help in draining surface water in times of heavy rain, but they are
not normally deep enough to dry out the soil, mainly on acoount of the effects of the
capillary fringe, of which mention has already been made. The British Forestry Commissiocn
has developed modifications of this plough capable of cutting deeper drains, some as much
as 90 om deep. These have shown oertain disadvantages compared with the double share
drainst

1) The full depth of drain is rarely achieved in practioe because the
enormous side-thrust exerted by the single share in lifting and
turning the oomntinuous ribbon of peat forces the plough body up the
batter on the side opposite to that on which the soil is placed.
This produces an uneven, undulating bed to the drain and results in
an uneven edge and batter on the side free from the thrust. A
double-ghare drain, however, maintains a full and constant depth,
and the downward thrust of the soil acting equally on both sides
results in a better shaped and more stable drain.
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2) On mineral soil, where a hard or gravelly layer is sometimes
sncountered, the same trouble oocurs. The single mould-board
plough tends to ride up over the harder parts of the subsoil
produoing an uneven and ragged drain.

3) The single share plough cannot be used to deepen and clean
existing drains like the double mould-board drainer,

Ploughing on waterlogged soils usually requires specially designed wheels or tracks
for the tractor pulling the plough as well as for the plough itself if loss of traotion or
bogging down is to be avoided. Wheels and/or tyres are available with a wider tread, or
double tractor wheels can be used. Four-wheel-drive traotors, although more costly, have
advantages over normal drive tractors under such oconditions. Crawler tractors oan be
fitted with tracks wider than the standard. Ploughs for wet soil should be fitted with
steel drum wheels or tractor type wheels.

In Finland, Sweden and northern Russia, peat lands are drained using very heavy
(4 - 6 ton) drainage ploughs drawn by orawler tractors of 9 — 18 tons using a winoh. These
heavy machines have baen found superior on sites where the land to be drained oonsists of
swamps with a thin pesat layer oontaining logs and stumps and with a subsoil whioh is often

rocky.

Mole Ploughs

The mole plough is essentially a single-tine sub-soiler, the digging point of the
tine being replaced by a squat torpedo-shaped head, called the mole. In operation this
mole opens a tube-like passage through the soil, starting from the drain bank or outlet
point and being drawn up slope. Mole ploughs are direotly mounted on a trastor, fitted
with an Edes linkage which enables a graded channel to be achieved in spite of minor
surface irregularities,

Mole ploughing is only effective in even textured olay soils free of stones, but
in suoch cirocumstances it is the cheapest way of draining the soil. Modifications of the
mole using a 15 om expander have been used in peat soils to speed drainage of water to
open colleoting drains, and as mentioned earlier, the British Forestry Commission is also
experimenting with special mole ploughs for subsoil draining in peat bogs.

The main disadvantage of mole-draining is that the drains cannot be oleaned, so
that onoe they are ologged, the work has to be oompletely redone.

Exoavators

A great variety of excavating machines are available but most fall into three
oategoriest dragline exocavators, hydranlic excavators and oontinuous action machines.

Dragline Exoavators

Dragline exoavators have large exoavator buckets operated by machine winohes.
Draglines are mounted on wide orawler tracks and are partioularly suitable for operation
on soft or boggy sites. Working on mats further inoreases stability on soft sites.

Dragline excavators oan be used for virtually all types of drainage construotion
and maintenance work. Their advantages lie 1) in their ability to work on wet sites,
2) in the long reach provided by the boom, whioch alsc enables soil to be spread over a
wider radius and 3) in the versatility possible in the size and oross-seotion dimensions
of the drain excavated. On the other hand, they are less mobile and more olumsy to
handle than the hydraulic excavators whioch are generally less expensive in operation.
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Hydraulic Excavators

With these machines the excavating bucket is attaohed to the end of a short
artioulated boom and is operated by hydraulic pistons. The excavators are mounted on
crawler or wheeled tractors. Most types are fitted with a dozer blade loader whigh,
apart from oooasional use for loading, and the advantage of being able to remove soil
banks and other obstructions, is necessary for crossing wide ditches and also serves
as a stabilizer.

The wheeled type excavator can be used on most wet mineral soils, but on peat
and very soft soils a orawler tractor is essential; it should be fitted with 76 om
tracks or wider. Hydraulic excavators can be used for making drains of those widths
and depths commonly used in forestry and can also be used for drain maintenance in wide
drains, the machine operating from opposite banks of the drain.

For drain maintenance and cleaning a form of lightweight excavator mounted on an
ordinary agriocultural type wheeled tractor is available.

Continuous Aotion Machines

These are exoavators fitted with dredging-action chains of buckets or scrapers or
with a rotating helix. Experience has shown, however, that these machines have several
limitations oompared with other types of draining implements regarding the depth and
shaping of drains, while most have difficulties in operating in soil where large stones,
stumps and roots are encountered. In general it oan be said that drain ploughs or
hydraulio excavators can do the same work more efficiently and more cheaply than
continuous action exoavators.

Post Drainage Site Preparatiaon

Surface Cultivation

Drainage alone is not always & suffiocient amelioration of so0il oanditions for
suocessful afforestation. In some ocases, the porosity and aeration of the soil of drained
marshland must be improved by ploughing, and this may have to be preceded by the destruction
of herbaceous and arboreal marsh vegetation. Wherever possible this vegetation should be
burned and the phosphorus and potassium rioh ash ploughed into the soil. If further soil
ocultivation is unnecessary, seedlings ocan be notched directly into the drained land., This
is the general praotice in Finland, but direot broadoast sowing of pine seed is also used
to afforest drained peat bogs. In the United Kingdom, direot planting or seeding on
drained peat bog has only limited suooess and the method of notching plants into the turves
turned up by ploughing along the planting lines is more commonly used., This method also
has the advantage that the strip of over-turned soil retards the growth of competing
vegetation for sufficient time to allow the young plants to beoome established. In warmer
climates suoh advantages of turf or ridge planting are likely to be short-lived on eccount
of the more rapid growth of weedas. A large plough ridge may even prove an obstacle
impeding the passage of harrows or rotavators used in subsequent inter-row weeding and
ground oultivation work.

Bedding, or the oreation of lined mounds, either alone or in oconjunotion with
exoavated drains is also used to improve drainage and facilitates planting on wet sites
in the U.,S,A. As desoribed on page29, bedding is carried out by heavy duty diso harrows
(of the types described for pioneer ploughing) whioh are set to throw the soil inwards to
form a mound, that elevates the planting bed above the general level.
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Fertilization

Drained marshland soils often show deficiencies in so0il nutrients as well as
having a strongly acid reaction. Salines on the other hand may often be strongly alkaline
as well as being defioient in nitrogen and other soil nutrients. Where the peatlands have
not been classified into identifiable types, careful chemical analyses of the soils should
be made at an early stage before afforestation to identify whioh nutrients are in deficienoy.
Fertilizer trials should also be carried out to determine suitable teohniques and
application rates to restore soil fertility levels and promote vigorous tree growth.

Nitrogen is usually abundant in marshland soils, though often in an insoluble
orgenic form, but drainage and the addition of mineral fertilizers usually increase the
rate of nitrogen mobilization to such an extent that additional nitrogen may not be
necessarys,

Phosphorus is the nutrient which often constitutes a limiting factor ir peat and
gley soils, and on most sites the addition of phophorus has produced a marked response in
tree growths In the United Kingdom and Scandinavia phosphate fertilization in peat bog
afforestation is a standard practice. Fertilizer is applied at the time of planting;
ground rook phosphate or basic slag is used, particularly when application is by machines,
but superphosphate or triple superphosphate is used when application is by hand. Combined
phosphorus and potassium fertilizers containing 16.5% each of P and K are also used in peat
bog afforestation.

On very acid soils, heavy liming is often beneficial; the lime improves the
physical properties of the soil and reduces soil acidity, thus promoting nitrogen
mobilization. Alkaline soils with a high sodium chloride content can, under some conditions,
be improved by the addition of ground gypsum; i.e. by replacing the sodium by calocium,

MINE TIPS AND SPOIL, SITES

Industrial activities, especially those ooncerned with the mining and the
metallurgioal industries, often produce areas of waste land where unwanted material is
dumped to form mine tips, slag heaps or slurry ponds. These areas of industrial waste
land leave unsightly scars which come to be resented by the inhabitants of the area, and
often pressure is brought on the authorities concerned to reclaim the areas or to screen
them with a green oover of vegetation or tree plantations., Sometimes it is possible by
afforestation to create parks of amenity value for neighbouring urban populations or to
restore productivity to the affected areas.

In many man-made industrial waste lands, site factors inhibiting natural
revegetation from seeds blown in from neighbouring unspoiled land are present. They are
directly linked to the type of mining or industry concerned, which allows industrial
waste lands to be classified into a number of categories, as described in the following
sections.

Types of Industrial Waste Lands

Strip Mining Waste Lands

In strip mining, topsoil and rock overburden are soraped away to expose the coal
or mineralized strata required for industrial processing., After mining, the resulting
waste land may consist of orater—like cavities alternating with dumps of material from
the overburden which vary in texture from former topsoil to broken rock waste with little

or no earth,

On hilly sites mining will usually have been worked on the oontour, resulting in
a series of rock terraces and steep soree banks where the overburden has been tipped
downhill.
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Where the dumped material contains 20 peroent or more soil, revegetation by seeds
and spores blown in from neighbouring unspoiled land may ooour socn after mining operations
oease, indioating a potential soil fertility suitable for direot afforestation. Elsewhere
the exposed rock strata and dumps of rocky material and stones, often compacted by the
passage of the heavy earth-moving maohinery, must await the slow process of soil formation
through exposure to the atmosphere and reshaping by wind and water erosion. Absence of
humus and nitrogen is typioal of most of these sites in the early stages.

Site preparation for tree planting consists ideally of reshaping the waste area
with earth-moving machines, filling in cavities and levelling or smoothing down the dumps
before finally covering the whole area with topsoil. Preferably the soil originally
covering the land should be used, if this has been segregated in speoial dumps, or soil
may be imported from elsewhere. Such work is very costly, but in some countries
restoration of the site is an obligatory condition of the mining liocence.

If reshaping is not possible, afforestation can be started on areas colonized by
natural vegetation, while in the remaining still sterile areas, trees of hardy pioneer
species oan be planted in larger holes to which imported soil has been introduced. In
areas such as brick fields, the dereliot excavations are often filled with water, to
provide artificial lakes for recreation, and tree planting for amenity is confined to the
lake shore areas.

Colliery and Deep Mine Tips

Waste spoil from underground mining operations is usually brought to the surface
and tipped in large heaps or flat-topped spoil banks., High tips and conical or table-
mountain forms of spoil heaps usually have steeply sloping unstable sides, thus they
are subject to land slip if the foot of the heap is undermined by a stream or by drainage
water impounded or trapped in the oomplex configurations resulting when the spoil heaps
encroach upon or block drainage runways. These tips consist of crushed and sometimes
pulverized roock and are characterized by sudden changes in particle size depending on the
source of material being tipped, but the material is very porous, permitting the easy
penetration of air and rainwater and also of plant roots, The material, however, cannct
be described as soil and will remain sterile until the rock particles are weathered and,
in course of time, become oolonized by soil forming organisms and eventually by pioneer
vegetation,

Preparation of suoh sites for afforestation involves first of all stabilizing
meagures to minimize l1and slips and erosion. This may involve building walls at the foot
of tips enorocaching on natural water courses to prevent water eroding and undercutting
the slope and, if necessary, canalizing the water ocourses in masonry chutes or concrete
oonduits. Ponds of trapped water within a ocomplex of tips should be drained away if there
ig danger of collapse due to erosion in subsurface drainage channels. The flat tops of
some spoil heaps oan be re-soiled, but the slopes may have to be contour trenched or
terraced and imported soil filled into planting holes,

Aocess roads should be oonstructed befors afforestation and care taken to dispose
of road drainage water in ways which minimize soil erosion and ravine formation in the
relatively soft tip material,

For the first rotation it will generally be advisable to plant hardy pioneer
bushes and trees ocapable of adapting to the severe limitations of the site, thereby
oreating better soil and microclimatio conditions. The second rotation of trees oan be
of greater economic value, and can sometimes be introduced by underplanting the pioneer
CI'Ope.
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Mechanically Treated Waste Lands

In some industries the use of orushers, mills and washing plants produces finer
grain particles in the process of separating the coal or metal ore from the waste. Many
fine waste materials, for example, the losses in lignite strip mines, or the waste from
bituminous coal preparation plants, can be suspended in water and pumped in pipelines to
embanked basins or to slurry pits, where they settle, forming flat new areas. These flat
fields of water-sedimented loess are very fertile unless rendered toxic to plant growth
by the acoumulation of noxious compounds from the rapid oxidation of sulphide partiocles
at rates faster than the rate of leaching. In suoh cases, the land will remain sterile
for long periods unless some form of flood irrigation with subsoil drains ocan be used to
wash the salts out of the soil.

If fine material is tipped, the danger from land slips will be accentuated unless
gtabilizing techniques similar to those mentioned in the preceding section are employed.

Chemically Treated Waste Lands

The huge group of chemically treated wastes can be classified into burned and
unburmed material. Burmed material, for example the ash and slag from power stations,
consists of oxides, silicates and sulphates of iron, aluminium, calecium, magnesium,
potassium and sodium. As a result of their content of free bases, most of these ashes
possess a high alkalinity and salt content, which may initially prevent plant growth.
Leaching of the soluble salts and reaction with atmospheric carbon dioxide lessen their
toxio effeot in time, unless the waste contains boron or other elements highly toxic to
plant life. Brick and clinker waste, broken glass and cement waste are further examples
of burned waste, but these usually contain less soluble salts than the ashes referred to
above,

Unburned chemically treated wastes are produced in metallurgical plants where the
milled ore is "floated" in order to separate the stone from the metal. Such wastes are
generally pumped out to sedimentation basins and to slurry ponds forming flat fields. The
flotation agents used for different ores can impart strongly acid or alkaline reactions to
the sedimented waste depending on the agent used, for example the cyanide flotation process
used for extraction of copper and iron ores can be mentioned in contrast to the alkaline
agents used in the gold mines of South Africa which give the waste a pH reaction as high

as 11.0,

The afforestation of chemically treated waste dumps cannot usually be attempted
until accumulation of noxious chemicals have been leached from the soil and the pH value
raised or lowered to the range tolerable to plant life (pH 3.5 - 8.5). Natural leaching
processes can be accelerated by soil washing methods, though this adds considerably to the

coste.

Other Forms of Waste Material

The disposal of domestic refuse, especially from large conurbations, has in the past
produced large waste dumps consisting of both organic and inorganic materials. Generally
speaking, land covered by domestic refuse tips forms favourable tree planting sites so long
as they are free-draining., Where impeded drainage gives rise to anaerobic conditions the
soil may become toxic through decomposition of organic matter and the liberation of hydrogen
sulphide,

The dumping of waste products from synthetio chemical industries can give rise to a
more intractible form of waste land. Synthetic material of organic origin can be destroyed
by burning, but waste salts and inorganic compounds must be tipped or sunk in deep porous
strata.
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The Choice of Establishment Techniques

Before attempting to initiate afforestation on industrial waste lands, the forester
should make a detailed study of the limiting site factors. These will largely decide the
scope and intensity of the preparatory work required, the choice of species which combine
adaptability to raw soils with economic value, and the likely social or economic end results
of the planting effort.

Evaluation of the Site

The site should be examined to determine its actual or potential fertility. This
involves an investigation of the materials in the waste to origin and size of particles,
the topography of the tips, espeoially in oonnection with erosion and land slip hazards,
and the presence of naxious salts or chemicals., Where natural vegetation has already
colonized the waste area, a study of the component species may well indicate areas where
soil conditions approximate those suitable for a forest orop, as well as give information
helpful in the selection of the tree species to be used on differeant sub-sites or exposures.
Those areas avoided by natural vegetation may indicate the presence of limiting site factors
needing special treatment, and the pattern of colonization will certainly aid the work of
mapping the various sub-divisions or sub-gites in the area.

