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PREFACE

The PFAO World Symposium on Nan-Made Forests and their Industrial Importanoe,
oonvened in Osnberra, Australia, in 1967, drew sttention to the inoreasing oontribution
of man=made forests in the field of forest davelopment and wood produotion. Estimatos
nade A% the time of the symposium were that a world total of about 80 million ha of
men-nade forests had been planted up to 1965, and that by 1985 the total might well
reaoh 200 million ha (FAO, 1967). In some oountries of the world, a substantial part
of the national wood oconsumption is already met by wood produotion from plantations,
and in other ocuntries there is a growing recognition of the possibilities and
advantiges offered by man-made forests, even where oonsiderabls reserves of natural
forest exist.

This dooument is interded to serve as & referance book on some of the prinoipal
methods of establishing forest plantations. Coverage is global, with some emphasis on
techniques suitable for tropioal and subtropiocal regions.

For tho purposes nf this took, the plantation establishment phase is considered
t0 be that general period from initial site preparation to the stage when the plantation
orop oloses osnopy. The book, therefore, oovers site preparation, planting and diract
sowing, early tending and prnteoition operations, as well as the neoessary operational
planning mesasures required to ensure timely and effioient oompletion of aotivities.
Submquent managerial practioes oarried out after oanopy olosure and operations done
prior 40 site preparation, suoh as nursery produotion and ohoioe of species and sites,
have been exoluded.

The mubjeot matter is treated on a broad Hase, oovering the main teohniques and
general prinoiples of piantation establishment and operational planning. Greater detail
on speoifio practioces for partioular areas oan be found by oonsulting handbooks or
manuals prepared for individual regions or projeots, many of whioh are listed in the
extensive bibliography provided at the end of eaoh ohapter. An additional bibliography
of general, oomprehensive sources of information iz given at the end of the book.



CHAPTER 1
SITE PREPARATION

(ENERAL CON3IDERATIONS

Site preparation as disoussed in this chapter is oonfined to firm, well-drained or
generally dry land sites, already ocoupied by a usually indigenoue 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 oocoupying and utilizing the
required land, by oreating exoessive oompetition for available moisture and/or nutrients,
by depriving seedlings of light or by hindering the introduotion of teochniques neoessary
for suocessful sstablishment. Under suoh oonditions, a primary requirement is to determine
effiolent and eoonomio methods of eliminating harmful competition. Sometimes removal of
vegetation creates sufficiently favourable oconditions for tree establishment without
further assistance, but in other areas the main aim is {0 oreate oondiiions whereby
rogrowth and weeds oan readily be controlled during the establishment period, whioh may
cover a number of years. Site preparation is an early investment and often constitutes a
major proportion of total establishment oosts. The fact that suoh oosts oonsiderably
affect financial feasibility underlines the need to use e¢ffioient and economic methods.

As the removal of an indigenous vegetative oover oonstitutes a major eoological
change, no site olearing should take place without knowledge of what these effeots are
likely to be andwithout oareful planning to ensure that oleared land is oarefully and
effiociently used and that neoessary precautions are taken to prsvent soil degradation or
erosion, ‘

In oertain favourable oiroumstances, it may be possible to establish the
plantation orop with minimum disturbance of the natural cover and minimal or no
ocultivation of the soil. For example, where fast-growing tropical pines are planted on
short~stemmed grass sites, it is oommon praotice 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 examples where dense tropioal rain
forest has to be removed, often under diffioult oconditions of climate and terrain, before
planting oan begin. Often ths soiis of such rain forests are fragile and great care has
to be exercized if excessive erosion is not to ensue. Between these extremes, there is a
&reat range of sites and conditions offering a number of options ¢n how site preparation
may be undertaken.
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Site preparatien using labour and handtosls is the oldest and remains the mest
cemmen method. More recently, partioularly where the labour supply is restrioted or
cestly, a number of mechanised teochniques have been develeped, many involving specialized
equipcent for olearing and oultivation. S3ite preparation in forest or woedland,
partioularly in hot olimates, is extremely ardueus and hsavy power units oan take seme of

the drudgery out of suoh work. Nachinery offers high outputs per hour or per day, but
 involves a high capital expenditure and requires special operating and maintenance skills.
A further innovation im the develepsent of chemioal weedicides which oan be used in
feresiry to centrol or eliminate unwanted vegeiation., Some chemiozl metheds are used en
an eperational scale, but others remain at the experimental stage; for wmany there is
inoomplete information ef their possible harmful effeocts on the general envircnment.

For any afforestatien project, site preparation methods should be investigated,
developed and asseszed prier to initiating the projoct. In many countries, adequate
manual techniques are sstablished and known, but for seme operutiens the employmeant of
mechanized or chemical techniques may offer improved oost efficiency or opportunities to
extend the scale ef project. In the absence of any previcus site preparation investig-
atiens, a series of trials is required to cempare the standard local techniques with other
metheds which seem relevant to the sites being developed. The comparisens should be made
on the same er highly similar sites and should not be confined only to site preparation
but sheuld relate the operations to subsequent establishment, tending and &rowth,

The general ebjeotives of site preparatien involving clearing of vegetation and/or
oultivatien ares

1) to olear the site of existing vegetatien ae as to reduce or eliminate
competition whioch oould prevent adequate establishment or adversely
affect the plantation orop and

2) to cultivate the ground

a) to fasilitate planting and establishment and %o snoourage
rapid rect development,

b) to reduce the weed cover,

6) +o reduce erosien by providing physical barriers to surface
runoff and,

d) where mechanized post-planting weeding is planned, at the
time of oultivation or before to remove all surface or
below greund otr~tructions likely to hinder weeding operations.

Under spesoified cenditions only some of these objeotives may apply to a‘partioﬁi&?
area er prejeot. ' ’ .
NANUAL, NETHODS

Manual methods for olearing ground oover and fer seil preparation are in use-
predeminantly under the following oirocumstancess ‘ '

1) where the ground cever rsquires a minimum of disturbance prior to
planting or seeding,

2) where labour is plentiful, oheap 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 net available or where the terrain is toe
steep, teo recky, too wat er ethsrwise unsuitable for its
eperation,

Grg- or Shrub Covered Sites
Direst Planting witheut Clearing

On seme sites where the greund cover omsists predominantly ef grass species or
of lew, shrubby species, direot planting may be carried cut with a minimum eof previous
site preparatien. 3Such is the oase in the pine plantatiens of Zululand in South Afrioa
where pines eriginating primarily f—em 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 ferm ef smeil preparatien is needed and the
plants are simply inmerted inte holes or slits made with a trowsl.

Direot planting without previous site preparation is aiso practised in many
northern temperate countries, for instance on old olear-felled conifer forest land or
dry heath meers, -here seil nutrients and moisture are suffiocient both fer the newly
planted seedlings and fer the native vegetatien. Sometiues the retention of ground
oever is even desirable Lecause of its beuneficial affeot in pretecting the young ferest
plants frem frest or from exposure or in reducing the risk of eresien on steep or hilly
sites. The essential feature in the direct planting method is that the ferester relies
mainly en post~planting weeding and slashing te keep the forost plants fiem being
suppressed by the native vegetation.

Strip and Patoh Clearing

In cagex where the ceompetitien of herbacecus or shrubby vegetation is harmful to
the new ferest orop, as happens frequently in the Mediterranean region and other areas
subject te prenocunced dry seasens, it is necessary to olear the vegetation prior to
planting. Where burning cannot b2 safely managed and where it iz too costly to olean
oultivate the whole area, clearance of the vegetatien is limited to relatively small
patoches or narrow strips, in which the tree seedlings are later planted. The cleared
pstches er strips should not be less than one metre in width, preferably 1.5 metres, and
should be well oultivated to good tilth before sowing or planting. The tools most
cemmenly used for this werk are the mattook, heavy hoe and grubber. Most effective is
the mattock, whioh has a hos or digging blade on one side and a pick or cutting blade on
the other,

On hillsides liable to erosion, the cleared patches and strips are usually sited
on the oentour, the uprooted vegetatien being stacked along the lower sdge as a
precaution against soil wash. Where soil canditiens permit, contour strips can be

pleughed.

In Norocoo, the seil preparatien method most used in shrub-covered foothills for
planting Eucalyptus gomphoosphala and Pinus halepensis is to olear and ocultivate by mattoock
patches of land i:—;t.tl 0 -~ 70 om2, -?roquently these cultivatiens are oombined with seil
and water omrervatien measures such as contour ditching or construotien of narrow terraces

(gradeni or banquettes).

Burning Off

Centrolled burning of grass or low bush covered sites prior to planting is oommon
practics in many ccuntries and oan be said to be the oldest method of ground olearance and
may be the cheapest. Controlled burning requires careful planning. The general appreach
invelves cultivating or oclearing & fireline er bresk areund the area and initially burning
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& strip at least 50 m wide inte the wind, with the fire being kept under cemtrel by beaters.
Onoe a suffioiently large downwind strip is olear of inflammable mattar, the rest of the
perimeter is set alight and the fire is allewed to run with the dreese. This main buming
is best deme in the evening er at night when winds generally drop and the fire is less
likely to get out of oontrel.

Burning in seme cases may be haraful, fer instance by stimulating the regeneratiem
of undesirable species, by aggravating soil eresien or by prometing the eutbreak of fungus
diseases (e.g. Rhisina undulata on Pinus l;lvoltr:l!).

Bygh _or Forest Covered Sites

On sites ocevered with weody vegetatien there are two mejor olearing techniques
1) felling, where roets are laft in the ground eor 2) stumping, where the reets are
extracted.

Follin‘ witheut Root Extraotien
Clear Follin‘

The olearing ef mere er less densely covered bush or ferest land is alwost invariably
cestiy in manpewer, though the finanoial oest to a prejeot may be reduced if a goed
prepertisn of the weod being sleared carries some oemmercial value as fireweed or charceal,
pests, poles, pulpweed or sven timber. In such cases, the land clearing operatien is often
omtracted. The forms ef suoch contracts naturally vary widely througheut the world, with
much depending on the value and usefulness of the material to be cleared. In favourable
ciroumstances, olearing may yield a net inceme, recouped either in oash or oommuted for
additienal site preparation werk such as fenoing, draining, or constructien of access reads,

In other areas, the site to be prepared fer planting may be previously legged
forest in which all or most of the usable material has already been removed, leaving only
the felling debris mingled with unmerchantable stens, weeds, ooppice spreuts, an under-
stery ferest or bamboes, There is then little alternative but te meve in with gangs of
men te ocut and clear the vegetatien for broadcast burning or to Pile it in heaps or rews
where it can be burned or left to rot.

In Papua New Guinea, native rain ferest is clear-felled from plantatien sites by
manual methods. Labourers first ge through the area outting ali 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 six to eight weeks later, during a few days dry spell, the out-over
areas are systematioally burmed, and generally all but the heavier logs sre ocensumed.
The brushing and felling work alone requires up to 50 man-days per heotare.

, In Ghana, tropical high forest is alse manually oleared for planting, Fellewing
selective legging, understooked sites are cleared ef underbrush and small trees by gangs
of labourers using machetes. Larger trees are felled with Pover saws eor peisoned. Seme
de-limbing is done in associatien with falling to faoilitate a geed burn, but stacking and
windrewing are net practised. Broadoast buraing is dee in the dry seasen. Thse felling
and burning eperatiem require an average ef 86 man-days/ha.

) Similar large-scale manual clearing ef cemmercially peer lewland trepical rain
ferest is dene at the Jari River projeot in the Brasilian Amazen ro(hn, vhere large gangs
of olemely supervised cemtract labeur have replaced heavy tractors Palmer, 1977).



In Papua New Guinea, Ghana and Brasil, the species subsequently planted are light-
demanders. These require tetal felling ef existing vegetatien, but with mere shade—tolerant
speoies it may net be necessary or even desirzble to remeve all the indigenous fereat growth
frem the site. Censequently, systems of partial clearing have evolved which may be called
“gtrip er line clearing” where the vegetatien is totally oleared aleng lines or bands at
fixed intervals, and “release clearing for underplanting” in which the ground vegetation
and understory species are totally cleared while the everstory of larger stems is thinned
out systematically so that the orowns. of the remaining stems cast a mosaioc pattern of light
and shade en the greund.

Strip Clearing

Strip olearing has been widely used in the tropios in cennection with 3 1)
enrichment planting, aimed at improving the percentage of desirable timbsr species in
natural ferest witheut eliminating existing useful irees and 2) conversion plenting, aimed
at the cemplete replacement of the existing vegetatien by an entirely new man-nade ferest
(P29, 1970 )e Although these two reforestatien metheds differ in aim, the techniques used
are eftan very similar. Fer both, fast-growing, light-demanding trees are planted in lines
cleared through the existing forest after varying reduotions in the canopy; for enrichment
planting seme of the trees of the natural forest are intended teo be preserved, while feor
cenversien planting all are eventually remeved. The width of the oleared strips and their
frequency varies, but the methed of carrying out the work is essentially the same.

The first step is te establish a oleared base line (if ne reads or suitable paths
are available) at right angles to the direotien ef the future planting lines. This
direotien may be dstermined by consideratiens of tepography, of future extraoction routes or
of lateral shading (in many West African csuntries an east-west orientatiemn is preferred).
The planting lines are then "blased oui™ at right angles to the base line by a brushing
gang, the cerrsct directien being maintained by a prismatic compass or a simple sighting
instrument. The blaszed linas are then cleared to the required width by cutting and
felling gangs. The resulting debris is piled to ret aleng one edge of the strip or,
preferably, burned if atmespheric oondiiiens permit. The oleared strips are hoed in lines
or in spets ready for planting or sowing. Trees in the bands of forest between the cleared
strips which may cast overhead er lateral shade on the planted trees are either felled,
ring-barked (i.e. girdled) or poisened, the intensity of removal depending on whether the
objeotive is enrichment or cenversien,

Although line planting has been widely practised in the tropios, it has met with
varying degrees cf success; there have baen a number of attempts to identify the reasons
for success and failure (Catinot, 1969; Dawkins ex Lamb, 1967; Groulez, 1976; Jacksen,
1974 and Lamb, 1969). Most successful have been the line conversion plantings in
francephone West Africa. Line enriohment planting, on the ether hand, has been abandoned
in some countries, after having been practised for a number of years. In some cases this
is because the techniques used were unsuccessful; but many of these failures could have
been avoided had the general oriteria for success as formulated by Dawkins (ex Lamb, 1967),
and repreduced in Appendix A, been follcwed. Iu particular, early and complete opening of
the overhead canopv and the use of species capable of rapid initial growth and tolerant of
weed ocompetitioen :rs nocemssary (Jackson, 1974). In ether cases the increased demand for
forest preducts, espscially {rom tiinnings, has made close plantatiens more attractive than
line plantings. On the whole the iendency is to change from line plantings to more intensive
forms of forest management, such n.s olese plantations or taungya plantations. Line planting,
hewever, is still uzed extensively in some oountries and remains under study in a number of
others. It ocai still be of great value in regenerating explcited forests when more
intensive mansgument is uneconomic or where natural forest conditiens must be meintained to
pretect the enviremment.



In the British Selomen Islands Pretecterate, fer example, line planting has become
the standard technique fer large-scale referestatio of cut-ever native ferests (Jlok-m,
1974). Lines are out 3 m wide at 13 m intervals ani the plants are spaved 3.6 m aleng the
line. All stems in the remaining overwoed larger than about 5 om diameter which oannet be
felled ecomomically with a machets are frill-peisened with sodium arsenite two months after
planting, The first twe line cleanings are dene te ground level at 2 - 3 menth intervals.
Subsequent cleanings are dene to knee height at 3 - 4 menth intervals during the first 18
menths. Thereafter climber outting is practised as Tequired. In 1970 labour requirements,
excluding supervisiemn, wers 55 man—dm/hu, bi'ccen dewn as follewss

Operatien : lnim&u
Site preparation (line olearing, poisening,
regwneration reads) . 19
Planting and plant productien 1

Tending (cleaiiag, olimber outting, boundary
maintenance) for three years ' 25

Release Clearing for Undeglln;t:ln‘

This methed may well be considered as an extensien of, er deriving from, the
l‘fu'opcan systen of shelterweod regeneratien. It has applioation partiocularly wheres

1) the speocies to be introduced needs (or tolerates) everhead shelter
in the ezrlier yeara after planting,

2) the existing forest contains a relatively high number of large,
undesirable stems whese remeval would be unduly ocostly or
diffioult, or

3) the axisting forest centains a number of valuabls timber mpecies
vwhich it is desirable to retain, the aim of new planting being
either to enrich the forest with the same species er to introduce
& replacement orop of some other species.

The usual precedure is to brush er out away all the low vegetatien (small ooppice
and trees under 10 om diameter) whioh is then Piled and, where pessible, burned, leaving
the ground surface mere or less freely acoeasible for tree planting, Some of the
remaining trees are then ring-barked, leaving suffiocient stems in the overweod to preduce
the dosired mesaic ef light and shade ef the forest floer. The remaining everwood is
killed eff seleoctively by ring-barking in subsequent Years, depending on the pregress of
the underplanted orep, The ideal density ef the everwood is one whioch maintains
svfficient shade to keop the ferest fleor reasonably frec from weeds and coppice
regrowth while lettirg in suffioient ligut for satisfactory establishment of the new
ferest orop, )

Ring-barking is mest effective if carried out in the seison of active growth,
Care sheuld be taken te remeve a couplete bamnd ef bark, outting threugh into the woed
of the stem to ensure that the cambium is cempletely severed. There are many species
whioh are net killed cempletely in the first year afier ring-barking and linger for
several years befere finally dying. It is beceming an inoreasingly commen practice te
ring trees by chemical metheds, as desoribed later in this chapter,
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Unless the overwood stems have some commeroial value, in which oase they would be
felled and extracted through the young underplanted forest, normal praotice is to leave the’
dead everwood stems to "rot on their feet™: <+the side branchss fall off gradually uhen rotten
and finally the hulk of the old trunk falls; damage to the new plantation is usually
negligible. However, en steop slopes experience has shown that the trunk, when it eventually
falls, ocan rell and ocause considerable damage to the young orop. There is also the problem
of the danger of falling branohes from the dead trees which makes labour reluctant to work
in treated areas.

One u:unplo of uzderplanting after release olearing, can be found in the United
Kingdom where Tsuga heterophylla is often planted under existing hardwood cover suoh as

birch (Betula), old eak (Quercus), ooppice or ash (Frarinus).
Stumping

Stumping is neoessary where it is envisaged that there will be subsequent
oultivation, often mechanized, requiring the elimination of roots. MNanual stumping is the
oldest and most common means. The work may be dune by direot or oontract labour using,
for the most part, spades, hoes, mattooks and axes. The operation involves exoavation,
outting of roots and felling and in most instanoces inoludes removal of the whole standing
tres at the time of xtumping. The soil from around the tree is dug out; +the depth and
the width of the excaration varies with the sise of tree and root system. On oompletion
of exoavation, the lateral roots are severed and the tree is then felled by outting the
taproot. In Nigeria, cutput varied with unit basal areas savanna with a basal area of
9m /ha required an average of 65 man-days to stump one ha whereas heavier wociland at
13 me/ha required 123 man-days (Allan and Akwada, 1977).

s A
C_’\.~ e ™ metia.

Manual stumping is an arduous and highly labour intensive task, still widely
practised in African savannas. (Courtesy T.G. Allan)
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e origine of {he twmangys sywtea lay in the deuire to Aluplase Marmful shifting
euitivetion and (o rebuse forest pisatation estadblisheant seate, As o forw of eentrelled
shifting celtivation, whieh »iainiaes danage te 150 netl by providing en eoffecilve tres
eTval, the aystes 4%e¢ net cause the stress that oo great a change in agrioultural
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The intensive orepping of taungye plete reduces fertiitity of the soil, parttioularly
as addittional fertiltaer &1 veldom applied sad the food vrope are in competition with the
plantation trees. In Keuya, fer example, trees gromn (n olean eultivatien shewed & 15%
betior helght grevih then these i a maise ahasba and an 8% inoreass over thoss in a besn
ohanba (Keays Porest Departaent, 1967). In anether regien, Turbe, no oemparative fall in
grovih was reserdsd La fortilised maise.
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Labour eon 4o alneet all of the work in cotabliishing & ferest plantatien, and cven
o & large odale oan b afficiont end eewneale. In Brasil, Jor cnaaple, oslearing of the
Aative Forest wan inttially dene by trestore, Wt Aigh coste and lov productiion led to the
oo of noaval methode and new aearly all the flald sperations are oarried eat by large
Qnge of entreat ladeur werkiing wader supsrvieion of prejeet sutherities {(Paleer, 1977).
In other arens, hswaver, the ahear alne and eoat of (\hs ladeur ferna requived for large.
stale prejoete may preciunde thie an a realtotie pesstiiliity. Nechantoation, then, 1o mn
Laportant alteriative.

Heny of tha aite preparation oparations deseridad in \he preseding ssetions ean b
sechanised, and there 10 & renge of nashines and oquipment Avalladle for aueh eseretiens,
T™he naln b jeat of nechanisation 1A ploatatione 10 10 carry out eeloeted sparatiene
offectiively and cecnenieally by cupleying sschinea. Wnere opereiions are dene satiofast-
orily and cotnealedlly by nanuel labour, and where there 1o & pientiful wupply of suttadle
labeur, then enly these operationa doyerd the aapability of tha lakeur and e:zpervisery
eTviees need be mpdhaninod,

It te frequently suggented that seshanisatien reduces suployssat eppertunities.
In comparing the relative merite of labeur supieyment and mesheniestiion, it ie nesessary
te balance seoial bonefite againet 1he aeat denafite of ualng more affieiont aliermativea.
A eoundly based, suceessful prejest, feor example, whather machanised or lavour-intensive,
will (n the leng term previde mere perwmanani direct empleyment, and additienal tndiveot
ceuployuent in weed presevseing infustries, than a nen-viable underdaking, In genetral,
therefere, whare mechanisation of larger sesle plantatien projeste reduces cests end te o
Tadtor ia proeject viabllity, 1% selden resultes in jobs daing lest but rather tnoreases
onploaynent possibilities within tha econenin oriteria estadlished by Banagesant and
planning.

Neoraninalien in the etrict sense refera tc the introduction of sachines to
supplement menpower used in oarrying out seiected operations. In thie pudblicattien the
term 18 used priwmarily 10 cover mebile sngine pewered unite such as trasters, but 1% alee
includes the ues of chain saws and other hand-held power unite, the eperatici of wvhioh te
labour intenaive. Uwe of draught animal pewer is treated ssparately.

Neghenipatica Pringinles

Waen mechanieatien is planned, there are certatn baais prinoiples which require
oensideration and which apply net only to the land preparatien phase dut aleo to the
entire plantation rotatien,

In seleoting machines and :=;iements for plantetiens, it im essential that
eqiipment sheuld be fully suited to the eperatiens required of it. It aight, for example,
ssen benefioial to purohass a smachine or eguipment which is oapable ef oarrying ous a
nusber of operationa, but if such a oompresiee results in the selectien ef equipuent net
oospletely suited to the oritioal task then ita real usefulness may be at alight or at
nost somswhat devalued, The oencept underlines the need fer triale te deternine types
of eguipment bset suited to and moat efficient fer speoified operatieus,

The planning of Tield operatiens should aias to muximise the effaotive use of
seleoted machines., In plantatien layout and design, large blocka effer greater
possibilitien of effioienoy than small and diffused arema. The road and ride pattem
sheuld allew rsady scoses and turning space fer sechanical equipment. To reduce the
propertien of unpreductive turning time for traoters, the planned layout sheuld allew
long traotor runs, preferably in two direotiens. 3IJpacing is ancther oritical fastor
affeoting the tree orope and equipsent efficienoy and effering a range of management
eptiens requiring evaluatien and judgsment. Por example, a spaoing of less than 2,8 n
is seldom poesible when normal agrioultural traoctors are used,
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4 major voquirement 10 thad overy mashine sperater sheuld b fully osnpetent ia
the eperation of the mashine or oquipnent in wee. Poor driving and sieuse of oquipment
oumnmly reduse tresteor roduetivity by aere then fifty peresnt. In sy develeping
otmiries whore there 10 & shertage of wkilled operatore, tralaiag feeilities are
W00y Lf the Toquired levels of eperetiag akill wre to be attalned. Per trained
operedeore o nalatala and iapreve their werk, 1% Lo necessary Ve previde finsmetal or
otder lnoentives baned m the sorvicoadility end preductivity of tha oquipment used.

Critically fapertmt in mesdmisaiten 1o the provisien of ma sdoquate repair
wmd vervieo ergwt: Miem staffed by skilled pereennc] with am aseured Supply of eparea
ad replasencats 1o ensure early and offeetive salatensnce. As e ths ease for operators,
in sy parte of the werld there 1a a need to previde training in repair sad mainteamaee,
A ueshine 10 enly of real value when 1% oon perfore ite prescribed wark offieiently,

Meshinisation 10 » eoally presens;, aad ite intreductien requires a elear under-
stending that the edjeetivea of the projest are to be ashieved offietently and somenic-
ally. Per offeetive Sanagenent, 1% is necessary to osst the varieus seehanised netheds
F aAltemnative netheds o? owrrying out partiewlar plantation operatisna. To maintain
the ineeatives for suesess, meshantsed operatians should te orgenised on as sound a
oomsareial hase as peanidly,

In the early stazve of plantaticn davelopment, machanisatien can and dees coour
without full tsplesentation of the main Tequiresenta disoussed above but, of oourse, neot
vitheut oreating predlens and some loas in offeotivenean. To commence large-soale
eperations, however, without due eonsideratiem of the prinsiples eutlined oan enly lead
0 the ereation of an tneffiatent and unecanocmio aechanized enterprine.

Adventages sad Figsdventegee of Neohuaiged Lend Preparation

The main reasens for seleotivoly mschanising 1and olearing operatims generally
eemeern the availadlity of labeur, eoet offiolency, ascale of cperation, timelinese of
operatien and the quality of werk perfermed.

Labour Avapeniiigy

The absense or shortage of adequate labour (m: be a prisary faotor requiring the
iatrediotion of mechamisatiom. The optimas tine for oarrying out mueh of the land
preparatian work is when soils are uelet,and in many regiene this ceinoides with the
poried of maximum agrieultural sstivity, with ameequent 1ooal and seasonal labour
shertages. Again smy of the land Mreparatien asotivitien entail heavy and arduous werk
aad the appliocation of saleotive meohanisatien eliminstes the maaual drudgery from such
taaikcs,

Cout lffiouuo;

In general, large-soale land olearing can be don¢ with greater ooet offioienoy
by meshanised techniques than is poseible by manual methods. A further facter,
partioularly in develeping oountries, is the tandenoy for labour rates to inorease at a
faster rate than mashine 00848, & 4rend whish inoreases the comparative ocomt offiolency
of mechanised methods, Mhere there is large-ssale unempleyment, however, the applicatien
of shadev costs for labour csn indicate sooial coet benefits favouring labour intensive
metheds,
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Scale of eperatien ie related to efficiency. Thero are ne hard and fast rules as
te the level or seale at vhich mechmmisatien should or may be introduced. Per selected
prejects all the relevant fastors have o be studied end evaluated befere sny decisiem on
the pessible timing snd degree of mechanisatien is pecsible. In general, fer larger soale

=4=2%a problems of emtrel and productivity of labour tend to justify the intreductien
of selective mechanisatim. ‘The esoonomios from inoreased usage of machines at she larger
soale further favour mechanised development.

Tinglinges

In plentation develepment timeliness of operation is often oritioalj for exsample,
late land preparation om osuse delays in subsequent opsrations, cften with adverse effects
on both the plantatien orep and em oost effiolency. Where labour or related elements
1imit rates of produotiem, mechmisatien with its generally fast work rates provides a
method of acoelerating productivity and cempleting operations in timely fashien.

Quality

As a omsequence of the aonsiderable power and weighi of machines, the quality of
mechanised land olearing tends to be superior to that of hand labour. MNeohanised stumping
or imeakdewn generally resoves & greater preportiom of roots to a greater dapth thaa
oomparable manual eperations. Similarly, plough or harrow oultivatien is more offective
then oultivation by hose.

Common oonstraints tc mechanisation in plantation development inoludes

1) diffioult terrain whers steepness, gullies or rooky outorops
preoluds the effioient use of machinse)

2) the high initial cost, often in foreign currency, of setting

up & mechanised cperation, together with the high and 1ising
operating cost of fuels and eils)

3) poor tractor servioeability due to lack of skilled perscnnel
40 manage, operiie and maintain equipment, often aggravated by

a) lack of spare parts,

b) buresuoratio delays in ordering or paying foi parts
or servioes,

o) poor land olearance resulting in damage to cultiv-
ation equipment in subsequent operations nnd/or

d) lack of perscnnel incentives)

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

5) +the opinion, often irratiomal, that mechanisatien omuses redundancy
or loss of job opportunity.



Land Preparation Operstions

This seotiom is primarily convemed with mechanised methods for the removal or
destruction of vegetative ocover and the oultisation of soils pricr to planting or
seeding. In many parts of the world, partioularly in areas with a marked dry season
such as in savannas, sucoessful plantation establishment involves Olean weeding in the
initial stages. Exoept on small areas or where aungya is possible, olean weeding
necessitates a oomsiderable input of meohanised oultivation. To allow effioient
mechanised weeding, land should be free of all surface woody vegetation and of all roots
and stumpe 10 the maximum depth of penetration of the weeding implements, whioh requires
the stumping of all standing trees and the dieposal of all stumps, roots and other woody
debris from the site.

The main operations ares:
1) felling or stumping of natural woody vegetation by knockdown,
2) windrowing,

3) oleaning up,
4) burning or disposal of debris,

5) laying out and
6) pre-planting cultivation,

Operations 1 to 4 presuppose a natural woody vegetative ocover whioh has to be
removed or destroyed before plantation development can proceed. On grassland sites
development would be initiated at operations 4y 5 or 6, with burning, when used, oonfined
to eliminating the grass oover in the dry season prior to planting. Cleaning up,
burning and laying out are generally manual operations, although some supplemensary
mechanised inputs may be required. ~

Removal of Natural Woody Govar

There is a considerable range of mechaniged land cleaving teohniques; <the main
methods are adapted to the type and dens.ty of vegetation, topography, slimate and
subsequent establishment techniques. In areas where no meohaniged 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 additien to all woedy vegotaiion,
roots and stumps should be oleared to the meximum depth of oultivatiom. Vegetation density
is important in that the heavier the tree oover the greater the power neoessary ‘to remove
ite It follows, therefore, that equipment and teohniques will vary over a range of
vegetation types suoh as thiocket, woodland or rainforest. Slope and terrain place some
limit both on what may safely be oleared and how the selaoted technique will be applied.
Rainfall also affeots many facets of olearing, but is most oritiocal to the timing of
oparations. It is recommended that clearing take place only when soils are moist
because roots are extraoted fresly under such oonditions and because at this time tree
stems are full of sup and are less liable to breakage.

Felling without Root Extraction

Neohanised outting employs orawler traotors with front-end mounted sharp blades
to out and fell treses at or near ground level. 4An angled and sharpened K.G., blade is
suitable for shearing thioket or woodland trees up to 30 om diameter or larger; <the
V-ghaped blade is suvitable for larger forest trees.
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On smaller areas or on gradients where traotors cannot be used; trees may be felled
using a range of chain saws; for brush or thickets & portable sorub cutter is useful. :
This is & small oiroular saw at the end of a metal rod, powered by a small back-oarried
petrol motor,

In the U.3.,A. brush or thioket g'rowth is extansively felled using heavy rolling
choppers, which comprise a large drum with outting blades towed by a orawler trsotor. They
cut the woody vegetation into small pieces and inoorporate the debris into the soil. There
is a range of makes and types of ochoppers from small to very large single drum types to
multiple—~drums pulled in tandem. The outting and orushing effeot oan be inoressed by
£illing the drum with water. In general, unless & speed of about 8 kn/hr or more is
naintained, the drums rol) over the vegetation and give inadequate ochopping. To maintain
speei, a direot-drive power unit is required.

The light-weight 4% ton model chopper filled with water requires a 35 to 60 drawbar
horsepover 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 effeotive on brush to 8 om diameter. The 11 ton model
requires 70 to 125 hp drawbar and is effeotive in chopping hardwood brush up to 10 om
diameter. Even larger models to 16 ton requiring a 250 hp drawbar pull are availabls for
dense brush and extensive areas, The size of ohopper needed for a pariiocular job is
determined largely by the density and sise of the hardwood sorub speoies. In trials on
sandy soils in southeastern U.S.A. (Burns and Hebb, 1972) it was found that the 11 tom
model was more effeotive than oither of the lighter types and that it killed morc
hardwoods of all sizes and resulted in higher survival of the planted pine=. These trials
were limited and did not inolude ohoppers of greater weight than 16 tons.

