Phota $32 Multing material {Qit Palm Bunches)

4.1.2.6. Pest and diseaSes : _ _ _

Almost all dipterocarps planted since April 1993 have suffered damage from leaf-cating in-
sects, which have yet to be identificd. As sane as in Chikus Block-B, there was damage by cattle
and water buffalo. They were put to pasture here, and many enter the project site to grazc on the
plants that grew after weeding. While damage from this grazing was not extensive, some scedlings
were trampled, im_d caten. Especially Hevea brasiliensis which was planted as FGTS in Block--
A(1993) suffered sertously by grazing. Hopea odorata planted on the pass of cattle and buffalo,
suftered from _continuous_nibhing'of top shools and grcw'\vilh aiiulli[")lcﬁ leaders.
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4.1.3. Multi-Storied Forest by Under Planting in Belukar

Multi-Storied Forest by Underplanting in Belukar was established in Chikus Black-A. As
this arca was planted in 1994, it was named Block-A(1994). The design taken in this area was not
planned in the initial five year plan. Belukar was planned to be cleared for the experiments of open
planting. However, because of poor result in open planting, a new design was introduced. o this

design, Belukar was considered o serve as nurse (recs.

4.1.3. 1 Demarcallon of expenmenta! plots
prcnmcntal plots were set-up to demonstrate different planting design with different spe-
cics.. All plots have been arranged in long strips laying for Bast - West, with oiie silvicultural design

planted with one species. Arrangement of plots are shown'in Fig. SIS,
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' Fig. 15 Arrengéments of experimental plots in b!ock:A(1994)
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4.1.3.2. Site preparation
* Belukar was felled in 3 different strip widths in order to manipulate the light condition, and
. prepare planting strips. Felled rows and retained rows were arranged alternately. Three types of
“width were set up, namely F-type (10 m width), G-type (20 m width), ang H- type (40 m width)
(PFig. S16, Photos 33, 34). Width of retained Belukar was sct to 20 m. Belukar was felled from
December 1994 to January 1995, At that time mean height of Belukar was 8 m.

Ftype (10m width):3*32=96 seedlings/plot

I 2 3 405 6 1T 8 9 10 121384150617 181D W2, R
[}
[ 22 £ 8860886886888 8888 8. ... Lo @ I
2|6 645658845 ‘ 56 8660668000008 0
a8 2838832382388%82838¢5 & & i
- . I T REtAIa IS >
~ Gtype (20m width).7*16=112 seedlings/plot
1 2 3 &5 6 T 8 940 IL 1213 181516
o 00 66 0686606000006 i
z@@f.\&@aa;gé 806888
686246464688 8048888] .0
e 620608686466 44608455%
S| 6o &6 0086888668848 408] 1
saddas2e82808228
o o & b s EXEEEEEIE
: . ..................... Bl eeeoomnse e eeenne e e n s .
Htype (40m width):15*8=120 seedlings/plot N
123 45 601 8 ' _ ' :
:?f.\epz.saw;\a#!.s?f-
o e & 4 5 & & sl
38 A A AL LSS
iladebobad
IS S SN
116 64884384 &+ Seedling
N EREERER
9l & & & 4H & & & @ Fole
e & &0 &6 & of i
e EE RSN
i[d 6684845 :
l:lé_&&é&‘&-&%:
o 5 6464889 :
lslf.sase:sas.e:uaao i
°i
--- 4 o.m'. PR

Fig 16 Design of multi-storied forest by underplanting in belukar
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Photo $34 Planting strip of G—lype (20m width)
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Usually in Malaysia, heavy duty machinery is used to remove Belukar, but in this experi-
ments chainsaws were used to minimize the ground compaction by miachinery. Since the felled
logs were of no value, they were cut into small sizes randomly on the spot. This process was
- normally done by one worker. All felled trees were set aside under the retained Belukar to clear the

planting strips. A Grapple loader was used for this process. Because of its huge amount, slash
could not have been cleared manually. Intensive care was taken to minimize the ground compact-
ing by m'\chmcry
After the removal of Bclukar sile preparations, which consists of the clearing of branches
- from felled trees, the removal and triraming of regencrated pIanls, and weeding, were carried oul. |
These processes were mainly done manually. Halchets were used for weeding. Branches were cut
“and accumulated towards the side of retained Belukar strips. The weeding width was 2 m along the
jl!_ﬂ:itillg line (i.c., | meter on each side of the position of planting). The soil was not cultivated.
Ferlitizer was not applied. The record of site preparation is shown in Table S13.

Table $13 History of Chikus Block-A(1994)

Year - C . | | -~ Eventin Chikus Block-A(1994)

Originally o L Lowland dipterocarp forest
J :un. 1988 - Mar. 1989 - ' Clear c.u!ling for comp_ensat.ury planting -
Apr. 1989 : o _ _Fircd twice for ihé site prepzéralio_n of planting
' Acacia mangium : '
Nov. 198.9 L & o .Area Wwas Icfl over and Belukar regg nerated
I)'.cc. 1994 - Jan. 1995 - .j ' ‘ Belukar was felled in line
l&bﬁ-Mar. 1995 - Indigenous specics were planted
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4.1.3.3. Planting

In this experiment, the same species planted with open planting in block-A was selected as

first priority so as to compare the growth with them. Species planted and thicr erigins are as shown

in ‘Table S14 (Photos 335, 36).

Table 514 Planting Specigs of MSF_ bj Underplanting in Be?ukaf

BCAL FOHPravata nursery

BLOCK YEAR TYPE UARECTION $P@ : T Daty Planted SeedWikling Nama ol Place State
A 8 FG 1141 Cratumm p. . Feb.-Mar, 95 Seed Bauding Pegrak JICA
A "4 FG | EW Gonysqlﬁs 73 ! . Fob-Mar 95 Wikling Basput Parak LG
A 54 FGH EW Neobalanocarpus haimi ‘Fob -Mar, 95 Secd & Wilding Kuaha Borang Ferengganu Private (Kuaba Barang)
A 84 FG EW Shorea acuminata Feb-95 Wikling g Kantin Sembifan FO Manbrp
A !M: F.G EW Shorea braciedtals . Fob Mar 95 ' Seed Kola Setar Kediuh Private fkota Setar)
A o FG EW Shorea gtbosa ! ' Feb-Mar, 95 Wilding Bubu Prrak HeA
A o FG  © EW Shotea glauca Feb-0% Wikiing Kota Setar Kedah Privarg (Kota Setar)
A T FGH EW Shotea leprosuia ' Feb -}.‘.ar 95 i Seed Bawkng Priak JCA
A L] FG  ° EW Shocea mullitons Feb-6% Wikding Bukitbarsd Perak LS
T A o FGH EW  Shoreaovals © FebMares | Soed L Bube Paik ncA
A 7] FGH EW Shorad ovata - Feb-Mar 95 - - Seed Bauding Perak LU}
A 4 FOGH EW Shorea parviofia Feb.-Mar g5 Seed Lenfang Fahang NCA
A. 91 EGHM EW  Shorea pawcifiors " FebMar 95 Seed " Gauds Perak NCA
A BT | FG EW Shorea telura Feb Mar 95 Wiking Batu Gajah Patsh HCA
2 Peiak NCA

L] F.G EW Kindata sp. . Mar-35 Seed . Bauding

- Photo S35 Shorea mufltifiora planted in F-lype in Block A(1994)
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- Photo S36 Dialium sp. planted in F-
type in Block A{1994)

Seedlings were ﬁla';ncd'in' 2.5 m x 5.0 m, planting rows \.verc.spaccd 2.5 m apart and indi-.
vidual seedlings 5.0 m_npafl (‘Fig.Sl"I}.- This results iu?ade’nsiily of 800 trees per hectare. Staking
- were done before planting a's in the other plots. Planting methods were the same as those of Multi-
Storicd Farest by under planting in Acecia mangium plantaiion.'

- SCTHNE PP vl e G & :
] ) a .
25 52.59 o i?.ﬁn
[ AR FRRE e e Smee- .Q
i ] []
52.51 ‘2.3 i?.Sﬂ -1~
fbi ...... S LI p-@- ...... &.... -Q;

& Seedling

Fig. 17 Spacing of underplanting in betukar
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4.1.3.4. Tending

Weeding and climber culting were carried out at the same time. The first weeding and climber
culting was carried owt 2 - 3 months after planting. Afterward they were carried out every 2 - 4
months depending on the growth of undergrowthh. This frequency was | - 2 times per year more
than that in Block-B. Vegetation was weeded in Hined by bush cutter with gasoline engine. The line
width was 2 m along the planting line.

In this site, rcgenémiion of Belukar consists of Macaranga spp., Mallotus spp., Trema spp.,
and other pionéer tree species were vigorous. In l{-lyp'é plots, growth of Perotis latifolia {Malay
‘namc Ekor kuching) were quicker than shrub, Climbers were seldom scen.

Pmmng was not carried oul since seedling planted are still not in lhc slage Of pruning. Any

fatal damage (o the seedlings by insccts or disease was nol observed so far,

4.1.4. Arboretum

4.1.4.1. Demarcation of experimental plots .

Atboretinn was planned 1o establish in Chikus block-A for demonstrating various species
which were to be planted in experimental plots It was set up near the iursery in order to apply
intensive care on scedlings planted there, ' '

n 1992 ‘ln(l 1993, arboretuin

: war. c<mb1|<md at lha, same time of

‘Fable S15 History of the Arboretum Site

establishment of open planting in  |Year © Arboretum {1992) Arboretum {1993

block-A. The two arcas were  [Originally Lowland dipterocarp forest

- named arborctum (1992), and ar-

boretum {1993), Expcriménlal “[un. 1988 - Clear cutting for compensatory plantinig project

~ plots were set up in the arca. Each - [Mar, 1989 ' o e 4
plot has an arca of at least Q.48 hect- Apr. 1989 |Stash burning twice for the site preparation of planting

arcs (48 m x 99 m). Arrangemicnt Acacia mangiivi

O_r plots are shown in Figs. $8 and Area was left over without planting Acacia manginm

S9. Sile preparation for Arborelum |

and Belukar regencrated

(1992) was scheduled for comple- ot 1992 - | Removal of Belukar and
“tion by November 1992, but the Jan. 1993 shash bhrnin:p :
: poor performance of contractor re- lgan. 1993 - Moneculivee planting
“sulted in a two-month delay. The {5y, 1993 -
record of site preparation is shown Sep. 1993 - Reimoval of Belukar and
in Table S13. rieb, 1991 slash burning
. . . L
May. 1993 - Monocuire planting
May 1994
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4.1.4.2. Site preparation . _
Site preparation was conducted at the same time and in a samie manner with open planting in
Chikus Block-A. The soil was cultivated orly for four specics plols : Toona sureni, Cinnamontum

sp., Alstonia sp. and Endosperimumn malaccense.

4.1.4.3. Planting _

All the available species at the time of planting were planted in arboretum (Table $16, Photos
37 and 38). Total of 31 species were planted. |

One species was planted uniformly in cach experimental plot. 'FGTS was not planted. Seed-
lings were planted in a spacing of 37mx30min accordance wilh the spacing of Acaciu manginm
plantation. This results in a density of 900 lices per hectare. Contrary to the spacing in Block-B,
planting rows were spaced 3.7 m apart and individual scedlings 3 m apdrl. |

Pluming methods were the same as those of Multi-Storicd Forest by Undci'planting in Acacia
mangiunt plantation, | '

Table 516 Planling Species in Arbosetum

YWAX THE CRICTON §P D' Fla et SearWiisng Sorach®ace | San FCAE e nusy Curu sopsed

o3 A3 X Rt bome gy Vay %t Wikyg Pajzang Paiat FD (Paga-gh Sup.03
0 A3 H Rt aia ap : Oct 93 Sand Sk - Salygm Preas . War. 93
@ A8 o Caphyhamag ’ Cops Wity L Bema Peok ' . 1. . Apr 93
PR ¥ Coramamam i oY [ AT Kian Saroe Ketah T Pee w333
[X] Ag SN Danatuesp . My 54 Wisng Chos T Peak WA TRy
] B Dprwsaa semie Wy Soed oy Feab : pcA Aagsd
) AR K Dytaysgraneara L Seas W idng L Kanching | Swangy Pivan WM 93
s a3 x Duaw . Moy %3 Seed Kota Serar Kedn Privre (Kata So'a) ' Wa: 93
83 A3 L] Eadage mom n ptesrense x93 yag Wark~ Samblay FO (Mosn] 1g 5
PIR) x Metaay Way W Wing Waitin . Sanbian FO tatn) A5
2 W x Poowd trast weas SRS Mgy 93 Sesd R Sphast | Sete FD Mot Jan 33
w A x Hopss sdrata . Moy 83 Wigng Kua's By 3 Tesrgama Privas Aug82
2 A X Fgad grduearm 1 [ed Sho 03 aiw 3] Feb$? Wirsng Wk, Sartran £30smtr) Jan 93
9y & % Bpayokeats 7 o Sues et Aa) Wy ot ity - Moweg . Peck | ED Maoang g 95
] % yra whryta 3 [rd Stoes S8 hacarpa) L Maw Widay dufta PPy " ED iR URLH
PR X apdertoniy rr9 Yisyg Bratg Peak FO Gk Moy 93
w3 K s prtebanc b oeantes D oeares Sosd Eaadg Peak HCA Sp82
93 A A Kemparsdwolaeenss LT wiksyg 7 twan - Peak A fan g3
e 23 Ko Nadaageste Wap SesddWiidng . KuraBeag Tevgpu Finfy Kx'n Be-angh RS 92
P T X Palag e gt oy 3 widng Torswan Perak DA Jun 33
A ] farip frw Sead KitaSatar Kok Fiare Kata Setn) o183
wo A " Patut A ey Ny 23 Widog Crks Podk Hh Kov 82
L A !l Sragh e manpatam S 93 Wikhog Plangi Sardlan . FD Magaj Jan 9l
o A X Sroras 2 uminats Way ) ¥ildng S5 Veman, PO Sarbian FD Mgk} Moy 93
s Ad x Shuea iy 2 Fet 93 Wisag Chi Puak HCA fe 22
@ a X frea "wpein 23 < Alaponts » T wideg * Vamg Caay FO Maruegd Py )
&3 A3 X thase maigted N Weidng . Baudg Poiak . HA £ag 9y
FER ¥ » Srauer it D oW Wisrg B ¥R Pk A . Wa st
an An a Shwwr Tty . Wy 33 © WA Himia Patany : D [Ra.b) War$3
» a3 X Swespavlia . Ag® Wity ) Mewrg Pasak FD Wacogs Mg s,
81 a x Shcris et . May vigg | Ba'e Griah + Padh A I
[T x S e gty Co S oW s SosddWisrg §oladal | Bembian ED M Jav8)
5 AD . N Meoganss Co Y B T - P DG a1
PR~ X

Tord wrnn . O3 C Seed Kova Suvar Kebhi - Preura (Kosa Sotrd ; L]
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Photo $38 Parkia speciosa planted in
Arboretum (31 months after planting}
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4.1.4.4, Tending
The same as that of Multi-Storied Forest by open planting.