The Choice of Species

Except in those favourable cases where it has been feasible to cover the waste lands
with a substantial layer of fertile topsoil, the trees selected for planting will normally
be chosen from a limited list of species in each climatic range which have the capacity to
survive in largely raw soils and to enrich the soils gradually by adding humus and nitrogen.
The selection may well include a mixture of species, some destined simply to form an under-
growth or even an herbaceous soil stabilizing cover. Extremes in the soil pH values or the
presence of noxious salts may still further limit the range of choice. In all cases it
would be wise to establish a series of trial plots to find out which species are best
adapted to the site and which planting and fertilizer techniques give the best results.
Experience from such trials may indicate the possibility of planting the selected tree crop
directly or, where this is not feasible, show that some sort of nurse crop is needed to
improve the site for tree planting at some later stage. The importation of good fertile
soil, even if only enough to fill the planting holes, will almost always be needed in order
to inoculate the land with soil forming organisms and mycorrhizal symbionts.

Economic Considerations

The ochoice of treatment will be decided by cost, by the effectiveness of the
establishment methods, by the possible future value of the tree crop and by the ultimate
purpoge or objectives of the reclamation.

Industrial waste land will rarely offer easy or inexpensive conditions for
afforestation, but there are plenty of techniques available for the improvement of tree
growing conditions. To recapitulate, some of those most ocommonly used in reclamation ares

1) Reshaping the oontours in order to minimize erosion or to facilitate
future management;

2) Covering toxic or infertile material with soil or waste of better
quality;

3) Neutraliszing strong acid or alkaline spoils by the use of lime,
~sulphur, or waste of the opposite reaoction;
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4) Buffering toxic elements by the use of peat, humus, clay, or other
material with a high exchange capacity. Water holding capacity and
nutrient availability will be increased at the same time;

5) Leaching of salts, acids or alkalis by means of rainwater oollected
by ditches and basins or by irrigation, on heavy soils accompanied
by artificial drainage;

6) Loosening the soil on oompacted land or sulphide wastes by subsoiling
to provide better aeration;

7) PFertilizing with organic or green manures or with compound fertilizers;

8) Stabilizing the surface of waste tips of very fine particles by
agglutinating sprays or branoch mulches and by construoting windbreaks
where aerial erosion is a problem;

9) By watering or irrigating the plants if this is necessary, to get them
well established after planting.

The costs of establishment may often be higher than the potential cash value of the
tree crop would seem to justify, but it is also necessary to assess certain intangible
benefits such as the improvement of amenities, the provision of recreation for densely
populated industrial areas, or the prevention of site deterioration. Control of further
site deterioration or degradation is often associated with protection against erosion,
consequent siltation and flooding of fertile down-stream agricultural lands.
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CHAFTER 5

PROTECTION

Al]l newly established plantations are liable to damage by weather conditions, by
insect, fungal or viral pests, by fire, by wild and domestic animals and by man. The
degree of risk from any of these causes will vary with the environmental conditions of
each plantation and should be assessed during the planning stages, so that preventative
measures can be taken or at least anticipated during establishment.

In theory remedial measures can be devised to guard against most forms of likely
damage, except perhaps tornados or hail storms and other extreme weather phenomena for
which insurance brokers usc the term "Acts of God”. Forests and plantations, because of
the cover and shelter they provide, may sometimes suffer from indiscriminate acts of war,
but for all predictable risks, the main problem facing the forester is one of assessing the
cost/risk/benefit ratios. Total protection against all risks, or against one or more of
the more probable risks, might well prove so costly that no final commercial benefit would
result from the planting investment. In such cases a decision must be taken either to
abandon the project or to compromise by accepting some degree of risk, thereby reducing
the costs of protective measures to a more acceptable level. Not all risks can be readily
forecast or assessed, and this is particularly the case where exotics are being planted in
new environments where native insects or fungi may adapt to the new hosts. On the other
hand, the probability of other types of damage can often be more realistically evaluated
and the cost/effectiveness ratios of remedial or protective measures can be aseessed.

Some of the main risks of damage and the measures available to secure protection
are discussed under weather, insect or fungal pests, animals, including man, and fire
protection as follows.

WEATHER CONDITIONS

The frequency of damaging phenomena such as cyclones, tornados, hail storms, drying
or salt-laden winds, severe frosts, heavy snowfall and avalanches are usually predictable,
though foresters can do little to protect plantations against the damage caused by them,
except by growing tree species known to be resistant or by siting the stands in sheltered
localities. Some species are more windfirm than others, or are less prone to damage from
crowns and branches breaking off in high winda. Other species are more tolerant of salt
spray and can be used for planting in belts along exposed meaward flanks to give protection
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to other less tolerant species forming the main plantation. Thin barked species are more
liable to that damage (and to subsequent attacks of insect or fungal pests) than others.

In South Africa the planting of Pinus radiata and P. patula in many parts of the country
has had to be abandoned on account of severe attacks of the fungus Diplodia pinea associs-
ted with hail damage. Pinus elliottii and P. palustris, which are largely resistant to
Diplodia attack, are being planted instead, Frost can sometimes cause severe damage even
to species known to be frost hardy in their native habitats. Late or unseasonal frosts
occurring outside the dormancy period can result in severe setback to young trees by killing
the new and tender growing shoot buds or tips. Remedies lie in selecting late shooting
species or mrovenances; Picea sitchensis, for example, is generally more frost hardy than
P, abies, and some species and provenances of eucalypts are more resistant to frost than
others. Some protection may also be given to susceptible trees by planting them in mixed
stands together with frost-resistant species. In regions of heavy snowfall, it is neces-
sary to select species which are less susceptible to breakage under the weight of heavy
8now,

INSECT AND FUNGAL PESTS

Mogt insect and fungal pests are selective of the host species. In their native
environment,trees whether in natural or men-made forests, normally attain a state of
equilibrium with indigenous pests. When exotic trees are planted, these pests may be
introduced end sometimes develop greatly enhanced virulence in the conditions of their new
habitat. Well known examples of this are the chestnut blight (Endothia parasitica), a
native of Asia, which caused havoc among chestnut plantations in Europe and North America,
and the Dutch elm disease (Ceratocystis ulmi) which also spread to Europe and America from
Asia, where most native Ulmus species are resistant to the disease., Sometimes exotic
species may be attacked by local pests which adapt to new introductions. In New Zealand a
native defoliating insect (Selidosema suavis) has become a serious pest in Pinus radiata
plantations. The Cypress canker (Monochaetia unicornis) in East Africa is an wnimportant
disease on the native Juniperus procera, but has become, possibly by a change in strain,
epidemic in the extensive plantations of introduced Cupressus macrocarpa. As a consequence
this species is no longer planted end is being replaced by the more resistant C. lusitanica.

The risk of damage from pests and diseases is generally higher if the trees are
physiologically weakened, for example from inefficient planting or site preparation, from
being planted on unsuitable sites or in adverse climatic conditions or from neglect of
weeding and tending operations. But even healthy trees are sometimes attacked, For many
important fungal and viral tree diseases no control is yet available, and the best precau-
tion is to plant species or varieties known to be resistant to the disease.

The main precau“ions to be taken, therefore,in guarding against possible future
damage from pests and diseases ars to see that the species selected for planting are suit-
able tothe climatic and soil factors of the site, and to make surveys of indigenous pests, to
ensure that none of these is among the kmown forms to which the selected species is suscep-
tible. This is seldom easy, especially in view of the gaps in available knowledge on site
requirements and disease susceptibilities of many of the more important exotic species; the
more reason, therefore, for initiating carefully controlled experiments and plot plantations
before developing large-scale afforestation work.

Care taken in the establishment and tending operations during the early years of &
plantation, resulting in healthy vigorous young trees, makes a plantation more resistant
to pests and diseases. However, if symptoms or evidence of attack appear, these should be
promptly investigated and the cause identified. Various control measures are availablet
these may be silvicultural, chemical,biclogical or mechanical.
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Silvicultural Control

Silvicultural measures include well-timed and careful thinnings, mainly after the
establishment phase has ended. These help to resist attacks by eliminating poor and
suppressed stems, thereby maintaining the plantation in a thrifty and vigorous growing
condition. In young plantations,the prompt removal and destruction of infested trees may
be effective in preventing the spread of the attack to the rest of the plantation. Plant-
ing of mixed species can also be considered a silvicultural control method where the threat
of infection is known to exist. The disadvantages of mixed planting within a compartment
or plantation wnit, giving rise to complications in later management, can be avoided by
planting alternate blocks or wide belts with different species or genera, such as conifers
and hardwoods, to form barriers to the spread of a disease from some initial point of
infection.

Chemical Control

Insect and fungal pests can also be checked by applications of an appropriate
chemical insecticide or fungicide. These are usually available in liquid (or wettable
powder) formulations, as dusts or as smokes. Spraying with hand—operated knapsack spray
guns or portable mist-blowers is used to control attacks in very young plantations, but
after canopy closure, aerial spraying and dusting or smoking is usually cheaper and more
effective.

Dieldrin and eldrin have been successfully used against termite attack in tropical
eucalypt plantations. A small dressing of insecticide is either mixed into the nursery
potting e0il or mixed with water as a suspension and watered on. Insecticides have also
been effective when applied to the soil around the plants at the time of planting.

In South America leaf—cutting ants, usually of the genus Atta or Acromyrmex are the
chief pests of forest plantations. These can be controlled prior to planting and during
the establishment phase by fumigating the nests with methyl-bromide (sometimes mixed with
chloropicrin to produce a detectable odor) or by treating the nests or ant trails with
mirex or other chemicals. Treated baits which are carried underground into the nests by
the ants are particularly effective.

Dothistroma on Pinus radiata in New Zealand has been kept under control by copper-
based sprays (Gilmowr and Noorderhaven, 1973); and a brown needle disease, probably
Cercospora pini-densiflorae, seriously affecting P. caribaea seedlings in Malaysia was
controlled by nursery applications of the fungicides benlate, topsin M, daconil or difola-
tan 4F (Ivory, 1975).

The insecticides and fungicides most commonly used are noted in tables 3 and 4.

Biological Control

Biological control of insects has been used with success in certain cases, usually
after the pest has grown to epidemic proportions. In southern and eastern Africa, for
example, a Mymarid egg parasite imported from Australia has proved to be an effective agent
of control against the Eucalyptus smout beetle, Gonipterus scutellatus, a major defoliator

of Eucalyptus spp. (Browne, 1968).

Mechanical Control

Mechanical control can be effected either by physically removing and destroying the
pests or by eliminating an alternate hoet. Some fungal diseases, for example, have alter-
nate hosts. The best known example is white pine blister rust (Cronartium ribicola) on
Pinus strobus and other 5-needle pines, the alternate host being species of Ribes. The
control method in such cases is to eliminate the alternate host plant by cutting or by
using herbicides within the plantation area and for a zone (at least 3 kilometres wide)
around the periphery.
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In Tunisia the Eucalyptus longhorn beetle, Phoracantha semipunctata was brought
under control by the use of trap trees, From ten to fifty trap trees per hectare are
used, depending on the severity of infestation. The trap trees are out and, after
slicing the bark with a machete, they are leaned into the crowns of the remaining trees.
After a few weeks, the trap trees are extracted and their bark, with beeiles, is removed
and burned. The wood can be utilized. Sexual attractants can also be used to draw the

insects to the trap trees.

In the case of undesirable insects which pupate in the leaf litter or top soil,
raking up the litter and burning helps to reduce the incidence of the attack. Pigs rooting
in the litter in pine plantations have been found beneficial in South Africa. In South
America, leaf-cutting ants are sometimes burned out by soaking their nests with kerosene
and igniting. Chemical control is preferred, however.

Table 3: Useful Insecticides

Pest Chemical Control

Aphids DDT, Demethon-methyl*, Diazimon, Dimethoate*,
Malathion, Menazon*, Mevinphos*, Nicotine,
Oxydemet on-methyl, Parathion, Phosphamidon*,
Schradan*, BHC {or DDT with BHC), Endrin,

Mecarbam.
Beetles BHC, DDT, BHC with Thiram, Derris, Malathion.
Capsids DNOC in Petroleum oil {only for hardwoods in
dormant stage), BHC, DDT, Diazinon, Nicotine.
Ceterpillars DDT, Derris, Mevinphos*, DNOC in Petroleum oil,
Lead arsenate, "Rhothane", Carbaryl, Endrin,
Leaf—cutting ants Mirex, Aldrin, Dieldrin, Heptachlor, Chlordane,
HCH, Lindane.
Leaf hoppers and miners BHC, DDT, Malathion, Diazinon, Nicotine,
Parathion.
Mites and red spiders Demet on-methyl*, Oxydemeton-methyl*, Schradan*,

Tetradifon, Azinphos-~methyl, Chlorbenside,
Chlorfenson, Dimethoate*, Ethion, "Kelthane",
Malathion, Phosphamidon¥,

Sawflies BHC, BHC with DDT', Endrin, Phosphamidon*.
Soil pests (termites, Aldrin, Dieldrin, BHC, DDT, Lead arsenate.
chafer-grubs, cut-worms,

etc.)

Weevils DDT, Aldrin, Dieldrin, Rhothane.

* These are systemic insecticides (that is, absorbed and distributed
in the plant sap).
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Table 4: Useful Fungicides

Diseases Chemical Control

Damping off fungi in nurseries, needle Bordeaux spray, Captan Orthicide
blight (Scirrhiza acicola), blister rusts
(Cronartium comptoniae).

Southern cone rust (Cronartium strobolinum). Ferbam

Cedar blight (Phomopsis juniperovora). Phenyl-mercuri-triethanol-ammonium—
lactate

Mildews, scab, Dothichiza sp. Lime sulphur

Needle blight (Dothistroma pini), needle Copper fungicides

cast (Lophodermium pinastri).

Root fungi (Fomes annosus, Armillaria mellea) Creosote (painted on cut stumps)

ANIMAL DAMAGE

Damage by Wild Animals

Damage to forests by wild animals mainly takes the form of tree browsing or of
barking. There are three main orders of wild animals responsible for damage:

- rodents (rats, mice, moles, squirrels, chipmunks, and porcupines);
- lagomophs (hares and rabbits);
- artiodantyls (deer, entelopes, pigs and buffaloes).

In specific geographical regions, serious damage is also caused by proboscides
(elephants in Africa and southern Asia), marsupials (oppossums in Australasia and the
Americas) and primates (monkeys in Africa, Asia and South America). Seed-eating birds are
also a frequent cause of difficulty, particularly where forests are established by direct
seeding.

The principal methods of controlling wild animal damage are by use of (1) fences,
hedges and ditches; (2) poison baits; or (3) by shooting and trapping.

Fences, Hedges and Ditohes

The construction of barriers, such as post and wire fences or impenetrable live
hed ges (thorn bushes, cactus, etc.) are the most effective means of preventing the ingress
of most wild animals, except the climbing types, the very small ones (rats and voles, etc.)
and the very large animals (elephants, buffaloes).

Fencing is easy to erect at the time of establishment but is generally expensive.
Where alternative means of protection are not feasible, the cost of fencing has to be
accepted.

The type of fencing used varies with the type of animal to be excluded and the
materials available. The standard fence for deer is 2 m in height, made of six strands of
barbed wire strained on angle—iron or wooden posts at intervals of 3 to 4 m. In Ewrope, a
long-lasting deer fence using metal posts is expensive, but fences using wire mesh and
creosoted wooden posts cost much less. Where rabbits and hares are the main source of
trouble, fine meshed (107 x 3 cm) wire netting is necessary along the lower part of the
fence, In the U.K., it is also standard practice to bury the bottom (15 cm) of netting in
the ground to prevent rabbits burrowing under the fence. Electric fencing has been used to
exclude wild animals and domestic stock, but in general has not proved satisfactory. 1In
very dry climetes, they are ineffective unless fitted with an earth return wire.
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Post and rail fences are sometimes used where wire is too costly or too difficult
to obtain and where light poles are plentiful. In Kenya, a form of post and log fence has
proved effective against most geme for taungys plantations. It consists of pairs of posts
1 m apart &t 2 m intervale with the interstices filled with logs or wood cleared from the
planted area. In the African Sshelian zone, fences are sometimes constructed as staked

barriers of thorny or spiny branches.

