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1. Foreat ecology
1-1  Plant fomnation it the tropical region

The characterlstics of plant farmation in the world are made by basic fastors of tamperature
{mean annual lermperaturg) and annuat rainfall. Whittaker classified this inta 22 types, and the
lypes in the ropics are shown in figure 1.
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Fiequre 1: Plant formaiion in the Tropice. (Whittaker, 1475)

The pedod of dry 5eason is rather important facter for organizaticn of tropical forast types

o Wi cioount =f nnuwel reirfall, inerdee 42 wazlerrtond thia, WWaltar made and cuggoctad a
Chinatle Diagram which consists ¢f mean monthly temperaturs and rainfall In the year and give
us the situgtion of dry, sermi-dry angd 2iny season at certain place easily and clearly. Based on
a5, dlagram, TNE TFOPICHI IUIEST WHE Clanhllil dy STwan n tatde 1. dod Ngure 2 13 he climalic
cliagrares of some typea of the alassdied foresi
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Talyle 1: Forasl type in the tropica.

Figure 2 Climatlc Chagram
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Table 4: Rate of nutrient cycle in fropical r—in forest.

content N P Ca Mg 8
A: supply to forest by rainial (kgha. year) 14 - 18 1.2 10
B: supply to soit by rainfall in forest { “ ) 26 - 4.8 2.4 39
C: Supply {o soif by litter fall {"] 123 3.5 B3 23 38
L amount supply to soil (A+C) {"} 13E 4.5 o 24 48
0': armount supply ta 2ail (B+C) {*} 148 3.5 04 25 77
E: amount in soil (kg'ha) {"} 6734 28.2 108 fr 266
F: mean residence time {EL) fyaar) 45 2.3 1.1 3.2 5.7
F: mean residence time {(E/D'} fvear} 45 83 11 a1 3.5
F: <wanmn temparate laursl forest> (year) 118 - 10 18 13
F: <cool temperate deciduous broadleaved 278 - 11 5.5 45

forast- fyear)

Thus troplcal rain forest subsists on the rapid nutrient cyele, and in general, soil under
tropical rain forest ingludes nutrlents [n small quantity, this Is @ notable poind. After logging
followed by burning or cultivation, the nutrient eycle is cut off and nuirients are washed away by
much rainfall: as a result, the soil gets poorer-and poarer. Lallang {imperata cpfindrica) grassiand
growth after repatition of shiffing cultivation is obviously indicates infertile land.

1-4 Growth rate of tropical rain forest

Another natable point is that ploneer or secondary forest species grow terrifically fast
whiie climax species do not grow fast and the maximum photosynthetic rate {10-15 mg
COdmZhour) is as much as warm temperate laurel forast. Figure 4 shows the photasynthetie
rate of tree in each category.

5 30,
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§ 20k (Shorea leprosulg)
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Light intensity on leal surface {Lux}
Flgure 4: Lighl - Photosynihesks curves of sun leaf of tres species in frapical rain

forest n Pasoh (Koyama, modified).
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Generally speaking, pioneer and secondary spedies in category B, such as Maliotus spp.,
Macaranga spp. and Glochidion spp. are small tree species and thay can live onty for 5-20 years
at most and eoft wood which is not u=eful 1or general industrial purpose. While thare are othar

type of specles in the same category, they grow to tall and thick size, and they have relatively
useful wood for pulp use or timber use, Popular tropical plantation species, so callad “fast

growing epecios such as Euealyptus deglipia, Paraserianihes faicalana and Acacia mangium

belong to this category. Thelr maximum annual :ﬁéfél'ﬁéﬁl ,ﬁ' Irﬁé hﬂiﬂh} ﬂﬁhlﬂ E-gm lm "M

height raaches 20m in 4.5 vears after planting in fartile plantations, and thair nel production
becomes 30-40 ten/hasyear (See table 2). There may ba many unknown hopeful species in the
natural forest. The spacies in A category are also the sama ploneer spp. as in category B, while
they e long tima and become main tress in the middle term of regenaration and produce heavy

useful wood.
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industrial purposes because of the uneconomical harvesting. Ridges or streams
sometimes disturty harvesting.

Flaniation staff should always take harvesting inte consideration from the first
stge bacause plartatioris are established for harvesting. There is no preblam on
flat planting argas. However, SAFCDA's plantation sites are usuglly hilly or rlling,
50 every estabilshing procedure must follow topography and accessbility,

-4 Species cholce

The most siriking advantage of trapical plantations is rapid growth, fast growth is not anly
in relafive-volume but in relative value as well. Piantation forastry in the tropics can significantly
ald economic development. So, apecies choice is an important dacisicn in plantation
establishment. Spacies sultad for plantation must have the charactetistic of reasonably fas!
growth a0 as to repay the investrent.

Deciding the choice of apecies dapands on thase basic questions {Evang, 1883).
a.  What ie the purpoze of the intendad plantation?

k.  ¥hich species are potentiglly available for planting?
c.  What will grow on the sites Zvailabla?

{1} The pumpoae of the intended plantation

Purpase of plantation can be divided into four categories!

Indusgtrial usg -——--—- fuelwood, sulpwood, sawntimer,  panal products.
Domesiic usg - firewoad, poles efe.

Environmental protection uge ------- goii and water conservation, windbreak etc.
Ameanity use ———- shade, sheiter, food fertilizer etc,

=

ap oo

Chosen species must have sultable characteristics for the purppse of planting. Of course,
these purpnses are often related with each other. SAFODA's main purpose which affectad
species choke is wood production for industrial use, though it coexists with other purposes such
as land rehshilitation and local amployment promaotion.

The spacies for Indusinal use must hiave the charactanstics as shown in Tabie 5.
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Tabla 5

Important factors in species cholee for industial end-uses (Evans, 1992)

Fuslwood Wood puip Sawin Timber Phmoodienae:

Growth and  Fast growth with aary As for fustwood, bu straight Mogerate io fast growdh  ~ As far sawnlimber, byl

siviculiure  culmingtionof maximum  stams ars important kool with ability lo grow blarge  growth to vary [ame size
growth raly. Largs tee size  apid da-barking sizg, Gopd form [mpodan],  tmporant. Good naturg
wnimporant o aazg of pruning and reedara prining with rpld woond
disadvartagects. Trea shape Iran bult rols highly occlusion deslrable
unimgartant Should b desrable
sacy ond chaap o grow;
coppicing ability desirabds.
Wead Cluick drying. Lo ach Fibre langth, eoloor, Sirenghh, dimensional Pasling or shimg oualky.
propariee  cortent. Bum steadiy extractives content, densily.  slabllty, wood uniformity.  Figqure, Knot-free. Good
without smell, spacks, &5, Papermaking quality Good seasoning, adtvesive o ke
Modemte o high densiy preservalion, working andl  phywood. Goad huming
finkshing proparties. characterisiica for metshas.
S Castiaring pp {India) Pirius pafuds [Afrca) Firwsa pefids Susatamia macropids
sxampies o Eucalypls {Brarid) Pz carfbraas (Y, 5. Gupnessus hisitarsce Alatorie scholare irmalches)
species  {imelina anboraa America} [Hems) _ (Fip)
Chosen tor  {Melawd, W, Africa) (imalina arbomss Tarsora grantls Araucars cemanghamil
large-scale  Leucesna fetcocepiale (W. Abkica, Brazif) {indoresia, India} (Papua New Gulnea)
industrind  {Phiipgings) Paraserianihes falcmlaria  Triphohiton (W. Afica)
plantztions {Philippines) Finus canbeea {Quesnsdond)
Eucalypts (Grazd, Congoy  Gardfa afioviora (Cantral
Acacts mangium (Sataht  America)
{2) Specios potentiaily available
8. Tropical plantation species
There are two categories of widely planted speelas in the tropics as below:
# Specles occcuring naiurally within the tropics
# Species planted widely and successfuily in the tropics, often in the cooler highland
ragfong, the natural distribution of which lies ouiside the tropics. Tree examples are
Eucalypius grandis, Grevillea robusia and Finus elfiofti,
b. ndigenous species and Exotic species

Cnce the purpose of plantation is known, the chaice of spacies s namowed: for example,
in an industdal pulpwond plantation in the moist iowland tropies, there may be several
suitable species, such as Psraseranthes fakstana, Acacia mangium, Gmefing arboroa
and Eucalolue degiupta. These ara all exotic species in Sabah. Howevar, an exotic
snacias should not be chosen if an indigenous species mests the need as it Is important
1o amphasize that not all trese introductions are successiul, Most of all exofic speciss may
ended in failure causad by unpredictabla factors. Well aver 100 exotic epecies have beon
mtroducad imto Papua New Guinea (FNG} but of the 42 tested in trial plots, only 8 have
found wide use. Five (B} of thase are widely planted alzawhere in the world {(Evans,
1902).

10



Unfortunately most of all indigencus species in Sahah are unknown spacies for plantation
and they have the same problems in seed supply, ralsing seedlings or growth in
plantation conditions. Tharafore st present, it iz the sacond best palicy that well-known
exotic specics should be chosen as the aiready-existing researches and experiences
allow them to be usad with soma degree of certainty. In addition, a species whose seeds
in large quantiies can be easily obtaned with reasonable low cost should be chosan far

large scale plantation.

Genstic variation in cne speciea

Most species grow naturally over a range of sites and keafion, and often jsolation of
stand may have led to genetically different population within one specias. Different
varisties and provenances often perform very differentty when tested togethar in one sita.
These differences are shown in table 6, which compares local sead source of Acacia
mangium and Acacia auriculiformis with new sources of thesa specias from Papua Naw
Gunea (PNG). Local sead source of Acacia mangium was introduces into Sabah from
Dueensland, Australiz in 1967 Both species of naw provéamances from PNG are
signiflcantly taller than local seed scurcas. The poor showing of local source A. mangium
probably arises from inbreeding depression sinca it is thought that all seeds in the
original 1567 importation to Sabah came from ona tree. Therafore the provenancea is also
imporiant factor for species cholce.

