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-Site for the establishment of a nursery
and channel.

Plot for observation of natural forest
in Block H (Rhizophora sp. has invaded
the site where Sonneratia sp. grows).
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for plantation.

‘Plot for observation of natural forest
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and observation plank road(Block I at
the 1left hand side and Block 1 at the
right hand side).

Plot for obssrvaiion of natural
forest(Block H at the left hand side
and Blockl at the right hand side).

Location of observation plank road in
demonstration forest of Block I







1. OUTLINE OF THE PROJECT
1=t 'Background and DetailS"

Apart from timber production, mangrove forests have many
'functlons anludlng environmental conservation and enrich-
‘ment of fisheries resources, etc., They are valuable forestry
‘and environmental assets which are deeply - involved in the
1ife and industry of the people living in tropical areas.

_ _In recent years, with the development of coastal areas

due:. to such factors as populatlon increase, the area of
mangrove :forest has been shrinking due to conversion to
paddy fields, aquaculture ponds, salt pans, etec:. and
exploitation by the local people and others for fuel and
building materials.

In these circumstances, the 1mportance of  management
and conservation of the world's mangrove forest resources,
the  establishment . of afforestation  technology and
sustainable management‘is=being'recognised.

Fﬁrthermoré, in respect of the decline of mangrove
.forests in Indonesia, proper conservation and -managemenkt of
the development of mangrove forest - resources is be;ng'
demanded for the sake of timber production, coastline
conservation and .scenic conservation. Additionally, the
urgent fegenération and restoration of mangrove forests has
become important in devastated areas such as the cut over of
mangroves forests and evacuated prawn farms in former aqua-
culturé. areas. These are the circumstances which have
prompted the Japanese government - to undertake feasmblllty
study activ1t1es, details of which are set out below.



- Jaﬂuary'1992 : A prlmary basic survey was conducted to
investigate the feaSlblllty of a project to gather basic
data on mangrove forests.

- April 1992 : A secondary basic survey was donducted to
sumﬁarise potential areas'for the expérimental study.

- June/July 1992 3 A prellmlnary plannlng survey was
conducted to dlscuss the baszc structure of the Project,
the admlnlstratlve system for the PrOJect measures to
be taken by both countries, a planned Record of
Discussion .(R/Dl_and a planned Tentative Schedule of

.Implement&tion:(TSI); ' S

- Odtober/November 1992 : A 'survey was ‘conaucted. for
preliminary planning (R/D) to discuss and sign the R/D
and TSI. The R/D was concluded on 4 November 1992.

1-2 Dispatch of Survey Team -

_In accordance: with the R/D which was concluded on 4
November 1992, detailed designs were drawn up for specific
buildings; forest roads, nurseries, project sites (for trial
plantation areas and the establishment 'of ' experimental
sections of natural  forest), etec., and a Surveyltéaﬁ_was
dispatched to gather information on activities related to
on-site operatlonq and to hand them over for the supervision
of operatlons. ' : ‘ )

1) Period of Assignment

21 December 1992 to 3 February 1993 (45 daye)



2) Composition of Survey Team

Name"

Tadao Ohara

Yoshimi Imai
Fumio Asaka -

- Responsibility Organization

‘Team leader/project Japan Forestry

. site design : Technhololgy Association
Forest roads ditto

Nursery and facilities ditto

3) Survey Program

Survey program is as shown in Table 1

Day.
K
2

10
11
12
13
15
16

17

17

Date
12/21
12/22

12/23

12/24

12/25

12/26
12/27
12/28

12/29
12/30
12/31
1/
1/
1/

G W N

1/

1/ 6

{M)

Details .
Move from Tokyo to Jakarta .

(T} Courtesy call at Japanese Embassy & Ministry

(W)
(7).

. project team

(F)

(s)

(8)

(M}

(T)
(W)
(T)

(F)

(S)
(s)

(M)

(T)

(W)

of Forestry, meeting at JICA
Move Jakarta to Denpasar

Courtesy call at Consular Office, meeting with

Explanation of proposed project sites to
project team
Survey of forest roads

Courtesy call at Kanwil Bali, explanation of
the work, courtesy call at Dinas Kehutanan
Survey of forest roads '

and . : - : _

Meeting at Balai RLKT No. 7 with counterparts

Move'frqm benpasar-té Mataram, courtesy call
at Kanwil NTB, meeting at Sub-Balai RLKT No. 7
Determination of project site at Lombok



18

19

20 .
21

22

23

24

25

' og

27
28

29

30

31
32
33
34
35

36

37

38
39
40

41
42

1/ 7

1/ 8
1/ 9
1/10
1/11

1/12.

1/13

1/14

1/15
1/16
1/17
1/18

1/19

1/20
1/21

1/22
1/23
1/24

1/25
1/26

S 1/27

1/28
1/29

1/30
1/31

(T)
(F)
(s)

(s)
(M)

and SR
Explanation to SubuBalai RLKT No. 7

Move from Mataram. to Denpasar
Discussion with the project team concerning

_ total plannlng,émeetlng relative to operatlon'

(T)

(W)

{T)
(F)
(s)
{8)-

(M)
(T)

(W)
(T)
(F)
(8)
(8)

{M)

(T}

(W)

(T)

(F)

{8}
(s}

plannlng of each field

and . .
TOpographlc survey of prOJected nursery,,
determlnatlon on-site of observatlon footpath
route

‘Survey with Kanwil Bali, Dinas Kehutahaﬁ,'c/p,

experts for confirmation of the PrOJect sites
Data collection for calculatlng construction
costs related to operations

and. - : SRR

Preparation of charts, etc.

Move (Team Member Asaka) Denpasar to Jakarta,
preparation of list of transferred materials
and related data 1nvest1gat10n

Explanation of plan summary ‘to Ba1a1 RLKT No.7
Explanatlon of plan summary to- ‘Kanwil Dlnas
Kehutanan, meeting with project team

Move from Denpasar to Jakarta

Report on on-site survey at JICA office
Estimation of construction costs, arrangement
of transferred materials, data collection



LURY

43

44
45

(1)

(2)

{5)

(6)

(7)

2/ 1 (M) Report to Director of Afforestation, Ministry
- of Forestry, explanation of survey details to
JICA Office Director, collection of
~ information related to work execution
2/ 2 (T) Move from Jakarta
2/ 3 (W) to Tokyo

- Principal Intexrviewees

Japanese Embassy in Indonesia

Seto Nobuhisa, First Secretary
Minoru Ishida, Consul Resident officer in Denpasar

JICA Indonesia'Office

Akira Takahaéhi, Director
Kenichi Shishido, Staff

Ministry of Forestry

- Purwadi Mangunwardojo, (Chief of Division of
Reforestation and Regreening, Directorate General of
Reforestation) o

Asep Suwarna, Staff of Foreign Tenical Cooperation
‘Section '
Yudi Sutrismo, ditto

Ministry of Forestry, Kanwil Bali

Effendy A. Sumardia, Kepala Kantor Wilayah
MGS Rimbawan, Kepala Seksi Reboisasi

Land Rehabilitation and Soil Conservation Centre
Region VII (BALAT RLKT No. 7)



Nasor1 S. Dja3alaksana, Kepala Balai RLKT No. 7 (Centre
: : : Chief)

Esti Wenlng Sarawatl, Nurseries C/P

Abdul Razan, Afforestation c/p

Sub- Balal RLKT No. 7 Bali

Yusuf Kamar, Chief of Monltorlng and Evaluatlon Sectlon
Suqularto, Chief of . Technlcal Plannlng Sectlon'
. Sub- Balal ‘RLKT No. 7 NTB

Suhardi S ‘W., Kepala Sub-Balai RLKT NTB

'(9)_Dinas Kehutanan Bali

'Ir. Gede Nyoman Hiranatha.'Kap; Subdiv. Bina Hutan
Ir. Hetut Subawa, Kap. Sek31 Perllndungan L
I. Ny Putra Aonyana, Staf RPH Prapat Benoa

(11) KANWIL NiT.Bn
Hery:Subagjo-
(3) Project Experts

Shoshi Tanaka, Team Leader

Seishi Miura, Nursery

Shuichiro Namada, Silviculture

Shinji Hayashi, Ecosystem

Ryuichi Terui, Forest Management

Hideki Hachinche, Liaison Officer : .o T



2. PROJECT IMPLEMENTATION PLAN
2—1,;0b5ective5'of the Project

‘The Project will be carried out in Bali and Lombok
Islands,. Indonesia, for“_the purpose of collecting useful
data,. establishing technology to recover mangrove forests,
and setting up of technical and managerial methods for the
Sustainable Mangrove Management System in the recovered
‘areas, which. will contribute to the promotion of re-
afforestation and the sustainable development of the forests
in the :tropics, by the surrounding communities and the
private sector,

2-2 Activities of the Project

. To attain the above-mentioned objectives, the following
coopéeration activities will be implemented:. 2

(1) Selection_of tree species for mangrove plantations
. (2) Development of silviculture technique
(3) Cost-éstimation_for mangrove plantation

(4) Study on - effects of mangrove forest on surrounding
envirqnment.

(5) sStudy on' conservation ménagement of flora and fauna in
the mangrove ecosystem in the Project sites

- {6) Pests and disease control techniques

(7) Study on the social and economic benefits for forestry
and fisheries in the mangrove forests and surrounding



areas _
(8) Preparation of a mangrove forest management model

(9} Development ‘of  utilisation teohnlques for mangrove
-forest products ‘ -

'(10) Other activities:

(a)'cbnstfuction of roads;
(b) establishment of nursery; and :
(o) constructlon of offlce, storehouse and others

2-3 Basic Implementation Plan

The project items set out 1n Sectlon 2-2 which are to be
‘performed in this experlmental study activities shall be
carried out through: a trial plantatlon and. an observation
survey of a natural forest. In addition, the facilities
which are necessary for this ‘'shall be constructed

1} Trial plantation

The trial plantation which is to be undertaken: by this
Project . aims to examine whether  the creation of an
1ndustr1al plantat:on would be feasible or not. 'Howéver, in
Indonesia at present, coastal forests 1noludlng mangrove
forests are regulated by Presidential Ordinance No. 32 of
1990, 'Management of TProtected Lands", as -a protected
forests. : C ' ' :

Also, ‘when creatlng an industrial plantation, lt w1ll be
necessary to control _the influence of waves and sand
movement with a ‘mangrove forest which acts as a green belt
to protect the production forest.