4.1.4.5. Pest and diseases
The same as that of Multi-Storied Forest by open planting.

- 4.1.4.6. Supplementary planting

The care of the Arboretum expected at initial de51gn was actually not taken. Thcn,fon, sur-

vival and growih were very poor and supplementary planting was required. One of the designs of

supplenentary planting used in the open planting were applicd here. Because arboretum was estab-

- lished next to the open planting area, supplementary planting was done at the same time. Arbore-

tum plots were re-arranged as shown in Fig. S12.

Sitc was weeded in lines from February to March 1996. Retained grass or shrub were ex-
pected to provide shade on cleared line. HQTS and Acacia mangium were planted in cleared lincs
“in March 1996, and planting linc were arranged one by one alternately. Only 10 species avaitable at
the time were planted (Table $17). All the seedlings of HQTS were treated with hardcnmg ln

: urborelum five different planting ricthods were '1ppl|cd as follows;

) Table St7 Planting Spacies for Supb!ementary Planting in Asbotetum

BLOCK | YEAR TYiE DIRECTION SFP ) Dute Panied  SeodWsding  Namé of Place Stale

NCASFO T Prvale mesery

Liale arquired
Apocetym 96 A X Digderataqns ke Feb-id - Socd Banding T Peak JICA Aug-g1
Atgrelom 55 A3 x Diglerocarpus chiongilolivs : - Febdt Secd Ul Kenas Fedak HCA Feb-05
Ateten 95 A8 X Shoea atsamica Feb 0h : . Wilding Bubu Fetak JCA Apf-ﬂ#
ALl 55 AR X Shotea b aclonia’a D Febbs Wilding Ynknown FPetak FO {Manong) Aug 9l
Apwlum 85 AR X Shotea cuitsd : Feb-o6 i Sged Bukit Lart Fetak FCA Feb- 85
Foteuglum 95 AQ X Shorea glawa ; Feo 95 . Wilding Unknows . Bembian FD (Mantin} Jarr9)
Arbuglum 95 5 X Stores hprosida [ . S Sead Uty Stima Fetak JCA Sop 04
Adudglam 85 AR X Shorea macrplird o " Fen0 Send . Bendo?  © Sesbilan Hca FTET
Aborelam 95 AR X Shotea paseitalia : - Fob Sead Blam | Ftak JICA Jan.os
Abostym §5 AB X ' Jica Jons

Shorga wiwa : Fed-55 Dwiding - . an Gajgh Perak
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(1) Planting on soil bag

Soil bags, which conlams mixture of top soil, organic fertilizer (Producl name; Bio-M) and
small picces of chatcoal {5 nm xS mmx S mm, 5% of top soil volume), were placed on the ground.
Size of soil bag was 60 cm in width and 90 cm in length. Planting hole was ope ned on the soil bag,
with the size of 20 ¢ in diameter and 30 em in depth, and a seedling was planted into it (Photo 39).

Muiching was not applicd.

-Photo 839 Planting on soil bag

{2y Mulclung wuh soil bag
Three soil bags, which contain mixture of lop .sonl orgamc fertilizer (?roducl name: Bio-M)

and small picces of charcoal (5 mm x § mm x 5 mm; 5% of top soil volume), was pld(‘(‘d on the
ground. Size of soil bags were 60 cm in width and 90 cm in length. Planung hole was oancd
among the three soil bags, with the size of 20 cm in diameter and 30 cm in depth, and a seedling

‘was planted into itl. Scil bags were expected to play as mulching (Photo 40).
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(3) Big hole planting =

Size of planting hole for each in-
digenous scedling should be more than
50 em in diameter and morc;lhali 50
cmin depth. Ini each planting holé, mix-
ture of top soil, organic fc:1ilizér (Prod-
uct name: Bio-M) and small pieces of
charcoal (5 mm x 5 mm x 5 nun, 5% of
top soil volume), was filted. Half-cut
coconuts husks were placed mfoimd :
- seedling as mulch (Photo 4 l'). : |

" Photo S41 Big hole planting
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(4} Group planting _

Five scedlings were planted together in one planting spot in order to provide shade for cach
other. Size of planting hole for ¢ach scedling 20 ¢ in diameter arid 30 cm in depth. Oil pahn lecaves
cutin 1 m length were placed around secdlings as mulch (Photo 42).

Photo S42 :Group‘ planting
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(5) Underplanting in belukar .
As the Belukar naturally regenerated again after the site preparation of arboretum(1992)
from October 1992 to January 1993, they were used as nurse trees (Photos 43 and 44). Planting

method was the same as the big hole planting above.

b ' BB

Photo S43 Natural regéneration of belukar
36 month after site preparation
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PS44 Underptanting in belukar
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4.2. Bukit Kinta site

4.2.1. Demarcation of Experimentat Plots

Demascation of planting area was done based on preliminary survey by referring map and site
inspection. A post felling inventory was carried out in compartment 146 by local contractor on Feb.
1993 (o know the status and spatial distribution of vegetation, remaining trees,and regenerated
saplings within the comparlmcni. The plot demarcation survey was carried oul By local contractor.
The criteria of maximum closing errors was determined as one percent. Unsuitable arcas such as
- rocky, swanpy, stream and steep arcas more than 30 degrees were avoided. Experinemial _plbis
were mainly located along forest road in order to access easily. An amount of area \{vhich include
- one or more plots was named block. Total number of 17 blocks (bloks A-Q) was arranged in the

arca as shown in Fig. S18.

_ %Loocn':i‘- BLOCK O

Y e

STATE OF FERAN CARLE NOAMRNM
Scole: | :ooo-o

' Fig. S18 Arrangements of 17 blocks in Bukit Kinta site
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Two types of planting methods have been adopled in Bukit Kinta site. One is gap planting (1990
Ochiai) and another is Linc Planting. Furtheimtore, Gap planting is divided into (wo types named
GP-1 and GP-2. '

GP-1 type plots were designed to use pre-existing canopy openings (gaps) which were created
naturatly or by logging activities, as planting sites. Therefore, cach block was demarcated so as to
include at least one gap of larger than 30m x 30m. One plot was established in cach of the blocks A-
Gand I, atid two plots were established in H block. In K-block, one GP1 plot was established

Dicection of planting row

e 2 % 5 F & % 2 & 5 B

5m

9—3 & & 21 & 5 2 B 8 B

25m

e

P s

T

‘leg end_
Spacing: 3m by Im {30m,20m)
2m by am {30m,5m)
track :

noit cut area

D clearing area

Fig S19 Basic design of GP-1 and GP-2 gap p!o_ts
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Two t:ypcﬂ;'of planting methods have been adopted in Bukil Kinta site. Onc is Bap planting (1990
(}Chlm) and another i i$ Line Planting. rll[lh{‘{ noie, Gﬂp planung is {Ilwdcd mto two lypcs named
GP-1 and GP-2.

GP-1 type plots were dcmgncd to use pre- cxlslmg canopy opu\mgs (gape) which were created
naturally or by logging activitics, as planting sites. Therefore, each block was demarcated so as to
include at least one gap of larger than 20m x 30m. One plot was established in cach of the blocks A-
G and 1, and two plots were established in H block. InK- hlock onc GPI plot was cslabh%hcd

Gap
__Direction of planting row

+ * w4 & 2 o® B e @ o0

5m
=" u 4 & =® w 8 & ¥ .

25m

Legend

Spacing 3m by 3m (30m 20m)
2m by 2m (10 5m)

lrack

non cul area

lj clearing area

Fig S19 Basic design of GP-1 and GP-2 gap plots
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besides GP2 and LP type plots mentioned below.

GP-2 typc plots and Line planting (LP) plots were designed to compare growlh petformance
of planted seedlings within artificially credted various sized canopy openings. Square openings of
Sm x 5, 10x10, 2020, and 30x30 (Fig. $19), and strip openings of 2m, 10m, and 20m width (Fig.
820} were created. Square gap plots were ¢t 50 as not to include large trees or palins which have
DBHs of 20cm or above. Buffer zonc was retained at least 10 m apart each other and from other
open area such as forest road, ex-log yard, decking site. Description of ptots established in Bukit
Kinta site are shown in Table S18. |

(’ To Simgang MAa Forest Road

H .ooqgoo_o;,;-H.m “ .4

157 o)
a

o QO
‘S\_;o

HEEE : H : : ' : B
Daom I tem L aow s tam L IR R T e R T Nom =

m dm ' 2w
e HEm >

" Fig. $20 Design of line planting

Table S18 Areas and number of plots for each p!antihg design

Planting Palieen — RTotal Area | Tolal Area
Year |Block] GP-1 (GP-2 __|LP L of of
5 1 Q6 (20} (30) | sub-lo. 2m 0m 20m subto. I . Gap Bleck
sl A fod2(y | - o o 0420) | 042
BCH K270 I D S T T easin | e |
o] HIECION I N D 1.36(1) 1.36
T RTINS T 1l 1 I R R KT 1.03
E Jiosq) N T N o Eresdn 1.03
F liooqQ) | L I R e g Looy 1 1.00
6 | 1460) - I I A - 146(1) | 146"
19940 H 1137 _ N 137¢ ] 138
[ XL : . . I S 38401y | 384
J 0.05(19) 0.17(17)1 0.20(5) | 0.18(2) 060@3) 011N [ 0312 03(1) 107N L3IIG0) | 604
_ K § 251y 0.15(1931 0.08(2) | 0.18(23 | 0.45(23) | 0. 12(4) 0321 033 1 0777y ) 38331y ] 628
1998 L 0.05(21)] 0.0%(9) | 2.08(2) | 0.0%(1} 1 0.31(33} _jongy | 289
M 0.06(23)] 0.08(8) { C.08(2) | 0.05{(13 1 0.31(34) [ R LRI AN
N 0.04{15); 0.08(8) | $.08(2) | 0.09(3} ] 0.25(26) : e | 0.25(26) | 4.50
| O 0.04(17)| 0.07(7) [ 0.16{4) | 0.18(2) | 0.45(30) : L . h045030r . 330
Pl |0o03(12)] 0.09(9) | 0.12(3) | 0.18(2) | 0.42(26) - A ___' 04226 | I
Q 0.05(18) 0.05!5% 0.42(3) | 0.18(2) | 0.40(28) 0.40(28) | 451
Tolal | 17 133000 32(125] 0.82(8)[0.922D] 1.17011)]3.23(243) 0 23(8Y | 0.63{4) | 0.63(2) 148([4)]I9 14(268) 51.62
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4.2.2. Site Preparation

Photo 551
GP-1 plot of
H block

- GPI plots were set up at pre-éx'isting gap‘s'of.unknowri ages. All of such kind of gaps were

occupied with dense thickets of bamboos, palms, shrubs, and grasses. These thickets wele cleared

Photo S52 Lina Planting {2m) in K block
207

by hatchets or énginc bush cutters except
for the remaining trees of more than S cm
(for blocks A-G) or 10 ¢ (for blocks H, 1,
and K):, or for_lhc specics w'hich_w_cre fisled
as useful trees in Pocket chek list of timber
trees (Koéhtﬁmnicn, 1962). Cut thickets were
gatherd alon g contour lines $0 as not o ham-
per planting of scedlings.

GP2 plots, artificial Esqua'rc gaps of
Smxsm, 10x10, 20x20,'3nd_30x30, were
created by felling overstory ‘trees. Trees
morc_lhan_ 10 cmin DBH or the 1|s¢ful tree
species were retained as in GP1, After fell-

-~ ing trees, shrubs were cut and extracted out
“of the p:lot_s. GP2 plots were arranged ran-
' domly within J and K blocks.It means that - :
“specific gap size should not be gathered on

lower slope or upper slope in the area. Two
control plots of 20m x 20m, in which sap-
lings were intended to be planted withoul
overstory felling or any other treatments
such as climber cutting, were tocated in



block 1.

Linc planting
-~ {L.P) plots of 2m, 10m,
and 10m widths were
established in 3 and K
blocks as the same
.manner as in GP2,
‘Each line has a fength
of 120-160 m and di-
rection of NE-SW.

One of the pur-
poses of these treat-
ments in the site prepa-

ratton is to reduce im-

pact on surrounding

Pholo 853 GP-2 {30m) in J Block -

conditions such as . o
vegetations, soil and to redice the costs of establishment of MSF in logged-over forests. The soil
was not cultivated, and fertilizer was not applied. ‘Two control plots were located in J-block where

no felling or cuiting weére carried out.

4.2.3. Selection of Species _ o _

Tree species to plant in Bukit Kinta were selected from the high-quality timber :;pcc:ic.s‘.E growing
in Bukit Kinla site, and were also planned to plant secdlings collected at B.K sile, five or so species
with readily available seedlings would be sclected according to five year work plan. Actually we:
ﬁfc:c foiced to_dépcnd on stock quanlily'in_ nursery under irregular flowering and fruiting p'altcrh of
tropical rain forest. . L -

Finally the 7 species as D.baudii, S. cm"!isii,.S. leprosura, 8. macroptera, 8. panciflora, S. parvifolia,
S. ovata( all dipterocarps) were planted in Bukit Kinta so far (Table S 19). All the speeics excepl

Table 19 Source of seedlings

Year Block Species ' Date Planted seed/wilding © © Place - Stale  Nursery  Date

93  A-G Shorea parvifofia FebMarMay-94 . seed & wilding: Bentong - Pahang - JICA -~ Mar93
94 . H . Dipteroccrpus baudii = CMar9s seed IBukitKinta  Paak  JICA ' Mar9d
95 L Dipterocarpus boudii .~ Mar-96 SR - Bukit Kinta © . Porakl =~ JICA | Mard
94 - W Shorea curlisii - Mar$ seed ¢ Gk Paak - JICA - Sep9d
95 L-Q: Shorea cuirlisii o Mar96 seed Taiping . Paak  JICA - Feb53
94 I,K Shorealeprosura Mar-95 - seed T Gerik Peiak  JICA  Aup9)
99 LK . Shorea macroplera Mar95 sced Gerik Peak  JICA - Sep93
95 MO Shoreaovala : Mae96 C o seed CGerik | Paak  C JICA T Avg9d
94 LK Shorea pauciflora . Mar-95 seed & wilding  Gerik Paak | JICA T 0wl
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Shorea ovata arc popular regenerating species in Bukit Kinta according to Post-Felling Inventory
and other vegetation surveys. Only D.baudii was planted fromi the seeds collected in Bukit Kinta.