Based on preliminary data from 25 provenances, the most promising A. mangium for
Sabah are Claudia River (Quesnsland), Criomo Alver (PNG), lokwa (PNE) and Westem
Frovince of FNG {Darus, 1882).

Takis 6 Performanca at 4 years of age of A, aurcufiformis and A. manglium provenancss oh
twe sites In Sabah, E. Malaysia
A (Sim Boon Liang, pers. comm.) (Evans, 1982)
Helght {m)

. Species Provenance Site 1 She 2
A, auriculiformis Sepilok (local) 9.87 11.51
A. atmcuhifonTis Balzmuk, PNG 12.10 13.99
A. auriculfornis lakowa, PNG 14.01 13.07
A. auriculiformis Bula, PNG 11.59 12.27
A. mangium Tawau (local) 11.48 0.56
A, mangin FNG 15.51 15.04

d. Genelit differences hatween rotaions

In the moist tropics, yleld are commonly three to savan fimes grestar than alther
managad natural forest or most plantations in tempaerate regions. However almost all
available growth data lor example Table 7 come from the firsl rotation stand will later
ratations yield 45 much wood &3 the first? And can ecosystems, relatively low yielding in
wod such as the already degraded rain-forast sites or grassland, be lumed permanenty
into highly productive forast plantations or ks the very large inifial gain only temporany?

11
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Unfortunately, no certain answer can be given about ylelds of later rotations since few
data are availabls, Most notably with Pinus radiata in South Australia, it cannat be
assiumed that the paformance of the first rotation will be matntained in later cropzs.

{One of the possible factors which could lesd to change in preductivity between rotations
iz ganetle differences. A changa of specias will clearly influsnce productivity but so too
will change in sead origin or seed guallty. The use of genstically supericr seed or
sefected clonal planting stock in the second rotation could disguiss evidence of a general
decline In site feriliy.

Tabla 7: Growth rates of managed forest and plantationg.
{Modifed from Wood 1975) (Evans, 1932)

Yield Rotation
(mha‘ad) (years)
{Canada average 1.0 -
Sberfa (Russla) 1-1.4 -
Sweden average 3.3 60-100
U5 average - 2.6 -
UK average {conifers) 1 A)-65
New Zealand piras 18-30 2090
South African pines 10-25 20-35
Subtropical eucalypts 5-30 8-25
Teak plantations 4-18 A0-B0
Tropical hardwood plantations 25-45 8-20
Tropical pines 15-45 8-30
Tropical eucalypts up to 70 7-20
Tropical high forest (managed) 0.5-7 -

South-aast Asia dipterocam forest (managed) upto 17 -

i9) RAight tree on right site

It iz essential to achieve the bast match belwean spacies (vanety and provenance) and
the pltanting site including creating environmental improvements such as adding ferilizer and
cultivation. The problemn of matching species with site is of litle importance with indigenous

specias occuring naturelly in ar near the planiing ama, bt it ia of fimt impotance whan an exgtic

spacies is io be planted.

The site factors for tree growth are climate, height ebove sea tavel, azimuth, slope angle,
terrain, geclogy, scil condition and s0 on. The climate and soil condition are the main imporiant
factors fo consider the righl species on ita site,

-

12
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a. Climata

Maan annual precipitation, Rainfall distribution, Mean temperatura, Maximum and
Minimum tamparature etc, should be considared. The matching of plantation species in

- the tropica is rather influenced In the pericd of dry seascn than the amount of annual
precipitation. Figure & shows the climatic dlagram at natural occurencea area of 2
spacies and Kota Kinabalu Airport. Open Bay [PNG) and Keta Kinabalu belong o
tropical rain forest and Chiengmai (Thailand) belongs to tropical deciduous forest.
However, it is important to stress that an exotic species may grow wall in a slimate not
necassanly closety matching with it known habitat. The species may have potential ta
grow in much wider range of enviranmants than Its known habitat. Example Include the
very widely plantad Flhus carfbasa in the troplcs.

Figure 6:  Climatic diagram of natural ocolrence area of EUcaiypivs degiipta (A), Gmeling

- arboroz {B) and Kota Kinabaly ().
{A) Opan Bay {PNE) iB) Chiangmai (Thailand) 313m {3} Kota ¥inabatu {Sabah) 2m
ASOOmm 2559  13B4mm 27290 2450mm
[ 5] ) - ] 1y -]
- W0 - I
— —| Om
- # — on
— i i 1] — M
—{ am -1 M
& Az - -1 ao
A -1 o
H
&
® 2 E 2 B I H
1] : x| -
[l ]
) B IF | .
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These are the classifications of dimate according to height above sea level and tha period of dry
season with examples of suitabla specias as below:

(1)

()

IIJ.

Tropical lowland

Dry season: iess than 4 months Il Atype : less than 2 months
Btype . 2-4 months.

Acacia mangium. Dyera coshiviata, Endosperiinm peitalum, Faraserianthss falcataria,
Anthocanhalus chinensis, Intsia hijuga, Intsia pafembanica, Cedrela foona, Leucaena
isucocephiala, Cordia aficdora, Sesharnia grandiflora, Plarocarpus indicus, Tenminalia

caflappa.

{A Type)

Agaihis oranihifolis, Evealyptus degiupts, Gonystylus bancanus, Casuarina equisstifolia,
Mesua ferrea, Tarminalia brasii,

(B Typa)

Paraserianthes febbeck, Gmefing arboraa, Artoearous integiifolia, Codrala odorata, Pinus
merkusi, Lagersiroamia speciosa, Qchroma lagopus, Pinus caribaea, Swietenla

macrophyfie

Dry season : 48 months,

Adina comifolia, Maesogsis emini, Shorea robusia, Agathls paimerstonii, Azadirechia
Indica, Tectona grandis, Terminalia tomentesa, Togna calantas, Eucalyplus
camaidulensis, Vitex parmittora, Eucalypius uraphyila, Vitex pinnafa.

Tropical high-land

Acagia molifseima (1200m -). Araucaria cunninghamif (600 - 1500m). Araucaria

hunsteini (- 2800m). Eucalvphie citiodora (500 - 1200m). Eucalhpius pifilars (1200 - 1800m).
Eucalyptus safigrna (1000 - 1500m), Pinus kesfyz (900 - 1500m).

Scil

Soil depth, physical structure, drainage, soil reaction, vegetation etc. should be
SoOnMere.

The result of ths soil survey in aach area of SAFODA carrled oul by SAFODA/ARAD
(1980} should be made good use as general consideration of each region. Moreover,

when the planting site is [arge, there maybe various soil conditions in the site, For
example, the soil conditicn varies due 1o the topographic position. [n a slope, soil of the
lower slope is wetter, thicker, and more fertibe than soil of the upper slope, and, of course,

14
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tree growth s better on the lower slope. Table 8 shows the case of Acacia mangiumn,

Table B:  Growth of Acacia mangivm (8.7 years old) on different 2ofl catenas at Jalan Les,
Sabah (Jones, 1283),

(;atena Mean hetght (m) Mean DBH {cm)
Skalatal 1.0 4.6
Hill creep 14,8 18.8
Sedentary 15.9 19.9
Hill wash 18.5 23.9
Alluvium 20.7 285

Tree height and DBH 1n 1able 8 are diractly indicate the slte quality on Acaeia mangivm
based on the differences of micre-topography. However, if thereg is a plan o change o
other species in the site but no data for its growth evallabla, tha site quality for eerain
specias has to be indicated indirecthy.

One of the relatively easy and effactive method Is by considering the vegetation as
indicator. Tacda (1988) raported the indicator planis for Acacis mangium in Table 9 based
on the agsesemant in SAFODA plantation arez.

Table 5. Site indax and vegetation type (Toada, 1D88).

Indax* Dominant species
7-8 Dicranapteris fingars, Gafimie iislis
14 Dicranapieris ineads, Scieia bancana
14{?} fzohaemum sp.
16 Fupatorfurn edaratum, Dillenia suffruticosa
17 Socfena bancaha
18 Sefena sumatrensis
18(7) imperats cyiindrica
18 Parnicun sp.
18 Eupatorium odoratum
20 Paspalum commersonii (7). Eupatonum, Lantana
* Top height at ags of si¥ years,
c. Spaclial protaction negds

Tolerances of fire, flood and competillen with other vegetations, sensitivity o pests and
dissases shoild be considered.

15



f4} Present condition of suitable plantation species in Sabah.
8. 8 species recommendead by the Farestry Department,

The Farestry Department has alteady selected and recommended & species that
have the potential for plantafion in Sabah. These are all exotic species as Tollows:

n
Hard wood Soit wood
4
- Paraserignthes faleataria Araucaria cunninghami
Acaciz mangium Arataria hunsteinii
Euvcalpius deglinia Pinus carbaea
Grheling arborea Finiis oocarpa
About 80% of the whole plantation areas planted in Sabah by the end of 1991 was
Agacia mangium {See table 10) and the growth rates of common species in Sabah
are shown in table 11.
Tahla 10:  Appraximate areas of plantation of Fast-growing Species in Sabah by The End Of
1821 (Lee and Anuar, 1992)
: Species Approximate area [ha)
Acagia mangium 38,000
Parasarianthes 8,560
4 falcatania
(ameling arboroa 8,200
- Evcalypius dagiupia 7.200
Pinus carbaea 1,060
Othar Edcalyplus spp. 400
Cither Acacia spp. 100
Others an
Tatal ) 83,600

16
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Tablke 11;  Growih Rates of Common Fast-growing Species in Sabah {Adapied from Sim, 1987)

iLae and Anuar, 1992)

HRange of maximum mean
SPECies annual increment
(mihayr)
Parazarianthag falcataria 25 -70
Acacla manginm 15 - 45
Gmefing arboras 7-32
Euvcalypius deglupta 5-24
Finus caribasa 4 - 48

Acacla mangium is well adopted to wide range of site include on degrade site such as
Imparata cyfindrica grassland. Sg, this is the maln species plantsd In SAFODA
planiations. On the other hand, Paraseriamthes falcatara and Gmeling arborsa are vary
site selective, they can grow only on fertife sites. Theretore, 5.5.5.8. planted Grefing
arborea on deepar, more fertile soil, Acacia mangium on poorer, infertile sites and

grassland, and use Feraseranthies fafeatara tor shading cocoa. However theie are not
spacies mixed in ona stand (Evans, 1882).