The, species of trees which make up a mangrove forest
have large seeds which . are moved only by the flow of the
tides, so it can be saild that. crossings does not oceur
between wide regions. It will be necessary to consider each
 Indonesian province -as ‘a source area. for sceds, to display

the tree species which constitute mangrove forests, and also
to test seeds of each source area separately for their
suitability to the project site.

From the above, it follows that trial plantations will
be of three types: '

A1) Trial Plantation A - planted as a production:forest,
(2) Trial Plantation B - planted as a conservation forest,
(3} Trial Plantation C - planted as a demonstration forest.

(Planning details_.are discussed in Section 2-5 Trial
Plantation Plan.) '

' The  above trial plantations shall be carried out over
four years from the first year of the project (1993) to the
- fourth year (1996) in areas totalllng 200 ha, 150 ha in Bali
and 50 ha in  Lombok. Supplementary planting will be done
only in the fifth year (1997). The areas to be planted
each years are as follows: :

1st year (1993) 30 ha (Ball 30 ha)
2nd year (1994) 60 ha (Bali 50 ha, Lombok 10 ha)
3rd year (1995) 60 ha (Bali 40 ha, Lombok 20 ha) -~
4th year (1996) 50 ha (Bali 30 ha, Lombok 20 ha)
5th year (1937) supplementary planting only

Total 200 ha (Bali 150 ha, Lombok S50 ha)

2} 'Natural forest observation survey



A long time will be ‘required to regenerate and restore
mangrove forests by planting’ and it will ‘be’ ektremeiy
difficult to obtain sufficient data during the period of
!this'pronCt, ‘The basic data heCéssary in ‘order to create
production forests and establish a sustainable ‘management
system shall be complemented by conducting observation
surveys of .naturél forests. Natural forest experimental
observation areas shall be 50 ha in Bali ‘and 50 ha in
Lombok. ' ‘ '

3)  Construction of related facilities

In  order to 'implement this experimental stﬁdy, ‘the
- following related facilities shall be constructed:

(1) Centre : A group of buildings such as Projeét Office,
laboratory, work sheds, etc.

(2) Nursery : For pfoducing séedlings for trial plantations
(3) Forest roads : Access road from the public rda& past the -
‘Nursery to the Centre and part of the

working road

(4) Observation footpaths : Wooden footpaths for |
observation surveys of the natural forest

10



Project areas in Bali and Lombok shall be as follows:

Table 1' Project Areas

: e : _ (Unit : ha)
Location| . -Bali _ Lombok

S - Total
[tem Benao ‘Perapat|Gili Sulat|Gili Petangan|Teluk ¥aru
{Trial = 150 50 200
|plantation .

Natural'foreSt . _

observation - 50 50 100
site ' _ :
Centre 0.7 . 0.7
Nursery 0.8 0.5 L3
Totak 201.9 - 50 o0 0.5 302

2-4 Project Sites

Project sites are the Benca Prapat national forestland
in Benoa Bay in the south of Bali Island and Gili Lawang
Sulat Petangan national forestland ‘in the northeast of
' Lombok Island. (See Fig. 1 Location map)

1) Bali

 Benoa Prapat national forestland is located about 10 km
south of the Province ‘capital, Denpasar. ' Its northern side
is an extfemely broad shallow inlet with gentle waves formed
from an ‘alluvial plain produced by rivers and streams
flowing from the mountain range which forms the spine of the

-11-



'1sland of Bali and an lsland jOlned to’ the shore (Bukit Batu)
on.the other side, At one time, there was a coastal mangrove
forest which flourlshed here on a large scaleé but the tidal
belt' is now used as a prawn cultivation pond .(Tambak}.
Consequently, the mangroves remain as a belt ‘along the
coastline. :

Benoa Prapat national forestland is 492 ha, of which
334 ha is occupied by the Tambak (Tambak 282 ha, canals
21 ha, other 31 ‘ha) and the natural mangrove forest is
158 ha. (See Fig. 2) ' : -

(1) Centre and Nursery

‘About 6 ha of the 31 ha of "other™ lénd in the.national
forestland is flat land which is grassed at présent and it
is here that the Centre and Nursery will he established.

{2) Trial plantation site

In the three years, 1990, 1991 and 1992, the whole of
the Tambak in the national  forest has been returned to the
Ministry of Forestry and plantings to restore the = mangrove
forest have been conducted there in 1990/91 and 1991/92

In July 1992- a’ survey of the planted area showed a
survival rate of less than 30% over most of- the Tambak and
in August 1992, since the budget for planthg in regpect of
' the area resumed in 1992 had been determined prior to the
signing of the R/D for the Project (the R/D was signed on
4 November  1992), the Bali Provincial Forestry Service
(Dinas Kehutanan), which is  responsible  for project
operations, carried out the planting. IR '

With this as a basis, the trial plantation sites have

-12-



been determined  in cothltation with the ' Director of
Reforestation and Regreening, Ministry of Forestry, the
Chief of Regional Forestry Offlce, Bali, the Chief of Land
~ Rehabilitation and Soil Conservation Centre No. 7, the Chief
of Forest Protection Section of Provincial Forestry Service
and Project experts.

~a : The national forests are divided into blocks I to V of
: which Block IT shall be a site for the project operations.
‘Land resumed in - 1992 shall be the site of the trial
plantation to performed within this Project ia 1993,

b : . As for the remaining blocks I, III, IV and V, the
 Reg1onal Forestry Office shall carry out plantlng in reSpect
_of the 1992 resumed land. ' '

¢ : In respédt_df blocks T to V, a survey to appraise areas
~already planted in '1990/91 and 1991/92 shall be carried out
by the Bali Forestry Office, Land Rehabilitation and Soil
'Conservation.Centre_No..7, Provincial Forestry Office and
the project members, (the appralsal survey to be based on
the. results of the July 1992 survey) and they shall
demarcate sites for trial plantations after 1994.

d : A trial plantation on sand deposits shall be made on the
sand deposxts on the seaward side of the natural forest in
Block V. .

(3).Experimeptal site for observation of natural forests
The site fdr'obsefﬁing natural forests shall be 50 ha of
the natural forest which spreads out on the seaward side of

the Tambak ‘The natural forest observatlon site shall bhe
divided into blocks I and II. ‘

213



2) Lombok

The' Gili Lawéng, Sulat and Petangan natlonal forests

'off shore from: Sambelia in: the Lombok Timur Dlstrict in the

northeast of Lombok Island “are protected foreésts: (Hutan
Lindung). = Of these, Gili Sulat and Gili Petangan will be
project sites. (See Fig. 3)

(1) Trial plantation 51te ' :
Mangroves had once been establlshed around Glll Petangan
but they were exploited. for fuel for ‘the production of lime
from coral so’ that now nothlng can ‘be’ seen but stumps and
aerial roots. This cleared area is a natural landform and’

shall be. . used for the trlal plantlng _of ca productlon

forest. The area of the'plantation shall be 50 ha.

(2) Experlmental site for natural forest observatlon _
. Gili ‘Sulat is a natural mangrove forest which covers the
whole - lsland comprlsed of ‘species” such as Rhlzophora SPPR. .,

‘Bruguiera - sp., ' ‘Sonneratia sp., etc., growing wvigorously,

some of them more than ten metres high., Some:50 ha of this:
natural forest shall become an experlmental observation
forest and a seed collecting forest, in whic¢h wooden foot-.
paths for observatlon shall be establlshed.

(3) Nursery
Seedllngs for the G111 Petangan trial plantatlon w1ll be

‘grown at Lombok Con51der1ng the management and supervision

during nursing, model mangrove plantatlon area performed by:
the NTB Provincial Forestry Service and its surroundings
near Teluk Waru, about 20 km south from Mataram, the capital
of Lombok will be used as nursery 50 no nursery facilities
will be built. :

-14-
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2-5 Trial Plantation Plan

1)"Summary of Plan

Trial Plantation A, Trial‘Plantation'Brah& Trial Planta-
tion C will be carried out, details of .which are as follows:

(1) Trial Plantation A (called the Production Forest)

a- Productlon Forest I {Bali) and-Proauotion‘Forest IIT

(LONbOk) : : R
The purpose_ of these"is' to_ estaolish plantatlon

‘technology for the regeneration’ and . restoratlon of mangrove
forests ds productlon"forests and to 'carry out the -
- establishment . of sustainable .management technology aﬁd

management methods for the regenerated mangrove forests.
" The areas of the plantatlons w1ll be 90 ha in Bali and
50 ha in Lombok :

b : Productlon Forest II (Ball) :

The purpose of this is for 511v1culture using experlmen—'
tally grown seedllngs and to make a plantatlon using
different methods of cultivation.

The area of the plantatlon will be 15 ha in Bali only.

(25 Trial Plantation B (called'thefconservation Forest)

The purpose of this is to establlsh plantatlon techno-

-logy in order to regenerate and restore a mangrove forest as

a conservation forest and for effective conservation such as
regreening and prevention of coastal erosion as well as to
1nvestlgate its effect on the surrounding environment.

The area. of the plantation will be 25 ha in Bali only
(including a plantation of 2-3 ha in the sand deposit area).

_18_
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{3) Triél‘Plantation c (called the Demonstration Forest)

The purpOSe of this is to introduce tree species from
mangrove forests of each - IndoneSLan -province, investigate
thelr sultablllty by productlon areas and achieve the effect

of displaying regenerated and reéstored mangrove forests.

The area ofzthe plantatlon will be 20 ha in Bali only.

As noted above,= Trial Plantation A is a production
forest,_ ‘Trial Plantatlon B is a  conservation forest and
Trial: Plantatlon C is a demonstratxon forest, and their
purposes are dlfferent

- For [this ‘reason, with respect to items such as tree
species, planting densities, seed sources, seedlings, etc.,
the trial" plantlng shall be in accordance with Trial
Plantation Criteria and- surveys of strlklng,_growth,-etc.
shall be carried out continuously and accurate data shall be
collected and collated.