4.2.4. Planting

Scedlings planted in Bukit Kinta site were brought from Chikus nursery, about 70km away
from B. K. They were transported by a cavered truck usually in the early morning by a contractor
. Then scedlings were put under shaded area or put in a lemporary nursery made by the contractor
near the planting site. Additional 10% to the required number were bmughl to the site for the
reserve. '

Different spacing were applied for differnt types of openings (Fig. S21). The spacing of Sm
x 2.5m was adopted in GP-1 (density of 800 trees per hectare). The spacing of 3m x 3m for farger
two types and 2m x 2m for smaller two types were adopted in GP-2. Fundaméntall'y seedlings were
planted along contour lines in gap planting plots. Scedlings were planted with a interval of 2.5m in
line planthig plots of LPlO and LP20, where two and four rows with S m apart each other were
planted respectively . In LP2 seedlings were planted with a interval of 3m. Planling spots were
marked wilth stakes of bamboos boards, or PVC pipes ‘of lm length during the site preparation.

Planting spols were cleaned in circle with diameter of 1.0 m. All the undesirable seedlings
were removed with their roots. Grasses and remaining branches and twigs were removed from
planting spots. The planting hole is 12cm in diameter and 20cm depth. Polytherie bags coulammg
scedlings were removed carefully by sharp instrament so as o make sure the soil in the bag was
kept intact. After planting, the holes were covered back and compacled in a proper way. Removed
polythcnc bags were placed on stakes ta make it easy to find the planted trees in especially weeding
* treatment and prevent culting planted trees. First survey of survival rate was carried out at one
month or two monlhs after planting. I 20% or more secdlmgs have dicd, supplcmenlal planting’
was performed by a comractor by 3 months aftér initial planting (Follows the standard method used
by Forestry Dupzu tment). S

* Total number and specis of seedlings planted in Bukit Kinta s;le are shown in Table S20.

4.2.5. Tending
Weeding treatment and climber cutling were done at the samé time. Although, weeding
treatments were carried oul by both man-power and machmery, it was donc by man- power near the
trees so as not to cul trees. All undesirable phms were cut so as not te cxcccd 30 ¢ from the
: ground level, and all undergrowth within the radins of 450m around lhe trees were hoed up with.
(Al chmbmg plants found on trecs were cut and remove manually by hatchets. Itis 1mporiant tocut
and remove climbers as soon as possible because 1hey grow so fast in B.K site especially in the arca
‘whicli'is located at the lower slope. After hocing work, soil surface was covered with leaf litter
;around the trees. These treatment works were carried out in all plots except two control plots in ¥ _'
block which were designated to get comparative data with other plois .
_ Frequency of weeding treatment varies. It was decided by conditions of each plot. Weedmg
treatment is done when undergrowth (including climber) come up to tree height. The growth speeds
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“Fig. 21 Examples of spacing for each planting type
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Table S2O Species and number of seedlings planted in each planting type in
Bukit Kinta Site

BLOCK Planting Specics Plots Spacing |Reference
hpe . Number
A GP-1 |8, parvifolia i SmX25m  [Monoculture
B Gr-1_ |8 parvifolla | 1} smx25m {Planting
c_ _GP1 (S panvifolla |} swesm |
D __GP-1 |Sopanvifolia | [ SaX2.5m -
E TGP |Soparvifolia | 5mX2 §m )
F ~ GP1 |8 parvifolta” | T smx2sm | - B
G _GPi |8 parvifolta i SmX2.5m o
n-r ©GP-l (D, baudit N} SmX25m  [Mix planting
- |8 macroptera”
H2 GP-t [Dobaudii | smX26m  |[Mixplactig
~ S ewrisii | _192] 128 R
1 GP-1 |8 macroptera |1 SmX26m  [Mix planting
S ~ 5. lfeprosura o
oy GP-2(5) |S. macroptera [19(8) 20024 |Mono Planting
{8 paweifora{ (11)] _
GP-2(10) |S. macroptera {17(9) |30 Moao Planting
|8 panciflora (8) ‘
GP-220) S, macroptera | 3 3mam  |Mix planting
o S poncifiora ' . 1
GP-2(30) |S. macroptera | 2] 3mxdm Mix planting
. S pauciflora
CONIROU2ONS. mmacroptera | 2 3mam  (Mix planting
i |8 pauciflora N L
Lp2 S. macroptera | 4 +2mx3m Mix planting
B |S. panciftora " 8
e s . macroplera 2 25mxSm | |Mix planting
|8, pancifiora | | 1
L 1’20 S imacroptera 1 25mxSm . [Mix planting
e _ S, pauciflora g '
K CGPl. |8 macroptera | 1 Smx2Sim . |Mix planting |
: Y1 IS paneiflora E 59 -
: Gi’-?(l()} S. macroptera [19(9) 3dm - |Mono Planting
| © 18 pancifiera {10)
“GP-2020) [S. macroptera 2 3mdm Mix planting
L 8. pauciflora |
GP-2(30) |S. leprosura [2%(1) 0[3mx3m Mix planting
: .§‘_ marmp!};&- 4
. _iS.pancifiora_| -
rp2 8 macroptera | 4 12708m  [Mix planting
L S.pauciflora | '
LP10 -S yiﬁffﬂplé!ﬂ ) T2 25msm  [Mix planting )
o _IS pauciflora_ |~ |
LP26 IS. macroptera |1 26mxSm  [Mix planting

8. pauciffora

* Iplot where is planted 3 species
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of undergrowth were different among cach block. Especially, there are differences between upper
blocks and lower blocks; undergrowth comes carlier in lower slope than upper slope in Bukit Kinta.
The record of weeding treatment is shown in Table S21. As shown in Table K4, there were plots
that need weeding treatment 3-4 times in first year. On the other hand there were plots that do not
need weeding treatiment for a year.

Main target weed species for weeding teeatments are bamboo, ginger, banana, Bertuni palnt
(Kugeissona tristis) ,and raltlan {Calamnus 5;}';1/1101:111). A grass (Imperata cylindrica/lalang) well
known as preventing regencration of woody species is also a targel, The study area can be (iividgci
inlo three types by topography and these correspond o the distribution of weeds. Upper part of the
slopes, bertum is one of the typical vegetation evenly found on steep arca and fems also occupicd
the forest floor. In the middle pari of the slope, rattan grows. In lower part of slopes and along the
stream,wild ginger and banana occupied the forest floor. A climber (Mikania scandens spp/Selaput

tunggul) comes up all tree species so frequently in all arcas especially lower slope.

4.2.6. Pestand diseases _
Although there are some damage on leaf by leaf eating insects, conspicuous damage is not
found in Bukit Kinta. Damages by wild pig were scen in T and K blocks where the soil was kept
muddy. In those arca, footprints of wild pigs and traces of scratches were left on the ground around
planted trees, while {h'cy were not so serious so far. Only in a plot (30-2) in K block, which is often
walterlogged due to small stream run throiigh this arca, many footprints of wild pigs were left and
- staking poles and scedlings were considered to be fallen down by wild pigs. Its damage spread on

morte than 70 trees while 121 trees were planted.

4.2.7. Supplementary Planting _ | | |
"InB block, replanting was done becausc forest fire occurred in June 1994, In this block,

:originally, S.parvifolia was planted in May 1994. After assessiig éurvival of trees, ;lhe same

species S.parvifolia were repim‘}!c:d in Nov, 1994. Finally 206 seedlings were planted by the same

method as initial planting. o
Table $21 Weeding record

Planted in93 - . Planted [n 94 _
Biock A B C D E F - G H i ] |
Planting Date | Mayd¥ | May93 | May9d | T4 | MayS4 | Mu98 [ Ma5d | Mard5 | MarS5| Mw93| MuS3
[ May./24 O _
Jut. ' O _ Q. O
Ocl | O O O O | O
Dec. O .
Mar. 195 O I's) O O O
Jun. fe) O CGp-t
Jul. : _ 'e) CGr1 d
Aug, - : : : O O OGP-)
Sep. Q O ' O | Corr
Ot C | O _
 Nov, O 1 o . oo O Q O
Mar /96 ' O 8] ] Q O O O
Jut. o [e) O O O O] O QO .
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5. EXPERIMENTS

‘The objectives of this experiment are divided into two. One is to clarify the optimum silvi-
culture design thorough the comparison of the growth of trees planted among different types (dif-
ferent openness) of Multi-Staried Forest which manipulate the light colldi;i0113. The other is to
clarify the species character and find out promising specics for establishing Multi-Storied Forest
l:horough the comparison of the growth of different species which were planted both in Multi-
Storied Forest and Arboretum .

5.1 Chikus Site
5.1.1. Method

5.1.1:1. Setting up of permanent plots _
Permanent plots were set up in each plot for the measurement and monitoring of planted
secdlings. Each permanent plot was set up at the central part of the plot to remave border effects. At least

100 seedlings were included in each peomanent plot to attain statistical significance.

5.1.1.2. Measurement of survival and growth of planted trees

Survival and growth of trees were measured al each permanent plot. Every planted trec in
each permanent plot was nﬁrked and numbered, and measured regularly in items of total surviving
number, trec height and diameler at ground. Tree height was measured with measuring pole, and
diameter was measured with caliper. : -

Basically, measurement was doné at one month after planting for the first time, and after that it was
continued every six months. Because of time constraints or manpower cdnslraims, some piols' could not
have been followed this schedule.

Actual measurement dates for the cach plot are shown in Appendix S1, 82, 83, and S4.
5.1.1.3. Meastrement of survival and growth of Acacia mangium

In Underplanting plots in Block-B{1992), survivat and growih of Acacia mmigium were meastred
in A - E type of Shorea leprosula planted in NS direction. Tolalgsﬁrvi'ving number, and diameter at breast
height (dbh) were measured. Tree height was estimated with the height of sample trees. Measurements
were carried out in June 1993, December 1993, June 1994, They fall on 3 years and 7 months, 4-
years and 1 month, and 4 years and 7 months after planting respeclive!y, and @ months, 1 year and
3 months, and | year and 9 months after strip felling respectively.

in Openplanting plots in Block-A(1992), suivival and growth of Acacia mangiuni were measured
in A - E type of Hopea odorata, Neobaimiomrpus heimii, Shorea feprosuta, Shorea pa rvifolia plots. Total
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surfiving nuinber, height and diameter at ground height were measured. This measurement was carricd
out in November 1993, it falt on 5 to 10 months after planting.

5.1.1.4. Measurement of meteorologiéal data

Automatic Meteorological Data Recorder

Automatic meleordlogicaT data recorder (OTAC-2000, Ohta Keiki Ltd., Japan) was installed
at Chikus Nursery (Photo S45). It records temperature, moisture, rainfall, wind velocity, wind
direction, salar radiation, and sunshine duration. Since the trouble with the gencrator prevented its
continuous data recording, solar power supply system was introduced.” After installing solar power
system in February 1994, meteorological data has been recorded.

Weather Data Logger

Weather data loggers (M-812, Yokogawa Weathac Ltd., Japan) were installed al planting
~ sites to record the micro climate in the forest at November 1995 (Photoé. 846, $47). Total nuimber of
six weather data loggers were instatled. 'Thrc_e weather data toggers were installed at EW-A, EW-
- C, and EW-E in Chikus Block-B{1994) to record light intensity, air temperature {30 cm and 110 cm
above the ground) , soif temperature (§ em and 30 ¢m beaeath the ground), and the one weather
data logger was installed at overstory felling experimental plot to record light intensity, and the one
weather data logger was installed at Nursery to record light intensity, air temperature (30 ¢m and
110 cm above the ground), soil temperature (5 cm and 30 ¢m bencath the ground), and the one
weather data logger was installed at Bidor office to record fight intensity, air temperature {30 cm
and 110 cm aBovc the groui\d), moisture, soil temperalurb {5 cm and 30 cm beneath the ground),

. rainfall, wind velocity, and wind direction.

5.1.1,5. Measurement of light condition
Four kinds of light measurement methods were taken in the Chikus site. Since Acacia mangitm |
plantation was considered in homogenous condition, one measurement was taken in one planting
strip, and the mecasured value was regarded as the representative value of the planting design.
Measurement of RAI by diazo method and transient relative light intensily by PPFD metes
were conducted by twa shart term experts; Dr. Y. Matsumoto [rom October to November 1994, and
Dr. K. Kimura from September to November 1995, Refer to their report for the detail of the study.

5.1.5.5.1 Relative Accumulated Illumina_n@ (RAD by Illuminance Meter |
lluminance Mct’cr'(’l‘-lH digital ithuminance meter, Minolta ‘le.,' Japan) was used to mea-
sure the average relative accumutated illaminance (RAI) in the planting strip. The measurement
was carried out in A to E type of Shorea leprosula plots in NS directions in Block-B(1992) and in
non-felled Acacia mangium forest. The data in the middle of B lype was used as a standard for 100
% of RAL The meter was held at 1.3 meters high above the ground by the man who was walking
through the each plots to measure the average illuminance in the plot. Accumulated iltuminance
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Photo S45 Automatic metéorologica! data recorder OTAC-
2000 installed in nursary office -

Photo S46 Weather data logger M-812 installed
in B-type planting strip
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- Photo S47 Thermometers and PPFD
“sensors installed in E-type planting strip

Photo S48 A diazo plate installed in a field
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was mieasured for a 10-miuute period between 12:30 and 14:30 (one hour before and after the sun
crosses the meridian) on slightly overcast days, in October 1992 at the time of planting (1st.), in
July 1993 (2nd.) and October 1993 (3rd.). '

5.1.1.5.2. Relative Accumulated Iluminance (RAT) by Diazo Method

Diazo photo sensitive paper method (Friend 1961, Ando 1983 and Matsumoto 1995) was
taken in order to measure the distribution of RAI within the planting strip. This method uses diazo
- photo sensitive paper (bluc copy paper) with the step wise light absorbing filters. The siep wise
Jight absorbing filters makes stepwise exposure pattern on the diazo paper, and these vatucs were
calibrated to RA1 which was measured by the illuminance meter. This method provided a margin
of crror within 25 % of actval values. _

Measurements were carried out lwice in underplanting in Acacia mangium siles.