EuCaiolus degiupta and Pinus caribasa are nat adopted for planting in recent yaars
because it was found that these species are net suitable In Sabah, From the experience
in 8550, Fucalyplus degliola does not perform well as jits growth slow dawn drastically
after three years because of water strees and is highly susceptible to pests and diseases.

The growth rate of Pipvs caribaeain Sabah has been very disappointing. This species is
now considered not financially attractive for plantation establlsment (Les and Anuar,
19521,

Detailed description of these species iz in Appendix 1 “Properies of plantaticn species®.

Hecent noticing species for plantation

Acacls mangium ybrd, Acacia auriculiformis, Acacia crassicarpa, Acacia Bulacocanma,
and ELcalptus urophyila are considered as a large scals plantation species.

Acacia mangium hybrid with Acacia auriculiformis is expected having the effectiveness of

heterosis, thus batter growth rate {Sea table 12), circularity. small number and thin
branches, sall-pruning and resistant from heart-rot disease compared with Acacia

rmangium and better straightness compared with A. auriculiformis.

17
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Table 12: Growth rates of A, mangium and hybrid Acacia
{Lapongam, 1987) {Kijkar, 1992)

Station Spocias Age Heaight Cbh

(yT) (m} (&in)
Ulu Kukt A. hybrid 11 a7.18 31.78
(Sabzh) A. mangium 11 35.54 28.56
Benghoka A. hybrid T 19.71 24.44
(Sabah) A, Imamgiuim 7 16.83 18.08

Acacia aurniculiformis is observed as tall straight trees in its netural habital in Auairalia
and PNG suggested provenance selection could significantly improve stem foem.

Twao other phyllode Acacias of A. crassicarps end A. gulacocargs, form PNG, are
growing at least az wall 83 A. surculiformis in some provenance trials in Sabsh (Evans,
1992) and they produca targa guantities of biomass comparabla 1o or mora than A.
mangium on sandy soil in lowland (balow 800m a.s.[} in SFI {Lee and Anuar, 1992}

Euvcalypius urophyviia grows wall on highland {above 800 a.s.) in SFI.

c. Approach fo indigenicus species plantation

The axotic, espectally in meno-culture, more susceptible 1o massive uncontrolied anack
once & serious pethogen colenizes the species. And it is a serious question for long-tenmm
plantation by short cycle retation such as puigog plantation wheather already degraded

rain-forest site or grassland can ba turmed permanently inte highly productive forest
plantation or not.

SAFQODA Research Division has started work on the propagation and establishrnent of
dipterocamps spacies near Punteh in 1992 as indigenous species frial of high quality logs
ard kbnger rotation than puipdog plantations. The Parashorea (ural mals) species s the
main genus the research division is focussing on.
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1.

3. Silviculture operation.

Figure 7 shows plantation life-history, Most plantation establisments are managed
accarding to this schedule.

Sliwicultural operation

Vorlations [steal
——] CRTAIN BEED
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) Y
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. Ko thinsing T TIHRNING
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Fig. 7 Schamalic reprasentation of planiation Iife-histary, (Evans, 1982
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Establishment practices such as ground preparation, planting and tending unifermby
improve the quantity of growth of all planted trees {elementary operations). On the other hand,

manipulation of initial spacing and the mostly selectad practices of thining and pruning are used
10 UBVEIIP | Carkl | Kind o sland and a cerain quality of tres growth {intentional operaions).

3-1 Elementary cperations

In & plantation, ance the canopy is closed, many hazards are greatly diminish. Therefore,
the overmriding ohjectives of establishment are good survival and rapid eary growth; they depends
on satisfying all the requirements for tree growth, Correct choice of species (varfety and
provenance), adequale land preparation, control of weads, addition of fortllizer If necessary,
protecticn againét gmzing ete. must all be done properly. Qmission of any ong, perhaps becauss
of cost, may greatly prolong establishment, and ba a false economy. It is important that a
standard of aperation ag minimum essentlal 1s mada throught research.

Figure & shows how a sivicultural decision afiects other operations.

Land Preparatlon
Plantng --= Initial Spacing
Wead Control Farlilizing

Figure 8: Refations between each elementary operation.

i1) Land preparalion

All vegetation covers should be cleared fo suppress competitive vegetation, 10 improve
aecassibility in the ptanting site and to faclitate lning, planting, weeding and manuring. All thesa
operations are more effective where and clearance is carmied out.

Thers ars some methods of site preparation, such as manual, mechamcal and chemiczl
use. Chemical clearance must be considered only for site with grass vegetation. It can be cheap
and effectlve In supprassing weed regrowth for & long percd. in SAFQODA's Bengkoka Project,
herbicide is used on Lallang (imperals owindrica) grassiand effectively.

For adoptatlon, the methed of manuzl or mechanical site clearance, the advantages and
disadvantages (Ses tabfe 13) betwesn these methods should be considered. Therefore,
mechanical clearance should be used on large-scake plantation where the [and is relativaly flat. 1t

improves subsequent growth of plants on compact soil conditions bacause of improved soll
structure {See tabla 14).

Table 15 shows the comparison between manua! and mechanical {Marden Roller} in
Bangksoka Projact.
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Table 13: Comparlson between manual and mechanical,

ftem Marnual Mechanical
1.  Total cost higgh e
2 Topography (steep slope possible imposs|ble
racky sitel fwet ground
condition}
3. Large scale insufficient sufficient
4.  Dperation season not limiad limited
E. Operaflon skills lew new skills mich skills
6. Caphal cost lowy hig
7. Maintenance of equipment small large
8.  Plant growth in compact soll low high
(sl damage)

Table 14 The Gomparison of the inltial Growth betwesn Mechanized Terracing ang Manual

Slte Preparation on Yemane (Gmefina arborea) (Phillppine - JICA project report,

18E7)
Method of SHe DHametar b
Freparation Aoot Coliar Height
cin m
Temacing T4 32
Manpower Site
Praparation 5.5 1.6
Mote: 1. Date planted - July, 1983

2. Data measured : December, 1985
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Table 15: Provisional Figures of Mardsn Roller compare toc Manual Slashing in Bengkoka
(Nissanto and Francls, 1991).

Marden Roller:

Area Rolled =, 7ha.

Machine hours = 27 hours

Machines hrefha = 3.8

Cost per hectare = 3.8hrs x $80
= $250(7)

Manual Slashing

Average Mandays per ha = £3B

Average Wage rate = $15.20

Cost par ha. = $349.60

Therefore, savingcosi perha. = $99.80

{*) Caost of bulkdozer + wages for opeator

Control burning after manual or mechanical ¢learance s an effective method of land

clearance espacially thick forest or shrub sites. It Is widely used In tropical pfantation. It has the
advantages as below:

o  Further activities such as |ning and planting operation are easy, thus the cost reduces
stqnificanthy.

o It can extarminate insects and animals harmful to workers such as snakes and o plants
such as mise,

However, buming is not good for soil conservafion. [t causes loss of organic matters,
nitrogen and eveh some basas from the soll. Acsording to Lee and Anuar (1992), site preparation
trial without burning increased the growth rate and reduced the weed infestation in the SF|
Acacia mangium piantation. However, site preparation without burning has not been adopted in
SFI from these points of visw that the unburnt debris is an obstacle during weeding and other
operations and it may harbour many pests and palhogans.

i) Planting hole

_ A big planting hole Ts usually good for early growth because it improves physical
properties of soil i.e. aeration and drainage around seedlings, especially on clayer and hard soi!
an tha slte with hardpan at shallow layes, deep holing which breaks the pan is very effective.

Figure 3 shows such cordition of site in which dry season conlinues 5-6 months in the
Fhifippines.
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Howavar, on sandy site ke Kinani, the physlcal condition of scil is not so bad that big
holing is not so effeclive aspecially for Acania species such as A. mangium and A, aurculiformis
compéared whh its cost.

- Fligure 9. Influence of Hole Size on Growth Rate (Philippine~JICA project report, 1987),
4 Yornane Acacla aurkcultonis
Growth Fate % %
*
500 - BOD
n Height - r”"ﬂﬂ
A00 o /ff;ﬂ""‘..ﬂ
b PN =]
) : 1 ,—-""'n._"_""‘“"'_*
o0g - ﬁh/ ____'___.""'F’." . gh‘nﬁﬂ_ﬂrﬂ' "
- .'_._._...-"‘ h o 1. -_',_,-"'-_'_'—' [
W
Girowth FPals %, * %
£00 - 4
CHameter ' -
500 - 500 /
. . / pg
,d,m - - ﬁﬁ_""‘\# U/
17
300 A L 30 ' -
* [ ]
0 - a //f;::n 4 - h—_../ i
. '3‘:":'"‘.,_55'::’3
100 f_,,..-r*"' 100 4 = tome o Ry
-_-'-"l——:_.—::'____l___--]ﬂ
1 2 8 8 B8 & g BB B 8 5 g
» K b b | - = - M -
B R B B B - B 8B B B 3 z
! - E3 .3 - k] b - E ] -
B B 2 3 E & B & &
Lagend:
- &—a ; Mpasured May 1986
o - Mo 1985
v . My 1965
F—, ! Mow 1984

Naote: 1. Date planted - July 1884
2. Growth rate is a ratlo to August 1984
. Diameteris at root collar.

