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                             Synopsis

 AstudywasconductedontheapplicationoftheMiyawakiforestrehabilitationtech-
nique toward creating a stand of native Malaysian primary forest trees (Dipterocarps

and Non Dipterocarps) in degraded sites on the Universiti Pertanian Malaysia,

Bintulu carnpus in Sarawak. Th2s project was sponsored by the Mitsublshi
Corporation, Japan. This report is a complete description of a four-year pyoject for

rehabilitationoftropicalrainfoyestinSarawak,Malaysia.Fromtheresults,planting
of indigenous species in open ayeas especlal].y abandoned shifting-cultivation areas,

can be very successful. Species recommended for planting in open areas are
Dryobalanops aromatica, Shorea lepros"la, S. macrophylla, S. ovata, Hopea
kerangasensis,' Whiteodendron moultianum, Vatica nitens and Pentaspodon motleyi.

 Species of Eugenia sp. and Calophyllume ferrugenium are not recommended because
of their slow growth, Shorea mecistopterblx can grow well in open areas bttt needs a

site where a strong wind does not occur, Shorea mecistopteryx has a big leaves which

are easi}y blow off in strong wind, and if this happens, the seedlings can die easily,

 Shorea nzecistopteryx can be found in Mixed Dipterocarp Forest on gen£ly undulat-
inglowhiilsthroughoutSarawak. Forplantingofindigenollsspeciesundershadeor
under trees, the species recommended are Shorea ovata, S. macrophptla, S.
mecistopteryx, S. Iqprosula, S, gibbosa, Hopea feerangasensis, H. beccariana,
Dryobalanopsarornatica, D, beccarii, Pentaspodon nzotleyi, EusideroxYlonzwageri,
Durio aybethinus and Garcinia sp, This paper also describes several problems which

have been encounted,

1. Introduction

 Rehabilitation of forests with indigenous

main tree species, especially potential natural

vegetation has recently become an important

aspect of forest conservaeion (Miyawaki, 1992;

Miyawakietal.,1980-1990), Rehab21i£ationis

a man-facMtated recovery process according to

natural regeneration and succession (Lim,

1992),
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  The concern over depletion of the tropical rain

forests has resulted an increasing emphasis

towards the programs of rehabilitation in an

effort to maintain the ecological balance within

the ecosystem. In Malaysia, the loss of the

natural tropical forest is due to harvesting for

its timbers and conversion into lands for the

purpose of agriculture, mining, industries and

urban deve}opment.

  A joint research project entit,led "Rehabili-

tatioR of Tropical Rainforest Ecosystems" was

initiated and imp}emeRted by Universiti

Pertanian Malaysia (University of Agricu}-

tural, Malaysia) and Yokohama National

UniversLty. The purpose of the project is to

conduet experimental plantlng of indigenous

tree species on degraded sites as abandoned

shifting-cultivation areas, secondary forests,

degraded industrial and ttrban lands. The

project was funded by Mitsubislti Corporation

of Japan through its stibsidiary company,

Daiya Malaysia Sdn. Bhd. A sum of five

miilion Malayslan ringg2t has been allocated

for a four-year period. A 50 hectare research

site has been set aside for the ioint project.

  rl"he first meeting on the project was held in

Blntulu on May 2, 1990 between officials of

UnixJ･ersiti l'ertanian Malaysia, Yokohama

National Univ･ersity and .Mitsubishi Corpora-

tion. r!"he agreement between Universiti

Pertanian Malavsla and Yokohama National

University was signed on December 27, 1990.

Associate Professor Dr, Khalld Mohd Noor,

Deputy Vice Cltancellor (Development), signed

on behalf of Universiti Pertanian Malaysia.

Professor Dr. Akira Miyawaki, Director

lnstitute of Envi'ronmentai Science aRd

Techno}ogy, signed on behaif of Yokohama

National University in 1990.

 An international symposium on "Rehab!lita-

tlon of Tropical Rainforest Ecosystems:

Research and Developmen£. Pr2orities" in
Kuching, Sarawak was held from September 2-

71992. Thissyrnposium wasjointly organized

by Universiti Pertanian Malaysia, Yokoharna

Nationai University and Ministry of Resource

Planning, Sarawak with 204 par£icipants from

ten countrles.

 Afterward,this project is continued by joint

project between Universiti Pertanian Malaysia

(UPM), Universiti Malaysia Sarawak
(UNIMAS) and Japanese Center for Inter-

national Studies in }i]cology (JISE).

2. 0bjectives

 The objeetives of study include: 1) to restore

disturbed tropical rain forest areas with native

main tree species. 2) to rehab"itate and

improve the natural forests environmental con-

dition within those areas. 3) to rebuild the

natural at least quasi natural forest landscape
                                     e
ofthose areas. 4) to understand the nature, tr

ee - environmental relationships of those native

species and to make clear which klnd of species

should be planted for rehabilitation of tropica}

rainforests.

3. Studyarea

 The campus of Universiti Pertanian
Malaysia, Bintulu branch is Iocated in Bintulu

D2vision, in the state of Sarawak about 600km

north ' east of Kuching, latitude 30 l2' N, longi-

tude 1130 05'E. 2993. 9mm of annual rainfall for

1990 and 3221.7mm for 1991 in Bintulu, are rathey

lower than 3643.4 mm from 1980 to 1992 for

annualraiBfaU. Therainyseasonoccursinthe

months of November, December and January

during "Landas Season" of north-east
monsoon. In 1990-1991 there was a prominent

drought from May until August. The mean

daily temperature recorded is 26.70C and rela-

tively consistent throughout the year. The

mean monthly relative humidity of the area 2s

usually above 80% and slightly lower during the

rainy seasons. The study is conducted on a

47.5ha. area within the carnpus premise, set

asideforthepurposeofthisresearch. Peli,et.

al. (1984) describes the soil of University of

Agriculture Malaysia, B2ntulu bran¢h as be-
longing to Nyalau and Bekenu series, which is



welldrained. The Nyalau series is character-

ized by coarse loam, Iight yellowish brown £op

soil of 9cm deep; with a brownish yellow

subsoi}. The Bekenu series is characterized by

mixfineloam,lightyel}owishbrowntopsoilof

4-15cm deep and brownish ye}low subsoil.

 The project conducted at four phases:

        Phase Year Area
          1 19eO-l991 3.4ha
          2 1991-1992 3.7ha
          3 1992-l993 7.0ha
          4 1993-1994 33.4ha

4. Production of planting stoclcs

 Planting stocks were obtained from two

sources, i.e. germinated seeds or collection of

seedlings from the forest floor, Seed and seed-

lings were mainly collected from 'forest areas

around Bintulu. Some seeds were purchased

from the fringe of the primary forest.

Purchased seeds were for the spec2es Shorea

spp., Dipterocanpus spp., Dryobalanops spp,,

and Eusideroxylon zwageri.

 Two problems encountered are the irregular

fruiting of dipterocarp tree species and increas-

ingly disturbed forests, Fresh seeds could be

colle¢ted during the fruiting season. The
fruiting period of Dipterocarpaceae, however,

is irregular and has no definite seasons. In

addition, accessibility to tree seed source is

becoming more difficult since most lowland

forested land have been harvested or converted

into agricultaral plantation and other }and de-

velopment. Most undisturbed forests are

located very far and difficult to reach.

Therefore, the selection of Dipterocarpaceae

species for research is indeed limited,

5. Germination of seeds

 Huge fruiting of Dipterocarpaceae in 1990 and

1991 in Similajau Forest Reserve made the col-

lection of seeds easier. From the fruiting

season, seeds from 10 families of indigenous
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tree species were collected. Seeds-species consist

of 14 species from Dipterocarpaceae family, 3

species frorn Anacardiaceae, 2 species

Bombacaceae, and one species from
Euphorbiaceae, Guttiferae, Lauraceae,

Leguminaceae, Moraceae, Myrtaceae and
Stercu}iaceae. Thehlghestnumberofseedscol-

Iection was from Shorea ovata with 61 669 fol-
                                ,
lowing by Shorea sp. with 60,655,
Dryobalanops aromatica was collected twice

fromdifferentmothertree. Thefirstcollection

of13,OOO seedsresulted in O % germination rate.