Fleoo Corporation (1968) gives the following estimates of chopping productivitys

Clearing Unit Output in ha psr hour
385 FWHP y + 16 £t (4.9 m) ohopper 1.5 to 4.1
216 DBHP 2/ + 14 £t (4.3 m) ohopper 1.3 to 2.3
52 DBP + 7 £t (2.1 m) chopper 0.7 to 1.4

A single ochopping treatment does not provide suffioient control of hardwoods,
regardless of the size or weight of equipment used. Sprouts develop at the root ocollar
and this requires a seoond operation. This applies to all tree cutting operations, and
unless there is a subsequent effort to kill the stumps, ooppioe or suocker regrowth will
ooour and the woody oover will quiokly re—establish itself,

In Turkey, an Australian made "tritter" or "land conditioner" was used to macerate
maquis sorub (Querous ooocifera, Arbutus unedo and Erica spp.) of up to 8 om diameter
(Deveria, 1977). The tritter is a towed sorub olearing machine of vary.ng 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 reduotion box. The
machine breaks up the woody vegetation by the aoction of a flailing hammer, leaving a
muloh 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 oan deal with is
inverasely proportional to the speed. For typisal maquis in Turkey ar average olearing
rate of 0.28 ha/hr was achieved. :

1/ FWHP = Flywheel horsepower

2/ 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 watoh for
boulders. (Courtesy E.N.0. Cooling)

Removal where Roots are Extracted

In meohanized stumping or knoockdown, orawler tractors and matohing equipment  are .-
used to push or pull over standing trees while extracting the roots in the ‘sameoperation.
A main objeotive in these meochanized operations is to minimize soil disturbance;’
therefors none of ihe teohniques incorporate digging or soraping, ' L

1. Single tractor tachniques

One of the better units for knockdown 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 repeaied. Where a larger trus will not readily yield to the pusher, rear
mounted rippers are lowered into the soil and the tree is oiroled to out lateral roots,
Suoch a tree is then usually fairly easily pushed over.
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The front-mounted ruke is suitable for light clearing and windrowing. In Turkey it
ig attaohed to the O-frame of a tractor and is uwued for olearing and piling degraded
oak ooppice and similar vegetation of small diameter and large root mass.

(Courtesy E.N.Gs Cooling) B
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The system may be adapted for heavy or rain forest vegetation by carrylng out the
work in two pheses. First, a tractor fitted with an angled blade (a KoGs blade without
the knife edge is satisfaotory) and hydraulic tilt rams advanoces through the forest
pushing over all undergrowth and small trees. Following this, when visibility has been
improved, a traotor fitted with a tree stinger edvances througn the area and pushes over
all the remaining large trees. In praotics, the work is usually oarried out by two
tractors working around the forest in cirocular fashion, The traotors operate individually,
with the understory olearing tractor usually at least 100 m in advance of the tree pushing
traotor.

A oraxler traotor fitted with a hydraulically operated tulldozer was
previously the most oommonly used machine for clearing sorub, Although stiil used,
espeoially in small areas, the bulldozer is oonsiderably less efficient for clearing than
a pusher and rake. In most thicket or brush a heavy duty oclearing or grubbing rake is a
better attachment for readily extracting roots and stems.
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A orawler tractor fitted with a tree stinger ocan be used to push over trees in
woodland or rain forest which are too large for effiocient olearing with ohaining
units or more conventional bulldozer or angledoser blades, (CGurtuy TeG. Allan)

2 Chai.ning toohniﬂeu

Chaining employs two orawler traotors with front-mounted blades or rakes and
between them a rear-hitohed heavy 90 m or longer anchor chain. In areas with larger or
strong rootiag irees, it is hecessary to have additional or follow-up tractors fitted
with a tree stinger to push over any tree holding up ohaining progress.

In woodland the two crawler traotors advance at the same steady speed mome 15 to
25 m apart dragging the ohain behind, The distance apart varies with the density of the
‘treess; +the greater the density the clomer the tractors have to operate. The outer tractor
travels along ths outside of the uncleare” bush, and the inner traotor, 15 to 25 m inside
%he bush, advanoes parallel to the outer trastor and in as straight a line as possible. It
is important that the traotor operators are able to see one another and that ths outer
driver maintains the same speed as that of the inner. The traotors advance at a reasonable
speed and the trailed loop of the chain progresses in a meandering fashion seldom striking
nmore than two trees at one time and putting little strain on the traotors. It is essential
-to keep the chain moving over the ground at a reasonablc pace as it is impaot whioh Imooks
over the trees and thereby loosens and extraots the root system. The ohain generally rolls
freely over kmooked-down trees. As the trees are knooked down, the main root system and
laterals are extrasted at the same time, In larger trees, the lateral rosts 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 presoribed, back ohaining may further extraot
such roots,



An efficient unit for large-soale clearing of savanna woodland ocomprises two standard
D-8 tiiotors, fitted with protective canopy, whioh pull a heavy anchor chain at least
90 m long. A third traotor fitted with a tree stinger assists in pushing over large

trees. (Courtesy T.G. Allan)

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

Chaining is best suited for large-scale olearing of woodland or savanna type
vegetation cover. It is not suitable for some typer of thioket, however, where the trees
tend to bend under the ohain naking extrastion difficult; nor ocan it be used in dense
forest or rain forest beoause visibility is so poor as to preclude the teamwork necessary
for successful 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.
A5 om stud link 90 m long and weighing about 500 kg is suitable for light woodland.
Heavier chains are available for heavier bush types.

Speoial Conditions

Areas oovered with a coppice, shrub or thiocket with full roct systems below ground
are often found near centres of population where forests have been fellad for firewood.
Such areas may be stumped manually or mechanically using a orawler traotor and rear-
mounted root plough. The root plough is a V-shaped outting blade which when drawn
laterally through the soil floats at a predetermined depth and effeotively severs all
roots enocountered. Behind a 180 hp orawler tractor the implement effeotively opsrates at
a depth of up to 42 om. Vanes bring the severed roots to the surface with minimum soil
disturbanoce. Providing the outting edge is kept sharp, this is a most effeoctive stumping
and subsoiling tool. It can readily be used for olearing stumps from logged over areas.

A orawler tractor with rear-mounted root plough is effeotive in olearing thiokets
with extensive root systems. The plough ies set into the soil 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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Windrowing

Following knookdown, it is neoessary to dispose of the felled debris whioch litters
the area. The same orawler traotors which were used for knockdown can be readily fitted
with front-mounted rakes for meohanized windrowing and under some conditions heavy whesled
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 tims 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 ther 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 paok the
windrows tightly and to inoclude as little soil as possible. To allow acoess, 5 m gaps _
gshould 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 arocund felled larger
trees. This gives an irregular pattern of heaps and tends to take marginally longer than
linear windrowing.

The general equipment for windrowing is a heavy track or wheel traotor, preferably
with power—shift ocontrol and with a front-mounted rake. The reinforoed teeth of the rake
are set into the soil and in pushing forward most surface and some sub-surface woody
vegetation is pioked up while most of the soil falls between the rake teeth or tines, but
even with oareful operation, some topsoil is swept up with the woody debris and is
deposited in or near the windrows.

A front-end reke mounted to a orawler tractor is used in the Ivory Coast to windrow
rain forest debris following knookdown. (Courtesy T.Ge Allan)



Thig front-mounted rake is a ureful attaochment for removing rocks and rocts and
for piling heavy brush. (Courtesy T.G. Allan)

Clun:l.n‘ Up

No matter how well Imockdown and windrowing have been carried out, there is usually
some debris or stumps remaining in the cleared area., Stumps left in the ground should be
pegged or marked. Where there is not a great deal to olean up the usual praotice is to use
manual labcur to gather the residual debris and put it in heaps or windrows and to deal
likewise with any stumps it is necessary to exoavate. Where there is extensive cleaning
up, the operation may be mechanized using orawler traotors with rear or front mounted
stump extractors or rakes. If there are holes where stumps have been exoavated, thene
require filling and levelling., ‘

Burnin‘ 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, acoidsntal burning earlier in the dry season., In
rain forest areas whers dry periods are short, it may be necessary to supplement or
intensify the burm with oil fuel, and even then it may prove diffioult to obtain a
satisfaotory total burn. The objeot is to have as fierce a fire a8 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 incomplete it is advisable to have a orawler tractor with mounted rake standing
by for repiling. When the fire has lost its main intenseity, smouldering logs and stumps
should be repiled to maintain the concentration of hsat and combustible material,.




kead Olearing Prodistivity end Choloe of Bqwisment

Produotivity deta forne the dasis of planning and selection of land olearing
methods. Any getivral rete or oost of land olearing per hestare is of litile value unless
1t is related {0 vegetation density and trsotor power. Basal area of weody plants
expressed as /ha gives a ressonable assessment of forest density zdthouh a factor may
have t0 be applied for major height differences). Work in Nigeria (Allaa, 1977) shows
thats

1) in light savanna of 9 nz/hs basel area, ohaining productivity was
5.5 ha/hr for a clearing unit oonsisting of two 180 hp tractors;
single traotor knookdowm and windrowing using & 65 hp orawler
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
respeotivelys

2) in heavier savanna of 13 nz/ha basal area, ohaining produovivity
was 2,8 ha/hr using a olearing unit oonsisting of thres 180 hp
tractors (two for chaining and one for follow-up knookdown with
a stinger); windrowing using a 180 hp orawler was 0.57 ha/hr while
hand stumping and piling employed 134 man-days and 99 mm—d&yl/ha
respeotively.

This gives an indioation of the range of produotivities and of the iype of options
open to management. Translating these produotivities into oosts and taking manual
operations as 100%, ohaining costs in Nigerian savanna are of the order of 5%, single
tractor knookdown around 10% and meohanized windrowing less than 124. Similar data may be
determined by trial for any plantation projeot. In Brasilian oerrado, the produotivity of
a ohaining unit oonsisting of two 160 hp orawler tractors varied with woodland density
from 0.5 to 8 ha/hr (Ter8noio da Silva and Lourenoo, 1977).

In rain forest in the Ivory Coast, the average traotor hours/hn for olearing
using 180 to 220 hp heavy orawler traotors was 8 to 123 the lower figure was apportioned
as 3 hours knookdown, 3 hours windrowing and 2 hours oleaning up (Allan, 1973a). No basal
area figures were available.

In seleoting methods of land olearing, the management options are manual, single
traotor teohnique, ohaining or a oombination of these teohniques. If one of the major
objeotives of the projeot is employment, then all of the olearing operations oould be
manual, whereas if minimizing oost is oonsidered oritiocal then mechanisation may be
preferred. Unfortunately, deoiding amang the optione available is seldom as simple or
olear out as this. The first requirement is to determine the availability of resources.
In relation to labour, are the required numters available as and when required? For
meohanized operations some of the essential oonsiderations ares

1) past experience in mechanized workj

2) availability of equipment in the area or looalitys

3) effioienoy of the available equipment for the required operations;
4) availability of operators of the required skill }md

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



Decisions require looal data and looal inforeation. Soels of operation will
Sreatly affeot selection. Bmall-soalc projects are most readily dealt with by manual
olearing, vhile for large-soale projeots mechanisation is usually mere eoonomio and
effiolent. Small-soale projects usually do not lend themselves to mechanisation beoause
they do not allow for trastors to be operated for long enough periods to be oost effioient,
For example, in general a mechanised land olearing unit oan only be justified if the
individual tractors oan operate somewhere in the region of 1 250 hours or more per annum.

. Although there are r. hard snd fast rules relative to scale, something of the order of
4 000 ha/annum on & r(stsined basis would osrtainly oonstitute large soale. Such a
programme oould well be nade up of a number of smaller areas or projeots, or of combined
foresiry and agrioultural programmes,

A ohaining unit consisting of four 180 hp tractors and equipped with ohain, rakes,

tree stingers, rvot ploughs and other neocessary equipment oould deal with the following
annual soale of works

1) knookdown - 4 000 to 6 0CO ha during & 4 months wet season;
2) windrow - 5 000 to 6 000 ha during a 6 months dry season and
3) major overhaul, maintenanoce and repairs - 2 months.

Any time not used as above oould be used for oultivetion, road making or other oapital
works,

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

The main tractor attachments for land olearing are as followss

tree stinger, root plough,
front-end rake, anohor ohain,
oombined rake and pusher bar or tree boom, rolling ohopper,
bulldozer blade, stumpers,

K@ bladas, towed root rake,
V=type blade, land oonditioner.
riprers,

Seleotion of tractors and matohing equipment is an important management deoiseion,
The oareful matohing of machines and squipment to looal oonditions, for example, oan easily
effect savings of more than 50% of total meohanization oosts, as compared to the use of less
suited or poorly matohed machinery,

Serviceability is also a principal oriterion, and that local agenoy providing the
better back-up servioe and supply of spares should be given preferential oconsideration.
Al]l attaohmsnts must be matohad to the power units held. As there is a ooneiderable range
of equipment, speoifioations need to be oarefully oompiled and it is often advisable to
obtain speoialist advioce.

Plantation Layout

Laying out is an operation in whioh oompartments, blocks, roads, rides and fire-
breake are surveyed and delineated on the ground. As the design of plantation layout is
& major planning oonsideration it is also disoussed in Chapter 6. The main meohanized
aspeots of the operation are the cultivation of firebreaks and the formation, draining and



paving of roads. Pirebresks are readily ocultivated using the same orawler tractors and
heavy offeet diso harrow ploughs as for pioneer ploughing. The land clearing orawler
traotors with bulldozer blades can be used for putting in road lines and outs, and such
lines when provided with bridges and culverts will serve as olass 3 roads or planting
traoks. Road formation and the provision of all-weather surfaocing of the higher
speoification class 1 and 2 roads will require additional meohanisation in the form of

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

Meohanized Pre-planting Cultivation

The main purpose of removing roots and woody debris from seleoted sites is to
allow soil oultivation before and after planting, Such olearing and oultivation oreates
site oonditions partioularly favourable to the plantation tree orop by eliminating or
reducing vegetative oompetition and by inoreasing percolation, whioh oan reduce the
moisture loss from the soil. These favourable water budget features are partioularly
important in areas of restricted or seasonal rainfall. The need to reduoe oompetition
applies #lso on oertain dense or tall grassland sites where failure to ocultivate results
in inadequate plantation establishment.

Cultivation may be partial as in strip cultivation and ridge plcaghing, total as
in clean ocultivation or supplementary as in ripping or subsoiling.

Strip Cultivation

Under oeriain site conditions where some speoies 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
oompetition in the initial period after planting. Often this oan be achieved by the
harrowing effect of a meohanical tree planting machine (see for example page 63). The
planting stock used in these oonditions must be vigorous. Whars neoessary, further
oultivation would take the form of a supplementary manual operation. Strip cultivation
by opening up only a part of the site may be of particular importance where there is a
high risk of erosian.

Strip ploughing along contour lines in gentle terrain is used extensively in
establishing Pinus patula on the Viphya Plateau in Malawi, A reversible 3}-diso 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 soil 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, whioh
ocan oultivate to 12.5 om depth provided grass is previously burnt off. Mattook pitting
is necessary on rougher and steeper sites, but records show that it is almost twioce as
costly as strip ploughing.

Ridege or Turf Ploughing

Ridge ploughing is used extensively in the United Kingdom and other upland
_temperate areas, particularly on wet soils and peatland bogs. A specialized mould-board
plough, generally drawn by a heavy crawler traoctor, is used to turn over a broad turf
ridge oreating a clean deep furrow which helps to drain the site. On diffioult sites
where the peat is deep, the furrows are spaced at intervals of 1.5 to 1.8 m. On better,
less wet sites, furrows are spaced at 5.0 to 6.5 m apart. The turves are then manually
out into squares whioh are laid out at the required plant spacing. At planting, tree
seedlings are planted into the turves.



Grassland sites of gentle terrain on the Viphya Plateau in Malawi 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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Drainage of heavy wet sites in the United Kingdom can be improved by ploughing with
@ mould-board plough. That shown here is used with a standard parkgate carriage
tor~d by a Fiat 100 o tractor. (Courtesy D.A. Thompsan)



On drier moorland sites, espeoially Calluna heath lands, the problem is tc reduocs
shrub competition and soil oompaotion and to breek the hardpan when present. Single
furrows are made at the requirsd plant spacing using either single mould-board plough
or a speoial tine plough. At planting, seedlings are notched sither into the furrow
bottom or into the side of the furrow and ridge.

Clean Cultivation

Clean oultivation of the site prior to planting is required where subsequent
weeding is to be done meohanically. The praotice is oommon, for example, in regions with
a8 long dry seascn where clean weeding is necessary in order to prevent gras: from
oompeting exoessively with the tree orop for limited soil moisture. Clean ocultivation
often oomprises two main operations: 1) pioneer ploughing and 2) pre-planting harrowing.

1. Piocneer ploughing

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

The operation may be effeotively done by a orawler tractor with a matched heavy
duty disc harrow plough having heavy steel discs of over 75 om diameter. This offset
hatrow plough gives a deep penetration of over 30 om under ideal conditions and, although
it is a harrowing rather than a plough aotion, in practioe has given adequate results for
subsequent plantation operations. Although these heavy duty harrows are suffiociently
strong to shatter most stumps, and oan therefore be used to plough unstumped land, suoh
rough operation is likely to reduce the life of the equipment and increase the cost of
operation.

The heavy duty offset diso harrow plough towed by a orawler traotor is used for
pioneer ploughing. (Courtesy T.G. Allan)
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Pioneer ploughing ocan also be undertaken by a medium wheelad tractor with a mounted
disc plough. The oultivation is good, but generally to a shallower depth than the harrow
plough. On difficult sites, the diso 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 contour (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 trench 0.3 m deep and 0.5 m wide. The trench 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
objective is to breakup soil olode and oreate a tilth, to level the moil surface, to bury
any weed growth and to have the land in a olean state for planting. Land free of weeds,
with friable soil oultivated to at least 15 om oonsiderably facilitates planting and
subsequent meohanized weeding., The operation is generally undertaken by a medium wheeled
traoctor with a mounted agrioultural type disc harrow. The operation should be in the mame
direotion as ploughing. If justified by the quantity of work, a wide heavy duty dise
harrow may be used speoifioally 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, btut
this implement requires greater skill to operate. There are also a number of large heavy
harrows that may be used with orawler traotors, but implements suoh as the pulverizing
harrow produce so fine a tilth that great oare is required in their use, particularly in
areas liable to erosion.

Following ploughing, tilth oan be improved by pre-planting harrowing with an
offget disoc harrow. A wheeled trastor im a suitable power unit for this
operation. (Courtesy T.G. Allan)



~29-

In parts of the southeastern 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 miorosite environment.
The operation is done with a diso bedding harrow designed to ocncentrate surface soil,
litter snd 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 ocoulter is often used beiaind
the harrow to shape and pack the bed. The site must be suffioiently free from logging
debris and vegstation for a well-shaped bed to be formed. Beds should be oriented so as
to ohannel runoff into ditohes and natural water oourses and, exoept in flat terrain, they
should follow the contour. The operation is not suitable where seedlings would suffer from
seasonal drought (Haines et al., 1975 end Balmer et al., 1576).

Subsoiling or Kipping

On shallow moils overlying weathered rock, on oompacted soils or on soils with an
underlying hardpan where root growth is restrioted, water infiltration and root penetration
ocan often be improved by submoiling, or ripping. The operation involves tillage of the
subsurface soil, without inversion, by subsoiling tines or rippers mounted behind wheeled
or orawler travtors. Subsoilers oan be either of the single-tooth or multiple-tooth type.
With the appropriate tractor and equipment, subsoiling to depths in exuess of one metre
is possible, but shallower operation. to about 60 - 70 om 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 muoh better
lateral shattering than when carried out in wet soil and that the general effeot was
highly beneficial to subsequent planting.

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



Surface drainage and miorosite oonditions ocan be improved by using a bedding harro
and roller to form raised beds for planting. (Courtesy T.G. Allan)
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Cultivation Produotivity and Choice of Equipment

Reoorded practical data on ploughing and harrowing indicate productivities of the
following order:

Operation and Equipment Output in ha/hr

Pl in Tropioal _1_/ Temperate _2/

65 hp wheeled tractor with mounted
3diﬂ° plough 0035 to 0040 0046 to 0056 -

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

Pre—-planting harrowing

65 hp wheeled itractor with 2 m
diso harrow 0.5 to 0.9 1.0 to 1.2

65 hp wheeled tractor with 3 m
dise harrow 0.9 to 1.1 11 to 1.7

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

_1_/ M gures for the tropics are based on praoctiocal field trials in east and
west Africa.

_2/ Figures for temperate regions are based on Culpin(1975) for agricultural
land,

Notet Produotivity is a factor of so many variables suoh as state of
equipment, operator effioienoy, soil type and oondition that
figures quoted are only indicative. Tropical outputs tend to
be less because they refer to pioneer operations under rough
oonditions whereas the temperate figures are based on agri-
oultural practioe.

There is an extensive range of traotors and cultivation implements adequate for
plantation oultivation; +the main ohoice is between wheeled or orawler units. In relation
to ploughing, vheeled tractor units tend to be marginally more cost efficient, but heavy
duty orawler units cultivate to greater depths and eradicate hidden roots and other movable
obstruotions. As for land olearing equipment, deoisions 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 oonditions.

If timeliness is oonsidered the main faotor in pre-planting oultivation, then those
units giving the greatest produotivity should be preferred, Efficiency and usage oan be
important, however, and it may be possible to reduce costs by fuller use of heavy olearing
equipment in oultivation or by inoreasing the use of wheeled tractor weeding units in the
cultivation phase,
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Sequence of Land Preparation Operations

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

Ssagon Operation
Sturt of raine (after 100 mm Commenoe knockdown or stumping.
recorded), year 0 Windrowing, oleaning-up and
ploughing hetween windrows may
also astart,
20 days after end of rains, ~ Stop knookdown or stumping,
Year O Complete windrowing,
Clean-up between windrows,
Before end of dry season, year C Burn-of f windrows.
Beginning of rains, year 1 Complete ploughing,
Harrow prior to planting.
Start of rains (after 100 mm Commenoe planting,
recorded), year 1 Commence knookdown 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 indicated that suoh units can be
operated practioally and economioally for pionecer ploughing and pre-planting harrowing
(Allan, 1973b). Such units require a large training input, however, and are seldom used
in forestry.
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Cultivation using oxen with matohed ploughs and spring tine harrows is a feasible and
soonomic possibility for small-scale plantation development on seleoted sites,
(Courtesy T.d. Allan)



CHEMICAL METHODS

The main use of ochemioals in site preparation is to kill grass, shrubs, trees or
stumps. Under oertain conditions ohemioal application alone may glve adequate site
preparation, but more frequently ochemicals are used in oonjunotion with or supplementary
to other land olearing techniques. Areas of grass, for example, may be killed by
herbioides so that it can be burnt off while surrounding vegetation remains green.
Chemiocals may also be used to kill regrowth following felling, stumping or ohopping.

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

Various terms are used to refer to the chemioals used in site preparation and
tending. A "phytocide" is a general term for any ohemical preparation used to kill or
inhibit the growth of plants. It inoludes "arborioides", "gilvioides" and brushkillers,
whioh are used against trees and other woody plants, "herbioides", whioh striotly speaking
are used against herbs, and "fungioides"; whioh are direoted against fungi. The term
herbioide, however, is now in common usage to refer to all ohemioal substanoces used for
killing plants, espeoially weeds, regardless of whether they are herbaceous or woody, and
ig used in this sense in this publioation.

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

Herbioides aot in the following ways in killing plantss

1) The "ocontact” herbioides poison the parts of the plants ocoming in
oontaot with the ohemical. '

2) The "translocation" ohemioals are absorbed either through rob‘té,
foliage or stems and are translocated via the xylem or phloem.:

3) The "soil aoting" or pre-emergenoce chemiocals are toxioc in the
s0il to germinating seeds.

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

The effeotiveness of herbioides is dependent on a number of variables such as
geason of application, plant species and size, forest structure, soil moisture and weather.
Herbiocide appliocations made during the growing season are generally more successful. Late
spring or early summer when root reserves are low are partioularly favourable periods. In
general, large irees 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 partioularly susceptible
4o herbioides. TForest stands of two or more levels will require either two different
treatments or two applioations of the same treatment, and partiocularly dense stands may
preclude the sucoessful use of herbicides. Soil moisture has an effect on the sucoess of
translocated herbioides. Although a low or deficient supply of soil water does not affeot
absorption, it oan hinder translocation in hardwoods. Rainfall oan have adverse effeots
by washing off sprays from bark and foliage, and high winds make broadcast applications
ineffeotive or spotty. Moderately warm temperatures and high humidity are oonsidered
favourable oonditions for spraying, but high temperatures oan physically effeot the
herbioide, as even low volatile esters start to volatilize above 326C, These represent
only a few of the possible variants affeoting herbioide appliocation,



In some countries considerable work has been done on the types and uses of
herbioides, and rates and methods of applioation oan be laid down for 8peocifio vegetative
types. In many other areas work is at the experimental stage and muok remains to be done
in developing optimum and safe techniques. As a oonsequence of the many variables in
herbioide application and the toxio side-effeots of many of the ohemioals, there is an
obvious need for detailed study and research befors applying such techniques in new areas.
A useful "Review of the Eoologiocal Effeot of Herbioide Usage in Forestry" has been oompiled
by Kimmins (1975) which contains an extensive list of re¢ferences.

Prin . u_Herbioides Used in Forostﬂ

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

Herbioides for the Control of HWoody and Herbaceous Weeds

2 =T (2 ~trichierophuno etio acid)

This is a translocation herbioide, particularly effective against woody broadleaved
speoies. Most oonifers are resistant in the dormant season, but some spaocies suoh as the
larches and some pines (o.g. Pinus radiata) are susceptible,

Various forms of 2,4,5-T are available; inost common are the: 1) amine salts, 2)
unformlated esters and 3) formulated or emulsifi.able esters). The amines oome in liquid
form and are available as either water or oil soiuble for foliar spraying. The unform-
ulated esters are suitable for use only in oil /itself toxio to treesrwhioh restriots
their use to the oontrol of vegetation befors “he forsst orop is planted, or to
appliocations to stumps, stems and frill girdles, The formulated or emulsifiable 2,4,5-T
esters are prepared for emuilsifiocaticn in water. These are normally diluted in water for
spraying and, though more expensive, have a aore widespread use.

Most of the oommon broadleaved woody species, in all olimatio regions, are
susseptible to 2,4,5-T foliar spraying, sone more than others, and this has become one of
the most widely tried and used herbioides. In the temperate Zones, the genera most
susoeptible are Alnus, Aesoulus, Acer, Betula, Corylus, Car inus, Populus, Prunus, Salix,
Sambucus and Ulex, Resistant genera are lIlsx, Ligustrum and Rhododendron. Quercus sppe,
though partially resistant to foliar sprays, oan be controlled by bark spraying., Often
a related phenaxy herbicide oalled silvex 2 2y445-triohlorophenoxy) propionic aoid, is
mora effeotive than 24445-T in oontrolling certain woody plants, partioularly oaks.

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

Method Applioation Rate

Foliags sprays 2.5 to 5.0 kg acid equivalent (a.e.):{
psr ha R

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

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

stump treatments oil

In Australia 2y445-T has been reported as effeotive in oontrolling eucalypt ooppice
regrowth in pine plantations. ’
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2,4-D (2,4-diohlorophenoxyacetio aoid)

This is a transloocation herbioide useful for the control of a wide variety of
broadleaved herbaceous weeds. It is available in the sams forms as 2,4,5~T. In forestiry,
2,4~D has found a partiocular use in eliminating hLeathers (e.g. species of Calluna, Erioa
and Rubus). For this purpose, the low volatile monyl ester of 2,4-D oontaining 500 g aoid
per litre is suitable; prepared for emulsifioation in water it oan bs used as a foliar
spray. Young conifer plants are susoevtible tc damage by 2,4-D in the growing season.

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

The oombination of 2,4-D and 2,4,5-T emlsifiable esters forms a dnal purpose
spray for the control of broadleaved vegetation ocontaining both woody and herbaceous
speoies. Applications are usually in the region of 2 to 5 kg/ha 8.0,y but difficult or
persistent speoies may require speoiel heavy applications.

Ammonium Sulvhamate (AMS, or Ammate)

, This is a highly soluble, orystalline ochemioal whioh kills many woody species.
Tts 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 ohemioal in orystalline form direot to the freshly cut stump or
frill-girdle is also effeotive. It oan also be applied as a foliar spray. Areas sprayed
or misted with AMS should not be planted until 12 weeks have elapsed after treatment.

This chemioal rapidly oorrodes all mstal and should therefore be stored only in
plastio oontainers; spraying equipment should be thoroughly cleaned immediately after use.

Sodium Arsenite

This highly toxic ohemioal has found wide use throughout the tropios for frill-
girdling unwanted stems which are too large to be economiocally out and removed. Frill-
girlding with sodium arsenite is standard prastioce, particularly in the method of line-
planting in tropioal 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
p~> ha. Its great mammalian toxicity, however, oonstitutes a serious risk for personnel
handling it, and in many oountries its use as a herbicide is prohibited. It is dangerous
to ocattle or game, due to its attraction as a salt liok.

Pentachlorophenol {PCP)

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

Pioloram (4-animo—3,5,6-trichloropicalinic acid)

Pioloram, or tordon, is a postemergence, translocated herbioide exiremely
effective against woody plants and particularly useful in preventing coppioce growth.
Most grasses are tolerant., It has been used in southwestern Australia for killing
eucalypt growth in plantations of Pinus radiata, which is less susoeptible to pioloraz
than to 2,4,5-F. It is also used in oontrolling brush along rights-of-way, roadsides
and firebreaks and ocan bs obtained as a water—soluble material for aerial application or
in pellets for hand or machine application.




Triagines

The triazines, inoluding simazine and atrazine, aot on emerging seedlings by
interfering with prooesses assooiated with photosynthesis, As they lack phloem mobility,
they are applied to the soil where they are readily absorbed by roots and translocated to
the foliage via the xylem. They are generally most effeotive with good soil preparation.

Atrazine is probably the triazine of widest agrioultural use. In forestry it is
used as a preemergence herbioide in nurseries and plantations.

Simagine is also a preemergence herbioide but is more persistent in soils than
atrazine. Usually marketed as a wettable powder oontaining 50% or 80% simazine, it is
generally applied to the soil before planting. In the United States simazine has been
suooessful 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" herbioide applied to the soil for killing perennial vegetation
on roads, tracks and firebreaks and in depots and store yards eto. The soil remains
effectively poisoned for many months, and in the case of some speoies for a year or mores

Herbioides Speoifiocally for the Control of Urasses

Competition by perennial grasses in young plantations is a widespread problem,
often retarding orop growth and giving rise to high weeding oosts, Two ohemiocal sprays
have so far proved satisfaotorys dalapon and paraquat. )

Dalapon ( Dowpon)

Dalapon is a translooated herbioide affecting only monocotyledons. Some grass
species are more susceptible than others: Agrostis, Desohampsia, Molinia and Nardus
speoies are very sensitive, Agropyron and Holous species less s0. For pre-planting
oontrol 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
oonifers, provided that spraying is restricted to periods when the trees are dormant.
Control spraying should be repeatea at intervals depending on the vigour of the regrowth.

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

Paraquat ( Gramaxone)

This is one of the dipyridylium group of ohemicals and acts by translocation. It
is quickly absorbed and is extremely rapid in action againat nearly all green growth.
Paraquat is particularly effeotive in killing annual grasses and fibrous-rooted or
stoloniferous species. It can defoliate woody species, but rarely kills them, so its use
is mainly confined to sites where grass or herbaceous weeds are troublesome. The chemioal
is generally inactivated on contact with the soil so planting can follow shortly after
spray treatment,
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Paraquat ocan be used in young plantations, proﬁided that the plants are well
soreened from the spray. 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 heotare treated. The chemical is highly poisonous and requires care in handling.

Methods of Herbicide Application

The main methods of applying herbioides are by apparatus ocarried by an operator,
by machine powered equipment or by aerial applioation. The most common equipment consists
of a range of knapsack sprayers, which are oarried on the operator's back and, employing
ocompressiaon, emit a fine spray through a jet. The direotion, timing and type of spray
droplets can be ocontro.led by the operator. Other related types of applicators inolude
motorized knapsack mist blowers for low volume applioation of liquids and a similar item
designed for applying granular herbioides.

Ultra low volume (U.L.V.) sprays are a more reoen: development whioh spread the
herbiocide by producing large numbers of relatively uniform-sized droplets whioh ara
dispersed evenly over the area by a fan, or by gravity and the natural movement of the air.
The basic applicator oonsists of a plastio tube whioh acts as battery holder and a handle
for the applioator head. The head oontains a two-tier electrio powered diso onto which
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 extremcly 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 cf oonoentrate as would be attained
with 100 to 700 litres of diluted herbicide using oonventional sprayers. In using the
Us.LeVe technique, the saving in transport of dilutent is obvious, whioh offers new
opportunities in arid areas where water availability is a oonstraint to using conventional
spraying. The use of U.L.V. teohniques is being developed in forestry, and a range of
investigations is being ocarried out in a number of countries.

There are a number of tools which are used to inject herbioides into the tissues
of undesirable trees or shrubs. Suoh equipment usually ocomprises an axe or chisel head
through whioh herbioide is injeoted from a reservoir when the outting edge is applied to
the cambium. These tcols offer a more sophisticated approach to frill girdling whioh ocan
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 airoraft, is perhaps the best
method of oovering large areas quiokly. The big risk in aerial applicvation, however, is
drift of herbicide onto adjacent lands, water oourses or orops, and this factor severely
limits its use.

Many of the herbiocides have harmful or irritant effeots on operators if protective
or safety measures are not taken., It is essential, therefore, that the poasible effeots
of any chemiocal should be fully studied before use, and that any recommendsd or legal
safety measures be applied. Using any of the herbicides requires the wearing of
protective clothing, often inoluding gloves and face shields. Suoh requirements have
limited the use of herbioides in warm or hot olimates.



