motleyi, Shorea acuminata, Shorea leprosula, and Shorea parvifolia, were compared. Survival rate,
height growth, diameter gfowth, H/D ratio, BPU arc shown in Tables 841, 842, 843, 844, and 545,
respectively. Comparing the valucs between EW and NS, latger values were colored in light bluc.

Among species planted both in EW and in NS, specific difference of growth of trecs was not
observed. As the spacing of Acacia mangium was differcd in EW dircction and NS dircction,
which was 3.7 m and 3.0 m respectively, the widths of plamihg strip were differed in EW and NS.
Thus the precisc comparison between EW and NS was difficult. One reason might be that the
illuminance under Acacia mangitim was rather brighter than 5 % of RAT which acts as a limiting
factor to the scedling growth. Then the other limiting factor such as soil moisture and genetic
origin, etc., might affect the growth of seedling much more than light condition.

5.1.2.5.1.3. Conclusion
The survival rates were generally betler inr rr'ov)cr planting strip width. Optimuin openness
for height growth or diameter growth was different by species. Most of the species, i.e. Shorea
leprosuia, Shorea parvifolia, etc., showed their optimum growth between B lypé to C type, where
the planting strip width was equivalent to 1 - 1.5 times the surrounding tree height, and the RAIs
were 30 - 70 %. Some specics; i.c. Hopea pubescens, did not showed different growth to the
different type of strip width. The reason for this phenomenon has not been clarified whether it
derives from difference of species character responding to light condition, or it derives from other
site factors, such as soil moisture, genetic ongm efc.
The growth diffcrence to the planlmg direction (East- Wesl and North-South) was not so
obvious. While canopy closures were obscrved in A- and B-type after 1 - 2 years of opening,
declinations of growth in the sites were not observed. This resulted from that RAT in the Acacia
‘manginm plantalion was rather high even under the non-felling Cdnditioh and that RAI gets higher
in accordancc with the height in the plantation. This may suggcst the possﬂ)lhly of the manage-
‘ment without felling of Acacia mangium overstory. : :

. Ferns and herbs were dominant in A-, B-, C- -type, while grasses were dommant in D and E-
type. Grasses especially Ekor kuching, and climber especially Mikania micrantha need more time
of weeding. In terms of weeding, wider planting strips are not favorable. At the initial stage of

planting, height growth is the main evaluation factor in terms of the competition between other
vegetation,
The retained rows and the felled rows of overstory were set in same width in this experiment.
The microclimate condition in pl:;nling strip can be changed with the condition of retained over-
story; i.¢. height, width of retained row, canopy devclopment, etc. The wider retained row might
be preferable in future in terms of smooth opegation for overstory felling. ‘Attention should be paid
not only on the width of planting strips but also on the width of retained overstory forest.
Dipterocarp species planted under Acacia mangium from A- 1o E-type showed less self prun-’
ing, and they still kept thicker branches on the lower pait of their stems 3 years after planting. On
the contrary, naturally regenerated dipterocarp scedlings under secondary forest showed slender '
tree shape with self pruning (Photo 49). The change of tree shape is one of the most important
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Table S41 Comparison of EW and NS Planting by Survival Rate

_ Actual Value
Species Month ~ Direction A B
Dryobalanops aromatica 1 EW

Neobalanocarpus heimii 8

12

18 LY 4\,23% 70 2%‘_‘

24

30 S 506% I% g *33'0%
38 118725 * . 30 I%

- Pentaspadon metleyi ‘ ‘_l

Shorea acuminala -1

: ' 34 1% 518%  153%
Shorea leprosuta 8 TRTEYE 91.2%  155% TLI% 542U
' 84.5% *990% 8278
ot 90.2% ?455. A%
354% £GU0%IEIBTA% 8.
18 2 i B?ﬁx 3 B1.3%

Shorea ﬁaﬁifq!ia : 8
. 12

18

24

30

36
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Table S42 Comparison of EW and NS Plantlng by Height Growth |

_S_p_écies

Actua! Yalue
Maonth Direction A

Dryobalanops aromatica

N_eoi)a?anocarpus heienii

Pentaspadon motleyi

Shorea acuminata

Shorea leprosula

" Shorea parvifolia

&

i2

12

18

.24

30

36

12

18

18
24
30

36

12

i8

2

BN 1.045. 7
NS 045
F7

NS

EW

046 039 104873

_::0.59 . 049 )

8 b082

N .
EW LI 098 s; 089717,
NS 115 (1174 086
EW ‘
NS
W : &
NS T i
EW 289 -_‘2,9.
NS
W 38 1102 Te87 i3I0
NS 384 FREN wagrs 309 295
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Table S43 Comparison of EW and NS Planting by Diameter Growth

Actual Value
Species . Month  Direction
Dryobalanops aromatica | :

NS

] EW
NS
12 tw

18

Neobalanocarpus heimii 8 _ " . 0,645 066
: D061 208400062 0.65
12 o ’ AT 0.17

— 085 099
SKERG RIS

3;!0‘:5' ;:' ]
030
. ! 0.25
12 CO8T 08T L 101079 058
: . 066 @ x
18 AN KL S T S ) ROt i SEE N T
1.30 X

10572083 ¢
_ 0. . 041 042

6 05066 0 08T TR 0T 0687
‘ -0, . 054 050

12 EO0TTI080 0 T 091
069 010

18 TR T TR R T Ie T 138
: . : . 1.18 115

Shorea leprosula 8 032000 094 Bni0hohr 093 087

: Pentas_padon motleyi

. Shorea acuminata

24

30

36

Shorea parvifolia .8

12

18

24

a0

36
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" Table S44 Comparison of EW and NS Planting by H/D Ratio

Actual Value

Species Month  Direction A B C D E
Oryobatanops aromatica 1 W 109.9 8534 1130 1058 L:A09.47:
_ NS  Eifad 408 Y1380 145
6 EW 1725 538 1029 1010 85
NS 1173 (1343 086 1107 1926
12 EW l285 1179 1206
18
Neobalanocarpus heimii 8
i2
i8
24
ao -
NS 1034 962
35 EW L1084 no data
_ NS 1000 1026
Pentaspadon motleyi - i EW 83§ 9.1
' : NS~ BL1602 7113
6 W 1039 .
‘NS {12870 001238
12 EW 1179
NS 1131200
18 EW 118.1
. NS (01p48
Shécea acuminals ' 1 EW 989 120 9%
: o NS 8970 1010 §
6 EW 11069 5 1077, 1186 918
: NS . 894 1042 1026
12 €W 1238 1241 a7
NS 1083 “:'1263‘ 102.3
1 C T €W FA930 ¢ (3140 1073 TI22T
. NS 1168 #1319 00 (18100 .
Shorea leprosula g EW ‘u_z.s_ 007 910 - 9137
AR INE : 11003 - 862
gt T BW L0211 “T 836 71
NS 1028 ) 4 882 756
g EW iDAT o4 56_.0 O I Y
NS 1081 948 60.9 76.8 5.9
24 EW 1129 1046 614 . - 81.F . 113
: E 95.9 1.1 52.4 132 13
- 30 EW 1169 106.F 668 E34 7 59
: NS 3556 §9.1 723 824 - g5
36 EW Va7 0104 J0L5. 7816 7156
: : ' NS 1016 935 . 715 198 1T
Shorea parvifolia -8 ¢ Goi812 1264 0801045 . 996
B ' : NS 1150 1124 0 1007 977 1092
12 W 1139 11027 Hi8 T T
NS . 204 1136 1034 ¢ - 853
18 TEW 062 1131 . 1024 884 © 834
NS LSRN iii)2yf 888 1888 M6
24 Ew 1033 10831047 < ~ 890
NS B 1142.°% 1058 845 3 ( 7.1
a0 EW 1063 1090 . 1035 S T Y
NS R 10713 - 914 183
35 EW 1070 1319 1069 15T
- NS DAyl 1620 §8.4 ?57 539
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Table S45 Comparison of EW and NS Planting by BPU