This phenomenon is caused by inmatured

seeds. In the second collection, 312 seeds gave

79,10%ofgerminationrate. Thehighestgermi-

nation rate was got from Pentaspodon motleyi

with 98.67%. Total collection of seeds were

198,973 ( Table l).

 After collection of the seeds from the forest,

they were sown in the nursery. Sawdust was

used for the sowing bed. Its capabillty for

storing moisture is good for seeds and it gives

good aeration for seeds for the germination

period.

 Young seedlings germinaied in nursery were

transfer into poiythene bags or vinyl pots after

the seedlings produced two or three young

leaves. The seedlings were kept under 100%

shade for two to four weeks before being

exposed to 60% shade under netting. They wil}

be kept under 60% shade for one to three months

and then exposed to 40% shade for another one

to three months before planting.

 The other rnethod of raising seed]ings was by

means of wilding collection using two different

techniques. The first technique of wilding col-

lection involved digging out seedliRgs with

forest soilintact and then transferring the dug-

out plants into pots. Seedlings were then kept

undernaturalconditionsfor3weekstolmonth.

Later, these seedlings were transported to the

nursery. Before pianting the potted wildings

will undergo further conditioning for one

month to three months. The second method

involved digging out the wildings ( without

adhering soil ) and immediateiy transporting
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them to the nursery. In order to minimize

damage to the roots and dehydration, the seed-

Iings were kept in plastic containers containing

wetsawdust. Atthenurserytheseedlingswere

t･ransp}anted into pots. These pots were then

keptintheshadeforabout3monthsandanother

month in theconditioning area. The numbers

of potted wildings from natural forest area are

shown in Table 2.

6. Selection of potential natural species of

          .   vegetatlon.

  The climax species and/or present tree

species in the area prior to disturbance were

identified from vegetation sampling of the sur-

rounding forest around Bintulu campus (Bojo,

et al.,1990). It is important to choose species

nativetothesite. Thepresentspecimensshould

be wel} adapted and suited to the local micro-

climate. Table 3 shows a list of indigenous

species planted at the planting site for the

pro]ect.

Table 1 . The germiRation percentage from thesowing experiment.

Species Family Sown Germinated 906germinationg

l Pentaspodonmotleyi Anacardiaceae 1,280 1,263

2 Draeontomelondao Anacardiaceae 100 53 53.00

3 Mangiferasp. Anacardiaceae 126 89 70.63

4 Duriozybethinus Bombacaceae 1,198 827 69.03

5 Duriocarinatus Bombacaceae 1,386 1,116 80.52

6 Shoreamecistopteryx Dipterocarpaceae 33,158 19,939 60.93

7 Shoreateprosula Dipterocarpaceae 370 170 45.95

8 Shoreamacrophylla Dipterocarpaceae 672 659 96.69

9 Shoreamaterialis Dipterocarpaceae 54 27 50,OO

10 Shoreagibbosa Dipterocarpaceae 1,225 682 55.70

11 Shoreaovata Dipterocarpaceae 61,669 41,029 66.53

12 Shoreapauciflora Dipterocarpaceae 489 298 60.94

13 Shoreasp. Dipterocarpaceae 60,655 30,115 49.60

l4 Hopeafeerangasensis Dipterocarpaceae 49 25 51.00

l5 Dryobalanopsbeccat'ii' Dipterocarpaceae 13,OOO - o.oo

16 Dryobalanopsbeccarii Dipterocarpaceae 312 181 79.10

17 Dryobalanopsaromatica Dipterocarpaceae 452 386 85.39

18 Dipterocarpuslowii Dipterocarpaceae 75 48 64.00

19 Dipterocarpascrinitus Dipterocarpaceae 1,560 1,263 80.96

20 Vaticanitens Dipterocarpaceae 182 98 83.85

21 Elasteriosperrnumtapos Euphorbiaceae 43 8 18.6e

22 Calophyllumferrugineum Guttiferae 9,494 6,268 66.15

23 Eusideroxylonzwagerii Lauraceae 1,071 473 44.16

24 Dialiumsp. Leguminosae 1,657 1,489 89.86

25 Artocarpusrigidus Moraceae 92 71 77.17

26 Eugeniasp. Myrtaceae 7,308 4,960 66.50

27 Scaphiumsp. Sterculiaceae 1,296 896 68.50

Note: *2nmaturedseed

nomark: maturedseeds
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Table 2. Number of wilding of indigenous tree species colle¢ted,

Species Famity Numberofwi'ld .!ng colleetion

1 Mangiferasp. fNnacardiaceae 196

2 Duriocarinatus Bombacaceae
'

3, 867

3 Santiriasp, Burseraceae 167

4 Casuarinasumatrana Casuarinaceae 167

5 Shoreabeccariana Dipterocarpaceae 227

6 Shoreamaxwelliana Dipterocarpaceae 3, 643
'

7 Shoreaovata" Dipterocarpaceae 41, 941

8 Shoreasp. 'Dipterocarpaceae 19, 641

9 Shoreaandulensis Dipterocarpaceae 156

10 Shorealeprosula Dipterocarpaceae 965

11 Shoreagibbosa Dipterocarpaceae 297
'

i2 Dryobalanopsbeccarii Dipterocarpaceae 2, 195

13 Dryobalanopsaromatica Dipterocarpaceae 498

14 ffopeafeerangasensis 'Dipterocarpaceae 4, 844

l5 Hopeabeecariana Dipterocarpaceae 695

16 Hopeasp. Dipterocarpaceae 237

17 Vaticanitens 1, 345

18 Upunaborneensis Dipterocarpaceae l61

l9 Parashoreaparvifolia 'DipterocarpaceAe 782
-

20 Dipterocarpuscrinitus Dipterocarpaceae 239

21 Dipterocarpussp. Dipterocarpaceae 264

22 Cotylelobiumburcfeii Dipterocarpaceae 2, 673

23 Shoreascabrida Dipterocarpaceae 259

24 Shoreapauciflora Dipterocarpaceae 324

25 Shorearubella Dipte.rocarpaceae' 354

26 Vaticasp. Dipterocarpaceaei 2, 134
tww

27 Shoreadasphytla Dipterocarpaceae 45I

28 Shoreabeccariana Dipteroearpaceae 624

29 Baccaurealanceolata Euphorbiaceae 256

30 Garciniasp. Guttiferae 275

31 Calophyltumferrugineum Guttiferae 2, 655

32 Litseasp. Lauracedre 286

33 Diatiumsp. Leguminosae 157

34 Koompasiamalaccensis Leguminosae 297

35 Ashtoniaangustifolia lIelastomataceae 284

36 Parartocarpussp. Moraceae l32

37 Artocarpusrigidus Moraceae 346

38 Whiteedendronmoultonianum Ailyrtaceae l, 645

39 Eugeniasp. Myrtaceae 4, 63･4

40 Xanthopdyltumamoenum Poiygalaceae 134

41 Anisophylleaferruginea Rhizophoraceae 429

42 Palaquiumsp. Sapotaceae L 472

43 Scaphiumsp. Stercutiaceae 606

44 Otherspecies 6, 974
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Table 3. List of indigenous specles planted at the slte for the pro]ect.