For the exclusion of elephants and other species of big geme, moats (2 by 1.5 m
ditches covered with brushwood) have been found to provide a most effective barrier in Kenys.

Hedges or barriers of closely planted bushes or trees, often of spine-bearingspecies,
planted round the periphery are used in many countries to exclude game or, more often, do—
mestic grazing animals. In Kenya,trial plantings of eucalypts spaced 1 m apart around coni-
fer plantations are reported as having satisfactorily excluded very big game.

Hedges have many limitations in their usefulness:

1) They must be established several years shead of the planting work &nd
this is often inconvenient or not possible;
They need frequent tending, trimming and shaping to maintain their effectiveneas;
They are not effective against small animals;
They are subject to damage by browsing, bark stripping and fire;
They take up more space than fences and
They hinder transport.

Poigson Baits

Smaller mammals such as rodents and lagomorphs are mainly controlled by the use of
poison, distributed either in bait or applied directly to ground vegetation or tree seeds.
Most poisonous chemicals are of the "contact" variety, which are effective only as long as
they remain on the surface of the trees or seeds, but research is currently being under-
taken into the use of systemic poisons which are absorbed and translocated by the plant
and provide protection for considerably longer periods.

Strychnine, zinc phosphide, sodium arsenite, warfarin, "1080" and thallous sulphate
are examples of the many different poisons distributed in bait. In Australia a general
method used for controlling rabbits is the distribution from the air of chopped carrots
treated with "1080",

Endrin/aldrin emulsions and toxaphene (chlorinated camphene) have been sprayed on
vegetation or young trees as a repellent.

Various poiso-~s have been applied to tree seeds to reduce damage from rodents and
birds. Endrin, a non-phytotoxic formulation containing thiram (tetrar-methyl-thim'am-
disulphide) has been used most commonly especially with coniferous seeds. Endrin has
recently found a wider application on tree seed in sub-lethal doses as a repellent.

Colonial aenimals which live in burrows can be controlled by fumigation or gassing
with chloropicrin, phosphine, carbon monoxide or cyanide. A new fumigating, which is beingtried
extensively in Victoria and Western Australia, consists of carbon monoxide combined with a
foaming agent, which is forced into the warren killing the rabbits and coating the burrows
with a residual repellent slime,

The main limitations affecting the use of chemical poisons are their toxioity to
the people handling them and to non—offending animals and the prohibitions relating to
their use imposed by law in many countries.

Shooting and Trepping

Shoot ing and trapping is also used to control wild animals, often in combination
with fencing and poisons. Where the wild animals have value as food or as trophies, con-
trol by hunting can often be organised through volunteer hunters without cost (sometimes
even with financial gsin) to the plantstion mroject.



Trespass by Domestic Animals

In some countries grazing or browsing by flocks of sheep and goats, herds of cattle
and more rarely of equines can constitute a major menace to young plantatioms.

Hedges and fences are commonly used to prevent trespass of domestic animals. In
other circumstences, particularly where fencing costs are prohibitively high, trespass can
be controlled by guards, and by taking legal action against the owners of straying animals.
The impoundment and confiscation of such enimals may occasionally prove an effective
deterrent.

In many regions, especially in dry areas, free~range grazing by goats is tradition-
al in degraded, eroding grazing lands. Extensive enclosures for forestry can mean the
imposition of drastic changes in the habits and economies of the communities affected. In
such circumstances it would be unwise to commence afforestation unless alternative means
of livelihood, compensating the communities for restrictions in their traditional use of
the land, had been provided beforehand, This generally implies the initiation of integra-
ted community development schemes including improved agriculture and husbandry, better
communications, schools and medical welfare, increased opportunities for employment by the
development of rural industries, including efforestation and rural forest industries. In
some cases, such development may involve providing inducements for localized emigration to
new industrial cenires, as occurred in southern Yugoslavia following the outlawing of all
free-range goat grazing in the nineteen fifties.

Trespass by Man

This can take many forms -~ encroachment cultivation, the diversion of water sources,
the taking of wood and other forms of forest produce, unlawful hunting and fishing and
other recreative uses of a forest. In general, the risk of damage by human trespass is not
gerious in the case of newly-established plantations except inasmuch as it increases the
fire hazard. Where such forms of trespass constitute a hazard or are likely to develop
subsequently as & source of trouble, it is part of good planning to make allowance for such
commmnity needs from the beginning of the plantation work. This may mean reserving certain
areas of the plantetion for the production of fuelwood, poles and other produce in demand
by the local communities, by providing authorized hunting and fishing facilities, or by
channelling people seeking recreation to specifically reserved forest amenity areas, pro—
vided with picnic sites, camping grounds and forest accommodation.

FIRE PROTECTION

The Fire Hazard

Damage by fire imposes a serious threat to plantations in most countries, The fire
hazard increases, of course, in the dryer climatic regions, but even in relatively moist
or high rainfall areas, there are often warm and dry spells when the fire risk is high. 1In
many parts of the world, annual or periodic burning of vegetation is common practice, and
establishing plantations in such areas requires that fire-~risk should be a major considera~
tion from the early stages of development.

Fires may originate from natural causes such as lightning, but most occur as a
result of the activities of man. Plantation fires may start from camp or picnic fires,
from fires spreading from farmland on the perimeter of the forest, from the activities of
hunters or from burning by sheperds or herdsmen to improve grazing. There have even been
recorded cases of deliberate firing to create employment in suppression and replanting or to
show disapproval of forest policies., As forest contractors are also often careless in
their attitude to fire, it would be advisable to include some fire protection requirements
in contract agreements. It is not possible to prevent a climatic build up of high fire
hazard conditions, but much can be done to minimize the risk of fire by public education,
by involving local people in forestry and by persuing policies sympathetic to the political,
social and economic needs of the community.
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Where planted crops are either not weeded or are partially weeded, they are par-
ticularly vulnerable to fire during the establishment phase. Where plantations are clean
weaded, however, there is no fire risk. By cultivating the soil there is no combustible
material at ground level and the entire planted area including individual trees are pro-
tected. Once a plantation crop closes canopy, if the canopy is sufficiently dense to
exclude grass and cther weeds, then the risk of fire remains low. If, however, the
plantation crop is light crowned, allowing a fairly dense ground cover of weeds, then the
fire hazard is high.

The main principle in protecting plantations against fire is that where there is
insufficient combustible material to allow & ground fire to develop there is little or no
fire risk. Dangerous and damaging plsntation fires can only develop when fire can occur
at ground level.

Fire Prevention and Hazard Reduction

The layout of a plantation is influenced by a number of factors already noted but
fire control is one of the main considerations, which not only influences road and fire—
break alignment but also the dimensions of compartments and blocks, amongst other items.
A plantation reguires both a "fire plan™ and a fire control section. One of the primary
requirements of such a plan would be to provide training in control and fire-fighting. A
trained fire control section would be responsible for controlled burning, maintenance of
firebreaks, assessment of fire hazard, maintenance of fire towers, fire reporting and
initial fire suppression. Fire may start outside the plantation and carry in or may
start inside and spread. Consequently fire control operations should be designed to pre-—
vent fires from both these sources.

Firebreaks

The purpose of a firebreak is to provide access through the plantations and to
rrovide a fuel-free barrier to fire. Firebreaks are generally oriented at right angles to
the direction of the prevailing wind during the dry season. A road in itself may consti-
tute a firebreak. A road may be supplemented by a narrow ploughed strip to form acomposite
firebreak. Firebreaks maintained by ploughing are sometimes ineffective if heavy grass
cover is only partially removed during cultivation, and of course such cultivation adds to
cogts. Wide, cultivated firebreaks give every appearance of effectiveness, but can seldom
be wide enough to prevent spot fires crossing from a high intensity fire. In addition to
being costly to establish and maintain, they channel wind flow along the break and cause
turbulence at the plantation edges.

Green firebreaks planted to suitable, usually evergreen species are a further
possibility. The main requirement of a green firebreak is complete canopy closure and a
clean forest floor maintained free of litter by periodic burning. When controlled burning
is practised, green firebreaks become largely redundant as they receive the same treatment
as the plantation.

With the limitations of the various types of firebreaks, the trend is towards an
intensive internal network of narrow clear roads (at least 7 m of right—of-way) which serve
as access and as firebreaks within blocks. At the same time, perimeter road/firebrea.ks are
maintained, where there is a risk of fire from outside the plantation. To prevent fire
entering & plantation from the surrounding areas, controlled boundary burning is often
rractised.
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Although the tendency is toward narrow firebreaks, wide breaks are still used.
In Pinus patula plantations on the Viphya Plateau in Malawi, firebreaks about
200 m wide are preferred. Where possible, these are sited to take advantage

of natural terrain features suoh as roocky ridge outcrops. The firebreaks are
burned annually to reduce fuel buildup; in addition a strip about 2 m wide is
oultivated around the entire plantation perimeter to guard against the entry of
low ground fires. (Courtesy D.A. Harcharik)

Control Burning

Control burning is effected within the plantation in such a way as to cause no
damage to the standing orop. It is, therefore, restricted to thick barked species and is
seldom possible until the tree crowns are well above reach of the ground fire (i.e. after
canopy olosure). The timing of the first oontrol burm in a young plantation is oritical;
for pines a mean height of between 8 to 11 m covers a range of likely suitable conditions,
but this will vary with local conditions.

Where the fuel layer is heavy, burning should not aim at ocomplete removal in one
operation, as the conditions suited to a single burn could cause too intense a fire with
inevitable damage to the trees, Heavy fuels can, however, be removed by several successive
burns over the game area - removing a proportion of the fuel bed on each occasion.

Control burning is carried out under acourately defined weather conditions whioh
should allow a prescribed pattern of fire behaviour to be achieved. It is best done late
in the wet season, or early in the dry season, and at night, or at least after the hottest
part of the day, As experience is accumulated it should be possible, for a given set of
oonditions, to estimate a period during which oontrol burning will be effective.
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'The following general prescriptions are valid for most conditions:(Cheyney, 1971):
1) Conduot test fires to determine first the rate of spread of fire and

second at what time fires might be self-extinguishing; these should

be cerried out in advance of the mein burning operations.

2) If the forward spread of burning exceeds 60 cm per minute, burning
ghould not be carried out,

3) Burning should only take place when wind conditions are calm or less
than 8 ]Un/hr'

4) There should be no burning if the ralative humidity drops below 35%
during the day.

5) Burning should commence in the afternoon or later when the relative
humidity rises above 50%.

6) If tall grass is present in the plantation, burning should ocour
before these annual grasses have become fully dried.

Fire Detection, Assessment and Supression

Fire Deteotion

A sound fire detection system im usually beased on fire towers. These towers should
be sited to give maximum coverage of the plantation and environs and should allow ready
triangulation so that accurate cross bearings can be recorded., Each tower should be equip-
ped with an alidade, binoculars and a radio7t‘elophcne. The system should be established
early in the plantation development.

Fire Danger Assessment

Where there is a high fire hagzard, the setting up of a fire danger rating system is
recommended. Such & system which relates the four major meteorological factors affecting
fire behaviour ~ temperature, relative humidity, wind speed and long and short term drought
effects -~ may be readily calculated for most conditions,

Fire Supression Techniques

The first essential in fire fighting is that there should be adequate transport to
carry pesrsonnel to the site of fires as quickly as possible. If dealt with quickly, many
fires can be readily extinguished by hand. A suitable range of equipment for a gang is:

- knapsack sprayers - hoes (long handled with large blades)
- shovels ~ light, strong pointed ~ electric torches (for night operations)
- axes (preferably 4 1b) - drinking water supplises

- machettes - first aid kits

Other items are the rake/hoe or McLeod Tool from Australias and back firing drip torches.

There is a considerable range of mechanized equipment for fire oontrol - pumps,
tankers and tractor wnits -~ which mey be required under certain conditions. For effective
use of much of the pumping equipment, there have to be suitable water supplies within easy
range of the plantation area., Where water supplies are inadequate or too distant, recourse
has t0 be made using fire fighting methods not requiring large volumes of water.
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No two fires are likely to behave in the same way, but the following are general
fire fighting techniques which might be employed in particular situations:

1) The first point of attack should be the head of the fire, followed
by the windward flank.

2) PFirelines parallel to the edge of the fire may be formed byt

a) raking or hoeing to mineral soil and;
b,) by pushing material directly into the fire.

3) Back burning can be very effective but requires experienced orews.
It should only be attempted from less than 100 m directly in front of
the head fire.

4) Where water is scarce, it must be used efficiently; it is of particular
importance in mopping-up.

5) Mop-up is the extinguishing of all burning and smouldering material
within 20 m inside the fire control line. It is essential to continue
mop-up and patrol until a fire is completely extinguished. Many
apparently dead fires have restarted after being abandoned too soon.

It is essential to train staff and labour in fire fighting techniques. Training

exercises should be held periodicelly, but too frequent training may reduce rather than
increase interest and efficiency.
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CHAFTER 6

PLANTATION PLANNING

INTRODUCTION

Planning can be done at several different levels. A simple example of the type of
objective to be achieved at different levels of planning might be:

Level Example
1+ National forest policy or Make the country self-sufficient in wood
national forest objective by 2010 A.D.
2. National quantitative forestry Produce X million m3 of pulpwood annually
target in 2010 A.D. and an additional 5% annually
thereafter.
3. Project aim Plant 2 000 ha of Pinus patula and 500 ha

of Eucalyptus grandis amgually in district
A, for production of Y m” of long fibre

and Z m° of short fibre pulp on rotations
of 20 and 10 years respectively.

4. Operational planning Arrange beforehand how and when to obtain
seed, prepare nurseries, carry out site
preparation etc., in order to achieve the
project aim as efficiently as possible.

5. Execution or management Convert operational plans into effective
action.

A previous publication (FAQ, 1974) reviewed the principal features of development
planning and explored how to identify the appromriate role of the forestry sector in
national planning, how to define this in terms of gectoral objectives, how to translate
these into quantitative goals and targets and how to identify and appraise projects within
this framework. It did not cover operational planning - the balancing of work and resources
in the short term and the completion of programmes of work within & timetable. Another



-136-

document (Fraser, 1973), dealing with the planning of man-made forests, included a chapter
on operational planning, but was mainly concerned with the phases of project specification,

collection of data and project appraisal.

The present chapter is concerned solely with the operational planning of forest
plantations - plantation management planning. This type of planning assumes the existence
of clear directives which give little freedom of choice to the project manager as to what
he does but some degree of freedom as to how he does it,

Although the scope of the chapter is deliberately limited to plantation management
planning, it is necessary to stress the close relationship between the different levels or
phases of planning. The methods worked out to achieve an objective at one level of plan=-
ning often become the objective at the next lower level. Later experience will bring about
an interaction between several planning levels. For example, experience gained in execu-
ting an operational plan may indicate how it should be improved, while project aims may be
modified periodically to conform with changing national needs. As has been often stated,
planning is an iterative process.

PLANTATION MANAGEMENT PLANNING

Project operational planning provides a programme of action designed to fulfil the
aims of the project. It prescribes what work will be done, where, how and within what
timescale. Because of the long-term nature of forestry, it is essential that the outcome
of planning forest plantations be expressed in the form of a written plantation management
plan,

The manager of a forest plantation project is likely to be concerned with three
levels of project planning:

1. A skeleton plan for long-term management of the project, which may cover a full
rotation or more. Prepared during the phase of project identifica.tion/appra.isal,
it provides a framework in which the project manager is expected to prepare a
more detailed management plan during the phase of operational planning.

2., The plantation management plan, covering a medium~term period and providing
background information and management prescriptions.