* The first measurement was done from the end of October fo the beginning of November in
1994. The measumnents weie done i m three sites; firstly in EW-A to EW-E typein Block- B( 1992)
secondly in EW-A to EW-E in Block-B(1993), and thirdly NS-A to NS-E i in Block-B(1993).
Block-B(1992), the measurement time fell on 26 months after strip felling of Acacia mangium. n
Block-B(1993), it fell on 12 months after Slrip felling of Acacia mangium. Acacia mangium was
about 18 m in average trec height at that time. :

The second measurement was donc in Ocfober 1995, The measurements werd done in three
sites; firstly EW-A to EW-E type in Block-B(1992), sccondly EW-A to EW-E in Block-B(1993),
and thirdly EW-A to EW-E in Block-B(1994). In Block-B(1992), the measurcment time fell on 38
months after strip felling of Acacia mangium. In .Biock-B(l‘JQS); it fell on 24 months after strip
felling of Acacia néangium. In Block-B(1994), the mcasurément_ time fell on 10 months after strip
felling of Acacia mangium. Acacia mangium was abowt 20 m in average tree hciﬂht. at that time.

Diazo papers were set on cach planting row of sce(l!mgs arl2zm hclghl above the ground
but not in (hc shade of scedlings since some ‘:ecdlmgs have altained more than 1.2min hmghl
(Photo 848) Within cach plot, two series of diazo papers weic sel wilh crossing planting strips,
and both ends were on the planting rows of Acacia mangium which were the edges of planting
strips. In E- -ype, which was the widest planting strips among all, light condition was measured at
cach four points from both forest edges of upper storied Acacia mangiine and the center of thc
planting strip. Tlie data in the mlddle of E type was used as a slandard fon 100 % of RAL

Another measurement was also taken RAI before and after the strip felling were mcasund
This measurement was conducted in conjuncuon with the over sto:y felling cxpenmcm

~ The light condition in undcrplanlmg in Belukar sites was also measured. F, G, H type in
Block-A{(1994) were measured in Octobér 1995. It fell on 9 months after strip felling of Belukar,
Belukar was about 8 m in average tree height at that time.

© 5.1.1.5.3 Transicot Relative Light Intensity (RL1) by PPED Sensors
This method was taken for the measurement of vertical distribution of light condition in
Multi-Storied Forest by underplanting in Acacia mangiumn plantation. Qne sensor was fixed at a
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controt open point (the middle of b type) and the another sensor was sct on the top of measuring
poles and placed at the desired point in the forest.” The transicnt values were measured. |

This method evaluated the diffused light from the sky with using two illuminance meters or-
PPED sensors. Thus this method should be done under cloudy condition. RLI will fluctuate very
strongly under the fine weather, because of the dircet sun light.

5.1.1.5.4. Conhnuous measurement ofphoton flux density (PPH)) by Dma Logger with PP] D
Sensors:

This niclhod measured the changes of PPFD duriné the certain period. The \Vcalher Data
Logger (M-812) with PPED sensors were sct to record the changes of PPED every 10 minutes |

during a day.

5.1.1.6.” Other experiments
Other experiments were carried out mainly by the short-term cxpcrts Rcfer to the short- term
expert n,pous for the dcl’uls of each study.

{n SmlCoudltton ‘

~ Soil condition int Chikus site was survcycd by the short- term expert, Mr. S. AlZ&W'i three
times; firstly from January to February 1993, sccondly from Scplembcr to November 1993, thirdly
from May to Junc 1995. The physical character of soil was surveyed in first time and second time,
- and the chemical character of the soil was surveyed in third time. Soil samples for dml)ﬂng
: chcnmal character were scn_t for FRIM and the Ministry of Agricullure. The analysis is in progress.

Results are awaiting.

(2} Mycorrhl?a _ :

- Mycorrhiza in Chikus site was surveyed by the short-term cxpcn Dr. M. Ogawa, two times;
fiestly from November to Decentber 1994, secondly from May to June 1995. In opeaplanting site
in Chikus Block-A, mycorrhiza formation was poor, and only /nocybe sp. was found. In
underplanting site in Chikus Block-B, mycorrhiza fungi was also little, only Laccaria sp. was
found in Shorea !eprosuhz plot, Laccarm sp. and Inocybe sp. were found a little in Shorea par wfnha
plot. l"he mﬂucncc of myco: rhwa on the growth of dipterocarp species was iot clarified in Chikus

) 'mc

{!) Discases (Hc:ut Rot of Acacm manguun) .

Heart rot of Acacia mangium was survcyed by lwo short-term cxpcns Dr. T. Yamaguchi
from Qctober to November 1993, and Dr. S. lto from November to December 1994, The percent-
age of damaged trec was 52.6 - 60 %, and the ratios of decayed wood volume to the whole tree -

‘volume 0.01 - 6.0 % in 1993 survey. The percentage of damaged tree was increased 1o 70 % in
1994 survey. Comparing to the similar survey conducted in Sabah state, these damaged rates wert
remarkably high. Fungus inducing heart rot of Acacia mangium were revealed to invade from
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wounds and dead branches. Thus it is nceded to consider the improvement of procedures not to

make wounds on the trunk and of pruning.

(4) Discases (Shorea leprosula stem wound)

Stem wound ofShorea leprosula was surveyed by the short-term expert, Dr. S. lto, from
November to December 1994, and from November to December 1995, The damages of stem
wound onr Shorea leprosula planted in Block-B(1992) have been obsérved since 1993, This wound
might be caused by cattle or water buffato invaded into the site with rubbing their body :1gni'nsl the
stem. In 1994, canker and rot on stem of S.’mrea‘fqn'bsu!a were found on the wound part. The
- percentage of damaged trec was 35.5 - 55.0 % in March 1995; and 59.4 - 61.4 % in November

1995. While the percentage of damaged tree was increased from March to Noi-’cmbcr, the average
severily of the wound did not progress drastically because of the healing. Judging from the infec-
lion nmanner, il 1s expected that this damage is not a dangerous and highly infectious discase. Bu
xylem in the damaged trees was already rotted, thus the damage itsclf in this areais a serious
problems. The canker and rot of stem was found to be caused by the invasion of dc_cay‘fu:ngi
lhoroug_h the wound. Macrophoma sp., Fusdrium sp., etc: were isolated from the wound, and
- Macraphoma sp. caused the lesion in the steny through the inoculation experiment. BulMm-mphmr.-;.' _
-sp. could net invade from aintact bark of Shaorea leprosula. Beside this phenomena, other wound
“on the upper ]m'rl of the stem was also observed in 1995, This wound shight be caused b).; squirrels.
In 1996, some of the wound trees were found Lo be broken on the pomt of the wound l irther
_obschalion ang sludy is I‘t(]LlIl"t.(] ' o

{3) Soil Cultivation '.md Fertilization Experiment o
The effect of soil cultivation and fertilization was studied. While the initial restilts were
rupmted on “lntcum Repout, June 1994 of this project, conlmuous measurement was prcx cnted I)y

hlgh monahly rate of phnlcd sccdlmgs al'tcr severe draught in June 1994,

5.1.2. Resuits and Discussion
5.1.2.1'. Si_and Envircnment

ERWARE Wc.ithcr condition
~ Fig.$22 show the weather condmon in Cinl\us site. Accordmg the latest .mmnl rgcord from
* August 1995 to July 1996, mean temperature was 27.1 °C, mean maximum lemperature was 34.9
©°C, niean mmmmm temperature’ was 21.4 °C, mean rainfall was 274.3 mni by monthly. Annual
rainfall was 3,291 mm, _ . ' _
Fig.$23 shows the daily rainfall at Chikus nursery. Drought periods, which had no‘réin_fall
for more than one week were recorded in Feb., Jul,, Aug., Scp. In 1995, May, Jun,, Jul., Sep. In
1996, Drought period mote than one week might alfect the survival and gromh of planted seed-
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lings. Ttcan be recommended that it is important to pay attention to the weather condition, and
planting should be aveided in dry period, while there is no clear dry scason in this region,

5.1.2.1.2. RAlin each planting strip in underplanting plots in Acacia mangiuom

Relative accumulated illuminances (RAIs) in cach planting strip (NS direction) and non-
felling Acacia nmngimn plot in Block-B(1992) were mcasurcd with the illuminance meter. Table
522 shows the relahomhap between strip width and RAL Bach smp width and the status of re-
tained Acacia miangiwn (i.c., tree height and canopy closure). gave considerable mﬂucnce on RAL
In non-felling Acacia mangium plots, RATI dropped from 20.1 % at October 1992 (2 year and 11
months after planiing) to 18.3 % at July 1993 (3 year and 8 months after planting), and 6.8 % at
October 1993 (3 year and 11 months after planting). This drop of RAl is in'accordance with the
hcight growth and the canopy closure of Acacia mangitm..

RAIs were higher in proportion to the width of planting slnps 38.6 % in NS-A, 65.4 % in
NS-B, 71.8 % in NS-C, 93.2 % in NS-D, 97.5 % ia NS-E in October 1992, :when Acacia mangium
was 2 year and 11 month old after planting, and 2 month after strip felling. After one year, RALin
cach stsip dropped in accordance with the height growth and the canopy closure of Acecia mangium;
- 142 %'in NS-A, 22.9 % in NS-B, 42.4 % in NS-C, 68.1 % in NS-D, 94.1 % in NS-£ in October
- 1993, when Acacia mangium was 3 year and [1 month old after planlmg, and 1 ycar and 2 month

aﬂer strip felling.
Canapy closures of Acacia nmngnm: were observ ed at about | year after strip fcllmg in BW-
~ A with the width of 6 metcrs, al about one and a half ycar in EW-B width of 9 m, at about 2 years in
NS-B with width of 11.1 m. Duc to the growth of undcrphntcd species, RAT coutd not h'wc been
- megsured by the same methiod in the same plots after 2 ycars of planting.

-5.1.2.1.3. Spatial distribution of RAI within each planting design in underplanting in Acacia
; mcmguun plot
' Table $23 and Fig.$24 shows the sp'mal dnlnbuhon of RAlin each phntmg dcslgn In cvery
planting desiga, the RAIs in the edge of the planting steip were lower than those in the middle of the
planting strip. This was caused by the shading effect of retained Acacia manginm trees. Itis said
that there is no shading effect on the RAI where the distance from the surrounding forest is beyond
corresponding distance to the height of the surrounding forest. In this study, the height of Acacia
mrmgmm was 18 m in October 1994 and 20 m in October 199‘5 thus sh.zd:ng effect nnght be
ochwcd in 1lmost all planting strips c\(ccpl for lhe middlc rows of E- type. :
* Thie RAIs in northern planting rows in cach planting strip wilh [I\_V direction were higher than
those in southern rows. This may be due to the measurement date which was from October o
November when the sun l'rack'_in day time leancd southward from the zenith. The distribution
pattern of RAT on plaming rows will show symmelrical curve throughout a year, for sltﬁdy sile is
situated at latitude 4 North,
Comparmg to the RATs in 1994 in the plots in Block-B{1992) 'md Block-B(1993), the RAls
measured in 1995 did not dropped so much, while Acacia mangium grew high. This might have
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Table S22 RAl in Each Planting Strip in Underplanting in Acacia mangium Plot {Block-B(1992))

Type Direction Width Measurement \
. . : Qct-92 Jul-93 Qct-93
Non-Felling - - 20.1% 18.3% 6.8%
A NS 7.4m 38.6% 34.4% 14.2%
B8 NS f1.1m 65.4% 62.2% 22.9%
G NS 18.5m 71.8% 66.8% 42.4%
D NS 33.3m 93.2% 88.7% 68.1%
£ NS 62.9m 47.5% 94.2% 94.1%

Table S23 Distribution of RAl in Each Planting Design in Underplanting in Acacia mangium Plots

{Unit : %)
Sub Block Type Direction Width Measurement
Oct-94 QOct-95

Block-B(1992) A - EW 6.0m 10.8 108
B EW 2.0m 7.1-95  11.7-188
C EW 12.0m 30.7-42.7.  18.1-54.9
D - EW - 27.0m 17.0-765 195-813
E EW 51.0m 35.8-1000 14.4-1000
Block-B(1993) A EW- 6.0m 19.1 40.5
B EW 90m  227-304 272-343
e EW 12.0m 400-785  37.1-80.1
. D EW 27.0m 53.8-96.8  265-94.6
E EW 51.0m 65.4-1000 755-100.0
A NS 74m 22.1 -
B NS 11.im 43.2-561.2 -
G NS 18.5m 48.2-62.3 -
D NS 333m  57.9-987 -
. E NS 629m  549-1000 -
Block-B(1994) ~ A EW 6.0m - =80
S - 3 EW 90m - 505-63.2
e EW 120m - 52.6-75.0
D EW 27.0m - 45.7-89.5
E EW 51.0m - - 67.8-1000

Table S24 Distribhtior@ of RAl in Each Planting Dasign in Underp!éntiné in Belukar Plots

_ : : _ {Unit : %)
Sub Block Type ‘Direction Width Measurement’
Qct-95

Block-A(1994) F EW 10m 88.7-965

‘G - EW 20m 93.6-1104

H EW 40m 498.8--101.%

223



100

40

20

B92 4 year after cutling

Bink hete nlat ST —[-*1 3 ‘."Ti’"" 1 :—-‘1’ | |'ﬁl"—‘
t A R
X hf i( ] "
60 | S .
}- B :
§ ; " ]
i * AN S S ’
Sy
: ’(-sei%jt’ % '
J B S - l_l_ 11 .1 __J.__l_._L__L iz 1 1 o -

400

RAI (%)

0 _IJ__.J_.L-_A_j._-_L_

B93 3 year after cutting
r—r"‘l-fw—r TR v"l"T“ Poeye- «—rrri—-hrvh—r‘r—'
B 7‘5. x-X«

) 'k'

- ._L_._‘

t :  w "
_‘.‘:..-CE-"";
—

]

1

1 s 1_ 1 _12. i E) 1 4 i! -
. B94 2 year alter culting .
100 L T T—*—*1—“—'—r.'r-“'i'|"“t'v"m—i‘- :Jh—T—‘Tf
: .:‘ X,va'x ‘I* : 1
g0 - - .a.. .. i -
L “.
I

4

0 ‘{‘_J_.I__L__J,k

-30

-15

S Y N U S WY SRR TN Y

0

156
' Distanco from the center (m)

—Gema A
regpr= B

-— e -G
feex=-D
redea |

RPN QSR S SEN

30

Fig. 524 Distribution of RAl in each planting design
in underplanting in Acacia mangium plot

224



been caused by the measutcment errot of diazo method; which provides a ma_rgin of error within 25
% of actual values. : _

Fig. §25 shows the daily changes of PPFD in EW-A, EW-C, EW-E type of planting strip
under in Acacia mangium plantation in Block-B(1994) from 12 May 1996 to 14 May 1996. Be-
cause of the rainfall, every plots showed lowér PPEFD on 14 May. Peak value of PPFD was higher
in accordance with the strip width; 1,025p1/s/m? in EW-A, 2,071uE/s/m’ in EW-C, 2,631nEfe/m?
in EW-E, While the difference of peak PPFD values in EW-C typc and EW-E type was niot so large,
total accumulated PPFD was farger in EW-E type than in EW-C type. In EW-E type, PPFD sensors
were set also under the retained Acacia mangium rows. Daily changes of PPFD under Acacia
mangitun were nearly constant even in fine day or in rainy day, and inipulsive direct sun flecks
were recorded in fine day. PPFD data is still being recorded. Further analysis is needed.