Features of Herbioide Vegetation Control

One of the major advantages of successful ohemiocal site Preparation is that the
effect ocan be lamger lasting than that of other methods, and when so effeotive the problem
of unwanted regrowth is diminished. In areas liable to erosion, the killed vegetation very
often aots as a mloh, reducing the rate of erosion while presenting no competition to the
plantation orop, but in drier areas suoh dead matter oontributes to the fire haszard,
Chemioal olearing oan be uced in terrain too diffioult for meohanized methods, Although
chemioal clearing may often be more ocostly than other methods, frill-girdling and bacal
spraying teohniques of killing unwanted stems have been developed for economio use in a
number of oountries. A major disadvantage is that the need to 0arry or ..ave large
quantities of dilutents available on sites has restrioted the use and range of ordinary
sprayers. Fortunately the development of ultra low volume appliocat’.ors is likely to
diminish this problem,
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CHAPTER 2
DIRECT SOWING

JENERAL ZCON SIDERA'I‘IONS

Onoe the area to be afforested has been prepared, the forest orop is :I.ntroduoed
either by sowing the tree seeds direotly or by planting forest nursery stock, stumps,
wildlings or ocuttings. The ohoice of whether to sow or to plant depends on a number of

faotors.

1)

2)

3)

4)

The factors favouring thu choice of direot sowing ares

Cost. Direot sowing, when successful, is usually cheaper than plantings
it avolds the oest of raising nursery plants and generally is a less
oostly operation than planting., Costs oan be further reduoced if aerial
seeding methods are possible, espeoially in areas of diffioult acocess.

Abundance of oheap seed. Direot seeding requires much greater quantities
of seeds to secures a reasanably full stocking than is required by
planting nursery stock. A oritioal factor, therefore, is the pomsibility
of procuring large quantities of seed easily, and at low oost, as is
often the oase when loocal species are used.

Seads which do not grow well in nurseries. The seeds of certain speoies
(eeg. Pinus roxburghii of the Himalayas) are diffiocult to raise in
nurseries, and direot sowing gives better results. Plants of most
species wuffer from the shock of being transferred from the nursery tc
the planting site, and in some cases direct sowing might give better
results. Plants resulting from direot sowing, for example, partioularly
in fine textured soils, often have better root development than nursery-
grom seedlings field planted in notohes where root development is often
restrioted to the plane of the planting slit.

Seeds of easily established fast_growing species, or of speoies growing
on pites where competing vegetation is negligible. Direot sowing is
preferred where seedlings grow fast enough to survive and outatrip
oompeting vegetation on the site, making a prolonged per' d of tending
snd weeding unneoessary; otherwise the financial advantage of sowing
ig lost., Direot sowing from the air has been employed very successfully



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 FPinland direot seeding of Soots pine
on gome types of recently drained peat bogs without other soil
preparation is a oommon practice (the wet surface offers a good
germination substrate, the oompeting vegetation is less abundant and
pests and diseases are more scarce than on mineral soils).

5) Adequate germination. The species seleoted must give reliable and
foreocastable germination under field oonditions. Often species with
large seeds are preferred beoause they give large seealings whioh
resist adverse environmental oonditions better than smaller ones.

The main disadvantages of direot sowing are:

1) The relatively lar antities of seed needed to offset losses from
seed-eating birds, rodents and inseots, as well as losses due to
olimate, s0il and competing weed growth. Other sources ot gseedling
loss are frost, whioh freezes seedlings or lifts them out of the
ground (i.e. frost heaving), and animals that browse or trample
seedlings. TIf the comt of obtaining seed is high, for example, when
using importad seed, or seed of special provenanoss or from seed
orchards, or when it is diffioult to obtain adequate supplies, it is
often more economical and efficient to raise nursery stook.

2) The irregular stooking, espescially with broadcast sowing and, therefore,
the less efficient use of the growing space, oompared with planting
methods. Too dense stocking will require an early oleaning or reduotion
operation. This was the oase in New Zealand where such additional work
reduced much of the cost benefit of direot sowing. On the other hand,
oontinuous changes in the site (e.g. soil fertility) are utilized morc
effioiently when using direct sowing.

The eoonomies possible by sowing from the air have enocouraged researoh into methods
of embedding the seed in pallets oontaining anti-pest ohemicals and materials designed to
aid germination. Successful developments in these fields have made direct sowing a
oommonly used and practioal afforestation method in many parts of the world. Nonetheless,
the trend is towards planting whioh, though more oostly, is generally more certain and
allows greater oontrol over the orop.

PRE-SOWING TREATMENT OF THE SEED

Some seeds are ready for sowing as soon as they are colleoted from the parent tree;
others pass through a dormant stage during whioch the enbryo completes its development.
Often a pre—treatment is used to hasten germination, or to obtain a more even germination.
The types of ireatment 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
perioarp or the seed ocat (i.e. mechanical, physisal or
chemiocal);

2) Endogenous dormanoy, determined by the properties of the
embryo or the endosperm (i.e. morphological or physiological)
and ,



3) GCombined dormancy.

Pre~-Treatment Msthods for' Overooming Exogenous Dormanoy

Soaking in Cold Water

With a great number of species, sosking in oold water from one to several days is
sufficient to seocure germination. The improvement in germination oaused by soaking in hot
or cold water is caused by the sofiening of the seed ooat 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 smoaking without drying, beoause drying generally seriously
reduces the viability of the seed. An exoeption to this is Acacia mearnsii in southern
Afrioa whioh is dried after hot water treatment and stored for three weeks. Also, in some
oountries teak seed is given altermate sosking and drying.

Soaking 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, mearnsii and A. arabica.
The seed is immersed in two to three times its volume of boiling water where it is allowad
to seak until the water is colde The gummy moilaginous exudations from the seed ocoat ars
then washed off by stirring in sevaral lots of olean water.

Somatimes acorns, ohestnuts 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 cne minute,
however, the seed may be killed.

Aocid Treatment

Soaking in solutions of acid is used in the oase of seeds with very hard seed
ooats such as Acacja nilotioa and Albizzia lebbeok. Conoentrated sulphurio acid is the
ohemioal most generally used; after soaking the seed must be immediately washed in olean
water, Tests should be made to determine the optimum period for “reatrent for each speoies,
and even for different provenances, since over—exposure can easily damage the seed.

FExamples of the recommended times for soaking in acid of seeds of a few Acacia
speoies are (Lsurie,1974): .

Species Time (minutes)
A. albide 20

A. nilotioa 60 to 80

A. senegal 40

Other Treatments

In special cages seeds are soarified, for example in revolving drums, to orack or
pierce the outer seed coat. Sometimes the seed has to be oracked or out open, or
partially out by hand (e.g. Pterocarpus angolensis and P. pedatus) to cbtain good
germination. Germination of Pinus lambertiana was improved by removing the seed coat and
membrane, In some oountries '(';.g. India and Sudan), seeds of Aocaocia and Prosopis species
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are fed to goats and ltfor colleoted from their droppings; the partial digestion in the
gut is held to enhanoce germination, but the method has obvious difficulties in application
and is now enly used if aoid treatment is not possible.

Pre-Treatment Methods for Overcoming Endogenous Dormanoy

Stratification

Stratifioatio 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 oalled ocold stratirvioation or pre-chilling,
even if no medium is used. Stratifiocetion is commonly used for large, fleshy seeds, suoh
as aoorms, walnuts and tesk. The seed is usually stored in a pit or trench in alternative
layers with moist sand, peat, leaves or straw, and the heap is ocovered to keep rain off
and proteot from the depredatimns of rodents.

Noist oold stratifioation is ocommanly used to break dormanoy or improve germination
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
vermiculite;

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

3) The oontainers are placed in refrigerators at 0.5° to 2.0°C for the
period to break dormanoy. ,

The medium has to be kept moist through the stratifiocaticn period. To minimise
the ’orma.ticn of moulds the sced should be treated with a fungioide suoh as Captan before
stratifioation. 4n altermative method is to soak the seed for one or two days and, after
draining off the exocess moisture, to seal the seed in polythene bags for storage at 0° to
200, The time requirsd to break dormanoy is variable, for example Pseudotsug: menziesii
takes 40 to 150 days depending on the origin of the seed and Pinus ponderosa required
some 30 days, 5o that trials and investigations are necessary to determine optimum periods
for speoies in selected areas.

In Jupan a form of stratifiocation under snow is practised to quicken the
germination of certain species (e.g. Abius sachalinensis, A. homolepis, A. firma). After
a short wetting the seed is spread evenly on a prepared site and covered in clean river
sande 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 oold stratifioation has been found effeotive for a considerable
number of species (e.g. Fraxinus excelsio:')s The seeds are held at germination
temperatures for one to several months, after which they are shifted to cold chambers or
refrigarators and held at low temperatures for an additional one to several months.

Treatment with Chemicals

Chemicals, such as hydrogen peraxide, have been found effective in breaking
internal dormanocy in most seeds ?e.g. Pseudotsuga, Abies and southern U,S,A. pines).
Gibberellioc aoid has been shown to enhance the germination capacity and even to
stimlate meristematio growth rates, while a number of forest tree seeds respond to
treavment with various organio oompounds, inoluding oitrio and tartario acid. Other
tested and effeotive chemioal treatments have included potassium nitrate (1 - 4% for
24 hours) and red copper oxide or zinoc oxide dusts,



Pre-Treatnent Methods for Overcoming Doubls Dormancy

To overocome double dormanoy it is necessary to treat ite seed 80 as to make the
seed ocoat permeable and induoe in the embryo the changes essential for germination.
Sometimes cold stratifioation is sufficient, but more often hot water soaking, aoid
treatment or soarification followed by stratification is necessary. Wamm followed by
cold stratifioation has also given good results in many oases.

SEED COATING AND PELLETING

Where seed-eating pests cause serious losses, the seed should be treated with
inseotioides and rodent and bird repellents before sowing, Chemicals such as arsenate
and endrin are used against inseots and rodents; arasan and anthraquinone are effective
‘bird repellents and fungioides.

The development of seeding from the air has stimulated experiments in coating the
seed with hygrosoropic substances oontaining nutrients and taxio repellents. These
artificlal ooatings add weight to some of the lighter seeds, thereby irproving the scatter
pattern in aerial seeding. A coating formulation consisting of endrin and arasan as the
repellents, with a latex sticker to act as a bond, has been sucoessfully used with Pinus

ustris and P. taeda in southern U.S.A., The seedling ylelds in field studies oocmparing
coated seed with unireated seed were 55 : 1 for P. palustris and 12 t 1 for P. taeda
(Derr and Mann, 1971)s Aluminium powder has been found useful as a lubricant for seed
pellets. In East Africa Rhizoctol oombi is used in pelleting P. patula seed as a
protection aegainst damping off.

SITE PREPARATION

In most cases, direct sowing will not be suooessful unless the seed is in contaot
with mineral soil and preferably covered by a thin layer of protecting earth. Exposure |
of the mineral soil oan be achieved by burning or by olearing and oultivating. Controlled
burning is an important method of site preparation for euoalypts in Australia, espeoially
in the weiter forest types ard is also used extensively for aerial sowing of pines in
r~uthern U,S.A.

Land olearing and oultivation prior to sowing may be done on the whole area to be
seeded or it may be restrioted to strips or spets. On sloping land oultivating is
generally dene in bands (either continuous or interrupted) following the oontour. Fnere
s0il erosion is a danger, it is usual to leave the native vegetation undisturbed in the
bands between the cultivated strips.

In Tangania a method ocalled "tie-ridging™ has been found effeotive, espeoially
for Cassia siamea plantatiens. With this method the whole area is oultivated and ridges
are built up at intervals by hoeing, Tie-ridging is generally used on gently sloping
land where the basins are very effeotive in ocontrolling surface runoff. Sowing the seed
aleng the ridges has given very good results. Wherever possible the growing of a forest
orop is oombined 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 aslash olearad from the land in windrows or heaps
and burning it when dry. The seed is sown direoctly on the ash after burning. The
advantage of this method ie 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 fer an appreoiable period, and the ash provides a useful fertilizer for the
seedlings, In Zambia a similar method, oalled “oitemene" was used, but has been
abandoned because of problems in oarrying out a timely burn over large areas and in
protecting the young orop from fire, ,
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TIMES FOR SOWING

In general, sowing should be dane when soil conditions are sufficiently moist and
warm to permit germination to smtart 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 oritical factors so actual sowing dates may vary from year to Jear. 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 speoies higher soil temperatures are necessary
for germination,

In areas subjeot to snowfall, espeoially in drier regions, there are sometimes
advantages in sowing before the snow season. The seed is protected by the mnow from birds
and other seed-eating animals during the winter, and germinates immediately after snow-
melt when conditions are favourable, whioh is an advantage when the onset of dry summer
weather follows 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 a8 the thaw
oonditions have set in.

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

DIRECT SOWING METHODS

Broadoast Sowing

Broadoasting seed oan be done by hand, by using a tractor mounted spinner of the
type used in agrioulture for spreading oomplete fertilizer or asrially by using aeroplanes
or helicopters. Broadoast sowing is used for many speoies 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 oiroumstances where the seed supply is wbundant and oheap and pre-supposes that
only a relatively small percentage (30% or less) of the germinating seeds survive to
establishment. If germination and survival oonditions are good, then broadoasting may
well result in too high a stocking of the land, requiring subsequent drastio reduotion 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-stooking with subseyuent thinning out of the seedlings is sometimes
ocongidered acoeptable,

In New Zealand Pinus radiata plantations have been extensively established by
aerial broadoasting, and in Canada direot sowing of Pinus oontorta, Pinus banksiana and
Pioea glauca, partly from the air and partly by using tractor mounted seeders, is widely
used, thanks to developments in seed-ooating techniques. In Canada from 150 to 450 g/ha.
of seed is used in broadoast seeding depending on the species and the looality of sowing.

Broadoast seeding from the air has also been highly successful on a large socale
for sowing Pinus elliottii and other fast growing pines in the southern states of U.S.A.
It is the quickest and oheapest method, an asroplane seeding 600 hectares per day and a
helicopter up to 1 000 hectares. Broadocast seeding by machine is muoh slower, covering
up to 35 hectares a day, while 8 heotares is about the maximum a man could seed a day.

The possibilities of reclaiming sand dune areas by asrial seeding followed by
spraying the land with a coagulating ohemical to fix the blowing sand is referred to in
Chap'ter 4. )
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Wherever possible the seed should be covered 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
previeusly clean oultivated this 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 ohains attached to each end and yoked to a traoctor or to draft animals. Covering the
geed has a marked effeot on inoreasing the survival germination percentage.

Sowing in Lines or Drille

Sowing in lines may be conveniently used either on olean cultivated sites or on
land ocultivated in lines or strips. The seed is mown by hand or can be drilled in with
a modified agriocultural 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 ocan be seleoted on the basis of growth rates or
subsequent tending methods, and the spacing of seed in the line should be such as to ensure
an adequate density of stocking.

Hand sowing in lines is still ocommonly used in many oountries, particularly for
small-soale cfforestation sohemes. It is the only posaible method on planting sites
prepared with tied-ridges and along oontour trenches and gradoni on steep slopes. Some-—
times a shallow furrow is drawn into whioch the seeds are dropped before olosing the furrow
ir. with a hoe or rake.

Very large seeds can be dibbled in holes made in the soil by a pointed stake. In
Brazil the seods of 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 species in
Argentina, vhere lines are 1 m apart and within row spacing is 0.5 m. This olose
spacing requires 40 to 120 kg of seed per heotare. At year three the seedlings are
thinned out to 2 500 plants/ha. Line secding is also the general method used in Italy
for Pinus pinea plantationsj 50 — 120 kg of seeds par heotare are used, and the seeds
are buried "a finger's depth™ in the soil,

Where possible drilling with traotor drawn implements is often more timely and
efficient than sowing by hand. A tractor and drill can seed 5 heotares a day while 25
men would be necded to do the same work in the same period. In Canade a speocially
designed drill seeder has recently oome into use whioh is towed by a orawler tractor
fitted with a V-shaped dozer blade. Use of this machine allows socarifioation of the
soil and seeding to be carried out in one operation.

Spot-Sowing

In this method, seed is sown in relatively small oultivated patches spaced at
regular intervals corresponding to the desired orop spacing. Spot sowing is commonly
used for such genera as Swietania or Gmelina 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 cleared of
vegetation which is later burned in situ. The seed is sown on the ground in small spots of
20 om diameter at intervals of 2.80 x 2.80 m or 3 m x 3 m using a seed shaker or "pepper
pot" ocontainer consisting of a sorew-topped jar, or a plastio 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 methed is used for
sowing Eucalyptus seed in Zambia and the Congo; however in these areas it has not
sucoeeded as well as in New South Wales, where the two species are native. In general,
RBucalyptus sppe. in exotic sites are more sucoessful if planted.



The Panama direoct geeder is a lightweight hand tool used for spot sowing diractly
ontc mineral scil. It has a trigger dispenser and an ad justable hole gize which
allows the operator to control the number of seeds releassd por =pot. (Courtely
U.S. Forast Service)

The spot sowing methoud is commonly used for establishing conifer Plantations in
hilly regioms, partioularly in some Mediterransan countries, in the Himalayas and in Japan.
In Japan the spots are about half a metra in diameter and are sown with about 50 seeds of
Pinus densiflora which are oovered by lightly raking over the spot.

3pots may take the form of rectangles which are often ahout 15 m wide and 2 - 4 m
long, with the longer axis oriented along the oontour., These rectangular spots are cleared
of shrubby growth and cultivatod with a mattook or hoe. In Ttaly, Pinus pinaster and P,
lariocio ars normally sown in this Wiy or on ocontinuous ocultivated strips using 6 - 15 kg
of seeds per hectare. The mathod is also umed 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 heotare, Almost double this quantity of seed is needed for sowing along
continuous oontour lines.

Another varient is "mound" or bed sowing, especially on moist sites or in poorly
drained woilg, where the aoil is excavated from pits and deposited in a geries of small,
flat-topped mounds, on whioh the seed is sown or dibbled.
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Spot soving is sometimes usi»d in taungya plantations, the spots being maried by a
stakke driven into the ground so thiut the cultivator can tske precautions against injuring
the seedlings during weeding or hurvesting werk. -

B.glwo-nt 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 case of fast-growing species, it is advisable to fill the blank spots by planting
nursery grown plante rather than to attempt re-seeding. An essential is to determine the
reason for any fallure, in an attempt to ensure that any casual fastors will not similarly
affect any re-seeding.
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CHAPTER 3
PLANTING AND TENDING

PLANTING

The deoision to afforest on a reasonably large soale should always be based on a
series of trials or research to detexmine effective methods of establishment. Both direot
seeding, primarily because of its possible cheapness, and planting with nursery stook
should be ocnsidered, but planting is by far the most oommon method. .

Planting allows for regular spacing which favours good utilization of the site and
facilitates subsequent tending operations and plantation mansgement. On diffioult sites,
partioularly in dry regions, planting has proved by far the most effective method, indeed
often the only method, of eztablishing plantations. It is also often the most succesaful
method for fertile productive sites where competition from weed growth is fieroe. When
geed supplies are soaroe or costly, nursery production and planting offer the best
opportunity of using seed officiently; whils in oircumstances where plants are reproduced
vegetatively, suoh a8 hybrid poplars or gpecies that produce 1ittle or no viable sesd,
there is no alternative to planting.

The main disadvantages of planting when oompared with direot gowing are the ocost
and time required to produce nursery gtook, the high ocosts and transport problems in moving
stoock to planting mites without detarioration in their oondition and the inoreased
requirements in number and skill of planting teams. Unskilled or careless planting often
results in poor survival or in root deformation that adversely affects growth and stability.

The essential principles of planting are that:

1) The planting stock should be healthy and vigorous;

2) fThe sslected trees should be suited to the planting site,
and such sites should be prepared to & ocondition favour-
able for the tree orop, and

3) Planting should be carried out in an effiocient and timely

fashion and the seedlings should be given proper ocare and
protection during and after the planting operation.

Previous Page Blank



Kinds of Planting Stook

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

Bare-Root Plants

Bare-root plants are despatohed from the nursery aftar saskiig the excess earth
from the roots, leaving only a thin layer for proteotion. The planis 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 specially prepared mixtures, The bundles are rlaced in
paper or plastio sacks, cardboard oartons eto., for despatoh. Plastio bags or paper sackas
lined with plas;io 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 & loss of viability, even in humiq
olimates, if the roots are exposed to sun or wind; they should, therefore, always be kept
oovered 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 hour; between delivery and
planting, the bundles should be 'heeled in" - that is to say, placed in speoially dug
trenches and the roots oovered in moist sand, peat or light earth, Plants that have been
oarefully heeled in and kept watered can survive several days, even Weeks, without damage,

"Striplings" are large nursery plants with a 1 to 2 m shoot whioh .3 stripped of
leaves prior to despatoh for planting, Stripping off the leaves reduces transpiration
losses. Such plants are used mainly in the tropios where browsing is a opecial hazard,

"Wildings" are natural forest seedlings or root suckers whioh are sometimes used
for planting when nurgery stook is either too small or in short supply. They are most
often used in enrichmant planting operations,

Ball-Rooted, Potted or Tubed Plants

In ball planting, the plants are despatched from the nursery with their roects
enveloped in nursery soil, whioh protects them from drying and reduces physioal damage
to the roots as a oonsequence of 1ifting from nursery or transplant beds. A method
developed in East Africa, for example, is to oarve up the nursery bed into seotions and
to place the seotions into shallow-sided baxes, or to grow the seedlings directly in the
boxes. At the planting site, individual seedlings with small blooks of soil are cut from
the box for planting. :

The main problem with ball planting is to prevent the soil from being shaken 1loose
from the roots during transit from the nursery to the planting site. To overoome this,
different teohniques have been tried, sush as enclosing the bare roots of nursery stook
in balls or blocks of specially mixed and oompressed earth (uerua.lly oonsisting of clay,
sandy loam and peat or humg in equal parte), or in earth-filled oontainers. Stook thus
treated are termed "balled-plants®, In a similayr method developed in Brazil, and formerly
used on a large-soale, the potting soil is compressed by a machine to form a soil blook,
ocalled a torrao aulista, into whioh seed ig BOWn,

On a much wider scale, the problems of root exposure have been largely overcome
by the use of seedlings raised in some form of oontainer, Plantation systems using
oontainer-grown stook are now oommon in most parts of the world, and are uged almost
exclusively in areas with a marked or long dry season. Container plants have a
oonsiderable oapaoity to withstand limited dry periods following planting; <their uge



therefore can prolong the planting season, partioularly in temperate sones, and to & much
lesser degree in harsh environments. .

Containers can be either "pots", which have a closed bottom, preferably with
drainage holes, or "tubes", whioh have no bottom Lut require a soil medium thai is
suffioiently adhesive not to fall out when handled.

The use of ocontainers made of polythene has become widespread; but prior to their
development, various other materials such as metal, bamboo, wood veneer, banana or palm
leaves, cardbvard 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 oheap, light and easy to
handle and has generally proved effeotive over a wide range of oonditions. The polythene
used for oontainers 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 om
oiroumference 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 o are being actively continued. In
Zambia tubes 15 om by 25 om were standard, but "minipots" 15 om by 15 om have been
daveloped and are extensively used. The size of a oontainer has an obvious effeot on its
weight when filled with soil. Ifor example, in Nigeria the different sizes of pot filled
.with poil weigh approximately:s large, 1.9 kg; medium, 1.1 kg and small, 0.4 kg. The work
input and cost of transporting oontainer seedlings inoreases with the size of oontainer,
whioh underlines the impetus for research into the use of minipots and "tubelings". An
objective in container planting should be to use the smallest oontainer oompatible with
suocessful establishment and subsequent growth and development.

The use of oontainers has ococasicnally caused root malformation of seedlings, with
an adverse effeot on their subsequent growth and development, and one disadvant of
small pots is that they may inorease the ohance of suoh malformation (Ba.ll, 1976) V¥hen
plants are kept too long in containers, the restriotion of lateral root growth may ocause
distortion, ooiling and spiralling whioh may later lead to basal stem smap, reduced wind-
firmess and stunted growth, and in extreme oases it may result in mutual strangulation of
roots and the death of the tree. These symptoms, however, may not always appear, or may
not beoome apparent until some years after planting. In Nigeria, for example, in trials
of removal, partial remcval or retention of polythene bagus at the time of planting, there
vere indiocations of inoreased mortality in four-year-old pines when bags were not removed,
but in euoalypts up to seven rears old removal made little differenos (FAO, 1976). To
reduce the rick of root coiling, it is important to time nursery operations so that plants
do not beoome too large for their oontainers before out-planting; and to mitigate the
damage from ocoiling it is adviseble to oompletely remove the oontainer at the time of
planting. In addition, Ben Salem (1971), Stone {1971) and Donald (1968) reoommend making
two or three vertical inoisions about 1 om deep down the length of the soil oylinder with
a sharp instrument to ocut any coiling roots.

In recent years new types of container have been developed in North Amerioa whioh
are designed to minimize root ooiling (Tinus et ale, 1974)c The inner walls of these
containers have vertioal ribs whioh ohaunel the roots to a central bottom hole. By
supporting the oontainers oclear of the ground, emerging roots are killed back by "air
pruning”, thus enoouraging groiith of numerous laterals into a tapered form. The plant and
growing medium (together oalled a "plug") are removed from the oontainer at the {ime of
planting and are inserted into the soil with the aid of a speoially made dibble.



Stumps, Cuttings and Sets

"Stump" is a term applied to large nursery stock of certain broadleaved species
which has been subjeoted to drastio 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 speocies and is frequently used when
establishing teak, gmelina and a number of other important tropical genera (e.ge Afzelia,
Cassia, Chlorophora, Entandrophragnma, Khaya, Lovoa, Pterooarpus, Terminalia, Triploochiton,
Bischofia, Dalbergia and many Leguminosae. Stumped plants of Acaoia oyanophylla are also
used in arid zone drift sand stabilization plantations. During transit stumps are
normally oovered with wet saocks or layers of large leaves.

Cuttings and sets are also commonly used as planting stook in reforestation
programmes. A ocutting is a short length ocut irom a young living stem or brargh for
propagating, i.e. producing a whole new plant when planted in the field., A rooted
cutting is one that has been rooted in the nursery prior to field planting. Sets are
long, relatively thin, stem outtings or whole branohes, suoh as those sometimes used for
propagating willows,

Trees easily and oommonly propagated by outtings include poplars, willows and
gmelina. For some harder to root speoies, rooted cuttings are sometimas used in reforest-
ation to supp].ement\ scaroe seed supplies and as a means of tree improvement (Brix and van
den Driessohe, 1977). Rooted outtings of Cryptomeria ja onioa, for example, are oommon
in Japan, and Pioea abies rooted outtings are used in West Germany and Finland. Extensive
research on rooted cuttings is being conducted in New Zealand and Australia for Pinus
radiata, in the United States for Pseudotsuga menziesii, in Nigeria for Triploohiton and
in the Congo for Euoalm“ Spp.

Size and Quality of Planting Stook

There is a considerable 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 speoies 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 exoept under detailed specified conditions it is
diffioult to define an optimum root/shoot ratio. A generalized ratio based on length
might vary between 0./ and 1.0, although a root/shoot weight ratio would give a more
acourate measure of balanoe. Stem diameter and height are other oriteria for grading
planting stook that might allow the setting of minimum acoeptable 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, 1972). Such plants are usually from one to four years old and may have
spent one or two years in transplant beds., In the iropios plants are ready for planting at
between 3 and 12 months. Experienoe and researoh indioate that medium-size stook, for
example conifers betwsen 15 and 40 om, with a woody root collar often have a better
survival rate than smaller plants.

The morphologioal grading of planting stock must depend to & large extent on looal
research and experience and the setting of looal standards., Studies in the United States
have oast some doubt on the adequacy of suoh morphological grading as a survival index,
and research is ourrently being directed towards the determination of physiological oriteria
and :)Ln partioular the oapacity for rapid root development following planting (Kozlowski,
1973).



Tn the oase of tubed or potted stook, the maximum size for planting out is largely
determined by the size of the oontainer. The larger the oontainer 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 euoalypt 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 small plants may be subjeot to frost heaving in temperate regions, whereas
exoessively tall plants ave liable to be blown over or loosened in the ground, and root
development may be restricted or inadequate to oope 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
eucalyptse.

A further factor affecting grade of stock is the state of the planting site. It
is possible, for example, to sucoessfully plant smaller seedlings on olean cultivated sites
than in weed-covered unoultivated land. A high standard subsequent weeding regime can also
oompensate for smaller stock at planting.

Timing of Planting

In general the best time to plant is when the goil is moist and free from frost,
when atmospherio 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 ocooler temperate regions the best planting time is in spring when ground
temperatures are above 4 - 506, In the Australian temperate regions pianting 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 whioh prevent taking advantage of optimum periods reduce the degree of
success, and long delays may result in oomplete failure. '

In some moist tropiocal or equable olimates, planting may be feasible over much of
the yesar, but in other regions where there are pronounced wet and dry seasons, planting
operations should coinoide with the onset of the period of regular and continuous rains
and should begin as soon as the soil has beoome sufficiently moist. In Zambia, for
example, planting is started when the soil is moist to a depth of 30 cme In Bast Africa
a formula has been evolved to determine the soil moisture buildup based on daily rainfall
and temperature readings (Griffith, 1957). Briefly, this method asoertains the daily loss
of moisture from the soil by evaporation and a measure of the daily gain from rainfall.

A running gain and loss acoount is kept, and when a certain amount of soil moisture has
accumulated, planting is commenced. The amount has to be calculated for each planting
locality and depends on type of soil, altitude, looal probability of rainfall and the tree
speoies being planted. Suoh a procedure brings greater certainty into the deoision 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 extansive planting programmes in suoh a limited period requires considerable
planning preparation and acourate caloulation of probable planting dates. In Nigeria,
for example, Kowal (1975) estimated planting dates for a number of savanna stations with
Penman's formula based on reliable synoptio stations. By programming nursery and land
preparation to such planning dates, it should be possible tu slightly advance or delay
planting to take advantage of actual favourable climatio conditions ocourring either side
of the estimated dates.
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The uge of omtainer stock oan extend the planting season, since the plants are
more tolerant of olimatio variations, partioularly dry spells, than bare-root atook.
Even in dryer regions planting oan be extended outside the normal planting season,
provided the plants are watered or irrigated until they are establighed.

Plant Spacing

As the opacing between plants varies with a number of often oonflioting
requirements, the seleoted spacing may be a oompromise between silvioultural and managerial
objeotives. Close spacing, for exzmple, may be desirable to achieve early oanopy olosure
with oonsequent suppression of weeds and reduotion in the weeding period, but if eoil
moisture is a limiting faoctor at certain 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 oonsequenoce in suppressing
weed oompetition but also reduces any fire hazard at a stage when the orop is partioularly
vulnerable. However, while a olose spacing will produoe early oanopy olosure, it may also
oreate a need for early and unsaleable thinnings,

Some of the factors influenoing the ohoioce of planting distances are:

1) The growth rate of the speoles planted. Slower growing speocies
tend to be planted at oloser spaoing than faster growing speciesn,
and for this reason spaoings in the tropios tend to be greater
than in temperate regions.

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

3) The hazard posed by oompating weed growth. Despite the faot that
olose spacing reduces the time to canopy olosure, it may well
inorease the diffioulties and oosts of weeding. Meohanized weeding
requires a spaocing between tree rows suffioiently wide to allow for
the passage of a traotor and implement. A distanoce of 2.8 m
between rows is oansidered a minimum spacing where weeding is
mechanized, .

4) The availability of soil nutrients and soil moisture. In shallow
soils, or on sites irith frequent rock outorops, the spacing will
tend to be wider allowing more room for root development or it may
be irregular to oonform with the distribtution of soil pockets among
the rooks. In arid regions, soil moisture is often a limiting
factor and the general praotice is to use fairly wide spaocings,
especially where inter-row oultivation is praotised to promote rain
water retention,

5) The influence of drainage or irrigation works. The layout of drains
in wet soils or of the water ohannels in irrigated plantations ocan
also influence the spaoing of planting lines. For exanple, 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 cooridinated,



6) Future management. If it is polioy to reduce the number of early
and often unsaleable thinnings wider spacing is reoommended, as in
the case of some plentations of fast growing tropical oconifers
where orown olosure 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 spacing oan be
adopted if the produotion of fuelwood, small diameter poles, or
pulpwood is the objeot of management. In out-over tropioal high
forest, wide spaoing of planting lines ooinoiding more or less
with final orop espacsment has been adopted leaving inter-bands of
natural regrowth, and in taungya plantations the tree orop spacing
has to be sufficiently wide to allow the oultivator to ocarry out
his oropping over a reasonable period.

7) Finanoial aspeots. Costs for plants and labour tend to inorease

with deoreasing planting distanoes, but on tue other hand, costs of
veeding tend to inorease with wider spacing.

Organization of Planting Operations

General Layout

The general layoat 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 particular 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 corner and interseotion points
should be marked by plainly visible, more or less permanent beacons. An essential
featurs is that there should be suffioient 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 mechanized operations, such as weeding, ars planned, sufficient space
should be left for tractor turning, not necessarily at the end of each compartment btut 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 soil oonservation
works following the oontour are necessary, planting should wherever possible bLe in
straight lines. This is mainly to facilitate weeding operations after planting, and is
equally important whether hand, mechanioal or chemioal weeding is employed. Plants whioch
are out of line (and often obsoured in weed growth) are more liable to be out or injured
during weeding. The maintenance of straight lines is not of the same consequence where
there is no subsequent weeding.