3. An annual programme of work, indicating the work to be done, the resources

needed to do it, and when it is to be done. This can usually be prepared on
standard forms, with a monthly or weekly breakdown.

COLLiSCTION OF DATA FOR THE PLANTATION MANAGEMENT PLAN

The collection of relevant data is fundamental to all phases of planning, and the
quantity and detail of additional data required in the operational phase will depend to a
great extent on the quality of data collected in the previous phases. In some cases, where
the project identification and appraisal phases have been both expeditious and efficient,
very little additional data may be necessary. The data required for a plantation manage-
ment plan include resource, operational and institutional data, for use in both the des-
criptive and the prescriptive parts of the plan. Much of the technical and cost data will
be derived from past plantation work, from pilot plantations or from trials. Operational
data will be derived from records of past work either in the project area or from compar—
able conditions outside. Where adequate data have not already been compiled, surveys may
be necessary. Very often data such as costs are not readily available and it is necessary
to use estimates, while clearly stressing the need to make good the deficiencies by sub-—
sequent collection of the necessary data.
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Resources Data

The main resources to be considered are land, planting stock, materials and equip-
ment, human and financial resources. The required information on these is availability,
productivity and cost.

Land Resources

The first essential is sufficient plantable land to accommodate the project
planting programme; indeed, excess land is desirable to allow for unforeseen problems and
possible future expansion. Where tribal or other legal rights affect the long-term use
or availability of land, such matters require determination and clarification before
further plamning is undertaken.

In the early stages of development it is not possible to amssign site quality
classes to s0il types, but a simple plantability classification can indicate the better
areas for planting. The assessment of plantability requires a so0il survey end the prepa~
ration of maps showing soil types, forest capability and vegetation types. At the same
time a8 the vegetation is recorded the tree cover is sampled for basal area to give a
measure of tree density, a major factor in land clearing.

Established growth trials of plantation species should be available to indicate
the productivity for the range of plantable sites. There is some merit in planning to
plant the better sites first while research and growth trials produce further data on
secondary or marginal sites. Where forest reserve land is available, there are no direct
costs for the resources but, where land is acquired by purchase or compensation, such
costs are recorded and debited. The annual requirements for planting land should be
allocated on a map of plantable land.,

Planting Stock Resources

The primary requirement is an adequate and sustained supply of seed of the selec~
ted species and provenances. Selection of species is a major subject but it is assumed
that species and provenance trials will have been extensively evaluated prior to the
preparation of the plantation management plan. Seed supplies often prove serious cons-
traints on the proposed rate of development. Sources of supply and storage facilities
should be precisely determined., If importation represents a risk, then local seed produce
tion and methods of expediting this must be given priority. Availability of seed must
necessarily have some influence on the planting rate of species previously selected for
gilvicultural and utilisation reasons. A high standard of nursery technique is necessary
if the highest possible number of vigorous, plantable plants is to be obtained from a
given quantity of seed. When purchasing seed it is the cost per plantable seedling and
not the cost per unit weight which is of consequence. The annual requirements of seed and
seedlings and the cost should be readily calculated from tle data collected.

Material and Equipment Resources

These fall into three main categories: +those required for the administrative
organisation, for operational activities or for maintenance and support. Administrative
requirements include offices anrd buildings and minor items such as office equipment and
stationery which are common to any enterprise. Operational materials and equipment are
specific to plantation development; a general outline of such equipment and material is
given in Appendix C., Maintenance and support items include workshop equipment, transport
and spare parts. The critical factors with reference to stores are to select those items
suited to the particular work and scale of the project and to ensure that such equipment
or materials, together with spares, are available on site when required. This necessitates
the provision of ample storage.

Equipment offers a considerable range of optionse, and the types suited to the
work should have been determined at the appraisal stage.
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The productivity of equipment is critical to the efficiency of a project. Evalua~
tions of the output of equipment may be of little value unless allowance is made for
variables and the basis of measurement is stated. Good productivity requires as full an
annual or seasonal utilization of equipment as possible. Scale of operation and opera-
tional data are required before most stores or equipment requirements can be set out.

When the types of equipment and materials have been finalized, an assessment of the total
requirements by years can be drawn up for the full period of the project.

The purchase or capital cost of all project materials and equipment is required
for estimates, budgets and costing the total project requirements. For comparative evalua—
tions, the planner requires the hourly operating cost of the equipment, from which unit
productivity costs can be calculated. In the initial stages of a project this may have to
be estimated.

Human Resources

Man is the most important resource in the mroject, and due consideration of his
abilities and reactions is required in deciding on possible courses of action., The possible
gsources of labour and staff require study, as they determine the need for additional in-
vestment in transport or housing. Employees benefit from a plantation project not only in
cagh wages, but also from training, improved housing and security. Experience in Swaziland
points out the benefits of employees living in mixed communities rather than exclusive
project settlements of villages (Hastie and Mackenzie, 1967). A plantation project involves
meny skills and requires menagers, supervisors, mechanics, machine operators, administra-
tive and clerical staff, medical staff and both skilled and casual labour., In particular,
if a project is to be selectively mechanized, then provision for the employment of skilled
mechanics and operators is mandatory, and training will often be necessary, The avail-
ability and capability of the management and supervision require careful assessment,

The cost of hunan resources is the suwn of salary or wages, social and fringe
benefits, leave and sick time. The manpower requirements of the project should be set out
for staff by years, categories and responsibility. Labour is similarly recorded, bul oper—
ations replace responsibility., To estimate the annual labowr force, a calendar of opera~
tions and labour inputs not only gives the necessary date but also allows fluctuations in
requirements to be smoothed out to provide more regular employment. Information on the
productivity and unit costs of labour will be extracted from operational data.

Financial Resources

Generally some indication of the finance available for the full project, or & phase
of the project, will hav~ been given at the outline or appraisal stage. The plantation
management plan should be tailored to fit this financial framework, but where finance
proves to be a critical constraint the case for an additional allocation should be made.
The total costs of the land, planting stock, material and humen resources, plus contingency,
represent the allocation required, and the range of these figures should be set out as
annual requirements for the entire project period.

It is important that the financial authority should understand that a plantation
is a dynamic enterprise not readily accommodated in the fisral year concept. Plantation
operations such as land clearing, nursery and weeding are interrelated in time in that one
year's programme can affert both the previous year's and next year's programme. This means
that delays in funding or erratic allocations will not only affect the year of occurrence,
but also past and future investments. Two possibilities of overcoming this problem are
either to consider the project as a capital investment wntil normality is achieved, or to
make funds available on three or five yearly allocations. The ready availability of funds,
however, does not preclude carefully planning their investment.
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Operational Data

The data to be recorded in this section for all plantation operations are:

Unit of measurement - eg. ha, km or '000 plants;
Input - man-days, machine operating time, materials;
Output — wnits per hr, per day, etc. and

Cost - of each resource per unit.

RS VERN |\ QY

These data allow a ready estimation of the productivity of men and machines and of the
total requirements of such resources for particular project operations. The collection
of operational data is critical and fundamental to the planning process. The information
must be the best lmown and may be extracted from costing records where available but, if
it is lacking, sampling work outputs may be necessary to provide indicative data. Opera-—
tional data provide a basis for appraisal, for estimating resource requirements, and
budgeting; consequently it is vital that the source and reliability of all such data are
recorded. A project or plan is only as realistic and workable as the data used in its
design. The combination of resource and operational data into arithmetical calculations
leads directly to management mrescriptions, A simple example for seed collection and
handling is shown in Appendix D.

Institutional Data

Institutional factors to be noted are mainly of a politicel nature, but include
the project legal framework and the commitment of the supervising agency in other fields,
such as training, Other factors on which information should be collected are the inter-
relationship of the local community and the project, facilities for multiple land use and
information on plantation research in progress but insufficiently advanced for appraisal.

The legal framework should provide appropriate and effective legislation and
regulations and the means to enforce them. It should also be determined that an adequate
management and administrative structure exists or will be available to run and service
the project.

THE PLANTATION MANAGEMENT PLAN
Purpose and Content

The plantation management plan forms the basis for management action and forecasts
and records in some detail what the plantation manager has to achieve over a period. 1In
the case of a 30 year rotation, the initial plantation management plan might cover some
five years or possibly less. The remainder of the project 1life will be covered by similar
periodic plans. This periodic planning allows a flexible apmroach to project management
and, the more stable and well defined the project environment, the longer the plan periods
can be. The presentation of the plan should be kept as simple as possible since effective
management requires some flexibility in the planned work mrogramme, For complex projects
or problem areas, network analysis may prove a useful management tool in solving problems
or bottlenecks. An introduction to network analysis is given in Appendix E.

There is no set form for a plantation management plan, this must vary with local
conditions and requirements, but the three essential parts in any plan may be considered
as Part I, Directive; Part II, Descriptive and Part III, Prescriptive.

Part I, Directive, consists of the instructions received by the project manager
from higher authority as to what the project is to accomplish. Part I cannot be altered
by the project manager, but only by the authority which issued the original directive.
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Part II, Descriptive, provides information on the local environment, past history,
existing facilities in staff, roads, buildings etc., which is the eassential basis for
management prescriptions.

Part III, Prescriptive, prescribes how, when and with what resources future opera-
tions are to be carried out in order to accomplish the purposes of the project laid down
in Part I, Normally the project manager has discretion to alter these prescriptions in
the light of experience, in which case he must inform higher authority and amend the
written plan. Part III will require more frequent revision than Parts I and II. A concise
outline of the headings which could be included in a plantation management plan is as
follows,

Out line Plantation Management Plan

Part I Policy and Objectives
(Directive)

Policy

Ob ject ives
Part 11 Basic Information
(Descriptive)

The project environment

Land availability and suitability
Institutional framework

Past management and history of the project

Part III Present State and Future Management
(Prescriptive)

Allocation of working circles
Detailed prescriptions of activities
- Plantation operations
~ Other works
-~ Provision of resources
- Finance: expenditure budget and revenue
-~ Costings, records and control
Map records

The Plantation Management Plan, Part I

Part I should be received by the project manager as a directive from higher autho-
rity. He is responsible for ensuring it is recorded in the written management plan. The
objectives of the project should be stated with complete clarity; if they are not, the
project manager should seek clarification before starting his own operational planning.

The Plantation Management Plan, Part Il

Part II sets out the information basic to the project. It should include:

1) A description of the project environment including the location of the project
and information on geology, climate, hydrology and natural vegetation;

2) The land availability and suitability, described in the text, and supported by
tabular statements and maps. Where site classes are known these should be
defined and delineated;
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3) The institutional framework of the project including its legal status, together
with its organizational structure;

4) The past management and history of the project, including a brief description
of project development and any past management information or data relevant to
moject development. This section should note any salient features on which
the plenned project programme is based. This section of the plan will be
brought up to date at the end of each plan period by adding what has been
accomplished in that period.

The Plantation Management Plan, Part III

Part III is the most important part of the plan, it contains a forecast of those
operations that are to be implemented by management. Where necessary, the project work
mey be divided on the basis of different species or different silvicultural systems, by
the allocation of working circles., Plantation programmes of work are set out by years for
each working circle for the specified plan period (see, for example, Appendix F). The
plans for each year can readily be extracted and shown as "annual programmes of work" for
all project activities. These annual programmes may then be further broken down by time
and area to serve as action plans for assistant managers and supervisors. See also page 146.

The detailed prescriptions of activities generally record the present state and
mrescribe what future work or action is required under the following main headings:

Plantation operations and other works
Provision of resources

Expenditure budget and revenue

Costs, records and control

Map records

N Hwn

Plantation Operations and Other Works

This section covers the main plantation and building operations. The state at the
commencement of the plan is recorded and detailed prescriptions set out the method of
operating and the quantity and timing of forecasted inputs and outputs for each operation.

The main relevant operations are:

Plantation operations Other Works

Allocation of land Building and services

Surveys Maintenance of buildings and services
Establishment of nurseries Maintenance of transport and equipment.

Raising plantation stock
Land clearing and preparation
Plantation layout and construction of access
Planting

Beating up

Pertilizing

Weeding

Brashing/Pruning

Thinning

Final felling

Fire protection

Road maintenance
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The rresent state and prescribed work for each operation is very often set out in
tabular form. The prescription is usually supported by details of the estimated inputs
of labour, material and equipment for the main operations. The prescriptions concentrate
on what will be done, where and when, and the method may be covered by referring to & hand-
book or memoranda of instructions, or may be described in detail if such references are
not available.

The forecast of planting is affected by land availability, species growth and
yields, rotation and markets, and by availability of other resources. In the case of large
afforestation schemes it would be convenient to divide the available areas into a number of
even—sized planting blocks corresponding to the number of years in the rotation. In prac-
tice, it is more common to commence planting at a reduced scale and, &s experience and
expertise are developed, to increase the rate. On the other hand, where the capacity
exists, initial planting may be at a rapid rate, which later will increase the options in
choice of rotation length, and in an era of inflation reduces total establishment costs,

Plantation layout includes the design and delineation of compertments, blocks, main
and secondary roads, rides and fire traces. This constitutes a major aspect of planning
which requires careful study for specific projects. The initial layout should be adapted
to the pattern of plantable soils, topography and natural features, but the design will
also be influenced by fire protection requirements and anticipated methods of logging and
extraction. Some projects have exceptionally large compartments of over 200 ha, but & more
general range is between 20 and 40 ha. Blocks may be of any size but are generally con-
fined to one year's planting.

Roading densities vary but are usually of the order of 1 to 4 km per square kilo-
metre, according to terrain. Only a small proportion of the roading needs to be high
standard; most can be low class roads. Initially,many of the lower class roads are either
wnsurfaced or lightly metalled; upgrading of these roads for logging occurs closer to the
time of harvesting. Main plantation roads are generally constructed as all weather routes
to allow access for planting, maintenance and fire suppression; but they are not constructed
to standards suitable for logging. Some guidelines on the establishment of plantation roads
are given in Appendix B.

The major protection factors are fire prevention and suppression; the plan will
prescribe such firebreaks, boundary burning, controlled burning and other measures as are
considered necessary. Where there is a high fire hazard the provision of radios or tele-
phones linked with fire lookouts will be required, together with the establishment of a
fire suppression organization. The risk of damage from biotic causes should have been
carefully evaluated during the collection of data phase, and the selection of plantation
species and techniques ."ould be designed to minimize any such risks.

Provision of Resources

A general indication of resource requirements for the plan period will have been
set out in the previous section on plantation operations and other works. The prescriptions
in this section will set out which resources should be acquired by specific dates. The
main resource requirements are:

Personnel Equi pment

= Allocation of staff and definition Machinery transport and equipment
of responsibilities Building materials

- Allocation of labour and calendar of - Project materials and seed
labour requirements Essential spares

- Training of staff and operations
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The development of plantations often requires the enlargement of the existing
forest service and, in some cases, the creation of a new management section to execute
the planned project. The plan should detail by years the personnel required to implement
the programme, suoh personnel to include professional foreet managers, foresters, techni-
cal assistants and various supervisor grades. The responsibility of the manager and his
supporting staff should be defined. The allocation of labour comprises & summary of the
rreacribed labour requirements to implement the component operations and is set out as a
calendar of operations, a sample of which is given in Appendix G. The preparation of
these calendars allows the labour requirements to be smoothed out both within a year and
over the plan period, to avoid erratic dismissals and ensure continuity of employment for
the major labour force.

As the plentation area develops,there will be & steady demand for additional staff
and it will be necessary to plan the provision of facilities for the various grades of
staff to be trained in plantation management and operations. As labour will be required
to develop skills in silvicultural work, nursery work and, in some cases, in mechanization
or irrigation, it will be essential to provide adequate training.

The prescriptions for equipment and material set out what items are required by
what date if operations are to be completed as planned. A monthly calendar of machine
requirements, similar to that for labour in Appendix G, will be required. The requirements
may be estimated on gross known requirements such as one tractor per x ha, or amount of
fertilizer per 100 ha or per 1000 plants in the nursery.