(3) Manuring

Historically, fertilizer use in forestry has been much less important than agriculture
because slow growth and long rotations resulted in fittle not nutrient loss from the ecaosysiem.

While with increasing emphasis on plantation forestry, this situation is now changing. In
n plantatian, Iree growth i3 mpid and thersfore nuirlent demands are high. With short rotation crops
on paor Soils nutrient depletion is a real possibility, especlally in the moist trepics,

There are four stagass in tha |ife of a stand for fertlizer applicatlon as below, and fertilizing
at ptanting time is the moast imponant practice because it is the first stape in plantation {within a
“ few months to a few years after planting) whan deficlencles of nutriant mostly develop).
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a. At establishment - within 3 months of planting

. Post - establishment phase : up tocanopy closure

¢. Pole-stage : during eary thinnings to boost thinning
d. Pre-felling + 3-10 years betore falling.

Elernonts neaded in large quantities, called macronutrilent, are nitrogen (N), phosphorus

(), potassiurn (K}, calcium (Ca), magneslum (Mg} and sulphur (S). Elements needed in trace
amount, micronutriants, are iron (e}, copper (Cu), chiorine {Clj, manganese {Mn), eic.

For fast-growing broadleaved species, pines and generally in drier tropics, phosphorus is

the element most often limiting growth. The levels of one nutrient can affect the raquirement for
athers, notably with N and P, 2nd P and K.

in Sabah, phosphate application at planting is a standard practice for Acacia mangium

and Gmealina arborea plantations. These are some regaarch results in SAFCDA, pientaiions as

fallows:

a.

There was no significant difference n tree height and tree diameter among the Aock
Phosphate Treatment (50, 100 and 150 gmfires P22s) and contra] (Hock Phosphele +
NPK Blue) for Acscia mangium at Tanjung Piing, Bengkeka {Li, 1991}

¢ Thera is a very markad response to P and an additional response to N when applisd
along with tha F.

o Application of Triple Super Phosphate (TSP) may have an advantage over the rock
phosphate for Acacia mangium at Kandang 7, Bengkoka (Nizsanto and Francis,
1981).

Thera was no response of tree growth to rock phosphats (CIRP) and no significant
differences with no treatment for Acacia mangiurn at Kinarut (Yamashita, 1994},

Mead and Miller recommendad TSP fertiifzing in place of rock phosphate, the rasponse

to which is small becaussa of its placement and low solubility.

(4)

Weaeading :

Control of competing weeds s an important activity of plantation astablishment. All
plantatlons require the same weeding during the first few years until the tress are
growing well and approaching canopy closure and are adeguate size [0 suppress
competing weeds. Weed can damage young traes diractly, compete for light, soil-
rmoistune, and nutrents. For example, the survival rate of Pinus kesiva trees at age 8
months after planting at dense grassland without weeding, was 10-20%, while was 80-
100% at no prass site with weadihg (Evans. 1992),

Thara are three main alternatives: manual, mechanical and chamical weed control, and
three levels of coverage on a site: complate, lina, and circle weadings. Intensity of weed
control such as fregquency, period, timing and extent will be decided aceording o species
initial spacing, site and climate. Complate slashing is essential for goad early growth of
most Eucalypius. Spot weeding s less effective than sirip weeding, with clean weeding
the best of el for Evcalvptus camafdulensfs (Evans, 1902 Many more weedings are

Z4



{5)

needed in wel sita than dry site. For slower growing Araucaria species are sometimes
nacassary for & 1o B years and for troplcal pine, the petiod is typically 1-3 years. With
nines, control of grass becomes easantial anly when it grows more than 50% taller than
the tres.

Generally, weeding should begin when tha grass grows more than 50-70% taller than the

tree and ended when the trees are approaching canopy closure or growing 1.5 to 2.0
times taller than tha weed,

" Silvicuiture working scheme

Sliviculture working schame at early stage of plantation should be made based an the
consideration of the right time of activilies and allocation of the labour force, Table 18
shows the siivicultura womking scheme for Anacia mangium plantation in Kinarut project

site. Pianting on the right time Is the most impontant part In this schame. This should be
made based on the congidaration of elimate (rainfali; see Figura 5-[¢) ).

Planting is possible in rainy season from May 1o Dacamber, but for better utilization of
fabourers for both nursery and silviculture works, the best planting times are mainty in
aarly rainy season {May - June} and during monsoan season {September - Novambar)
where rainfall is abundant This activity has to be completed until befare 1 month the dry
saason starts (middie of December) for preventing dead of sesdlings.
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o Intantional opargfion

{1} Intial spacing

Indial spacing Is one of the most impodant silvicultural declsion, [ is closely ralated with
the objective of plantation (see Figura 10).

Figura 10: Relation batweean initial epacing and other deciglons,

Inittal Spacing - Erd Use of Products
Thinning - Pruaing 2 Fotation Percd

Spacing affects plantztion yield, tree sizes and growing costs and revenues (see Table
17}. Yery close spacings are extremaly expensive and very wide ones grossly underise a slte.

Table 17: Efect of Inffial spacing on vieid of Acacla mangium at 4.75 years old n Kinarut.

Infial Stand Survival Mean Mean Volums
SHACINY dansiiy rate T.H DBH Vitotal) V100

{ra (sternfha} (%) (m) {cmy} m¥ha ()
1.1 % 14 8,260 Fa 14.5 g.1 2087 52
1.5 % 1.5 4,440 T8 16.7 11.1 180.3 g2
2.1 % 2.1 2,270 581 14.7 12.1 14B.3 BE
3.0 x 3.0 1.110 B5 14.8 120 ° 86.0 aF
g2 x 4.2 8ET 280 15.4 15.0 62.0 a7

Note: V10 = Volume of more than 10cm {DBH): merchantable volume

Wider spacing can produce trees of larger diameter which are useful for saw log
praduction. Howevar, wider spacing has some disadvantages for timber production: tapered
shapa of tha stom, short elear stem length, thick branches, targe and rmany knets. Wider spacing
requires pruning to Improve these disadvantages. On the other hand, doser spacing has some
acvantages for fimber production: complstad shape of the storm, fong clear stemn length, slender

branchesz, smal and few knots. Closer spacing requires frequent thinning to stimulate diameter
agrowth (sae Table 18}



Tabke 18: General compariscn between wide spacing and close spacing. (Taoda 1987, modified)

Wem Wide Cloge

Planting cost Low High

Weeading cosi Low per one time High per one time bt
but repeated, many regquired, only & few
timas in a long period. times in a pengd.

Thinning cost Low High

Stand volums

1. Befors closure Small Large
{Volume increases as dansity increasas)

2. After commence- Small Large
ment of closure
(Volume doas not incraase in proportion to
Rsa In stard density)

3. Full closure Same Same
Mean DBH Larga Smaill
Shape of the stam Tapered Mearly completed
Chear stem langth Short Lang
Branch Thiek Slender
Size of knots Large Smail
in wood
Number of Many knots, even Knuts decrease sharply
knots away from the sway from the trunk
trunk centre cenire
Knot-free wood Low High

praduction rate

Evans (1982) recommends the approximate order of spacings for different kinds of erops

below:

Firewood - maximize yield, short-rotations, no small size limit, il large timber difficult 1o
handle -—-1m-2m

Pulpwood - maximize yield, short-rotations (5-15 years), typtcal size limita 10-40cm
diamaiar log ---2m-3m

Sawntimber -  Large log size over 30cm in dizmeter, long rotations and regular thinning, loss

and in total valume compensate by high value of wood
vanagsr -=-2.5m -4.5m
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The decision of initial spacing must be based on research data and economic
consideration. !t is important that yield or economy per one uait {ie. ha) is considered when
profits and losses arm estimated.

Acacia mangium was planted at the spaging of 3m x 3am (1 ,-‘!11 stems/ha) far pulpiog
production in Sabah., Howsvar maln agenclas in S8abah changed it bazed on thelr own research
result &s follows (Hongo, 189%; Lee and Anuar, 1992):

3558 2.449m x 2.44m 1,680 stemalha
S.F. 2.8m x 2.5m 1.600 stemsha
SAFODA 2 X 4m 1,250 stemaha

On the other hand, SAFODA-IICA project rasult in thelr final report (Yamashita, 1934)

showed that the suilable inilial spacing for pulplog production in Kinarut is 1,800-2,200 stems/ha
which is more glosar spacing than that of SAFQODA adopting.

{2 Density Effsct and Stand Density Control Diagram

See Appendix 2 "LAYW OF RENSITY EFFECT AND STAND DENSITY CONTROL
DlAGRAM.

{3) Thinning

High quality timber like sawn timber tannot be produced without proper malntenance
such as thinning to improve the final crop. Sultable tree form for sawn timber production |s as
Fallonars:

(@) Long clear stern and small and scarce Knol
(b} Small difference In stam diameter batwean upper point and lower point.
fc) Large diameter stern,

(c} Straight and round stem.

(a} and {b} can be achievad by closure of canopy with quits high stand density, while {c)
ahould be achieved by low density, Therefore to meet (a), (b) and (c), itis necessary that thinning

should be done for close spacing stands after canopy closure, (d) is achiaved by tree
improyement onby.