Species Family Localname

1 Dracontometondao Anacardiaceae Sengkuang

2 Pentaspadonmotlebli Anacardl,aceae Pela]au

3 rvfangiferasp. Anacardiaceae Asam
4 Ashtoniaangustifolia Apocynaceae Pulai

5 Duriocarinatus Bombacaceae Durianburung

6 Duriozybethinus Bombacaceae Durian

7 Santiriasp. Bursareceae Seladah

8 Casuarinasumatrana Casuarinaceae Rhu

9 Shoreamecistopteryx Dipterocarpaceae Merantikawangburung

10 ShoreamaxLvelliana Dipterocarpaceae Kumushitam

11 Shoreamaterialis Dipterocarpaceae Seianganbatupasir

12 Shoreamacrophylta Dipterocarpaceae 'Engkabangjantung

13 Shorealeprosuta Dipterocarpaceae Merantitembaga

l4 Shoreaovata Dipterocarpaceae Merantipltls

15 Shoreapauciflora Dipterocarpaceae NTemesu

16 Shoreabeceariana Dipteroearpaceae Merantilanggai

17 ShorearubeUa Dipterocarpaceae l{erantilautputih

18 Shoreadasphbllla Dipterocarpaceae Merantlbatu

19 Shoreagibbosa Dipterocarpaceae

20 Shoreaandulensis Dipterocarpaceae Merantidaunputih

21 Shoreascabrida. Dipterocarpaceae rerantilop

22 Dipterocarpuscrinitus Dipterocarpaceae Keruingmempe}as

23 Dipterocarpuslowii Dipterocarpaceae Keruingsol

24 Dryobatanopsbeccarii Dipterocarpaceae l<apurbukit

25 Dryobatanopsanomatica Dipteroearpaceae Kapurperingi

26 Uopeabeceariana Dipterocarpaceae Chenga}pasir

27 Hopeafeerartgasensis Dipterocarpaceae Luiskerangas

28 Cotylelobiumburchii Dipterocarpaceae ResakDurian

29 Vaticanitens Dipterocarpaceae Resakdaunpanjang

30 Vaticasp. Dipterocarpaceae Resak

31 Parashoreaparvifolia Dipterocarpaceae Uratmata

32 Upunaborneensis Dipterocarpaceae Upuna

33 Etateriospermunztapos Euphorbiaceae KelampaiXPerah

34 Baccaurealanceolata Euphorbiaceae Empaong

35 CalophyUumferrugineum Guttiferae Bintangor

36 Gareiniasp. Guttiferae Kandis

37 Eusideroxylon2tvageri Lauraceae Belian

38 Litseasp. Lauraceae 1edang

39 Dialiumsp, Leguminosae Keranji

40 Koompasiamalaccensis Legurninosae Kempas

41 Parat'tocarpussp. Moraceae Minggi

42 Eugeniasp, Myrtaceae Ubah

43 Artocarpusrigidus Myrtaceae Terap

44 I,Vhiteodendronnzoultianum Myrtaceae Kawi

45 Xanthophyllumamoenum Polygalaceae Langir

46 Palaquiumsp. Sapotaceae Nyatoh

47 Scaphiumsp, Stercullaceae Kembangsemangkuk



7. Methodofplanting

 PIanting of seedlings has been done in four

phases (47.5ha) from March 26,1991, until the

end of the project in March, 1994, Different

methods of planting were applied according to

site cond2tions.

 7.1. Pltaseone:degradedareaaftershifting

      eultivation

 Two different methods of planting were

adopted for this 3.4 ha site. Plantings in the

open area were clustered using three seedliBgs

persquaremeter. Themainspeciesinthe open

area (abandoned shifting-cultivation area) were

Ischaemum magnum, Scgeria sumatrensis,

Trema orientalis, Melastoma malabathricum,

Digitaria ciliaris, Fimbristbllis globulosa and

Ageratum conpaoides.

 Groundwork at this area includedi 1) cutting

andremovingofgrass,2) }atticeconstruction,

3) plowingofsoiland4) mulchingafterplan-

tat}on.

 The main purpose of lattice construction is to

minimize soil erosion and improve the slope

condition of site. Mulching, in addition to

shading the young p}ant, also cools ihe soil so

as to reduce the rate of evapotranspiration and

loss of water from the soil surface. The lattice

was constructed systematically 2 meters or 4

meters apart, depending on the slope,

 A different technique of site preparation was

used for minimal s}opes with more stab}e soil,

This technique includes only the clearing of un-

dergrowth and grass for every one-meter-wide

strip. Between each pair of c}eared strips, a

half-meter-widih buffer of grass aBd under-

growth is maintaiRed to provide shading to

young plants.

 7.2. Phasetwo:underseeondaryforest

 Two techniques of planting were used in the

Phase two area. For open areas, the same

planting rnethod as in Phase one was applied.

The total area using this technique was 7759

square meters. The number of planted seedlings

is shown in Table 4,

 The second technique involved planting under
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the shade of secondary forest where the main

species were Macaranga gigantea, Vitex

pubescens, Blechnum sp. , A lpina sp., Fic"s sp.

and Cmperus sp. Two planting densities were

applied,asfollow:1) 3 meters between seed-

lings or 1 seediing per 9 sqttare meters, 2) 1

meter between seedlings or 1 seedling per square

meter.

 7.3. Phasethree:openareaandunderforest

 Three pianting techniques were used in the

Phase three area.

a. Potho}eplantingmethod,

 One seedling per 9 square meters was p}anted

at random on a gentle to Iess steep slope area.

The area is a secondary forest with big trees

from the families Dipterocarpaceae, Bursera-

ceae, Euphorbiaceae, Leguminoseae, Rubiaceae

and Fagaceae.

b, Lineplantingmethod,

 Seed}ings were p}anted with a distance of 1

meter be£ween ind'ividual seedlings, under sec-

ondary forest. Total area for this method was

O,42 ha.

c. Plantingonsmallmound.

 Asmallmoundrneasuring5meterswideby30
to 40 meters long was constructed on O.35 ha of

the open area. P}anting was done on this

mound at a density of3-5 seedlings per square

meter,

 7.4. Phasefour:openareaandunderforest

 Five planting methods were applied at in

Phase four; a) Planting on the open area, b)

Line planting with a distance 1 to 1.5 meter

between individuals, c) Pot-lto}e pianting, d)

Enrichment planting under shade of secondary

forest (Iow species density), e) Gap planting in

the secondary forest.

 At the nursery area, two experimental plots,

of 5 meters by 50 meters and 10 meters by 100

meters were established to study the potential

growth ofindigenousspecies. Both plots were

on a sma}1 mound 1 meter high. PIaRting of

seedlings was done on the mound at a density of

3 seedlings per square meter,
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Tab}e 4. Number of planted seedlings.

Phase
Timeframe

One Three Four

ltlarch1991toJanuary
l994

67,565 17,869 75,209 3,597

Sttrvivalrate 62SO)6 80%o 80SO)6 95%

Seedlingssurviving 41,890 14,295 60,167 3,417

Rep]anted 26,132 2,895 6,673 o

Totalnumberofseedlings
aliveuntilApril1994

68,022 17,1906,673 3,417

rl"otalseed}ingsaliveon

sites

Totalp}antedincluding

155,469

l99,940

replanted

Percentage ofsurvival

I
I
i 77. 75%

8. Results

  8.1. PlantedatopenareainPhaseone

  The p]ot growth was measured was 10 meters

by iO meters. The soil was improved before

planting of seedlings in March 1991, Soil im-

provement included ploughing to 1 meter depth,

lattice coiistruction and muiching after planta-

tlOll.

a. Number of p}anted seedlings and surs;ival

   rnorta}itv rate.
          -
  l4 indigenous species were chosen for Phase

one, and the total number of seedliRgs planted

was450, Ofthese14species,ELLgeniasp.shows

the highest mortality rate wlth 94%, followed

b>J Shorea sp. with 92%. Dryobalanops

aromatica had the }owest mortalitv rate with
                            J
29% (fl"able5).

b, }'Ieightincrementofplantedseedlings.

 Therewasasignificantdifferenceintheheight

growth of the l4 species. Dryobalanops

aromatica sho"red the greatest increment with

286,24 cm in 26 months, followed far behind by

Hopea herangasensis with 260.45cm. At the

other extreme was Eugenia sp. with only

80,02cm increment. AI] Shorea sp. showed a

height growth above l60cm (Table 6, Figure 1

and Figure 2)

c, Diameter increment of planted seedlings.

 Table 7 shows the mean total d2ameter incre-

ment of different species. Whiteodendron

moultonianum exhibited the fastest growth in

diameter with 4.88 cm and left other species far

behind. The nearest challenger was
Dryobalanops aromatiea with 3.63cm,

)vfeanwhile, Eugenia sp. had the slowest growth

wlth only O.89cm. All Shorea spp. showed a

diameter growth above 2.20cm (Figure 3 and

Figure 4).

 8.2. Planted on flatarea in the secondary

      forest in Phase two.

 The size of the plot was 36 meters by 36 meters.