A breakdown of material and equipment inputs will have been recorded under indi-
vidual plantation operations and other works, and this can either be collated to give an
estimate of requirements or to cross—check gross estimates. It may be necessary to seek
specialist advice for the specifications of such items as machinery, trensport and building
materials. Where delays in obtaining certain items can be foreseen, advance ordering is
necesgsary, and for many materials and spares the setting up of a strategic reserve in
storage is essential. Late arrival of stores frequently acts as a bottleneck to implemen—
tation; ordering of equipment, therefore, warrants careful planning and attention to detail
80 that it is done both timely and correctly.

Appendix C gives an outline check list of equipment and materials which could be
required for plantation development.

Finance: Expenditure Budget and Revenue

The plan generally includes an expenditure budget. This budget represents the
estimated cost of all the resources required to achieve the prescribed programme. It is
usually drawn up by years and is set out under such functional headings as:

Land clearing and preparation Building maintenance
Nurseries Equipment and materials
Plantation operations Equipment maintenance
Capital cost of land & building Administration and staff

The approved budget is the authority for the allocation of funds to the project. If
annual financial allocation is prescribed, then extraction of the ammual data from the
budget can serve as yearly estimate submissions. When release of funds is requested
during the implementation period, some allowances may have to be made for inflation,
changes in technique and possible increases in operational efficiency.

The plan will prescribe how expenditure will be recorded. Expenditure is subject
to audit and the records must account for all funds disbursed, and should give a measure
of the overall expenditure of the project at any point in time. When, during implementa-—
tion, actual expenditure is compared with the budget for a specified period, this should
give some measure of planning and management efficiency. Expenditure for labour and staff
is usually recorded on muster-rolls or pay sheets, while equipment and store charges are
recorded by requisition and receipt.
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Revenue is generally slight during the establishment phase of a plantation, but is
generated fairly rapidly through the thinning to the final felling phase. A forecast of
revenue by years is usually made. It is essential that the plan prescribe an adequate
system of accounting for such revenue, recording the amount, the product, the source and
the date of occurrence and payment.

Expenditure and revenue are usually recorded in debit and credit ledgers, and
balances may be taken at defined intervals but always at the end of the financial or
accounting year.

Costings, Records and Control

Complex costing and recording systems are costly to administer and very often run
into difficulties and fail. It is essential, therefore, to keep them simple, particularly
at the field level, and to record only essential data. The plan will prescribe a system
of project control. Such control is concerned with 1) maintaining the work output at the
levels set in the programme of work and 2) keeping the costs within the limits estimated
for particular operations in a particular period.

There are many types of "periodic progress reports" which simultaneously record
work completed and give & breakdown of project costs. Such progress reports, which are
often compiled on a monthly basis, must be accurate and submitted punctually. The reports
generally record for defined periods the items given below as the headings for a sample
form:

Operations Inputs and costs
and Unit st- T r Y y Work |Unit
Cost Code Labour |Cost | Plant Cost {Materials | Cost |Total |Com~ |Cost
vehicle pleted
&
machines

The physical inputs are measured by defined units such as man-days for labour, hours for
plant or tractors, kilometres for vehicles, and number, weight or volume for materials.
Standard unit costs are periodically laid down for these items and used to calculate input
costs., The physical outputs are measured by such units as metres for roads, hectares for
planting or weeding and thousands of plants for nursery production. The report may also
incorporate at this stage, or a later stage 1) the plan forecast of outputs and costs and
2) cumulative actual outputs and costs, and these figures form the basis of the prescribed
control system. It is usual to give a code number to each operation, for ease of operation
and for possible computer proceassing. The project report gives a breakdown of costs; under
plantation operations, for example, there would be a number of subheads covering land pre~
paration activities, phases of planting, mechanized weeding, hand-weeding, fertilizing,
rruning and so on. The plantation or project manager uses such costs for economic apprai-
sal and control. Where there are variations in actual unit costs, it should be possible
to select and develop the more efficient alternatives. It is necessary to train super-
visory staff in compiling such reports and to impress upon them the value of data collected.
In arees where there is a shortage of adequate field management, reports may include physi-
cal data only, and costs may be applied centrally. It is equally important that management
should check reports without delay, record appreciation of efficient outputs and inquire
into significant deviations from budgetary provisions or into widely variable unit costs
for the same operation in different areas.

The annual total of operation costs for labour and materials should be readily
reconciled with expenditure for the same period. The reconciliation of plant, vehicle and
machinery costs is a little more complicated but, providing the basis of unit costs for
equipment is soundly designed, & reasonable reconciliation can be achieved. The flow chart
of cost records in Appendix H outlines & costing process.
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The fundamental plantation record is the compartment register. The compartment
register should give a comprehensive and precise desoription and history of the compartmente
comprising & given plantation. The register may be a simple or & complex dooument, gener-
ally recording the following informationi

1§ A detailed map of the plantation area;

2) Details of physical features - elevation, aspect, exposure,
slops, land form, geology, soils and vegetationj

3) Site characteristios including planting suitability and site
quality clasases and

4) History.

The plan will presocribe that all work in a compartment should be recorded in this register
which will contain a form or forms to records

Site preparation and planting or sowing,
Tending operations,

Crop assessment and

Yields.

PN -

The physical details of work done in a compariment can readily be extracted from progress
reports. Some compartment registers also record costs but, unless there is & particular
reason to record costs at this level, the register is best maintained as a physical his-
toric record. If, at some future date, the cost of operations in a particular compartment
or group of compartments is required, it should be possible to extract this from the cost
gystem reocords.

Map Records

The management plan, in addition to the compartment register, should have some or
all of the following mapss

1) Plentation looality map (at 1150 000 to 13100 000 scale) and
menagement maps (at 1:20 000 to 1150 000)}

2) Plentation soil and planting suitability map;
3) Plantation vegetation map;

4) Plantation organization map — showing present roads, compartments,
nurseries and planned layout}

5) Planting and site preparation map - showing present state and
planned programme;

6) Plantation tending map or maps - showing present state and
planned programme for major operstions - and

7) Fire protection maps ~ showing present state and plammed programme.

The management maps can be prepared on & basic map with a series of overlays for the
different information. The number of maps may be reduced by combining certain data from
separate but related sheets. The management maps form a visual record and control of
plantation operations, and the plan will prescribe that specified management mape will be
brought up to date on a periodio or annual basis.
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In conclusion, it should be noted that the plantation management plan can take many
forms, and it is only a tool for translating policy and objeotives into reality. The real
measure of efficiency is not how well it ies designed but how successfully it is implemented.
Good management needs not only good planning but good implementation.

ANNUAL PROCRAMME OF WORK

This covers the next operational year and needs to be prepared a few months in
advance of the start of the year, to leave time to have the budget approved and to provide
the resources needed (Fraser, 1973)., The planning cen be done on forms divided intomonthly
or weekly periods giving a forecast of the quantity of work to be done during each period
by operation., After a plantation management plan has been smoothly executed for several
years, there should be little difficulty in compiling the annual programme of work directly
from the plantation management plan.
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Appendix A

CRITERIA FOR SUCCESSFUL LINE PLANTING

(By HeCe Dawkins, quoted by A.F. Lamb, 1969)

There are a number of criteria which must be met if & system of enrichment is to
produce a satisfactory stand of timber trees. These oriteria have been olearly enunciated
by Dawkins and are quoted with his permissiont

In the sense used here, enriohment by line-planting is the establishment of a tree
crop $o be closed at rotation age, in lines spaced at intervals equal to or slightly
greater than estimated final—orop orown diameter.

There are five necessary conditions for line planting, in addition to the normal
requirements of healthy plant establishment:

1¢ There must be little or no demand for thinnings in the area concerned.
If thinnings are required, the method is unsuitable; if large timber
and veneer logs are in demand, the system is suitable.

2. The species planted must be fast-growing (1.5 m of height per year as
a minimum), naturally straight and self-pruning, i.e. generally of the
colonizing or gap~filling, light demanding type.

3¢ There must be no upper canopy; only clear-felled, clear-poisaned or
low secondary forest is suitable.

4+ The regrowth between the planted lines must be non-inflammable; or
control of fire must be complete.

5« Browsing animals must be absent, scarce or of negligible effect on
planted trees.

Provided all five conditions are met, the method can ocut the cost of a final orop
t0 less than a third of what would be incurred by close planting. The technique then
requires the following:

6. Planting lines should be spaced equal to or slightly more — up to
20% more is reasonable - than the expeoted crown diameter of healthy
final orop trees of the species concerned. The reason for this is
to prevent any possibility of serious between-line crown ocompetition
before maturity, to save on establishment costs and to give more
soope for poseibly supsrior species which may arise naturally
betwsen the lines,

T. Plants should be spaced along the lines at approximately one-fifth
of the spacing between them to allow a seleotion of about one-in-
four for the final orop. If poisoned overwood is likely to be
abundant, as in very lightly felled natural forest being planted,
then up to 30% losses must be expsoted and spacing in the lines
should be nearer 1/6th to 1/7th of spacing between lines. Only by
this means can good form of the final orop be assured.
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8. Planting lines must be well—oleared, about 1.8 m wide at first, and
made easy to move along, at least along one side of the planted trees,
by removal of most if not all woody snags. Onoe planted, the lines
must be kept olean and no overhanging or threatening growth tolerated.
Since this clearing work is oonfined to a very small fraction of the
area, labour costs are low and several oleanings (sometimes up to six
or seven are neoessary) can be afforded in the first twelve months.

9. Plants must get away to a quick start. For most speoies this means
using potted stook; stumps or striplings are not likely to be
suitable. Cedrsla has shown itself oapable of starting from direot
seed, but this is quite exceptional.

10, Planting must follow immediately on clearing the planting lines;
clearing in the early dry season, and planting three to five months
later in the early rains is a thoroughly bad technique and will result
in at least two more olearings than otherwise. Poisoning of the
upper canopy also should be timed to let in the light at time of
planting, not before, it is recognized, however, that this is not a
precise possibility.

11« Trees arising between the lines, unless superior in value to the
planted species, must be ocut or poisoned immediately they "threaten"
the plants, i.e. before they overshadow them. The greatest threat
is from Musanga, Trema and Macaranga. Similarly, climbers over-arohing
from the bush regrowth beside the lines, must be vigorously out baok
before they overshadow the plants, provide ladders for other oclimbers or
obstruct quick acocess along the lines,

12. Thinning along the lines is & matter of seleoting the stema of
superior form and height. (Unless the disparity in size is very great,
form and height should both be regarded as more important than mere
girth), The first thinning will generally be at three to four years,
by which time the trees should be well above the shrub and climber
regrowth, It will probably require about 50% oulling of the orop.

The above five prinoiples and seven technical guides must be taken very seriously.,
Line-planting has very commonly failed and has a bad reputation among English-speaking
tropiocal foresters because one or other of the principles has been flouted. If all the
above are followed for : speocies sensibly chosen, the technique has a very high ohanoe
of sucoess in tropical forest conditions.
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GUIDEL INES FOR THE DESIGN
AND ESTABLISHMENT OF PLANTATION ROADS

L.R. LETOURNEAU
Pulp and Paper Industries Development Programme
FAD, Rome

PLANNING

The objeot and purpose of establishing a plantation road system is to provide a
network of roads whioh is sufficient to enable planting and tending to be carried out in
timely fashion and at the lowest possible overall plantation cost, while providing rapid
access for protection purposes and a network of roads suitable for the eventual extraotion
of the final product.

There are no hard and fast rules for planning road networks in areas which are to
be afforested. Any plan must take into account both the immediate and future requirements
for roads. Since, initially, access will be required for the planting operation, the
planner must oonsider the rates of planting which can be achieved with different road
densities and spacings. These are not easy to determine without reliable data on the
productivity of planting crews, off-road capabilities of vehicles and road construction
costs, but the road plan must aim at reaching a balance between planting rate, as affected
by carrying distances, and the cost of road construotion.

The need for rapid access in case of fire or other emergencies must be considered in
the road plan. In particular, each major plantation block should be reachable by more than
one all-weather road, so that access of fire suppression crews and equipment would still be
possible even if one main road was blocked or otherwise impassable,

When planning the road network the planner must also bear in mind the ultimate use
of the produoe from the forest. Since in most cases the forest being established is to be
harvested, care mst be taken to ensure that the location of major roads to be constructed
for planting will be looated to suit the future logging methods. It is not always possible
to know in advance what logging system will be used ten or even twenty-five years hence, but
the planner must avail himself of the best existing data on logging methods to assist him in
making his decisions.
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Although the full road network should be planned before plantation establishment
begins, costs can be minimized by delaying construction until the roads are actually
required. It should be remembered that road costs form a large part of total plantation
costs., Roads for planting and tending are therefore only built as they are needed and
only to the lengths and standards required for these operations. During the establishment
phase it is not neoessary that roads be built to logging road standards with high load
bearing oapacities sinoe unnecessary expenditure would be oarried the length of the
rotation, thus raising overall cost. However, the basic network will be available for
updating and extension for later harvesting operations.

In areas being oonverted from natural forest to plantatione, the planning of the
road network prior to primary logging, as well as the physical loocation and construction,
is of utmost importance for, unless unusually stringent conditions and additional road
requirements are imposed, this network will be written off against the logging and will
not be a financial burden to plantation establishment.

ROAD MAPS

Road locations should be indicated on maps of suitable scale; contour maps are
best suited for this purpose. A map soale of 1:25 000 serves well for moderate sized
plantations in the order of 25 000 hectares since it can be hung on the wall for easy
viewing and is not too small to show neoessary overall planning detail. This master map
should show all existing and proposed roads, important natural physical features such as
streams, mountains and such other major details as planting blocks, firebreaks, lookout
towers, nurseries and buildings.

Maps showing roads in annual planting areas or plantation blooks should be
available at a scale larger than for the master map and should show all relevant data in
greater and finer detail. A map scale of 1:5 000 gives good detail and is compatible
with the 1:25 000 scale of the master map.

For roads in which even finer details are required (e.g. for rebuilding or
tendering), maps and construction plans should be at a maximum scale of 1:1 000. Where
necessary, profiles of roads should be produced using a ratio of horizontal to vertical
scales of 10t1 or 20:1 as dictated by the terrain.

ROAD INDEXING SYSTEM

A road indexing or numbering system, with accompanying map, is an essential part
of any forest plantati:n programme. Roads must be numbered so that staff and others can
be easily directed to any part of the plantation. The system must be systematic and take
into account the various classee of roads and the major areas they serve. Since roads do
not often stop within any one annual planting area, a designation by years is difficult to
devige, however, a simple numerical system is easy to formulate and is effective.

ROAD CLASSES

A system of road classes designed to meet the needs of planting, fire suppression
and efficient supervision is given below. These classes are considered adequate for the
establishment of a plantation in one large contiguous area; however, as experience is
gained the planner should not hesitate to adjust the system to more adequately meet the
plantation requirements and/or to lower ocsta. The basic network when properly aligned
to fit the terrain will also merve the harvesting function.
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Classes

1 Main Road
This forms the main access from the highway or public
road system to the headquarters area and to the
extremities of the plantation. It provides speedy,
all weather travel.

2 Branoh Roads
This secondary system of roads is designed to move
traffic from the main road to the planting areas in
all weather, at moderate speeds. The branch roads
form the major access system within each annual
planting area.

3 Spur Roads
These are basic utility roads designed to move planting
and tending crews to work sites at generally low speeds
in four-vwheel-drive vehicles. They will not be all
weather, with the exception of portions of the longer
spurs which will be surfaced so that the end of any
spur is not further than about 1.5 km from a surfaced
road, as measured along the spur.

4 Planting Tracks

These simple, bulldozed and levelled tracks are the
most numerous of all classes of roads and serve the
basic needs of planting and tending. They are suitable
for four-wheel-drive machinery and have an absolute
minimal number of culverts and bridges,

Road classes 1, 2 and 3 are located and staked on the ground prior to logging and
land clearing. Class 4 roads are located after clearing and burning has been completed;
however, location prior to clearing, if possible, is advantageous. Road oclasses 2, 3 and
4 are built in the proportions of 1:2:4 or as near as practical to this.