Fig. $26 shows the vertical distcibution of RLI in EW-A type of underplanting in Acacia
mangivm plantation in Block-B(1992) by PPFD melter. RLI was higher in accordance with the
height of measurement point up to 10 m above the ground.  RLIs at | m above the ground where
the measurement poinls were under the both Acacia mangiwm canopy and Shorea leprosula canopy
were about 8 - 25 %, RLIs at 6 m above the ground where the measurement points were under the
Acacia mangium canopy and above the Shorea leprosula canopy were aboui 17 - 39 %, RLIs at 10
m above the ground where the highest measurenient points under the Acacia manginm canopy and
-~ above the Shorea leprosula canopy were about 13 - 49 %. This means the growth of understory
trees may not be interfered by drop of RLI due to the upper canopy closure. Overstory felling may
not be necessary at least within a few years in terms of the acceleration of the growth of understory

{rees. ' ' |
| Fig. $27 shows the changes of RAI before and after the felling of Acacia mangium measured
by thc diazo method. T his measuremenls were conducted in conjunction with the overstory-felting
: expenmcnl. O\erslory-fellmg expcnment was done in three ways; 2 rows felling, 4 rows felling, and 8 rows
* felling of Acacia mangium plantation. Felling directions were Bast to West. RAI before felling were
'3-22 % under the Acacia mangiun canopy, and RAI after felling increased ap to 75 % in the 2
rows felling strip, 84 % in the 4 rows feHing strips, and 94 % in the 8 rows felling sirips. The RAls
in northern rows in each felling strip with EW direction were higher than those in southern rows. This may
be due {o the measurement date which was in October when the sun track in day time leaned southward from
the zenith. The canopy openness made RAI high in the neighboring forest floor up to northward 3 rows
from the edge of felling strip. Continuous measurements can ndake it sure how the RAls changc in
accordance with the canopy closures.

5.1.2.1.4. Distribution of RAT in Each Planting Design in Undesplanting in Belukar Plot
Table $24 and Fig. 528 shows the distribution of RAT in each planting design in underplanting
in Belukar plot. In Belukar plot, even in the narrowest width steip of 10 m; F type, the RAI in the
middle of planting strip was nearly 100 %. It might be caused by the wider planting strip in
comparing with the surrounding retained tree height . Moreover the canopy of the Belukar might be
thinner than thal of Acacia mangium. Furthermore, the influence of measurement error of diazo
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Fig. S26 Vertical distribution of RLI in A-lype st'rip in Chikus B3 (planted in 1992).
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methed might be the another reason. Continuous measuréments can make it sure how the RAIs change in
accordance with the canopy closures.

'Fig. $29 shows the frequency distribulion of RAl under non-felling Acacia mangium canepy
and Belukar canopy measured by the diazo method in October 1995. Acacia mangium was 5 years
and 11 months old with the mean height of 20 m, and the Belukar was 6 and a half years old with
the mean height of 8 m. The mean RAl under Acacia mangium was 9 %, and that under Belukar
was 8 %. Those were relatively higher than that in natural forest; which is less than 5 %. Under
these light condition, growth of secdlings can not be suppressed. In other words, light condition
can not be a limiting factor on the growth of seedlings.

5.1.2,1.5. Temperature in Underplanting in Acacia mangivm Plots :
Fig. $30 shows the daily changes of air temperatures (1(0 cm and 30 cm above the ground)

and soil temperatures (5 cm and 30 cin beneath the ground) in EW-A, EW-C, EW-E type of plant-
-ing strip under Acacia mangium plantation in Block-B(1994) from 12 May 1996 to 14 May 1996.
Because of the rainfall, every plots showed lower temperaiuce on 14 May. The daily ranges of the
air temperatures (110 cm and 30 ¢m above the ground) and the soil temperatures (5 cm and 30 cin
beneath the ground) were larger in accordance with the strip width. The air temperature at 30 cm
above the ground and the soil temperatiire at 5 cm beneath the ground in BW-E plots showed the
larger daily range. These were.caused by the direct sunshine and its radiation temperature.

~ It can be concluded that the wider the strips width, the severer the environment in terms of
not énly light condition but also temperature. In this study, humidity and soil moisture were not
measured, but they ¢an be assumed to change in accordance with the strip width,

5.1.2.2, Suyvival and growth of p!anted trees

' 5.1.2.2.1. Survwal rates

' Table §25 and Table S26 show surv1v1| rates of each specics in each plantmg design al one
. year after planting in blocks B and A. See Appendix 85 and S6 for survival at all the measurcinent
 time. Generally, survival rates in underplanting plots were higher than those in openplanting plots.
Survival rate in most of the plots showed the rapid decrease within 6 months after planting (Fig.
$31). After initial drop of survival rate, the decrease rate became gradual. Especially in openplanting
plots, initial decrease of survival rate was outstanding. Several openplanting plots reached fess
- than 20 % of survival rate within 6 months after planting.

Among underplanting plots, narrower planting width plots showed higher survival rate Ihan
in wider width plots. The initial drop rates of survival rates were higher in wider width plots than
in narrower width plots. After the initial drop of survival rate, the trend of decreases became
gradual. In this stage, the decreasing rates of survival rates (it is equal to the moriality rates) were
higher in wider width plots than in narrower width plots. '

The plots of Neobalanscarpus heimii in EW-E, Shorea leprosula in EW-E, NS-C, Shorea
parvifolia in EW-B, BW-D, in Block-B(1992),showed sudden decrease of survival rate again from
18 months to 24 months after planting. This period fell on from April to October in 1994. During
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Table $25 Survival rates (%) of each specles planted in Chikus block B at onoe year after planting

type A B C D B _
Species aver.

directioh FW SN EW SN EW SN EW SN EW SN AD

Dipt.cornutus 75.2 58.3 . 594 49.3 56.3 60.6
Dryobalanops a.* 532371 24.1 529 32.0 527 30.9 285 239 7.1 = 389
Hopea pubescens 444 50.8 2314 511 49.6 424
Hopéa odorata* 81.4 76.0 89.6 85.0 762 831.0
Intsia palembanica . 671.5 = 792 1.3 53.7 300 69.4
Neobalanocarpus h. 96.679.0 41.3 86.5 71.2 80.7 59.2 64.2 55.365.1 723
Polaquiwm gutia*  17.5 450 05 2315 9.0 44.1
Parasharead* - 620 67.4 47.3 45.6 9.1 55.6
Pentaspadonm.*  49.5 3.8 67.5 13.0 539 304 360 146 97 -336
S.acuminata® 72.319.5 59.232.6 58.9 68.8 34.027.8 33.130.8 466
‘S.assamica 803 " 70.0 62.5 53.7 42.9 66.6
S.glanca* 52.4 _ 11.5 212 14.6 283
S.teprosula $7.5854 902990 74.591.9 70.i 8§1.8 575525 85.1
‘S.macroptera*  51.) 63.0 154 9.2 17.1 36.2
S.ovalis 744 75.4 406 -44.9 51.9 58.8
S.ovata 453 42.4 13.3 19.1 108 30.0
$ parvifolia $8.886.0 65.3 84.6 75.0 66.0 529 51.2 383543 712
S.paucifiora 71.8 583 35.2 243 363 414
Average 045 61.0 52.6 43.0 37.3 539

62.8%%

* species planted in 1994 ]
++ yverage for the 5 common species (see Tab. $26) with open planting site

Table $26. Survival rates {%) of each species planted in Chikus block A at ons year after planting

* Under planting belukar Open planting
Species . _aver. avel.
' (ype F G H FG A B C D E AE

Calophyitum sp. : : 30 00 7.t 07 0.0 2.2

Dialium sp. 760 19.0 115 : . :

DPryobalanops aromatica : 53:00 8.1 00 38 34

Endospermum m. ' 00116 63 285: 00 93
© Gonystylus sp. B1.3 59.8 70.6 _ C S ‘
. Hopea odorata . : . 774 712 694 781 871.2 77.9

Neobalanocarpus heimii?1.1 64.3 70.0 70.7: 30.0 13.0 25.0 27.3 35.6 26.2
- Pentgipadon motleyi . 23 00 00 t1.)1: 84 44
© Powteria malaccensis , 00 00 1.8 00 04 04
. Sacwminata ' 44.8 27.2 360 90 00 00 00 67 23l

S.bractedlata 90.6 76.3 8.3 22205 271 207 160

8. gibbosa 76.6¢ 67.0

S.glauca 716 558 _ .

S.ieprosula 37.8 607 692 593 94 15254 15144 116

S.mditiflora 60.4 59.8 60.1

S.ovalis 72.9 76.3 850 74.6
" Sovata 245 179 21.7 212 ‘ ' o
. S.parvifolia 65.1 509 383 SR80 240 142 122 37.7 147 206

Spauciflera 67.7 571.6 53.3 62.7

Stalura - 300.0 92.3 '

Scaphium macropodum - 38116 27 00167 1.0

Sindora sp. 69.8 594 64.6

Average 60554 6*56.3* 9.5+

13,0444

* average values for spocies planted in H-type

** average valus excluding 8. odorata _ .

++% gverage for 5 common spocics {Dryobalanaps, Neobalanocarpus, Shorea acteninaia, 8. leprosuia, and S parvifolia)
with Chikus block-B
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this period, especially in June 1994, less rain fall was observed. While there was no rainfall data
available in Chikus site, the data in Ipoh showed the less rain from June to July in 1994 (Table $27).
Some plots in Block-B(1993), i.e. Dryobalanops aromatica in NS-E, Pentaspadon motleyi in EW-
E, NS-A, NS-B, NS-C, NS-D, NS-E, Shorea acuninata in NS-D, Shorea macroptera in EW-C,
showed drop of survival rate less than 50 % within 1 months after planting. These plots were
planted from April to May in 1994. These plots also must have faced the severe draught in June
1994 immediately after planting.

Teble 527 Rainfall Data in Ipoh

Year Jan. Feb. May Apr May. Jun, Jul. Aug Sep, Qcb HNov. Dec. . Annua!

1981 1403 1869 1595 2977 2960 596 537 1050 2894 3144 2283 613 72881
1982 395 118 915 6016 2635 556 - 2482 932 1157 2903 2812 2182 24163
1283 520 1050 16835 1840 938 1869 814 2600 3893 2035 1283 2598 21015
198¢ 2062 2341 3386 1584 304 1222 210 498 1300 2190 3TN . 4217 28213
1985 675 1024 2357 1885 3011 293 1213 867 176 3861 4970 2149 24031
1986 1500 2554 2006 3383 746 098 17986 495 107 313 1598 2547 22954
1987 947 1067 1191 3324 2868 852 1525 1839 2627 - SB12 3378 3559 28937
1988 1507 2038 2032 1922 4155 2437 2134 3127 1928 962 2824 2664 26630
1989 1461 595 1913 2828 1945 1760 1574 1515 3522 . 2600 2103 1820 2313}
1990 1394 615 1408 3013 1887 835 2164 685 2792 . 4059 1821  {t43 21514
1931 1034 1022 1403 3508 4652 1413 1944 1130 1710 3058 3124 1503 25508
1992 1252 1017 1228 - 16 1028 628 1149 85.7 1743 2005 2555 3329 18217
1993 $04 1426 2188 3290 3157 1469 2005 1354 1685 2016 218 3962 27932
1504 63.3 1713 2349 1503 2310 30 - 820 2005 23001 2390 20886 2157 21688

Fig. $32 shows relationships belwcen'planling dates and initial survival ‘rat'cs for the plots of

block B( l993j Ciearly, there is a strong tendency of decreasing survival rales with time. Seedlings
- which were planted later might be affected by the following drought around June to July. No such
kmd of tendency was found in other planting time. : . -

‘Depending on the facis above, rainfall should bc the greatest factor for lhe survival of sced-
lings, especially in their initial stage. It is reporled that the initial decreases of survival rates on -
some dipterocarp species were caused by less rain after planting (Sunyoto et al 1994).

In openplanting plots, Hopea odorata and Tectona grandis showed outstanding survival rate
of more than 80 % at 24 months after planing., These two species are well known as suitable
spectes for openplanting. Next to these two specics, Alstonia sp. and Cinnamonum sp. also showed
higher rates in openplanting. They showed moie than 70 % of survival at 12 months after planting,
Among dipterocarp specics, Shorea talura showed fair survival of 60 % at 12 months after plant-
ing. _ :

In undecplanting site, Neobalanocarpus heimii in EW-A, Sharea leprosula in EW-A, EW-B
showed 'very good survival. They kept more than 80 % of survival after 36 nionths of planting.
Hopea odorata in all plots showed oulstanding survival rate of more than 80 % at 24 months after
planing. Beside these species, Shorea parvifolia in EW-A, NS-A, NS-B, Shorea assamica in EW-
A, Gonystylus sp. in F, Shorea bracteolata in F, Shorea talura in F, G, Shorea ovalis in H, showed
higher survival rate of more than 80 % al 12 months after planling. Especially the rate of Shorea
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talura in F was outstanding, which showed 100 % of survival at 12 months after planting,

5.1.2.2.2, Height growth _
Tables $28and $29 show mean tree height in each piot at one year after planting, in biocks B
and A respeclively. See Appendix S7 for detail.
Shorea leprosula showed the fastest growth among dipterocarp species. The mean height of
Shorea leprosula in EW-B of underplanting in Acacia mangium reached 6.88 m, and the highest
individual in EW-B of underplanting in Acacia mangium rcached $0.9 m in height at 36 months
after planting (Fig. $33).