Except up or down hill, straight line planting is not of course possible on sloping
ground under oonditions whers oontour soil or water conservation works form part of the
site preparation work. On such sites planting lines normally follow the direotion of the
ocontour banks, steps or ridges.

There are many variations in marking out or pegging planting lines, but for
straight line planting squaring is the most common., Commencing at the corner of a
oompartment and using a oompass or optio 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 exaot multiple of the plant spacing. Planting chains are tagged at the plant
spaoing and are generally from 30 to 80 m long. From the outer 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 chain length, Returning to the starting point, and using the chain, 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
faoilitate subsequent operations. It is important to carry out periodio ohecks to ensure
that the distance between pegs is being acourately maintaineds Chains should be checked
for stretching during the operation. At any irregular ocompartment edges, with seotions
less than the partioipating chain length, a peg should be inserted at that last planting
tag whioh comes within the planting area. Where mechanized 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. Such squaring is usually adequate for subsequent pitting or
nlanting operations, but in some areas the tagged planting ohain is also used to peg the
piant spacing along the two opposite sides of each square.

Another method of marking is to use a light tractor fitted with a boom carrying
tines at set intervals which 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 anly feasible on relatively level surfaces free of obstructions. Similarly,
where subgsoiling is ocarried out during preparation work, the planting lines correspond with
or are close to the furrows of the subso’ler tines.

In cases 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 direotions. :

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 common for the
planters to pace out planting distances as they plant, a skilled planter being able to
maintain the planting line by eye. Mistakes, however, can be made if the planter is
careless or tired, so that where inter-row ‘tending by mechanioal means is prescribed it is
always advisable to take the trouble to peg or chain planting lines.

Organization of Planting Work

The sequence of all operations preceding the actual planting must be so timed
that planting oan begin immediately site conditions become suitables If, as has been
noted, the planting season is relatively short, it becomes important to ensure that
adequate supplies of planting stoock are distributed at depots easily accessible to the
planting area. -

The success or failure of a plantation depends to a great extent on the akill'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
nurgeries in such 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 container), 4) the terrain and soil type and 5)

" the skill and experience of the planters, ‘

Since planting stoock is liable to deterioration from exposure, the forester should
gauge deliveries so that stock 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
immediate planting should be protected against exposure by "heeling in"™ of bare-root
plants or by placing container and ball-rooted plants in depots where the plants can 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 ohemical anti-transpirants is
under investigation and trial in many countries.
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In exceptional cases, for example, where plants need to be delivered to the
planting site before smows bloock road oommunioations, the establishment of temporary
storage nurseries should be considered,

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 oarried to the site by men,
by peock transport or by four-wheel-drive vehioles, depending on the terrain. The plants
are :ubsequently oolleoted by planters who refill their bags or containers from local
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 dimenuiona oonveniently handled and oarried by one worker. The
number of plants per oontainer may also be conveniently matched to the number of plants
required betweer 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
speoially 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 inoreased if the lorries and trailers are fitted with shelving allowing trays to
be stacked in tiers. .
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Multi-level tractor trailers of various sizes can be constructed for
{transporting 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,

ater transport efficiency can be attained by using larger trailers.
Courtesy D.A. Harcharik)
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Planting Methods

Proper attention to detail in lanting is often of greater importance than the
method itself, It has been indicated f Wakely, 1954) that depth of planting and proper
olosure of the planting hole are the more oritiocal faotors affecting survival,

Hand Planting

The two main marumal teohniquen are notohing and pit planting., Notohing is used
only with bare-root plants. In its simplest form it consists of outting a slit in the
ground with a spade or mattook, opening the slit wide enough to insert the roots of the
plant, and finally olosing the slit by pressing with the foot or heel. Variations consist
of the T notoh and the + notoh., Both require a double slit, whioh takes longer unless a
special tool is used, but the plant roots can be better spread than in the simple notoh
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 experienoe indicated that survival rates are less satisfaotory if the roots
are set deeper than this.

Dibbling is a variant of notohing in whioh a planting bar or dibbling stiok is
driven into ths ground oreating a slit into whioh the plant is inserted and firmed by
driving the bar into the ground beside the plant and levering the soil lightly against
the plant, Dibbling is used for planting bare-root stook, unrooted cuttings, sets and
sometimes for stump plants.

Ball-rooted or oontainer stook oan only be planted in pits., Pits are very often
of muoh greater dimensions than the ball or oontainer. It has been suggested that larger
pits may have beneficial results in uncultivated sitos as this provides a greater zone
for early root penetration. In general, however, a pit that will readily acoommodate the
seedling roots is adequate.

For oontainer-raiged seedlings, manual digging of the planting hole is the
standard technique. 4 hoe, such as that shown here in use near Ain Beida,
Algeria, is a suitable tool. (FAO pheto)
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‘ Pits are usually dug with types of spade or a broad-bladed mattook, the top soil
being kept separate from the subsoil, so that it oan be filled in first at the time of
planting., In some countries ypits are exoavated some months before planting to allow the
spoil as well as the exposed sides of ths pit to be moistened by rainfall. On sites that
have been already ploughed this is not so neocessary, and the digging of pits is then
oarried out just ahead -7 or at the time of planting.

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

All types of planting stock ocan be planted in pits. When bare-root stook 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 cm 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 oconsolidated. At the end of the oprration 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 collar
a few oentimetres, so that after oonsolidation it remains at or near the surface of the
ground. If the root oollar is exposed, 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 oollect rain
water or dew, but in heavy soils with low peroolation rates, suoh depressions can retain
water for several weeks, oausing localized waterlogging resulting in the death of the
plmt-

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

When planting oontainer stook, a pit just slightly larger than the container is
made with a trowel, dibbler or mattook. It is usually necessary to remove the plant from
the container, or to slit or cut it before planting. For full removal of a polythene pot,
a knife or razor is used to slit the pot, the bottom is torn off and the remaining tube is
slipped off as the seedling is placed in the pit. Partial removal is similar except that
some 7 om of the upper tube is left around the soil oylinder. This forms a oollar, of
whioh approximately 3 cm are left above the ground after planting. This practice is
ocommon in areas where termites are a problem such as in Afrioan savannas. The objeot of
leaving the oollar is to prevent field soil .. wering the inseotioide-treated pot soil
during weeding. Such untreated field soil o1 serve as a bridge for termites to attack
susoeptible species, Onoe the seedling is #- the pit, the excavated soil is used to fill
any gaps or holes and the plant is thoroughiy 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 contact with
the roots. Firming also minimizes damage oaused by wind whioh can 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 disturbanoes, and where wind is a problem it
may be neoessary to drive wooden stekes firmly into the ground beside the plant and to tie
the stem to the stakes. Jtaking newly planted poplars, whioh are often 2 to 3 m in height,
is common practioe. '
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Mechanized Planting

Planting machines are at present ''rad mainly with bare-~rcot stock. If correotly
adjusted and used they generally give gocd survival, minimize root distortion and cover
the ground quickly (e.g. up to 12 000 plants and more per machine daily), but they oan
only be eoonomically used over large areas and are limited by topography and vegetation.
By handling mainly bare-root gtook, mechanized planting is mainly oonfined to temperate
olimates, but research and development is being carried out to develop planting achines
for small container plants and other machines for poplar sets or outtings,

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 effeoctive on
diffioult sites and slopes. The basic machine operutions ares 1) {he making of a vertical
out in the ground, 2) opeaing up the cut to receivs the seedling and 3) olosing the out
and firming the soil around the plant. Theme bausic operations may be supplemented by
dsvices for removing vegetation, by water sprays or fertilizing systems or by a timer for
more aococurate plant spacing. The vertioal out can be made by a knife edge or a plough
share but the most oommon tool is a straight or ourved oculter disc, whioh has the
advantage of reduoing the pulling power required, of riding over obstructions and of
outting most soils easily, The opening devioce or "plant shoe" consists of a slotted
piece of ateel 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 geat or gaddle
situated behind the coulter diso feeds scedlings into the planting shoe at the required
spacing. The final operation of olosing the slot is achievsd by two inolined rotating
wheels, normally fitted with pneumatio tyres. Supplies of planting stook are carried in
oradles on the machine within easy reech of the operator, and preocautions are taken to
prevent drying out of the seedlings.
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Most planting machines, suoh as this one in operation in the U.S.A,, are
designed to handle bare~root seedlings. Development of mechaniocal planters
suitable for container stook is now underway. (Courtesy X.P. Karamchandani)
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High produotivity rates can be attained by mechanical planting on areas of level
terrain and few obstructions, such as these grasslands in Venezuela whioh are
being oonverted to Pinus oaribaea. (Courtesy B.J. Zobel).

Replacement Plsuting

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

What constitutes a satisfactory survival varies in different regions. In California,
for example, for pine timber plantations planted at 3 mx 3 ma 46% survival at five years
constitutes an acoeptable stand. This is, however, z minimum standard and higher stocking
murvival is desirable (Sohubert and Adams, 1971). Ix Nigerian savanna, a survival of 90%
ig desirable for eucalypts and pines planted at 3 m x 3 m, bui when this falls below 80% an
asgessment is needed to determine whether replacement or total replanting is required. With
high mortality the object of taking over the site may not be achieved, and a heavy influx of
weeds oan have a further deleterious effect on remaining trees and may create an unacoept-
able fire hazard. In Britain it is rarely considered worth beating-up a plantation if
survival is 80% or better. '
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The distribution of casualtisa ocan also affeot the need for replacement planting.
For oxample, where failures are everly distributed the average survival figures may be
aocoeptable, but this may not be the case where deaths ooour in groups or patches. To be
effective, replacement planting must be carried out as soon as reasonably posasible after
planting, and rarely more than a year later, even with slow grovwing trees. Consequently
it is important to carry out this operation with oonsiderable oare and with high quality
seedlings at least as good as the original stock,

Serious tailures, although sometimes attributable to unusual olimatio oanditions,
are often due to errors in Judgement or teohnique during the establishment process, for
example, selecting the wrong site or species, 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
careful investigation to determine the possible oauses, so that remedial aotion oan be
taken in the future and befcra any replacement planting,

Fertilizers and Mycorrhizae

Soil Nutrient Status

. Trees, as other plants, require from the soil an adequate supply of all thirteen
essential elements for healthy vigorous growth. These elements are the maoro-nutrisntas
nitrogen, phosphorus, potassium, magnesium, oaloium and sulphur; and the mioro-nutrients
or trace elementss boren, copper, iron, zino, manganess, molybdenum and chlorine, Unthrifty
growth or even failure may indioate defioiencies of one or more of these nutrients, but poor
growth may be due to other causes inocludings

1) Excess or deficient soil moisture,
2) Tnadequate soil asration,

3) Pathologioal oandition (due to attack by insects, fungi,
bacteria, viruses or nematodes) or

4) Soil conditions which inactivate the soil flora or fauna.

If soil nutrient defioienoy is suspsoted as causing poor growth, the soil should
be analyszed to discover whioh elements appear to be in defioit. Foliar analysis is
another diagnostio technique which is being more frequently used. Local field tests
should oonfirm the oomposition and quantity of fertilizer and the methods and times of
application required to remedy the defiocienoy and g€ive healthy growth,

The elements most commonly in short availability are phosphorus and nitrogen, and
in experiments in which these elements were added inoreases of growth were most often
obtained. However, nitrogen fertilizers in the absence of adequate phosphorus, either in
the soil or in the fertilizer, have ocoasionally been deleterious and, even with suffiocient
phosphorus present, they do not always give positive responses unless there has been
adequate rainfall and generally moist oconditions prevail. Potassium rarely seems to give
positive responses, In dry zones the applioation 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 follows 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 fertilizer application until
the rains have becoms established and there is no danger of the soil drying out (La.urie,

1974)«
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Fertiliser Applioation
The main reasons for applying fertilizers ares

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

2) To acoelerate the growth rate of trees afier planting sc as to
inorease the chances of survival and to shorten the establishment
phase.

Advances in the soience and technology of forest fertilization have been fairly
rapid over the past twanty years. The jdantifioation of phosphorus and nitrogen defioiency
over extensive areas of plantation land have been promptly and effectively dealt with by
the applioation of fertilizer technology adapted from agrioculiurs (Bongston, 1973). Types
of phosphorus and nitrogen fertilizers suited to partioular forestry situations have been
and are being developed.

The timing of fertilizer appliocation is important. For some speoies and soils,
addition of fertilizers at the time of, or soon after, planting may be benefioial; in
other cases, fertilizers are applied years after planting, Numerous fertilizer experiments
have been ocarried out, often with oonflicting results. This is perhaps to be expeoted when
the great variety of soils and of species is oonsidered, and it is diffioult to formulate
generalized recommendetions oither for species or recommendations.

Fertilizer a.pplioation.is often by hand, but an extensive range of equipment has
also been evolved, particularly for large-soale applioation. The types of equipment inoludes

1) Traotor mounted spreaders using air blowers or mechanioal spreaders
to broadoast fertilizers and lime,

2) Traoctor mounted applicators which can meter and selectively apply
fertilizers simultaneously with either site preparation or planting
operations and

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

Aerial application is excellent for large areas. The teohnique was advanoed rapidly
by the development of speoial disposal reservoirs or caristers which can be quickly fitted
and removed. Since 1974, however, the steeply rising costs of fertilizers have encouraged
new research and development of equipment and teohniques whioh aim to eoonomize on the
amounts of fertilizer used by effecting more precise placement.

Tree Response to Fertilizers

Fertilizer application to remedy defioienoy oconditions can often produce remarkable
results. In many savanna areas, for example, eucalypts, in partioular Euoalyptus grandis,
are found to be very sensitive to low fertility, especially to boron defiociency. The
symptoms of boron dsficionoy 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 such areas, ‘and in Zambia heavy standard applioations of from
57 o 144 g of borate (14% B) per plant are given, the quantity depending on site, Boron
deficieni orops will produce no saleable yields but E. grandis with borate ofter. reaches a
mean annual inorement of over 25 m3/ha.
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A great deal of work has been done on fertilizer application 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 production it is neocessary to
fertilize at planting and to control weeds, Early responses to fertilizer wers still
evident at canopy closure and increased with time up to at leas’ 25 years without additional
stimulation, Delaying fertilizer application can appreciably reduce produotivity. The
quantity, time and type of fertilization, type and quality of site preparation and degree
of weed control interaot to influence early response and consequently total produotion,
Optimizing these various faotors offers good management an opportunity to maximize inorement,
In Nigeria, an applioation of 114 g of phosphate was found to inorease both survival and
growth of P. oaribasa (Jackson, 1974), and in Western Mstralia 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 organioc manures is required to get the trees away to a good start on
suoh sites. There is, however, a danger of acidifying ~ertain 80ils by excessive
application of urea or other nitrogenous fertilizers, Sometimes nitrogen—fixing tree orops
suoh as alders (Alnus spp.), and many leguminous species are grown either as pioneer nurse
orops or as an understory in admixture with the main tree crops Luoerne and other herb-

Myocorrhizae

Most forest trees have mycorrhizal fungi 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 practioce of inooulating nursery soils with
mycorrhjza~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 whioh 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 speoies of
Aranoaria are reputed not to thrive as exotics unless both the eoto- and endotrophio forms
of the mycorrhizae normally associated with their roots are present in the soil,

Recent researoh has shown that in very fertile soils tree roots tend to have a muoh
more limited assooiation with myoorrhizae or none at all; aocordingly the application of
ferlilizers also seems to reduce the dependence on symbionts. It has not yet been fully
establishaed whether the myoorrhizal assooiation is essential for the development of trees,
or whetlcr the association is developed by the tree as a devioe for inereasing nutrient
availability in less fertile sites, In reocent years, much research has centred on
comparing the effects of different speoies of myoorrhizal—-forming fungi, often with notable
sucoess, Marx and Bryan (1975). for example,have shown that Pinus taeda seedlings
inooulated with Pisclithus tinotorius 8rew better on harsh, infertile, disturb.od sites with
periodio high soil temperatures than did seedlings inoculated with Telephora terrestric,
the more oommon and typioal pine nursery inoculum in the southeastern United States. P,
tinotorius also holds promise as a pine inooulum suited to high tropiocal tomperatures; in
Nigeria, Momoh et al. (1977) found it was able to withatand higher temperatures than
Rhizopogon luteolus, the general myoorrhizal fungus in use.

TENDING OPERATIONS

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

tree shaping may also be necessary.
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' Weeding

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 orop. Weeds oompete with the tree orop for light, water and
nutrients, and weeding should inorease the availability of all or the most oritiocal of these
elements to the planting orop. The main objeotive of weeding is to promote the growth and
developmert of the plantation orop, while keeping the ocosts of the operation within
acoeptable limits.

The main faotor affecting the intensity and duration of weeding is the interaction
between the tree orop and the weeds. Or some sites the tree orop would eventuzally grow
through the weeds, dominate the site and beoome established; and on suoh sites the main
funotion of weeding is to increase orop uniformity and speed up the process of establish-
ment.s 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 orops 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
fisquency and duration of weeding; some of these are:

1) Most orops would benefit from a form of total weeding, but very often
this is neither feasible nor can it be eoonomically 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
satisfaotory establishment.

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

Clean weeding is not oonfined to the tropics. In northern Italy, for example,
industrial rlantations of Pinus strobus are olean cultivated mechaniocally during
the establishment phase. zCourtesy Instituto Nazionale per Piante da Legno, Torino) :
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Other prinoipal faotors affeoting weeding are rainfall, temperature, initial orop
spaoing, sise of plants, rates of growth, weed species and density, ability of the weeds
to regenerate, much site features as fertility, moisture availability and slope and the
skill of the manpowsr available for weeding.

Methods of Weeding

The main methods of weeding are suppression and elimination; both ocan be done
manually, mechanioally or by chemioal techniques. 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 chemicals. Weeding may be total
or partial; the main partial methods being spot or line weeding,

Weed Suggression

The simplest method of manual suppression is to trample or beat the weeds down,
away from the plantation trees. Thig opsration may be mechanized by using a tractor-towed
roller, but such an implement cannot operate toc close to the tree orop.

The most common manual method of weed suppression is to out them back using a
variety of outting tools such as gickles, brush hooks and soythes. In many countries cane
knives or matchetes are used, and although such 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 mechanized outting weeders, such ass
1) The portable brush outter, as noted in Chapter 13

2) The pedestrian oontrolled two wheeled machines suoh ag the
reoiprooating bladed autosoythes or similar machines with
rotating blades or flailsg

3) Tractor powered machines for brush outting, mainly rear—
mounted and operated from the pover take-offs

a) horizontally rotating ohain swipe machines,
b) horisontally rotating blade machines and
o) vertically rotating flail machines,

Weed Elimination

Weeding by ocultivation generally requires that the weeds, inoluding the roots, are
dug out of the soil and are either laid on the surface or are ohopped up and worked into
the soil, In addition to eliminating weeds, suoh oultivation may inorease rainfall '
percolation and reduce evaporation from the soil, features which are of oonsiderable
significanoce in certain areas with a marked dry season.,

Manual weeding cultivation is done mainly by long handled straight hoes or, in the
tropios, by shorter handled reourved hoes, The operation is usually more effective if the
hoe is used for actral oultivation involving turning over of the soil, rather than soraping-
off of the weeds. As total manual ocultivation requires high and costly labout inputs (e.g.
Nigeria 25 to 30 man-da\ys/ha) the operation is usually oonfined to spot or line weeding,

In spot weeding a oiroular area 1 - 2 m diameter is hoed around the trees; in line weeding
& strip about one metre wide is hoed along the planting line, Weeding costs are roduced in
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taungya plantations, where the farmer in tending his orops gives full or partial weeding
oultivation over the area during the growing meason.

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

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

1) Agrioultural tractors with rear-mounted heavy duty offset
diso harrows and

2) Agrioultural tractors with rear-mountad rotavators.

The diso harrows are widely used and, exoept in areas of exoeptionally heavy weed growth,
have proven satisfaoctory in practice. The rotavators also give good oultivation and oan

. deal with heavier weed oover than harrows, but being more sophistiocated 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,
vwhen in two direotions it is supplemented by spot weeding. Line weeding requires a labour
input of some 60% more than spot weeding. Meohanized oross weeding, however, results in
some 66% of the interrow area being oultivated twice. One major disadvantage of orcss
weeding is that the tractor has to oross at right angles the furrows made earlier by the -
harrow, and the oonsequent pitohing and shook loading can seriously inorease wear and
tear on the unit.

Total and partial weeding using ohemiocal herbic;ides have and are being extensively
developed. The types of herbicide oommonly used for weeding are inoluded in those listed
for site preparation in Chapter 1. The essential feature is that experiments are neocessary

to determine types of herbicide and methods of applioation, suited to partioular plant-
ation speoies and sites. The main methods of appliocation inolude:

1) Hand operated knapsack sprayers,

2) Motorized knapsack mist blowers,.

3) Granular herbicide applicators,

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

5) Ultra low volume sprayers and

6) Aerial appliocation.

The seleotion of type of herbiocide application is largely a matter of scale and

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

possibility of herbioide 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 (Chavases and Ht:p&triok! 1973).
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s

A vheeled tractor with a rear-mounted diso harrow is used for interrow weeding
young pine and eucalypt plantations in Afrioan savannas, (Courtesy TeGe Allan)
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s _of Weeding Regime

In temperate regions where partial weeding by ocutting or chemicals is done, it is
commonn praotice to do summer weeding once each year until the plantation trees top the
weedss This ocan involve a weeding programme of from two to five years. Poplars, for
example, require weeding in the two to three years following planting. A ocommon temperate
praotice is to out the vegetation and lay a muloh of 1.2 to 2 m around the tree eaoch
s56a80Ne

In savanna regions a common meohanized sohedule for euocalypts would be:

Time of Operation Type and Number of Weedings

First year regime (age O to 8 6 mechanized interrow weedings

months), during the rains in altemate 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 restrioted and the clean weeding
regime should inorease the water availability to the plantatior trees, partioularly during
the initial year when root development is taking place.

Watering and Irrigation

Plantations in arid and semi-arid regions often noed watering periodiocally during
the first growing season to obtain a satisfaotory survival rate. Watering should begin
sometime after the ocessation of rains when the moisture oontent of the soil has fallen to.
near the wilting ocoefficient and should be repeated at intervals until the onset of the
next rains. Before each watering the trees should be hoed olean 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 effeot?—s than more frequent
light waterings.

Watering is usually an expensive operation, especially on terrain too steep or too
rough for the passage of tank vehioles so that paock animals are required to carry drums of
water to the plantation site. Watering is uneconomiocal for large plantations, especially
if the source of water is at some distance away from the plantation, but it may be
justified in the oase of small amenity plantations or for establishing roadsicle avenues,
In many semi-arid ocountries, regular cultivation and weeding, especially during the first
growing season, has proved suffiocient to conserve enough soil moisture for satisfactory
survival of the plants, obviating the need for watering.

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



Prunidg and Shunigg

With the exception of very widely spaced orops, pPruning is not a normul operation
during the establishment phaso. Howevor, with certain Bpecies of ‘tropical pine, for
example, Pinus kesiya and P. oocarpa, a basal pruning may be necensary to remove adventit-
ious and undesirable branches at ground level. Occasionally 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, including the excision of double leaders, are practised
in certain plantations, particularly those grown from stumps or cuttings. Such work may
very often be ccmbined with climber cutting operations,

The early pruning of side branches and adventitious branchlets is customary in
wide-spread poplar plantations where the trees are expected to provide pesler logs for
maich-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 crown
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
possible after their appearance. Pruning of larger branches is best carried out in the
spring before the sap rises; this also appears to accelerate ooclusion of the wounds.
Pruning wounde or bark damage caused by weeding operations can be treated with formula-~
tions of lanoline plus indolacetic acid or lanoline plus Agrosan (an organo-mercuric
chemical) which hasten occlusion,
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CHAPTER 4
SPECTAL TECHNIGQUES FOR DIFFICULT SITES

Chapters 1 to 3 were concerned with site preparation and plantirg methods primarily
on firm ground of gentle terrain where soil moisture was neither excessive nor so limiting
as to require irrigation or the oonstruotion of special water-retaining struotures. This
ochapter desoribes teokniques which have been developed for particularly diffioul{ sites 3
1) areas where soil and water oonservation measures are critical faotors 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 IFOREST ESTABLISHMENT

This section is conoerned with two distinot sets of environmental conditions having
one important factor in common - the need to retard or prevert 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 teohniques with tree planting
is a characteristic ocommon to both site types. Soil and watsr oonservation techniques are
age—old; although in modern times many new techniques 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 ureas with aroding or erodible soils, generally with moderate to steeply
sloping surfaces, which are from time to time subjeot to rainfall intensities capable of
produoing suirface runoff in amounts damaging to the soil struoture in the catchmeni areas.
Exoessive runoff can also lead to downstream damage in the form of siltation and destructive
inundations.

Land subject to severs erosion oocurs occmmonly in the hilly or mounteinous parts of
those climatic 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 oompacted 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 oapaoity, ococasional
high intensity precipitation during storms oan exceed the soil's capacity for ‘nfiltration,
percolation and disposal through subsoil drainage, resulting in surface runoff in conocen—
trations which canse soil erosion.

A dense ground cover of permanent vegetation is the best form of protection for
soils in such environments. The aerial parts of the vegetation offer physical obstruction
to heavy rain and rapid runoff, while the roots and humus-rich horizons facilitate
infiliration and absorption of the rain water into the soil. The total destruction of this
surface cover for arable ocultivation or by persistent burning soon leads to oonditions of
severe soil erosion and the depletion of catohment efficienocy with the ooncomitants of
degraded soils, reduced farming yields and floods. The removal of litter and vegetation
for fuel is another factor oontributing to soil degradation. In such oonditions the rest-
oration of the vegetation cover — usually, but not necessarily always by afforestatisn -
beoomes a sine qua non for the control of erosion and further prevention of site deter-
iorstion,

Arid Sites

The arid and sub-desert areas are characterized by a long dry season and annual
rainfall as low as 10 to 200 mm. Suoh areas are more or less sparsely vegetated uith deep
rooting, xerophytio ishrubs, bushes and low trees. The rainy season is usually short in
duration, but rainfall, when it odmes, 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 techniques capable of holding a large proportion of this runoff in the soil
has made possible afforestation with trees of greater economio interest than the native
xerophytes in certain areas suoh as North Afrioa, South of the Sahara in the Sahelian zone,
the establishment of trees at reinfalls of 200 to 500 mm presents tremendous problems except
for a few exceptional, favourable sites,

The Problem of Surface Runoff

The basio aim of soil and water oonservation is to oreate oonditions wherein rain--
fall, or water from snow melt, can be held and encouraged 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 tc support
both a tree orop and a more or less densa cover of gzround vegetation. On such sites,
afforestation requires a minimum disturbance of the existing ground oover sufficient only to
enable the introduoed tres orop to grow without harmful competition. In this situation, the
problem is to control runoff and soil wash until suoh time as the new forest cover can
develop its own capaoity for soil protection. The extent and ocosts of preliminary soil
oconservation works oan often be reduced if the native ground cover oan te intensified by
proteotion from suoch destructive frotors as oultivation of unsuitable sites, excessive
grazing of domestio livestock or persistent burning. In Cyprus the total exoclusion of goat
grazing from burned-over rorest areas in the mountain lands resulted in so dense a regrowth
of the indigenous shrubs and maquis vegetation in the course of two or three years, that
the priviously applied and oostly soil oonservetion works could be dispensed with almost
entirely,

On arid sites the emphasis is more on the need to colleot and retain rain falling
o2 the plantation site for utilization by the forest trees during the growing season. In
such oiroumstances the oompetition of existing vegetation for limited soil water reserves
oan prove oritical, so that afforestation teohniques on arid sites favour clean oultivation
and water retaining struotures.
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The objective of all soil conservation and water retention techniques is to induce
or to maintain conditions of maximum water infiltration, absorption and disposal through
subsoil drainage. PEach site will have an optimum water absorption, depending on
the vegetative cover, the surface litter and the texture of the soil through all horizons
to the underlying bedrock formations. Conservation techniques should aim to restore the
water retaining capacity of the site to its optimum level. During heavy precipitation,
rainfall intensity often exceeds infiltration capacity and water begins to run off,
‘Conservation measures should, therefore, be designed to store in reservoir form as much
runoff water as possible and to provide for the safe disposal of any water which is surplus
to the oreated reservoir oapaocity. Under oertain conditions, partioculariy on mudstone
slopes or unstable soils, increased water retention is liable to result in landslips, and
on such sites certain water oonservation measures could prove harmful.

The design of oonservation measures, their capacity and oomplexity and, therefore,
their cost will derive from the terrain and from the foreoast of rainfall amounts and
inteonsities as compared with the water retention capasity of the site. Such rainfall
forecasts can be reasonably accurate if long term data (inoluding rainfall intensity
records) are available for the area together with runoff data, as reocorded by experimental
runoff plots an? iocal stream flow gauges., In the absence of such data the forester will
have to design the oonservation 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 inolusion of drains
and other devices for diverting surplus runoff into oontrolled discharge drains.

Soil and Water Conzarvation Methods in Regions of Good Rainfall

A great deal of technical experience has been recorded on the subjeot of erosion -
and on soil and water oonservation techniques. The intention here is to disouss briefly.
those measures whioh are commonly employed in combination with afforestation. '

Revegetation

In areas where rainfall is suffiociently plentiful or well distributed through the
year to maintain a relatively lush ground cover of indigenous species, the first step to
be taken is to ensure the proteotion of the site from any form of use reducing the effect-
jveness of whis natural vegetative ocver, .

The most commonly enoountered destruotive faotors are fires, overgrazing, and
shifting oultivation. Proteotion against such forms of damage nearly always inveolve
dieruption of traditional methods of land use and the introduotion of new systems of land
management. Such ohanges may provoke hostile reactions from the communities affected
unless social problems are identified and analyzed and acceptable solutions found. In the
example fromCyprusmentioned earlier, the land set aside for afforestation congisted of
hilly forest reserves traditionally grazed by livestoock owned by fringing oommunities. The
herdsmen, usually a landless minority oommnity, in return for agreeing to abandon forest
grazing, were oompensated by grants of agriocultural holdings, sometimes excised from other
parts of the reserve, or by grantg in cash suffioient 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 soiution to overgrazing was relatively simple; other ocountries facing
gimilar erosion problems are evolving other solutions suitable to their varying oonditions.
In Yugoslavia the abolition of forest grazing was greatly assisted by planned industrial
development which was able to aosorb the migrating forest grazing ocommunities. In Greeoce
and Turkey more emphasis is given to the development of improved range lands and the
introduotion of high-productivity livestock as indirect oompensation for the olosure of
other seotors of the oatchment destined for afforestation.
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In South Korea the national enoouragement of community self reliance and the
development of village forests is proving an effeotive way of reforesting marginal, eroded
hill lands. In Thailand the setting up of forest villages, together with the provision of
land for oultivation and cash benefits from afforestation work, is reducing shifting
cultivation by offering the oultivators a settled and higher standard of living, In
Indonesia, the provision of cash subsidies and the development of a fodder/forest oash
orop system has persuaded farmers to initiate the reforestation of steep oatohment land
which they had previously oleared but found unsuitable for long~term oultivation.

1ne exolusion of grazing and shifting oultivation by legal or administrative action
has rarely proved suocessful unless accompanied by some acoeptable oompensatory macgures,

Water and Soil Retaining Struotures

The underlying principle of suoh structures is to ocontain or retard the flow of
rainwater off the ground as it falls, preventing surface runoff water from accumulating
in volumes sufficient to oause damage to the "land by soouring.

'I'erraoing

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 unmorticed masonry where stones were abundant
on the site; on sites lasking stones the terraces were supported by earth banks or bunds
proteoted by natural vegetation. Modemn techniques, as desoribed reoently by Sheng (1977),
are mostly adaptations of these ancient s0il oonservation works.

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

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

Contour steps or ditohes oan be designed so that tiieir water storage oapaoity
matohes the expected runoff from the strip of land immediately above them, to the next
oontour work atove. Altemmatively, for any fixed design oapacity, the frequenoy of {he
contour steps or ditohes — or the width of the interval between them — ocan be related to
the expeoted maximum intensity runoff. Several formulae for oalculating the size and
frequenoy of oontour ditches and steps exist. Sacoardy (1950 and 1959) working in Algeria
used tha following formulas

3
£ = 260 + 10

where H is the vertioal interval between oontcur ditohes or banks, and S is the degree of
slope in perocent.

A similar formula used in Sri Lanka, amorg other countries, iss
H= %ng (n+9)

where H is the longtitudinal distanoce 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 ditohes.

Table 12 Distance between oontour works acoording to slope

Slope Distances in metres
(Percent)
Vertioal Horizontal
3 2.0 67.0
.6 2.5 42.0
10 . 3.0 30.0
15 34 23.0
25 4,0 16.0
35 45 : 13.0
50 5.0 10.0

The steeper the slope the greater the vertioal distanoe betveen lines and the
smaller the horizonal distance. This is oomputed in proportion to the rainfall catohment
area hetween lines of oontour works.



84

Contour ditches and steps are usually oconstruoted by hand, using piockaxes or
grubbing hoes. Lines 10 m to 40 m long and 1 m to 1.5 m wide oan be constructed per man-
day depending on the design and size of the ditoh or strip and on the terrain, vegetation
oover and soil structure. Contour steps of 2.3 m width oan also be constructed meohanioally,
even on slopes up to 60%, using crawler tractors fitted with angledozers. This method is
used extensively in Algeria and in Cyprus, where the oontour strips are called "oatastrips".
Subsequent subsoiling along the oatastrip inoreases the capacity of the soil, and henoe the
effeotiveness of the entire operation.