DENSITY AND SPACING OF ROADS

The density of road network required will vary significantly from one plantation
to another, but a figure of 2.5 km of road per km2 of gross plantation area is a reasonable
estimate of the average requirement of many plantations. At this density, and at the
proportions of 1:2:4, the number of kilometres of class 2, 3 and 4 roade required would be:

Road Class Km of road per km2 of
Gross Plantation Area

2 branch 0.35

3 spur 0.71

4 planting traock 1.44

Total 2.50
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Main roads may be inocluded in the above overall distances when any seotions oan be
used for plantation work.

At this density, average spacing betwsen roads would be 400 m. Lacking accurate
information on the capabilities of planting teams, this is a reasonable estimate of the
planting track spacing on which initial planning oan be formulated. Later spacing of
planting tracks should be based upon the distance at whioh a planting team can reach the
optimum daily average number of trees planted. As experience is gained and efficiency
improves, therefore, the spacing and overall length of planting track required may ohange.
The spacing will also vary to some extent due to terrain,

The location of branch and spur roads will also of‘ten be dictated by topographic
oconstrainte but will, in general, adhere to the above quoted density.

ROAD STANDARDS

Standards should be applied in the light of topographic, soil and weather oonditione
as they exist, or as they affect road oonstruction costs and rate cf construction. In other
words, although standards will be laid down to whioh the location engineer will try to
adhere, he should alter these to suit conditions as he finds them, bearing in mind that the
raised or lowered standards must not have a major effeot on the usability of the road. In
other words, he should bear in mind that the roads are being built to achieve the lowest
possible overall plantation ocost at maturity.

Road standards for two terrain classes and the four road classes are detailed in
table A1, The following notes refer to the standards in the table and their application.

Right of Way Width

This represents the pieoe of land set aside for the road. It is the overall width
which is to be cleared and in which trees are not to be planted. This extra distance, over
and above the actual road works, facilitates more rapid drying of the road after a rain,
makes allowance for future widening and improves visibility.

Subgrade Formation

Ample allowance rhould be made for the traffic density contemplated and to allow
drainage away from the running area. In mountainous terrain where slopes are extrems, the
road bed must be full bench (not on fill). All fills must be compacted.

Side Cuts

Side cuts will vary with the topography, but as a general rule should be at a slope
of 1312 or less.

Turnouts (Laybyes)

Turnouts need not always be evenly spaced, but should be positioned so as to be
used to maximum advantage to allow vehicles to pass and to avoid aocidents. Turnouts will
also be used as parking places for vehicles which carry orews and materials.
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In flat country spacing can be equidistant, however, in mountainous terrain turn-
outs should be placed at either end of the sharpest curves or, in the case of a road
curving around a sharp ridge, the turnout can be placed on the outside of the curve, at
the nose of the ridge, to take advantage of the fill area and also to ensure good visibility.
Borrow pits should be used as turnouts wherever possible,

For thoee roads which are to be surfaced the turnouts should be surfaced to the
same standards.

Pavement

Surfacing material should be of either hard, crushed rock or of best quality
laterite with ample ferrous concretions or other suitable materials approved by the
congtruction supervisor.

The pavement thicknesses as laid down in the table of standards, are compaocted
thicknesses and are those considered to be suitable for the traffic in the establishment
phase., These are not, however, to be construed as rigid standards, but might be varied in
the light of what the supervising engineer finds, as construction experience is gained in
the area.

On both the main and branch roads the running surface widths should be ample for
the type of vehicles expected to use the road such as trucks carrying planting stock,
fertilizer and work crews, not normally heavily laden nor of extraordinary large size.
Much traffic will be of the type provided by four-wheel-drive vehicles. The surface width
of the road will however gradually widen through the shifting of material from the centre
to the shoulder; +this will be caused by the passing of vehicles which throw material and
by the maintenance road grader which will spill small amounts as it makes its passes,
Bventually, for roade with wide formations, passing will be possible without the use of
the turnouts. Similarly, superelevation will be built up at the curves by fast moving
vehicles. Adequate camber {crown) should be provided to ensure proper drainage.

Spur roade need not be surfaced along their entire length. It is normally
sufficient to surface only some stretches with the criterion that the end of any spur
road is no further than 1.5 km away from a surfaced road, as measured along the spur.
Estimates often indicate that only some 20 peroent of the total length of aspur road
requirements will be surfaced.

It should be noted that in some regions which are lacking in surfacing materials,
the cost of surfacing is often the major portion of total road construction costs.

Curvature and Travel Speeds

The minimum radii of curvatures have been set at a level at which minimum travel
speeds, on class 1, 2 and 3 roads, can be maintained. By setting these standards as the
minimum, it can be expected that most radii will be greater, thus allowing for greater
speeds and thereby maintaining minimum average speeds over the longer distances.

Average travel speeds of 65, 50 and 35 km per hour, for main branch and spur roads,
respectively, have been used as the criteria which will provide for reasonable travel for
work crews and good travel speeds for fire suppression crews, bearing in mind the added
road costs which would acorue by putting in ourves with much longer radii. These speeds
might be slightly lower in mountainous terrain, for which minimum radii as shown in the
table of standards have been shortened.
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Gradients

Road grade standards have been set to counter the effect of erosion and to keep
maintenance costs to a minimum as well as to ensure effective travel time. Long sustained
grades should be avoided by the allowance of grade breaks in the profile.

Drainage

Since it is impossible to discuss the amount of rainfall which any one plantation
area might receive, it will suffice to point out a few factors which should be considered
by plantation managers, in providing adequate road drainage.

Areas with a heavy annual rainfall will need a better drainage system than those
in dry areas; however, it must be remembered that in some regions, though the annual
rainfall can be considered as moderate (say to 2 000 mm per year), a large portion of this
might arrive in a short period of time, and thus the drainage system must be geared to
handle the large periodic volume.

The forces exerted by large volumes of water, collected and diverted by & road
system can cause severe damage to roads and extensive erosion. Thege effects can be
overcome through proper ditching and channelling of the water to points where it can do
less damage.

In flat terrain, ditches should be constructed on both sides of the road with
adequate cross drainage and lead-off, whereas in mountainous terrain the upper sgide should
be ditched. 1In rolling terrain, culverts should be placed at the bottoms of fills,

In all types of terrain, roads must be constructed to oross watercourses in such
a manner as not to impede the natural flow of water. This can be effected through the use
of the proper size of culvert or bridge. Culverts should be laid so as to prevent ponding.
Water should not be allowed to run (and gather more water) for long distances in ditches
on long, continuous sloping roads; its flow should be broken by barriers and led off by
adequate cross drains at appropriate places. Culverts should not be situated so as to
drain onto fill unless spscial structures (e.g. rip—rap) are built to preserve the fill.

On roads with long continuous grades, where surface water is liable to collect
and run down the running track of the road, removing surface and subgrade material in its
course, open surface—~drains should be constructed to remove this concentration and
prevent the deterioration of the road.

In general, bridges can be of simple construction and if built of the most durable
woods should last at least the life of one short rotation. Two types of bridges are
common: one having timber running planks and one covered with soil and surfaced. Both
types make use of log stringers which rest on either cribbing or on a mud sill,

Cross-Sections

Typical cross-sections for main and branch roads are shown in Figure B1.
Maintenance

Maintenance muet be a continuous procedure once the road system is started. This
can be effected through the use cf maintenance machinery (e.g. road graders, tractors,
front-end loaders, tipper trucks) which may (preferably) be owned by the project and
operated by a maintenance crew. MNaintenanoe ocrew labourers should alwo clean culverts and
ditohes and clear brush from around ditches and tight oorners on a regular basis.
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Figure B1

CROSS-SECTIONS OF TYPICAL PLANTATICN ROADS
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Appendix C

AN OUTLINE OF EQUIPMENT AND MATERIALS FOR AN AFFORESTATION PROJECT

Trailer

Rollers, rubber
tyred

OPERATION EQUIPMENT MATERIAL
Land oclearing Survey equipment Herbicides
Crawler tractors Fuel and oil
Anchor chains Hand tools
Dozer blade Aerial photographs
Stinger
Front-end rake
Root plough
Ground Tractors 50-100 hp Herbicides
preparation Disc ploughs Fuel and oil
Angledozer blade Hand tools
Nursery Wheel tractor Fertilizers
Trailer Pots
Loader attachment Potting media
Loader attachment Ingeoticides
Sprinkler equipment Fungicides
Soil mixer Herbicides
Hand tools: spades, Fuel and oil
forks, hoes Hand tools
Spraying equipment
Planting Tractors, 50-100 hp Fertilizers

Fencing stakes

Fencing wire

Hand tools: spades,
mattocks

Fuel and oil
Tree carrying
containers
Maintenance and Traoctor, 50-100 hp Fertilizers
protection Soil cultivators Herbicides
Pruning saws Fuel and oil
Fire towers Insecticides
Fire engines Hand tools
Water pumps and
hoses
Road Bulldoszers Culverts
construction Tipping trucks Fuel and oil
Graders Road ballast and
Excavators gravel

Bridge materials
Cement, Gelignite
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Appendix D
PLANNING OF SEED COLLECTION AND HANDLING -1/
( Example )
I. Background Data
SEED DEMAND
1e Species Bucalyptus camaldulensis
2 Plants per ha
a) Number planted 1110 (3 x3m
b) Add field replacements at 20% 222
Total requirement — plantable
plants - 1322
(d) Add losses and 02}18 in
nursery at 15% 2 235
(e) Total requirement - germinated
seeds 1 567
Ditto rounded upwards = 1 600
3. Estimated number of germinated
seeds per kg of uncleaned seed 400 000
4. Kg uncleaned seed needed per ha
of plantation 0.004 kg (c. 250 ha per kg)
5e Annual planting area 250 ha
6. Annual requirement of seed 1.0 kg

from "Report on the FAO/DANIDA Training Course on Forest Seed Colleotion and Handling",
Vol. II. Rome, FAO. FOR:TF -~ RAS 11 (DEN), 453 p., 1975.

Losses and culls represent 15% of the germinated seeds. This is equivalent to
approximately 18% of the surviving plantable plants.



B.

D.
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SEED SUPPLY
7« Sources for seed procurement
8. Seed harvest, expeoted yield/ha
9., Minimum area of seed stand required
10, Area of seed stand available
11. Seed harvest, periodicity
12. Season of collection
13. Special problems of colleotion
14. Rate of seed collection
15. Length of period for seed extraction
16. Special problems of extraotion and
cleaning
SEED STORAGE
17« Normal meason of sowing
18. Length of period between ocolleotion
and sowing
gag if sown in same year
b) if stored for more than one
year
19. Storage capacity needed
(a) Net seed space at S.0. 0.5
= 500 kg per m3
20, Special problems of storage

PRETREATMENT, TESTING, SOWING

21,

22,

23,

Special problems of pretreatment

Special problems of testing

Special problems of sowing and
seedbed handling

Loocal seed stands
5 kg per ha

0.2 ha

1.5 ha

Annual, reliable from stands over
10 years

Early dry season, June - July
None

Equivalent to 100 - 200 g uncleaned
seed per man-day

10 - 15 day® (sun-drying)
It is not possible to separate the
chaff from the seed. Both ohaff

and seed are therefore sown
together,

Late dry season, September - October

3 - 4 months

Not applicable

.002 n3 (one jar of two-litre
capaoity)

None

None

It is diffiocult to separate the chaff
from seed. Identifioation of the
species from seed is not possible.

The seed being very small has to be
sown with sand.
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II, Estimate of Needs
A, COLLECTION

1. MNethods recommended Climbing

2. Equipment/trnnsport Safety belts and lines, boots and spurs.
reoommended Temporary use of land rover,

3. S‘taff/labour recommended 5 =~ 10 man~days and one supervisor

4. Remarks Climbers should be insured. Seed stand

proteotion and management must be ensured,
since normal stands, cut on 6 year coppioe
rotation, bear very little viable seed.

B. EXTRACTION AND CLEANING

1. Methods recommended After sun drying, capsules are to be
vigorously shaken and sieved manually.
2. Equipment recommended (1) Tarpaulin
(2) sieves
3., Staff/labour recommended A forest guard and two labourers
4. Remarks No cleaning need be done as the seed is

sown along with the chaff,

C. STORAGE

1. Methods recommended 3toring in a oool well-ventilated room in
tinas, jars or cotton bags.

2. EBquipment recommended Tins, jars, cotton bags

3. Sta.ff/labour recommended No special staff required. The staff
recommended under "Exiraction & Cleaning"
will do this work also.

4. Remarks Storing of seed is no problem, beocause the
storage period is anly two or three months
in the dry season, when atmospheric humidity
is low. Room temperature in a well-
ventilated room averages 25 - 300C during
the storage period. Regular annual seed
orops and the faot that the seed stand area
is capable of producing, in a normal year,
at least seven times the annual require-
ment of seed precludes the need to carry
stocks from one year to the next.

c. PRETREATNENT
None required
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Appendix E

NETWORK ANALYSIS l/

A.T. FRASER
Forest Soienoe Consultant
Peniouik, Midlothian, U.K.

An afforestation project is composed of a great number of activities whioh are
spread over an extensive trast of land and involve a large number of people. Because of
the influence of seasonal factors, many of the activities which must be carried out to
complete the projeot are highly dependent on correot timing.

Uiven unlimited time and meney, there would be no problem as work not done in one
season ocould be postponed until the next, and activities dependent on the completion of
other tasks ocould be delayed until the first tasks were finished. In practice, there are
strioct time and monetary limits, and the projeot manager is faced with a oomplex problem
of schednling and oontrolling all the activities so that the whole programme of work
needed to complete the projeot is carried out within the time and money limits that have
been set.

This problem is oommon to managers of all business enterprises, so that in recent
years a number of techniques have been developed and their use expanded for dealing with
such scheduling problems. One of the best teohniques for controlling and scheduling
oomplex operations is network analysis, which is oonoerned with optimising the performance
of a complete system such as an amnual planting programme or all the operations involved
in the afforestation of a particular tract of land. It is not concerned with the task of
optimizing the physiocal effort involved in ocarrying out each of the activities whioch go to
make up the complete system. The latter is the ooncern of work study, whioch looks at the
individual routines, e.g. the best tools or methods of planting a tree.

_1/ from "A manual on the planning of man-made forests™ FAO, Rome. Working Paper
MOsNISC/73/22, 129 p., 1973
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The opportunity for saving time and money on large-soale projeots by optimising
the logioal sequence of events is frequently very great. When operations become more or
less routine, there is a tendency to think that few opportunities exist for further
improvement, but it is surprising how often it is poasible to make up time after an
unexpected delay. This indicates that many operations ocould be speeded up, or by changing
the sequence in which they are performed, that it is possible to improve on the overall
performanoce of the system.

With complex tasks such as a large afforestation projeot it is too much to expeot
that they can be completed on time without a constant watoh on the progress of each of the
component aotivities. This watching of progress is virtually impossible without some
technique whioh enables the manager to oondense the whole projeot to some simple form, and
represent the oomponent parts graphically, so that all the interrelationships can be seen
at a glance.

Network analysis (sometimes referred to as programme evaluation and review
technique, PERT) is a graphioal form of representing all the component parts and the
interrelationships of a oomplex operation - something like the orchestra oonduoctor's
score.

The basis of network analysis is the representation of the component activities
and important events such as the start and finish of each activity in a graphio form in
the logical sequence in whioh they must take place. The convention used in most networks
is to represent the events as circles, connected by arrows representing the activity thust

Figure 1

The logical representation of a whole operation calls for the time to flow in one
direction, so that the earliest activities are represented on the left, and later activities
are put to their right. As each of the activities are inoorporated, a network is built up
whioch shows from left to right the sequenoce in which they need to be performed. To fix the
position of any activity within the network it is only necessary to determine whioh
activities must precede it and which can run concurrently. Some operations can run
conourrently with others but oannot finish before them, so that it is particularly
important to determine which astivities control the start and finish.