Table S28 Average tres height {m) of each species planted in Chikus block B at one year
after planting

type A B C D E
Species ' ‘ - aver.
dircction  EW SN EW SN EW SN EW SN EW SN A-D

Dipt.cornutus - 0.81 088 059 0.73 0.73 0.75

Dryobalanopsa.* 099080 0.68 0.83 1.02 096 0.84 0.78 0.800.75 0386
Hopea pubescens - 0.64 0.69 047 08¢ - 0380 0.65
Hopea odorata® 1.0t 103 126 1.08 0.95 1.09
Intsia palembanica 019 082 036 065 675 078
- Neabalanocarpush. 0.6 06 - 06 07 06 07 05 06 06 06 061
Palaquium guita*  0.55 0.31 044 03‘3. . 046 04l
‘Parashorea.d* - 082 077, 098 - 064 038 . 080
Pentaspadori m.* 081 041 096 0.53 1.14 0.69 0.88 0.77 062 077
'S acuminata* 123063 124 0.76 I.18 0.74 1.14 0.71 0.900.77 095
S.assantica 0.71 0.69 0.77 0.94 0.81 0.78
S.glanca* - 0.60 0.66 042 0.43 0.56
S.leprosula 143147 168 155 131 114 1.03 123 092076 136
 Smacroptera* 067 0.68 0.52 0.52 072 0.60
~Sovalis 100 10t 0.99 1.01 089 100
S.ovata 1.05 0.88 0.71 080 048 086
S.parvifolia 117 115 119 1.2] 098 1.17 0.89 0.86 0.860.84 1.08
S.paitciflora 0.85 1.03 0.71 0.71 0.79 0.82
Average 0.87 0.90 0.86 0.78 0.72

* species planted in 1994
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Table S29 Average tree height {m) of each species planted in Chikus block A at one year
after planting

Under planting belukar Open planting
Species aver. aver.
wpe F G H FG A B C D E AE

Calophylium sp. 0.3 04 0.1 0.26

Dialivin sp. | 0.69 0.75 0.72 _
Dryobalanops aromatica ' 0.80 0.57 0.55 0.64
Endospermum m. 0.51 049 068 0.56
Gonystylus sp. 0.85 0.79 0.82
Hopea odorata 0.59 0.59 0.71 045 0.68 0.60
Neobalanocarpus heimii0.9 09 09 08 05 04 04 03 04 039
Pentaspadon motieyi : 0.53 0.50 0.34 046
Pouteria malaccensis : 0.16 025 0.21
S.acuminata 0.88 0.77 0.83 045 0.51 048
S.bracteolata .63 0.54 058 041 0.57 036 0.33 036 041
S.gibbosa 0.76 0.76 0.76 : B
S.glauca 148 1.24 1.36 .

- Sleprosula 1.62 137 144 150 0.38 038 0.70 039 0.38 045
S.mulitiflora 1.14 0.87 1.00 .
S.ovalis 148 1.23 134 :1.36

- S.ovata 094 093 0.68 094 _ ‘
S.parvifolia 124°1.17 1.06 121 0.60 044 044 043 037 046
- S.pauciflora 1.21:1.17 1.07 . 1.19

' S.talura - 107 134 - 121 : o

- Seaphium macropodum . 7020028 034 027 027

- Sindorasp. = . 053059 ° 056 - : ' o
. Average C L2312 107 047 0.45 046 040 041 043

* average values for species planted in H-type
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Generally the height growth in the underplanting plots were higher than that in the openplanting
plots. Several plots in the underptanting reached 1 m of mean height, while no plots in the
openplanting reached [ m of h}cfaﬁ height at 12 months after planting.

Species which attained 1 m of mean height at 12 months after planting were as follows;

1) Underplanting in Acacia mengiun plots

Bryobalanops aromatica’in EW-B
Hopea odorata in EW-A, EW-B, EW.C, EW-D
Peataspadon motleyi in EW-C
Shorea aqcuminata in BW-A, EW-B, EW-C, EW-D
Shovea leprosula in EW-A, EW-B, E.W;C, EW-D, NS-A, NS-B, NS-C, N§-D
Shorea macroptera in EW-C
Shorea ovalis in EW-A, EW-B, EW-D
Shorea ovata in EW-A
Sharea ovalis in EW-A, EW-I3, NS§-A, NS-B, N§-C
Shorea pavciflora in EW-B
2) Underplanting in Belukar plots
“Shorea g!m.rm mk G
Shorea talura m E, G
Shorea leprosalain I, G, H
Shorea ovalisin F, G, H
Shorea parvifolia in ¥, G, H
Shorea pauciflorain F, G, H
In terms of competition with surrounding’ \chl’lIIOI’i he:ght growth is the important indicator
_cepccmlly in their initial stage. Mean height of 1 m is cqual to the mean height of other vegetation
"in A to C type of undcrplantmg in Acacia mungum: planlahon {sce Tablc SS) o olher words,
‘p!anted scedlings can overcome surrourding vegeltation after they attain I'min hc;gh! In this
conneclion species listed above can overcome surroundmg vegetation after 12 months of planung

In D and E type of underplanting in Acacia mangitm plantation, the grass with mean height
of 2 m was dominant (sec Table $8). In these plots, planted scedlings can overcome surrounding
vegelation after they reach 2 m in mean !101ghl "The species and the time when it reached 2 min
mican height are listed below; '

Shorea leprosula in BW-D at 24 months after planting
Storea leprosula in EW-E at 24 months after planting
Shorea leprosula in NS-D at 24 months after planting
Shorea leprosula in EW-D at 30 months after planting

- Shorea parvifolia in EW-D at 24 months afler planting
Shorea parvifolia in BW-E at 30 months after pfanting
Shorea parvifolia in NS-D at 30 months after planting
Shorea parvifolia in BW-D at 30 months after planting

The height growths of underplanting seedlings in wider planting steip width were relatively

240



stower than those in narrower planting width, moreover the height of the surrounding vcgctatidn is
taller than that in narrower planting width. It nieans seedlings ptanted in wider planting width will
take longer time to avercome surcounding végetation. It will cause the increase of weeding cost.

Actual height growth must be affected by initial size of seedlings. In these experiments the
standard for the height of planting seedlings was set as 40 - 60 cm. Due to time constraints, seed-
lings supply, planting work schedule, etc., some seedlings did not meet with this standard, and
sometimes mean heights of planting seedlings were different in same specics plot, i.¢. mean height
of Palaquium gutla in EW-B of underplanting in Acacia mangium was 13 cm, while that in EW-E
was 43 cm, ‘This made it difficult to cOﬂipére the grOWth to cach other.

In order to neglect this influence of initial size, the relative growth rate of height {it. is called
as RGR-H) was calculated. The relative value of the height at cach measurement time was calcu-
lated by setling the height of seedling at 1 nionth after planting as 1. RGR-H was not calculated on
the plots without | months data.

" At 12 months afler planting, Hopea odorata in EW-A, in EW-C, Pentaspadon motleyi in
EW-D, in NS-B, Hopea pubescens in BW-A, Shorea ovalis in EW-A, in EW-B, in EW-C, Shorea
talura in G, Shorea ovalis in F, and Tectona grandis in openplanting(Arboretum) showed more
than 3.0 of RGR-H. |

Beside initial size of secdling, the growth of secdlings may be affected by several factors -
such as planting time, purluring hislory of seedlings, seedling origin, planting method, etc. In this
study RGR-H was used as one of the evaluation factors. Further study and data collection is needed
to clarify the difference of the growth, '

'5.1.2.2.3. Diameter growth
Mean diameter at grbund hcig‘hi in each plots at each measurement time is shown in Appen-
dix S8. In terms of diameter growth, Shorea leprosula showed the fastest growth among diptero-
carp species! The mean diameter of Shorea leprosula in NS-B of underplanting Acacia mangium
‘reached 6.85 cm, and the thickest individual in BEW-B of underplanting Acacia mangium reached |
12.7 cm in diaméter at 36 months afler planting.

5.1 .2.2.4. H/D 1atio :

H/D ratio is the indicator for the shapc of tree. The higher H/D ratio ineans the slender shape.
(see Appendix S9). Species with slender shape, such as Shorea parvifolia, Dryobalanops aromatica,
Pentaspadon motleyi, Shorea aciminata showed higher H/D rate, Comparing with H/D ratio in
underplanting and in opcnplaming, the former was lower than the latter. Within underplanting H/
D ratio was higher in narrower planting strip width. H/D ratio can be the indicator for the treat-
ment. For exanmple, when the ratio get larger than the standard, it means the site is getting daik,
then, opening of canopy is required. Due to less information H/D ratio on each species in different
condition, conclusion is very difficult. Further study and data collection are needed.
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5.1.2.2.5. Biomass: :

Itis very difficult to evaluate the difference among several planting deSigns and among sev-
cral species as well. Several indicator should be used for the evaluation. Survival rate is one of the
most important indicators in terms of deciding the spacing of scedlings. Height growth is the
second important especially in the initial stage in terms of the competition between surrounding
vegetation.

It is no doubt that the plot {or the species) which shows good survival rate with good height
growth ahd good diameter growth is the best. How can we evaluate the two plots, the one plot
shows the good survival rate but poor height growth, and the other plot shows the poor survival rate
but good height growth. Evaluation can be taken depend on the management of the forest. In case
of intensive management with high density planting, low survival may be acceptable. In case of
extensive management with tow dcnsity' planting, high survival will be preferable. Planting de-
signs and species should be chosen by the management purpose, and the final harvest target of the
forest. _ '

One of the main targets of forestiy is to harvest tirnber as much as possible from a certain
area. In this study, biomass per unit area (it is called as BPU) was taken for the evaluation espe-
cially on the comparison among different planting designs. BPU was used as the third evaluation
indicator next to the survival rate and the height growth.

BPU was catculated as follows;
BPU,= (X, D2+H) /N,
BPU,: Biomass per unit at t months after planting
D,: Diameter of individual trec at t months after planting
H,: Héight individual tree at t months after planting
No: Number of trees at initial stage
- pote: The value of dcad teee al t months after plantmg were scito 0

1n the undcrplanung in Acacia mangmm planlatmn plots and the openplanting plots, mdlg-
enous specics were planted with the spacing of 3.0 m x 3.7 m, so that the BPU means the $D2H
value per 11.1 mZin (he planting strip. In the underplanting in Belukar plots, indigenous spécics
were planted with the spacing of 2.5 m x 5.0 m, so that the BPU means the ¥, D2fl value per 12, 5
mZ in the planting strip.

~BPU valucs in each plots at each measurement time are shown in Appendix S10.

' Gcﬁcrally the value was higher in underplanting site than in openplanting site because of the
high survival and fair growlh. In the underplanting site, Shorea Iepromfa, Shorea pan}:folia, lopea
odorata, Shorea tatura, Skorea ovalis showed larger value. Inthe openplanting site, Hopea odorata
and Tectona grandis showed larger value. '

5.1.2.3. Survival and Growth of Acacia mangium
5.1.2.3.1. Acacia mangium in Underplanting Plots

Table 530 shows the diameter growth of Acacia mangium in underplanting plots. Measure-
ments were taken three times; June 1993, Deceinber 1993, and May 1994, They fell on 3 years and -
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7 months, 4 years and 1 month, and 4 years and 6 months after planting respectively, and 10 months,

I year and 4 nionths, and 1 year and 9 months after strip fclliﬁg;A io B type and non-felling plots

weie compared, Significant diffcrences among six plots were seen on cvery measureinent time;
June 1993 (ANOVA test, DF=5, F=10.9, P<0.0001), Décember 1993 (ANOVA test, DF=5, F=8.5,
P<0.0001), May 1994 (ANOVA test, DF=5, F=14.8, P<0.0001). Non-felling ptot showed the thin-
nest diameter growth among six types, and showed significant difference with every type on cach

measurement time (Fishes's PLSD test, p<0.05). A type showed the thickest diameter growth

among six lypes, and showed significant difference with B, C, and D type (Fisher’s PLSD tes,
p<0.05). The differences among B, C, D, and E type were not clear. {Fisher’s PLSD test, p<0.05).

TebleS30 Diameter Growth Of Acacia hangium

Measurement Date Jun. 1993
3y Im
Oy 10m

after planting
after felling

Dec. 1993
4y _lm
1y 4m

May-94
4y 6m
ty 9m

Plot Count Mean Piameter{cm}  Count Mean Diameterfem)  Count Mean Diametei{cm)
A 120 87 BN 117 194 860N 114 213 PCON
B 127 170~ 126 1784% 126 193 AN
G 93 i65*N 93 176N gz g7 AN
0 57 1664~ 55 1794" 55 195N
£ 47 t14® 47 184" 43 200"
186 154 AoSOE 183 164 ABCOE 179 15.9 APCOE

ton-Felling

Shared letters indicate the sighificant differences (Fisher's PLSD test, p<0.05)

TabTe531 Sewivel Helight Growih, and Dismetsr Growth of Acasis mong™m in Gpanplasting Plots

Mix planted HGTS type Worihs aer Planking * Tgtal Tese Nurber  Mumber of Swvivings _ Survival Rata Mean Helghttm}  Mean Dlametedem)
N hemi A 1 138 18 5% (3.1 09
-] H 133 82 5% 68 09
[+ ? 2 164 Fi Y 0% el ]
(] H 2% w0 Fia 8% 1 ]
T E 1% 5 B o) BEY 16 17
H odoreta A & i 2 5% LA -1}
. B % ™ “% 64% 062 o8
(] & 143 ] 37 63% 093 12
‘0 6 128 80 63 a0 07
€ [ 3 123 "2 9Ny 149 1.3
S kprosa A 7 131 83 61% 030 08
8 ¥ 143 w0 5% Lor 08
G ] 236 123 £ Y ny 13
D 1 133 93 65% 05} 09
E ] 143 25 85% 226 29
S. parvilotia A ] H 20 ars 213 22
. g [ 31 | 29 84% 118 17
[+ 8 228 207 g% .29 17
4] 8 ted o 5% 15t 18
E g 160 123 a3% 238 25
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These results clarified the effect of strip felling of Acacia mangium on acceleration of its
dianieter growth. In A type, which means the aliernate row felling by onc row, individual tree
might gct enough openness after strip felling, and might enhance its diameter growth.

5.1.2.3.2. Acacia mangium in Openplanting Plots

Table $31 shows the survival, height growth, and diameter growth of Acacia mangiunt in
Openplanting Plots. Measurement was laken once after planting. The planting times were differ-
cnt on the plots, thus the measurement time fell on 6 to 10 nionths after planting. The lowest
survival rate of 57 % was recorded at 7 months after ptanting. It was quite low ﬁgurc for Acacia
mangiuni. This may suggest the influence of severe site condition. Mean height of 2 m and mean
dianicter of 2 ¢in were altained 8 months after planting. The data for survival, height and diameter
varied widely. This may suggest that the site condition varicd widely.