The area was flat and near a small stream,

undershadeofsecondary forest. Macaranga

gigantea was the maln pioneer species at this

site, Distance between species was 3 meters.

a. Number of planted seedliBgs and survival

   mortality rate,

 Oniy 4 species were chosen for planting under

secondary forest due to their shade tolerance.

A total of 119 seedlings were planted.

Penta$podon motle.x.,i had the highest number of

seedlingsplanted. Easideroxylonzwageriand

Shorea macrophylla both showed 4% mortality



rate 21 months after pianting. Pentaspodon

motleovi had the highest mortality rate with 16 %

( Table 8 ),

b. Heightincrernentofplantedseedlings.

 Table 9 shows the height increment of seed-

lings planted in a 36 meters x 36 meters plot at

Phase two. Pentaspodon motleyi had the

largest height increment wi{]h 262.16cm,

followed by Shorea mecistopteryx with

164,41cm. Eusiderodiylon zwageri had the

lowest height increment with 108.65cm (Figure

5),

c. Diameterincrementofplantedseedlings.

 Pentaspodon motleyi had the larger diameter

increment at2,36cm far ahead of other species,

 Shorea mecistopteryx was second highest

with 1.63cm. Eusideroxylon zwageri had the

lowest diameter increment with only 1,32cm

(Table le and Figure 6).

 8.3. Plantedonslopeareainthesecondary

      forest in the Phase two.

 The plot was located under secondary forest at

aslopearea. Tenyearsbeforeitwasashifting

cultivation area, The main pioneer species

were Macaranga gigantea, Melastoma sp. etc.

Before planting was done at this site, ttnder-

growth was limited to pioneer species less than

3 meter high, Dipterocarpaceaespecies were left

to grow.

a. Number of planted seediings and survival

   rnortality rate.

 Tenspecieswerechosenforthispiot. Shorea

laprosula had the highest number of planted

seedlings wlth 61, followed by Shorea

mecistopteryx with 50 seedlings. On}y 1

seedling of Calophyllum ferrugineum was

included in this plot,

 Calophyllum ferrugineum and Cotbllelobium

burckii both had the highest mortality rate with

100%. Shorea sp. responsed well with a low

mortalityrate. Shoreamecistopteryxonlyhad

9% morta}ity rate, followed by Shorea
macrophylla with l7% (Table 11).

b, Heightincrementofplantedseedlings,

 Shorea ovata had £he highest incrernents with

212,39cm, followed by Shorea mecistopteryx
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with 190.52cm. Eugenia sp. had 47.]Ocrn in

heightincrement, Generally,allspeciesexcept

Eugerzia sp. had height increment above 100cm

(Table 12, Kgure 7 and Ngure 8).

c. Diameterincrementofpiantedseedlings.

 Table l3 shows the diameter increments of 10

specles plaRted in this plot, Shorea
mecistopteryx had the highest, diameter incre-

ment with 2.627 cmc I'ollowed by Shorea

leprosula with 2.560cm, Eugenia sp. had the

lowest diameter increment with O.593cm (Figure

9 and Figure 10).

 8.4. PlantedinlineinPhasetwo.

 Seedlings were planted under secondary

forest, in a line with a distance 1 meter between

seedlings. The method of site preparation

includedclearanceofundergrowthinaradiusof

only1meteraroundtheseed}ings, "l'hesitewas

on asteep slope with rotten logs. Macarar}ga

gigantea occurs together with lschaemum.

rrzagnum, Trema orientalis, Melastoma
malabathrictLm and Digitaria ciliaris.

a. Number of p}anted seedlings and survival

   mortality rate,

 Shorea mecistopteryx and Shorea teprosula

had the most planted seedlings, both with 75

seedlings followed by D"rio z),bethinus (70 seed-

lings) and Calophyllum forrugineurn (67 seed-

lings). Total planted seedlings in this plot

numbered 524 seedlings.

 The highest mortality rate was for
Calophyllum ferrugineum with 60%, followed

by Vatiea nitens with 53%. Garcinia sp.,

VVhiteodendrore moultonianum, Dipterocamp"s

crinitus and Palaquium sp. had O% mortality

after15months. Shorealeprosulaonlyhad7%

mortality compared with Shorea mecistopteryx

and Shorea ovata, both with l2% mortallty,

Meanwhile, Eusideroxylon ztuageri had ll%

mortality (Table l4).



Table 5. Number of planted seedlings and Mortalitv Rate for Plot A in Phase One.

3monthold 6mont,hold 9monthold 12monthold 15monthold 18monthoid21monthold 24monthold 27monthold
Speeies

Numberof
planted Number % Number e% Number % Number % Number % Number % Number % Number % Number o/o

Calophyllumferrugineum 17 o o 5 29 8 47 ll 65 l4 82 14 82 14 82 15 88 15 88

Duriocarittatus 54 o o 27 50 31 57 43 80 44 81 45 83 49 91 49 91 49 9i

Uihiteodendronmouitonianum 16 o o 2 13 2 13 4 25 4 25 4 25 6 38 6 38 6 38

Eugeniasp. 50 o o 14 28 21 42 41 82 41 82 45 90 47 94 48 96 47 94

Cotortetobiumburchii il o o 6 55 7 64 8 73 8 73 8 73 8 73 9 82 9 82

Hopeaherangasensis 7 o o o o 1 14 2 29 3 43 3 43 3 43 3 43 3 43

Parashoreaparvifolia 48 o o 34 71 34 71 39 8l, 39 81 41 85 41 85 41 85 41 85

Dryobalanopsaromatica 38 o o 2 5 4 11 ll 29 11 29 j.1 29 11 29 11 29 11 29

Nopeabeccariana 9 o e 1 14 2 29 2 43 3 43 3 43 3 43 3 43 3 43

Shoreasp. ,13 o o 3 23 6 46 8 62 9 69 9 69 10 77 l2 92 i2 92

Shoreamecistopteryx 55 o o 19 35 23 42 39 71 43 78 44 80 45 82 48 87 48 87

Shoreaovata 29 o o 17 59 17 59 l7 59 17 59 17 59 17 or9 17 59 17 59

Shorealeprosula 82 o o 25 30 25 30 25 30 25 30 35 43 35 43 35 43 35 43

Shoreametarialis 32 o o 5 16 5 16 12 38 l2 38 12 38 12 38 12 38 I2 38

Table 6. Height Incrernent for Plot A in Phase One.

Species Nov.91 Dec.91 Feb,92 Mar.92 Jun.92 Aug.92 Oct.92 Dee.92 Feb.93 Apv.93 Jun.93 Aug.93 Oet.93 Dec.93 Feb.94

CaZophytlumfetrugineum 19.17 19.22 20.72 20.97 27.44 36.64 46.47 47.80 52.17 60.67 63.33 93.00 107.50 146.50 168.00

Duriocarinatus 22.02 26.33 33.59 36.30 43.93 56.17 56.96 60.20 63.61 65.20 69.20 80.55 86.00 86.44 96.92

Whiteodendronmoultonianum 26.55 28.85 35.34 40.66 59.01 67.27 77.32 92.05 108.67 122.81 137,23 l54.73 164.50 l67.71 200,17

Eugeniasp. l5.20 17.18 19.49 19,87 24.96 38.72 43,53 44.78 50.35 52.60 52.66 69.20 74.19 77.10 80.02

Cotylelobiumburchii 29.25 32.47 36.46 38.55 46.63 57.11 61.57 70.61 79.62 9L95 106.99 116.06 149.34 180.31 196.25

Hopealeerangasensis 44.5i 49.01 50.35 57.15 74.59 99.24 i2L79 147.07 148.33 156,45 167.85 182.56 194.56 200,50 260.45

Parashoreaparvifolia l6.50 20.60 22,59 24.38 30.03 39.44 40.70 54.64 61.92 73.58 88.79 118.83 130.71 171.36 183.64

Drblobalanopsaromatica 53.08 55.53 63.80 69.4i 95.82 109.33 129.29 153.54 174.54 186.57 205.12 264.50 267.71 273.73 286.24

Hopeabeccariana 27.04 33.34 36.I8 37.29 44.87 55.14 59.29 70.34 81.56 91.85 lli.54 119.00 149.36 l76,16 195.53