Actual Value
Species Month  Direction A B C
Dryobzlanops aromatica 1 EW 500830 006 907
NS 005 ;007

6

" Neobalanocarpus heimii 8

Pentaspadon motleyi i

20077
000
12 EW -?;.‘}‘0,242_';?3551 ;

NS 0.00

18 W S133

NS 004 000 _

Shorea acuminata i | EW 20250500
S NS 007 008

o1 0.6
A2 EW 0980050
: NS 005 0l
18 EW . 362, 384
: NS 015 057
‘1 08

Shorea leprosula ’ 8 EW . /089"
- . NS : 083 O

12 " &W 266

: C NS - A g

18 T EW 1241 5.

o NS 1213987
24 EW 3033
NS Uadg4l

'_:3;'8"99

30

36 703 173, e

ﬁ.?ﬁi’;

J...OI A
169 33 17595

Shorea parvifolia .. 8

92

- 18

24

30

TEIbE L 3 TE5T
NS 4900 76501

36
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 Photo 549 Naturally regenerated Shorea  Photo §50 Overstory-felling experiment-
leprosula in Block-A(1994) with the sten- - plot’ ' -
der tree shape and self pruning
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factors for the growth of trees, so that observation should be kept. If less self pruning is observed
for a long time, manual pruning or high densily planting should be considered in the fulure.

'Roughlj," spcaking,: the survivat and growth in underplaiiting method in Acacia mangium
plantation is fairly good under the proper opening such as A- to D-type. Next step to be clarified is
to evaluate from the cconomic point of view. And also overstory felling experiment is important.
During follow-up period of the project, these topics must be clarified to conclude an optimum
management system.

5.1.2.5.2. Underplanting in Belukar

'5.1.2.5.2.1. Planting Design (F-H type) and Growth of Trees _

- Susvival rate, height growth, RGR-H, diameter growth, H/D ratio, BPU are shown in Tables
846, 847, S4'8', 849, 850, and S51, respectively. Relative value was calculated at each measure-
ment time with setting the standard value of F lype as 1, Neobaldnocarpus heimi i, Shorea leprosula,
‘Shorea ovalis, Shorea ovata, Shorea parvifolia, were planted in 3'types; F-, G-, and H-type. Dialium
Sp.y G(myslylus._sp., Shorea acuminata, Shorea bracteolata, Shorea gibbosa, Shorea glauca, Shorea
talura, Shorea multiflora, Shorea pauciflora, Sindora sp., were planted in 2 types; P- and G-type.

Survival of Trees

Table S46 shows the survival rate in each planting design. Shorea talura showed the notable
survival; 100 % in F type and 97.3 % in G lype at [2 months after planting, while Shorea ovata
showed the worst survival; 24.5 % in F type, 179 %inG type, 21.7 % in H type at 12 months after
planting. Comparing with the relative value, the differénce among 3 types of planting width were
not so obvious in terms of survival rate so far. Further observation is needed.

“Height Growth _ _
Fable $47 shows the mean height in each planting design. Shorea leprosula in F type showed
‘the highest growth of 1.62 m at 12 months aflter planting. Table S48 shows the RGR-H in each
planting design. For the actual value of height, more than 2 of numerical value are colored in light
bluc.Shorea talura in G type showed the highest growth rate of 3.87 at 12 months after planting.
Comparing with the relative value, the difference among 3 types of planting width were not so
obvious in terins of height growth and growth rate so far. Further observation is needed.

Diameter Growth -

Table $49 shows the mean diameter in each planting design. Shorea leprosida in F type
showed the highest growth of 1.90 cm at {2 months after planting. Comparing with the relative
value, the difference among 3 types of planting width were not so obvious in terms of diameter
growth and growth rate so far. Further obscrvation is needed.
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Table S46 Survival Rate of Each Planting Design in Underplanting in Belukar Plots

Actual Value Relative Value
: Type Type
Species Month Direction F G " H F G H
Dialium sp. 1 EW 854% - 96.4% X 1.00 1.13 X
6 EW 854% 825% X 100 102 X
12 EW 16.0%  79.0% X 1.00 1.04 X
Gonystylus sp. } Ew 93.8% - 73.7% X 1060 079 X
6 EW 854% 68.3% X 1.060 080 S X
12 EW 81.3% 59.8% X 1.060 0.4 X

Neobalanocarpus heimii 1 EW 89.1% 81.7% 825% 100 092 093

] EW 854%  74.1% 800% 100 087 0.94

12 EW 77.4% 643% 700% 100 083 0.91

' Shorea acuminata 1 EW  688% 558% X 100 08t X

' 6 EW 625% 44.6% X 100 O X

12 EW 44.8% 21.2% X 1.00 0.6 X

Shorea bracteolata 1 EW 92.7% 95.1% X 1.00 1.03 X

6 EwW 938% 88.8% X 100 0985 X

' 12 EwW 90.6% 783% X 100 © 084 X
Shorea gibbosa 1 EW 92.7%  19.9% X 1.00 0.86 X
6 EW 88.5% - 15.0% X 100 085 X

. 12 EW 76.0%  671.0% X 100 088 X

Shorea glauca : 1 W 84.4%  62.5% X {00 074 X

' 6 EW - 823% - 59.8% P 100 073 X
12 EW 71.9%  55.8% X 1.00 0.78 X

Shorea talura 1 EW 990% 98.7% X 1.00 1.00 X

' 6 EW 99.0% 99.1% X 1.00 100 X
i2 EW 1000% 97.3% X 100 097 X

" Shorea leprosula i EW 77.6% 848% 850% 100 1.09 1.30
6 EW 71.8%  70.4% 742%  1.00 - 098 1.03

12 EW  578% 607% 692% 1.00 1.05 1.20

Shorea mulitiflora i EW 71.9% 73.7% X 1.00. ~ 1.02 CoX
6 EW 68.8% ©68.8% x 100 100 b's