As a simple example of the construotion and use of a network, consider the activities
involved in planting an area of oleared land. The main astivities involved are:

Activity Relative Time
A Mark out planting spots 8
B Dig planting holes 16
C Lift plants in nursery 4
D Transport plants to site 1
E Carry batoh of plants from 1

transport to holes
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Aotivity Relative Time
P Place plants in hole 1
G M1l holes 4
H Apply fertilisers 4

Aotivities A, B and C can all commenoe together, but A must finish before B.
D cannot start until C is oomplete, and E cannot start until D is oomplete. F cannot
start until B and E are oomplete, while G and H oannot start until F is oomplete. @
and H must start together, but H cannot finish before G. The relationship between these
aotivities therefore can be represented as followst

Figure 2

O
(1:)* B /,C> F >0 a
O' NG ~ NG C} H

Such a line graph of the activities enables chscks of the logical sequence of the
aotivities to be mads, and errors such as situations where the mequence in a closed loop
is reversed, or where aotivities are left dangling, in an open loop, can be eliminated.
Two basic rules whioh must be followed aret

1) All events except the first and last must have at least one activity
entering and one activity leaving it.

2) A1l activities must start and finish with an event.

Having worked out the logioal sequence as above, the next stage is to insert a
time seale in order to assess the overall performance of the network and the operation.
Assessing the time required for each aotivity is not always easy. The most reliable
estimates are derived either from past records or from work studies, but in the absenoce
of these it is necessary to estimate the time. If possible, estimates should be made
oft

0 -~ the most optimistio time,
1 — the most likely time,
P - the most pessimistic time

and these should be weighted so that the average time is ocaloulated by:

c + +
As far as possidble, thess estimates should be based on caloulations of the time required,
taking into account the amount of physical work involved and the probability of outside

faotors influencing the work, e.g. weather, siokness and eoconcmio factors. When the
probability of an outside factor is not known, it is only neocessary to estimate the most



likely time.

Figure 3
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The network can thus be redrawn with a time soale and the duration of each
activity reoorded as in the following diagram:

5 10 15 20
Time

It is then pomssible to analyse the network in order to determines

1)
2)

3)

4)

The eariiest time that an activity can start (TE) without
delaying the end of the projeot;

The latest time that an activity oan start (TL) without
delaying the end of the projeot; '

The oritiocal path, uhich is the saquence of activities
whioch determine the minimum time in which the whole operation
can be completed and is the longest path through the network;

The amount of float in each operation, whioh is the amount of
time in the parts of the network whioh do not lie on the

oritioal path by whioh the start and finish of the activities
can vary without affeoting the overall time of the operation.

Aotivity = ™ Flost
A o] 8 8
B 0 0 0
c 0 10 10
D 4 14 10
E 5 15 10
¥ 16 16 0
a 17 17 0
H 17 17 0
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The table shows that in this simple example the oritiocal path lies along aotivities
B,F,G and H because they have sero float. The last two take 4 days and start on day 17 s=o
that the minimum time for oompleting the whole operation is 21 days. There is oonsiderable
float available in the lifting of plants (c) and transporting (D and E) them. If it is
desirable to minimize the time between lifting and planting, then the lifting need not be
started until the latest time TL.

The less float an activity has the more oritical it becomes, Following any path
through the network the oritiocality of the path is inversely related to the amount of float,
and the oritical path is the one whioh needs the most attention by the manager in order to
ensure that the whole operation is not delayed.

One other important use of a network is for setting target dates. Supposing the
planting must be started or oompleted by a certain date, in order to avoid seasonal
influences, then all the activities before the oritioal activity oan be located in time.
Thus if in the example, planting, activity F, must not start before, say, 1st April and be
finished by 16th May, with the relative times given in days, then: sinoe event 5
represents the start of planting and event 6 represents the end of planting, these dates
can be substituted for the earliest time TE and the latest time TL, respeotively, of the
events in Figure 3}, and the others caloulated acoordingly.

Event No. FEarliest Date Latest Date
1 16th March 29th April
2 24th March 15¢h May
3 20th March 13th May
4 21st March 14th May
5 1wt April 15th May
6 2nd April 16th May
7 6th April 20th May
8 6th April 20th May

Thus, the earliest date on whioh operations oan start in order to be just ready to
plant on 1st April is 16th March, and the latest day for oommenoing operations in order to
have planting oompleted by 16th May is 29th April.

A final usp of network analysis is in identifying those activities whioh ocan
prevent the whole operation from being oompleted within a target period. If the whole
operation used in the example above had to be oompleted within 18 days, then some
activities would finish up with negative float and the target would be impossible to
achieve. Under these oircumstances it would be neoessary to transfer resources (men) from
those operations with float to those with negative float. It is easy to see from the
simple example that the digging of planting holes has three days of negative slack when
the total operation time must be only 18 days. The float on the lifting of plants is
reduoced from 10 days to 7 days, but there is still suffiocient float there to suggest that
the lifting oould take twice as long with half the number of men, thus releasing some for
digging holes. It is not always as straightforward as this beoause it ocould be that only
one man would be employed on lifting plants, but the general principle of searching the
activities with float for surplus resources can make a useful oontribution towards the
optimisation of the whole operatiecn. If resources are reallocated in this way it is
neoessary to rework the network in order to ensure that the logioality is maintained, and
to cheok for changes in the oritical path.

Once a network has been drawn and operations commence, it should not be put away in
a oupboard and forgotten; by oontinually updating it and referring to it as the work
proceeds, it is possible to identify in advance where new oritioal paths are emerging, and
therefore take steps in good time to reallooate resources in ordsr to keep on target.
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Appendix F
MEDIUM-TERM FORECAST OF WORK -y
Operation Unit of Year | Year | Year | Year | Year
Measurement 1 2 3 4 5
Land survey ha
Nursery ha
Plants (1000)
Veg. clearance ha
Ploughing ha
Planting ha
Fencing km
Weeding ha
Pertilizing ha
Brashing/pruning | (1000)
Thinning ha
Felling ha
Road constr. km
Road maint. km
Misosllaneous

_1/ adapted from Fraser, A.Il., "A manual on the planning of man-mads
forests", Rome, FAO. Working Paper FO1MISC/73/22, 129 p., 1973.
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Appendix H
FLOW CHART OF COST RECORDS
Day to Day
Labour attendance Plent, vehiole Cost of materials and Payment to
and work record and machine log minor equipment issued oontractors
_______________________________________ b - - - -
Monthly
Monthly labour Monthly machine
sumnary of cost summary of coet
|
hd
Monthly progress
report
Annually
Budgetary control ¢ Annual summary of Reconoiliation with
analysis operational cost expenditure

l )

Future estimates
or budgets Allocation of
overheads

|

Cost studies or
oost analysis
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INDEX

Acid pre-treatment of seed, 45-47

Acidity of soil, 111, 113

Acromyrmex, 123

Actual evapotranspiration, 94-95

Aerial application
of fertilizers, 67
of fungicides, 123
of herbicides, 37, T1
of insecticides, 123

Aerial sowing, 44, 49, 103

Agriculture
competition for irrigation water, 90, 96
improved by afforestation, 100
pressure on land for, 8, 10

Agrisilviculture, 8

Agrosan, for treatment of tree wounds, 74

Aircraft
application of fertilizers from, 67
direct sowing from 44, 49, 103
spraying of fungicides from, 123
spraying of herbicides from, 37, T1
spraying of insecticides from, 123

Air-pruning, 55

Aldrin (insecticide), 123~124

Aluminum powder (lubricant for seed pelletS),47

Ammate (herbicigde), 35

Ammonium sulphamate (herbicide), 35

AMS (herbicide), 35

Angled blade, for mechanized clearing,14, 17, 89

Animals, protection of plantations against, 80-82,
125-127

Annual programme of work, 136, 146

Anthroquinone (repellent), 47

Ants, control of, 123-124

Arasan (repellent), 47

Arboricides, 33 (see also Herbicides)

Arid sites (see also Irrigation of plantations),
afforestation techniques for, 88-89
general, 79-81

Arsenate (repellentg, 47

Atrazine (herbicide), 36

Atta, 123

Augers, use in planting, 63

Balled plants, 54
Banquettes, 3,83

cost of construction in Tunisia, 84
Bare root plants, 54
Basin-listing site preparation method, 86
Beating up, 65-66
Bedding, 29-30, 110 (see also Mounding)
Biological control of pests and diseases, 123
Bird repellents, 47
Bitumen application to drifting sand, 101-103
Boiling water pretreatment of seed, 45
Border irrigation, 92
Boron deficiency, 67
Broadoast sowing, 49
Broken contour line site preparation technigque,85
Browsing oontrol, 125-127
Brush disposal, 8, 21-22
Bulldozers, use for land clearing, 17, 97

Burning,
for pasture management, 80
.of synthetic industrial wastes, 113
of windrows and felled debris, 8, 22, 47
pre—planting, 3-4, 33, 47
post-planting, 129-130
Burning off, 3-4, 33, 47

Capillary fringe, 105
Captan (fungicide), 46
Care in planting, 53, 62=63
Care of plantations, 67~74
Care of planting stock, 54, 60
Catastrip (site preparation technique), 84
Ceratocystis ulmi, 122
Cercospora pini-densiflorae, 123
Chaining (land clearing technique), 1820
Chain saws for land clearing, 15
Charcoal, utilization of debris for, 8-9
Check dams, 86-87
Chemicals,
for disease and insect control, 123-125
for site preparation, 33-38
for weeding, 71
types,
fertilizers, 66-68, 111
fungicides, 33, 123, 125
herbicides, 33-38, T
insecticides, 123-124
repellenis and seed ireatments, 45-47
Chloropicrin (use with methyl-bromide), 123
Choice of machinery,
for drainage, 109
for plantation establishment, 11, 23-24, 31
Choice of Bite, vii
Choice of species
for disease and insect resistance, 122
for mine spoils, 112, 114
general, vii, 137
Choppers (rolling drums), for land clearing, 15
Citemene (site preparation technique), 47
Citric acid, for breaking seed dormancy, 46
Clean cultivation, 27-29, 71, 80, 89
Clean weeding, 14, 27, 69-71, 89
Cleaning up of planting sites, 22
Clear felling, 4-5, 14-20, 89
Clearing land for planting,
chemical methods , 33-38
choioce of method and equipment, 2-3, 12-13,
23-24
manual methods, 2-10
burning Off. 3"‘4' 33' 47
clear felling, 4-5
debris disposal, 8
patoh clearing, 3
release clearing, 5-7
strip clearing, 3, 5-6, 47-48
, stumping, 7, 23
taungya, 8, 10
mechanized methods, 11-24
chaining, 18-20
chain saws, 15




choppers, 15
debris disposal, 21-22
principles, 11-14
root ploughing, 20, 88-89
sorub cutters, 15
shearing, 14
stump removal, 16, 20, 22
tractor techniques, multiple, 18-20
tractor techniques, single, 16-18
tritters, 15-16
productivity, 23-24
Climber cutting, 150
Coi1ling of roots in containers, 53, 55
Collection of data for planning, 136=139
Collector drains, 106=-107
Compartment register, 145
Compartment size, in plantations, 142
Competition for soil moisture, 1, 25, 80, 88
Consumptive use of water, S0
Contact herbicides, 33
Container planting stock, 54-55, 58
deformation of roots, 53, 55
Contour banks, 88-89
Contour ditches, 3, 83-86
Contour steps, 83-86
cost of construction in Tunisia, 84
Contour strips, 3
Contour trenches, sowing in, 49
Contract labour, 4, 7
Controlled burning (see also Burning),
pre-planting, 3-4, 33, 47
post-planting, 129-130
Conversion planting, 5
Copper oxide, for breaking seed dormancy, 46
Costs,

clearing and site preparation, 10, 12, 84

erosion control, 84
yorigated plantations, 98
of direct seeding, 43
plantation, 84
recording of, 144-145, 171
Crescent site preparation method, 86
Cronartium ribicola, 123
Crop coefficient, 94-95
Cultivation,
choice of method and equipment, 31
draught animals, 32, 71
manual, 25, 70-71
mechanized, 25-31, 70-71

bedding, 29-30, 110 (®ee also Mounding)

clean cultivation, 27-29, 71, 80, 89
pioneer ploughing, 27-28, 32
post-planting harrowing, 71-73
pre~planting harrowing, 25-31, 89
ridge ploughing, 25-27

strip cultivation, 25-26, T0-T71

subsoiling, 20, 25, 28-29, 84, 88-89, 108

turf ploughing, 25-27, 108, 110
post-planting, 68-73
pre-planting, 25-31
productivity, 31=32
Cut-off drains, 106
Cuttings, 56
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Dalapon (herbicide), 36
Data collection for planning, 136-139
Debris disposal, 8, 21-22
Deep planting, 63
Deformation of roots in containers, 53, 55
Density of roads in plantations, 142, 153-154
Density of stocking (see spaoing)
Departmental taungya, 10
Desalination, 105
Development planning, 135
Dibbling,
for planting, 62
for direct sowing, 49-50
Dieldrin (insectioide), 123~124
Diplodia pinea, 122
Direct planting, 3
Direct seeding,
advantages and disadvantages, 43-44, 53
methods, 49-51
of sand dunes, 103
timing of, 48
Direct taungya, 10
Dis¢ harrowing, 28-30, 71~72, 89
Disc ploughing, 25-28, 89
Diseases protection against, 122-125
(see also names of diseases)
Distortion of roots in containers, 53, 55
Distribution of planting stock, 60-61
Ditching, for control of wild animals, 125~126
Dormancy, seed,
breaking of, 45~47
types of, 44-45
Dothistrome pini, 123, 125
Dowpon (nherbicides), 36
Dragline excavators, 109
Drainage,
effect on spacing, 58
machinery, 108-110

of plantation sites, 25-26, 29-30, 103-111

of roads, 157
techniques, 105-108
Drains, type of, 106-107
Draught animals, 32, 71
Drill sowing, 49
Drip irrigation, 93
Dunes, 99-103
occurrence, 99-100
stabilization methods, 100-103

Effective rainfall, 94-95
Eléments de banqueties, 85
Employment opportunities, 11, 138
Endogenous dormancy, 44
Endothia parasitioca, 122
Endrin (repellent), 47
Enrichment planting, 5, 149~150
Frodible sites, afforestation of, 79-87
Erosion,
oontrol, mechanical, 80~89
oontrol, vegetative, 80-81
hagard, 1-4, 25, 28, 38, 47
wind, 99, 115
Espacement (see spacing)
Establishment phase, definition, vii
Evacuator drains, 107




Evaluation of mining sites for planting, 114
Evapotiranspiration,
actual, 94-95
potential, 94-95
Excavators, for drainage, 109-110
Exogenous dormancy, 44

Fallow, 8
Farming for pay, 10
Felling (see Clearing land for planting)
Fencing,
for control of animals, 125-127
on sand dunes, 102
Fertilizers and fertilizing, 66~68, 111
Financial resources for planning, 138, 143-145
Fire, (see also Burning)
hazard of, 38, 81, 127-128
protection against, 80-81, 127-131

Firebreaks, 24-25, 128-129

Firewood, 8

Flood basin irrigation, 92

Flow oapacities of irrigation channels, 97
Forecasting of work, 141-142, 169

Frill girdling, 6, 34-35, 38 (see also Girdling)
Frost damage, 122

Frost heaving, 44, 57

Pungicides, 33, 123, 125

Fungus diseases, 123-125

Furrow irrigation, 92-93

Gezira (Sudan) irrigation project, 91
Giberellic acid, for breaking seed dormancy, 46
Girdling undesirable trees, 5-7 (see also
Frill girdling)
Gonipterus scutellatus, 123
Graded ditches, &5
Grading of planting stock, 56-57
Gradoni, 3, 83
sowing of, 49
Gramoxone (herbicide), 36~37
Grazing, control of, 80-81, 127
Ground preparation (see site preparation)
Growth rates, 58
Gully control works, 86-87