Shoreasp. 24.10 31.28. 35.12 38.41 44.19 65.64 85.34 89.56 loo.Dr7 I08.47 119.05 138.60 144.20 172.65 223.14

Shoreamecistopteryx 35.50 36.38 37,Ol 39.00 42.05 58.16 60.34 70.86 82.73 94.21 100.67 131.14 132.15 150.74 162.08

Shoreaouata 29.40 30.01. 33.08 34.29 35.80 56.18 65.56 79.35 90.36 122.81 131.14 150.74 162.08 166.32 172,04

Shorealeprosula 28.46 32.65 37.34 39.72 47,17 60.06 71.72 77.05 90.61 102,78 116.75 136,50 160.87 l84,24 204,7i

Shoreametarialis 40.67 46.09 46.63 48.67 55.40 69.36 73.82 83.03 89.07 97.90 110.25 133.09 146.48 174.90 184.37

8
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Table 7. Diameter Increment i'or Plot A in Phase One,

Speeies Nov.91Dec.91 Feb.92 Mar.92 Jun.92Aug.92Oct.92 Dec.92 Feb.93 Apr.93 Jun.93 Aug.93 Oct.93 Dec.93 Feb.94

Calophyltumferrugineum O.33 O.34 O.35 O.36 O.37O.55 O.71 O.79 O.99 1.03 1.05 1.34 L47 1.63 1.92

Duriocarinatus O.16 O.27 O.32 O.39 O.43O.54 O.55 O.80 O.86 O.87 l.04 L12 L13 1.17 L18

Whiteodendronmouttonianum O.46 O.53 O.64 O.67 O.96 1.27 1.67 1.92 2.19 2.32 2.68 2.95 3.47 4,13 4.88

Eugeniasp. O.14 O.I,5 O.22 O.23 O.25 e.56 O.66 O.68 O.79 O.80 O.80 O.81 O.83 O,86 O.89

Cotylelobiumburcleii O.25 O.25 O.38 O.42 O.51 O.78 O.87 O.98 1.04 L15 1.29 1.57 1.63 1.96 k.99

Nopeakerangasensis O.25 O.26 O.31 O.32 O.33 O.84 O.88 1.24 1.40 1.48 1,56 1.62 1.76 2.07 2.65

Parashoreaparvifolia O.12 O.26 O.32 O.39 O.39 O.67 O.90 1.02 1.20 1.52 1.62 i.80 2.02 2.32 2,55

Dryobalanopsaromatica O.78 O.85 O.90 O.90 1.03 1.53 l.95 2.26 2.40 2.55 2.70 2.91 3.35 3.55 3.63

Nopeabeccariana O.40 O.44 O.45 O.45 O.53 O.70 O,79 O.99 O.99 1.14 1.29 1.54 1.77 1.79 2.03

Shoreasp, O.25 O.27 O.28 O.30 O.35 O.54 O.82 O.87 O.99 l.05 L06 1.53 1.72 2.18 2.24

Shoreamecistopteryx O.46 O.53 O.62 O.63 O.64 O.92 1.06 1.08 1.18 1.54 1.65 1,81 2.I2 2.20 2.27

Shoreaovata O.16 O,23 O.30 O.30 O.33 O.73 O.91 l.42 1.58 1.64 1.98 2.07 2.09 2.12 2.15

'Shorealeprosula O.17 O,29 O.41 O.42 O.52 O.80 O.89 1,07 1.22 1.46 2.55 2.42 2.47 3.01 3.58

Shoreametarialis O.34 O.39 O.47 O.59 O.72 O.96 1.00 1.4i 1.58 1.63 L95 2.05 2.24 2.42 2.69
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N.

ryable 8･ Number og' 'Planted Seedlings and Mortality Rate for P}ot on l?}at Area in the Secondary Forest 'in Phase rliwo,

3monthold 6monthold 9monthold 12monthold 15montheld 18monthold21monthold
Species

Numberof
planted Number % Number % Number % Number % Number % Number % Number %

Eusideroxylonzwageri 27･ o o 1 4 l 4 1 4 1 4 l 4 1 4

Shoreamacrophylla 26 o o 1 4 2 8 2 4 2 4 2 4 2 4

Shoreamecistopteryx 30 o o 1 3 1 3 l･ 3 2 6 3 9 3 9

Pentaspodontzt'otleyi 36 2 5 3 8 5 13 5 13 6 16 6 16 6 16

Table 9. ITIeight Increment for Plot on Flat Area in the Secondary Forest in Phase Two.

Species Dec.91 Jan.92 Feb.92 Mar.92 May.92 Jun.92 Aug.92 Sep.92 Oct.92 Dec.92 Feb.93 Apr.93 Jun.93 Aug,93 Oct.93 Dec.93 Feb,94

EJusideroxylon2wageri' 6.28 61.30 61.81 63.96 69.90 74.78 76.87 78.13 78,56 86.51 87.89 93.37 96.33 101.37 103.80 106.11 108,65

Shoreamacrophylla 52.ors 53.85 54.72 55.67 60.58 64.57 65.48 65.93 65.97 69.60 73.64 78.84 83.27 93.51 99.02 108.72 113.14

Shoreamecistopteryx 32.14 36.47 38.61 39.57 52.54 61.02 66.56 68.91 69.23 79.48 93.31 106.19 l20.25 126.75 143.26 162.55 165.41

Pentaspodonmotlebli 23.94 31.90 37.31 41.99 62.12 75.71 88.66 97.82 98.26 li3.61 128.59 158.74 182.81 202.27 213.71 246.74 262.16

Tab}e le. Diameter Increment for Plot on Flat Area in the Secondary Forest in Phase Two.

Species Dec.91 Jan.92 Feb.92 Mar.92 May.92 Jun.92 Aug.92 Sep.92 Oet.92 Dec.92 Feb.93 Apr.93 Jun.93 Aug.93 Oct.93 Dec.93 Feb.94

Eusideroxylonzwageri O.73 O.78 O.80 O.87 O.94 O.96 O.98 1.05 l,07 1.i2 1.12 1,21 1.24 l.26 1.27 1,29 1.32

Shoreamacrophylla O.85 O.88 O.90 O.94 O.97 O.99 O.99 1.02 1.04 1.12 i.15 1.28 1.30 1,34 1.38 1.42 1.49

Shoreamecistopteryx O.63 O.65 O.68 O.70 O.76 O.80 O.81 O.89 O.92 O,96 l.04 1.20 1.25 1.33 l,44 1.54 1.63

Pentaspodonmotleyi O.36 O.42 O.49 O.56 O.68 O.77 O.86 1.00 1.02 1.18 l.35 1.62 1.74 1.95 2.06 2.27 2.36
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Table ll. Number of Planted Seedlings and Mortallty Rate for Plot on Slope Area in the Secondary Forest in Phase Two.

3monthold 6monthold 9monthold 12monthold 15monthold 18inonthold21monthold
Speeies Numberof

planted Number ge6o Number % Number % Number % Number % Number % Number %
Calophyllutnferrugineum 1 o o 1 100 1 100 1 ],oo 1 100 1 100 1･ 100

Duriocarinatus 15 2 13 4 27 7 47 12 80 l.2 80 12 80 l2 80

Hopeaheran.oasensis 4 l 25 2 50 2 50 2 50 2 50 2 50 2 50

Cotylelobiumburcleii 6 o o 1 17 2 33 4 67 5 83 6 100 6 100

Eugeniasp. 32 4 13 18 56 23 72 28 88 28 88 28 88 28 88

Shoreamacropdylla 6 o o 1 l7 1 17 1 17 1 17 l 17 ] 17

Shoreamecistopteryx 34 o o 1 3 1 3 3 9 3 9 3 9 3 9

Shoreaovata 50 1 2 4 8 5 10 11 22 11 22 ll 22 i2 24

Shorealeprosula 61 10 16 13 21 14 23 15 24 17 28 l7 28 17 28

Drblobalanopsbeccarii 14 o o 2 14 3 21 4 28 4 28 4 28 q 28

Table 12. Height Increment for Plot on Slope Area l,n the Secondary Forest in Phase Two,