On sasy slopes (below 25%) where the soil is often deeper, oontour ditches can be
oonstruoted by a tractor-drawn share plough, turning the soil downhill,

An example of the oomparative costs per heotare of afforestation and sgoil
conservation is provided by data reported from Tunisia where both manual and mechanized
methods are in general use. There the manual oonstruotion of 550 - 600 linear metres of
oontour steps per heotare 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 1936 of plantation establisgh-
ment are shown in Table 2.

Table 2: Costs of Afforestation Combined with Soil Conservation
Works in Tunisia 119335

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

N By Hand By Machine
" Work Ttem With With With On less
o 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
Construotion of banquettes | § 17713 $ 57.90
(550-600 1linear m per ha) 235 m/d 1 m/d
Construction of steps in »
broken lines o $ T73.44
(800-1000 linear m per ha) 1 105 m/a
Sub-goiling —l s $ 41.80 $ 32,30
a7 1 n/a 1 n/a
Construotion of access ”JerfR17Q957   fl§‘ : $ 13.63
roads o dmfa . . 5mfa
Cost of planting stook S8 45,16 Y
22 mfa
Transport and planting T T8 31416
: 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 8'224.00
485 m/d 355 m/d 220 m/d 168 m/d
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To be effective it is essential that the looation of the ditches be-aligned
acourately using surveyors' levels and that the ditohes be subsequently construoted exactly
on the pegged lines. Nonetheless experienoe has shown that it is difficult to construot
lines of steps or ditches exaotly on the oontour, however acourately pegged out, with the
result that where errams have ocourred, water acoumulating in these glight dips in the line
gooner or later overflows, oreating just the sort of damaging runoff whioch the system seeks
to eliminate. Damage resulting from minor deviations from the oontour oan be mitigated to
some extent by the oonstruotion of septa aocross 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.

Tnucourate oonstruotion, espeocially on diffioult terrain or vwhere the workers lack
the necessary skills, has been frequently enoourtered, and this has led to the introduotion
of alternative systems inoorporating oooasional graded ditohes between "broken" lines of
oontour ditches and steps (i.e. é18ments de banquettes).

Varying Grade Contour Ditohes

One method of overooming the danger of accelerated erosion arising from faults in
the levels of ocontour ditohes is to oonstruot at intervals down the slope a series of
graded ditones designed to evaouate runoff water from the hill face to speoially oconstructed
discharge points in the beds of natural drainage channels. The inolination of the drainage
ditohes 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 sliort as possible. The greater the length, the larger and the more oostly must
be the oross—section dimensions. Lengths exceeding 500 metres should be avoided, if possible.

These graded ditohes must be pegged out and oonstruoted with oonsiderable acouracy.
Their frequency and location must be deoided partly on oongideration of the estimated
quantities of runoff water and partly to avoid rooky cutorops or other obstacles lying on
possible courses. The main disadvantage of the graded ditch is the absolute neocessity to
maintain the ohannel in good oondition by removing at frequent intervals acoumulations of
debris, earth and stones which may be washed into the ditoch after heavy storms. If such
maintenanoce is neglaoted the channel will beoome ohoked and will spill its water at the
point of blockage down the unprotected hiliside, possibly overwhelming the whole system of
downhill ditches and thereby adding, sometimes spectacularly, to the erosion problem the
ditohes were designed to control.

The maintenance diffioulty, experienced in many afforestation projects, where
labour and supervisory staff may have to be conoentrated in other areas of the projeot,
has tended to limit the use »f this system to the inoorporation of an ocoasional line of
graded ditohes as a kind of safety-valve with other types of oonservation works.

Broken Contour lLine Techniques

These have evolved from the contour ditoh cx step method previously described and
jnolude the digging of planting holes or steps on jie viopes between the contour lines,
In their simplest form, they would oonsist of a number of steps 0.6 to 1 m square, hacked
out of the hillside at distanoes dictated by the niw.yvi“ion spacing presoribad., A few
aoeds or a single plant are put in each square.

When the plantation spacing is relatively dense, these square steps are elongated
laterally along the contour to provide short distanoces of steps or ditohes, 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 oatoh runoff water passing through the gaps
in the line above. This method has been extensively applied in Moroooo »nd Algeria where
the brolen lines of steps are oalled §léments de banquette. This method has the advantage
that very acourate levelling can be dispensed with, sinos it relies on a multiplioity of
gmall steps or ditches to provide protection against runoff and soil erosion. Even where
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unbroken cortour ditches or varying grade ditches are used it is often necessary to prepare
planting holes or short lengths of steps or ditohes betwsen the main oontour works, in
ordsr 7 maintain a more or less regular plantation -spacement.

A variation of the broken line systen, generally known as the “oresoent method",
consists of digging a small basin from which trenches lead out laterally at a slight
upward inolination, omoentrating .ainwater runoff in the basin, The tree is usually
planted above the baain., The ores: 1t method is partiocularly appliocable on drier sites
and with relatively wide planting espacements,

ﬁed-mgi_ng Method

This method is an adaptation from an agrioultural system of water oonservation
practised in East Africa, resembling the North American "basin-listing" method, by which
the ertire sarface of the land is oovered with basin-like furrows soooped out along the
contour with a speoial plough. In the East African tied-ridge system as applied in
afforestation, the land is first ploughed or hoe< and then ridged up in lines 2.5 m apart
roughly along the oontour, these ridges are “iied" by seoondary ridgens oonstruoted at
right-angles to the main ridge lines at intervals of 3 m, forming a geries of basins,
whioch ars capable of trapping a sudden 50 mm storm. In oompacted soils this method hag
proved superior to sub-soiling due to the faot that the whole rainfall is trapped and
utilized. Its applination however is limited to flat or gently sloping land.

Wicker Work Fenoes

On steep slopes where the soil is unstable and liable to oreep, the oonstruotion
of omntour steps and ditohes may merely serve to inorease instability or even to acoentuate
the rate of earth slip. In suoh situations the implantation along the oontour of rough
wicker work fenoces can help to stabilize the soil temporarily until permanent fixation is
achieved by the roots of pianted trees and a sover of invading vegetation. These fences
are oonstruolied by driving a line of wooden plokets of some durable speoies into the
ground at about 1 m intervals and weaving between the pickets a mass of branchwood, The
height of the wioker fenoces above ground level varies between 0.5 and 1 m. In Japan
unstable slopes are sometimes milohed with rice straw pegged into the ground o oompletely
oover the strips between the wioker fenoe lines,

On unstable soils or stony sorees, wicker work fencee are often useful, but these

planting holes to give the young trees a good start, hut this, of oourse, is a costly
operation. A cover of wire netting oan also be ured to hold and stabilize soree slopes.

Ravine and Torrent Control Methods
M

On sites where erosion has reached an advanoed stage, it is oommon to find the
land dseply dissected by ravines and gulliss exoavated by runoff water from the slopes,
Unless stabilized by vegetation or by the meohanical action of oheck dams, such ravines
gradually beoome deeper through the soouring action of the water flows, which also under—
mine the banks oausing their oollapse and a gradual lateral extension of the ravine.
Aotively eroding ravines should be stabilized at the same time as the hill slopes,
otherwise they oan eventually destroy the effeotiveness of oonservation measures
cons*ruoted on the planting sites. Heede (1977) has desoribed the construotion of gully
control works,.

Wherever ocontour steps or ditches oross ravines, the banks of the ditohes will
raquire strengthening by stone revetments; but in the ocase of ravines exceeding one
square metre in oross-gection, it is advisable to stop the oontour works some netren
from the edge of the ravine to guard againsgt the possibility of the ravine banks eroding
outwards and “tapping” the contour work,
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Where graded ditches disoharge into a ravine it is essential to avoid oascading the
water into the ravine, sinoe this will result in the ditoh channel being erodsd back. Where
gstones are available a masonry check dam should be oonstruoted aoross the ravine to a height
level with the bank of the contour ditoh and mors or less ocontinuous with it. The water
from the ditch ocan thus flow into the ravine behind the oheck dam without cascading. The
wall of the oheck dam should be provided with an outlet spillway at the top and a masonry
apron at the bottom to prevent water undermining the foundations of the dam wall.

When building ocheck dams the following pcints should be noted:
1) The foundations should be strongly made and bedded into rock;

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

3) The downstream face of the wall should be given a pronocunced
baok-slope (122 inolination from the vertical if unout stones or
boulders ars used; 1:3 for dry-masonry walls of roughly out
stones; 1:4 to 116 if cement masonry or ocast cement walls are
used). The upstream face of the wall can be vertioal but it
should be filled up with rook and debris to the level of the

spillway;

4) A epillway mst be inocorporated in the top centre of the dam
wall, sufficiently large tc pass the maximum torrent flows
expected. The spillway should be oconstructed of large flat stones,
preferably cemented together in the top oourse of masonry,

Po ensure thorough stabilization of the ravine, a series of check dams should be
construoted from top to bottom; the dams being so spaced that they complement each other's
offects. This rule can be relaxed to allow a slope of not more than 5 peroent to build up
in the torrent bed between each pair of ocheck dams.

Check dams may be omstruoted of 1) logs and fasocines set aocross 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 reinforoed conorete. Brushwood oheck dams are useful
in emall gullies, partioularly if the brush inoludes a species oapable of vegetative
reproduction and if the upstream side of the dam is well sodded. The ohoice of material
used for check dams depends on the following faotorst

1) The slope of the ravine bed and its oross-section dimensions, hence
the volume and velooity of the torrent flows to be oontrolled;

2) The type of construciion material most oonvenient to the site, and

3) The value of the land, in ' :1ing lines of commmnications, habit-
ations eto.,situated bel » <" ravine and whioh the stabilization
works are required to pro.sot. Under some oircumstances the oost
of ravire stabilization may exceed the value of the protection
gained, in whioh case some oompromise needs to be struok in the
planning stage. This oompromise may take the form of confining
stabilisation work to the smaller branch ravines, and reduoing the
number of the larger and more oostly struotures in the main ravines,



-88-

Water Conservation Mesasures oﬁ Arid Sites
M

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 oooupied by roots of the trees. The. spacing betwsen trees will generally increase
with deoreasing rainfall., Land between tree rows whioh is not expasoted to be ocoupied by
tree roots in the future oan be regarded as water oatohment 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 oould lead to wind
erosion of the exposed topsoil.

Contour Banks

One method of site preparation designed to meet the basio requirement of maximum
water storage for afforestation on arid sites oonsists of forming a series of large banks
or bunds sited acourately on the contour and constructed of earth and storea soraped off
the oatohment zones above sach line of banks, The forest trees are planted either on,
Just belew or just above the banks.

In most oases, and espeoially where the soil is compaoted or a hardpan ocours near
the surface, deep subsoiling or rivping should be oarried out prior to the oconstruotion of
the bank. The subsoiled banc should be broad enough to extend on either side of the bank
to loosen the soil throughout the tree root zone., The existing vegetation should be
eliminated by grubbing, hoeing or disc~harrowing and should be spraad as a mulch round
the trees after planting.

The height of the ocontour 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 oe provided with devioes for spilling surplus water into
prepared channels or drainage ways. These safeil-valve spillways should be strongly
oongtruoted to resist the scouring of breaches in the banks and should be large enough to
allow an ample safety margin to oope with storm runoff flows.

The oonstruotion of such extensive earthworks is too arduous and too oostly to be
carried out except by heavy earthmoving machinery.

Under erid oonditions tree planting in simple holes without water conservation
measures rarely sucoeeds, unless facilities exist for watering or irrigating the trwes
throughout the dry seasons until the plantations have become fully established.

Méthode Steppique

In recent years the increasing availability of speoialized agrioultural and heavy
machinery has enabled foresters in arid and sub-desert zones to attempt afforestation
projects in areas formerly oonsidered technioally unplantable. Some of the most
spectacularly sucocessful arid zone afforestation has been accomplished in Norocoo and
Algeria, where techniques have been developed under the name mdthode steppique.

Under the most favourable site conditions in these oountries (i.e. on relatively
deep, level or gently sloping soils with annual rainfall of 300 - 500 mm spread over five
winter months), site preparation is confined 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 continuous
lines in one direction, and sometimes by passing the machine in oriss-oross lines. The
subsoiling loosens the moil %o such an extent that all rain water is absorbed. Trees are
then planted at spacings of at least 3x3 o0or4x4m Under certain conditions, subsoiling
may be dispensed with altogether, it being sufficient to cultivate the land with agriocult-
ural implements to break up the soil surfase and to destroy existing vegetation. Most of
the extensive Buoalyptus plantations in the Marmora region of Norocoo were established in
this way. '
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More oommonly, subsoiling is acoompanied by the oonstruotion 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 crauler
tractors (150 - 230 hp) carrying bulldozers or angledozer blades. The smaller 0.5 m banks
are made by traversing on the contour with an angledozer, 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, foroing surface runoff downhill in a zig zag direotion
through the staggered gaps, effectively 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 praotice is generally confined to slopes of less than 25%. The method used
for steep slopes is the oonstruotion of narrow terraces cut into the hills by angledozers
(e.g. the “catastrip” method used in Cyprus desoribed on page 84). A subsoiler can be
subsequently passed along the bed of the terrace once the angledozer has completed forming
the terrace. '

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

In areas subject to strong desicoating winds it has been found expedient to plough
dsep 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 combination of banking and deep furrowing provides even better
proteotion from the wind.

Emphasis must be laid on the neoessity 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 xerophytic vegetation is usually
deeprooting and has a strong and persistent oapacity for re-gprouting. It is, therefore,
essantiel to uproot this vegetation as far as possible by disc-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 easiar, and for this,
specially adapted subsoilers (racettes) are available which are fitted with a forward
projeoting cutting blade spanning the points of the subsoiler's tines. As the traotor
progresses, this Llade passes horizontally under the ground and severs the roots, turning
up the stumps in the wake of the subsoiler. The root plough attachment for orawler
tractors has a similar funotion but with the primary purpose of cutting root sysiems.

The main site preparation in eastern Morooco 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 oonstruction of banks is usually omitted, except on the
limited areas of deep soil free from hardpan where a large plough capable of opening 50
om daep furrowsis used to throw uvn ocontour ridges on which the trees are subsequently
planted. Over most of the zone, the large plates of rocky orust turned up by the rooters
are such as to make mechanical ocultivation of the surface impracticable. The trees are
planted in basins made by hand at the intersection of the subsoiled lines. Special care
is taken to keep all plantations oclean-weaded for two years, either by wheeled traotors
with diso-harrows whers ground conditions 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 reocorded.
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IRRIGATED OR_IRRIGABLE SITES

(Generel Coneidarationg

Irrigated tree planting is generally assooiated with arid sites where {the annual
rainfall rarely exoeeds 200 mm or with semi-arid sites, where the rainy period is short,
ooth resulting in long periods when soil moisture is deficient. Under such conditions,
indigenous forest growth is either absent or limited %o xerophytic speoies with very deep
taproots and strongly developed trancpiration oontrol mechanisms. Such areas have an
extremely low productivity and are usually of limited. eoonomioc interest.

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

Apart from the desert or semi-desert regions, irrigation has also bnen assooiated
with the culture of poplars, and to a lesser extent of willows, in regions characterirad
by a relatively high winter or seasonal rainfall alternating with a pronouniced dry summer
season, such as in ihe higher altitude distriots of the Mediterranean and in oountries
with oontinental cl.mates. Under these olimatio oonditions, the soil moisture regime is
normally not a limiting factor to tree growth, exoept for such fast-growing species as
poplars, which require moist so0il throughout the year,

Growing forest trees under irrigation has developed from row and ornamantal
plantations in agricultural areas, and most forest irrigation methods have adapted methods
used for the field orops grown in the same locality. However, in reoent years forest
researoh has questioned the advisability of following these agrioultural methods too
olosely. Some of the questions to be answered by researoh into irrigated silviculture ares

1) The optimal yearly consumptive 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 faotors as conveyanoce loss, deep percolation
as well as future weeding and thinning, and the exploitation of the
orop;

3) The response of indigenous and exotic tree species when &rown under
irrigated conditions.

Plantations in Irrigated Agrioultural Projects

Due to the high cost of initial establishment, irrigated plantations will only be
supported in a few regions where there is a seriocus lack of wood or where other consider—
ations, suoh as prevention of erosion or desertifiocation have to be taken into acoount.
Most often, irrigated forests will only be considered as a by-product of an already
existing soheme, and under such conditions the extra cast of irrigated wood production
oan be kept within an acoeptable range. However, whe.e forest plantations are established
in irrigated agrioultural projeots, the irrigation layout will normally have been designed
to suit the rhythm of field orop oultivation. The forester is thus obliged to adapt his
methods to this rhythm, whioch may not be ideal for growing trees. Many irrigeted
agricultural systems are also based on a certain ocrop intensity; however, forest
plantations may need water more or less oontinuously through the year, therefore the arras
suitable for irrigated forestry are best looated on sites acoessible to the main arterial
canals which carry water throughout the year.



Sometimes irrigation water is out off for considerable periods of the year
depending on the seasonal flows of source rivers, the storage capacity of reservoirs or on
water usage rights opsrating dowmnstream. In Pakistan some irrigation sohemes in the Indus
Plain provide water for only six months of the ysar; for the rest of the year orops depend
on residual scil moisture. Treaty arrangements between Egypt and the Sudan limit the water
withdrawal from the Nile River during certain periods of the year in the Sudan. In the
Geszsira irrigation projeot and others depsndent on the Nile water, nc irrigation water is
available at all for three and one-half months (mid-March through June) during the hottest
time of the year, whioh means that only tree speoies oapable of adapting to this inter-
vening drought period can be used. .

Most of the older irrigation projects were designed for agriculture without thought
of forest orop produotion. As a result, forest planting was often relegated to sites
unsuited for field crops or adjacent to the tail end of irrigation oanals. On such 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 particularly, fuel wood for the projeot communities has been recognized.

Irrigated Afforestation Projects

Although most irrigated afforestation work is assocated with existing agriocultural
schemes, sometimes an irrigation system is created solely for produotion of forest
plantations. In northern Iraq, 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. Sim'lar plantations
exist in the "Gerf" areas flanking parts of the Nile in the Sudan.

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

The Influence of Soils

Two soil oharacteristics govern the ohoioe of an irrigation method and also the
quantity of water applied and the frequenoy of irrigation. These are the rates at which
water will enter the soil (infiltration rate) and the oapacity of the soil to hold water
for use by the orop (waterholding capacity). Sandy or grevelly soils are most easily
penetrated but hold muoh leass water than a medium or heavy textured soil.

The presence of a water table oan also provide a reservoir of soil water for the
tree roots, and onoce they reach this depth they caa grow without or with much less
irrigation, provided salinity is not a problem. For example, in the Khartoum greenbelt
afforestation project, the heavy clay soils restrict 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 present in the soil and in irrigation water, If these salts are
allowed to acoumulate in the upper soil they ocan damage and prevent the growth of crops.
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 speoies
known to be tolerant of soil salinity; it may alsc be necessary to equip the project area
with a oomplementary system of drains capable of drawing off the salts dissclved in
irrigation water. Where saline soiis exist, it is advisable to leach these out prior to
planting. In certain ocases it may be possihle to grow a field orop such as barley, during
the leaching period which ocan help to offset the ocosts involved.
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The foregoing underlines that a thorou.gh moil survey is an essential prersquisite
for designing the irrigation layout and for selecting the species to be planted.

Irriga.tion Nethods

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

Flood Basin and Border Irrigation

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

The border system of irrigation is similar to ths basin method but is designed for
smooth sloping surfaces. Reotangular plots 15 - 30 m wide and 100 - 150 m long are
constructed in the direotion of the main slope. The plots are smeparated by earth bunds
20 om high, Ditches run along the upper edge of each plot, and tho water flows down the
whole surface into the drainage ditoh 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 feollowing the
oantour line. The water enters at the top of the meries and each basin ig sucoessively
irrigated from spillways oonstructed in the bunds of the terrace abovs.

Furrow Irrigation

In this system furrows are oonstructed leading off from the feeder ohannel in
parallel lines spaced at suffioient intervals to wet the tree rooting sone, The spaoing
between furrows and their oapaocity therefore depends on the permeability of the moil.

Poplars respond well to

irrigation. Those shown
here on the Rhab Plain,

Morocgo, 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
greenbeli 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 oan be
obtained by furrows 6 m apart.

This system has special applioation in elevated areas within irrigation projeots
too high to be reached by {he 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, espeoially
for plantations of pomegranates and other fruit trees, as well as for piantations of
Buoalyptus and Casuarina. However, the digging of suoh desp furrows by hand is oostly.
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 oparations. -Such a sub-irrigation system oan also oause severe waterlogging
and salinity problems:. ’

Trickle or Drip Irripation

Triokle or irip irrigation is a modern,oomplex, preoise method of irrigation which
is being developsd for agriculturs and hortioculture but has reoently been adapted for the
establishment of tree orops in arcas 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 growih. In
experiments in Pakistan, drip irrigation used only 22 peroent as muoh water as furrow
irrigation and 15 peroent as muoh as flood irrigation. The wain )imitations are the high
oosts oompared with furrow irrigation; the high level of skill required for design,
installation and operation; moisture distribution problems inoluding the sensitivity of
equipment to ologging, and salinity hazards (Fa0, 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 can 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 plastio pipes fitted with "drippers™ or "tricklers" whioh 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 presoribed rooting depths, but under certain
oonditions it may be on the surface, alluwing easy removal when neoessary. Clogging of
drippers is a common problem, and there are a number of approaches and types of drippers
40 rednoe this diffioculty.

Water requirenents of tree orops

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 %o season: it will increase with each succeeding
year of the rotation until full crown cover has keen attained. If the groundwater table is clos¢
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 tollowing 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-restrictinz); Elo 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 FAQO 1977a.
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taference evapotranspiration-(ETO)' is defined as "the rate of evapotranspiration from an
actonaive short green cover completely shading the ground and adequately supplied with
water',  .npirical formulae have Leen devised for calculating =To. Common methods are (i)
tae sleney-Criddle method which is used when only temperature data are available; (ii)
tue radiation method which is used when available climatic data include measured air ten~
perature and sunsnine, cloudiness or radiation; (iii) the Fenman menthod which is used
e Leesured data on temperature, humidity, wind,and sunshine or radiation are available.,

Lrop coefficient (Kec). Crop water requirement is affected by several factors including
¢rop characteristics, stage of growth, and the prevailing weather conditions. Values of
ke nave been estublished 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
adout G.5; high-transpiring trees would have a coefficient around 0.9 or mere, For example
in subtropical climates witn winter rainfall, sto is about 1,000 - 1,300 mm/year, and the
crop coefficient for low-transpiring fruit trees such as citrus reaches a maximum point
in June-July of around 0.7; UT 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 T crop would consequently be somewhere between 400 and
440 mm/year, High-transpiring tree species may have ccnsiderably higher Kc values. The
water requirements for optimum growth of forest crops navebeen inadequatesly studied,

Irriggtion 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 = £T crop - (Pe + Ge + Wb)

(1osses) (gains)
where In = net irrigation requirement (mm/period of time
ET crop = crop water requirement weoon e

Py = effective rainfall won
Ge = groundwater contribution "o ) .
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 Cepends on its intensity, amount and fre-

quency.
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Groundwater contribution (Ge). Groundwater can contribute to the supply of water to trees
when it 8 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 o7ten varies seascw
ally, and seasonal measurements are therefore required. When the groundwaier table is cios
to the surfuce, e.g. in valleys, mature trees generally do not require irrigation; in such

cases irrigation may only be needed for the establishment of young plantations, and can
cease when the roots of the trees reach the watertable.

Stored soil water (iWb). The storage capacity of the soil is the quantity of unter
available; it ranges between field capacity (s0il water tension 0.2 ztm,) and wilting
point (15 atm. ). The quantity of water that can be stored depends on the soil texturc;
heavy soils store some 200 mm/m, medium textured soils some 140 wn/m, and light textured
soils some 60 mm/m or less., It will be noted that usc of the avove formila will, theo-
retically, cause Wb to be zero fer all successive irrigation periods cxcept 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 900 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 limite the selection of
species to those which have an extended period of dormancy.

In the Sudan, investigations on net irrigation requirements in Bucalyptus microtheca
plantations in the black cotton goils of the Gezira indicate that 2,400 mm per year,
applied in 13 irrigations, give good results., The irrigations are made at fortnightly
intervals during the period July to December when irrigation water supply is unrestricted,
ard at 6 week intervals from January to larch when water is in short supply. From mid~
liarch to June no irrigation water is available under the 3Sudan-Egypt 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 mm, 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 numoer of stations located in the different
climatic regions of ‘the country; the calculations took into account precipitation, normal
shade temperatures, humidity, Gaussen's Coefficient, and calculated global radiation.
Irrigation is normally necessary between lHay and September, increasing gradually up te July
and August (the hottest and driest months), and thereafter decrcasing. 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 norih-
east Black Sea coastal region) where well distributed annual precipitation averages 2,440
mm and exceeds the calculated maximum evapotranspiration. For most poplar plantations in
Turkey net irrigation water requirement is between 500 and 700 mm,
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The above figures rater 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 systenm,
Response to limited water availability

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

leng‘;tho Layout of Irrigated Plantations

As already noted, forestry is usually ancillary to agriculture in irrigation
schemes, and the setting up of irrigation purely for plantations is an infrequert
ocourrenoce., Planning and designing the layout of an irrigation project is a highiy
skilled, preoise and demanding task, znd it is necessary to oall upon high expertise and
specialist advice if an adequate and successful projeoct is tc be prepared,

Foilowing is an outline of seme of the faotors influenoing the layout and extent
of irrigated plantationss

1) Gross area oommanded by the main oanal. This ism composed of
(a) the gross irrigable area, where irrigation oan Le develop«d.
and (b) the non-irrigable area, all land which is unsuitable for
irrigation. 'The gross irrigable area is composad of ths net
irrigable area and tho area needed for the ~oads, water channels
and buildings,

2) Availability and seasenal variation of Water supply in relation
to the estimated water requirement of the species selected.

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

4) Topography. The most suitable sites are on level or gently
sloping land. Steeper slopes or land with many undulatieons and
surface irregularitiss add to the complexity of the water
distributien system and the oost of levelling work. A detailed
topographical survey with 1 metrs oontour lines is an essential
preliminary to planning the layout of the whole project.

5) Soils, with particular reference to their peraeability, ochemical
status and ground water formation.

The main layout plan should delineats on the topographical map 1) the oourse of
the main canal from its hoad, or water intake point, to the highest point commanding the
lands to be irrigated, 2) the direotion 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 er planting., A detailed soil suzvey map should be imzosed on the topo-
graphical map. Finally, the layout of future plantation compartments and irrigation
blocks should be determined so that the delivery oapaoity of the branch canals serving
each irrigation blook oan be correlated with the areas watered, the perioedicity of
irrigation and the water need of the species planted.



Preparation of the lLand and Construction of the Canal System

After clearing of exisiting vegetation, ths whole area should be roughly levelled.
The objeot of land lovelling is to reach a goad uniformity in water application by an even
flow of water over the soil surface. However, as trece 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 & simple cperatiom “of smoething out only
the main irregularities.

The next operation im to mark out and oonstruot the main distributor ohannels and
the road network. Bulldogers and graders, if available, are suitable for levelling and
for pushing up embankments. Channels oan be opsned by double mould-board drain ploughs or
by exoavators, depending on the size of ‘the channel required. Finally, the network of
smaller channels feeding each oompartment or plot rmoh be oonstruoted.

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

Flow Cavacities in Irrigation Channels

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

ubtained by stop-waioh timing of a fluvating cork over a measured distanoe of ohennel).
This will give the volume of water passiug & given point per seoond. This nominal figure
must then ba diminished by multiplying by a coefficient representing the drag on the flow
exerted by the roughness of the side of the channel, This coeffioient will depend on the
smoothness of the walls and of the dimensions and gradient of the channel., As a rough
geide the coeffioient for a channel with a gradient of 1 to 5 000 would be abouts

Conorete lined channels 0.80
(lean earth channels 0,70
Channel walls, grassed-over 0.60
Channels obstruoted by fairly 0.50

dense vegetation

In the oase of unlined ohannels the coeffiocient also inoludes allowance for losses by
seepage. -

Sluice Gates, 0ff-take Regulators and Syphonsg

A1l distribution channels require sluice gates or off-take regulators oonstruoted
at all points where subsidiary channels branch off, These are preferably oconstructed in
oonorete or masonry but are sometimes made of woods The simplest oonstruotion oconsists
of a sliding gate whioh oan be raimed or lowered to control the volume of water entering
the subsidiary ohannel.

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



Pumggd Irrigatim

Situations ocour 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 can 1ift 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
purp should be on hand in oase of breakdowns. These pumps usually have a very good overall
effioiency, Their rotation speed is low and they are able to operate for long continuous
periods of time without damage, Their wear is very low and they consequently have a long
lifetime of up to 20 Yyears. The propeller or mixed flow pumps are large and must be
installed in sturdy pumping plants espeoially oonstructed and adapted to the type of pump
useds In the upper part of the plants the engines are located on a very etrong floor
to support their weight. Underneath oomes an intermediate level oomposed of various
vertical oasings through which the water flows up and out of the station. The lower part
is where the large pumps =2re installed. The individual impellers must be at a suffiocient
depth below the minimum water level to proteot the pumps from the formation of vortex and
from cavitation effects on the blades. Intake grids should be ingtalled in front of the
pumping plants 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.

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

Road Nstworks

The road network mist be planned and oconstructed simultanecusly with the irrigation
channel system, so that the number of bridges, oulverts and syphons are kept to a minimum,
Al main canals and distributaries should be provided with roads to allow aoco.ss for canal
maintenance operations, and no roadside avenue trees should be planted which might
subsequently impede the passage of canal clearing machines, a preoaution that ig frequently

overlooked.
Egtablishment Costs of Irrigated Plantations

Establisghing an irrigation soheme is always very oostly. At 1966 ocosts simple surfac
irrigation would require an initial investment of at least US$ 1 500 per heotare. The major
expense item is the ocost of oonstructing the canal and road network, eepecially if the whole
cost of the canal system is inoluded in the forest budget., In existing irrigation sohemss
for agriocultural development, the capital charge for the construction of the main canal and
distribution network is born entirely by the irrigation authority, whioh may or may not
oharge a rate on the water supplied to the forest authority, In the Indus Desert in
Pakistan, forest plantations pald an irrigation water rate per heotare; but in the Sudan,
irrigation water in the Gezira and greenbelt plantations, is provided without charge to the
forest authority, which is therefore conoerned only with the layout of recondary feedsr
channels within the plantation, .



SAND DUNE SITES

General Considerations

Vast areas of unstable sand dunes ocour throughout the world in all climatic
regions wherever regular strong winds and friable topscils ocour. 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 distinoct
from continental dune formaiions, 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 sancdy steppe lands of the lower basina of {he Don and Volga rivers in U,S.S.R.

When wind ercsion occurs, the coarser particles of sand or soil are carried close
to the ground surface, about 90% of the material within 30 cm and some 57% within 5 cm of
the surface., These partioles 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 obstruction 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 fase 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 bsen 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 oan often be successfully
afforssted and can, under favourable climatic oonditions, 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 Biscay., 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
ave 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 confined to a short rainy season, the sand remains moist at depths of 50 - 60
cm although the surface layers become desicoated by evaporation. An exception is free
draining sand, whore 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 to 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 effect 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 to 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 perinds 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 once shelterbelts are provided, aiding ccnsiderably in the processes of stabilization.



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 me. ing sands eimply by planting trees of well-adapted, fast-
growing speoies during the wind frae periods. Suoh appears to be the oase in the ooastal
sand-drift areas of southern Viet Nam, where the dunes oan be stabilized by planting rows

of Casuarina without the neoecsity of employing any other speoial fixatien teohniques.

In general, however, tree planting oannot be sucosesful unless spucial measures
are first taken to prevent or reduce sand movement.,

Sand-Drift Fixation Methods

The first step in sand fixation is to identify the sources of the blown material
and, if possible, to oreate barriers to prevent or oheck any further invesion of this
materiale Suoh primary barriers or shelterbelts will normally have to be repeated in
series at intervals downwind from the souroe area in order to oreate sheliered zones where
the main foroce of wind is broken up into turbulent eddies having only a loocalized aotion
on the surface. The gecond stage in the stabilization process is to proteot the surface
from this relatively localized moour and deposit effeot of air turbulence within the
shelter zones. This seoondary proteotion can be achieved by a variety of methods whioh
aot, in effeot, as surface mulohes.

Primary Proteotive Barriers

Where ooastal beaches are the source of the blown sand, the normal practice is to
‘form a littoral dune along the shoreline. This is done by erecting a continuous but
permeable fenoe of posts, fasoines or any other material oonvenient to the site. As the
blown sand acoumulates and buries the fenoe a similar fenoce is oonstruoted 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 neoessary, several parallel lines of dunes oan be oonstruoted
along the coast, 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 speocies
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 proteots adjoining icultural land. Marram grass was planted on theme dunes
prior to tree planting. (New Zealand Forest Servios photo),
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The sources of windblown sand forming oontinental dunes are often less simple to
ocontrol than in the ocase of maritime dunes. The sand may be pioked up from wide stretches
of cultivated plains or, as in the case of North Africa, from rainless deserts, suoh as
the 3ahara. The loglioal first step, therefore, is to try to remedy the oonditions osusing
the exposure of the soil to wind action. This may be acoomplished by stubble mulohing in
grain growing areas, by oontrolling exoessive grazing and by systematio 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 systematioc
reoonnaissance to discover points where the topography causes "wind-funneling" effeots.