. : 12 EW . 604% 59.8% X 1.00 099 %
' Shorea ovalis S| EW . 875% 902% 933% 100 103 1.07
§ EW ' 833% 835% 875% 1.00. 1.00 1.05

' ‘ _ 12 EW 729% 763%. 850% 100 105 117

" Shorea ovata 1 EW ' - 728% 763% 883% €00 1.05 1.2%
6 EW 583% 46.0% 550% 100 079 0.94

12 EW 0 245%  179% 21.7% 100 078 0.89

Shorea parvifolia i Ew 86.1% 73.7% T1.% 100 083 0.80
EW 839% 683% 600% 100 031 0.72

: : 12 EW 65.1% 509% 383% 100 0.78 - 0569
Shorea pauciflora 1 EW 875% 87.1% 833% 100 099 0.95
] EW - 81.8% 746% 633% 100 091 0.7

7 12 EW 67.7% 57.6% 533% 100 085 0.79
Sindora sp. 1 EW 91.7% - 9L.1% X 100 099 X
6 EW 84.4%  79.0% X 100 094 'S

12 EW 698% 694% X 100 085 %
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Table 847 Heaght Growth of Each Planting Des:gn in Uriderplanting in Belukar Plots

Species
Dialium sp.

Gonystylus sp,
Neobalanocarpus heimii
Shorea acuminata
Shorea bracteolata
Shorea gibbosa
Shorea glauca
Shorea talura
Shorealeprosﬁw
Shorea mulitiﬂora

| Shore.a ov?!i?

" Shorea ovata
Shorea parvifolia
Shorea pauciftora

Sindora sp.

¥
6
i2
1
6
12

Month Direction

EW
EW
EW
EW
EW
EW
EW

- EW
EW.

EW
EW
EW
EW
EW
EW
£W
EW
EW
EW
EW
Ew

EW

EW
EW
EW
EW
EW
EW
EW

- EW
- EW
EW

EW

- EW

EW
EW

- EW

EW

- EW

EW
EW
EW
EW
EW

Actual Value

Type
F G

0.38 029
044 0.40
069 - 075
047 0.43
060 053
0.85 0.79
0.46 0.62

055 0.62
0.86 0.86
0.48 0.40
0.49 0.46
088 0.78
0.47 0.36
0.51 0.40
0.63 0.54
0.28 0.29
0.39 0.39
0.76 0.76
0.52 0.65
073 o0
1.48 1.24
0.43 0.40
060 - 0864
1.07 1.34
055 0.52
081 0.74
162 137
0.70 - 037
0.69 047
1.14 0.87
0.48 0.45

-0.66 0.56
1.48 1.23
0.47 0.49
0.50 0.53
094 0.93
043 0.41
059 059
1.24 1.17
050 053

013 0.66
1.21 1.17.
0.39 0.37
0.39 0.41
053 - 059
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w oM o X W L

0.61
0.63
0.85

PR R R EE]

x

0.59
0.76
1.44

0.59

042

- 050

0.68
0.35
0.42
1.06

0.40

0.56
1.07

B e T T T W

sgggsz322z2aa8RRR™

2888332388325555

Type

1.00 -
068 . .
134

Relative Va!ue

G
0.75
0.92
1.09
0.92
0.88
0.92
135
1.14
0.99
0.84
093
089
017
077
086
1.04

- 098

1.60
1.27
097

0.84

0.84
1.05

'1.25

095
0.91

0.84

0.53
0.67

0.76
0.93

085

©. 083

1.04
1.07
099
096
1.01
094
1.06
091
0.96
0.96
i06
i1

W o= LM X % M M x L

LI= 1~

Mo oM oM M O X X KoM K M X X

>

1.07
093
039

i.24

1.04
0.90
050 .
1.00
0.72
082
0.71
0.85

- 081

0.76
0.88



Table 548 RGR-H of Each Planting Design in Underplanting in Belukar Plots

Species
Dialium sp.

Gonystylus sp.
Neobalanocarpus heimii
Shorea acuminata
Shorea bracteolata
Shorea gibbosa
Shorea glauca
Shorea talura
Shorea leprosuta
Shorea mulitifiora
Shorea ovalis
Shorea ovata
Shorea parvifolia
Shorea pauciflora

Sindora sp.

6
12
6
12
6
i2
6
12
6
12

6

12
6
12
6
12
]
12
6
12

6 .

12

-8

12
6

12.
6 :
12

6
12

Month Direction

EW
EW
EW
EW
EW
EW
EW

. EW

EW
EW
EW

TEW

EW
Ew
EW

TEW

EwW
EW
EW

EW

EW
EW
EW
EW
EW
EW
EW
EW
EW
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1.40

Actual Value

Type
F G
1.16 140
1.84 2,65
1.28 .25
1.82 1.81
1.25 1.02
1.98 1.40
1.03 1.15
1.83 1.94
1.10 1.1
1.36 1.50
1.50 142
280 2.18
1.42 1.08
299 i.86
1.2% . 1715
230 3.87
162 140
2.92 2.58
1.01 t.29
1.69 244
1.45 i.29
3.22 2.9
1.01 103
1.81 1.17
1.33 t.42
2.69 280
145 1.26
241 217
100 112
' 1.50

iy

[ =TI Y

—
LI-J

Q1 ~d

N
oo POW XK M oM M X X M X X

—h
-t
w)‘

232
112
1.46
1.19
2.95
1.34
2.62

Relative Value

Type
F G
1.00 1.21
1.00 1.44
1.00 0.93
1.00 0.99
-1.00 0.92
“1.00 0.2
1.00 1.11
1.00 1.06
1.00 1.01
1.00 1.10
1.00 095
1.00 0.99
1.00 0.76
100 0.62
1.00 1.36
1.00 1.68
1.00 0.92
1.00 0.68
1.00 1.27
1.00 1.45
1.00 0.89
§.00 087
- 1.00 1.02
1.00 0.98
1.00 1.07
100 - 104
1.00 087
100 090
100 112

100 107

-
b

§ o9
[--0=-4 P 4 ~ 0
hwxx xxxxxxowxxxx

oo

&
o« X x

6.72
1.1
0.81
0389
1.09
092
1.09



Table 849 Diametér Growth of Each Planting Design in Underplanting in Belukar Plots

Actuat Value Relative Value
Type Type

Species Month Direction F - G H F G
Diatium sp. 1 EW - 073 0.49 X 1.00 068
6 EW 0.76 662 b 1.00 0.51
12 EW 097 0.96 X 1.00 0.98

Gonystylus sp. 1 EwW 070 064 X 100 091
: 6 EW 0.82 0.75 x 1.60 092
12 EW 1.10 1.03 b 1.00 0.93

Neobalanocarpus heimii = 1 Ew 0.73 0714 082 100 101
6 EW 0.8t 0.86 0.96 1.00 1.06
12 Ew 1.06 1.04 122 1.00 0.98