5.1.2.4. Comparison between Underplanting and Openplanting

Two methods of epenplanting were taken, one was the mix and coexistent planting both with
fast growing species and indigenous specics for establishing Mulii-Storied Forest, the another was
the monoculture ptanting with one specics for establishing Arboretum. The former method ex-
pecled that the fast growing species grow faster than indigenous one, then provide shade over them.
Unfortunately, the growth of fast growing species was very poor, consequcntly they could not grow
enough to provide shade. Thesefore the upper story influence did not exist, while five different
 planting designs were taken. Hence the former design and the latter design can be discussed as the
same planting desiga as openplanting. The five different planting desigas in the former method
were regarded as the replications.

5.1.2.4.]. Comparison with the Underplanting in Acacia mangmm Planlauon Plots

| In order to claul'y the difl fetcncc between the openplanting and the underplanlmg in Acac:a
s mangmm plantation, same specics planted both in the openplanting and in the underplanting in
Acacia mangium plantation were comparcd. Dipterocarpus cornuius, Dryobalanops aromatica,
Hopea odorata, Intsia palembanica, Neobalanocarpus heimii, Palagquium gutta, Pentaspadon
motleyi, Shorea acuminata, Shorea leprosula, Shorea macroplera, Shorea ovalis, and Shorea
pauciflora were compared.

Survival rate and height growth are shown in Table $32, and Table $33, respectively. Each
table consists of two parts. Left side shows the actual value al each measurement time, and right -
side shows the relative value at each measurement time with selting the standard value of EW-E

“type as 1. Relative value more than 1.2 or less than 0.8 were regarded as the significant differcnce
with the standard (EW-E type).
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= Survival Rate : : _ _ .

Table $32 shows the survival rate in each planting design. Most of the specics except Hopea
odorata showed lower survival in openplanting than in EW-E type in underplanting. Hopea odorata,
which showed quite good survival even in opentand, showed less difference between in openplanting
and in underplanting. Shorea acuminata and Shorea leprosula showed larger difference between in
openplanting and in underplanting. All the plots of them showed less than 0.5 of relative value to
the EW-E type.

- Height Growth _

Table S33 shows thé mean height in each planting design. All the species in openplanting
showed lower height growth than that in underplan!iﬁg. Hopea odorata showed lower height
geowth in openplanting than in underplanting, while they showed less difference in survival rate
between in the openplanting and in the underplanting.

5.1.2.4.2. Comparison with the Underplanting in Bélukar Plots

Because of the poor result in openplanting, the planting design in Block-A was changed from
the openplanting into the underplanting in Belukar. In order to clarify the difference between the
openplanting and the underplanting in Belukar, same species planted both in the openplanting and
in the underplanting in Belukar were compared. Neobalanocarpues heimii, Shorea acuminata, Shorea
bracteolata, Shorea leprosiila, Shorea multiflora, Shorea ovalis, and Shorea parvifolia wete com-
pared. _ '

Survival rate and height growth are shown in Table $34 and Table S35, respectively. Each
table consists of two parts. Left side shows the actual value at cach measurement time, and right
side shows the relative value at each measurement time with setting the standard value of F type of
underplanting in Belukar as 1. Relative value more than 1.2 or less than 0.8 were regarded as the
~ significant difference with the standard (F type). '

* - Survival Rate . _

Table $34 shows the survival rate in each planting dcsign. All the plots in openplanting
showed lower survival than in underplanting. While no plots in underplanting showed less than 20
% of survival after 12 months of planting, several plots in openplanting showed less than 20 % of
survival.
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Table $32 Survival of Trees in Underp!anling in Acacia mangium Plots and in ths Openplanting Plots

315 -
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Actusi Vahie Relative Valus
Cpen Ogen
Spacies . Month Drection A ] [ L) E x A B c 1] E X
Digterotanpus commitus § EW 2008 29.3% 1.00 042
12 Ew 55.9% 508 1.00 <37}
Drycbatanops aromatica 6 EW 324% 105% 22% 333%  SO0% 163% 3524 100 033 907 103 028 050 109
NS 31.3% 056
12 Ew 2398 SMx aisan a8y b3ON 100 622 034 016 054
KNS FALY 0.30
13 ew 153% = x x X x 46% 100 x L x 0.30
KNS 4% 027
Hopez odrata & [1,] BDIN TB2X 753% 634% 85ON S72N BN 100 D97 095 086 107 109 054
12 2, I52% 174% 7712% 534N 784% 872% NIX 100 102 101 091 103 115 082
18 13, GBIX §24% J46% S76% £48% £58% MOAN 100 102 109 0% 0% 125 103
Ydsia patembanica [ £w 5464 425% 100 073
12 W 50% I _ .14 9 100 0.40
Heobalanocarpus heimii 12 EW 553% 300% TI0% 2508 2238 356% 463X 100 054 025 045 049 064 084
NS 651% 1.18
18 EW 426% 225% 78K 85 A% 285X 250X 100 053 018 021 033 081 059
NS 99.0% 139
H Ew 234N 158Y 10X 80N BN 250X 130N 100 063 030 034 ¢33 107 058
NS 52.2% 223
0 BV 139X 1338 10% 638 JON 197K 103 101 033 047 053 149 x
NS 90N 295
Palaquivm gutla 3 Ew I50% 1.5% $.00 021
1?2 EW 9.6% : 45% 100 oAl
Pertaspadon motieyi ] EW 205¢ 53%  14% 21 405% 238% 245% 100 026 013 135 197 1) 120
NS B3 o4
12 ew 9% 2% x Tk 84X 104N 100 023 x 115 087 $0Q7
HS iR Q00
13 W 68N [ X 125%x 6E% 100 x i 183 n 087
NS om Q0G
Shorea acuminata & EW 439% 173% 29%  18% 139% 2088 13 100 039 007 004 ©32 047 048
HS 438% . 100
12 134 3318 908« N X &% 8N 100 022 420 023
: NS 3088 . 093
Shorea leprosola ] W 59.2% x x x X 180% » 100 x 030 x
NS STEN 097
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Table $33 Height Growth of Trees in the Underplanting in Acacia mangium Plots and in the Openplanting Plots

Aetus! Value

Relatrva Valve
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Acacia Cgpan Open
Spesies Month Direction [ A B c_'© £ Arbo A B 4] D E X
Dipterocarpus comutus 6 W 049 029 1.00 : (W]
4 Ew 073 622 1.00 [ R0
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18 EW 163 0 0¥ 085 048 081 078 100 045 043 053 029 050 048
Intsia palembanica 6 EW . 08l 958 100 096
12 Ew 05 Q.70 100 . 094
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NS 055 m
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- Height Growth

Table S35 shows the mean height in each planting design. Almost all the plots in openplantinig
showed lower height growth than in underplanting. While Sherea leprosula, Shorea ovalis, and
Shovea parvifolia even in widest planting strip of H type in underplanting showed more than 1 m
of height growth at 12 mionths afler planting, no plots in open planting attained the mean height of

IBIR

5.1.2.4.3. Reason for insufficient growth in block A
Survival and growth in Block-A was very poor. The reasons for (his might be conclude(l as

!'oilows,

a) Harsh weather condition (e.g., full sunlight, high air temperature, high soil temperature, low

humidity, dryness of the soil, ete.)
b) Degraded soil condition (e.g., compacting, loss of nutrient)
¢) Insufficient hardening process for seedling before planting
d) Trampling by cattle and water buffalo
¢) Damage by leaf-ealing insccts

It is mentioned specially in this site, eXcess sith burning and usage of hezwy duly machmcry

made deterioration of soil condition. '

' One of the practical solutions on this site was to leave the sitc for another 2 - 3 years wailing
for regencration of shrub, and then plant some seedlings under the shade of shrub. But because of
~ the limited project period, such an aption could not be taken. Then we put pnonty to reforcstation
of the site with any kmd of cape{:mﬁ

5. 1.2.4.4. Conclusaon - .
l"hc open p!antmg method, gcncral ly, mi ghl be concludcd that it is :nfer:or to thc underplanhng
1m.lhod in tcnm of both survival and height growlh Due to the scarcily of replication plots, precise -
COMPpATiSons could not have been done in this study. The various condition, such as the provenance
of the scedlings, the nurturing history of the seedlings, the planting method, the planting lime, ¢tc.,
might have been affected the difference of the growth of trees. Further studics are required.
Chikus Block-A was left over for a long time after clear cut of natural fbrcs!_, heavy duty
“machinery was used for site preparation, slash burning was repeated several limés 'durihg short
period. These conditions must have caused the degradation of soil, i.e, compacling and ﬂashmg :
out of nutrient. More over the area was suffcred from the damage by cattle and water bul‘falo and
planted seedlings were not well treated hardening process. Further more, it was notably less rain in
June - August 1994. These were the reasons for poor resulls in openplanting in Chikus Block-A.
On the contrary, openplanting conducted by FID in Chikus Block-B prior to the beginning of
this project showed rather good resulls in survival and growth. It is difiicult to conclude that
openplanting is not suitable for:indigenous species especially dipterocarp species.

248



€80 020 <0 980 g0 8v'0 580 ¥e'0 o0l Lo LEQ o 0 hea 090 901 LIt 7l M3 el
Lo £9%0 980 LEL0 Lo 890 34 Wt o'l 0 LE0 1§90 S¥o F0 o0 fA 4y} 660 650 M3 9. BlOpAIRD BRLOUS
820 X x X X X 089 €80 Q'L 90 - - - - - Pl £T1 vl M3 ! :
e X X x x x 0L 1Y o0t 090 - - e - - 880 9g0 99¢ M3 g Sifeae ealoyg
o * X x x X x L0 oL 20 - - .- . - - 1] wil M3 4}
e x * x x x x £90 ool 10 - - - = - - Lo 690 M3 g doynlnw Easoug
610 ¥Zo ¥Z'0 P £20 £e 630 ¥8'0 0oL 180 g0 80  0Lo 8e0 880 L [4us p4: 13 M3 4]
* 180 £ve 650 260 290 €60 160 00’1 =wepou o &80 8¥'0 50 050 TR A 33 M3 0 enso.do] 2a0ug
x L0 50 8570 160 99°C X 980 oL - 90 280 9e0 L8 10 - ¥50 £97 M3 2l :
x EL0 85’0 L50 &0 90 X LLG 0L - L0 080 620 e 280 - oo 160 M3 9 fewdRgEROyg
390 850 X x % 260 x 650 0oL ¥60 . L5D % LR S¥o - 8L0 880 m3 2L .
80 160 80 €80 890 230 X £60 oo €60 &re 1¥0 L£0 ve0 o - o Y0 M3 9 JBLNUNIT B3OUG
8s'c £r0 680 9w £F0 25¢ 660 660 o0l 080 A% ¥e'0 o0 LE0 . SY0 G680 - 930 880 N3 71 -
A X 85C L0 £6'0 08¢ SUL 4y 00'L {v'Q  wepov 10 oro 620 LadY) £9°0 280 8§60 M3 9 NdJEooUEIEQOEN
x 3 Q o 2] v H o El X 3 4] o 8 v h 2] 3 WORDeU] WWOW SMIedy
ued(y odA ) . ued(y Jeineg
oMEA SANERN I S GNRA BMIdY
530|d Buiueidusd( Ayl W PUR SI0[d Jeynieg Wl SuRuedUopUn; BYT Ul 5994 4O UIMOID WEISH §OT SIqTL
900 €290 850 619 frqy L0 660 840 o'y 0y SLYL SIS %YL -%TPL NPT REBE N608 %GO M3 ¢l
£ro oy 090 810 820 or0 ¢l 18'0 0oL %G %TE %005 AL % N6CC %009 - %E'89 %608 M3 9 endpnsed eeioug
¥20 X X x X x Lt g0t o0'L KoLL - - - o= - %028 . %BOL %6TL M3 Zt
24" x x x x X gL 00 ool %688 - - - - - BFLE  ALEY WEEE M3 § SieAD BRIOLG
200 x X X X X X 860 o't %6t - - - - - - %865 %09 M3 4 .
- L00 x X X x x X oL oL k1) 4 - - - C o= - - %589 %589 M3 g Joylnw essoug
&0 520 €00 o g0 Lo oz o'l 00l £ 151 S 4 LR & 4 HeL . %6 %C69  %L09 0 wELS M3 1
X 25’0 800 5€0 L0 620 g 8¢ 00t EEpoU SZUT %L9 AWSZ L BLTL %60T WL %L0L %L M3 9 €nsosda) eoyg
x ¥Z0 0ge 20 00 800 X 80 o0t e RIZ KU %507 2T %3 - %E9L . X908 - M3 [ :
x ¥2°0 L¥0 980 90 Lee . X S60 ot - SL2E SPPP 0 GE6EE BT %9%E - %88 48'E6 M3 9 HosIdRIQ ealOyS
610 ) o0 Q00 000 oTe X 3:20) ool %8 %09 0 %00 %00 %06 - %LT  AEM M3 4
S0 280 0 €00 $00 820 * Lo 0oL 5512 %80T %Rl - %8 %67 %L - %Wy 4679 M3 9 eUIwnoe edsoyy
000 4y €eo Zg'0 L10 880 L30 €80 00'L %E0r  X9'SE WEUT N06T . KOSl - WO0C N00L AEYvS Wil M 43
890 L 280 05’0 680 300 60 L90 _90L ACBC  EWP OV LU0 AGTY  WOEE  %g0Y W08 MWL AeR M3 9 sndicoouereqoen
* 3 d F] =] ¥ H o 4 X El a o] =] v - .9 4 RORDAAg o Seads
uedoy WOA ) ued Jexnieg
onjeA vARElY N .

BRRA BNIDY

§30|d Bunueidued( 8y} Ul pue S30)g JEneg Wi BURUBICISPUN SU} Ut $354] 3¢ [BAIAING $ES BlqR L

249



Mr. Aizawa, the short term expert on soil survey, suggested that compacting of soil by heavy
duty machinery might be the main reason for the poor survival growth of the seedling in Block-A.
Chemical analysis is in progress now, the result is awaited.

The plots with insufficient growth and survival of planted seedling was re-planted from Dec.
1995 10 Mar. 1996. As counter methods, hardening of seedling, and mulching on foot of seedlings
were taken.

We can temporarily conclude through the result in this five years, as foltows;

1) The planting site must be regencrated immediately after clear culting,

2) The site preparation by heavy duty machinery should be avoided,

3) In casc of planting in bare land, fast growing species should be planlcd' prior to the planting of
indigenous spccies rather than mix and coexistent planting both with fast growing species and
indigenous spccies. After the fast growing species grow big enough to provide shade,
underplanting method should be taken.

These must be avoid the risk for the poor result of planting indigenous species in bare land.