2) Trial Plantation Criteria

The criteria for trlal clantatlon shall be as follows:
(See Table 2) _
{1) Tree Species

In respect of tree species to be used in trial
plantations for this progect, consxderatlon will be glven to
the follow1ng. . _ _

a: species’ whlchiocéur'frequeﬁtly in Indonesia
b:.spe01es whose seeds are ‘easily obtained
eH species which are economically useful

_d}espec1es which are easily regenerated

@: species which benefit the lives of the local inhabitants

.f: species with broad capacity to adapt to the environment

- -19-
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The fiVe_maih species to be used shall be:

- Sonneratia sp. .

- Bruguiera gymnorrhiza
- Rhizophora apiculata

~ Rhizophora mucronata

'~ Avicennia sp.

In Trial Plantation C, the Demonstration Forest, two
species, Ceridps . tagal and Xylocarpus granatum, shall be
added to the five species mentioned above, making a total of
seven species.. ‘ :

b. Planting Densities

In order to understand the effect of planting density on
the growth = and quality of standing tree and the density
which is appropriate to the use of the timber after the
forest is grown {in particular,,its relation to charcoal
yield) and to grasp the influence of different planting
densities on forest growth, the standard density shall be
2500 trees per hectare (2 m x 2 m) and trial plantations A,
B and C shall be as follows:

Trial Plantation A (Production Forest)

 Production Forests I and III 10,000 trees/ha (1 m x 1 m)
' : . 5,000 trees/ha (1 m x 2 m)
: 2,500 trees/ha (2 m x 2 m)
Production Forest II . 2,500 trees/ha (2 mx 2 m)

Trial Plantation B'(Conservation Forest) _ _
2,500 trees/ha (2. m x 2 m

1,666 trees/ha (2 m x 3 m)
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Trlal Plantation C (Demonstration Forest)
2,500 trees/ha (2mx 2 m)

c. . Seed provenance

Seeds for both trial plantations A and B will be
obtained from the project sites and their surroundings and
from'Java:Timﬁr; (This seed provenance from Ball, Lombok
and Java Timur will be one class. -

With’respect to Tfial'Plantation'A in conSLderatlon of
its use for future production, the. seeds from superlor trees
shall. be lntroduced For this purpose, in- addlt;on to the
above-mentioned seed production area, the seeds will be
obtalned from Java Tengah and one of Java Barat, Riau and
Selawe51 Selatan, totally from 3 provenances.

With respect to _Trial Plantation C, seeds will be
obtained from each Indonesian province. : o

d. Planting Methods, ‘etc.

Seedlings shall be potted as a matter of principle. - In
accordance with the experimental item, the planting method
shall be with bare_rooted*seedlings or dire¢t cutting or
direct seeding to the'plantatiqnlsite. Bruguiera gyvmnorrhiza,
Rhizophora apiculata ' and Rhizophora mucronata shall  be
dlrectly cut and Sonneratla sp. and Avicennia gg.'shall-be
directly seeded. ' .

3) Establishment of Trial Plantation Divigions

PTrial plantation divisions based on the planning summary
shall be as follows,



o

I

(1) Production Forest I (Bali)

(a)
(b)
(c)
(d)

(e)

(£)

“(a).
. (b)
(<)
(d)
(e)
(f)

Place .
Plantation area
Tree species
Seed provenance

Planting density

Seadlings

Place ‘
Plantation area
Tree species
Seed provenance
Planting density
Planting method

{2) Production Forést-II

LI Y BT RN Y N Y R Y 3

former Tambak site

90 ha '

‘5 main species

Bali - Lombok -~ Java Timur, Java
Tengah and one of Java Barat, Riau,

- Selawesi Selatan - a total of three

1 mx 1w (10,000 trees/ha),
1.mx 2m (5,000 trees/ha),
2mx2m (2,500 trees/ha)
potted seedlings

(Bali)

former Tambak site

15 ha '

5 main species

‘Bali - Lombok - Java Timur

2mx 2m (2,500 trees/ha)

potted seedlings from experimental
seedling cultivation and bare '
rooted seedlings, etc.

(3) Production Forest III (Lombok)

(a)-

(b}
(c)
{(d)
{e)-

(£)

Place

Plantation area
Tree species
Seed provenance

Planting density

Seedlings

[T T I Y B 1 ]

de

Gili Petangan cleared former
‘mangrove site

50 ha o

-5 main species.

Bali - Lombok - Java Timur

1mx 1m{10,000 trees/ha),

1 mx 2m (5,000 trees/ha),
2mzx2m (2,500 trees/ha)

potted seedlings and direct cutting
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(4) Conservation Forest. {Bali)

(a) Place
(b} Plantatlon area
(c) Tree species .
(d) Seed provenance
(e} Planting density

1] o ‘e 2] [ 1]

(f) Seedlings .
(g) Other

e *e

" (5) Demonstration Forest

(a).Place _
- {b) Plantation area
(c) Tree species :

(d) Seed provenance i

(e) Planting density
{f) Seedlings

T T

These trial planting

former Tambak site

25 ha L

5 maln spe01es-

Bali - Lombok - - Java Tlmur

2mx2m (2,500 trees/ha),

2mx 3m (1, 666 trees/ha)

potted seedlings

Test planting shall be trialed in
the sand deposits on the seaward ..

side .of the natural forest. The

four tree species'tc‘be used shall
be the five main species less

‘Brugquiera gymnorrhlza. The plantlng

density shall be 2 mx 2m {2,500
trees/ha) and, because of the. open
sea, the seedlings shall be big-

sized, one year old seedlings.

(Béli)

former Tambak site
20 ha

5 main species and Cerlogs and

Xylocarpus, a total of seven Spe01es
ag wmany as possxble of the
Indonesian provinces

2mx 2mnm (2 500 trees/ha)

potted seedlings

blocks shall be established in the

project sites of Bali and Lombok in the following way.
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The trial plantation sites in the Benoa Prapat national
forest ‘and in Ball shall be divided into Blocks I, II, III,
IV and V as follows: '

(a) The facility_areas such as the Project Centre, Nursery,
etc. shall'be pladed in Block II. Also, it is .planned to
plant 30 ha in 1993, - These will become Production Forest I,
Conservation Forest and Demonstration Forest in Block II.

(b) Nursing experiment and planting method experiment'will
be conducted "in : Production Forest II but, in oxder to
compare with Productlon Forest I, Production Forest IT shall
be located adjacent to Productlon Forest I.

(¢) In order to enhance its effect of protecting a mangrove
forest, the Conservation Forest shall be located in the
former Tambak where the natural forest, which forms a green
belt in Blocks I to V, is deteriorating.

-25-



‘The result of this dlstrlbutlon is shown in hmleS and

Table 3 Plantation Area bY-Bloék ' . - Unit: ha -

Block _ Trial Plantatlons b ‘ - Total

No. . Production Productlon Conservation Demonstratlon
Forest I Forest II Forest Forest

I 10 . 5 R R 15

4 IT 1.0. . : . 15 : s 2000 o 45

IIT 45 5 . . S 50

IV 10 _ 10 = S 20

v 15 5 20

Total 90 15 25 200 150

Lombok has only Production Forest III which is located
in Gili Petangan as shown in Fig. {

4) Planned planting in each year
In accordance with the Trial Plantation Criteria, the
planting plans for each year in the Production Forests (I,

II and III), Conservation Forests and Demonstration Forest
shall he as follows:

(a) Production Forest I (Bali)
The five main tree species shall be planted. Planting

will beé repeated 4 times each species on each éxperimental
plot by three planting densities and 3 seed provenances.
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: ~ BLOCK 1I
_ ~ Seale : 1/4.760

Trial Plantation A
Eroduction Forest I

( 5 ha)

Trial Flantation C

Trial Plantation A
Production Forest I
(5 ha )

Trial Plantation B
Conservation Forest
(15 ha )

Demonstration Forest
. (20 ha )

‘Fig. - 4 Layout of Trial Plantation Site in Bali
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BLOCK III

Scale

s 174,760 /

e e,

!
]
4
f
]
] _
~
i
:
]
i
e
e ‘
e
T

Trial Plantation A |
Production ForeSf T ( 45 ha )

( production Forest II ( 9 ha )

15
o
R
- X o'nfa'u_i
_E_?"‘-‘:'.'

Fig, -4

Layout of Trial Plantation Site in Bali
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:t BLOCK IV o
_ : Scale : 1/4,760 |

Trial Plantation A |
Production Forest I ( 10 ha )

| Trial Plantation B

|  conservation Forest (5 ha

Trial Plantation B _
Conservation Forest ( 5 ha )
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f BLOCK V
= ~ Scale : 1/&.760 v

I11

RN

L_-—_-:_———-:’\\ \ N\ \ Trial Plantation A _ _ e
lﬁ_ﬂ\s&%\\ N Production Forest T (15 ha ) =7 Lo
el N\ \ A ( Production Forest II ( 5 ha ) 7 . *

Fig. - &4  Layout of Trial Plantation Site in Bali



L -1, 10 ha
(1994/95)

R

e
- i ——

2, 20 ha |
(1995/96)

——t———
e t————
emm—————
e amkand

¢ 5, 20 ha _
(1996/97)

GILT PETANGAN

Fig. - 5 Trial Plantation Site in Lombok
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{b) Production Forest II (Bali)

The five main tree species shall be planted. ExXperimen-
tal items on each species will be. three types of nursing
experlment concerning submergence depth, salinity and
shading and the three planting methods being bare rooted
seedlings of the  five main species, direct Iseeding of
Soonéfatia Sp. ]and'_Avicennia .sp. and direct planting of
BrﬁgUiera*and Rhizophora. Production Forest IT will be
used for the collection of experimental data and will be
compared with the plantatlon site of Productlon Forest I.

There ‘shall "be one planting density and one seed
‘provenance, Plantlng will be repeated 3 times in each
species on each experimental plot by nur51ng eXperlment and
‘planting methods.

(c) ConeerVatioﬂ Forest . (Bali)

_ The fiVe main tree‘specieS'shall be planted. Planting
will be lrepeated' four times in each species on each
experimental plot by two planting densities and one

‘provenance of seeds. '

(d) Demonstration Forest (Bali)

_ Seven tree Spe01es shall be planted Planting will be

. repeated two times in. each species on each experimental plot
by one planting  density and seed provenances of each

*prov1nce of Indonesia. The planting area for each tree
species shall be determined. by the avallablllty of seeds.