T omh . -

MM KKK KKK K KKK KN K ok o X X x
th © — <

Shorea acuminata 1 EwW 057 043 X .00 075
6 EW 0.65 0.56 X 1.00 085

12 EW 090 082 X 1.00 092

Shorea bracteolata 1 EW 0.66 0.51 X 1.00 0.77
6 EwW 0.77 0.68 X 1.00 089

12 Ew i.06 102 x 1.00 0.96

Shorea gibbosa 1 - EW 045 08234 X 100 076
8 EW 0.52 057 T X 1.00 1.09

12 EW 0.80 092 X 100 115

Shorea glauca 1 EW 0.50 0.62 X 1.00 125
6 EW 0.69 0.78 x 1.00 1.12

: 12 - EW 122 134 x 1.00 1.09

- Shorea talura 1 EW 079 - 057 X 1.00 072
EW 0.93 0.99 X 1.00 1.01

12 EW 1.79 1.95 X 1.00 1.09

Shorea leprosula 1 EwW 072 058 070 100 081 097
6 EW i.08 104 117 100 096 108
i2 EW 1.90 1.88 1.85 100 - 0499 057
Shorea mulitiflora 1 EW 083 - 044 X 1.00 653 X
: &w 0.90 0.61 X 1.00 067 - «x
‘ _ : 12 EW ' 138 093 X 100 068 X
Shorea ovalis 1 EW 0.67 0.56 0.76 1.00 0383 1.14
‘ - 6 EW 091 089 - 098 100 097 108
. I I P EwW 155 155 1.74 100 100 0 153
Shorea ovata : 1 EwW 0465 059 Q.51 100 091 ° 078
i EW 0.1 (.68 0.66 1.00 0.97 0.94
12 EW 1.15 1.14 0.78 1.00 0.99 0.68
Shorea parvifolia 1 EW 058 053 053 100 091 082
. 6 EW 075 078 0.62 1.00 1.05 082
12 EW 117 .21 1.20 1.00 1.08 1.03
* Shorea paucifiora 1 EwW 068 062 049 1.00 0.91 o
‘ 6 Ew 0.95 1.00 0.85 1.00 1.05 0.89
: 12 EW 146 1.38 1.47 1.00 .95 1.01
" Sindora sp. 1 EW 067 055 x 100 082 X
6 EW 0.72 0.64 X 1.00 0.89 X
i2 Ew 0.96 103 X 100  1.07 X
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H/D Ratio

Table $50 shows the mean diameter in each planting design. Most of the specics showed the
thicker shape with less than 80 of H/D ratie, while Shorea glauca showed the highest value of
123.6 in F type at 12 month, Comparing with the relative value, the difference among 3 types of
ptanting width were not so obvious in terms of H/D ratio so far. Fudher observation is needed.

Biomass _
Table S51 shows BPU in each planting design. Shorea ovalis showed the largest value of
4.82 in H type at 12 months after planting. Comparing with the relative vatue, the difference among
3 types of planting width were not so obvious in terms of BPU so far. Further observation is

needed.

5.1.2.5.2.2. Comparison with the Underplanting in Acacia mangium Plantation Plots
In order to clarify the difference between the underplanting in Acacia manginm and the
underplanting in Belukar, same species planted in both under Acacia mangium in EW planting
“direction and under Belukar were compared. Neobalanocarpus heimii, Shorea aciiniinata, Shorea
glauca, Shorea leprosula, Shorea ovalis, Shorea ovata, Shorea parvifolia, Shorea pauciflora, were
compared. Due to the difference of stand age, both sites were compared with the data at 12 months
after planting.
The steip width of underplanting in Acacia mangim was 6 m in EW-A, 9 min EW-B, 15 m
in EW-C, 27 min EW-D, 51 min EW-E, and those of underplanting in Belukar was 10 m in F, 20
‘min G, 40 m in H. Thus F type in Belukar was correspond to EW-B in Acacia mangium, G type
was correspond to between E_W—B to BW-C, H type was correspond to between EW-D to EW-E.
~ Survival rate, height geowth, diameter growth, H/D ratio, BPU are shown in Tables $51,852,
:853, 554, and S55, respectively. Relalive value 'was: calcul:iled at each measurém_ent t_im‘e with
~ selting the standard vatue of EW-E type in Acacia mangium plantation as 1. These twa sites were
planted in different year with different seedlings with different pm\renénce and nunuring history.
Thus precise comparison was difficult. Further study is required. | |

Survival of Trees .

‘Table 852 shows the survival rate in each planting design. While 4 plots in underplanting in
Acacia mangitm, such as Neobalanocarpus heimii in A, Shorea leprosula in A and B, Shorea
parvifolia in A, showed more than 80 % of survival, only Shorea ovalis in H in Belukar showed
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Table_SSO H/D Ratio of Each Planting Dasign in Underplanting in Belukar Plots

Actual Velue Relative Value -

: - . Type C Type'
Species Month Direction  F G H F G H
Dialium sp. i EW 534 601 X 100 113 x
6 EW 584 665 X 1.00 114 X
12 EW no 149 X 1.00 1.08 X
Gonystylus sp. 1 EW 67.2 66.9 X 100 099 X
6 EW 742 705 x 100 095  «x
2 OEW 17 188 x 100 099 x

Neobalanocarpus heimii 1 EW 630 853 759 100 136 1.2
| 6 EW 675 736 665 100 109 093
12 EW 802 833 710 100 104 0389

Shorea acuminata 1 EW 852 96.2 x 1.00 1.13 X
i EW 714 83.2 X 1.00 1.07 X

i2 EW 99.5 95.1 X 1.00 096 X

Shorea bracteolata i EW 720 7123 X Q0 §.00 x
6 EW 67.5 58.5 ® 100 0.87 X

o 12 EW 594 534 X 1.00 0.90 %

Shorea gibbosa 1 EW 63.2 88.6 % 1.00 1.40 X
6 EwW 174 68.7 X 100 0.89 X

. 12 EW 962 802 X 1.00 083 X

Shorea glauca 1 EW ~ 1061 1089 X 1.60 1.03 %
B EW - 1056 93.1 X 1.00 0.88 X

12 CEW 1236 933 X 100 0.75 X

Shorea talura 1 EW 6§22 122 X 1.00 1.16 X
) EW 626 66.2 X 1.00 1.06 X

12 EW -60.9 FARS X 1.00 117 X

Shorea leprosula 1 Ew 807 948 818 100 1L¥7 109
6 EW 786 74.2 67.8 100 094 086
= 12 EW 871 151 806 1.00: 085 093
Shorea mulitiflora 1 EW 85.0 864 X 100 102 X
S ] £EW 18.1 11.17 X 1.00 1.00 X
: 12 £EwW 864 94.2 X 1.00 109 - x
Shorea ovalis : i EW 723. 857 802 1.00 1.19 1.11
] EW 729 646 709 1.00 089 097
: : : i2 £EwW 958 178 716 100 081 081
Shorea ovata 1 EW 7140 85.7 - 854 100 1.16 1.15
6 EW 720 807 159 1.00 1.12 105
12 EwW 806 827 86.2 1.00 1.03 107
Shorea parvifolia 1 EW 76.3 901 682 1.00 1.18 090
6 EW 778 760 678 160 098 087
. : 12 ew 104.1 959 88.3 1.00 0.92 085
Shorea paucifiora 1 EW 756 894 841 100 L1838 11§
. EW 83 617 66.3 1.00 0.87 0.85
: 12 EW 818 850 748 1.00° 1.04 09
Sindora sp. 1 EW . 881 696 X 100 120 L
' ] Ew 5356 645 % 1060 1.20 x
2 EW 54.7 553 X 1.00 1.01 x
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Table S51 BPU of Each Planting Design in Underplanting in Belukar Plots