Species gul.92 Sep.92 Oct,92 Nov.92 Dec.92 Jan.93 Feb.93 Mar.93 Apr.93 May.93 Jun.93 Jul.93 Sep.93 Nov.93 Jan.94 Mar.94

Calophyllumferrugineum i3.50 13.60 13.90 14.00 Dead

Duniocarinatus 41.41 44.30 44.61 44.80 45.59 49.90 54.50 55.68 58.37 65.60 69.33 76.00 81.13 88.67 103.00 115.63

Nopeaherangasensis 17.94 22.43 22.56 22.84 38.31 41.25 72.05 75.77 9I.94 102.20 ll4.50 125.85 133.42 15i.62 a69.65 185.49

Cotyletobiumburclcii 46.40 48.40 48.60 48.80 57.50 58.60 59.20 61.51 62.84 63.04 63.80 63.80 dead

Eugeniasp, 19.21 19.45 19.57 20.05 20.14 21.62 22.35 23.42 25.83 26.17 37.00 41.00 46.00 46.10 46.50 47.10

Shoreamacrophylla 43.17 44.40 44.73 45.12 44.38 53.90 55.42 56.51 55.I5 62.18 65.80 71.67 75.10 85,03 101.53 113.87

Shoreamecistopteryx 69.79 74.40 74.66 75.48 87.93 95.37 97.75 98.67 105.20 106.29 109.36 113.28 131.06 149.58 167.51 190.52

Shoreaovata 41.6I 51.79 51.99 52.68 65.69 80.46 84.14 86.48 99.70 103.72 118.17 121.00 145.78 176.02 l,99.82 212.39

Shorealeprosula 43.62 47.65 47.85 48.48 59.26 70.88 75.65 82.32 94.22 97.71 95.45 100.50 126.84 145.38 165.80 182.10

Dryobalanopsbeccarii 42.17 47.81 47.86 48.28 59.12 68.50 72.05 75.77 91.94 I02.20 114.50 125.85 i33.q2 151.62 169.65 185.49
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Figure 7. Height Increment for Plot on Slope Area in the Secondary Forest in Phase Two.
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Table 13. Diame£er IRcrement f'or Piot on Slope Area in the Secondary Forest Sn Phase rrxvo･

8
Species t}ul,92 Sep.92 Oct.92 Nov.92 Dee.92Jan.93 Feb.93 Mar.93 Apr.93 May.93Jun.93JuL93 Sep.93INov.93 Jan.94 rvIar.94

Calophyllumferrugineum O.210 O.211 O.215 O.220 dead

Duriocarinatus O,381 O,446 O,463 O.472 O.537O,548 O.558 O.582 O.696 O,704 O.740 O.744 O.809 O,963 1.057 L213

Nopealeerangasensis O.452 O.542 O.547 O.552 O.744 O.871 O.050 1.I41 1.283 1.274 l,342 1.346 l.561 1.726 1.919 2.177

Cotbltelebiunzburchii O,400 O.417
o,4ig[IIIIil23

O.452 O.458 O,495 O.507 O.508 O.509 O.51l O.513 dead

Eugeniasp, O.221 O.234 G.228 O.237 O.238 O.272 O.277 O,348 O.374 Oa381 O.449 O.451 O.467 O.515 O.583 O.593

Shoreatnacrophylta O.59i O.640 O.669 O.698 O,866 O.996 1.005 1.041 1.090 1.105 1.154 l.158 l.374 l.458 l,587 1,764

Shoreamecistopteryx O.942 1.I43 1.146 1.163 l,330 l.450 1.494 1.562 1,674 1.748 1.768 1,773 1,943 2.193 2,390 2.627

Shoreaovata O.538 O.655 O.660 O.666 O.787 O,882 O,965 1.047 1.120 i,120 1.168 1.173 1.390 1.563 1.672 1.833

Shorealeprosuta O.446 O.607 O.611 O.627 O.795 O.971 1.063 1.I08 L217 i,268 1.378 1.387 L6542.123 2.378 2.560

Dryobalanopsbeccarii O.492 O.604 O.618 O.624 O.806 O.951 1.025 l.150- 1.297 1,299 i.397 1.4e2 17511901-- 2.125 2.341

Table 14. Number of Planted Seedlings and Mortality Rate for Line Planting Plot in Phase rl]wo･

3monthold 6monthold 9monthold 12menthold l5monthold
Species

Numberof
planted Nlimber O/e Number Yo Number % Nurnber % Number %

Eusideraxylonztuageri 36 o o o o 4 ll 4 11 4 11

CatophyllumferruginetLm 67 4 6 24 36 33 49 40 60 40 60

Duriocarinatus 47 2 4 8 17 11 23 ll 23 11 23

Duriozybethinus 70 1 1 1 1 1 i 1 1 1 1

Garciniasp. 2 o o o o o o o o o o

VVhiteodendronmoultonianum 2 o o o o o o o o o o

Dipterocarpuscrinitus 2 o o o o o o o o o o

Shoreamecistopteryx 75 o o 6 8 9 12 9 12 9 12

Shoreaovata 66 2 3 5 8 8 12 8 12 8 l2

Shorealepnosula 75 o o 1 i 5 7 5 7 5 7

Palaquiumsp, 2 o o o o o o o o o o

Vaticanitens 17 1 6 5 29 6 35 9 53 9 53

Shoreamaterialis 21 5 24 7 33 8 38 9 43 9 43

Eugeniasp. 7 o o o o 1 14 2 29 2 29

Upunabomeensis 22 o o 1 5 1 5 4 18 4 18

Parashoreaparvifolia 13 o o 1 8 1 8 2 15 2 15

'
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b. Heightincrementofpiantedseedlings.

  Only Shorea mecistopteryx reached 125.97cm

in height and left Shorea leprosula behind with

97.26cm. Whiteodendron moultonianum only

had 22.66cm in height after 15 months (Tab}e l5,

Figure 11 and Figure 12).

c. Diameterincrementofplantedseedlings.

  Table 16 shows the diameter increment for 16

species selected for this plot. Shorea

mecistopteryx had the fastest diameter growth

with l,40cm, fo}lowed by Dur"io zybethinus with

1,32cm. Calophyllum ferrugineum had the

smallest diameter with O.28cm (Figure 13 and

Figure l4).

  8.5. Plantedonthemoundintheopenarea.

  A}l seedlings were plaRted on a mound wlth a

size of5 meters by 50 meteys. The mound was

builtto a height of1 meter using topsoil. Soil

ploughing was done befoye adding the topsoil to

the planting area. Planting density of 3 seed-

iings per 1 square meter with mix species was

applied,

a. Number of planted seedliRgs and survival

   morta}ity rate.

  I5 species were chose to be p}ant･ed at this ex-

perimental plot. Calophyllum fei"rugineum

had the highest number of planted seedlings

with 107 seedlings, followed by Shorea

mecistopteryxwithI05seedlings. Sevenspecies

were planted at fewer than 10 seedlings per

species, acc6rding to their avai}abi}ity at the

time of plantiRg.

  Calophyllum ferrugineum ltad the highest

mortality rate with 64%, fol}owed by Hopea

kerangasensis with 55%. Durio carinat"s,

Whiteodendron moultonianum, Pentaspodon

motleyi, Vatica sp. and Shorea macrophylla

had the lowest mortality rate with O% (Table

l7).

b, Heightincrementofplantedseedlings,

 Table 18 shows the height increment for 15

species. Pentaspodon motleyi was the highest

increment in height with 435.00cm follow by

Vatica sp. with 430.00cm. Amongst Shorea

spp., Shorea leprosula has the highest height

with299,18cm. Calophyllumferrugineumonly

reach l25.92cm after 27 months of planting

(Table 18, Figure l5 and Figure 16).

c. Diameterincrementofplantedseedllngs.