(e) Production'Forest IIT (Lombok)

The site of Production.Forest IITI at Gili Petangan 1is

-33-
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the cleared remains of a natural :landform. Also, the -
Provincial Forestry Serv1ce has carried out a model planta-
tion by ‘direct planting of Rhlzophora spp. at Lombok. In
con51derat10n of these 001nts, direct planting of Bruquiera
gymnorrhlza and Rhlzophora spp. . shall also be carried out
~at Productlon Forest IIT.

The five main tree species shall be planted. There shall
‘be two planting densities for Sonneratia sp. and Avicennia
s8p. and two planting densities of potted -seedlings for
-Bruguilera. gvmnorrhiza. _There shall be three plantlng
densities for the plantlng of potted seedllngs or for direct
plantlng of Rhlzophora spp. There shall be one provenance of
seeds for each tree spe01es.: Plantlng will 'be repeated 3
tlmes in each specles and on each exper1mental plot by
den51t1es and ‘provenance, '

Summarising the above, the plan _fof planting each year
are as follows. (See Table 4 ' ) :
Areas of plant1ng sits are summarlzed in Table 5 on the basis of Table 4.

Table b ﬁreas of Plant1ng Sites by the Block and by the Year

o Trial p[antation & |Trial plantation B Trial plantation C
Block Afea Pfodﬁcfion Producton Conservation Demonstration
No. forestgl forest 11 forest forest
93|94 (95|06 [93]94 95|08 | 93 94 | 95 | 96 93 - 94
I 15 10 5 R ;
[1 45 {10 wmls | ' 10 i0
11 | 50 | |20(25 15 '
w20 | 51 5] | |5 |s
Vo[ 20 15 5|
110130130120 sialsl10(5 |5 |5 10 10
Total| 150
50 15 ' 25 ‘ 20
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5) Criteria for Plantation Work
(1) Demarcation of plantation site boundaries

‘Since the proposed plantation sites are all former 0.300
to 0.600 ha of Tambak ponds, two or three Tambaks shall be
combined into areas of about one hectare and the various
=boundar1es defined. ' : :

(2)‘Préparations

The Tambak embankments should be removed or openings
made in them as large as’ p0551ble, so that the flow in and
flow-out of the sea water with tide ‘shall be nearly natural
over the whole of the area of the proposed plantatlon SJ.tes.
In this way the sea water within each sector shall be
changed smoothly ‘and not become stagnant.

{3) Planting

Marker posts shall be erected according to the spacings
to be. used for planting in the various parts of the
plantations. Since conditions  for - footings. etc. are bad,
and that the workable time is 1limited, workers shall be
assigned efficiently to the each -taSks ‘such. as digging
planting holes, carxrying the seedlings and planting; When
planting out, it shall be emphasised that the seedlings are
to be removed from the plastic pots.

(4) Tending

After one year, supplementary planting will be carried
out in each trial plantation as follows:

- Production Forest I - In pfincipal, supplementary planting
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will be carried out in the locations where the group death
occurs with respect to such such locations, the landform
of the former Tambak, -water levels, ‘quality of the
;substrate, etc. shall be lnvestlgated to determlne the -
cause of the group death
- Production Forest I1 - Sdpplementary planting shall.be
- carried out. ' _ : P
'~ Production Forest IIT - In . principle, supplementary
planting will not be carried out. It is the cutover lands
of a natural'forest and, since it is a natural area, it
shall be used for the collection of data Ffor the creation
of an 1ndustrlal productlon forest under. these’ condltlons.
Even so, the cause of death shall be 1nvest1gated Also,
since it is subject to the dlrect influence of waves from
the open sea, methods of wave. dissipation works shall be
studied.
- Conservatlon Forast - In pr1n01ple, supplementary planting
will be carried out in respect of group death.
'~ Demonstration Forest - Supplementary Dlantlng‘ will be
carried:out,

6) Work Procedures

Plantation work from the first year to the fifth year
shall be carried out in accordance with the yearly work
plans shown in Table 6. .. In addition, the distribution of
‘workers shall be studied. '

Both the plantation and the nursery are subject to the
influence of the tlde and it will be necessary to study
worklng hours._ For this reason, tide tables shall be

obtained for each year to ferm the basis for drawing up
actual work programs. For 1nformat10n, ‘1993 tide tables for
Benoa Bay, Bali are appended. = {(See Appendix Table 941)
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Table 6 Annual Work Progran.

N Yer | (1992)  vear 1 (1999) | Year 2 (1994)
ltem\ 12|t |2 |3 (4|56 78 (9 w0ffiefi{z]sls]s

Seed acquisition ‘ 93

Nursing | e | - S I [
Planting : : - da . .

Supplementary - a : . : . “Tag
pianting . .

(after! year) ° _ o _ .
[N Year 199d) ._Year 2_* RS (1995 . . Year3 .
Item_'\ 6 T8 |9 j10fp1feyL | 213 |4 5 5 T8 19 j10f1]12

~|

Seed acauisition 247 25
Hursing : _
Planting . 94 ‘ ‘ s
Suppiemencary 24
.planting - -

(aftar' vear¥ : ' ' . : g -
93| : , X 74
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2-6 Plan for Nursery
1) Nursery Practices

Seedlings for ‘the trial plantation will be produced
according to the follow1ng manner in a nursery to be
_establlshed w1th1n this Project. Since this nursery is under
construction, the  seedlings to be planted in 1993 will be
produced in former Tambak.

(1) In'general, potted'seedlings will be grown in a ordinary
nursery for industrial use. The level of nursery bed should
be slightly higher than the mean tidal height, which allows
the sea water control by natural tide.

(2) Seedlings‘for the proddCtioh forest II will be grown in
a test nursery for the experiments of submergence depth,
salinity and shading.

(3) The section of nursery for the experiment .of submergence
depth will be enclosed with a concrete wall which has a
.sufficient height to prevent the entrance of sea water at
high water.,  The submergence depth will be adjusted to the
necessary value by means of blocks.

(4) The section of nursery for the experiment of salinity
will be enclosed with a concrete wall which has a sufficient
height to prevent the entrance of sea water at high water.
The salinity of the experiment will be artificially adjusted
based on the salinity observed at the project site.

{5) For thé'expefiment of'shading,'seedliﬂgs will be grown

with shading ({(victory lawn) to make a comparison with those
grown in the ordlnary nursery for 1ndustrial use.
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(6) Bare rooted seedlings used for the_PrOductien Forest II
will be grown in the ordinary nursery for industrial use-,

The work standards for nurs1ng are as follows.
(a) Acquisition (Purchase) of seeds ' '

For the provenance in Ball, Lombok and- Java Timur, .gseeds
will be COllected in Bali and Lombok reglon and purchased
from Java Timur if the quantity is not sufficient..  The
seeds produced from the other reglons will be only purchased.

(b} Stockage of seeds

Rhizophoraceae produces a seedling as the :propagating
organ from fruit (viviparous seeds) and Avicennia spp. of
Verbenaceae semi-viviparous - seeds. Since both kinds have
no dormant period, it is difficult to stock their seeds.
Therefore, the nursing should be begun as soon-as possible
after the acquisition of their seeds.

{¢) Nursing soil

S0il for pot nursing will be collected from the bank of
Tambak. In this case, after puttihg soil, these pots will be
set side by side so that the same condition will be obtained
by natural tide.

{d} Germination box

Seeds of Sonneratxa sp. and Avicennia sp. germed in a
box will be transplanted into pots. : The germination box has
a form of approximately 50 cm{L) x 50 cm(W) x 10 cm(D). For
Sonneratia sp., the direct seeding on the former Tambak will
be experimented in order to use them. as bare rooted
wildings. '
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(e) Germination acceleration

Viviparous seeds of Rhizophoraceae sp. have their cap in
the moment of collection.,  The transplantation into pots
will be‘carried out after the immersion for a few days which

will facilitate a slip-off of caps.

(f) Control on the nursery bed .-

Viviparous seeds of Rhizophoraceae sp. will be directly
put into pots. Since their dried and hardened caps which
are difficult to fall down naturally disturb the growth of
- young -seedlings, it is neceésary to carry out a regular
inspection so as to take off caps. ' '

(g) Delivery of seedlings

In Indbnesia, seedlings are generally delivered after 4
months nursing,., In this project also, the same period of
nursing will be, for a while, applied before the delivery.
" However, the seedlings to be planted in sand deposit area
in the seaward of natural forest which is directly affected
- by waves need to be grown for more than one year.

2) Production guantity of nursery stock

The number of séediings to be produced according to the
Trial Plantation Plan is given in Table 7

- Production qﬁantity of nursery stock by year.
(Recapitulative Table) and the details are shown in

Table 8, . _
~ Number of seedlings to be produced by species and by
trial plantation sites.
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3) Plan for establiShment'of nursery

In this Project,_a nursery will be created in order to
promote trial plantation actlvitles. The trial plantatlon_

alms to establlsh the technology for the CLeatlon of

industrial forest. The permanent’ hursery - will be constructed
in con51deratlon of future 1ndustr1allzatlon. The nursery
covers an area of 5, 840 m2 of which 5,293 n? are used as an
ordlnary nursery for 1ndustr1al use and 54? m? as an
specific nursery for experlments. :
' The site of projected nursery.is'looated in Block II of

Benoa Prapat national forest land in Bali which is actually
grass land adjacent to the Facxlltles Area such: as offlce,

atc,
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' Table-8 ' Stock production in each year()
@ First year (1993) o o