Actual Value Relative Value

_ _ Yype - Type
Species Mcnth Direction F G H F G H
Dialium sp. 1 EW 019 007 x 100 039 X
§ EW 0.24 0.6 X 1.00 0.66 X
12 EW 059 0.72 b 1.00 1.22 X
Gonystylus sp. i EW 023 0.i5 X 1.00 0.63 X
6 EW 037 0.23 x 1.00 0.61 X
12 EW 3.01 0.63 X 100 062 X
Neobalariocarpus heimii 1 EW 025 030 037 100 121 1.50
] EwW 0.36 0.36 053 1.00 1.03 1.49
12 EW 096 068 1.1t 100 071 115
Shorea acuminata 1 EwW 012 0.05 X 1.00 0.40 X
§ EW .16 0.08 X 1.00 0.52 X
12 Ew 0.41 022 X 100 052 b
Shorea bracteolata 1 Ew 0.21 0.10 X 160 047 X
: ] Ew 0.34 0.20 X 100 059 X
12 EwW: 0.79 0.53 X 160 087 X
Shorea gibbosa 1 EW 006 003 X 100 055 X
' ] EW 0.1 011 X 1.00 1.03 X
12 EW 049 058 X 1.00 1.20 X
Shorea glauca 1 EW 012 - 017 X 1.00 1.46 X
6 EW - 036 0.3t X 100 086 X
12 EW 1.93 1.69 X 1.00 088 X
Shorea talura 1 EW 0.32 0.18 X 100 056 X
_ . -6 EW - 067 0.80 X 1.00 1.20 X
12 EW 455 6.97 x 100 1583 X
- Shorea leprosula 1 EwWw - 027 018 029 1.00 .65 1.4
; ] EW 08% O 0.98 100 080 1.10
S 12 EwW 469 424 4.40 100 090 084
Shorea mulitiflora 1 EW " 037 0086 X 100 017 X
: . ] EW 043 014 X 106 033 X

.

- 12 EW 171 063 x - 100 037  x
" Shorea ovalis 1 EW 023 . 015 0.35 .00 066 1562
. : - 8 EW 062 046 068 100 023 1.10
s : 12 . EW 339 3.18 482 100 - 094 - 142
- Shorea ovata. F EW 018 016 011 100 089 065
. - 6 EW 0.22 0.16 0.16 1.00 076 0.73
12 EW 049 034 0.13 .00 - 0.70 0.26
Shorea parvifolia 1 EW 0.15 0.1 0.08 1.00 0.73 0.54
6 EW 0.37 03t - 013 100 (0385 0.36
: _ 12 EW “1.66 1.30 0.17 100 0.78 0.46
Shorea paucifiora 1 EwW 025 0.21% 0.10 1900 084 0.38
. 6 EW 0.78 065 037 160 083 047
o 12 EW 262 116 1.84 1.00 067 0.70
Sindora sp. i EW 0.19 0.14 x 1.00 070 X
6 EW 022 0.21 X 1.00 094 X
12 "EW 0.46 0.64 X 1.00 1.41 %
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feb?o §52 Comp arison of Survival Rats batwsen the Undscplanting in Acacis mangium and the Underplenting in Belukar st 12 Months after Planting