  Pentaspodon motleovi had the highest

diameter increment at ll.88cm, followed by

Vatica sp. with 9,99cm. CalopdyIZum
ferrugineum only has 1.39cm in diameter incre-

ment. AmongstShoreaspp.,Shorealeprosula

hasthebiggestdiarneterwithat4.97cmfollowed

by Shorea macrophovlla with 4.65cm (Table l9,

Figure 17 aRd Figure 18),

9. Discussion

  From the results, it appears that planting of

indigenous species on open areas especially
                                      {-
abandoRed shifting-cultivation areas can be

very successful. Species recornmended for

p}antiRg on open area are Dryobalanops

aromatica, Shorea laprosula, S, macropdylta,

S. ovata, Hopea kerangasensis, Whiteodendron
     '
moultonianum, Vatica nitens and Pentaspodon

motleyi, These species are belong to the

coastal forest (see pp. xx - xx: Fujjwara et al,

1995), Species of Eugenia and Calophyllum

ferrugenium are not we}1 recommended because

of their slow growth. Shorea mecistopteryx

can grow in open areas but needs a site where

strong wind does not occur. Shorea mecisto-

pteryx has big leaves which eas"y blow off in

strong wind and if this happens, the seedlings

can die easily. Shorea mecistopterblx can be

found in IV{ixed Dipterocarp Forest on gently un-

dulating low hills throughout Sarawak,

  For plantation of indigenous species under

shade or under trees, recommended species are

Shorea ovata, S. macrophylta, S. mecisto-

pteryx, S. Ieprosula, S. gibbosa, Hopea

kerangasensis, H. beccariana, DryobaZanops

aronzatica, D. beccarii, Pentaspodon motleyi,

Eusideroxovlon 2wageri, Durio aybethinus and

Garcinia sp.



Table 15. Height Increment for Line Planting P2ot in Phase rpwO･

Species t}uL92 Aug.92 Sep.92 Oct.92 Nov.92 Dee.92 Jan.93 Mar.93 Apr.93 May.93Jun.93 Jul.93

Eusideroxcrlon2wageri 62.96 63.46 64.21 68.93 70.15 72.92 74.45 78.62 80.00 82.05 84.06 8Z16
Calophyllumferrugineum 8.41 8.89 10.02 10.08 IO.29 12.96 13.16 14.96 15.97 17.09 20.69 25.34

Duriocarinatus 29.18 29.80 30.28 32.55 32.84 35.27 35.76 36.45 37.80 40.40 42.39 44.76

Durioaybethinus 52.39 53.46 54.08 57.78 58.I5 65.04 68.26 72.24 75.28 77.06 81.25 85.16

Gareiniasp. 50.82 51.93 52.61 56.35 56.71 63.51 66.57 69.34 72.40 72.6Jr 76.93 80.16

PVhiteodendronmoultonianum 15.40 16.00 16.33 17.iO 17.t;4 18,26 18.95 19.26 20.43 20.79 21.22 22.66

Dipterocanpuscrinitus 46.1,5 47.04 47.53 51.39 51.81 57.24 58.53 59.31 62.14 62.76 66.41 76.32

Shoreamecistopterblx 68.96 69.71 70.45 80.31 80,66 92.69 92.78 I07.97 liO.13 118.80 122.39 125.97

Shoneaovata 32.32 33.72 35.92 47.25 4Z53 55.25 61.93 69.91 72.33 83.57 88.35 90.85

Shorealeprosula 30.77 30.81 32.62 44.34 44.59 51.26 59.48 70.99. 73.42 89.96 93.98 97.26

Palaquiumspp. 29.55 30.62 31.51 43.57 45.30 49.29 56.67 68.33 70.75 83,63 87.69 90.07

Vaticanitens 27.13 27.46 27.76 28.20 30.12 31.26 31.56 35.62 41,86 43.68 44.98 45.57

Shoreametarialis 45.59 45.82 45.96 46.09 46.21 52.54 53.23 5Z28 60.07 63.92 66.83 69,97

Eugeniasp. 43.60 44.55 45.82 45.90 46.16 48.92 49.91 53.23 56.00 58.28 60.84 63.56

Upunaborneensis 37,57 38.04 38.40 40.44 40.85 4L35 41.87 42.98 44.83 46.04 46.72 48.94

Parashoreaparvifotia 32.90 33.38 33.39 36.96 37.34 39.02 39.88 41.42 42.87 45.57 56.62 58.93

Table 16. Diameter Increment for Line Plantlng Plot in Phase rliwo.

Species tJul.92 Aug.92 Sep.92 Oct.92 Nov.92 Dec.92 Jan.93 Mar.93 Apr.93 May.93 Jun.93 Jul.93

Eusideroxston2wageri O.86 O.88 O.88 O.96 O.99 t..oo 1.02 1.07 ,i,07 1.09 1.10 l.13

Calophyllumferrugineum 0.16 O.17 O.18 O.20 O.21 O.22 O.24 O.27 O.28 O.28 O.28 O.28

Dtcriocarinatus O.30 O.31 O.33 O.36 O.37 O.38 O.43 O.45 O.45 O.46 O.46 O.46

Durioxybethinus O.94 O.98 1.00 l.i6 l.i6 i.17 1.22 1.27 1.27 1.28 1.30 1.32

Garciniasp. O.90 O.95 O.97 1.12 l.13 l.14 1.18 1.23 1.23 1.24 1.27 1.27

!4ihiteodendronmouUonianum O.22 O.23 O.23 O.24 O.25 O.25 O.26 O.27 O.27 O.27 O.28 O.29

Dipterocarp"scrinitus O.85 O.88 O.90 1.06 1.07 1.08 1.09 l.13 1.13 l..14 l.I6 1.I6

Shoreamecistopteryx O.88 O.90 O.93 1.00 LOI 1.13 l.14 1.34 1.35 i.35 l.40 1.40

Shoreaovata O.37 O.39 O.40 O.50 O.50 O.54 O.61 O.68 O.68 O.74 O,74 O.75

Shorealeprostcla O.38 O.40 O.41 O.52 O.71 O.72 O.72 O.81 O.81 O.89 O,89 O.90

Palaquiumspp. O.39 O.40 O.42 O.52 O.54 O.58 O.71 O.79 O.79 O.86 O.86 O,87

Vaeicanitens 0.29 O.30 O.31 O.39 O.39 O.39 O.42 O.46 o.q7 O,49 O.49 O,50

Shoreametarialis O.40 O.4I O.44 O.45 O.46 O.51 O.52 O.56 O.56 O.58 O.58 O.59

Eugeniasp. O.41 O.43 O.43 O.47 O.48 O.t19 O.51 O.53 O.54 O.56 O.56 e,56

Upunaborneensis e.62 O.63 O.64 O.71 O.72 O.73 O.74 O.77 O.78 O.79 O.79 e.so

Parashoreaparuifotia O.55 O.56 O.57 O.65O.66 O.66 O,68O.69 O.71 O.73 O.73 O.74
es
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rl"ab1e 17. NLnnbei" of pianted seedlings and ?vioi-taEtv Rate for }ttlound l'1ot,

Speeies

  Caloplt),llttnz ferrugitteanz

., Du,'i,g. Ela{;g.{l,aL,!tfi..,,

  Hihiteodendrott mottltoniar{'[ttJI

  f'Jopea leet'angasensis

  I'entaspodott nzotteyi

  Vatica sp.

I
Num})er of

I
3

Eugenia sp.

Hopea beccariana

Dryobalatzops beecarii

Shorea meciseopLeryx

Shorea .cribbosa.

Shorea ovata
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Tab}e 18. j'ieight Increment for Mound Plot.