1 Species hcreage Treos per © Planting Stock Nursing Stock
ﬁﬁ%%om (ha) _(Egacing) Planting | Replanting | Total|  Total i—Relamrks
B 0.5 [1x1(10000) { 5000 | 1000 | 6000(6670| - |
Sonsp | 0.5 |1x2(50000 | 2500 | 500 | 30003830 13330 | sieifihe
1 (22025000 | 2500 | 500 | 8000/333%0] |
o 0.5 |1x1(10000) | . 5000 | 1000 | 6000|6670
| & |rogm | 0.5 (1250000 | 2500 | 500 | 3000 (3330 | 188%0] <
g = o1 | 2@C200 | 2500 | 50 | 3000/83%0|
S1gl | 05 |10 | 5000 100 | 6000[6670|
S| & |miapi | 05 |1x2(500 | 2500 | 50 | 3000330 | 133%0]
18 |1 2x2025000 | 2500 | 50 | 3000|3330
g B 0.5 | Lelclooo | 5000 | 10w | 600|660| |
| & mime | 0.5 [1x2(5000 [ 2500 | 50 3000 | 3330 | 13330 | ~
. | 1 |aecosom | 2500 | 500 -] 3000(333%0]
avisp | 0.5 [IxC10000) | 5000 | 1000 | BOO6GT0[
- 0.5 | 1x205000 | -2500 | 500 | 3000|3330] 1330 ~ -
1 {20000 20 | 50 | 3000/330| ©
Sub totat | 10 50000 | 10000 | 600D B6650 | 66650 |
- 1 2500(2x2) 2500 | 500 | 30003335, . [Patied
o Sonsp T e @ | 1066 | 3| 00| 2s|
‘2 é Bru.gym L 2500(2.:‘2) 2500 500 . 30003335 5560 ”
S| g 1 11666 3 | 1866 33 |o2000l2e5] T
% E Rhi api 1 2500(2}(2) 20 - S0 SGOG 3335 s B
= g™ 1 Twes @] 1666 | ¢ | omwelzes| T
%‘ ‘%- Rhi muc -1 2500(2}1(2) 200 : 50 3(:00 3335*5550 #
<1 g 11 e @ed | 1665 3% | 20001205 T
S, o L [P0 @] 20 | 50 0003885 |,
1 1666 @ | 1666 | 3% 000 22051 |
sb total - | 10 | 20830 4170 .| 25000 27800 | 27800 |
2 (Sonsp | 15 [2500 @) | 8750 | 70 | 4500(5000( - |feled,
= | Elbugn | 15 B0 @] 30 | 0 | 4s00fs0] |~
S| g (Riani | 15 2500 @) [ 310 TS0 | 4500|5000 |~
9 € [Rhimc | 152500 @] 3150 | 750 | 4500(5000| 3830 ~
S| Blwisp | L5 [0 0 | 0 | s0fse0] | o
S| B [Cortog | 15 [2500 @ | 3150 0| 4500(500] |~
T ] & [wvlero | 1.0 2500 x2) | 2500 500 | 3000 | 3340 o
A | subtotal | 10 25000 5000 -1 30000 33340 | 33340 |
6. total 95830 | 19170 | 115000 [terred 127790 [

-46- .



Table-8
@ Second year (1994) -

Stock production in each yéar(Z)

I Spemes hcreage Tress per | - . Planting Stock Nursing Stock
fe'Frlal ha — — Remarks
tation. (ha) (Spacmg) Planting | Replanting | Total | - Total
2 | 10000CD | 20000 | 4000 | 24000 | 26610
Somsp | 2 -t 5000(1x2) [ 10000 | 2000 | 12000 | 13330 M6670 | Sockitee
2 | 2500k | 5000 | 1000 | 6000) 6670|
~ 2 1000001 | 20000 | 4000 | 24000) 26670
@ [Bruem | 2 | 5000CL«2) | 10000 | 2000 | 12000 | 13330 #6670 | ~
g 2 1 250002:2) |- 5000 1000 | '6000] 6670
g 2 {10000C1«D) | 20000 | 4000 | 24000| 26670 |
&' [Rhiapi |2 | 50000x | 10000 | 2000 | 12000 | 13330 6670 | ~
g 12 | 2000k | 5000 | 1000 | 6000 | 6670
5| 12 ]10000(xD) | 20000 | 4000 | 24000 | 26670
B |Bhime | 2 | -500001x2) | 10000 2000 | 12000| 13330 U6670| ~
= 2 | 2500022 | 500:] 1000 | 6000] 6670
| 2 |1000000xD) | 20000 | 4000 | 24000 | 26670 |
Avisp | "2 |'500001x2) | 10000 | 2000 | 12000 ] 13330 U6670|
- ]2 0@ | 5000 | 1000 | 6000 66T0|
8 sub total | - 30 J17500 | 35000 | 210000 | 233350. 233350
g Son 5p 106 | 2500 (2x2)_ 1500 | 30 | 1800 | 2000|2000 | feikit,
2 0.2 2500 @ | 500 | 100 | 600 | 670 670 |G
= 0.2 2500 @@) | 500 . Seedting
S (g |06 [0 @[ 1500 | om0 | 180 | 200 2000 il
- 0.2 | 2500 @2 | 500 100 600 670 | 670 |Seciitne™
- 0.2 [0 @2 sw | | Hesting
8 |t ooy |06 [200 UxD | 1500 | 300 | 1800 | 2000 2000 Sifine
| el T TR0 (D) | 5 100 | 600 | 670 670 |Sersn
g 0.2 {200 (b | 500 | | L | Plating
S ot e |0:6 {200 QD) | 1500 | %0 | 1800 | 2000|2000 | Sl
St 0.2 (2500 Q| 500 | 100 600 | 670 670 {Bgiee
3 0.2 /2500 (D | 500 | | planting
E e L0620 QD] 150 | 30 | 1800 [ 2000 ] 2000 iy
0.2 12500 Qxd) | 500 | 100 600 | 670 | 670 [
0.2 |2500 (D) | 500 | planting
3 | Gethe | TS00 | 1500 ) 9000 | 10000 i
sbtotat | -1 | Rt 1 2600 | 500 ) 3000 { 330
0'6 lgi;ﬁﬁng Klm X
0.4 | Seeiftee | %1000 B
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Table-8 © Stock production in each year(3) -
| gﬁriali i Spe(:les _hgreag_g. Tro s por __ Planting Stock Nursing Stock Ronaricd
{ plantation | (ha) | (Spacing) | Planting | Replanting | Total | -~ Total ' .| -
| Nsn sy 05| P0G | 100 | 20 | 160 16101 S
N | 0.5 | 1666(x®) | 833 | 167 | 1000| 1110
=2 o gy |00 [ B00GD | 1050 | 280 | 1500) 1610100
=N 105 | 1666k | 8% | 167 1000|  1110|7
g0= L ] 05500 ] 125 | 250 1500 1670 . |
o e A T I A BT ) et
S E 05| 0ed | 150 | 0 | 10| w0, |,
=g M T T eeed | 88 | ler | dow] wwolco |
- =fwi sp 0.5 | 002 | 1250 : 250 1500 1670 2?80 ”
| 0.5 | 1666 | 833 | 167 | -1000| - 1110 |
: Swtotal {5 |- 10415 A85 - 12500 | 13900 | 3900
g | & [Brugm | 15| 500@) | 850 | 150 4500 | 5000
S @ [Rhiapi | 15 | 250022 | 3150 | 750 | 4500| 5000
5| & |mimc | L5 | 25000 | 350 | 750 | 4500] 5000
] g |Avisp | L5 | 2500(xD) | 3750 | 750 | 4500) 5000} |
-§ 8 {Certag | 15 | 25002k | 3750 | 750 4500 | 5000 3340 | fatted,
g [Xlera | 1.0 | 2500 | 2500 [ 500 | 4500| 3340
& | swbrormr | 10 25000 5000 1 30000 33340
50 b |
| B8 |Gt (207915 | 43585 | 261500 | 29050} o | - |
Totai Bal ) I 2500 500 3000 330 1
0.6 | biinting | 1500 s L0
0.4 | fiegft,  |1000 | | ] o |2500
Son 50 0.5 | 5000 (1) | 2500 5003000 3330 | 5000 -zg';};f;‘"g
= 0.5 {2900 x| 1250 | 250 | 1500 | 1670
g 0.5 | 5000 (1x2) | 2500 | 500 | 3000 | 3330 | 5000 | Ficd,,
= \g o o |05 2500 @) | 1250 | o8| 1500 | 1670
-é - 0.5 15000 (b) | 2500 | oo || ] e
a8 | 0.5 [2500 @2 | 1250 | 7 : pleatioe
B |Rhiapi | 0.5 10000CkD) | 5000 | 1000 | 6000 | 6670} - | il
= | a3 | 0.5 | 5000(1x2)| 2500 500 | 3000 | 3330 [LI6TO .
= | g 0.5 | 25002 | 120 | 20 | 150 | 1610]
& 0.5 | 10000GxD| 5000 | .
0.5 | 5000(1x2) | 2500 - | 8750 | Masting
0.5 | 25000 | 1250



. Stock production in each year(d)

Table—S
i. .. | Species Wfcreage . Trees per - Planting Stock Nursing Stock
oﬁrial_ o -8151 . , : - . - Remarks
' plantation (ha) Spacing) | Planting { Replanting | Total Total .
e o 05 (1000000 | 5000 | 1000 6000 | 6670 Soet ing
- Rhi muc - - . . . b ,
&z . 0.5 | 50000x2 | 00| 50 3000 | 3330 [L1670 |
=N 0.5 | 25000« | 1250|250 | 1500| 1670 seelng
RS 0.5 | 100000k |- 5M0) ]
AE 8 0.5 | 500012 | 2500 | 8750 planting
s 187 0.5 | 2500 | 1050 -
=& Twisp | 0.5 | 500k |  200] 50 | 3000] 3330 5000 e
0.5 | 2500(2x2) 1250 950 | 1500 1670 |
Towl@omoy . |7 | Polted o8I0 5780 U500 | 38340 B840
3 | Mnthe om0l P1250
| B5 | ouel | 246665| 49335 | 296000 | 328930 oo
G. total 1| St b 2500 500 3000 | 3350
3.6 | ity | % 22725
" Tirect . 25
0.4 seedl ing 9-4 10:1)
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Table-8 Stock production in each year ()

® Third year (1995)