The aim ot tinking is not only to stimulate the grawth in diameter by raducing the stand

density {sea Fig. 11) but also to reduce the numbar of dead, dying, dlseased and poor form treas.
The size of timber is standardized for a certain use and the price of a o is dacided on the size of
timbar which can be gotten from the log. Figure 12 shows the etiect of thinning in critical sense.
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Thare are several ways of doing a thinning, but two main categories are recagnized. One
is mechanizal or line thinning. Removal of every third row of trees is an exampe. This method
may be applisd to mechanized afforestation. Anothar is salactive thinning. Trees are thinnad or
left depending on the subjective judgement of the person making the thinning. Abova-mentioned
thinning regirme belongs to this cetegory. There are two main methods in thiz category; Low
thinning and Crown thinning. Table 19 shows immediate effects of these thinning method.

Table 13 Immediate effects of thinning method on siand parameters {Evans, 1982)

Mean stand  Diameter

hethod Description heightihy ° Mean{dqg) Diskibution  Virvs

Systematlc  Systematle removal of inchangad Linchanged 10
freas fayouring no kinds "lHﬂ

a

Sefective  Mosily ramaval of Increased increased ’ 06-1.0

v smaller rees LsA

Crown Soelocted trees lavourad by Decreasad Dacreasad “| ﬂ 10-1.2(1.21zan
ramaving compating d exiremsa tending to a
dominants + co-dominants ‘gelaction' hinning)

Vi = avarage volume of trees thinned out  Vr= average volume of trees remaining after
thinnng; n = number of regs;  d = diameter.

Thinning may have some negative offart,

a. 'ncraass in tapar
This tends to reduce slightly the percentage ulilization of log.

b Increase in coarseness of branches and knot size
Howavar thase two ara avoidable by good association with pruning.

e, Moare rapid diameter growth
This may lead to slightly less dense wood and the amount of juvenile wood may
increase, The important aim in growing timber is steadiness in growth. This is producsd
by ragular, modarats thinnings. infrequent, vary heavy thinnings lead to greater variation
in wood properties,

Thinnfng regime Is decided on inftial spacing, ffnal spacing and frequancy {affected by
fabour cost) as shown In figure 13 {page 30). The final spacing must be estimated by astimating
trag growth. The timing of thinhing should be decided on stand density (Yield Index) or basal area
(imiting basal arza), live ¢rovm ration, valume, height etc., nat on age. The intensity of thinning
should be indicated on stand density, bagal area, volumea, ete. These factors become avallable
after research activities. Mowevar, al present fime, rasearch is not enough to dacide thinning

regime.
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There are two temporary regimes recommended oy SAFODA-JICA project to be applied

to sawn thmber production for Acacia mangium as below:

aj

b)

Tentative schedule in 2 preductive site like Lumat (Honpa, 19840).

First thinnlng ....... Stand basal area ls more than 18méha. {Stand volume is more
{one out of thrae) than 100 m¥ha, arcund 4 years old).
Sacond thinning ... .. Stand basal area iz mora than 2¥m%ha. (Stand velume 200 m¥
(one out of two) ha, around 8 - 5 years old),
The results of final crop
ij DBH : A0
iij Harvaest yaar : 15 yaars old
i) Stand Denslty . 460 {reasha

) Total Stem Yolume @ 280mYha

Large size sawn timber production procadure in the place of high land productivity
{Yamashita, 1994).

}  Mean DEH D 40+ om 2.7 - 3aem of MAD
i} Harvest yaar : 13-15 yearsald
i}  Stand Density at :  about 280 starnha

harvasting time

vl Voelume : 250 + miha

The procedure is shown in Takle 20.
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Tab'e 20: Thinning 2nd Pruning schedules for sawloq production.

Ao Mean Mean Stand CPERATION
month Trea CBH Density
{yoar) hiight (6temsa) | Acthities REMARKS
(m) (em)
0 - - 280 Flanting spacing 3.2m x 3.2m,
12 Improvament cutting | bad form tree during pruning activiby.
3 5 200
f1) Prning (124} density: 35 - 40% of tree height.
24 Thinning Weste.
0 DA 450
(2) Pruning (2nd) densty. 40-30% of Tea halght.
36 14 13.5 - Fruning (3rd) dansity: 40-50% of up bo G,
(3)
48 Thinning cominereial.
17 17.5 300
{4) Pruning (4th) Lo Bm IF not completed at Srd pruning.
{13 - 15} 28 40 {280) Clzar harvesiing
over

{4) Pruning
Tha main aim of pruning is fo produce high quality logs for sawmtimber and venear with

knot-free wood {Fig. 14). No pruning is required for the production of fusel wood or pulpwobd.
When the timber s of high encough quallty to bring in 8 reasonable income, pruning is profitable.

N

|

5 / %
| No pruning ' Pruning of I Pruning of
dead renches Hve branches

I, =

Knot free wood  Dead knotwoogd  Live knot wood

Fig. 14 Model figures of the distribution of knets in a stem on the basis of several data (Fujimori
1975, modifled}
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Pruning practice brings mzinly two results. One Is o improve the tunk form as shown in
Fi. 15. Anothar is to hida dsad knots i the wood, and to produce knot-frea timber as shown in
Fig. 18. Diameter growth of 10 - 20mm is nomaily required to hide the pruning scam. In addition,
pruning prevents wood from insect damage by removing dead branches, ard hcreases sunlight
in the forest, introducing undargrowth on the forast fioor.
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Fig. 15 Effect of pruning on the form of tha stem.
{Tacda 1387)

]
minimum diamater . mexirnum dismeter
of sawlog ! to e prunad

N

width of piltar

Fig. 16 Dlagram showing the maximum size of tha stem to be pruned to obtain a knot-free pillar
(Taoda 1887

The tirming of pruning f& dependent on diameter which is closely refated to the size of

sawntimber. Fig. 18 sets out tha pinciple for deciding the timing of pruring o hide knots in the
sawn timber {pillor),
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It is important to decide priring Intansity,
hecauss intenslve pruning suppresses trea
growih. Pruning fntensity can be exprassed as the
ratio of pruned stem length to crawn length {Fig.
7). The leaves of the lower part of the crown do
not have much productivity whan the canapy is
closed. If only the lower branches are pruned, I
doas not slow tree grawth vary much. The limit of
pruning intensity that does not slow tree growth
shauld be made clear by rasearch. Fig. 18 shows
an example of pruning in a Japanese red wood
(Japanese cedar) and a Japanese cypress
pfantation. ln genaral, tha diamater growth is
suppressed more than haight growth.

[A) Cryptomaria japenica

—s+—ng pruning
100 1 —8— r:aE%

DM faurk]

BD

T

{B) Chamaecypars obtusa

e 110 OURAIND
s ==t== ;™

104
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DEH lomni

B

B.5

remaal rade = r

e

Height (m}

Higlght (m)

)

a = lengthof prunsd gtern
b = crownlength

Fig. 17 Length of pruned stem and

crown length

------ -t - 1%
——— e g

Fig. 18 Tree growth after different pruning intensitias (removal rate of leaf) {Fulimari 1984,

trvaed Iffed)

35



In practice, it I difficuit to instruct pruning werkers in pruning intensity. in addition,
differonce of growth between individual trees wil become greatar and greater if all ttess are
pruned al the sama Intansity. Therefore, pruning length should be controlled by stem diamater.
Far example, If all branches growing from the saction of the stemn measuring som in diameter and
more arg pruned, then the length of the remalning crowns will be the same.

Tha following pruning regime may be applied to the above-mentioned thinning regime.

1. Dead and suppressed branch pruning should be done In young plantations (1-2 years ald
or more) if necegsary.

2. Live branch pruning {green pruning) should not start until maximum DBH reaches 7em
{Mean DBH iz probably abaut & - € em).

1. All branches wharo the stam diameter & more than Bem must be pruned.

4, Naxt pruning should be dona when the biggest diameter of the stem at the lowest

brenches reaches Scm.
g, Pruning should ke continued urtil the branch-free trunk is 8m long.

For plywood production, pruning must be done on smsller trees 1o enclose knots within
the area [ess than about 3em from the stem canter.

Tha effect of depressing growth temporarily by green pruning becomes extremaly
important i only selectad trees ars pruned. If these frees are not free from competition with
unpruned fres, the slowing fn growth due to green pruning may result in they being overtoppes
and losing their dominance. Tharefare, selective pruning must be done in essogigtion with
thinning-so that the pruned frees are favoured. Table 20 (Page 33) shows the example of it.
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3-3  Harvesting and Regeneration
(1)  Rotation Length

For how [ong Is tha crop to grow? The rofation is the planned number of years betwean
planting and felling (Evans, 1992). Rotation length i€ an important tool for cantralling tree size,
The foresters identify several different kinds of rotatlon and the main of these are as follows:

a) Technical rotation

This is the rotation planned to yield the most outtum of a specified size and type o satisfy
a patticular end-use. Some examples are, Araucaria plantation in P.N.G. is adopted 40
yoare rofation to produce E0cm or mora DBH final eran, high quality teak in India for
typically 70 years, the highly prized pole product from Eucalypius plantations are cut from
densely stocked plantations/copplces on 3-8 years rotations of specified upper limits of
size, and Evcalypius fercticomis must be adopted a rotation at Jeast 9 years to maintaln
salisfactory pulp quality.

& Hotation of maximum volume production

This is the rotation that yields the greatest average annual cutturn of timber, This rotation
is completed when the annual growth increment of the stand falls to level of the overall
maan anaual increment (see Figure 18). Once the current annual incrernent {CAl) falis
balaw mean annual incramsent (MAI) the MAI iteelf will bagin 1o fall gradually. Thersfore,
the point of intersactlon betwean the CAl and MAI curves must also be the paak MAI wil
reach; this is the rofation of maximum volume production [ the stand is falled at this point
(F1).