A range of hills may form a barrier to the drifting sand whioh, however, sucoeeds in
penetrating the barrier at somes low-lying point or where streams or torrent beds have out
passages through it. Suoh points offer possibilities for stabilization by the formation
of proteotive dunes aocross the direotion of the wind using methods similar to those for
littoral dunes.

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

1) The distance that proteotion 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-
icantly for distances 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 zone
of reduced wind speeds to windward, varying from twice to five times
the height of the windbreak;

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

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

‘Surface Stabilization Methods

Even within the shelter afforded by litteral dunes or windbreaks, wind velooities
may at times, and in some places be high enough to cause sand movement. The effect of
guch movement, or sand blast, can be very damaging, especially to newly-planted trees,
Eddies of wind may cause 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 some sort of mulching or a network of small windbreaks capable
of stopping the sand from blowing. In recent years a teohnique of mulching the surface by
spraying with Bitumen emulsions shows considerable promise of success and has been widely
used in oertain parts of the world.
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Classical Methods

The method in most general use is to cover the whole area with a chequer-board
pastern of minature windbreaks, whioh may consist of stake and wattle fencing made of out
branches or of stiff-stemmed grasses or canes. Sometimes the fences consist of living
plantse These fenoes or hedges vary in height from 0.5 to 2 metres and may be spaced
apart from as much as 40 metres to as olose asg 2 metres, in the latter oase oiily one tree
is subsequently planted in each square. When wider spacings are employed, it has sometimes
proved recessary to cover the surface of the ground with branches, straw or grass cuttings
to give additional protection. Sometimes a surfaoce covering of branohw.od is suffioient in
itself to stop sanad blowing without the need to oonstruot the squares.

In Tunisia all the methods desoribed ars used. In spite of the proteotion of
littoral dunes, the maritime dunes are oovered with a network of fenoing made of cut
branohes from adjacent maquis forests, Live hedges of Sacoharum ae iaoum are planted
in squares of 15 m or 20 m and the soil is then mulohed with a layer of branohes. In Cyprus,
on the other hand, a simple oovering of branohes was found suffioient proteotion for
plantations of Acacia oyanopiylla to survive the first year, after whioh the planis
provided sufficient cover to protect the site. Where oonditions are not too severe, direct
planting of "stumps" of Acacia gyanophylla has succeeded in establishing a cover without
the need of other firation measures,

This classical method of fixing dunes is uswally oostly, especially if out branoh-
wood or cut grass is not available close to the areas to be stabilized. Even where

once having done 80, their roots may spread so far into the intervening space as to compeste
seriously with the forest trees. Hedges and fences in olosely spaced squares also impede
the movement of men in the area, especially at tree planting times, and inevitably fences
get damaged so that gaps appear causing localized "wind funnel" erosion,

Dune Spraying Techniques

Spraying shifting sand with fuel oil or bitumen produots has been used as a method
of fixing blown sand in many oountries. Suoh produots are used in the United States and
Kuwait, for example, for proteoting highways against encroaching sand, and in India and
Pakigtan for fixing dunes which fill up irrigation canals. In recent years spraying drift
sands in connection with afforestation has been developed on a relatively wide soale in
Libya and Tunisia. The type of bitumen product used in these countries is available from
most of the oil companies. The Pakistan Irrigation Research Institute has recently
investigated the stabilizing efficacy of certain of these proprietary produots as compared
to some similar laboratory-prepared bituminous emulsions, These latter consist of bitumen,
potassium hydraxide and potassium carbonates with stearin pitoh, 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 complete
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
areas To be effective, penetrations of 1 to 3 om mast be obtained. The spraying also has
the effect of increasing the load bearing pressures of the sand by up to 20 - 30 tons per
square metre,

In Libya one company, working on contraoct for the forest service, has sprayed
several thousand heotares of dunes, and similar techniques have been tried in Tunisia.
Initially oconventional tank truoks were employed which were especially equipped for desert
use to carry the oil into the areas to be afforested. The ocompound was then sprayed over
the sand by hand operated lance sprays. To Speed up the work the company developed a
speoial vehicle, a steel sled fitted with an 800 litre tank and wide spray booms, which is
towed or winched over the dunes by bulldozer. In this vay, the spraying equipment ocan
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surmount the most diffiocult dune terrain leaving behind it a sprayed strip 25 metres wide.
Each vehigle can cover about 4 heotares a day and usas approximately 4 000 litres of the
oil produot per hectare. In Libya the spraying was found to have toxic effects on some of
the plants used (generally Acacia and Euoalxggus) 80 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 indicated that spraying after planting is more
practioabls, sinoe it was not harmful to the young plants (Acacia and Pinus). In areas
sprayed before planting the movements of the men planting and carrying plants to the
planting sites caused so muoh disturbance to the stabilized surface orust that its
proteotive effeots were greatly diminished.

Continuing experience will certainly bring improvements in spraying techniques and
in the formulation of the stabilizing produots usad. Combined with the advantages of speed
and lower oosts, it seems likely that spraying teohniques will tend to replace the olassical
methods of dune fixation, This tendenoy is likely to be accelerated if experiments in Libya
for air-spraying a new type of ohemical stabilizer are sucoessful. This stabilizer is a
ohemioal adhesive oompound whioh ooagulates when it absorbs moisture and forms a thin
stabilizing laysr over the surface of the dunes. Seeding of the areas from the air at the
same time as the ohemical stabilizer could mean a complete revolution in the techniques cof
afforesting drift sands. Early records indicated that spraying techniques werc more ccst
efficient than the olassioal method of dune fixation.

WET OR WATERLOGGED SITES

Wet sites are those in whioh the soil is waterlogged for the whole or the g'reater
part of the year and ocan only be afforested if the land is drained.

The vast creas of swamps and fens, supporting natural self-regenerating forests of
hydrophytic species of eoonomio value, which oscour both in the tropical regions and in the
boreal coniferous zZone are exoluded from corsideration here since the tree speoies have
themselves evolved ways of overooming the difficulties inherent in this environment.
However, there are also equally vast areas of swamps and peatlands whioh are entirely
treeless or only carry an arboreal vegetation of low-value species. Acoording to some
estimates this area is as great as 200 million hectares. A largs proportion of this area
could, after drainage, be afforested with species of high eoonomic value.

Apart from these large expanses of bog land, the forester is often faced with
relatively small marshy lands ocourring as sub-sites in a larger afforestation projeot
on well drained soils. Suoh local sites may ooour in small depressions or on alluvial
flate adjoining the banks of rivers, and their drainage may be required as part of the
general afforestation plan.

Wiether water-logging is a oharacteristic of the whole area or only of some
relatively small section, the techniques for draining away the water and rehabilitating
the soils are essentially the same,

Sites Where Drainage is Practised

Marghes with Free-Standing Water

Before soil drainage or soil drying can be undertaken, standing water on the
surface must be evacuateds 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 oases where the water flows from higher land it may be possible, under

certain topographic oonditions, to interoept the flow at some suitable point above the
level of the marsh and to divert it to a cut-off drain or canal leading into some natural

drainage ohannel.
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Riparian marshes oreated by periodic inundations of a river in flood oan only be
drained by ocnstructing bunds or embankments oapable of keeping flood water from entering
the riverside flats. It may then be necessary to oconstruot a series of drains in the marsh
to dry out pools left in old flood channele or to cope with water entering by underground
seepage from the river bved. If, as is sometimes the oass, the topography does not allow
the evacuation of these drains downstream by gravity flow, it may be neoessary to
concentrate such water in a sump pond whenoe it can 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 outlets 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 closed by an
automatic devioe, actuated by the rising tide water levels.

A marsh may someiimes owe its origin to the presence of an obstruotion to its
natural outlet channel caused by geographioal faulting, or by land slips or falls of rock.
Many upland marshes exist as the relics of former lakes and drowned valleys formed by
geologiocal 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 becomes shallow
enough for marsh formation. These marshes oan be drained by cutting a channel through the
obstruocting barrier or by tunnelling through it, always assuming the oosts are not
exoessive in relation to the area to be reoclaimed.

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 reoclaimed by oonstruoting
embankments above the highest water mark of the lake and subsequently draining the marshes
by pumping or by the use of regulator siuices on the drain outlets to the lake.

A similar method is employed extensively in low-lying areas in the Paranf delta in
Argentina for reoclaiming land whish is periodically oovered 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, tho pumps are
used to pump water in the reverse direotion from the deeper marsh water ohannels for
irrigating the plantations.

Peat Bogs and Gley Soils

Poorly drained peat soils oeour mainly in those regions of the world where annual
rainfall greatly exoeeds evaporation and where temperature is sufficient for a rioch
produotion of organioc matter but tos ocold for its rapid decomposition., Under sich olimatio
oonditions, an acoumlation of plant remains and the formation of peat is ocommon, In
addition to olimatio 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 tropical and subtropioal olimates, although owing to more rapid
decomposition in warmer areas, true peat may be missing. On the other hand, under
extremely humid end maritime conditions bogs with thiok peat deposits oan exist even on
quite steep slopes, as in parts of Sootland and western Norway.

Waterlozged mineral soils with little or no peat formation also ocour in conditions
of impeded soil drainage. Thess are usually heavy olay soils and exhibit the typical
mottling discoloration asmosiatod 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 suffiolently aerated to
support a ground oover of mosses and other water-loving species; in some cases, this
layer may be deep enough to support trees, though thesa are often deformed with very
shallow root systems and liable to windthrow. Early attempts in Great Britain to afforest
peat bogs after oonstructing shallow surface drains proved that the tree orops, while
making good growth in the sarly Yyears, 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 aochieve 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 some which is
formed due to oapillary forces just above the level of the true water table er above the
level of surface water in the receiving drain. This ocapillary fringe ocan sometimes reach
as much as 30 cm upwards, whioh explains why shallow drains sometimes appear to have no
effect on waterlogging. To allow for this ocapillary fringe, reoceiving drains should
therefore be at least 40 — 60 om deep, and even deeper to ensure the formation of a
sufficient layer of fully aerated soil for root development.

Salines and Salt Marshes

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

Though there arc some tree species of economio value, e.g. Rhizophora spp.,
Tamarix artioculata, Prosopis tamarugo, and the date palms, which tolerate a high degree of
soil salinity (and in the case of the mangroves, marshy oonditions as well), the
afforestation of salines is impossible unless the land is both drained and ths salt content
of the soil reduced or removed by leaching with large quantities of fresh water. This may
be feasible in situations where the saline is capable of being drained, mso that flood waters
entering oan be used for washing the salt out of the soil or where irrigation, ocombined with
drainage, may achieve the same effeot. Desalination, however, is almost always a very
oostly undertaking and can 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 construot a
series of alternating mounds and ditohes, the soil being excavated from the ditches and
spread on the intervening mounds whioh beoome plantable once 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
fluotuations in the water table. This again is a very oostly operation and can seldom be
justified on economic production criteria. :

In faoct foresters would be well advised to avoid trying to reoclaim marshy areas
where the diffioculties of site preparation are further compliocated by high salinity.

Drainage Techniques

Drain Charaoteristics and Layout

For planning the layout of ths drainage systems in marshes or wetexrlogged soils,
a detailed topographio survey of the area is necessary. Also, in waterlogged soils, or in
marshlands from whioh free-standing water has been drained, soil “ormations should be
examined oarefully so as to identify the type of soil, the depth of any peat layers or the
presence and depth of any hardpan formation. Chemical analyses of the soil are needed as .
a guide to possible fertilizer treatments.

Experirental plots should be established to test the drainage effioienoy of
different intensities and depths of drains by measuring the movement of tha water leve:
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. Harcharik)

Three types of open drains are recognized:t cut-off drains, receiving or oollector
drains, and evacuator drains,

Cut~off Drains

Cut-off drains are designed to intercept water entering the marsh and to lead it
to some other line of natural drainasy, thus by-paseing 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 which actually reoeive 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 oontent, the slo:er the
percolation rate and, therefore, the shorter the distance between drains. Peat also holds
water tenaciously, which means that sites with deep peat layers need very intensive
drainage works. On sloping terrain, oollector drains should be aligned as far as possible
along the oontour, allowing just enough downward inolination to induoe a flow into the
main evacuator drains, In this way the maximum interoeption is obtained for a minimm
length. A drain aligned at a more pronounced oblique angle across the slope will have a
steeper gradient and a longer ler.th for the same interception, while a drain aligned at
right-angles to the oontour loses its interception capacity entirely.
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The oross meotion dimensione of oolleotor drains will be determined largemly by the
type of soils sanoountered, but normally thay 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 ¢m deep and not less than 30
om in peat to allow for the tendenoy of these soils to olose.

The gradient of the drains (i.e. the downward inolination 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 excessive 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 oan 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 oonstruoted by fixed depth draining ploughsa.

The length of ocolieotor drains should in general fall between 50 and 100 m as in
longer drains there ar¢ more ohanoes for error in gradient, espeoially when enoountering
ohanges in the direotitn of ~;he slope. Moreover, the longer the drain the greater the
risk of excessive acoumulziions of water in times of heavy rains.,

The distance between oolleotor drains will vary acoording to the soil type
enoountered and also the slope of the terrain. As already stated; in general the heavier
the soil the oloser the drains should be to one ancther. The standard distanoes between
drains 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 oertain 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
140 ~ 1.5 m deep, but experience suggested that these distances were too great to secure
effioient drainage. In later years when a ohangs over from manual 4o mechanizud drain
digging became possible, distanoes have been reduced to 20 — 30 m between shallower drains
of only 40 — 60 om depth. On sloping terrain and partiocularly on waterlogged mineral soils
with thin peat layers, ithe British system of relatively olosely spaced drains has Leen
introduced with suooess. Determining the eoonomio optimum suggests that narrower spacings
be used on level swamps than on swamps which are sloping and that wider spaoings should be
~iosen on poor sites and narrower spacings on good quality peatlanda,

Evaocuator Drains

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

The layout of the system of evacuator drains should be designed to tap as many
oolleotor drains as possible. Experienoce indiocates that this is most likely to be achieved
by the so~oalled 'herring-bone' layout with a central main evacuator drain and branoh
oolleotor drains taking off on both sides.

The dimensions end gradient of evacuator drainsg are normally greater than those of
the ocolleotors; their design should be sufficiently generous to acoommodate exceptional
flows in times of heavy rains, Theiroross-section resembles the truncated V-form of the
oollector draing,
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Other Forms of Soil Drainage

In cases 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 peroolate downwards through the breaches in
the hardpan. This has proved possible in certain types of ooarser textured soils over-
lying podsolized hardpan in upland heath moors in Scotland.

The effeotiveness of drainage work oan sometimes be improved by mole ploughing
(see page 109),espooially in stiff olay soile free of stones. The opening of subsoil
drains in this way can speed up the action of ocolleotor drains, and in favourable
ocircumstances mole ploughing directly into evacuator drains enables the colleotor drains
to be more widely spaced or to be dispensed with altogether, The British Forestry
Commission is now experimenting with some success with the use of a special forest mole
prlough oapable of opening a subsoil tunnel drain in peat beds., This plough extrudes a
ribbon of peat 38 x 20 om leaviug 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 machinery, 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 hydvaulio type
excavators mounted on wheeled or crawler 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 soil 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 rushed well clear 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 certain ciroumstances. For example, when cutting contour drains .
on sloping surfaces it may be desirable to throw the soil out on the downhill side of the
drain furrow. In the United Kingdom the single share plough is used extensively for
uaking shallow (20 - 30 om deep) drains in peaty goils, though the main object of the
operation is to provide ridges of peat turves on whioh the trees are planted. The plough
furrows of course 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
oapillary fringe, of which mention has already been made. The British Forestry Commission
has developed modifications of this plough oapable of ocutting deeper drains, some as much
as 90 om deeps These have shown certain disadvantages compared with the double share
drainss

1) The full depth of drain is rarely achieved in practice because the
enormous side-thrust exerted by the single share in lifting and
turning the ontinuous ribbon of peat forces the plough body up the
batter on the side opposite to that on which the soil is placed.
This produoes an uneven, undulating bed to the drain and results in
an uneven edge and batter on the side free from the thrust. A
double—shars 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
enoountered, the same trouble ocours. 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 olaan
existing drains like the double mould~board drainer.

Ploughing on waterlogged soils usually requires speoially 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 avoidad. Wheels and/or tyres are available with a wider tread, or
double tractor wheels can be used. Four-wheel-drive traoctors, although more oostly, have
advantages over normal drive tractors under such conditions. Crawler traotors oan be
fitted with tracks wider than the standard. Ploughs for wet soil should be fitted with
gsteel drum wheels or traoctor type wheels.

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

rOOlQ’.

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, oalled 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 directly mounted on a tractor, fitted
with an Edes linkage whioh enables a graded channel to be achieved in spite of minor
surface irregularities.

Mole ploughiag is only effective in even textured olay soils free of stones, but
in such circumstances 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 oolleoting drains, and as mentioned earlier, the British Forestry Commission is also
experimenting with special mole ploughs for subsoil draining in peat bogse

The main disadvantage of mole-draining is that the drains ocannot be oleaned, s~
that onoe they are ologged, the work has to be oompletely redone.

Excavators

A great variety'of exoavatiné machines are available but most fall into three
oategories: dragline exoavators, hydraulio exocavators and cantinuous action machines.

Dragline Excavators

Dragline exoavators have large exocavator buokets operated by maohine winoches,
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 exoavators oan be used for virtually all types of drainage construotion
end maintenance work., Their advantages lie 1) in their ability to work on wet sites,
2) in the long reach provided by the boom, which also enables soil to be spread over a
wider radius and 3) in the versatility possible in the size and oross-section dimsnsions
of the drain exoavated. On the other hand, they are less mobile and more olumsy to
handle than the hydraulio exoavators whioh are generally less expensive in operation.
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Hydraulic Excavators

With these machines the excavating buoket is attached to the end of a short
artioulated boom and is operated by hydraulio pistons. The exoavators are mounted on
crawler or wheelsd tractors. Moet types are fitted with a dozer blade 1loader whioh,
apart from oooasional uge for loading, and the advantage of being able to remove soil
banks and other obstructions, is necessary for orossing wide ditohes 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 crawler tractor is essential; it should be fitted with 76 om
tracks or wider. Hydraulio excavators can be used for making drains «f thcse widths
and depths commonly used in forestry and can also be used for drain maintenance in wide
drains, the machine operating from oppusite banks of the drain.

For drain maintenanoce and cleaning a form of lightweight exoavator mounted on an
ordinary agrioultural type wheeled traotor is available,

Continuous Action Machines

These are exoavators fitted with dredging-action chains of buokets or sprapers 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 diffioulties in operating in soil where large stones,
stumps and roots are enccuntered. In general it oan be said that drain ploughs or
hydraulio exoavators can do the same work more effioiently and more cheaply than
oontinuous aotion exoavators.

Post Drainage Site Treparation

Surface Cultivation

Drainage alone is not always a sufficient amslioration of soil conditions for
suoccessful afforestation. In some cases, the porosity and asration of the soil of drained
marshland must be improved by ploughing, and this may have to be preceded by the destruotion
of herbaceous and arboreal marsh vegetation. Wherever possible this vegetation should bhe
burned and the phosphorus and potassium rioh ash ploughed into the soil. If further soil
cultivation is unnecessary, seedlings oan be notched direotly into the drained land, This
is the general practioe in Finland, but direot broadoast sowing of pine seed is also used
to afforest drained peat bogs. In the United Kingdom, direct planting or seeding on
drained peat bog has only limited suocess and the method of notohing 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 oompeting
vegetation for sufficient time to allow the young plants to beoome established. In warmer
climates such advantages of turf or ridge planting are likely to be short-lived on acoount
of the more rapid growth of weeds. 4 large plough ridge may even prove an obstacle
impeding the passage of harrows or rotavators used in subsequent inter-row weeding and
ground ocultivation work.

Bedding, or the oreation of lined mounds, eithexr alone or in conjunotion with
exoavated drains is also used to improve drainage and facilitates planting on wet sites
in the UsS.As As desoribed on page29, bedding is oarried out by heavy duty disc harrows
(of the types desoribed for pioneer ploughing) whioh are set to throw the soil inwards to
form a mound, that elevates the planting bed above the zeneral level,
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Fertiligzation

Drained marshland soils often show deficienoies in soil nutrienis as well as
having a strongly aocid reaction., Salines on the other hand may often be strongly alkaline
as well as being desficient in nitrogen and other soil nutrients, Where the peatlands have
not been classified into identifiable types, careful ohemical analyses of the soils should
be made at an early stage before afforestation to identify which nutrients are in defioienoy.
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 cf nitrogen mobilization to such an extent that additional nitrogen may not be
necessary.

Phosphorus is the nutrient whioh often oonstitutes a limiting factor in 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 Socandinavia phosphate fertilization in peat bog
afforestation is a standard practice. Fertilizer is applied at the time of planting;
ground rock phosphate or basic slag is used, partiocularly when applioation 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 soid soils, heavy liming is oftten benefioial; the lime improves the
physioal properties of the soil and reduces soil aoidity, thus promoting nitrogen
mobilization. Alkaline soils with a high sodium chloride oontent oan, under some conditions,
be improved by the addition of ground gypsum; 1i.,e. by replacing the sodium by oalcium,

MINE TIPS AND SPOJI. SITES

Industrial activities, espeoially those concerned with the mining and the
metallurgical 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 soars whioh ocome to be resentad by the inhabitants of the area, and
often pressure is brought on ihc authorities concerned to reclaim the arsas or to screen
them with a green cover of vegetation or tree plantations. Sometimes it is possible by
afforestation to create parks of amenity value for neighbouring urban populations or to
restore produotivity to the affeoted 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
direotly linked to the type of mining or industry concerned, which allows industrial
waste lands to be classified into a number of oategories, as described in the following
seotions.

Typas of Industrial Waste Lands

Strip Mining Waste Lands

In strip mining, topsoil and rock overburden are soraped away to expose the ooal
or mineralized strata required for industrial processing. After mining, the resulting
waste land may oonsist of orater—like oavities alternating with dumps of material from
the overburden whioh 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 roock terraces and steep soree banks where the overburden has been tipped
downhill.
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Where the dumped material contains 20 percent or more soil, revegetation by seeds
and spores Yown in from neighbouring unspoiled land may ocour soon after mining operations
cease, indioating a potential soil fertility suitable for direot afforestation. Elsewhere
the exposed rook strata and dumps of rooky material and stones, often oompacted by the
passage of the heavy earth-moving maohinery, must await the slow prooess of soil formation
through exposure to the atmosphere and reshaping by wind and water erosion. Absence of
humis and nitrogen is typical 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
vefore finally oovering 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. Suoh work is very costly, but in some oountries
restoration of the site is an obligatory condition of the mining lioenoe.

If reshaping is not possible, afforestation can be started on areas oolonized by
natural vegetation, while in the remaining still sterile areas, trees of hardy pioneer
specier can be planted in larger holes to which imported soil has been introduced, In
areas suoh as brick fields, the derelict exoavations are often filled with water, to
provide artifioial lakes for recreation, and tree planting for amenity is confined to the
lake shore areas,

Colliery and Deep Mine Tips

: Haste spoil from underground mining operations is usually brought to the surfage
and tipped in large heaps or flat-topped spoil banks. High tips and ooniocal or table-
mountain forms of spoil heaps usually have steeply sloping unstable sides, thus they

are subjeot 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 runvays. These tips consist of ocrushed and sometimes
pilverized rock and are charaoterized by sudden changes in partiole size depending on the
source of material being tipped, but the matericl is very porous, permitting the easy
penetration of air and rainwater and also of plant roots. The material, however, ocannot
be desoribed as so0il and will remain sterile until the rock particles are weathered and,
in ocourse of time, become oolonized by soil forming organisms and eventually by pioneer
vegetation, .

Preparation of such sites for afforestation involves first of all stabilizing
measures to minimize land slips and erosion. This may involve building walls at the foot
of tips encroaching on natural water courses to prevent water eroding and undercutting
the slope and, if necessary, oanalizing the water courses in masonry ohutes or ooncrete
oonduits. Ponds of trapped water within a complex of tips should be drained avway if there
is danger of oollapse due to erosion in subsurface drainage channels. The flat tops of
some spoil heaps can be re-soiled, but the slopes may have to be oontour trenohed or
terraced and imported soil filled into planting holes.

Aooess roads should be oonstruoted before afforestation and oare taken to dispose
of road drainage water in ways whioh 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 oapable of adapting to the severe limitations of the site, thereby
oreating better soil and microclimatio oonditions. The seoond rotation of trees oan be
of greater economie value, and can sometimes be introduced by underplanting the pioneer ‘
Crop. .
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Mechanically I'r. - . Waste Lands

In some industries the use of orushers, mills and washing plants produces finer
grain pariioles in the proocess 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 cval preparation plants, can be suspended in water and pumped in pipelines to
embanked bagins 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 acocumulation of noxious compounds from the rapid oxidation of sulphide partioles
at rates faster than the rate of leaching., In suoh oases, the land will remain sterile
for long periods unless some form of flood irrigation with subsoil drains can be used to
wash the salts out of the soil,

If fine material is tipped, the danger from land slips will be accentuated unless
stabilizing teohniques similar to those mentioned in the preoeding seotion are employed.

Chemioally Treated Waste Lands

The huge group of ohemically treated wastes can be olassified into burned and
unburned material. Burned material, for example the ash and slag from power stations,
consists of oxides, silioates and sulphates of iron, aluminium, oaloium, magnesium,
potassium and sodium. As a result of their content of free bases, most of these ashes
possess a high alkalinity and salt oontent, which may initially prevent plant growth.
Leaching of the soluble salts and reaction with atmospherio oarbon dioxide lessen their
toxic effect in time, unless the waste oontains boron or other elements highly toxic to
plant life. Brick and olinker waste, broken glass and cement waste are further examples
of burned waste, but these usually oontain 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. Suoh wastes are
generally pumped out to sedimentation basins and to slurry ponds forming flat fields. The
flotation agents used for different ores oan impart strongly aocid or alkaline reactions to
the sedimented waste depending on the agent used, for example the cyanide flotation process
used for extraction of oopper and iron ores oan 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 1100'

The afforestation of chemically treated waste dumps cannot usually be attempted
until acoumulation of noxious ohemicals have been leached from the soil and the pH value
raigsed or lowered to the range tolerable to plant life (pH 3.5 - 8.5). Natural leaching
prooesses can be acoelerated by soil washing methods, though this adds considerably to the
cost. :

Other Forms of Waste Material

The disposal of domestio refuse, espeoially from large oonurbations, has in the past
produced large waste dumps oonsisting of both organio and inorganic materials. Generally
speaking, land covered by domestio 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 toxio through decomposition of organic matter and the liberation of hydrogen
sulphide.

The dumping of waste products from synthetic ohemical industries can give rise to a
more intractible form of waste land. Synthetio material of organic origin can be destroyed
by burning, but waste salts and inorganio oompounds must be tipped or sunk in deep porous
strata.
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The Choioce of Establishment Teohni a8
‘N-

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
soope and intensity of the preparatory work required, the ohoioe of speoies whioh oombine
adaptability to raw soils with eoconomio value, and the likely sooial or eoonomio end results
of the planting effort.

Evaluation of the Site

the topography of the tips, espeoially in oonneotion with erosion and land slip hazards,

and the presence of noxious salts or ohemioals, Where natural vegetation has already
oolonized the waste area, a study of the oomponent species may well indioate areas where
s0il oonditions approximate those suitable for a forest orop, as well as give information
helpful in the seleotion of the tree speoies to be used on different sub-sites or eXposures,
Those areas avoided by natural vegetation may indioate the presence of limiting site factors

direotly or, where this is not feasible, show that some sort of nurse orop 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 inooulate the land with soil forming organisms and myoorrhizal symbionts,

Economio Considerations

The ohoioe of treatment will be deoided by ©08.y by the effeoctiveness of the
establishment methods, by the possible future value of the tree orop and by the ultimate
purpose or objeotives of the reolamation, '

Industrial waste land will rarely offer easy or inexpensive oonditions for
afforestation, but there are plenty of teohniques available for the improvement of tree
growing conditions. To reoapitulate, some of those most commonly uged in reolamation areg

1) Reshaping the oontours in order to minimize erosion or to faocilitate
future mar 2gement ;

2) Covaring toxio or infertile material with soil or waste of better
quality;

3) Neutralizing strong aoid or alkaline spoils by the 'use ‘of. lime.
sulphur, or wasts of the opposite reaotion; -
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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 inoreased at the same time;

5) Leaoching of salts, acids or alkalis bty means of rainwater colleoted
by ditohes and basins or by irrigation, on heavy soils accompanied
by artifiocial drainage;

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

7 Fertilizing with organic or green manures or with compound fertilizers;

8) Stabilizing the surface of waste tips of very fine partioles by
agglutinating sprays or branch mulohes 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 oash value of the
tree orop would seem to justify, but it is also necessary to assess certain intangible
berefits 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

All newly established plantations are liable to damage by weather ccnditions, 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 environment.l 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 tornedos or hail storms and other extreme weather phenomena for
which insurance brokers use 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 assessed.

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
localitiess Some species are more windfirm than others, or are less prone to damage from
orowns and branches breaking off in high winds. Other species are more tolerant of salt
spray and can be used for planting in belts along exposed seaward flanks to give protection

Previous Page Blank
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to other leas 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 associa-
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 vsn
to species known to be frost hardy in their native habitats, Lats or unseasonal trosgts
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 1lie in selecting late shooting
species or provenances; Picea sitchensis, for example, is generally more frost kardy than
P. abies, and scme speoies 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 regiona of heavy snowfall, it is neoes=
sary to select speoies which are less susceptible to breakage under the weight of heavy
8SNnow,

INSECT AND FUNGAL PESTS

Most insect and fungal pests are selective of the host species. In their native
environment,trees whether in natural or man-made forests, normally attain a state of
equilibrium with indigenous pests. When exotic trees are planted, these pests may be
introduced and sometimes develop greatly enhanced virulence in the oconditions of their new
habitat. Well kmown examples of this are the chestnut blight (Endothia &aaitica), a
native of Asia, which caused havoc emong 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 =z%tacked 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 luonocha.etia unicornis) in East Africa is an unimportant
disease on the native Juniperus gcera, but has become, possibly by a change in 8train,
epidemic in the extensive plantations of introduced Cupressus macrocarpa. As a consequence’
this species is no longer planted and is being replaced by the more resistant C. lusitanica.

The risk of demage from prests and diseases isg generally higher if the trees are
physiologically weakened, for example from inefficient Planting or site Freparation, 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 precautions to be taken, therefore,in guarding againat possible future
damage from pests and diseases are to see that the species selected for planting are suit~
able tothe climatic and soil faotors 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 gap8 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 tendirng operations during the early years of a
plantation, result ing in healthy vigoro s young trees, makes a plantation more resistant
to pests and diseases. However, if symptoms or evidence of attack appear, these should be
fromptly investigated and the cause identified. Various contprol measures are available::
these may be silvicultural, chemical,biological or mechanical,



-123--

Silvioultural Sontrol

S3ilvicultural 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 vigerous 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 silviculturel control method where the threat
of infection is known to exist. The disadvanteges of mixed plenting within a compartment
or plantation wmit, giving rise to complications in later management, can be avoided by
planting alternate blocks or wide belis 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.

Chemioal Control

Insect and fungal pests can also be checked by applications of an appropriate
chemical insecticide or fungicide. These are usually aveilable 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 usualiy cheaper and more
effective,

Dieldrin and aldrin have been successfully used against termite attack in tropical
eucalypt plantations, A small dressing of insecticide is either mixed into the nursery
potting soil or mixed with water as a suspension and watered on. Insecticides have also
been effective when applied to the s0il 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 (wometimes 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 radiatae in New Zealand has been kept under control by copper—
based sprays (Gilmowr and Noorderhaven, 1973); and a brown needle disesse, mrobably
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 fingiocides most commonly used are noted in tebles 3 and 4.'\‘

Biological Control

Biological control of insects has been used with success in certain cases, usually
after the pest haa grown to epidemic proportions., In southern and easterm 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, & 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 host., Some fungal diseases, for example, have alter-
nate hosts, The best known example is white pine blister rust (Cromartium ribicola) on
Pinug strobus and other 5-~needle pines, the alternate host being species of Ribes., The
control method in such cases is 10 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 gemipunctata 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 cut and, after
sliring the bark with a machete, they are leaned irto the crowns of the remaining trees.
After a few weeks, the trap trees are extracted and their bark, with beetles, 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 vwhich pupate in the leaf litter or top soil,
raking up the litte+ and burning helps to reduce the incidence of the attack. Pigs rooting
in the litter in pine plantations have heen 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 mreferred, however,

Table 3¢ Useful Insecticides

Pest Chemical Control

Aphids . . DDT, Demethon-methyl*, Diazimon, Dimethoate*,
: Malathion, Menazon*, Mevinphos¥, Nicotine,
Oxydemet on-methyl, Parathion, Phosphamidon*,
Sohraden*, BHG (or DDT with BHC), Endrin,

Mecarbam,

Beetles = . BHC, DDT, BHC with Thiram, Derris, Malathion,
Capeids = .o . DNOC in Petrolewn oil (only for hardwoods in

T L dormant stage), BHC, DDT, Diazinon, Nicotine.
Catezfpillaf‘é‘f'_', "”  _;' . DDT, Derris, Mevinphos*, DNOC in Petroieum oil,

.. . Lead arsenate, "Rhothane", Carbaryl, Endrin.
Leaf-outting ants . . - ~Mirex, Aldrin, Dieldrin, Heptachlor, Chlordane,
Leaf hoppers and miners - . BHC, DD, Malathion, Diazinon, Nicotine,
T . - Parathion.