Tiey | Species ficreags| Trees per Planting Stock - - | Narsing Stock!
or22€é%i0“_. B E_(ggabing)_'Plantiné Replanting | Total | = Total Remarks
| 9 1100000k | 20000 | 4000 | 24000 266701 | Sekitue
Son sp g | 500001x2) | 10000 | 2000 | 12000| 13330 46670 |
| 2 | 200 | 5000 | L1000 | 6000| 6670) | Seeditne
% 2| 10000CLd) | 20000 | 4000 | 24000 266’(0:46'670 .
& \Brugym | 2 | 5000Q1x2) | 10000 | 2000 | 12000 13330 pirect
— 2 | 25002 | 500 | 1000 | eo00| e | TE
£ [z [1000002) | 20000 | 4000 | 24000 | 2670 | | Lol |
= Rhi api -] 2 | 5000(1x2).| 10000 |- 2000 12000 | 13330 '
Sl | 2 | 00| 500 | 1000 | 6000 6670
51 2 - 110000(1x1) | 20000 | - 4000 | 24000 | -26670 |
S [Rhime | 2| 50000x2) | 10000 | 2000 | 12000 13330 46570 |
2 | 25000 | 5000 1000 BIOO| 6670] |
| 2100000k | 20000 | 4000 | 24000| 26670 | -
| {wiso | 2 | 5000C@ | 10000 | 2000 | 19000 | 13330 H6STO |
g5 | 2 | 250022 | 5000 | 1000 | 6000|6670
= s totat |30} 175000 | 35000 | 210000 | 233350 SR
5 0.6 | 25000x2) | 1500 | 300 | 1800] 2000|2000 | Feeifi
- snse | 0.2 | 0@ | 5w 100 | 6] 670 670 e
£ 0.2 | 25002 | 500 | Seedting
0.6 | 250022 | 1500 300 | 1800] 2000 | 2000 | Poted
| Braem | 0.2 | 25000 | 500 10 | 60| 670 670 |csum
5 0.2 | 25000 | 500 ~ || seediing
= 0.6 | 2500(x2) | 1500 300 | 1800 . 2000 | 2000 | Potted
o |Bniapi | 0.2 | 2500 | 500 100 B0D| 670 670 | oo
£ 0.2 | 25002 | 500 - || Planting
sl 0.6 | 250022 | 1500 300 1800 | 2000 | 2000 | Poisd,
S [Bhimc | 0.2 | 2500@x2) | 500 10 | 60| 670 670 B
3 0.2 | 25002 | 50 | | N Mastne
= 0.6 | 2500 | 150 | 300 | 1800 | 2000|2000 | Bttt
fvi sp 0.2 | 2500022 | 500 100 600|670 670 [farg et
. 0.2 | 25002x2) | 500 | | | Ekhing
[ g e T s | 1500 | 9000 | 10000
Sub total 1 [Begpeet 12500 500 3000 3350 13350
0.4 g{ggf%ng %1500 . .
0.6 | meeite [ 1000 | B
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Stock procfuction in each year ©)

Table-8
Iteg . | Species ficreage | Trees per Planting Stock | Nursing Stoc
3@%?%011 | (> | oacing) | Planting | Replanting ]| Total | Total | "]
- 0.5 | 25000k | 1250 250 | 1500| 16707, | st
L ET Tos [ weeeo | s | e | | o FIRD |setin
AR 0,5 | 2500(2x2) | 1250 250) 1500 1670 batted -
E z B 05 | e | 8% 67 | 1000 | 1up | P s
S B ] 05 ] %0002 150 | 250 1500 | 1670 et
S e R T T L= I Y I R il |
35 0.5 | 25006x2 | 1250 | 250 | 1500] 1670 Potted -
El g |Mme o8 ewa | as | 1w | ] o] |
- 0.5 | 25000x2) | 1250 250 1500 | 1670 Potted
M s e | am | e | 10| 1| o | e
sub total | 5 10415 2085 12500 | 13900 13900 | -
4 s -
L3 Rl 190915 | 08565 | 23500\ 25B0| . )
Total (Bati) 1| g juoted S o500 5K 001 33K%0
0.6 | pimite | 31500 1%
0.4 | seeiine | %1000 - 0 |
Son sp | L | 000D | 5000 1000 6000 [ 6670 10000 | Fetied
|1 | s00e | 250 500 3000] 3330
1| 5000Gx2) | 5000 1000 6000 | 6670 L0000 | fockitng
bra ggn L L | BO@D | B0 |50 3000| 30| | |
- L 0D} S0, i
o 1| 25000x2) | 2500 _
g |1 | 10000CikD) | 10000 | 2000 | 12000 | 13330 seediing
- ;"ﬁ Rhiapi | 1 | 5000(1x2) | 5000 | 1000 | 6000 6670 23330
g | = 1| 000 | 2500 500 000] 30| -
5|8 1 {10000(1xD) | 10000 . | |
ERES 1| 500002 | 5000 | 17500 et
=1 1| 25000 | 2500
£ 3 1100000 | 10000 | 2000 | 12000 ) 1330 e
& 1 | 50000x2 | 5000 | 1000 | 6000|6670 3330
| , 1] 5000 | 250 500 0001 3307
Rhi muc - - :
1| 10000¢ix1) | 10000
t | sooocxy | 5000 | 17500 hiasiing
1 [ 2500(2x2) | - 2500 -
fvi sp 1| 5000Qx2) | 5000 1000 | 6000| 6670 (L0000 | Pordie,
1| 250002 | 2500 500 | 3000] 3%



Table-8 © Stock production in each year () -

(I)%e?rial-“ Smgies creage Trggs per | . _P_lant_ipg Stock - Nursitj’g Stock fonarkd
plantation - (ha) - { (Spacing) | Planting | Replanting | Total Total |+ :
Totat(Loabok) ;1 SRR DL N
b1 [ hede | ST5000° 11500 - | 69000 | 76660 116660
. 8 mgﬁhg 3&.42500' : . _ H 42500 :
B0 [y | 25MI5) 50085 | 30050088010 f
. total 1| e 2500 . 500 | 3000| 330
8.6 | planting - | %€ 44000 S Y P
. 0.4 g(iaggfitng. 3 1000 [ ' : -‘
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Table-8

@ FPourth year (1996)

Stock productioﬁ in each year(8)

Ttoy - | Species fcreage| Treesper| . Planting Stock | Nursing StocK |
of Irial N Ea O — - — Remarks
plantation (ha) | (Spacing) | Planting | Replanting | Total | . Total
- S| L5 [10000(IkD | 15000 | 3000 | 18000] 20000 Seetiing
Sonsp | 15 | 50000x2 | 7500| 1500 | 9000 | 1000053330
| 1 | 25000« | 2500 500 | 3000 ‘3330 |
o {0 | L5 |100000x1) | 15000 | 3000 | 18000( 20000 | | feiifi
8 [Brugm | 15 | 50000 | 7500 1500 | 9000| 10000 3330
=TT T ened | S0 50| 300 330
g |15 [100000x1) | 15000 3000 | 18000 | 20000 secatin
€ 8hiapi | 1.5 | 50000k | 7500|1500 | 9000 | 10000 3330
g 11 soe | s 5w | oswo| 3330 ﬁ
E 1.5 [10000CxD) | 15000 3000 | 18000] 20000| |t
E|mnimc | 15 | 50000x2) | 7500 1500 | '9000| 10000 33330 |
1| 25002 | 2500 500 | 3000 3330]
L5 [10000(1x) | 15000 3000 | 18000 20000,0,3330 Lo
Avisp | 15| 50000k | TH00| 1500 | 9000 | 10000
E Sub total 20| ) . : 1250% 250(}{) 150000 166650 166650 )
-«% -' b0 Dm0 | 15000 300 | 1800 2000 | 2000 | foekihe
& | [Smsp | 02| 250@2 | 50 100 600|670 | 670 |Brgmt
e 102 | 25000 500 ; R
! 0.6 | 200 | 1500] 300 | 1800 | 2000 | 2000 | Foikes,
|Broew | 0.2 ] 200 | 50| 100 600 670|670 B
=0 0.2 | 250006 500 Planging
=1 0.6 | 250022 | 1500 300 | 1800] 2000 | 2000 | febiitg
B |Bhiapi | 0.2 | 2500(2¢2) 50| 100 600 670 670 ffciin
8 0.2 | 0@k 50| | ot ng
5 06 | 2002 | 150 300 | 1800( 20002000 Pkt
L mime | 02 | 2000 | 50| 10 600 670 670 [Bmsi
2 02 | 250G | 500 L [ i,
= | o6 | moe@ | 1500] 300 | 1800 2000 | 2000 | Fokirde |
visp | 0.2 ) 25000« | 50 100 600 ) 670 670 |
0.2 | 2500(2x2) 500 Sobiiing
3| fatiihg 0| 1500 | 9000 10000},
sub total | [ | fagreated 5000 500 | 3000] 3350
0.6 | planting | 3% 1500
0.4 | Semiting | 3% 1000 |- oo
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Table-8 Stock production in each year(9)

A ltem | Species Lﬁcreage ‘Trees per | - Planting Stock = - | Nursing Stock-

' gm%ﬂm (ha) ‘ _Sgacing_) Planting | Replanting | Total |  Total B }?grnarks
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Table-8

| Stock production in each year(10)

Ttem Species ficreage | Trees per | = Planting Stock | Nursing Stock
of Irial | 1 a |, i : . Remarks
plantation |- - | (ha) pacing) | Planting | Replanting | Total Total
Total (Loobok) 12 | Rt 51500 11500 | 69000 | 76660 | 76660
. '8 53%%3 GZHH : Co 4219
50 . : . N I
40 | Bl 200415 | 40085 | 240500 | 267210 e
¢ total 1 | fargrooted 2500 500 3000 | 3350 _
8.6 bireety | 3% 44000 %
0.4] s, | 1000 1
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2«7-Plan56fffpreét roads
The plan of forest roads in the project site is as follows::
1) Access roads

The Center and the nursery will be constructed in Block
IT of . national forest land. An access road will be
constructed from the general public road to the Center
through the national forest land. For this access way, the
existing road will be repaired and a newly constructed
section will be added. The total length of the access road

~will be 720 m of which 535 m will be repaired, 170 m newly

constructed and 15 m bridged.
The structure of the access road is as follows:

{a) The width shall be 4.0 m (Effectlve width ’
shoulder ) : :
(b} The surface of existing road wxll be roughly leveled and
' flnlshed with gravel,
(<) Both sidés of the existing road being actually adjacent
to the water channel, the slopes of 3 % gradient should
be protected with stone masonery.

(d) Since the newly constructed section of the access road

is actually grass land and its base is not stable, it is
necessary to lay earth on the ground in thickness of 40
- to 50 cm. :
(e) The corncrete bridge of 4 O m in width and 15.0 m in
length will be constructed to cross the channel.