5.1.2.5. Relationship between the Planting Design and the Growth of Trees in Underplanting
Plots '

5.1.25.1. Undcrplanling in Acacia mangium plantation
- 5.1.2.5.1.1. Planting Design (A-E type) and Growth of Trees

Survival rate, height growth, RGR-H, diameter growth, BPU, H/D ratio are shown in Tables
$36, $37, S38, $39, and S40, respectively. Each table consists of two paets. Left side shows the
actual value at each measurement time, and righl side shows the relative value at each measure-
ment time with setting the standard value of EW-E type as 1 '

* Relative value more than 1 2 or less than 0.8 were n,gardcd as 1he mgmﬁcanl difference with
¢ the standard (EW-E type). : L S
. Species in Block- B(1992) and B(1994) Neobalanocarpus heemu .S'horea Ieprasula Shorea
parvgf'oha Dipterocarpus cornutus, Hopea pubescens Intsia palembanica, Shorea assamica, Shorea
ovalis, Shorea ovata, Shorea pauciflora, were planted in almost at the same time, thus the each
species and the each planlmg designs can be compared.

Species in Block-B(1993), Dryobalanops aromatica, Hopea oa‘omm Palaqmum gulta,

Parashorea densiflora, Pentaspadon moileyi, Shorea acuminata, Shorea glauca, Shorea macroptera, o

were planted within utmost 3 months difference, thus the comparison among species and designs

were difficull.
In this study, basically, one plot were established with one species on one planting design.
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This was intended to plant as many species as possible. This, at the szimc tine, caused no replica-
tion of the plot. At the beginning of this study, the Chikus site was considcrcd as in homogeneous
site condition, because of its flat terrain and monoculture plantation of Acacia mangium. * As the
time going on, this homogencity became doubtful. Because of micro terrain, and micro distribu-
tion of soil type, some plot was suffered from water logging, and some plot showed the difference
of undcrgrowih vegetation. The condition of the cach plots were not homogeneous in the view of
micro scale. The study with replication is needed in the future.

Survival of Trees

Table S36 shows the survival rate in each plariling design. Generally, survival rates in nar-
rower p}anlin'g width plots were higher than those in wider width plots. The plots which showed
more than 80 % of survival were obsesved mainly A and B type, while the plots showing less than
20 9% of survival were mainly observed in D and E type.

‘Among 18 species planted with this design, Hopea odorata showed the highest survival in all
planting widths. This species showed good survival even in openplanting site. As this species
showed good survival even in E~.typc, there was not so much difference of refative value among A
to E type. On the other hand, Neobalanocarpus heimii, Palaguium gutta; Parashorea densiflora,
~ Pentaspadon motleyi, Shorea glauca, Shorea macroptera, and Shorea parvifolia showed higher
relative value in narrowet planting widths than in EW-E type.

- Height Growth .
Table $37 shows the mean height in each planting dcsngn Shorea leprosula showed the
 highest growlh among 18 species plamed w:th this design. Judging from the relative value, it showed -
optimum height growth in A and B type by 24 months after planting, then . opumum growth inB -
‘and C type 30 months after planhng Shorea parvifelia showed the second highest growlh next (o
'Shorea Ieprosu!a A Band C lypc may be suitable for the helghl growth of this specics by 36
‘months after p!ammg Neabalanacarpus heimii showed the 0pumum growthinBand C lype from
18 to 24 months after planting. After 30 months, differences among planting types were not so
clear. It had resulted from the higher growth in wider width plots (D and E type). This species
showed low survival in D and E type, but the surviving trees in D and B type showed outstanding
height growth supcnor to the A, B and C type.

The species planted in Block-B(1993) were difficult to clarify the response to the plantmg
design. Because of the difference in planting dates, the difference of initial seedling size, and the
severe draught immédialely after planting. For example, Pentaspadon motleyi in EW-A type was

- planted on 10 Februasy, and the same species in NS-A type was planted on 18 May. Palaquium
guita planted in EW-B type was 13 cin in mean height at 1 month after planting while the same
species in EW-E type was 43 cm in mean height. As discussed in former section (See 5.1.2.2.1)),
there was much less rain in 1994, especially from June to August. These conditions made it very
difficult for the comparison of each planting design and species.
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Table 536 Survivat Rats of Each Planting Desigh in Underplarting in Aczcla mangiom Plots
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Tebls 537 Height Growth of Each Plarting Design in Underplanting in Acacia mangium Plots
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Diamoter Growth

Table S38 shows the mean diameter in cach planting design. Compéring the response to the
planting design with the relative value to EW-E type plots, most of the species showed almost same
trend with the heigﬁt. Some species showed the fair diameter growth in wider planting width, for
example, Neobalanocarpus heimii in EW-, Shorea parvifolia in NS-E, Dryobalanops aromatica
in NS-E, Shorea macroptera in EW-E, elc.. These species showed quite low survival rate in wider
planting strips. This may suggcsl that only thicker seedlings could survive well in wider planting

strips.

H/D Ratio

Table $39 shows H/D ratio in each planting design. Species with stender shape, such as
Shorea parvifolia, Dryobalanops aromatica, Pentaspadon motleyi, Shorea acuminata showed higher
H/D rate. Generally, H/D ratio was higher in narrower planting strip width. Dipterocarpus cornutus,
Hopea pubescens, Intsia palembanica, Shorea assamica, Shorea glauca, Shorea macroptera, Shorea
ovalis, and Shorea pauciflora, did not show much difference of 1/ ratio between A to E Lype.

~ Biomass _ _

Tablc S40 shows BPU in each planting design. Shorea leprosuia showed the highest BPU
value. B type showed the highest value at each measurement time, because of iis high survival and
fair height and diameter growth. Hopea odorata showed the second highest BPU next to Shorea
leprosula. At 18 months after planting, B typc'showcd the highest valuc between A to B type.
Shorea parvifolia showed the third highest value next to Shorea leprosula and Hopea odorata. 1t
showed highest value of BPU in C type. Mosl of the species showed the highest BPU valuein B or -
- Cype, while Hopea pubescens showed the highest value in E type, P&laq:ﬁum gutta, Shorea

' g!_aum and Shorea ovata showed the highest value in Atype.

'5.1.2.5.].2. Plammg Dmcuon (EW and NS lype) and Growth of Trees

" In order to clarify the difference of growth of trees underplanted between EW plammg direc-
tion and NS direction in Acacia mangium plantation, same species planted in both EW and NS
direction plots were compared. Dryobalanops aromatica, Neobalanocarpus heimii, Pentaspadon

254



Table §38 Dizmeter Growth of Ezch Planting Design in Underplanting in Acacia mangium Plots

255

Actusl Value Rolotve Yalis
Tyre Type
Species Manth Oirection A B ] o E A a8 [v] o £
Diptarocarpus cornutuy | W 065 o7l 052 059 054 122 LEY] [113 108 100
[ (154 L] 074 457 450 058 TH 23 ] 100 100
L} ow 083 102 ore L]: %] QL] 116 128 [} 104 100
Orycte'anops arorratica 1 W 04 038 oM a4 045 930 (1] cBo 026 100
NS§ 040 038 045 016 045 [1]:x] o 094 056 L]
[ £€w 043 045 {57 a3 1131 oM [11>:] 91 92 100
NS o 045 ¢4 q54 054 an 068 o7 083 {82
L} €W 0 063 o1 an L1 163 (13- 116 108 100
NS 0ss 05 060 066 072 [11.3) [ ¥x) (i3] o9 106
18 €& 103 023 [AL] 23 [13:1 108 on 120 123 100
NS 083 082 103 an 122 i3] 0BS 108 055 i
Hopon odrata L] &w 035 053 0%4 aw. 51 [ 13 105 108 15% 100
[ (] 0566 0 093 986 L3¢ ] [ 33 19 131 121 100
i? &w 120 i23 rmn L 1) 133 ¥ 092 ™ 089 100
18 €W 211 188 250 156 3 03 (127 12% 68 100
tlopea puboscons L] ow oA 044 078 a3t 042 030 1 068 ¢88 100
6 €W 035 054 035 945 043 aT4 19 6N €36 100
12 o 053 0t odl QE3 07 an 030 055 086 100
totsa patambaniza ] - EW on QB 080 a80 o 43¢ on 106 + 06 100
6 "W or; o] ~:] +3.0) ae3 [13:1:] a87 o (132 0354 100
12 o 039 092 109 053 L]0 103 056 113 0359 100
Neobha'snocarpus heimit B W LY 052 Q51 064 D66 092 or 0%l BEH 100
NS . 061 ] 1] Q62 a6 D6% 693 [i3.2.] [13:1] €93 098
12 w oM o 075 01 L] (-] [13:0] [t3:1] 04 1¢0 -
NS 078 o 0B 76 orl s 101 105 &5 10
it 234 090 +}-00] o8 2485 (11 490 oM 3] {86 100
NS 095 108 11r 184 110 ()] 11 1.1% s i
pL E¥ 104 1 123 058 122 a8l o8 101 QB0 150
L) 108 Lk 135 140 136 LX) 104 Hil 1ns 102
M Ew% 143 122 183 149 th 969 on 655 13 100
33 123 151 185 1 o1 9z G54 108 115 133
b Ew® P9 = 1.2 134 ¢0a 68 x o087 1337 190
. NS (R 188 24 245 238 L2 ba} (1] 121 118
Paaquitm gaile 1 EW 033 J22 029 023 ¢5? L] [ 31) 037 034 1¢0
6 EW 035 i 03k G37 oM. | 18 0 043 [ 100
H Ew a46 043 Q.44 o 0% U8 057 058 osr 100
18 EW Q62 050 0£2 ¢i8 09} Q5 054 087 063 100
" Parathorss dunsifior ] EW [ kY] [ 1] o5 054 [134] 23 .45 [&:74 205 190
f W L X1} oM 0€7 Q53 033 L4 155 203 185 100
» "y 87 (3] 102 083 o4 135 55 206 156 100
34 W 15 165 132 27 085 13 e 153 147 100
Paotaspadon metloyi L] (3. a3 . &35 LER 030 G28 2 9 (2] 106 100
: NS an te2 029 430 013 oqr 043 1G4 106 (335
4§ Bw a4 . DS L3 047 0318 914 123 15 125 100
NS Lk 019 gl 039 025 06l 043 105 1H [3:13
1w a8 [+1 3] m 079 053 116 140 175 137 100
KRS Lk 026 058 i 2] a 0352 044 094 145 x
|3 (3] LR} 1.48 an 15 113 09 122 143 127 3E]
N5 on a2 102 130 Y 06t X 035 1M x
Shorga srumineia t EW a82 052 054 057 0§ 099 032 036 0% [ 3]
NS 045 042 047 o4 042 on 067 0% 063 as7
§ (4.1 on o686 068 aon 135 104 097 095 1M 100
NS if:] 055 o052 05 050 oes 050 0% 08l an
2 e 100 053 104 113 o 10 168 11 T 100
NS [1]:1] 061 o 08% an 066 of? 040 o an
18 Ew 145 147 152 154 L) 105 A4l 110 1z 100
. NS ons 038 112 118 115 o6 an om QBG ae4
Shacea Bshamica 1 EW 048 054 045 Q83 ° 0565 [3]] 044 049 o9y 100
§ Ew on (1] 063 Q72 068 AL LRIN 052 16 10
. 2 Ew 108 108 108 11} an ni 118 7 122 V00
Shorea gavcs 1 EW 040 K 034 e 034 nr ] 00 899 100
-] Ew 046 x 018 o4 0dd o4 T gae - L3 100
R 12 En 058 a 055 5] 9% g x 1.9 107 100
. 18 Ew 08¢ ] 087 123 061 32 ® 142 0 100
Sharea laprosela & EW [}.}] L X2 ] 10 09 87 105 ioa (X} LN+ 100
[ - 088 Vo 097 o [ 2] 102 116 (A1) 12 050
k4 (1] 132 15 158 12% 119 10 129 V30 105 106
NS [ILK] Var 144 14§ ¢ F08 120 132 [ R2) 125 489
13 Ew 214 by 292 225 218 RE] 12¢ 130 08 100
NS 20 ZM 23 262 156 106 128 14 124 or
F2] W 252 380 N 315 285 103 19 137 14 106
NS 28 an F 3 I 2% 115 152 058 132 082
k] W 180 523 554 480 1 088 i 124 N1 100
NS 443 LR 3165 53 3185 1oz 110 ons 122 084
36 B ()] 430 §n 650 £19 078 102 109 105 (3¢
KS 556 596 442 695 s 090 096 an mm 083
Shorea mecrvpters 1 o 035 Q3 035 032 033 092 Q358 G52 [:22] 100
& Ew 046 Q53 a46 044 053 037 i 88 08} 100
12 w 084 - o63 459 065 6l 093 100 - o8z 093 100
11 £w LE:L] 458% L11-L] 09 123 068 LR L a%2 o 100
Shored ovelis 1 Ew o9 04 939 - 053 Q5% 078 o oo 695 10g
: 1 €&w 059 Q&6 ase an ] ] 09 o0 Vo3 103 100
. 12 €w 099 108 117 128 103 [13:1] 10% - 114 LEs 109
Shuren dvu'ta L} ew 056 048 943 018 Q87 09 QoS 076 L3:1) 109
6 W 063 052 5! 056 R 104 tes 0394 on 100
2 ew 093 £580 a2s 075 L x] 153 124 134 126 109
Shoraa parvifolia ] €W [ k) 0gr an Qi 064 14 059 107 R 100
X NS [ 3} 03s a8 a0 (1) 166 114 13 1G4 1)
LF] W 10l 0%y oy 095 059 [N L] 110 0s1 109 100
’ NS o 104 ki 032 089 104 114 122 a2 110
13 ew 148 153 (X} 3 152 (31 105 037 (1) 100
NS 156 17 0% 1.4 133 LR 1] 14 135 098 ¢
b1 £ 236 194 207 208 (53} P20 0s%a 106 106 106
NS 214 256 212 g nn 1377 186 1353 097 105
0 €W E1v) 266 279 284 i a8 085 23] on 100
hS 2n n 315 28 an ass 106 14 0N 166
35 13 M 125 382 02 408 an Q&0 081 1.0 100
NS 344 358 453 4 1Bl aad 3% ] iE1] 100 s
Shacka paacificry 1 W Q56 [+1:4] ohe 450 052 107 (AL} (31 095 100
§ EW 063 o [1ix] [ 1.4 065 100 (13 (417 Q95 1060
12 3, a8g 106 088 086 (3] 05 [ 4] 3] kL] 100



Table S39 H/D Ratio of Each Planting DeSTgn in Underplanting in Acacia mangium Plots
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Table $40 BPU of Each Planting Design in Underplanting in Acacia mangium Plots
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