- Actual Valua Relative Va've
Aescia Balubkar Acacia . Boluhar
Spociey Y. 8 ] D E F ' Q H A - B [} 1] | 3 3 [} H
Neobalano 55 6% 4438 Ha 592% 5% 38 1% £43% 0T 1% 3] 120 102 100 13 (AL 12t
Shorzeas  123% 590 588% kLY nn “egy 2712% X 29 9 1.8 103 100 138 082 X
Shoreagls  S21% x nss M t4ex PR ] 5584 H n X 0719 145 100 493 I8 X
Shorealey B29% w2 M5 BN §15% 57.8% [ ALY 65 152 157 130 122 100 (K] 104 120
Shorea ov 144N 15 4% 6% 4454 5184 FEdo ] 143% 854 1:8 130 026 omn 100 128 132 147
Shoreaov 438 42 4% 3N 141% {24 2454 17.5% 21 418 pchl | t23 176 100 228 183 00
Shoreape 580N 63 3% 150 529 BN §51% 5084 IR 230 1.3 t 58 138 196 130 133 100
Shoreape  11EN 53 A5 2438 B L1 L1XA MR §93 161 0§7? 457 100 18} 153 147
Foble 553 Comparisen of Helght Growth betwesn the Underplanting in Acacia mangium and tha Undarplanting in Betukar st 12 Months after Planting
Actual Vatue Relatrva Value
Acacia Betukar Acacia Belukar
Sgecies A B (v} D E F o H A g c o - E F g H
Heotalane 052 83 53] 049 o5& (GBS 086 (1. (31} 113 106 08s 1.00 155 1.54 153
Shorea sz 123 1.24 tid 1.14 050 068 018 . 131 136 3 128 100 098 087 X
Shuce g 080 400 066 .42 043 143 124 A 142 x 156 093 100 347 252 x
Shored ley 142 153 13 103 092 ¢ 182 +37 144 155 182 142 LN 1] 100 1.75 1.43 156
Shoreaov 100 1.0 oby 1.6 o8a t49 123 1] 113 1.14 1.4 114 100 168 139 5
Shorgaov 105 083 on [1):4} 045 084 09 a6l 218 124 1.47 157 00 195 1.5 144
Shoreapa B2 (AT 093 0gs 088 Lk 17 1.05 136 1.33 114 (4 500 144 125 123
Shoreapa 035 103 oM on [+ 2] 121 117 107 101 1.3 23] 030 $ 00 153 145 135
Toble 854 Comparison of Diameter Growth Letween the Undarplanting in Acacis rangium snd the Undorplanting in Belukar 2t 12 Months after Planting
Actual Value Retative Value
Acacia Belekar Acacia Balukar
el A 8 (1] 2] 3 F a H A B c o] E F a H
Neobalane Q74 o [X] 07 L0 106 104 122 096 EL] Q9 054 100 138 133 138
Shoreans 100 099 104 113 oM a0 082 x 10 108 114 tH 1.00 0%8 Qe X
Shoreagls 059 x 0659 0453 [3] 122 LRL] x 1117 X 118 .07 1.00 246 289 X
Shorealep - 132 15 1.54 125 1.1% 180 188 . 165 1 129 1.3 148 1.00 160 158 155
Shoreaov 083 108 17 126 103 155 155 L4 [+3:7] 105 114 12 1.00 150 15 169
Snoreaov 008 060 o84 o s] 0563 115 1 (3] 1 5% 1a8 134 128 160 18 181 124
Shoreapa 101 [13:] a8? 08 050 147 121 120 113 119 091 08 100 130 135 1.3
Shorea pa  OBS 106 Q56 0Bs GE3 145 132 147 [+3:-) 124 109 o931 0 (K3 157 166
Tabla 555 Comparison of H/D ratio betaesn the Underplanting in Acacts mangium erd the Undarplenting in Befukar 2t 12 Morths after Planting
Actual Value . Relative Value
Acacia Belhar Acacia Belokar
Spestas A e . G 2] £ f [+] H A B [ 2] E F G H
Keobslane B32 817 R 3] He 802 833 LR 116 108 082 100 112 118 099
Shorea ac 1238 2 1937 M0 918 05 51 X 127 127 118 107 100 102 09 X
Shoreagle 1046 x 118 18 354 §236 433 % 118 X 128 083 100 39 165 X
Shorea leg 1102 VOB 884 836 EA) -2 3] 51 808 1139 0 140 112 106 100 110 095 102
Shoreaov 919 903 8245 8T 855 858 kL) e AL 106 (13 3] 0% 1.00 L1 H [:3-1 0 o8
Shoiea ev G0 L3 ] B30 - 535 198 806 By 362 P132 0 1w 164 124 100 14qt 104 .08
Shacca pa 1139 192 1Heg 0 B32 - 543 1040 958 883 120 ‘126 N 043 100 110 101 09
Shoceapn 066 930 N3 b ¥ .31 &8s 850 149 109 105 - 083 054 100 82 098 084
Tabts 856 Comparison of BPU betwaen the Underplarting in Acacia mangium and the Underplanting in Belukar at 12 Months after Planting
Aztual Vatue Pelatrvs Value
Acacia Bebukar Acacia Belukar
Species A 8 [+] 1] € F G H A 8 c 1] £ F I H
Neghatara 037 o [F3] o1 [¥£] [} 1] 141 1.65 080 128 o8l 100 426 300 418%
Shorea ot Q54 o8 485 054 o3 LX) 022 x - 285 2N 266 162 190 12¢ 059 X
Shocea gl 012 % FiTix] 003 002 193 163 ] 667 '] t67 161 100 10700 9294 X
Sherealey 265 406 AL S K- 10 4459 14 440 28 I 283 148 190 133 - 39 412
Srorgacv  V0H 1.3 £k 1] e o8s 339 314 182 113 145 085 121 100 3 E1- 539
Shoreaoy 00D 042 008 R3] 00 [rL}) a34 013 2600 o4 2715 52 163 A3 1218 461
Shereapa 1O 103 076 on 035 165 §.30 on ET) 284 211 203 00 wl kR 0
Shoreape 059 108 058 015 0¥ 174 184 143 233 ¥ 458 039 - 100 [-F 2] £64 484
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more than 80 % of survival at 12 months after planting. On the contrary, Shorea glauca in C and D,
Shorea ovata in C, D, E, in Acacia showed léss thai 20 % of siwvival, only Shorea ovata in H in
Belukar showed less than 20 % of survival at 12 months after planting. Comparing with the relative
value to the standard (EW-E in Acacia), all Belukar plots except for Shorea acuminata in G showed
the higher value (o the standard. Though the survival in Bleaker plots showed belter results than
that in EW-E in Acacia, the difference between narrower plots in Acacia mangiun: plots was difti-
- cult to be concluded. Further study is needed.

Height Growlh

Table $53 shows the mean height in each planting design. Comparing wilh the relative value
to the standard (EW-E in Acacia manginm plots), even the widest planting strip of H type in Belukar
showed the higher value to the standard, Roughly speaking al! Belukar plots except for Shorea
acuininata showed the higher height growth to that in Acacia mangium plantation. Because of short
period for 12 months and the difference of initial size, the conclusion is difficult. Further study is

needed.

‘Diameter Growth _

Table 854 shows the mean diameter in each planting design. Comparing with the relative
value to the standard (BEW-E in Acacia mangium plots), all Belukar plots except for Shorea acuntinata
showed the higher diameter growth to that in Acacia manginm plantation. Because of short period
for 12 months and the difference of initial size, the conclusion is difficult. Further study is nceded.

H/D Ratio .
‘Table $55 shows the mean diameter in each planting design. Comparing with the relative
~ value to the standard (EW-E in Acacia mangium plots), all Belukar plois except for Shorea glaica
in F showed the almost equat value to the standard. The narrower plaming width in Acacia plots
showed higher H/D ratio, which means the stender tree shape. Bccéus;e of short period for 12
months and the difference of initial size, the conclusion is difficult. Further study is needed.

Biomass _

Table $56 shows BPU in each planting design. Comparing with the relative value to the
standard (EW-E in Acacia mangiwm plots), all Belukar plots except for Shorea acuminata showed
the higher BPU value to that in Acacia mangium plantalian. Because c.f)f short period for 12 months
and the differcnce of initiat size, the conclusion is 'difﬁéu.lt. Further study is needed.
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5.1 .2.5.2.3..C0'n:clusion : :

Pfahting method in bare fand was changed from mix and coexistent planting both with fast
growing species and indigenous species into underplanting in secondary forest. The result at one
year after planting showed better than in openplaiiting in terms of survival and growth. This sug-
gested that the secondary forest which regenerated after clear cutting of natural forest should not be
clear cut again. This forest can be utilized as nurse teces of indigenous specics.

Comparing with the underplanting in Acacia mangium plantation and the underplanting in
Belukar, the results were better in Belukar in terms of suvival; height, diameter, and BPU. The
results are the comparison just 12 months after planting, and initial size of scedlings imight have
been differed, thus the coiiclusion is difﬁmﬁ. '

The differcnces among three types of designs; F, G, H, in Belukar was no so obvious. This
might be caused by the similar light condition among these three desigis.

Since Acacia mangium is a legume with nitrogen fixing abitity, the soil in the underplanting
in Acacia plots is supposed to contain high nitrogen contents. If the site in Acacia contains the high
nitrogen, the growth of the seedlings planted there must have been increased. The results of the
comparison between Acacia plots and Belukar plots did not meet this hypothcsié. The chemical
analysis of the soil is now in the progress. The result is awaited.