2) Branch Roads

‘The existing road for Tambak will be used for,operations
of this project such as seedling transportation from the
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nurSery’to the planting site, administration, éurveys, etc.
The total length of this road will be 4,180 m c0n51stlng of
1, 160 m in Block 1z, 2 , 280 m ln .Block III, 440 m in Block IV
and 300 m in Block V. This length is not sufflcient.
However,'it is sllghtly difficult to construct newly a road
for this project because the bank of the project site
located in shrimp culture area is fairly destructed and that
an opening 1is projected to be made in the bank in order to
assure a smooth-f1ow in and flow-out of sea water in the
planting site. But, a way that motorcycles can pass will be
bullt as the afforestation works pProgress.
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2-8 Plan for construction of footpaths used for the
observation of natural forests

A fixed experimental area will be established in the
natural forest around Tambak of Benoa Prapat national forest.
‘land in Bali and also in @Gili Sulat natural forest in
Lombok in order to carry out a survey on the ecology of
Mangrove forest. : :

A fixed experimental area and fixed plots in the
experimental area will be determined by an ecology expert
‘and a short-stay expert of natural forest study according to
the survey items to be executed in Bali and in Lombok.
-However,'the-nétural forest in which a fixed experimental
area will be established has been selected this time after
the field investigation with an ecology ‘expert. o

' The natural forest observation and study will be
conducted mainly in Bali. It is therefore necessary to
construct a wooden footpaths indispensable for the natural
forest Qbservation ‘because data needs to be collected
frequently.

(a) Block I

This Blodk is covered with a wide natural forest
consisting mainly of Sonneratia sp. A wooden footpath of
122- m in total length will be constructed from the bank to
the natural forest, '

(b) Block IT

Sonneratia sp.  is extended in a form of green-belt and
Rhizophoraceae Spp. penetrates onto the side of Tambak. Two
wooden footpaths of 70.m in length will be constructed with
the space of 300 m and these paths will be connected to make
it possible to walk around the Block. '
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{c) Block ITI

 The PFacility Area inéludihg_the Center and the nursery -
Will[be-surrounded-with a demonstration forest, A wooden

- footpath allowing to observe the demonstration forest and

the natural forest will be constructed with a length of
120 m. ' '

2-9 ‘Experiment plan

" The experiments of this project is planned as follows:

1) Experiments in the nursery

The following experiments will be carried out through
the nursing works in order to establlsh crlterla of potted

- seedlings. -

{a) Growth experiment

- To understand the relation between seed size and
germatlon, establlshment and growth. :
~ To examine the growth process of seedlings by Species
by means of sample seedling.
~ To survey the growth situation of seedlmngs in
- provisional nursery. :

{b) Nursing experiment

The experiments of submergence depth, salinity and
shading will. be conducted in the sp601f1c nursery to examine
their influence on seedllngs, and another seedlings will be
planted in the planting site to grasp effects on the growth
through the comparison with those grown in the ordinary
nursery for industrlal use. - :

-H4-



2) Experiments in the planting site

The following experiments will be carried out through
the plantlng works in order to systematize the afforestation
technlques for the restoratlon of Mangrove forests.

(a) Grthh.measuremeht of plantea trees

" In the txial plantation site, seedlings will be planted
by species according to their planting density and their
provenance. A fixed plot (rectangular form of 20 m x 50 m
(= 0.10 ha)) will be set in order to observe and measure
evaery tree. ' '

(1) Size measurement

- To examine regularly in the fixed plot the survival
situation of seedlings from 2 months after the plantation.

- To measure the seedling/tree height, the clear length and
the crown width every half a year and the stem diameter
every year after the plantation. With regard to
Rhizophora spp. it is necessary to measure the diameter
of thé stem at the point of approximately 30 cm above the
joint of the highest supporting root.

_(2).Examinat10n'of planting.methdd _

e Based on the results of the survey on the survival and
' the growth prOCGSS,:_lt -1s necessary to examine planting
methods: lncludlng ‘planting = density, seed provenance,
seedllng species, etc. which will be sultable for production
forests and/or protectlon forests.
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© (3) wWater control

In the plantlng site of Bali the growth process will. be
examined with the. 1ntroduction of 31mple techniques such as
- flow-in and flow- out of sea water by natural tide through an
opening created in the bank of Tambak and shallow “ditches
manually dlgged in ‘the’ plantlng site for an easy dralnage.
The effects of these technlques will be estimated through
the comparison with the results obtalned from the existing
afforestatlon 31te. '

f(b)-Measurement of ‘environmental factors
(1) Topographic measurement

The levei surveying will be carried out in every point
of the planting site to examine 'a flood tide'level and grasp
the sediment deposit rate: and its influence’' on planted
trees. : ‘ i ‘

(2) Water' environment monitoring

The change ' of the tide level will' be measured and
recorded by means of a stage recorder ‘with data ‘logger. A
fixed type recorder will be installed near the Center in
Bali and a portable recorder near the Lombok Iseland side of
the afforestation project site. :

"The salinity and the. pH wvalue will be measured by
sampllng sea water at the fixed p01nt near the nursery of
Bali at Ffull neap and sprlng tide in order to estimate the
influence of dry and rainy seasons.’ -

(3) Measurement of-meteorological conditions

Meteorological instruments will be installed near the
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Center in Baii_and at the coastal side of the natural forest
and the afforestation site in Lombok in order to measure and
record the temperature, the precipitation and the humidity.

{c) Study on afforestation costs

Data regarding the project cost of Mangrove afforesta-
tion will be collected through different works of nursing
and 'planting  in order to calculate costs of -each work
. process. : ' ' '

(4) Other‘experiments and surveys
(1) Experiment for plantation of big-sized seedlings

‘This experiment will be implemented on a small scale in
sand tideland located at the outer side of natural forest in
‘Benoa Bay of Bali, Since this area is beyond the range of
Mangrove, big-sized seedlings will be introduced with a
submergence depth more shallow to examine the possibility of
forest development. Simple wave neutralizing methods such
as piling, etc. will be also tested.

{(2) Method of seedling transportation

- -The transportation of seedlings in Bali has no problem
because the planting site is near the nursery. However, in
Lombok, it will take approximately more than 3. hours to
transport seedlings from the nursery to the planting site:
2.5 hours of land transportation by trucks and 40 minutes of
marine tranSportation."For Lombok, seedlings with plastic
cases ‘in which'they will be grown will be transported to the
plantatién gsite. With regard to the plantation in Lombok
which is restricted by the longtime transportation from the
nursery to the site and by the limited workable -time due to
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the tide, it is necessary to examine how to control
seedlings .and - whether ‘a provisional planting would Dbe
required or not. :

3):Study on seeds

(a) study on seed phenology

By selecting sample trees, the necessary time of pheno-

' iogical procass: flower bud formation - flowering/seed
bearing -~ seed maturing/seed dispersal will be examined in

{b) Study eon seéd-prodcction quantity

Seasonal tendency of fallen seed quantity and size
maturity of fallen seeds will be examined by placing some
seed traps. The seed production situaticn:will be surveyed
by selecting seed trees and by felling their surrounding
trees. This survey will be carried out mainly in Ball, but
in Lombok also to collect complementary data.

(c) Seed collecting

Seed collecting method and timing as well as transporta-
tion and stockage methods will be examined by species. The
experiment will be carried out with regard to the accelera-
tion of germation by species.

4) Experiment and study in natural fcfest

A fixed experimental érea wlll be demarcated in Mangrove
natural. forest located in the coast of 'Benoa Bay of Bali
Tsland and in Gili sulat Island off the north-east of Lombok
Island in order to study the ecology of Mangrove forest.



3

. For this purpose, a fixed 'plot will "be set in the
fixedexperimental- area, The. form of a plot depends on
forest condition : transect type from the ocean side to the
inland, ‘massive type, etc. A square form has the size
of approximately 100 m x 100 m (= 1 ha) and a transect type
the width of approximately 20 to 40 m. :

(a) Study of the environment:in forest

Date will be collected by ‘regular ihsPection in the
fixed plots which will be executed mainly in Bali.

- iemperature,_light environment,; water environment, etc. by
means of a data logger
- Sediment deposit evolution

- Litter deposit evolution by means of a litter trap

{b) Survey on stand evolution

The spécies,'the diameter and the tree height of every
tree within the fixed plot will be regularly recorded and
the diameter growth and the shoot length will be regularly

‘measured :for sample trees by means of growth measuring
~bands, etc, in order to analyse the stand evolution.

This study will be executed mainly in Bali because frequent
observations are necessary regarding the growth pattern.
However, this study will be carried out also-in Lombok with
regard to the spe01es which w1ll need to be observed every 6
months,

(c) Survey on regeneration
The régeneration will be -surveyed mainly in Bali in

order ' to examine regeneratlon methods after felling of
Mangrove forest.
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-~ The fixed plot will be divided into some sub-plots ‘in the
size of S m x 5 m to 10 m x' 10 m. In - each sub-plot, the
situatlon of regenerated saplings and their growth will be
surveyed to analyse the relation with different environ-

. mental conditions, ' L - C

- The felllng of Mangrove forest (formed in sgquare or in
transect) will: ‘be carried out 'in accordance with relevant
laws in order to examine later the p0551b¢11ty of natural
'regeneratlon or regeneration by sprout.

~ 'This study- will be also executed in Sumatra -and Sulawe51
for data completlon. ’

5) survey on fauna

The actual situatlon of w1ld11fe w1ll be surveyed in
order to ‘examiné . which kind ,of animals are harmful to
planted trees during - their growing stage, to ant1c1pate
potential pest insects and to collect the information for
the proteéction and the conservation of Mangrove forests.

(a) Survey on. fauna

Since it will take long time until the planted trees

form a mature forest, the existing artificial and natural

forests of Mangrove w1ll be subject of the survey on change
of animals and aquatlc life in the afforestatlon site.

- Environmental-conditions and change of-fauna
~ Change of fauna with the growth of planted trees

{b) Survey on pest insects
The survey on harmful insects and animals will be

carried out in the pllantin site, the existing artificial
forest and natural forest. :
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- Situation of damaged trees and saplings

- Habitat, ecology and life history of harmful insects and
animals

- Control method

6) Improvement of charcoal making techﬁiques..

The foliowing Studiés_will be  implemented in order to
establish standards of charcoal making process from the
Mangrove wood harvesting to the charcoal making method.