Species Aug.91 Sept.91 Nov,91 Mar.92 May.92 tJul,92 Aug.92 Oct.92 Dec.92 Feb.93 Apr.93 Jun.93 Aug.93 Oct.93 Dec.93 Feb.94

Calophyllutnferrttgineum 17.59 19.18 23.57 26.99 31.41 33.83 36.94 4L91 47,56 56.97 63.57 80.94 106.60 1l2.60 114.98 125.92

Duriocat-inatus 35.40 43.10 44.20 46.70 47,6or 48.IO 49.56 52.31 54.40 68.30 83.40 l12.00 l35.00 144.00 l50.00 l77.00

Whiteodendronmoultonianum 35.67 40.17 53.83 87.70 98.27 le5,83 11l,.23 125.64 135.07 156,03 .L72.43 190.00 194.33 225.33 241.67 261,OO

llopealeerangasensis 15.45 l8.83 23.42 27.82 37.56 42,95 53.38 63.65 75.67 85.16 97.62 115,40 139.04 149.24 176.74 215.64

Pentaspodonmotleyi 24.70 27.10 32.60 62.30 79.70 93,30 121.70 149.50 172.40 189.10 21,4.20 255.00 300.00 358.00 370.00 43ro.oo

Vaticasp, 28.50 38.10 38.30 58.60 67.90 77.80 103.50 l46.50 187.20 231.50 266.10 308.00 338.50 360.00 372.0e 43o.oe

L]ugeniasp.35.83 37.73 46.77 58.73 63.43 64.73 84.00 102.75 l18,35 132.45 144.45 151.80 160.00 174.50 190.50 215.00

f'Iopeabeccariana 27.60 32.59 40.12 54.42 62.i3 66.00 67.29 8L06 87.93 98.19 107.34 122.69 141.57 151,.99 175.81 194.00

II)ryobatanopsbeccarii 34.34 37.74 46.53 63.41 80.63 88.23 93.18 103.52 123.24 135.60 147.11 164.08 182.42 l93,36 214.39 236.12

Shoreamecistopteryx 35.04 36.93 42.30 47.42 50.35 54.49 58.31 70.10 86.22 101.02 l,l,4.48 128.33 141.44 161.60 180.52 215.31

Shoreagibbosa 30.93 35.63 4i.92 53.27 58.47 58,97 60.43 69.78 78.08 83.43 118.10 }35.97 156.00 l85.00 199.67 244.00

Shoreaovata 24.85 25.66 32.00 46.87 55.07 61,90 70.62 80.68 91.61 113.79 128.85 }49.97 165.83 196.93 226.21 254.93

Shorealeprosula 29.01 34.75 48.99 73.70 88.72 99.44 102.21 121.02 l,51.70 168.71 181.62 199.03 212.1,O 242.46 264.60 299.18

Shoreamacrophylla 50.40 53.57 61.43 85.20 95.20 95.80 107.20 132.46 156.17 180.43 185.53 203.00 211.67 223.67 252.67 286.67

Shoreamaterialis 36.26 40.98 48.76 57.34 69.72 71.21 76.13 91,.84 112.67 l28.33 141.41 160.31 174.63 193.81 212.83 240.81



Table 19. Diameter Increment for Mound Plot,

Species Aug.91 Sept.91 Nov.91 Mar.92 May.92 JuL92 Aug,92 Oct.92 Dec.92 Feb.93 Apr.93 Jun.93 Aug.93 Oct.93 Dec.93 Feb,94

Calophytlumferrugineunz O.30 O.34 O.38 O.46 O.49 O.51 O.58 O.59 O.65 O.75 O.83 O.96 1.17 1.24 l,31 1.39

Duriocarinatus O.33 O.49 O.53 O.67 O.71 O.75 O.76 O.94 1.24 1.tl8 1.63 1.88 e2.31 2.32 2,72 2.81

Whiteodendronmoultonianum O.38 O.42 O.55 O,87 1.37 1.51 1.68 1.95 2.15 2.26 2.40 2.75 2.94 2.99 3.18 3.39

Hopeahet'angasensis O.I9 e.22 O,27 0.34 O,51 O.62 O.68 O.89 L08 1,24 l,51 L6g12,os 2.38 2.80 3.I4

Pentaspodotzmotle.yi O.32 O.35 O,41 O.45 O.52 O.54 2.00 2,98 4.36 5,32 6.86 8.31 9.I4 10.29 l1.09 l1.88

Vaticasp. O.21 O.24 1.01 1.33 L44 1.48 1.77 2.47 3.15 3.77 4.07 4.26 6.33 7.40 8.32 9.99

It'ugeniasp. O.29 O,36 O.42 O.74 1.02 L13 1.26 l.45 l.62 l.86 1.95 2,09 2.24 2.25 2.43 2.61

f'Jopeabeccariana O.32 O,37 O.46 O.65 O.72 O.79 O,87 l.06 l.19 l.30 1.36 l.49 1.64 2,03 2.20 2.45

Dryobalanopsbeccarii O.34 O.40 O.55 O.83 1.07 l.23 l,38 1.64 l.86 2.08 2.2or 2.39 2.64 2.84 3.10 3.38

Shoreamecistopeer)yx O.63 a.67 O.75 O.82 O.87 O.9Q O.91 1.I2 1.35 1.59 1.78 1.93 2.23 2.42 2,73 2.{4

Shoreagibbosa O.54 O.57 O,61 O.74 O.87 O.97 1.09 1.28 L40 1.ro3 2,02 2.27 2.46 2.90 3.02 3.oro

Shoreaovata O.26 O.29 O,38 O.56 O.69 O.80 O.90 O.97 1.08 1.32 l.44 1.54 1.58 1.95 2.17 2.4i;

Shoreatept'osula O.36 O.44 O.74 Ll3 1.4i; 1,62 1.73 2.04 2.oraj 2.92 3.I2 3.35 3.53 4.01 4.52 4.97

Shoreamacrophbllla O.66 O.68 O.93 1.58 1.60 2.07 2,07 2.68 2,79 2.9.8 3.I5 3.40 3.87 4.30 4.41 4.65

Shoreamaterialis O.28 O.31 O.48 O.51 O.64 0.73 O.79 O.96 Ll2 l.31 1.49 l.64 2.03 2.04 2.25 2.50

ee
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Prob}ems encountered

  During the project implementation, several

prob}ems were encountered including the fol-

lowing:

1. The planting stock is substantial consider-

ing the problems faced during the project,

namely irregular fruiting of dipterocarp tree

species and the increasing inaccessibility of

virgin forests, Fresh seeds could only be col-

}ectedduringthefruitingseasons. Thefruiting

of Dipterocatpaceae is irreguiar and has no

definite seasons: Unpredictable flowering and

fruiting of Dipterocarpaceae has made it diffi-

cuk to plan the production of sufficient planting

stock. In addition, accessibility to tree seed

sources is becoming more difficult since most

lowland forested land has been harvested or con-

verted into agricttltural plantations and other

land development. Most undis£urbed forests are

located further inland and are more difficult to

reach. Unpredictable flowering and fruiting of

Dipterocatpaceae has made it difficult to p}an

for the production of sufficient plantlng stocks,

Therefore, the choice of dipterocarp species for

research is indeed iimited,

2, In 1990-1991, the prolonged drottght was the

major cause of concern. Drought affected the

planting program and mortality of the seed-

lings, both in the fie}d and in the nursery.

3. Wi}dings have been unyeliable as collected

wildings have shown higher rates of mortality.

4. Weeding after planting requires a lot of

effort as the ciimate is conductive to weed

growth, After three years, weeding is already

not neccessary.

5. The qttality of the seedlings was not ho-

mogenous, Some seedlings were good (we}1

maintaned under shade), but some seedlings

were planted too early under direct sunlight.

Therefore, surviva} rate became lower espe-

cially Calophstum spp, Calophovllum spp. gro vLr

slower than other species,

6. Some specles were not potential natural

species in Universiti Pertanian Malaysia

campus, such as Eusideroxylon 2wageri and

Shorea mecistopteryx. Therefore, their

survival rate is very low.

7. Wild seedlings: only small wildings had

good survival rates as potted seedlings. The

maximumheightofwildpottedseedlingswas40

to 50 cm or up to two or three young leaves.

8. Some plantatlon areas have bad drainage,

soil erosion occurs easily after a heavy rain.

Because of bad drainage, areas unsttitable for

plant2ng the seedlings occured on uRdulating

areas where the areas were too moist. A good

drainage system should be prepared,

Therefore, planting on mounds were recom-

mended because of the better growth rate.

9, Mu}chingmateria}: experience from Abas

Plot which used a coconut fiber for mulching

material suggested th at eoconut fiber was not a

good mulching mateyial. Coconut fiber store

lots of water and cannot give enough air for

seedlings, When this happen for a long period,

survival rate of planted seedlings are down.

Important things choosing a good seedlings.

1) Size of seedlings: for the small wi!dings

under 40 or 50 cm with a well developed root

systern were good for potting and planting.

2) Enoughhardeninginthenursery:seedlings,

after 6 months hardening in the nursery under

shade, grow very well and due to their good root

systems are succesful when plaJKed.
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