CAl Curisrt Arnat iresramant
BMAl  Mean -
_____;-l-'_'_-_‘—i-\_\_\_
-
= s
-
2t -~
A /
Aom )|

Flg. 19 Generalized rglationship between cumant annuzl volume increment and mean annual
VDIUME INCrEment with age. Rotaton of maximum valimea produation 13 indicated [R1)

(Evans 1992, modified)

However, in the tropics the maximum MA) is achieved on 10-15 year rotations or
sometimes even less (ses Table 21). Consaquently many troplcal plantations are grawn for
longer than the rotation of maximurn MAL usaally for technical reasons to achieva the siza of
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material required. For Acacia mangium as a pulpiog production in Sabah, thig rotation of

maximum MAI production s mainly adopted.

Table 21; Rotatlons of maximum valume production for plantations {Evans, 1052)

Rotation

Spacies Whete grown (yearg} MNotas

Fihus caribaas var. Quesnsiard, Australizs 26 - 33 Thinnad to limiting basal area of

RongUrensis 30m? ha’

Pinve patula Swaziland 14-47  Unthinned, planted at 2.74m
spacing

Aravcara cunminghamii Papua New Guinga 18- 22 Fram plot data used for Figs 18.5
and 156

Euvcalvpius deglupte Papua New Guinsa 2-8 Datarmined by inltal spacing

FParaserianthes faleatatfa Philippines 2-3 Hevilla {1974)

Eucalyplus teraficarnis  [hdla B-11 Shama (1879), Kondas (1982).
Culminates earller for first copplea
crop

Teciona grand’s Central Ametica 10- 22 Keogh {1580D)

Eucalypius globuius Feru 18-19 Rivadenseyra and Cabrajo {15580)

Gmelina arborea Nigeria 7-8 Akachuku {19581}

ACacia mangium SAFODA 7-11 Inose (1991)

{2} Harvesting

Harvesting 15 tha and operation of plamtation establishment. However, after harvesting
the first rotation ciop, establishment of the next crop must be carrled out. Harvesting medhods
affect the regeneration operation. So harvesting must be carred dut =0 as noi to obsiruct tha

rageneration of the plantation.

Harvasting should be done in a way which minimizes damage lo the site and does not
prolong the pariod tha zoil is exposad. Damaga fo the site may arise fram:-

a. s0il compaction

b. watgriogging

c. ol splilage

d. streamfdrain blockage

é. seduring of aoil sudase and aresion.



The method ol exiraction is the most important factor effecting damage. Skidding or
dragging logs by rubber-tyred or tracked vehlcles causes the sevetest damage.

Rough harvasting mathods must be avoided avan though they raduce extraction costs,
since thay increase the cost of establishing the second rotation,

Harvesting is normally done by outsiders, and not by plantation workers. As ocutsiders
never consider the future task of regeneration, plantation staff must supervise them stictly and, if
necessary, an agresment on the extraction method musi be made with the extraction company.

{31 Replanting

Site conditions for the second rotation will be radically different from those that existed
when afforastaiion began.

ga. The replanting site will be relatively weet free.
b.  The site will be covered with stumps.

c. Thare may ba prodigious natural regeneration of the former species or viable
zaade on the ground awaiting the opportunity to germinats.

d. On Infertile soll-less siies or man-made ground, one rotetion of trees will have
initiated the devalopment of a seil structure and rondered it more amendsble to

tree growth.

These factors may lead to different silvicultural practices or different species cholce from
the firat rotation. Certain species cannot grow after thelr first mtation (allelopathy).

Vegatation clearance (& usually not needed, Burnfing must be avoided so as to maintain
good soif condition for repianting. Weed control may be easier, but there are lwo problems. One
is unwanted natural reganaration and the other is vigorous coppice regrowth of the first crop
epeciea. if the same apecies [variefy or pravenance) s replanted, these regenarated trees should
be tended as long as they do not cause trouble. Othenwise, they should be removed.

[4) MNatural Regenaration

Natural regeneration by seeding or coppice is profitable, because no nursery and no
planting operations are needed.

In lthe case of Avacia mangium, we [SAFODA-JICA project) are oplimistic that natural
seeding regenaration is visble. Fire stimulates the germination of viakle Acacia mangium seeds
under the ground. Sorme natural regenaration stands can be seed on sltes dastructed by fire or
shifting cultivation. Natural seeding regeneration can establish densa forest which produces
Acacia mangium rees with good form, straight and complete sterns, and small branches.
Intensive research on this subject must be done far the next rotation, concerning seed
distribution. conditions of germination, necessary cparations, dansity cantrol, ete.



The procedurs for natural raganeration establishment was recommended by SAFODA-
JICA project (Yamashita, 1594) as follows:

York procedure for natural regeneration establishmeni.

a}' First Impravement Cutting (1.C.)  © 1.5 m upper story seedlings helght.
: & - 11 months after contral burming.

) Dacide the stand density (S.D.) of2nd 1.C. - 1000 - 2500 trees’ha
Example {A) Example (B}
16800trees/ha - 2.5 ® 2.5m 1200 treazhe = 2.3 X 2.9m
square spaecing spacing

ii} Strip cutting

2.5m spacing <= { Uncut 1.0m 29m spacing [ Uncut 1.0m
[ Cut 15 { Cut 18

1] Decide the S.D. of st LC, @ 5000-8000 treas/ha
16800 % 4 timas = B400 traas/ha 1200 % Btimas = 8000 treasha

v} Lining and 1zt |.C.

/E.Qm

LIncurt Cut Uncut Lincut Cul Uncut

x x—— < L e -z
o | o / o | -
Y/ RS /| o --»Belected / / : /Al o
/ ' / v Seedling Ao 1 7 H
S.8m /| o Al o H 2.O9m /f e ] o |
Ao : 4 <3 o : ! o !
\f : / : \f o ! ffo !
/i g - o -1} k- !
Jl1.8m  1.5m i FEl.0Gm  1.8m [/ :
s I : £ : / I

""""--..2*5[,,#"

- Set up cerain line (L) and mark certain spacing distance
(2.0, 2.5m or 2.9m).

Right-angled kine (sclid ling on the ant} shoukd be sl paralaly and mark

spacing distance lika norrmal lining in planting method. At that time
partwill be cut along the unet band,
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- The other side of uncut band should be cut to keep one meter uncut
bard by eye measurement.

- Certain number of seedlings to be left, should ba selacted from the
cenain square in the uneud band,

e.g. [A) 4treesinthe 1.0 x 2.5m squars,
{8} 5iraas (ntha 1.0 x» 2.9 squars,

- Thesa trees should be taller and vigorous.

- Full siashing should be done in all areas axcept selected seadlings.

b} Second 1., @ Tree height of seedlings 3.0 - 4.0m
7 - 12 months after 1st .G

) Select trees to be left  : One out of certain number
(eg: (A} foutofd
{B} 1 out of 5}

i) Selected tree should be
- iargest and vigorous in the group
- direct bole ahd no torking,

iff) Slashing s nesded at tha same tims inarder te cul sprouted and new
reganarated traes,

) Activities after 2nd 1.C.
Basically the activities are no differences with normal planting method after 2nd 1.C.
) For pulplog production -
Mo activity i needed unill harvesting excent when I£ s necessary.
i} For large bole production like sawn timber -
irmprovermnsnt thinning should be needed in few years.

Expectation for copplica regeneration are optimistic in many tropical broadleaved species
in some genera such as Acacia, Albizzia, Cassia, Leucaena, Evgenia, Eucalypius, Gmalina and
Tectona. However, even in these genera not all species coppice wall, for example, Acacia
mangiom and Eucalypius degiupia hava poor copplicing ebility. Weeding costs of coppice stands
can be reduced because the inftial growth of coppice iz usually rapid, though the overall
performance of coppice stands are not usually very different from planted stands. However, there
|5 a problem conceming the quality of their wood. Wood-rot sometimes oceurs in a stem near the
ground, because wood-rot fungi can easily enter wood from an old slumg. i addition, stern form
is also unfavourable. The tnunks ars apt to be bent because two or three coppice shoots are
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paually still left after thinning. Coppice regeneration is useful for fuslwoad or pulpwood
preduction, The vield from the first coppice crop is higher or not very different from the seedling
crop, but thereafier daclines with aach coppleing after tha first.

Direct sowing 5 also an economical establishment method. i might be posgible in the
cesa of an Acacia mangium plantation on a vegetation-iree site. However this method has a few
difficulties, It neads much more seeds than the planting mathod. Seediings establishad by direst

sowing have to compete with vegetation at a very young stage. Therefore, waed control is costly
except for completely vegetation-free sites. Furthermore, there is & danger of soil erosion

becausa it requires the rermoval of litter layer on the graound sufaca for roctage.

4, conelusion,

It is most imporant in establishment of plantation that slivicultural decisions and
operationg should ba done suitably for the purpose of plantation and end use of products.
Simultanaously foreslers musl take their effort to reduce the establishment cost.

5. Note,

Many exprassions are copiad from "FLANTATION FORESTRY IN THE TROPICS®
(EVANE 18982 and 1892) in this textbaok.