(a) Charcoal making of Mangroﬁe wood

‘Mangrove wood will be tested in order to examine whether
it will be adequat as raw wood for charcoal making. Sample
 trees will be felled in the n’atural forest,

- Welght,‘volume change and quality according to the
species and. the diameter classes
- Actual situation of charcoal making in different regions
.. of Indonesia
(b) Improvement of charcoal making techniques

Since the <c¢harcoal of Mangrove wood will be locally

-produced, it is necessary to examine the introduction of

easy and effective techniques for charcoal making.

- Comparison of production efficiency of different charcocal
'~ kilns used in Southeast Asian countries

7) Analysis of socio-economic elements regarding the
Mangrove afforestation

The study and analysis of the socid—economic effects by
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Mangrove‘affofestatioﬁ on local inhabitants will be iﬁpies
mented'at‘the project site and 'in other places of Indonesia.

8)

Market structure analysis of reglons ‘wher'e the charcoal

‘making and charcoal consumptlon are observed

Measures for participation of local inhabitants to the
afforestatlon activities and their organlzatxon
Analysis of 1nfluences produced by the afforestatlon
activities on. the living structure of local inhabitants
Effects of the afforestation act1v1t1es on fishery

Other items to be . examined

The foilowing items othef. than those . above-mentioned

from (1) to (7),will'need to be examined:

- Formulatlon of manuals and plcture books used to

identify the species of: Mangrove in Indonesia
Formulation of manuals for the develoPment and’ the
conservation of. Mangrove forest resources

Setting of opportunities for exchange of views or jOlnt
research with Mangrove-related technical experts and
researchers of forelgn countries :
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3, IMPLEMENTATION DESIGN

sufficient discussions with the concerned persons of the
Republic of Indonesia and those' in charge of the project
have been done ‘with respect to deSigning of roads, bridges,

offices, nursery and related facilities. And - the site

survey, designing and estimation have been performed based
on the results of these discussions. '

3-1 Foreét roads

The' bridges for the access road and the road fof

exploitation have been designed.
1) Access Roads
(1)_Selé¢tion of Route
Based on the viewpoint:of tﬁe mission for Record of

Discussions (R/D) dispatched from October to November 1992,
the-rqutes‘shall pass_thrOugh the national forest land.

From the public’ road to the'site of the Center'or.other

bﬁildings,’the existing driveway in Tambak is to be repaired
and used, and'new road is planned where there is no existing
road. ' '

{2): Survey of Route

(a) Survey of the Center Line

The center lines of the forest road have been surveyed
with a surveying compass with transiting telescope.

(b) Longitudinal Leveling
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As there is no exlisting reference . point, longitudinal
leveling have been carried out supposing the surface of
the public;road's‘junctiqn_as a bench mark of 10m
height; Measuring_the height of each survey point. of
the central line,  and thoéé df'thé startingipoint.and
the terminal point of the route, the height of the
ground has been calculated.

(¢) Cross Leveling

The crogs leveling has been carried out ﬁith a pole 2m
long, at each survey point of the central line and at
the plus stake at a right angle with the, central line.
'The levellng width was. 5m measured hor1201tally from the
rlght to the left.

{3) Designing
(a) Specifications

To prevent accidents like falling, the speed limit of
vehicles shall be 20km/h. The effective width of the
road will be 3m, and the shoulder on each side will be
0.5m wide each. | Masohry-heing applied ﬁo the face of
slope, the gradient of the banking's face of slope will
be 1:0.3.

{b) Roadway Diagraph

The standard roadway diagraph is as shown below.
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{c) Design of Bridges

As a result. . of site researdh and survey;'it was decided

to design thelbridges of access road. with the span of
15m and that of road for ekplqitation with the span of
10m. As the bridges in Indonesia must be designed based
on the design sfandards_of.PU‘(Indonesia?s Ministry of
Public Works), these bridges are déSigned'in conformity-

to the standards. The economy. in designing and the term

of works in Indonesia"depends on - how - much of the

- materials used are procurable in Indonesia. Taking this

into:éccount,‘we_désignéd the bridges with the materials
whidh_ére‘dll_available in Indonesia, from cement to
components. The structure is désigned'to be a cOmposite
type (combination-of steelwork beams and concrete slab)

" to decrease the load on the pedestal as much as possible

and to reduce the cost of foundation works because
cémpared with the precast beams or the prestressed
beams, this type is lighter in the dead weight. In

~Indonesia, a composite type 1is mainly applied to the

foundation of bridges on the weak ground. The advantage
of ‘'the composite type is that the foundation and the
bfidge'pqrt are separated; the bridge will not be
c:acked_éven if the secular groﬁnd subsidence should be
caused because the beam part will absorb the subéidence

to some degree.,

The condition for designing was that a 2 ton truck with
the allowable live load of 2 tons can run safely on the

: 5ridges.. As the safety rate of bfidges i3 prescribed as

3" in the design standards of PU, the safety rate "3"
was applied to the structural calculation too. '
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9) Branch roads

'In this plan, only bridge with the span of - 10m has been
‘designed.  (Refer to. “Brldge of Access Road".)

3-2 Footpaths for the Observation of Natural Forest

e A fixed experlmental area ‘will be set in the natural

forest in the neighborhood of Tambak in- Ball ‘s Benoa project
Slte, to carry. out researches mainly on Wangrove forest.  As
S it . is neressary to collect data frequently in this fixed
_experimental area, : it was decided to construct ‘wooden
footpaths for the observation of. the natural forest.. The
design points of the fooﬁpaths are as follows:

{(a) Block I

The timber road over the water channel (20m) must be
above the maximum tide level, and beyond the channel a
simple wooden footpaths with‘thfee:coconut trees of 30cm
diameter put side by side will be constructed. The
wooden footpath and the simpie wooden footpath will be
connected with stairs. The total length of the
footpaths will be 122m. o |

(b) Block II

Two wooden footpaths 70m long and above = the ' maximum
tide level will be constructed. The dlstance between
the two footpaths will be 300m and these will be
connected with a simple wooden footpath with‘three
coconut trees of 30cm diameter put side by side. The
total length of the footpath will he 442m.
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(c) Block IIT

A wooden fobtpath above the maximum tide = level (20m)
wiil be constructed to make it possible to observe and
inspect the demonstration forest and the natufal forest.
The footpath will be further extended and the total
length will be 120m.

'3-3 Buildings and Related Facilities
1) Congéption'fdr Designing

-ﬁor the_designihg of the center bullding, we studied the
. possibility of reducing the size of the center office and of
using, during the project period, the office in the Balai
RILKT site used currently by the project side as a temporary
office. As a result of discussions with the project side,
howeaver, :it was found out that the project'Side is:in
earnest need of a single office for the management and
~operation of this:demonstratioh research. It was,'theréfore,
decided to design the center based on the viewpoint of the

mission for Record of Discussions.

.2} Layout ’

The location of the center office decided upon_és a
result of discussions with the concerned persons of the
Republic'of Indonesia and the project'side, is as shown in
the layout. '

3) 8izes of Facilities

The éizes of facilities are as follows:
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(1) Office 413m?

Office Room - 147m2
- Conference Room  26m2
Materials Room ' © 86m?
Shower Room and Toilet 44m2
Others ~ 11 0m?

(Waiting Room of privers, Porch,
Storeroom, and Pantry)

As the buiidings in the Bali Province ére'not alloWéd to
construct by the ordinance of the Province Government unless
- they are de31gned in the Bali. style (espec1ally the porch_
and ‘the roof), we got the design’ draw1ngs of one- story
‘houses under constructlon in Bali and fully relled on the

drawings for d631gn1ng.
Name of ‘the Ordinance

Lembaran Daerah
Propinsi Daerah Txngkat 1 Bali
Tahun 1977

Peraturan Daerah Propinsi Daerah Tingkat 1
Bali _
Tentang:

- 1. Tata Ruang Untuk Pembangunan.
2. Lingkungan Khusus. o
3. Bangun - Bangunan,

_ _ Dihimpun OQleh
Biro Hukum Dan Organisasi & Tatalaksana
Kantor Gubernur Kepala Daerah Tingkat 1
Bali |
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A) J’\

- {4) Generator Room = 30m

(2) Laboratory Building 96m?

As the laboratory bullding must also'be of the Bali -
style' like the office, we fully relied on the design
drawings of buildings under construction in Bali.

{B)ZGafage and-Storage 84m2

We'goﬁ‘théidééign-drawings of the garage which our
counterpért'ofganizatioh in Bali (BRLKT) owns and reférred
to them in designing the garage. Concrete is to be placed
all over=the'floor of the garage. '

2.
It is poséible to lead public power in with 750m wiring

(electric pqlés and wires) from the public line, but
according to our finding in field surveys, the public power

supply is currently at the limit of its capacity.ahd new
application will not be accepted until 1994, We judged it,
therefore, impossible to lead public power in. :

 Accordingly, we have decided to apply a  32.5KVA

" generator to day use -and a 15KVA generator to night
1ighting. We designed plug sockets, circuits and others
taking into consideration the future supply of'public power.

In designing the generator room, we referred to the design

of the garage.

{5) Potting House 114m2

In designing the work cabin, we referred to the design

'drawingsééf the garage. We designed the floor to be

concrete slab,

-19-



(6) Water Tank 558m°

We méde -intérviewings on the wells used in private
_ houses.in Ehe‘neighborhood‘of the project site. We judged
‘the water of the wells unsanitary because évery well is
about 4m deep and it is fearéd.waste_water of everyday 1life
is permeatéd in it; We furthér~found out the hotels in the
néighborhdbd'and obtained Variéd.resu1ts; As a result of
it, we judged that a well must be at least 30m deep. A
water tank is to pe installed 3m above -the ground.

(7) Entrance Gatehouse 6.25m2

'As the entrance gatehouse is located at the front of the
project site, we designed the house to be of the Bali style.

3-4 Nursery

To promote the trial plantation activities of this
project and to  establish the reforestation technigues of
production forests on an industrial scale, it was decided to
establish a nursery stable for a long time, The design.

points of the nursary are as follows:
1) Sizes of the Nuxsery . .

The area of the nursery for industrial use ‘was decided
to. he 4,974m2 taking into account the number of required
beds, the paths for working, footpaths, and the'production
of big-sized seedlings to afforest the outer sandy soil
‘(sand deposits of the natural forest). The number of beds
was decided to be 204.  The area of the testing nursery was
decided to be 547m2.
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