Hardening off, 57
Hardpans and indurated jayers, 25, 27, 29,
91, 108
Harrow, bedding, 29-30
Harrow plough, 27-28
pulverizing, 28
tine, 32
Harrowing,
post-planting, 71-73
pre-planting, 25-31, 89
Heath lands, ploughing of, 27
Hedges,
for control of animals, 125-127
for dune stabilization, 102
Heeling-in, 54, 60
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Herbicides
definition, 33 _
for post-planting weed oontrol, 71
for pre-planting weed control, 33-38
types,
ammate, 35, 115
ammonium sulphamate, 35
AMS, 35
atragine, 36
dalapon, 36
dowpon, 36
gramoxone, 36-37
paraquat, 36-37
pentachlorophenol, 35
picloram, 35
silvex, 34
simazine, 36
sodium arsenite, 6,35
sodium chlorate, 33-36
tordon, 35
triazines, 36, 2, 4-D, 35
2, 4, 5-T, 34
Hot water pretreatment of seeds, 45, 47
Human resources, 138, 142-143
Hydrogen peroxide, for breaking seed dormancy, 46

Incentives,
for afforestation, 81-832
for taungya, 10
Indolacetic acid, for treatmeni of iree wounds, 74
Industrial waste lands
preparation for afforestation, 114-115
types, 111-113
In-filling, 65-66
Inoculation with mycorrhizae, 68
Insect control, 122-124
Insecticides, 123-~124
Institutional data for planning, 139
Irrigation of plantations,
economioal aspects, 98
effect on tree apacing, 58
general considerations, 73, 90-92
methods, 92-93
planning and layout of, 96-98
water requirement of, 93-96

K.G. blade, 14, 17

Labour,

availability, 2, 12, 23

organization, 60

requirements, 170, 138, 142-143

ve meohanization, 2-3, 11-13, 23-24
Land,

clearing (see Clearing of land for planting)

hunger, as affeocting taungyas, 8, 10

levelling, 97, 112

resources for planning afforestation, 137
Land oconditioner, for mechanized olearing, 15-16
Lanoline, for treaiment of tree wounds, 74
Layout,

of drains, 105-107

of irrigated plantations, 96~98

of plantations, 11, 24-25, 59, 142

of roads, 11, 98



Leaching,
of mine spoils, 113
of saline soils, 91, 105

Leaf cutting ants, 123-124

Levelling,
of land for irrigated plantations, 97
of strip mined areas, 112

Liming, 111

Line clearing, 5, 6, 9, 150

Line planting and line plantations, 5«6,
149-150

Line sowing, 49

Line weeding, 70-71

Livestock, proteotion against, 80-81, 127

Macro-nutrients, 66
Management, effect on spacing, 59
Management plana, 136-146
Manual methods of afforestation,
land clearing and site preparation, 2-12,
27, 70-T1
planting, 84
weeding, 70-T71
vs mechanical methods, 2-3, 11-13, 23-24
Maps for plantation planning and implementation,
137, 145, 152
Marking of planting lines, 59-60
Marshes, drainage of, 103-105
Mechanical control,
of erosion, 80-89
of pests and diseases, 123-124
Mechanized methods of afforestation,
defined, 11
land clearing and site preparation, 11-32
planting, 64-65, 84
weeding, 70~72
effect on spacing, 58
va., manual methods, 2-3, 11-13, 23=24
Methdde steppique, 88-89
Methyl - bromide (fumigant), 123
Micro-nutrients, 56
Mine spoils
choice of species, 114
economic considerations, 114-115
evaluation of the s. .e, 114
preparation for planting, 111-112, 114-115
Minipots, 55
Mixed plantations, 122-123
Monochaetia undcomnis, 122
Mole plough and ploughing, 108-109
Mould-board plough,
for contour ploughing, 28
for drainage, 25-27, 108-109
for deep furrows, 89
Mounding, 29 (see also Bedding)
in saline marshes, 105
Mound sowing, 50
Muloching,
of arid lands, 88
of sand dunes, 101-103
of unstable slopes, 86
Myoorrhiza e, 68
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Naked rooted stoock, 54
Net irrigation water requirement, 93-96
Network analysis, 164-168
Nile Waters Agreement, 91
Nitrogen,
fertilizer, 66-68
fixation, 68
soil nutrient status, 66, 111
Notching technique for planting, 62
Nurse orops, 68
Nutrients,
deficiencies, 66, 111
effect on spacing, 58
individual chemical,
boron, 67
nitrogen, 66-68, 111
phosphorous, 66-68, 111
potassium, 66, 111
use by taungya crops, 10

Operational data for planning, 139 (see also
Productivity rates and work norms)
Operational planning, 135-146

Paraquat (herbicide), 36-37
Patch clearing, 3
Peat bogs, preparation for afforestation,
25, 103-111
Pegging of planting lines, 59-60
Pelleting of seed, 47
Pentachlorophenol (herbicide), 35
Percolation, 80-81
Phoracantha semipunctata, 124
Phosphorous,
fertilizer, 66-68
soil nutrient status, 66, 111
Physiological condition of planting stock, 56
Phytocides, 32 (see also Herbicides)
Picloram (herbicide), 35
Pioneer ploughing, 27-28, 32
Pit plenting, 11, 25, 62-63
Planning,
development, 135
national, 135
network analysis, 139, 164-168
of plantations, 135-146
irrigated, 96
of roads, 151-152
of seed collection and handling, 161-163
operational, 135-146
periodic, 139
plentation management, 135-146
sectorial, 135
Plans,
plantation management, 139-146
skeleton, 136
Plantations,
clearing and preparation of site, 1-38
costs, 84
fertilization, 66-68, 111
irrigation, 58, 73, 90-98
layout, 11, 24-25, 59, 142
planning, 135-146




protection against,
animals, 80-82, 125~127
disease, 122-125
fire, 80-81, 127-131
grazing, 80-82, 127
insects, 122-124
men, 80-82, 127
weather, 121-122
pruning, 5859, 74
spacing, 11, 58-59, 88, 149
taungya, 8, 10, 51, 59, 71
tending, 68~74
weeding, 69-73
Planting,
advantages and disadvantages vs. direct
sowing, 43-44, 53
care, 53~ 62-63
costs, 84
enrichment, 5, 149-150
line, 5-6, 149-150
machines, 64-65
methods,
manual, 62-63
mechanized, 64-65
principles, 53-60
organization of, 60
replacement of casualities, 65-66
season and timing of, 57-58, 60
stock
balled root, 54
bare root, 54
care of, 54,60
cuttings, 56
grading of, 5657
physiological condition of, 56
plugs, 55
potted, 54-55
resources, 137
rooted cuttings, 56
sets, 56
size, 55-57
striplings, 54
stumps, 56, 102
tranaport, 54, 61
tubed, 55
wildlings, 54
Ploughing and discing, 25-29, 89
of firebreaks, 25, 128
pioneer, 27~28, 32
productivity, 31
ridge, 25-27
strip, 25-26
with draught animals, 32
Ploughs,
disc, 25-27, 89
harrow, 27-28
mould-board, 25-28, 89, 108-109
root, 20, 88-89
tine, 27-28
Plugs (planting stock), 55
Poison baits, 126
Poisoning undesirable trees, 5-6, 34~35, 38,150
Polythene containers for planting stock, 55
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Potasaium,
fertilizer, 66
goil nutrient status, 66, 111

Potassium niirate, for breaking seed dormancy, 46

Potential evapotranspiration, 94-95
Potets, 3

Pots (see Polythene containers for planiing stock)

Pre-ochilling, 46
Pre-planting harrowing, 25-31, 89
productivity, 31

Presoribed burning (see Controlled burning)

Pressure on land for agriculture, 8, 10
Pretreatment of seed, 44-47
acid, 45-47
soarification, 45, 47
siratification, 46-47
vater, 45, 47
Productivity rates and work norms,
manual,
banqﬁettes, 84
brushing and felling, 4
clearing, 84
contour steps, 84
felling and burning, 4
line clearing, 6
line sowing, 49
piling debris, 23
planting, 84
production of planting stock, 84
replacement of casualities, &4
roads, 84
stumping, 7, 23
tending, 84
weeding, 70
mechanical,
banquettes, 84
chaining, 23
choppers, 15
clearing, 23, 84
line sowing, 49
ploughing, 31
pre-planting harrowing, 31
replacement of casualties, 84
roads, 84
subsoiling, 84
tending, &4
tritters, 15
windrowing, 23
Protection of plantations against
animals, 80-82, 125~127
diseases, 122-125
fire, 80-81, 127-131
grazing, 80-82, 127
insects, 122-124
man, 80-82, 127
weather, 121~.122
Protection of planting stock against
termites, 63, 123-124
wind, 63, 89
Pruning, 58-59, 74
Pulverizing harrows, 28
Pumps for irrigation, 98
Pusher bar, use with crawler tractors, 16
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Rabbit control, 126
Rab method, 47
Rainfall,
build-up in soil before planting, 57
intensity, 79-81
seasonal distribution, 79-80
Rakes, tractor, for clearing and windrowing,
1617, 21-22
Rasetties, 89 (see also Subsoiling)
Ravine ocontrol, 86-87
Recording of costs, 144-145, 171
Release clearing, 5-7
Removal of containers before planting, 55, 63
Repellents,
on plants, 126
on seed, 47
Replacement planting, 65-66
Replacement sowing, 51
Reporting of plantation activities, 144-145, 171
Resource data, for planning, 137-138
Rhizoctol oombi, for seed pelleting, 47
Ridge ploughing, 25-27
Ridges, tied,
oconstruction of, 47, 86
sowing of, 47, 49
Ring-barking, 5-7 (see also Frill girdling)
Ripping (see Subseiling)
Roads, 24-25, 151-158
classes, 152-153
cost of construction in Tunisia, 84
density, 142, 153-154
indexing, 152
layout, 11
in irrigated plantations, 98
maps, 152
planning, 11, 142, 151-152
standards of oconstiruction, 154-158
Root distortion in containers, 53, 55
Root ploughs, 20, 88-89
Root-shoot,
cuttings, 56, 102
ratios, 56
Rooted outtings, 56
Rotavators, 25, 28, 71

Saccardy's formula, 83
Saline soils, afforestation of, 91, 96, 105

Salinity problems in irrigated plantations, 91, 93

Salt marshes, 105
Salt spray, 121-122
Sand dunes,
ocourance, 99-100
stabilization of, 100-103
Scale of operation, 13, 24
Scarification of seed, 45, 47
Sorub cutters for land clearing, 15
Season, planting 57-58, 60
Seed,
availability, 43-44, 53, 137
collection, planning of, 161-163
ocost, 43
direct seeding of,
advantages and disadvantages, 43-44, 53
methods, 49-51
of sand dunes, 103
timing of, 48

dormancy, 44-47
pelleting of, 47
pretreatment of, 4447
scarification, 45, 47
stratifioation, 4647
Seedlings (msee Planting stook)
Selidosema suavis, 122
Sequence of plantation operations, 32
Sets (as planting stoock), 56
Shamba, 8, 10 (see also Taungya)
Shaping, 74
Shearing, 14
Shelterbelts, 101
Shelterwood, 6
shifting cultivation, 8, 10, 81
Shooting wild animals, 126
Silvex (herbicide), 34
Silvicide, 33 (see also herbicides)
Silvicultural ocontrol, 123
Simazine (herbicide), 36
Site,
choice for planting, vii
evaluation of industrial waste lands, 114
preperation,
burning, 3-4, 33, 47
clear felling, 4-5, 14-20, 89
chemical, 33-38
citemene, 47
contour ditches and steps, 3, 83-86
drainage, 25-26, 29-30, 58, 103-111
for direct sowing, 47-48
for irrigated plantations, 97
levelling, 97, 112
manual methods, 2-12, 27
mechanical methods, 11-32
objectives, 2
patch olearing, 3
strip felling, 3, 5-6, 47-48
stumping, 7, 16, 20, 22, 23
terracing, 82-86
tie ridging, 47, 86
Size and grading of plants, 55-57
Skeleton plan, 136
Slash disposal, 8, 21-22
Sodium arsenite (horbicide;, 6, 35
Sodium ohlorate (herbicide), 33, 36
Soil,
oconservation works, 80-89
degradation, 1, 8, 80
disturbance, 13, 16, 21
erosion,
ocontrol, mechanical, 80-89
ocontrol, vegetative, 80-81
hagard, 1-4, 25, 28, 38, 47
wind, 99, 115
hardpans, 25, 27, 29, 91, 108
importation to planting sites, 112, 114
moisture, 25, 58, 81
build-up before planting, 57
storage capacity, 94-95
nutrients, 58, 66, 111
reaction, 111, 113
retaining structures, 80-89
texture, effect on irrigation methods, 93
water holding oapacity, 91
Soil moting herbicides, 33, 36
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Sowing, direct Tine harrows, 32
advantages and disadvantages, 43-44, 53 Tine ploughs, 27-28
methods, 49-51 Tordon (herbioide), 35
of sand dunes, 103 Torrao paulista, 55
timing of, 48 Torrent ocontrol, B86-87
Spacing, Total herbicides, 33, 36
in plantations, 11, 58-59 Training of labour, 12, 32, 138, 143
in relation to soil moisture availability, 88 Translocated herbiocides, 33-36
of irrigation furrows, 93 Transport of planting stock, 54, 61
in line enrichment plantings, 149 Trapping wild animals, 126
of roads, 153~154 Trap trees, 124
Species, choice of, Triazines (herbicides), 36
for disease and insect resistance, 122 Tritters, 15-16
for mine spoils, 112, 114 Tubes, as plant containers, 55
general, vii, 137 Turf ploughing, 25-26, 108, 110
3po1l sites (see Mine spoils)
spotl sowing, 49-51, 71 Ultra low volume spraying, 37, 71
Spot weeding, T0=71 Underplanting, 5-7
Stabilization,
of mine tips, 112 Varying grade contour ditches, 85
of sand dunes, 100-103 V-blade, for mechanized clearing, 14
Jtinger, for mechanized clearing, 18-19 Vegetative propagation, 53
Storage capacity of soil, 94-95 Village forestry, 82
Stratification of seed, 46-47
strip clearing, 3, 5-6, 47-48 Water
Sirip cultavation, 25-26, 70-71 oonservation methods, 80-89
Strip mines, 111-112 (see also Mine spoils) holding capacity, 91
Striplings, 54 pre~treatment of seed, 45-47
Strips contour, 3 quality, 91~96
Stumpang, requirements, 90, 93-96
manual, 7 retaining capacity, 80
mechanical, 16, 20, 22 retaining structures, 80-87
work norms, 23 storage reservoirs, 81
Stumps (as planting stock) 56, 102 Watering plantations, 73 (Bee also Irrigation
Subsoiling, 20, 25, 28-29, 108 of plantations)
along contour bhanks, 88-89 Waterlogged mites,
costs in Tunisia, 84 drainage, 105~111
methdde steppique, 88-89 in irrigation schemes, 91, 93, 95
of catastrips, 84 occurrence, 103-105
Subsoiling plough, 28 Wattle fencing, 102
Sulphuric acid, for pre-treatment of seed, 45 Weeding, 69-73
Surface irrigation, 92-93 by burning, 129~130
Swampland, chemical, 71
drainage, 105-111 clean, 14, 27, 69-7%, 89
occurrence, 103-105 of irrigated plantations, 73
regimes, 73
Taungya, 8, 10, 51, 71 Weed,
effect on spacing, 59 competition, 53, 58
Tartaric acid, for breaking seed dormancy,46 elimination, 70-73
Tending of plantations suppression, 70
irrigation, 73, 90-98 Wet sites (mec Waterlogged sites)
pruning, 58-59, 74 Wicker work fences, 86
shaping, 74 Wildlinge, 54
thinning, 59, 123, 149-150 Wind,
weeding, 68-73 damage, 57, 63, 89, 104, 121
Termites, 63, 123-124 erosion, 99
Terracing, 82 Windbreaks, 101-102
Thinning, 59, 123 Windrowing of debris, 8, 21-23
of line enrichment plantations, 