5.1.2.6. Relationship between the Light Condition and the Growth of Trees
In this study, the light condition was considered as one of the most important factors on the
“grawth of planted seedlings. Several planting designs were taken to manipulate the light condition.
The relationship between the planting strip widihs and the light condition was discussed in former
section, and also the relationship between the planting strip widihs and the growth of planted {recs
‘was discussed in former section. Then the relationship between the light condition and the growth
of planted trees is discussed in this section. Fig. $34 show the spatial distribution pattern of the seed-
lings of Shorea leprosula in E-type at 30 months after planting. If the survival rate or the height growth .
correlated with the RAI, the distsibution pauern.of the seedlings must have shown characteristic arrange-
ment in proportion to the distribution pattern of RAL But dead trees distributed randonﬂy, and height of
alive trees were heterogeneous. This may suggest that thede are a lot of factors influencing the survival and
growth of dipterocarp species beside light condition, e.g. temperature, humidity, soil condition, vegelation,
ete. Therefore further study is required io clarify the limiting factors on the survival and the growth of
dipterocarp species. | _ '
~ Fig. 8§35 shows the relationship between the RAE and the survival rate fot each planting row if each
planting type. Although each data varied widely, survivéi rates decreased with the increment of RAL
Relationship between the RAI and the height growth increment is shown in Fig. S36. The height
growlh increment was taken before and after 6 months of measurement of the RAL totaling 12 months from
Aprit 1994 to April 1995. Each data varied widely. But under close monitoring of maximum dala, height
growth increment scemed to have been suppressed under higher RAL The growth rate of dipterocasp seed-
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feprosula in EW-E type at 30 months after planting
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lings was reported to increase at 30 10 50 % of the full sunlight (Sasaki and Mori 1'98_1), but the
optimuin RAI for the height growth was not so obvious in this study. In this study RAIs were
measured in each planting row, not on each scedlmg, so that the relauonship between RAT and
growth may have been unclear. In the initial stage, the competition between the planted seedlmgs
and other vegetation on the forest floor is a serious problem. Thus it is required to find out the
optimum light condition to enhance the growth of p}anted scedlings with controlling the other
vegetation. On the other liand, some dlplcrocarp Specms is said to be suffered from brittle heart if it
grows too fast in carly stage (Appanah & Weinland 1993). In this point of view, it is also important
to manipulate the }ght condition to keep the optimuin growth speed. Therefore the fusther study of
the light condition is indispénsable.

Fig. S37 shows the changes of RAT measured by the diazo method after the felting of Acacia
mangium. RAIin the felled row was increased from 11 - 14 % to 35 - 56 % after felling. The
heights and diameters of Shorea leprosula in and out of the felled rows were measured in Novem-
ber 1995 when fell on | month after felling, and in Apri 1996 when fell on 6 months after felling.
Increment of height and diameter between | month and 6 months after planting were compared.
Table S57 shows the mean height increment and mean diameter increment during the period. Sig-
nificant differences among planting rows were tiot observed both in height increment and in diam-
eter incremnent {ANOVA test, p<0.05). The influence of canoby opening on height increment and
diameter increment was not clarified after 6 months of canopy opening. Continuous measurement
and analysis are required,

5.1.3. Conclusion ‘
In this project, light condiiion was considered the main factor on lﬁc growth of seedling, so
that manipulation of l:ght condition was the main design of this prOJecl However the relationship
- between the light condition and the growth of secdlmgs was not o obwous nghl nnght not be the
" 1hain ﬁctor on thie growth of seedling in the underplanting site. _
| In the planting str;ps in underplanting site, the environmental factors, such as light, tempéra’- "
" ture, humtdity, soil condition, vegetation, etc., change in accordance with the opeuness of upper
cénopy. Each factor correlating each other. Hence it is very difficult which factor is the main
limiting factor on the growth of trees. Especially in wider planting strip in underplanting as well as
in openplanting, less soil moisture and high temperature caused by harsh sunlight scems to seri-
ously affect the initial survival of the seedlings. As discussed in section 5.1.2. 1., the light condition
under non-felling Acacia ntanginm plantation was rather bright with the RAI of about 10 %. Under
- this light environment, the light might not be a fimiting factor on the growth of seedlings.

The effect of several factors other than fight condition, such soil condition (type, moisture,
hardness, ctc.), topography, etc., should be studied.

It is important for establishing the Multi-Storicd Forest Management System with
underplanting in Acacia mmigium plantation to clarily the planting desigan, suciras forest type of
overstory, height of overstory, width of planting strips, width of retained forest, elc., other than
depending only on RAL For the practical indicator for establishing Multi-Storicd Forest by
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Fig. 837 Changes of RAl alter the feliing of Acacia mangium

underplanting in Acacia mangium plantation can be the planting design. Light condition, espe-
ciatly RAI, can be a useful indicator for the openness of planting strips or an useful evaluation

factor of the planting design.

Table 857 Combarison of Height and Diameter Increment in and oui of the Felled Rows
from 1 month to 6 months after Felling

Plot ~ Count Hsight Increment(m) Standard Deviation{m)

Felled Row (0) _ 18 1.01 042
15t Row (1} 19 082 @ 0.64
2nd Row (2) 14 Tz @ 042
3rd Row (3) 14 087 059

Plot Count Diameter Increment{cm) ~ Standard Oeviation{em)

Felled Row (0) 18 1.45 042
15t Row (1) 19 1.25 0.65

~ 2nd Row (2) 14 109 067
d Row (3) 14 108 0.75

Note: Shared letters indicate the significant differances {Fisher's PLSD tast, p<0.05)
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8.2, Bukit Kinta site
5.2.1 Methods

5.2.1.1. Setting up of permanent plots .

Setting up of experimental plots started from third year in 5-year plan. Planting work were
carried ou{ 1994- 1996. Flrsl planting was carried out in Feb. 1994,

Experimental plots were set up with adding replication experimental plots to have replication
data and made cffort to secure sample numbers sufficiently so as to get endorsed dala statistically.
‘Measurment plots were set so as to collect data around 100 in GP-1, LP. In GP-2 all the data of trees
would be collected. '

5.2.1.2. Tree measurement

Measurements {survival rate, hcighl, diameter, and number of leaves) were done at 1 month
or 2 months after planting. Altrer the second measurements at 6 months, they were done every 6
months. Actual measuring dates are shown in Table $58. Height of tree was measured from the
ground (o the top of trunk with measuring pole to the accuracy of 1 cm. Diameter at ground height
- was measured at the point of Scm above ground level using caliper to the accuracy of 1 mm,
Number of leaves was measured all leaves belonging tree by counter. Measurement is usually done
by silviculture assistant employed by JICA and 2 or 3 workers employed by Kmla—ManJung D;s- '
' rict F orest Office having _]uflSd[CllOIi over Buklt Kinta }-(}rest Reserve. |

: 5 2.1.3. Meteorologscal data .

: ‘Automatic meteorological dala recordf:r (O’I‘AC 2000) was mstalled at lhe house whrch is set
| up as an evacuation house built i in case of emergency such as unexpected bad weather in front of D
Block in Bukit Kinta. Tt records temperature, moisture, rainfall, wind velocity, wind direction, solar
radiation, solar duration. It started collecting data from Sep. 1994.

5.2.1.4. Light condition
" The light conditions were measured by 2 methods, One is Diazo method and another is henn-
‘spherical photo method. See 5.1.1.5. for the basic idea of diazo method.