This text book was first manusctipted by Mr. Koji Hongo (Silvieulture expen of this
praject) in 1288. And this time, revised ediion was published by Takachika Yamashita {Preseni
silvicultura expart). The whole sentences written by Yamashita, were grammatically checked and
Somme were revised to suiteble ones by Ephraim E. Laujang {Counterpart}.
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Appendix 1

Properties of Plantation species in Sabah
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Acacia mangium

Matural oscurancs

*Mollucus - New Gulnea - Queenstand
*Lafitude 1°S - 18°5 ({mainly 8°S - 16°3)
*Altitude 0m - §00m {mainly Om - 303m)

Cilmate at natursl cccurénce area

*Mean maximum temperature of the hottest month @ 31°C - 34°C
*Mean minimum temperature of the coolest month  : 15°C - 22°C
*Forest-frea

“Meaan annugl rrinfal - 1500mm - 3000mm

*Mean rainfall of the driest rnonth: above 40rmm

Sofl 1 natural ccourence area

*Acid and infertile soil

“Volcanic farmations and sandy or [amy alhuviom soil
*Shallow sandy loam overiying a heavy clay

*Moderate - wall drained (sometimes impedectly dralned) soil

QOthar matters ai natural occurencs

*This species grows on the mardins of closed-forest, In cpan-forest, In woodland
disturbed by fire and on the bank of a river.

“This spacies dominates in small stands on disturbed site.

Slivicultural featura

“Height: 33m  DBH: usually below &0cm

*Straight trunk (but not edindrical trunk near ground}

*Flowaring and seeding start at 2-3 years old at plantation and this spacies seeds very
miuch avery yaar.

“It takes 3-4 months to praduce a seedling for planting.

*It grows on acidic soil, especially can grow with pH.4, but cannot grovr on alkaline soil,

“It can grow an infertile soil. it is nitrogen-fixing species.

“it is tolerent of competition with grass.

‘it can grow an poor dralned site.

*Adoplad initial spacing: 3m ¥ 3m, 2.5m ¥ 2.5m, #m x 2m.

*Geod natural regensaration akility: fire sfimulates the germination of buried seeds.

*Direct sowing is possible.

"Vagetative propagation by grafting and culting is possible.

*Moderate coppine powser, bt bad growth.

*I Is apt to have double leaders.



incremant

Looality Age H DEH BA N V10 MAIHO

Brumas B4m 250 188 23.8 860 164 234
' " 245 17E 7223 920 151 21.5
' 0m 1382 133 1.4 S00 42 16.6
* * 150 104 10.2 1200 42 16.6
) 48m 107 9.1 4.8 OO 13 3.2
' " 18.0 1.3 8.9 840 38 8.7

Kinarut 48y 1861 133 13.2 11 ; .
. gy 11.3 103 8.6 117 43 7.2
. 6y 133 144 180 20 T 16.5
" By 55 68 4.0 937 2 . 03

Mandahan 5.6y 14.2 17.0 27.2 153 156 27.9

Timbi&ang

Mengpariza 4.6y 133 130 16.5 1181 87 19.3

Langkona &0y 148 162 13.1 534 Th 12.5

Langken A 8.0y 208 204 2r.1 72 217 271

Mantanau A5y 122 142 16.9 1036 a1 23.1

Karamato! 7.8y 12.8 .3 28.3 J913 132 16.9

Bunang 3.8y 0.5 5.1 3.3 1038 1 0.3
. 38¢ M3 118 13.1 1139 61 161

g. Suitable sHe
*The lower slops ar costal plain with acidic sof which contains ¢lay over 35%
h. Pest and disease

*Heast rot © This is main senous diseasa of this spacies in Sabah. Acaciz mangium is
very suscaptible to heart rot disease. The incidence of attack in 8-3-year-old stand is
35.5%, but the volume of merchantable wood affected is usually less than 1.5%
(Mahmud et al, Les and Anuar 1992}, Disease index in 4-5 yaar-old stand is 10 - 40%
and §-7-year-old stand is 50%, there was a growing tendency for mare than six-year
old stand. Heart rot fungus in Acacia mangium mainly invades from dead branches
(o, 1991).

“Teimites {Copdotarmas S

*Carpanter ants ({Camporatus 5p.)

*Maaby bug

*Cerambycid wood horer ( Xysiocera sp.)

“Die-hack disease on poor soil (Tremetes sacrosa and T. corugaia)
“Pink disease (Coricium saimonicalon

Liileration
*Density: 420kg/m3, Air-dry density: 890kg/m?
*Easily sawn and pracessad

"Very durable when exposed i0 weather but not In contact with the ground.
*Pulpwood, particle board, furnitiune, cabinat, venear ete.
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Gmeling arborea

Matural ocourence

*Pakistan, india, Nepal, Bangradesh, 5 Lanka, Burma, Thailand, Vietnum, Cambodia,
Sauthaim China

*Altitude: mainly 0m - 1200m

Climate at natural occurence area
*‘Maximum temperature; 37°C - 36°C
“Minirnum ternperature: 1°C - 16°C
*Annual rainfail: 760mm - 4600mm

Saoil at natural cocurence area
*Moderetaely moist, base-rich, w&rl-draTnad affurvium,

Cihar matiers at natural securatcs arsa
*DeckduoLs tree in area with a long dry season (8-7 month}

Sikvicuttural festurs

*Height: 30m, DBH: 1.3m

*Blg branch and bad ires fom

*Sami-decidicus trea

*Flowering and seeding start at 3-4 years oM in plartation and this species seeds much
avary year.

“It takes 4 manths - 1 yaar (average € months} to produce a seedling for planting

*Coppice reganeration Is possible

*Vagatativa propagation by cutting and grafting is done successfully

*Direct sowing is possible

*Stump planting I8 done successiully

*Thia species is intolerent of compatition with grass

*Adopted initlal spacing: 2.4m x 2.4m, 3.6m x 3.5m for-pulpwood or sawntfmber
production

*MNatural regeneralion is possible on the site with suitzble light condition

*Sami-sun frea

*Thiz species is tolerent of fire

*This species iz intolarent of frost



f. Incremant

Locality Age H DEH BA N Vi0 MAID
Brumas aém 239 245 28.2 600 185 24.3
‘ am 2146 180 23.5 o H 146 24,2
) 9em 2589 23.6 24.4 oE0 175 21.%
) Bem 183 187 18.3 700 95 13.8
) gam 202 20.7 23.5 700 135 19.2
" 47m 134 173 19.9 B40 88 24.9
" 26m 125 3.4 10.9 780 26 12.5
" g4m 222 215 25.4 700 158 22.5
. am 200 19.2 28.2 280 157 26,0
" B0m 158 14.7 18.7 880 55 "7
- BOm 208 154 18.5 1040 B4 16.7
Bt Hijan 8y 244 210 31.4 214
11y 258 274 33.2 558
.  Suitable sife
It requires 1800mm - 2300mm of annual rainfall with cne dry season In a year for
optimum growth.

*Hate of stone 10 soil should be befow 30%.
*Alkaline - slightly acid soil with abundant nutrient for good growth

“Flat or gentla slope

h. Past and dissase
*In genaral, the damage of pest and diseasze is not serious, but, in Thailand, the damage
by defoliator is very serlous; Calopars lesyana, FPodogrica deflcta, Macrosoma
candens, and Prioplera punctipennis.
*The most important disease raportad is root rot {Poria rizomorpha).

I. Ltilization
*Air-dry denshty: 0.5kg/m?
*Engily sawn and procassed
*Moderataly durablke
“Pulpwood, flherboad, general carpenter use, fumiture, curving material ete.



(3) Paraserianthes falcataria

a. Natural cccurence
*Mollucus - - New Guinaz - - Solomon
*Latitude: 3°N - 10°S
“Altituge: Om - 1500m

b. Climate at natural ocoeurenca area
*Annual ralnfall of 2000 - 2700mm with unform distribution

C. Soil at natural occurence zrea

d. Other matters at natural cocurence area
*This speclas s aany secondary forest specles

e. Sivicultural feature

*Helght 45m, DBH: 1m

*Straight trunk and extended flat crown

"Floweling and seading stan at 3 - 4 years in plantation and this species seeds very
much every year

“It takes 1.5 - 4 months to produce seedling for planting

*Adopted Initisl spacing: 2m x 2m --4m x 4m

“Very gnod copplice regenatation

*Cutting Is possible

*Suitable for agroforestry species

*This species can graw on infertlle site.

*Very fast growth at suitable site

*It ¢an grow on the soil of below pH. 4.5 though it grows better on alkaling soil than acld
solf.

"This spacies is intolerent of strong wind

f. Increment

Locality Agea H CBH EBA N ViD MAlITO
Brurnas 86m 344 2685 287 520 453 5.7
* " 326 235 26.8 520 397 20,7
“ "84 211 2.7 620 284 36.8
- y 326 2.7 221 600 320 35.8
y 85m 31 226 241 600 57 52.0
. - gz 254 274 540 404 57.3
" Fam 202 224 314 800 415 53.8
) - 3.2 21,3 284 800 418 65.4
* " 284 225 121 480 247 4.4

53.Bulch 9812y 2208 193 147 497

a0



S558 - - §ee flgure - -

= |
™ ! H-?':MMU
OC—0 Gal v
o

N\

o
"E l\a
A
T =
: AN
= ®; /
'i.l-;E +
E o0 /
7| /
e Yz 3 4 6 5 T 5 3
Age [yrs)

Suitable sitg

*Uniformly distibuted precipitation ovsr 2000mm

*Felle, thick, wet and well drainad soll for optimum growth

“Widely suitable for from heavy elay soil to soil formed in valeanie ash material for
maodearate growth

“*Gentle slope

FPest and dizezse
*Pink disease caused by Corficium salmonicolor iz serious digoase at unsuitable site,
“Yallow leaf diseasa (Camplomaris albizziae)

UtHization

“Air-dry density: 0.24 - 0.48kg/m? {mainly 0.30 - 0.35)
“Undurable and not strong

*Easily sawn and processed

“Pulpwood, venner, interior trim, panelling ete.
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Eucalyptus deglupia

MNatural occurence
*Mindanao - Sulawesi - Seram - Now Guinea - Manus- New Ireland - New Britein
*Latitude 9N - 11°8

"Alfitiide Om - 600m

Climate at netural cocurence area {New Guinea)
*Mean annual rainfali 2500mm - S000mm with uniform distrbution.