' Hite'a‘ aﬁd red épideral,_ ' Demet on-methyl*, Oxydemet on-methyl*, Sohradan*,

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

Sawflies © BHC, BHC with DDT, Endrin, Phosphamidon*.

Soil pests (termifeb, o Aldrin, Dieidrin, BHC, DDT, Lead arsenate.
chafer-grubs, ocut-worms, . : o .
etc.) ; . : R ‘ . v

Weevils o '1_)171‘,‘Avl'd-rin,»DieIlldrin;,Rh&h_ai;ié;‘* o

* These are systemic insecticides (that is, ébscr’bed'._éﬁd."‘diqf;iibufodv
in the plant sap)., o
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Table 4: Useful Fungicides

Diseeases Chemical Control

Damping off fungi in nurseries, needle Bordeaux spray, Capten Orthicide

blight (Scirrhiza acicola), blister rusts

(Cronartium comptonias).

Southern cone rust (Cronartium strobolinum), Ferbam

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

Mildews, scab, Dothichiza sp. Lime sul phur

Needle blight (Dothistror_rg ini), needle Copper fungicides

cest (Lophodermium pinastri § .

Roo’ 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, chipmmks, and porcupines);
- lagomophs (har:s and rabbits);
- artiodactyls (deer, entelopes, pigs and buffaloes).

In spacific 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 principael 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 Ditches

The construction of barriers, such as post and wire fences or impenetrable live
hedges (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 intervels of 3 to 4 m, In Europe, 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
fenoe. In the U.K., it is also stendard 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. In
very dry climates, they are ineffective unless fitted with an earth return wire.
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Post smd rail fences are sometimes used where wire is too costly or too diffioult
to obtain and where light poles are plentiful. In Kenya, a foarm of post and log fence has
rroved effective against most game for taungya plantations. It consists of pairs of posts
1 m apart at 2 m intervals with the interstices filled with logs or wood cleared from the
planted area. In thé African Sahelian zone, fences are sometimes constructed as staked

barriers of thorny ar 8piny branches.

Por the exolusion of elephants and &her species of big game, moats (2 by 1.5 m
ditches covered with brushwood) have been found to provide a most effective barrier in Kenya.

Hedges or barriers of closely planted bushes or treas, often of spine-bearing species,
pPlanted round the periphery are used in many countries to exclude game or, more often, do-
mestic grasing smimals. In Kenya,trial plantings of eucalypts spaced 1 m apart around conj-
fer plentations sre reportsd as having satisfactorily excluded very big game.

Hedges have many limitations in their usefulness:

1) They must be established several Yyears ahead of the planting work and

this &8s often inconvenient or not possible;

They need frequent tending, trimming and shaping to maintain their effectiveness;
They are not effective against small animals;

They sre subject to damage by browsing, bark stripping and fire;

They take up more space than fences and

They hinder transport.

QA b s

Poison Baits

Smaller mammals such as rodents and lagomorphs are mainly controlled by the use of
poison, distributed either in bait or applied direotly 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 swurface 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 differant poisons distributed in bait. In Avstralia a general
method used for controlling rabbits is the distribution from the air of chopped carrota
treated with m1080»,

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

Various poisons have been applied to tree seeds to reduce damage from rodents and
birds. Endrin, a non-phytotoxic formulation containing thiram (tetr&-methyl—thi\mam-
disulphide) has baen used most commonly especially with coniferous seeds. Endrin has
recently found a wider application on tree seed in sub=lethal doses as a repeilent,

Colonial animals which live in burrows can be controlled by fumigation or gass8ing
with chloropicrin, phosphine, carbon monoxide or cyanide. A new fumigating, which is being tried
extensively in Victoria ang 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 toxicity to
the people handling them and to non-offending animals and the Prohibitions relating to
their use imposmed by law in many countries.

Shooting and Tragging

Shooting 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 organized through volunteer hunters without cost gomet imes
even. with financial gain) to the plantation projeot.
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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 plantations,

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

In many regions, especially in dry areas, free-range grasing by goats is tradition-
al in degraded, eroding grazing lands. Extensive enclosures for forestry can mean the
impositicn of drastic changes in the habits and economies of the communities affented. In
such circumstances it would be unwise to commence afforestation unless alternative means
of livelihood, compenrating the communities for restrictions in their traditional use of
the land, had been provided beforehand. This generally implies the initiation of integra-
ted commmity development schemes including improved agriculture and husbandry, better
communications, schools and medical welfare, increased opportunities for employment by the
development of rural industries, including afforestation and rural forest industries. In
some cases, such development may involve providing inducements for loca'ized emigration to
new industrial centres, 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
serious 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 dewvelop
subsequently as a source of trouble, it is part of good planning to make allowance for su&m
community needs from the beginning of the plantation work. This may wean reserving certain
areas of the plantation for the production of fuelwood, poles and other produce in demend
by the local commmities, 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. In
many parts of the world, annual or periodic burning of vegetation is common mractice, 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 alsc of‘ten careless in
their attitude to fire, it would be advisahle 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.



-128-

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
weeded, howaver, there is no fire risk. By cultivating the soil there is no combustible
material at ground level and the entire Planted ares including individual trees are pro-
tected. Once a plantation crop closes canopy, if the canopy is sufficiently dense to
exclude grass and other 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 a ground fire to develop there is little or no
fire risk. Dangerous and damaeging plantation 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 requires both a "fire plan" and a fire control section. One of the primary
requirements of such a plan would bz to provide training in control and fire~fighting. A
trained fire control section would be resgponsible 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. Consequent ly fire control operations should be designed to re-~
vent fire:from both these sources.

Firebreaks

The purpose of a firebreak is to provide access through 4he plantations and to
provide a fuel-free barrier to fire, Firebreaks are generally oriented at right angles to
1 3 direction of the preveiling 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 a composite
firebreak. Firebreaks maintained by ploughing are gometimes ineffective if heavy grass
cover is only partially removed during cultivation, and of course such cultivation adds to
costs, Wide, cultivated firebreaks give avery 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 ceuse
turbulence at the plantation edges.

Green firebreaks planted to Suituble, 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
a8 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
88 access and as firebreaks within blocks. At the same time, perimeter road/firebreaks are
maintained, where there is a risk of fire from outside the plantation. To prevent fire
entering a plantation from the surrounding arzas, controlled boundary burning is often
mractised.,



-129~

v 24 YA 7 DR v i 4 N YR YT - .
A WA . PVttt Lt B g T-B N IRt R0
_®a, IR NG . A d g > AW F B A A L : .-L’J.r.l

Althongh the tendenoy 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 such as rooky 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 plantaticn in such a way as to cause no
demage to the standing orop. It is, therefore, restrioted to thick barked speoies and is
seidom possible unti) the tree orowns are well above resch of the ground fire (i.e. after
canopy olosure). The timing of the first control burn in a young plantation is critical;
for pines = mean height of between 8 to 11 m covers a range of likely suitable conditions,
but this will vary with local oonditinns.

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

Control burning is carried out under acocurately defined weather conditions which
should allow a prescrived 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 acoumulated it should be possible, for a given set of
conditions, to estimate a period during whioh econtrol burning will be effective.
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The foliowing general prescriptions are valid for most conditionu((!heynay, 1971):
1) Conduct test fires to determine first the rate of spread of fire and

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

be carried out in advance of the main burning operstions.

2) If the forward spread of burning éxceeds 60 om per minute, burning
should not be carried out.

3) Bm-ningk:?ould only take place when wind conditions are calm or leas
than 8 hr.

4) Therc should be no burning if the relative humidity drops below 5%
during the day.

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

6) If tall grass 18 present in the plantation, burning should ocour
before these amnual grasses have become fully dried.

Fire Deteciion, Assessment and Supression

Fire Deteotion

A sound fire detection system is usually based 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 oross bearings can be recorded. Each tower should be equip~
ped with an alidade, binoculars and a radioﬂ.’eleﬂlone. The system should be established
sarly in the plantation development .

Fire Danger Assessment

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

Fire Supression Tachniques

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

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

= machettes - first aid kits

Other items are the ra.ke/hoe or MoLeod Tool from Australia and back firing drip torches,

There is a considerable range of meckenized equipment for fire control — pumps,
tankers and tractor units - which may be required under certain conditions., For effective
use of much of the pumping equipment, there have to be suitable water supplies within easy
rangs of the plantation area, Where water supplies are inadequate or o0 distant, recourse
has to be made uwing 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) Firelines parallel to the edge of the fire may be formed by:

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

3) Back burning can be ver; effective but raqguires 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 effiociently; 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 periodically, but too frequent treining may reduce rather than
increase interest and efficiency.
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CHAPTER 6
PLANTATION PLANNING

INTRODUCTION

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

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 annually in district
A, Tor groduction of ¥ m> of long fibre
and Z m? of ghort 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
rroject aim as efficiently as possible,

5¢ Execution or manegement Convert operational plens into effective
action.

A previous publication (FAO, 1974) reviewed the principal features cf development
planning and explored how to identify the appromriate role of the forestry sector in
national pjanning, how to define this in terms of sectoral cobjectives, how to translafe
these into quantitative goals and targets and how to identify and appraise projects within
this framewcrk. It did not cover operational planning — the balancing of work and resources
in the shert term nd the completion of programmes of work within a timetable. Another

Previoyg Page Blanj
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document (Fraser, 1973), dealing with the planning of man-made forests, included a chapter
on operational planning, but was mainly conrerned 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 t0 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 objentive at the next lower level. Later experience will bring about
an interaction batween several Planning levels. Fror exanple, experience gained in execu-
ting an operational plan may indicate how it should be improved, while project aimes may be
modified periodically to conform with changing national needs. As has been often stated,
planning is an iterative process.,

PLANTATION MANAGEMENT PLANNING

Projent operational planning provides a rrogramme of action designed to fulfil the
aims of the project. It prescribes what work will be done, vhere, 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 projent is likely to be concerned with three
levels of project planning: o : '

1+ A skeleton plan for long-term management of the rroject, which may cover a full
rotation or.more. Prepared during the prhase of projeot identification/appraisal,
it provides a framework in which the project manager is expected to prepare a
more detailed management plan during the phage of operational planning.

2. The plantation management plan, covering a mediwn=term period and providing
background information and menagement 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 repared on
standard forms, with a monthly or weekly breakdown,

COLLECTION OF DATA FOR THE PLANTATION MANAGEMENT PLAN

great extent on the quality of data collected in the previous phases. In some cases, vhere
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 deg-
criptive and the rrescriptive parts of the Plan. Much of the technical and cceat 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 mroject 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 cther legal rights affect the long-term use
or availability of land, such matters require determination and clarification before
further planning is undertaken.

In the early stages of development it is not possible to assign site quality
classes to soil types, but a simple plantability classification can indicate the better
areas for planting. The assessment of plantability requires a soil survey and the prepa~
ration of maps showing soil types, forest capability and vegetation types. At the same
time as the vegetation is recorded the tree cover is sampled for basal area to give a
meagure 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 Jand should be
allocated on a map of plantable land.

Plenting 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 provenarce 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 produc-
tion and methods of expediting this must be given priority. Aveilability of seed must
necessarily have some influence on the planting rate of species rreviously selected for
silvicultural 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 the data collected.

Material and Equipment Resources

These fall into three main categories: those required for the administrative
orgenisation, for operational activities or for maintenance and support. Administrative
requirements include offices and 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, wure available on site when required. This necessitates
the provision of ample storage.

Equipment offers a considerable range of options, 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. Oood 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 op 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 & project this mey have to
be estimated.

Human Resources

‘an is the most importent resource in the mroject, and due consideration of his
abilities and reactions is required in deciding on pussible courses of action., The possible
sources of labour and staff require study, as they determine the need for additional ine
vestment in transport or housing. Employees benefit from a Plantation project not only in
cash wages, but also fron 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
many skills and requires managers, eapervisors, 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 human rrsources is the sum 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, but oper-
ations replace responsibility, To estimate the annual labour force, a calendar of operam
tions and labour inputs not only gives the necessary data but also allows fluctuations in
requirements to be smoothed out to provide moro regular employment, Information on the
rroductivity 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 a phase
of the project, will have 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 human resources, plus contingency,
represent the allocation required, and the range of these figures should be set out as
annual requirements for the entire rroject period.

It is important that the financial authority should understand that a plantation
is a dynamic enterprise not readily accommodated in the fiscal Year concept. Plantation
operations such as land clearing, nursery end weeding are interrelated in time in that one
Yyear's programme can affect both the Previous year's and next year's programme, This means
that delays in funding or erratic allorations 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 until normality is achieved, or to
make funds available on thr<e or five yearly allocations. The ready availability of funds,
however, does not preclude carefully planning their investment., B
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QOperational 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 ~ units per hr, per day, etc. and

Cost — of each resource per unit.

PN -

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 known and may be extracted from costing records where available but, if
it is.lacking, sampling work outputs may be necessary to mrovide indicative data. Opera-
tional data provide a basis for appraisal, for estimating resowrce requirements, and
budgeting; consequently it is vital that the source and reliability of all such date are
recorded. A project or plan is only as realistic and workable as the data used in its
design. The combination of resource and operaticnal data into arithmetical calculations
leads directly to management prescriptions. A simple example for seed collection and
handling is shown in Appendix D.

Institutional Data

Institutional factors to be noted are mainly of a political nature, but include
the project legal framework and the commitment of the supervising agency in cther fields,
such &8 training, Other factors on which information should be collected are the intere
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 appromriate 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 MANACEMENT PLAN
Purpose and Content

The plentation management plan forms the basis for managéement action and forecasts
and records in some detail what the plantation manager has to achieve over a periode In
the case of a 30 year rotation, the initial plantation management plan might cover some
five years or possibly less. The remainder of the mroject life will be covered by similar
periodic plans. This periodic planning allows a flexible approach to project management
and, the more stable and well defined the project enrironment, 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 programme. For complex projects
or problem areas, network analysis may prove a useful managemert 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 TI, Descriptive and Part III, Prescriptive.

Part I, Directive, consists of the instruotions received by the project manager
from higher authority as to what the project is to acoomplish. 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 essential basis for
management prescriptions.

Part III, Prescriptive, prescribves 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.

Outline Plantation Management Plan

Part I Policy and Objectives
(Directive)

Policy

Ob jectives
Part IT . - " . Bagic Informrtion
(Descriptive)

The project environment

Land availability and suituability
Institutional framework

Past management and history of the project

Part 111 oo Present State and Future Menagement
(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 mroject menager as a directive from higher awho-
rity. He is responsible for ensuring it is recorded in the written managemeri plan. The
objectives of the project should be stated with complete clarity; if they are not, the
projeot manager should seek clarification before starting his own operational plannirg.

The Plantation Management Plan, Part II

Part II sets out the information basic to the rroject. It should includet

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 mroject development and any past management information or data relevant to
mroject development. This section should note any salient features on which
the planned 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 necessery, the progject work
may 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 Ye 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 ctate and
prescribe 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

JELE LV J \\ JPEN

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

Fertilizing

Weeding '
Brashing/Pruning

Thinning

Final felling

Fire protection

Road maintenance
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The present state and prescribed work for each operation is very often set out in
tabular form., The Preacription is usually supported by details of the eatimated inputs
of labour, material and equipment for the main operations. The Frescriptions concentrate
on what will be done, where and when, and the method may be covered by refarring to a 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 oage 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 frac-
tice, it is more common to commence Planting at a reduced scale and, as 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 optione in
choice of rotation length, and in an era of inflation reduces total establishment costs,

. Plantation layout inclvdes the design and delineation of compartments, blooks, 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 rrojects have exceptionally large compartments of over 200 ha, but a 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 lm 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 olass roads are either
umsurfaced or lightly metalled; upgrading of these roads for logging occurs closer to the
time of harvesting. Main plantation roads are generully constructed as all weather routes
to allow access for pPlanting, maintenance and fire suppression; but they are not construoted
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 suppreasion; 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 mprovision 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 colleotion of data phase, and the selection of plantation
species and techniques should be designed to minimize any such risks.

Provision of Resources

set out in the previous section on Plentation operations and other works. The Fresoriptions
in this section will set out which resources should be acquired by specifio dates, : The

Personnel Eguimlent
~ Allocation of staff and definition ) -~ Machinery transport and equi pment
of responsibilities = Building materials ,
~ Allocation of labour end calendar of . = Project materials and seed
labouwr 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 forest managers, foresters, techni-
cal agsistants and various supervisor grades. The responsibility of the manager and his
supporting staff should be defined. The allocation of labour comprises a summary of the
prescribed labowr rejuirements to implement the component operations and is set out as a
calendar of operations, a sample of which is given in Appendix G. The jreparation of
these calendars allows the labowr 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 labowr force.

‘A8 the plentation area develops,there will be a 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. 4s labowr 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 requirud. The requirements
may be estimated on gross known requirements such as one tractor per x ha, or emount 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, transport and building
materials, Where delays in obtaining certain items can be foreseen, advance ordering is
necessary, 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 implemer
tation; ordering of equipment, therefore, warrants careful planning and attention to detéll
so 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.

t'inance: 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 ig set out under such functional headings ass

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 presoribed, then extraction of the annual 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 inoreases 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 ths overall expenditure of the mroject 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 souroce 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 finanoial 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 a 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 & sample
forms

' Opératioh_af ‘ Inputs and costs
¢ and .. |Unit ' r Work |[Unit
Cost Code ;- Brl.‘.ta.bour Cost |Plant Cost |Materials | Cost |Total [Com- [Cost
R vehicle ‘ pleted
% .
machines

The physical inputs are measured by defined wits suoh 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 unitd as metres for roads, hectares for
pPlanting 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 out puts 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 processing. 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 pPlanting, mechanized weeding, hand-weeding, fertilizing,
pruning and so on. The plantation or mroject manager uses such costs for economic apprai-
sal and control, Where there are variations in actual unit costg, it should be possible
to selact and develop the more efficient alternatives. It is necessary to train super-
vigory staff in compiling such reports and to impress upon them the value of data colleoted,
In areas 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 deviationa 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 materia.s 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 basie of unit costs for
equipment is soundly designed, a reasonable reconciliation can be achiaved. The flow chart
of cost records in Appendix H outlines a costing process,
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The fundamental plantation reoord is the compartment register. The comnpartment
register should give a comprehensive and precise desoription and history of the compartments
oomprising a given plantation. The register may be a simple or a complex document, gener-—
ally recording the following informations

1; A detailed map of the plantation area;

2) Details of physical features - elevation, aspect, exposure,
slops, land form, geology, soils and vegetation;

3) Site characteristics including planting suitability and site
quality classes and

4) History.

The plan will prescribe that all work in a compartment should be recorded in this register
which will contain a form cr forms to records

Site preparation and planting or sowing,
Tending operations,

Crop assessment and

Yieldﬂo

ol D -

The rhysical details of work done in a compartment can readily be extracted from progress
reports. Some compartment iegisters also record costs but, unless there is a particular
reagon to record costs at this level, the register is best maintained as a physical hig-
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
system records.

Map Records

The management plan, in addition to the compartment register, should have some or
all of the following mapss

1) Plantation locality map (at 1:50 000 to 13100 000 scale) and
management maps (at 1320 000 to 1150 000);

2) Plantation soil and planting suitability map;
3) Plantation vegetation map;

4) Plantation organization map - showing present roads, oompartments,
nurseries and planned layout ;

5) Planting and site preparation map ~ showing rresent state and
planned programme;

6) Plantation tending map or maps - showing present state and
planned programme for major operations = and

7) Fire proteution maps = showing present state and planned programme.

The management maps can be prepared on a basic map with a series of overlays for the
different information. The number of maps may be reduced dy ocmbining certain data from
separate but related sheets. The management maps form a visual record and control of
plantation operations, and the plan will preucribe that specified management maps will be
orought up to date on a periodic or annual besis,
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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 objectives into reality, The real
mgasure of efficiency is not how well it is designed but how successfully it is implemented.
Good management needs not only good planning but good implementation,

ANNUAL PROGRAMME OF WORK

This covers the next operational year and needs to be mrepared a few months in
advance of the start of the Yyear, to leave time to have the budget approved and to provide
the resources needed (Praser, 1973)« The planning can be done on forms divided into monthly
or weekly periods giving a forecast of the quantity of work to be dene during each period
by operation. After a plantation management plan has been smoothly exeouted 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 H.Ce Dawkins, quoted by A.Fe Lamb, 1969)

There are & number of oriteria whioh must be met if a system of enriohment is to
produce a sat!sfactory stand of timber trees. These oriteria have been ciearly enunoiated
by Dawicing and are quoted with his permissions

in the sense used here, enriohment by line-planting is the establishment of a tree
orop to be oclosed at rotation age, in lines spaced at intervale equal to or slightly

greater than estimated final-orop orown diameter.

There are five neoessary oonditions for line planting, in addition to the normal
requirements of healthy plant establishments

1o« There must be little or no demand for thinnings in the area concemed.
If thinnings are required, the method is unsuitable; if large timber
and veneer logs are in demand, the system is suitable.

2, 'The speoies planted must be fast-growing (1.5 m of height par year as
a mini.mm), naturally straight and self-pruning, i.e. generally of the
coloniging or gap-filling, light demanding type.

3. There must be no upper canopy; only olear-felled, olear-poisoned or
low secondary forest is suitable.

4« The regrowth between the planted lines must be non-inflammable; or
control of fire must be complete.

5e Browsing animals must be absent, soarce or of negligible effeot on
planted trees,

Provided all five oonditions are met, the method can cut the cost of a final orop
‘t0 less than a third of what would be inourred by close planting. The technique then
requires the followings

6. Planting lines should be spaced equal to or slightly more — up to
204 more is reasonable - than the expected orown diameter of healthy
final orop trees of the speoies cmcerned. The reason for this is
to prevent any possibility of serious between-line orown ocompetition
before maturity, to save on establishment costs and to give more
soope for possibly superior species which may arise naturally
between the lines.

7 Plante should be spaced along the lines at approximately one-fifth
of the apacing 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% lesmes muast be expeoted and spacing in the lines
should be nearer 1/6th to 1/7th of spacing between lines. Only by
this mesns oan good form of the final orop be assured.

Previcus Page Blark
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8. Planting lines must be wll-oleared, about 1.8 m wide at first, and

mads easy to meve aleng, at
by remeval of mest if not al
must be kept clean and no ev
Sinoe this olearing work is

least along one side of the planted trees,
1 woody mnags. Once planted, the lines
erhanging or threatening growth tolerated.
omfined to a very small fraotion of the

area, labour costs are low and several oleanings (sometimes up to six

Or Seven are necessary) can

9+ Plants must get away to a qu
using potted stook; stumps
suitable. Cedrela has shown
seed, but this is quite exoe

be afforded in the first twelve months,

lck start. For most species this means
or striplings are not likely to be
itself capable of starting from direot
ptima.l.

10. Planting must follow immediately on olearing the planting lines;

clearing in the early dry se
later in the early rains is

asom, and planting three to five months
& thoroughly bad teohnique and will result

in at least two more olearings than otherwise. Poisoning of the

upper canopy also should be
planting, net before, it is
precise pessibility.

timed to let in the light at time of
recognized, however, that this is not a

11 Trees arising bstween the lines, unless superior in value to the

planted species, rust be out

or poiscned immediately they “threaten™

the plants, i.es before they overshadow them. The greatest threat

is from Mucanga, Trema and Macaranga. S3imilarly, olimbers over-arching
from the bush regrowth beside the lines, must be vigorously out baok _
before they overshadow the plants, provide ladders for other olimbers or

obstruot quiok access along

12, Thinning aleng the lines is
superier form and height. (
form and height should both
girth). '™he firet thinning
by whioh time the trees shou
regrowth, It will probably

The above five prinociples and gse

the linea,

& matter of seleoting the stems of

Unless the disparity in size is very great,
be regarded as more important than mere
will generally be at three to four Years,
1d be well above ths shrub and climber
require about 50% oulling of the orop,

ven teohnical guides must be taken very seriouulj.

Line-planting has very oommonly failed and has & bad reputation ameng English-speaking

tropical foresters beoauwe cne or other
above are followed for a spsoies sensibl
of suooess in tropical forest oonditions

of the prinoiples has been flouteds If all the
Y ohosen, the technique has a very high chanoce
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QUIIFLINES FOR THE IESIGN
AND ESTABL OF PLANTATION ROADS

L.Rs LETOURNEAU
Pulp and Paper Industries Development Programme
FAO, Rome

PLANRING

The object and purpose of establishing a plantation road system is tc provide a
netvork of roads whioh is sufficient to enable planting and tending to be oarried out in
timely fashion and at the lowest possible overall plantation oost, while providing rapid
aoccess for proteotion 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 whioh are to
be afforested. Any plan must take into acoount both the immediate and future requirements
for roads. Since, initially, access will be required for the planting operation, the
planner muast c nsider 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
produotivity of planting orews, off-road oapabilities of vehicles and road construotion
costs, but the road plan must aim at reaching a balance between planting rate, as affected
by oarrying distances, and the cost of road construction.

The need for rapid access in case of fire or other emergencies must be considered in
the road plan. In partioular, eaoh major plantation block should be reachable by more than
one all-weather road, so that access of firs 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 foreat being established is to be
harvested, care must be taken to ensure that the location of major roads to be constructed
for planting will be loocated to suit the future logging methcds. It is not always possible
to know in advanoe what logging system will be used ten or even twenty-five years hence, but
the planner must avail himself of the best sxisting data on logging methods to assist him in
meking his decisions.
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Although the full road network should be planned before plantation establishment
begina, costs can be minimized by delaying construstion 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 necessary that roads be built o logging road standards with highk load
bearing capaoities since unnecessary expenditure would be oarried the length of the
rotation, thus raising overall cost. However, the basio network will be available for
updating and extension for later harvesting operations.

In areas being converted from natural forest to plantations, the planning of the
road network prior to primary logging, as well as the physical location =nd oonstruction,
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 indiocated on maps of suitable scale; contour maps are
best suited for this purpose. A map scale of 1:25 000 serves well for moderate sized
plantations in the order of 25 000 heotares since it ocan be hung on the wal) 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 physioal features such as
streams, mountains and such other major details as planting blocks, firebreaks, lookout
towers, nurseries and buildings.

Maps showing roads in annual plantisg 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 135 000 gives good detail cud is oompatible
with the 1:25 000 scale of the master map,

For roads in whioh even finer details are required (e.g. for rebuilding or
tendering), maps and oonstruotion plans should be at a maximum scale of 131 000. Where
neoessary, profiles of roads should be produoced using a ratio of horizontal to vertioal
soales of 101 or 20:1 as diotated by the terrain.

ROAD INDEXING SYSTEM

A road indexing or numbering system, with zcoompanying map, is an essential part
of any forest pluntation programme. Roads must be numbered so that staff and others can
be easily direoted to any part of the plantation, The system must be systematic and take
into acoount the various olasses 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 diffioult to
(tevise, however, a simple numeriocal system is easy to formulate and is effeotive.

ROAD CLASSES

A system of road olasses designed to meet the needs of planting, fire suppression
and effioient supervision is given below., These classes are oconsidered adequate for the
establishment of a plantation in one lerge 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 oosts. The basic network when properly aligned
to fit the terrain will also serve the harvesting function.
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Clagses

1 Nain Road
This forms the main acoess from the highway or publioc
road system to the headquarters area and to the
extremities of the plantation. It provides speedy,
all weather travel,

2 Branch Roads
This secondary system of roads is designed to move
traffio from the main road to the planting areas in
all weather, at moderate speeds. The branoch roads
form the major access system within each annual
planting area.

3 Spur Roads
These are basic utility roads designed to move pisnting
and tending crews to work sites at generully low speeds
in four-wheel-drive vehicles. They will not be all
weather, with the exoeption 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 surfacsd
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 olearing. Class 4 roads are located after olearing and burning has been completed;
however, location prior to clearing, if possible, is advantageous. Road olasses 2, 3 and
4 are built in the proportions of 1:2:14 or as near a3 praotical 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 km? of gross plantation area is a reasonable
estimate of the average requirement ol many plantations. At this denaity, and at the
proportions of 1:2t4, the number of kilometres of olass 2, 3 and 4 roads required would bes

Road Class Km of road per km2 of
(Gross Plantation Area

2 branch 0.35

3 spur 0. 71

4 planting track 1.44

Total 2,50
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Nain roads may be inoluded in the above overall distances when any sections caa be
used for plantation work.

At this density, average spacing between roads would be 400 m. Lacking acourate
information on the capabilities of planting teams, this is a reasonable estimate of the
planting track spaocing on which initial planning can be formulated. Later spacing of
planting tracks should be based upon the distance at which 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 change,
The enacing will also vary to some extent due to terrain.

The 1scation of branoh and spur roads will alaso often be diotated by topographio
constraints but will, in general, adhere to the above quoted density.

ROAD STANDARDS

Standards should be applied in the light of topographio, soil and weather conditions
ag they exist, or as they affect road construotion costs and rate of oonstruction. In other
words, although standards will be laid down to which the location engineer will try to
adhere, he should alter these to suit conditions zs he finds them, bearing in mind that the
raised or lowersd standards must not have a major effeot on the usability of the rcad, In
other words, he should bear in mind that the roads are being built to achieve the lowest
possible overall plantation cost 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 thsir application.

Right of Way Width
L

This represents the piece of land set aside for the road. It is the overall width
which ie to be cleared and in which trees are not to be planted. This extra distance, over
and above the aotual road works, facilitates more rapid drying of the road aftor a rain,
makes allowence for future widening and improves visibility.

Subggada Formation

Ample allowance should be made for the traffio density contemplated and to allow
drainage away from the tunning area. In mountainous terrain where slopes cre extreme, the
road bed must be full bench (not on fill). All fills must be oompacted.

Side Cuts

Side outs will vary with the topography, but as a general rule should be at a slope.
of 182 or less.

Turnouts ‘Lgbga)

Turmcats need not always be evenly spaced; but should be positioned so as to be
used to maximum advantage to allow vehioles to pass and to avoid acoidents. Turmouts will
also be used as parking places for vehiocles which carry orews and materials.



ROAD STANDARDS 1/

Table i1

_2/ Flat, Rolling, Undulating Terrain Mountainous Terrain
Item
Planting Planting
Main Branch Spur Prack Main Branch Spur Track
[Right of way width .20 15 12 5 20 15 12 5
Ditch width 1 0.6 0.6 Minimal 1 0.6 0.6 Minimal
lPavement ag Width 3.5 3.0 2.5 - 3.5 2.5 2.5 -
b) Thickness (om) 10(Min) | 10(Min) 10 - 10(Min) | 10(Min) 10 -
Gradients(%)}/ a) Maximum Adverse 6 8 10 15 6 8 10 15
b) Maximum Favourable) 8 10 10 15 8 10 10 15
Curvature, minimm radius 120 60 30 - 85 60 30 -
™ outs ga Per kilometre (No) 6 5 3 3 6 5 3 3
b) Width x Length 4x15 4x12 4x12 4x12 4x15 4x12 4x12 4x12
lvert type Concrete Wood Wood Wood 4/ Concrete | Wood Wood Wood
ridgs type (Wood) Crid and Crib and As Crib and | Crib and As
or sill, or Bill, Branch or sill, or sill, Branch
log str- log st- as if log str— | log st- As if
ingers, ringers, | Branch necese~ | ingers, ringers | Granch necess
timber earth ary timber earth ary
deck covered deck coverw.a l

harvesting phasge.

R oRrRRR

Hollow log permissible,

All figures in metres unless otherwise stated.

Originally devised for a planting schedule of from 1 500 to 2 000 ha per year,

Adverse and Favourable grades not applicable during establishment phase,
however due attention must be paid to these to avoid reconstruction in the

~GGl=
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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 ocurve, at
the nose of the riige, to take advantage of the fill area and also to ensure good visibility.
Borrow pits should be used as turnouts wherever possible,

For those roads which are to be surfaced the turnouts should be surfaced to the
same standards.

Pavement

Surfacing material should be of either hard, orushed rock or of best quality
laterite with ample ferrous concretions or other suitable materials approved by the
oonstruction supervisor.

The pavement thicknesses as laid down in the table of standards, are compucted
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 orews, 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 Apill emall amounts as it makes its passes.
Eventually, for roads with wide formations, paesing will be possible without the use of
the turnouts. Similarly, superelevation will be built up at the curves by fasi moving
vehioles. Adequate camber (crown) should be provided to ensure proper drainage.

Spur roads need not be surfaced along their entire length. It is normally
suffioient 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 nome 20 percent of the total length of spur road
requirements will be surfaced.

It should be noted that in some regions which are lacking in surfaoing materials,
the oost 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 whioh 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 moat 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,
respeotively, have been uwed as the oriteria which will provide for reasonable travel for
work crews and good travel speeds for fire suppression crews, bearing in mind the added
road costs whioh would acorue by putting in curves with much longer radii. These speeds
might be slightly lower in mountainous terrain, for whioh minimum radii as shown in the
table of standards have besn shortened. v
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Uradients

Road grade standards have been set to oounter the effect of erosion and to keep
maintenance sosts to a minimum as well as to ensure effective travel time. Long sustained
grades should be avoided by the allowanoe of grade breaks in the profile.

Drainage

Sinoe it is impossible to disouss the amount of rai.fall which any one plantation
area might receive, it will suffice to point out a few faotors whioh should be oonsidered
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 oan be considered as moderate (say to 2 000 mm per year), & large portion of this
might arrive in a short period of time, and thus the drainage system must be geared to
handle the large periodio volume.

The forces exerted by large volumes of water, collected and diverted by & road
system can cause severe damage to roads and extensive erosion. These offects oan be
overoome through proper ditching and channelling of the water to points where it oan 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 side should
be ditched. In rolling terrain, culverts should be placed at the bottoms of fills.

In all types of terrain, roads must be oonstructed to oross watercourses in auoh
a manner as not to impede the natural flow of water. This can be effeoted through the use
of the proper size of oulvert 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 speoial structures (e.g. rip-rap) are built to preserve the fill.

On roads with long oontinuous 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 oan be of simple conatruction and if built of the most durable
woods should last at least the 1life of one short rotation. Two types of bridges are
oommont  one haviag timber running planks and one covered with soil and surfaced. Both
types make use of log stringem whioh rest on either oribbing or on a mud aill,

Cross-Sections

Typioal cross-sections for main and branch roads are shown in Figure Bi,
Maintenance

Maintenance must be a continuous procedure once the road system is started. This
oan be effected through the use of maintenance machinery (e.g. road graders, tractors,
rront-end loaders, tipper tricks) which may (preferably) be owned by the projeot and
operated by a maintenance orew. Maintenance crew labourers should also clean culverts and
ditohes and clear brush from eround ditches and tight corners on a regular be..s.
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CROSS-SECTIONS OF TYPICAL PLANTATION ROADS
M
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AS OUTLINE OF EQUIPNENT AND MATERIALS FOR AN AFFORESTATION PROJECT

Rollers, rubber
tyred

OPEPATION EQIPNENT MATERIAL
Land olearing Survey equipment Herbicides
Crawler traotors Fuel and oil
Anchor ohains Hand tools
Doser blade Aerial photographs
Stinger
Front—end rake
Root plough
Ground Tractors 50-100 hp Herbioides
preparation Disc ploughs Fuel and oil
Angledoser blade Hand tools
Nursery Wheel tractor Fertilizers
Trailer Pots
Loader attachment Potting media
Loader attachment Ingecticides
Sprinkler equipment Fungioides
Soil mixer Herbioides
Hand tools: spades, Fuel and oil
forks, hoes Hand tools
Spraying equipment
Planting Tractors, 50-100 hp Fertiliszers
Trailer Fenoing stakes
Fenoing wirs

Hand tools: spades,
mattoocks

Fuel and oil
Tree carrying
oontainars
Naintensnoce and Traotor, 50-100 hp Fertilizers
protection Soil oultivators Herbioides
Pruning saws Fuel and oil
Fire towers Inseoticides
Fire engines Hand tools
Water pumps and
hoses
Road Bulldoxers Culverts
oonstruotion Tipping truoks Muel and oil
Uraders Road ballast and
Excavators gravel

Bridge materials
Cement, Gelignite
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PLANNING OF SEED COLLECTION AND HANDLING 1/

l Example ,

moalm“ oamaldulensis

1110 (3 x3m)
222

1 322

—232

1 567
1 600

400 000

0.004 kg (c. 250 ha per kg)
250 ha

1.0 kg

ing Course on Forest Seed Collection and Handling®,

of the germinated seeds. This is equivalent to

I. Background Data
Ao SRED D
1. Speocies
2. Plants per ha
a} Number planted
b) Add field replacements at 20%
o‘ Total requirement - plantable
plants
(d) 144 losses and oulls in
nursery at 15¢ 2
(e) Total requirement - germinated
seeds
Ditto rounded upwards
3¢ Estimated number of germinated
seeds per kg of uncleaned seed
4. Kg unoleaned seed needed per ha
of plantation
5 Annual plantihg area
6. Kknusl requirement of seed
1/ from "Report on the FAO/DANIDA Prain
Vol. II. Rome, FPAD. FOR:TF - RAS 11 (p®r), 453 p., 1975.
2/ Losses snd oulls represent 15¢

approximately 18% of the

surviving plantable plants.



c.

D.
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SUPPLY
7. Sources for seed procurement
8. Seed harvest, expscted yield/ha
9. Minimum area of seed stand required
10, Area of ssed stand available
1Y Seed harvest, periodicity
12. Season of collection
13. Special problems of colleotion
14. Rate of seed ocollection
15. Length of period for seed extraction
16. Speocial problems of extraction and
oleaning
STORAGE
17. Normal season of sowing
18. Length of period between colleotion
and sowing
éa if sown in same ysar
b) if stored for mors than one
year
19. . Storage ocapacity needed
(a) Not seed space at S.0. 0.5
= 500 kg per m3
20, Special problems of storage

PRETREATNENT, TEJTING, SOWING

21.

22,

23.

Special problems of pretreatment

Special problems of testing

Special problems of sowing and
seedbed handling

Looal seed stands
> kg per ha

0.2 ha

1.5 ha

Amnual, reliable from stands over
10 years

Early dry season, June - July
None

Equivalent to 100 - 200 g unocleaned
seed per man-day

10 - 15 days (sun-drying)
It is not possible to separate the
chaff from the seed, Both chaff

and seed are therefore sown
together,

Late dry season, Septamber ~ QOotober

3 - 4 months
Not applioable

002 w3 (one jar of two-litre
oapasity)

None

It is diffioult to separate the ohaff
from seed. Identification of the
species from seed is not possible.

The seed being very small has to be
sown with.sand.



A, COLLECTION

1.
2.

3.
4

Methods recommended

Bqnipmont/ transport
recommended

Staff/labour recommended
Remaziks

B, EXTRACTION AND CLEANING

1.

2.

3.
4.

Methods recommendsd
Equipment recommended

Staff/labour reccsmended

Remarks

C. STORAGE

1.

2.

3.

4

Methods recommendsd

Equipment recommended
Staff/labour recommended

Remarks

C. PHETREATMENT
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II. Estimate of Needs

Climbing

Safety belts and lines, boots and spurs.
Temporary use of land rover.

5 = 10 man-days and one supervisor

Climbers should be insured. Seed stand
protection and management must be ensured,
since normal stands, cut on 6 year coppice
rotation, bear very little ‘viable seed.

After sun drying, capsules are to be
vigorously shaken and sieved manually.

1) Tarpaulin
2) Sieves

A forest guard and two labourers

No ocleaning need be done as the seed is
sowmn along with the ohaff.

Storing in a cool well-ventilated room in
tinas, jars or ootton bags.

Tins, Jjars, ootton bags

No mpeoial ataff required. The staff
recommendsd under "Extraction & Cleaning"
will do this work also,.

Storing of seed is no problem, because the
storage period is anly two or thres 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
stooks from one year to the next.

None required
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NETWHORK ANALYSIS 1/

A.I. FRASER
Forest Soienoe Consultant
Peniouik, Midlothian, U.K.

An afforestation project is composed of a great number of activities which are
Spread over an extensive tract of land and involve a large numbor of people. Keocause of
the influence of seasonal faotors, many of the aotivities whioch must be oarried eut to
oomplete the projeot are highly depsndent on corrsot timing,

Given unlimite¢d time and money, there would be no problem as work not done in one
gseason oould be postponed until the next, and aotivities dependent on the completion of
other tasks oould be delayed until the first taaks were finished. In practice, there are
striot time and monetary limits, and the projeot manager is faced with a complex problem
of scheduling and controlling all ths activities so that the whole programme of work
needed to oomplets the projeet im oarried out within the time and money limits that have
been set,

This problem is common to managers of all business enterpriases, so that in recent
Yyears a number of teohniques have been devaloped and their use expanded for dealing with
such soheduling problems. Cne of the best techniques for ocontrolling and scheduling
oomplex operations is network analysis, which is ooncerned with optimising the performance
of a ocmplete system such as an annual planting programme or ell the operations involved
in the afforestation of a partiocular tract of land. It is not concerned with the task of
optimizing the physiocal effort involved in oarrying out eaoch of the activities whioh go to
make up the oomplete system., The latter is the conoern of work study, which 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
POsNISC/73/22, 129 p., 1973
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The opportunity for saving time and money on large-scsle projects by optimising
the logical sequence of events is frequently very great. When operations become more or
less routine, there is a tendenoy to think that few opportunities exist for further
improvement, but it is surprising how often it is possidle to make up time after an
unexpeoted delay. This indicates that many opsratioma could be speeded up, or by changing
the sccuence in which they are performed, that it is possible to improve on the overall
psrformance of the system.

With compiex tasks such as a large afforestation projeot it is too much to expect
that they can be completed on time without a constant watoh on the progrees of each of the
component aotivities. This watoching of progress is virtually impossible without some
technique which enables the manager to condense the whole project to some simple form, and
represent the ocomponent parts graphically, so +hat all the intsrrelationshipas caax be seen
at a glanoce.

Network analysin (sometimes referred to s progranme evaluation and review
technique, PERT) is « graphioal form of representing all the component parts and the
interrelationships of a ocomplex operation ~ something like the orchestra conductor's
800Ye.

The basis of network analysis is the representation of ths oomponent aotivities
and important events such as the start and finish of each activity in & graphic form in

the logioal sequence in which they must take place. The oconvention used in most networks
is to rapresent the events as oircles, cocneoted by arrows representing the activity thuss

Figure 1

@ >

The logiocal representation of a whole eaperation calls for the time to flow in one
direction, so that the sarliest activities are represented on the left, and later activities
are put to their right. As each of the activities are incorporated, a network is built up
which shows from left to right the sequenoe in which they need to be performed. To fix ‘the
position of any astivity within the network it is only necessary to determine whioh
activities must precede it and whioh can run conourrently. Some operations oan run
oonourrently with others but cannot finish before them, so thet it is partiocularly
important to determine whioh aotivities oontrol the start and finish.

As a simple example of the oonstruction and us) of a network, consider the aotivities
involved in planting an area of oleared land, The main aotivities involved are:

Aotivity Relative Time
A MNark out planting spots 8
B Dig plaanting holes 16
¢ Lift plants in nursery 4
D Traasport plants to site 1
E Carry batch of plants from 1

transport to holes
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ivit Relative Time
P Place plants in hole 1
G Pill holes 4
H Apply fertilisers 4

Aotivities A, B and C oan all commence together, but A muat finigh before B,
D ocannot start until C is ocomplete, and E oannot start until D is complets. F cannot
start until B and X are coaplets, while G and H cannot start until P is complete. G
and H sust start together, but H cannot finish before G. The relationship betwsen these
activities therefore oan be ropresented as follows:

Figure 2

Such a line graph of the activities enables checks of the logioal sequence =f the
aotivities to be made, and errors such as situations where the sequence in a olosed loop
is revarsed, or where activities are left dangling, in an open loop, oan be eliminated.
¥wo basic mles vhich must be followed ares

1) A1l svents except the first and last must have at least one activity
~niering and one aotivity leaving it,

2) All activities must start and finish with an event.

Having worked out the logioal sequence as above, the next stage is to insert a
time moale 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 absence
of these it is necessary to estimate the time. If possible, estimates should be made
of3

0 ~ the most optimistio time,
1 - the most likely time,
P — the most pessimigtio time

and theoe should be weighted so that the average time is caleculated byt

0 + +
As far as possible, these estimates ghould be based on caloulations of the time required,
taking into sooount the amount of physical work involved and the probability of outside

faotors influencing the work, e.g. weather, siokness and eoonomic factors. When the
probability of an outside factor is not known, it is only neoossary to estimate the most
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likely time. The network can thus be redrawn with a time soale and the duration of each

aotivity recorded as in the following diagrams
Figure 3

Time

It is then possible to analyse the network in order to determinet

1) The earliest time that an aotivity can start (TE) without
delaying the end of the projeot;

2) The latest time that an aotivity oan start (TL) without
delaying the end of the project;

3) The oritioal path, whioh is the sequence of activities
which determine the minimum time in which the whole operation
oan bs completed and is the longest path through the network;

4) The amount of float in each operation, which is the amount of
time in the parts of the network whiok do not 1ie on the
oritioal path by whish the start and finish of the asctivities
oan vary without affecting the overall time of the operation.

Aotivity py-] L Float
A 0 8 8
B 0 % 0
c 0 10 10
D 4 14 10
] 5 19 10
F 16 16 0
a 17 17 0
H 17 17 0

25
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The table shows that in this simple example the oritioal path lies along aotivities
B,”,G and H because they have sero float. The last two take 4 days and start o. day 17 so
that the minimum time for oompleting the whole operation is 21 days. There is oonaiderable
float available in the lifting of plants (o) and transporting (D end E) them. If it is
desirable to minimize the time between lifting and planting, then the lifting need not te
started until the latest time TL.

The less float an aotivity has the more oritical it beocomes. Following any path
through the network the oriticality of the path is inversely related to the amount of float,
and the oritical path is the one whioh nieds the most 2iisntion 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 atarted or completed by a scertain date, in order to avoid seasonal
influences, then all the sctivities before the oritioal activity ocan be looated 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, thea: since event 5
represents the start cf planting and event 6§ represents the end of planting, these dates
ocan be substituted for the earlieat time TE and the latest time TL, respeotively, of the
events in Figuro 3, and the others caloulated acoordingly.

Event No. Barliest Date Latost Date
1 16th Maroh 29th April
2 24th March 15th May
3 20th kK«roh 13th Nay
4 218t March 14th May
) 1st April 15¢h May
6 2nd April 16th May
T 6th April 20th May
8 6th April 20th Hay

Thus, the earliest date on which operations oan start in order to be just ready to
plant on 1st April is 16th March, and the latest day for ccamenoing operations in order to
have planting completed by 16th May is 29+h April.

A final use of network analysis is in identifying those activities which oan
prevent the whole operation from being completed within a target period. If the whole
operation used in the example above had to be oompleted within 18 days, then some
aotivities would finish up with negative float and the targe* would be impossible to
aohieve, Under these oircumstances it would s neocessary ’.o transfer resources (men) from
those operations with float to those with negative float. It is easy to sce 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 floai on tae lifting of plants is
reduced froa 10 days to 7 days, but there is still sufficient float there to suggest thzai
the lifting ooculd take twice as long with half the number «of men, thus releasing 3ome for
digging holes. It is not alwaya as straightforward as thisz beoause it oculd be that only
one man would be employed on lifting planis, but the general principle of searching the
sotivities with float for surplus resources oan make a ussful oontribution towards the
optimisation of the whole operation. If escurces are reallooated in this way it is
necessary to rework the network in order to ensure that the logicality is maintained, and
to cheok for ohanges in the eritiosl path.

Onoe a network has been drawn and operations oommence, it should not be put away in
a oupboard and forgottb; by continually updating it and referring to it as the work
prooseds, it is possible to identify in advance where new oritioal paths are smerging, and
therefore take sieps in good tims to reallocate rescurces in order to keep on target.
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Appendix ¥

MEDIUN-TERM FORECAIT OF WORK -1/

Operation Unit of Year | Year | Year | Year | Year
Measurement 1 2 3 4 2

Land survey ha

Nursery ha

Plants (1000)

Veg. clearznce ha

Ploughing ha

Planting ha

Penoing km

Weeding ha

Pertilizing ha

Brashing/pruning |  (1000)

Thinning ha

Felling ha

Road constr. km

Road maint. kn

Miscellaneous

1/ adapted from Fraser, A.I., "A manual on the planning of man-made
forests”, Rome, PAO. Working Paper POSINISC/73/22, 129 p., 1973.



Lppendix G

SAMPLE DISPRIBUTION OF NONTHLY LABOUR REQUIREMENTS 1/
Total Adjusted {ime chart for operations and distributiocn of labour
Output Azva nan-days by man-days
Operation nan-days/ ha required e
ha per annum| J | F | A | J J A K] O |X¥ |D
Planting 6.4 350 2 240 560{560 560 {560
Beating up 2.0 350 700 1751175 175 1175
Line cultivation v
first year 10,00 350 3 500 613| 612] 613 512|613 | 612
second year 10.0 350 7 000 875 875| 875 |875 875 [875 |[875| 875
First pruning 4.5 350 1 400 700 |700
Total man-days 14 840 | 735(735 {1 4881 487{1 488 11575 1|575 1|487 1|488 |1 487| 735|735
Distribution of total labour force 52 31 31 62 62 62 66 66 62 62 62| 31| 31
Industrial Forestry Plantations, Turkey. Rome, FAO.

Working Document No.29, FO:DP/MUR/71/521, 127 p., 1977.

1/ from Kingston, B., "Final report : plantation management"™
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Labour attendance
snd work record

Plant ?

and machine log

Cost of materials and
minor equipment ismmied

vehiocle Payment to

contraotors

Nonthly labour
sumuary of cost

Monthly machine
sumary of cost

L |

hd

Nonthly progress

report

Budgetary control
analysis

!

Future estimates
or budgets

Annual summary of
opsrational cost

l

Reconoiliation with
expenditure

Allocation of
overheads

|

Cost studies or
cost analysis
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INDEX

Acid pre-treatment of meed, 45-47
Acidity of soil, 111, 113
Acromyrmex, 123
Actual evapotranspiration, 94-95
Aerial application
of fertilizers, 67
of fungiocides, 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
gpraying of insecticides from, 123
Air-pruning, 55
Aldrin (insecticide), 123-124
Aluminum powder (lubricant for seed pellets),47
Anmate (herbicide), 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, 417

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 repsllents, 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 technique,85
Browsing control, 125=127
Brush disposal, 8, 21-22 :
Bulldozera, use for land clearing, 17, 97

Burning,
for pasture management, 80
.of synthetio 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 teschnique), 84
Ceratocystis ulmi, 122
Cercospora pini-~densiflorae, 123
Chaining (land clearing technigue), 18-20
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 preparajion, 13-38
for weeding, 71
types, _
fertilizers, 66-68, 111
fungicides, 33, 123, 125
Lerbicides, 33-38, 71
insecticides, 123-124
repellents and seed treatments, 45-47
Chloropicrin (use with methyl-bromide), 123
Choice of machinery,
for drainage, 109
for plantation establishment, 11, 23-24, N
Choice of site, vii
Choice of species
for disease and inseot resistance, 122
for mine spoils, 112, 114
general, vii, 137
Choppers (rolling drums), for land clearing, 15
Citemene (site preparation technique), 47
Citrioc 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 -
choice of method and equipment, 2-3, 12-13,
23-24 T
manual methods, 2-10
burning off, 3-4, 33, 47
clear felling, 4-~5
debris disposal, 8
patch 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
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choppers, 15

debris disposal, 21.22
principles, 11-14

root ploughing, 20, 86-89
scrub cutters, 15
shearing, 14

stump removal, 16, 20, 22
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tractor techniques, multiple, 18-20

tractor techniques, single, 16—
tritters, 15-16
productivity, 23-24
Climber cutting, 150
Coiling of roots in containers, 53, 55

18

Collection of data for Planning, 136-139

Colleotor drains, 106-107
Compartment regisver, 145
Compartment size, in plantations, 142

Competition for soil moisture, 1, 25, 80, 88

Consumptive use of water, 90

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,

Controlled burning (see also Burning},
pre-planting, 34, 33, 47
post-planting, 129-130

Conversion planting, §

Copper oxide, for breaking seed dormancy, 46

Costs,
clearing and site preparation, 10,
erosion control, 84
irrigated 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,

12, 84

choice of method and equipment, 31 '

draught animals, 32, 71
manual, 25, 70-71
mechanized, 25~31, 70-71

bedding, 29-30, 110 (see also Mounding)

olean cultivation, 27-29, 71, 8
pioneer ploughing, 27-28, 32
post-planting ha.rrowing, T1=73
pre-planting harrowing, 25-31 '
ridge ploughing, 25-27
strip ocultivation, 25-26, 70-71
subsoiling, 20, 25, 28-29, &4,
turf ploughing, 25-27, 108, 110
post-planting, 68-73
pre-planting, 25-31
productivity, 31-32
Cut-off drains, 106
Cuttings, 56

0, 89

89

88-89, 108

Dalupon (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 spacing)
Departmental tauwngya, 10
Desalination, 105
Development planning, 135
Dibbling,
for planting, 62
for direct sowing, 49~50
Dieldrin (insectioide), 123124
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
Diso 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
Dothistroma pini, 123, 125
Dowpon (herbicides), 36
Dragline excavators, 109
Drainage,
effect on spacing, 58
machinery, 108-110
of plantation sites, 25~26, 29-30, 103111
of roads, 157
techniques, 105-108
Drains, type of, 106-107

‘Draught animals, 32, M

DBrill sowing, 49

Drip irrigation, 93

Dunes, 99-103
ocourrence, 99-100
stabilizaticn methods, 100-103

Effective rainfall, 94-95
Eléments de banquettes, 85
Employment opportunities, 11, 138
Endogenous dormancy, 44
Endothia parasitica, 122
Endrin irepellent’, 47
Enrichment planting, 5, 149-150
Erodible sites, afforestation of, 79-87
Erosion,
control, mechanical, 80-89
control, vegetative, 80-81
hazurd, 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
Evapotranspiration,
aotual, 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
Finencial 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)
Fmet damage, 122

Frost heaving, 44, 57

Fungicides, 33, 123, 125

Fungus diseases, 123-125

Furrow irrigation, 92-93

Gezira (Sudan) irrigation projeot, 91
Giberellic acid, for breaking seed dormancy, 46
Girdling undesirable trees, 5-7 (see also
Frill girdling)
Gonipterus scutellatus, 123
Graded ditches, 85
Grading of planting stock, 56-57
Gradoni, 3, 83
sowing of, 49
Gramoxone (herbicide), 36-37
urazing, control of, 80-81, 127
Ground preparation zaee site preparation)
Growth rates, 58
Gully control works, 86-87

Hardening off, 57
Hardpans and indurated layers, 25, 27, 29,
91, 108 o
Harrow, bedding, 26-30
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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Herbioides
definition, 33 .
for post-planting weed control, 71
for pre-planting weed control, 33-.38
types,
ammate, 35, 115
ammonium sulphamate, 35
A3, 35
atrazine, 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-Ty 34
Hot water preireatment of seeds, 45, 47
Human resources, 138, 142-143
Hydrogen peroxide, for breaking seed dormancy, 46

Incentives,
for afforestation, 81-82
for taungya, 10
Indolacetic acid, for treatment of tree wounds, 74
Industrial waste lands
preparation for afforestation, 114-115
types, 111-113
In-filling, 65-66
Inooulation with mycorrhizae, 68
Insect conirol, 122-124
Insecticides, 123-124
Instituticnal data for planning, 139
Irrigation of plantations,
economical aspects, 98
effect on iree spaoing, 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 mechanization, 2-3, 11=13, 23-24
Lond,

oclearing (see Clearing of land for planting)

hunger, as affeoting taungya, 8, 10

levelling, 97, 112

resources for planning afforestation, 137
Land conditioner, for mechanized olearing, 15-16
Lanoline, for treatiment 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

e



Leaching,
of mine spoils, 113
of saline soils, 91, 105

Leaf cutting ants, 123-12

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, protection against, 80-81, 127

Macro-nutrients, 66
Management, effect on spacing, 59
Management plans, 136-146
Manual methods of afforestation,
land clearing and site preparation, 2~12,
27, 70-T1
planting, 84
weeding, 70-71
vs mechanical methods, 2-3, 11-13, 23-24
Maps for plantation planning and implementa.tion,
137, 145, 152
Marking of planting lines, 59-60
Marshes, drainage of, 103-105
Mechanical control,
of eroasion, 80-89
of pests and diseases, 123-124
Mechanized methods of afforestation,
defined, 11
land clearing and oite preparation, 11-32
planting, 64-65, 84
weeding, T0-T2
effect on spacing, 58
ve, 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 site, 114
preparation for planting, 111=112, 114=115
Minipots, 55
Mixed plantations, 122-123
Monochaetia wnipomig, 122
Mole plough and ploughing, 108-109
Mould~board plougt,
for oontour ploughing, 28
-for drainage, 25-27, 108-109
for deep furrows, 89
Mounding, 29 (sev also Bedding)
in saline marshes, 105
Mound sowing, 50
Mulohing,
of arid lands, 88
of sand dunes, 101-103
of unetable slopes, 86
Myocorrhiza e, 68

-180~

Naked rooted stock, 54
Net irrigation water requirement, 93-96
Network analysis, 164-168
Nile Waters Agreement, 91
Nitrogen,
fertilizer, 66-68
fixation, 68
80il 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
Patoh clearing, 3
Peat bogs, preparation for afforebtation,
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 planting, 11, 25, 62-63
Planning,
development, 135
national, 135
netvork analysis, 139, 164-168
of plentations, 135-146
irrigated, 96
of roads, 151-152 )
of seed collection and handling, 161-163
operational, 135-146 '
periodic, 139
plantation management, 135-146
sectorial, 135
Plans,
plantation management, 139-146
skeleton, 136
Plantations,
clearing and preparation of site, 1-38
costs,
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
weather, 121-122
pruning, 58-59, 74
spacing, 11, 58-59, 88, 149
tauwngya, 8, 10, 51, 59, T1
tending, 68-74
weeding, 69--73
Planting,
advantages and disadvantages vs, direot
sowing, 43-44, 53
care, 53— 62-63
costa, 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 oasualities, 65-66
season and timing of, 57-58, 60
stock
ballid root, 54
bare root, 54
care of, 54,60
outtings, 56
grading of, 56-~57
physiological condition of, 56
plugs, 55
potted, 54-55
resources, 137
rooted outtings, 56
sets, 56
size, 55-57
striplings, 54
stumps, 56, 102
transport, 54, 61
tubed, 55
wildlings, 54
Ploughing and disoing, 25-29, 89
of 7_.rebreaks, 25, 128
ploneer, 27-28, 32
pmduotivity, n
riage, 25-27
strip, 2 )-26
with draught animals, 32
Ploughs,
dise, 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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Potassium,
fertilizer, 66
80il nutrient status, 66, 111

Potassium nitrate, for breaking seed dormanoy, 46

Potential evapotranspiration, 94-95
Potets, 3

Pots (see Polythene containers for planting stock)

Pre-chilling, 46
Pre-planting harrowing, 25-31, 89
productivity, 31

Presoribed buring (see Controlled burning)

Pressure on land for agrioulture, 8, 10
Pretreatment of seed, 44-47
‘ acid, 45-47
soarification, 45, 47
stratification, 46~47
water, 45, 47
Produotivity rates and work norms,
manua‘,

et .,
t?:mg and felltng, 4
olearing, 84
contour steps, 84
felling and burning, 4
line olearing, 6
line sowing, 49
piling debris, 23
planting, 84
production of planting stook, 84
replacement of casualities, 84
roads, 84
stumping, 7, 23
tending, 84
vweeding, 70
mechanioal,
banquettes, 84
chaining, 23
choppers, 15
olearing, 23, 84
line sowing, 49
ploughing, 31
pre-planting harrowing, 31
replacement of casualties, 84
roads, 84
subsoiling, 84
" tending, 84
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
Pulveriszing harrows, 28
Pumps for irrigation, 98 A
Pueher bar, use with orawler traciors, 16
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Rabbit contrel, 126
Rab method, 47
Rainfall,
build-up in ®0il before planting, 57
intensity, 79-01
) 8easonal distribution, 79-80
Rakes, trastor, for clearing and windrowing,
16=17, 21-22 :
Rasettes, 89 (aee also Subsoiling)
Ravine control, 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
ieplacement planting, 65-66
Replacement sowing, 51
Reporting of plantation activities, 144-145, 171
Resource data, for planning, 137-138
Rhizootol combi, for seed pelleting, 47
Ridge ploughing, 25-27
Ridges, tied,
construotion of, 47, 86
sowing of, 47, 49
Ring-barking, 5-7 (aeo also Frill girdling)
Ripping (see Subseiling)
Roads, 24-25, 151-158
classes, 152-153
cost of construction-in Tunimia, 84
denaity, 142, 153-154
indexing, 152
layout, 11
in irrigated plantations, 98
maps, 152 .
Planning, 11, 142, 151-152
standards of construction, 154-158
Root distortion in containers, 53, 55
Root ploughs, 20, 88-89
Roct-shoot,
cuttings, 56, 102
ratios, 56
Rooted outtings, 56
Rotavators, 25, 28, 71

Saccardy's formula, 83
Saline goils, afforestation of, 91, 96, 105
Salinity problems in irrigated plantations, 91, 93
Salt marshes, 105
Salt spray, 121-122
Sand dunes,
oosurance, 99-100
stabilizatior of, 100-103
Scale of operation, 13, 24
Soarification of seed, 45, 47
Sorub outters for land clearing, 15
Season, plenting 57-58, 60
Seed,
availability, 43-44, 53, 137
collection, planning of, 161-163
cost, 43
direct seeding of,
advantages and disadvantagaes, 43-44, 53
methods, 49-51
of sand dunes, 103
timing of, 48

dormanoy, 44-47
pelleting of, 47
pretreatment of, 44-47
scarification, 45, 47
stratification, 46-47
Seedlings (see Planting stoock)
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)
Silviocultural control, 123 ’
Simagine (herbicide), 36
Site,
choice for planting, vii
evaluation of industrial waste lands, 114
preparation,
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 clearing, 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 éherbicideg, 6, 35
Sodium chlorate (herbicide), 33, 36
Soil,
conservation works, 80-89
degradation, 1, 8, 80
disturbance, 13, 16, 21
erosion,
control, mechanical, B0-89
conirol, vegetative, 80-81
hazard, 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 niathods, 93
water holding capacity, 91
Soil aoting herbicides, 33, 36




-183~

Sowing, direct
advantages and disadvantages, 43-44, 53
methods, 49-51
of sand dunes, 103
timing of, 48
Spacing,
in plantations, 11, 58-59
in relation to soil moisture availability, 88
of irrigation furrows, 93
in line enrichment plantings, 149
of roads, 153-154
Species, choice of,
for disease and inseot resistance, 122
for mine spoils, 112, 114
general’ vii, 137
Spoi) sites {see Mine spoils)
Spot sowing, 49-51, 71
Spot weeding, 70-T71
Stebilization,
of mine tips, 112
of sand dunes, 100-103
Stinger, for mechanized clearing, 18-19
Storage capacity of soil, 94-95
Stratification of seed, 46-47
Strip clearing, 3, 5-6, 47-48
Strip cultivation, 25-26, 70-T1
Strip mines, 111-112 (see also Mine spoils)
Striglings, 54
Strips contour, 3
Stumping,
manuai, T
mechanical, 16, 20, 22
work norms, 23
Stumps (a8 planting stock) 56, 102
Subsoiling, 20, 25, 28-29, 108
alo- . contour banks, 86-89
cosis in Tunisia, 84
methdde steppique, 88-89
of ocatastrips, 84
Subsoiling plough, 28
Sulphuric acid, for pre-treatment of meed, 45
Surface irrigation, 92--93
Swampland,
drainage, 105-111
ooocurrence, 103-105

Taungya, 8, 10, 51, 71
effeoct on spacing, 59
Tartaric acid, for breaking seed dormancy,46
Tending of plantations
irrigation, 73, 90-98
pruning, 58-59, 74
shaping, T4
thinning, 59, 123, 149-150
weeding, 6873
Termites, 63, 123-124
Terracing, 82
Thinning, 59, 123
of line enrichmant plantations, 149-150
Tied ridges,
construotion of, 47, 86
sowing of, 47, 49
Timing and timelineas,
of direot sowing, 48
of planting, 13, 31-32, 57-58, 150

Tine harrows, 32

Tine ploughs, 27-28

Tordon (herbicide), 35

Torreo paulista, 55

Torrent control, 86-87

Total herbicides, 33, 36

Training of labour, 12, 32, 138, 143
Translocated herbicides, 33-36
Transport of planting stock, 54, 61
Trapping wild animals, 126

Trap treer, 124

Triazines (herbicides), 36
Tritters, 15-16

Tubea, as plant containers, 55
Turf ploughing, 25-26, 108, 110

Ultra low volume spraying, 37, 71
Underplanting, 5-7

Varying grade contour ditches, 85
V-blade, for mechanized clearing, 14
Vegetative propagation, 53

Village forestry, 82

HWater
oonservation methods, 80-89
holding capacity, 91
pre~treatment of seed, 45-47
quality, 91-96
requirements, 90, 93-96
retaining oapacity, 80
retaining structures, 80-87
storage resorvoirs, 81
Watering plantations, 73 (see also Irrigation
of plentations)
Waterlogged sites,
drainage, 105-111
in irrigation schemes, 91, 93, 95
ocourrence, 103-105
Wattle fenoing, 102
Weeding, ¢9-73
by buming, 129-130
chemiocal, T1
olean, 14, 27, 69-71, 89
of irrigated plantations, 73
regimes, T3
Weed,
competition, 53, 58
elimination, 70-73
suppression, 70
Wet sites (msee Waterlogged sites)
Wicker work fences, 86
Wildlings, 54
Wind,
damage, 57, 63, 89, 104, 121
erosion, 99
Windbreaks, 101-102
Windvowing of debris, 8, 21-23
Work norms (sse Produotivity rates and work norms)

Work study, 164
Yugoslavia, 81

Zino fertilizers, 68
Zino oxide, for breaking seed dormancy, 46