*Megn tamparature 27°C - 31°C

Soil at natural ocourence araa. (New Britaln)

“Costal plain - hill slope - plateau

*Soil formed in basic volcanic ash and pumice stone with abundant organic matter
*Wall drained soil

*Thick alluvium eoll along the fiver

{ther matters at natural occurence
*This species dominates or forms pure stand as secondary forest species on site
disturbed by fire, volcano eruptton and shifting cultivation.

Sivigultural feature
*Height: 75m, DBH: Over 2m
*Straight and cylindncal trunk
"Flowaring and seeding star at about 2 - 4 years and this species seeds very much
every year.
*It takas 3 manths to produce a seedling for planting.
*It Is intelerent of competition with grass and scrub because of exitema sun tree.
*It grows well at altitude of 1500 - 2000m in P.N.G.
"It cannot grow waell at placa with intansive dry seasan
"l cannot grow well on 2 poorty dreined site
*Adopted initizl spacing:
4.5m ¥ 4.5m --5m ¥ Sm for sawntimber progucticn
3.5m % 3.5m --4m ¥ 4m for pulpwond production
*Good self-pruning

“Vegetative propagation by grafting is possible -
f. Increment

Locality Age g | DB8H BA g | V10 MAIQ

Karabat - - geg the figura - -

Brumas g/m 349 235 12.1 280 143 19,2
H BT 188 a.0 260 88 A5
" o241 206 10.6 320 26 12.6
" 282 212 106 300 103 13.3

Sy. Buloh 28y 381 43.5 28.0 316
Ulu Saciil 9y 182 209 15.5 4B0




8 Voluoe (m

MAL (MIhayear)

Height {m}
CBEH {zm}

5
5
&

&)

Age (vear)

Suitable site
“Flat or gentle slops along the river with thick, fertie and well drained soil

" ‘It needs af least 2500 - 3000mm of ralnfall for good growth

Pazt and disvase
*Sem and bark borar (AgHits so.)
This causes sstlous damage io PNG provenance in Mindanao
*Ring bark botar {Hepialidas ep., Endociita hossi)
*Haart rot - - cbserved at poorly drained site
“Drie-back - - (deficiency of Boron)
*Termita (MNeolames sp.)
*Carpentar borer (Cossidae sp., Zeuzera coffeas)

Uilization

*Air-dry danslty: 0.4 - 0.84kg/m?

“Curable when exposad ¢ weathar but naot in contaet with the ground
*Moderately strong

*Easlly sawn and processed

*Pulpwood, furniture, cabinat, floring, phywood, ete.

Spacing: 45mx 45m

53



{5) Pinus caribasa var hondurensis

a. Natural cocurence
*Central Amenica (Hondurus, Beiize, Guatemara, Nicaragus)

» * afitude: 12° 13N - 18° 0N

» *Altijude: Orn - 1000m

" B Climate at natural ogscurence arsa
- *Inland &rea

Maxirum temperature: 27°G
Minimum temperature: 5°0C

Annual rainfall: 1200mm - 1650mm
*Costal area

Meodrmum temperature: 32°C
Minimum temperatire: 15.6°C
Annual rainfali; 2Z300mm - 3800mm
“Thers s & long dry season.

45 =oil gt natural ooocurence area
“Well asrated acil at costal plakn, and hill slope
- . Other matiers at natural occurenca area
*It dominates on the site disturbad by fire.

. 2.  Silviculturzl featurs
. *Height: 45m, OBH: 1.35m
‘ *Straight trunk

*Flowering and saeding needs high temperature through the year and a dry seasor.
*Famale flowar's flowering stars at 3 - 4 yaars cld, but good quality seeds are available
after 10 years old.

*|t takes 6 - 8 months to produce a seedling for planting.

*This specles forms mycorrhiza.,

*Adopted initial spacing: 2.4m x 2.4m, 3m x 3m, ete.

*This spacias can grow on infertile soil.

* iz tolerent of drought and fire,

*Itis not less tolerent of compatition with other vegetatlons than other pina speciss.
*The leaf is very flammable.
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&,  Increment
Locality Age H DEH BA N V10 MAHO
Brumas 84m 152 158 14.8 750 57 B.1
. " 150 154 181 1020 72 10.2
" 9m 1486 1.7 9.7 200 20 3.5
y Bim 121 1A 0.3 260 21 4.2
" g/m 18,2 8.2 20.8 1140 148 18.4
' 7am 116 144 10.4 640 30 4.9
‘ &0m 111 15.6 3.1 160 g 1.8
" f2m 119 148 B.8 a2l 27 4.5
" 72m 122 148 21.3 1220 56 10.%
f.  Suitable site
*Acid, deap, well-drained and weil agrated soil
“Loam or sandy loam scil withpH 4.5 - 55
*Lowar posifion cn gentle slope
. Pestand diseasa
“Many pests and diseases are reported.
*Discasa on the plantation site
Ceteospora neadle bright (Cercospora pini-densifiora)
Dothistromna needle bright { Dothistrome pind
Needle cast {Lophodarmium pinasil)
Stem rust {Cranaiium fasiferme)
Armilifarfa melfea
Fhylophthara cinnarmon
“Thera are many defollators, shaot borers, wood borers etc.
h.  Lhilrzation

"Air-dry density: 0.75kg/m?

*Strong and moderately durabie
*Ship, general building uss, pulpwood, atc.
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Araucaria cunminghami

Matural occurence

*P.N.G. - Queansland. New South Wales

“Latitude 1°5 - 31°5

Altitude lowland - 2400m {mainly E0Om - 1500m} in PN.G.
Om - 800m in Australia

Climate at natural ocourences areq

“Annual rainfall 1,270mm - 1,780mm

*There is no dry seascn and more rainfall in summar than in winter.
“Mean temperature 21.1°C - 26.6°C

"Mimmum temperature 5.4°G - 17.7°0

S0il at natursl occurence areg
*Thick and fartile clay loam soil for optimum growth

Other matiers
Thig gpecios cocurs shifting area between min forest and Eucalyptus forest in Australia.

Slvicultural featura

*Hefght: 46m, DBH: 1.6m

Straighl trunk

“Clear trunk length: two-thirds of tree halght

"Flowering and seeding starts above 15 years, but it fakes 20 years to produce good
fuality seeds.

“This spaclas seeds avery year.

*It takes 15 months in nursery stage.

*Adopted Initfal spacing: 2.7m ¥ 2.7m - 2.4m x 2.4m

"it can grow on rather steep siope and g littie dry site.

Incrament .

Losaiity Age  H DEH DPA N V10 MAS10
Beaury By 171 ' 07.0 Q39 132 B2
Bo Bo 18.5y 14.6 22.7 883 ral 3.3
Beaury 9y 188 a7 1399 271 14.3
ML

Pikapene 17y 195 28.2 1185 150 a.8

g. Suitable site

“Well drained and fertite, clay-loamy soll with abundant moisture through the year
*The =site with a short dry season {2 - 3 morths) is better

ab
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Pest and Discase

Pest

*Vanape sbarthuni {wood)

*Selomorpha ritefla (seed)
"Hydurdrectonus aravcariae (leaf and trunk)
*Aesiotas notabifis (trunk)

*Mifiona Isodoxa (laaf

“Coptotermes efisaa (wood); his termite causes serous damags.
Disease

*Fomes naxius (wood nof)

*Diamping off

*Collar rot (Selerofium roffsil}

"Die-back [Boirvodipledia theobromas)

Litilizatlon

*Alr-dry density: 0.52kg/rm?

*Easily sawn and processed

“undurable and sensitive to insect and fungi {especially for supwood)
*Indvor use, fUMmiiure, plywood, veneer, boat, pulpwacd, ate,

in



Araucaria hunsieink

Natural eccurence

“PMN.G.

*Latitude 5%11'S - 10*11'5
“AltHude malknly 520m - 2100m

Climate at natural ocourence aren
*Annual rainfall: 1600mm - $800mm
*no Jdry season

*Maximurn termparature 26.6°C - 32.2°C
*Minimum temperature 17.7°C - 18.8°C
*Annual mean temperature 20°C - 27°C
*Hurnidity 60 - 70%

Soll at natural ocourence arsa
*Slope in tha Vallay
*Alluvium site is better

Othar mattars at natural occurence aras
“Natural occurenca is smaller than that of A. cunninghamii

Silvicultural feature

*H: 46 - Bom, DBH: 2m

*Stralght and cylinderic: trunks

"Clear frunk langth: half of tree height

*Flowering starts12 - 15 years old{mala)

“Seading starts at after 20 years oid

*Good qualty seeds are available at the interval of 1 - 4 years
*Adopted initlal spacing: 28m x 2.8m - 2.5m x 2.5m

“It can grow or rather steap slope or a [itle dry sita,

Increment
Area Age H DBH BA N
(best 49)

PNG 8.5 125 14.2 10.5 578
" 85 187 137 188 &20
" 12.5 20.4 23.3 24.7 508
. 13.5 235 220 323 781
. 18.5 284 34.5 29.0 336

- 16.5 27.4 251 B0 76




Suitable zita

*The soil formed in voleano ash maisrial

*Wali dreinad hill slops

“The site with a short diy seasan (2 - 3 months) is better

Past and Disease

Pest

“Tarmita (Coplotermes sp.); serious damage
*Mifliona isodoxa (leaf)

Discase

*Fomez noxius, Armilada ap. (woad rot)
*Rhizoctona crocomm

Liilzation

“Air-dry denalty: 0.45knAm3

“Easily sawn and processed

*Undurable and sensitive to termites and ambrosla beeties

*Building structure use, fumiture, cabinet, match, pulpwood, phywood, stc.
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