5.2.14.1. Diazo method _

Lingt conditions were measured using diazo method in D and J blocks. The former is focused
on relationship between light condition and growth, and the fatter is focused on grasping the hight
conditions in different sized canopy openings. '

In a gap plot in D block; with opening area of about 1 ha, light' conditions were measured
above the spots of 102 planted seedlings which have been observed for monitoring of growth and
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Table S58 Dates of moasurements for each planting plotsitypes in Bukit Kinta
site _

Table-1 |.Measurenient dates

Block ¥st 2nd ud 4th Sth 6th Ith Eth Jih.
28/1/94] 24/11/94)  5/6/95] 2)/11/95) 21/5/86

i1/i1794] 16217935 230/5/95| $/11/95] 22/5/95
“Viz1/94] 23711793) 5075795 11711/55] 2375796

6/4/94] 2475/93| 20/8/98| 6/12/94| 13/2/95] 7176755 237a/95| 274756} 2178796

21/1/94] 29411794 676795 28/11/98] 2175796
§/5/94). 5/10/98] 18/1/95] ~ 8/4/95| 4/10/95( 3/4/%6
§/5/94. 4/10/94] . 21/1/95] . 5/4/95] 5/9/96] 4/4/96
13/5/95 3/710/95] 11747968 _
v B 23/5/95) 2£10/95| 1 674798
P or-205 | 16/5/05] 2679795 2074756
10 17/5/95] - 26/9/95] 23/4796

em 18/6/95] - 21/9/95) . 24/4/36

_ceoll 18/5/95] 28/9/95] . 24/4/96

300 12/5/95] 28/9/95] 23/4/96
LP-020 11/5/35| 2179795 20/4/9%
LP-10y 16/5/05] 30/9/95] 22/4/96
“Lp-30% 1175795 36/9/95] 2274796

K GP-\ | 18/4795] 18/9/05] 15/4/%6
GP-210) 4/5/95] 2079795 2074796
20] 6/5/95] 19/9795] 18/4/96

300 8/5/95] 25/9/95| 1874796
Lp~oa _26/4/95] 19/9/95] 13/4/96

I(D'HI'HOJOHI!JD

tP-10] 2274795 2079/95] 2074736
LP-200 2274/98] 20/9/36] 1874736

survival. Beside the planted seediings, pve pipes of ca. 1.2 m hight were put up and two diazo
' plates were placéd at a time on each of the pipes. The measurements were carried out 4 {imes; on.
9th-10th and 10th-11th of Nov. 1994 and on 14th-16th and 16th-17th of Oc1.1995.

In J block, light conditions were measured at gap plots of nineteen 5m x Sm, seventeen 10m
x 10m, three 20m x 20m, one 30m x 30m, and two controt (20m x 20m) and at two line planting
plots of 2m width. In each gap, measurements were done for one point in SmxSm and 10mx10m
gaps, four points in 20m x 20m and control, and five points in 30m x 30m gaps. In each of the two
line planting plots, measufements were done al 10 points along the line with 6m apart cach other.
‘Diazo plates were placed on pve pipes in the sanie manner as in D block. The measurements were
carried out on 18th-19th and 19th-20th of October, 1995. The tolal number of measruing point is

86.

5.2.1.4.2. Hemispherical photo method
We analyzed the ratio of hemisphere opening (hemisphere openness) using a program to
anatyze light condition from digitized hemispherical photographs (HEMIPHOT, Tropenbos Foun-
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dation). The hemisphere opening indicates the value which is the ratio of canopy opening and
ground opening. Fish cye lens can be used for taking al hcmisphcrical photographs. The top of the
photograph was oriented north, The camera was kept at 1m height in taking photo.

Over 50 points were sampled for taking hemisphere phote to grasp the light condition of
teees, or gaps mainly in D block and J block. '

5.2.2 Resuits and discussion

- 5.2.2.1. Stand environment

5.2.2.1.1. Weather condition

“The weather data is available from Sep. 1994 at Bukit Kinta. The annual ramfail recorded

- from Nov. 1994 to Oct. 1995 was 2,864 mm. Within this period the monthly lowest rainfall was 57

mm (Feb.1995), and the highest was 500 mm (Oct.95), The monthly average temperature of 24.5°C
*and the average max. of 33.7°C, average min. of 19.3°C were recorded. The lowesl temperature
“was 16.8°C and the highcsl temperaturc was 35, 7°C The average relative humidity was 90.9% and
the average max. 99. 9% and the average min.46. 4%. Thc lowest humidity was 30.5% and the
“highest humldtly was l()O% Maoanthly maximum, mcan and minimum tempeialum and momhly |

rainfall arc shown in'Fig. $38. The ramfall data of Dec. 95 to Jan 96 were nol available as the
éqmpmenl was out of order '

1 555 , 'fr#awmn.ﬁw.m i

e qe
2Bl . {0
s Jzeod |
' fg |8 B 1507 ";"'m,n-:nral o “'““
I | B S RS S Tempossturs
'k g ] \100 .*'.*K h’nfﬁrpemm
.

~ Fig. 38 Monthly rainfall at Bukil Kinta meteological station
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5.2.2.1.2. Spatial distribution of RAI
- Spatial distribution of RAlLin D block measured in 1994 and 1995 are shown in Fig. S39.

* Since the gap has a diameter of more than 40 m, distribution of high RAI values, such as RAIs of

nore than 50 %, are restricted to the central area, This is partly because the slope faces to the north

and the measuring dates were Oct.-Nov,, when the sun incline to the south about 20 degrees.

~There is only a small difference between the two measurements carried ont in Nov.1994 and

- Oct. 1995 in terns of the spatial distribution of RAIs (Fig. S40). However, RAI drop from more
“ than 30% into less than 5% is ovserved where young bamboo overgrow the mcasuring height,
. These re sults show that less influence of runamcd trees on light comhtmn in big gap within one

Rovember 1934

HeTrarad ponds

3%
X s10w
[rs0n

'Fig. 539 Spatiat distribution of RAlin D blockmeasured in
11994 and 1995 -
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Fig. S40 Relationship between RAls in 1994 and 1995 at
104 measuring points in the gap of D block

year. And show that the RAI value can be maintained by controlling the shrubs with the regular
weeding and easily fail into dark condition if the treatment is not done properly in first stage.

5.2.2.1.3. Gap and light condition

Frequency distribution of RAls in each gap is shown in Fig. $41. In a GP! plat, RAI disirlb-
utes widely from less than 5 % to aln_losl 100 %, but average value is higher than those of the other
- plot types. Since planting afea of GP1 plots extend outside of the gabs! the points under surround-
ing canopy trees would show low RAI values. RAIs of the other plaﬁling ty.pe roughly correlate
* with their canopy opening size {Table $59). 'Many of the points in L.P2 and control plots shows
" RAISs of less than § %, while in the rest of the planting types, lower RAI values than 5 % are rare.
RAIs of 30 m square gaps are lower than those of 20 m square gaps, probaly due to some remaining
trees in the plots.

“GP-1 D Block can be thought which is under bri ghter condition compared with other GP-1

| ~ plot by ficld observation, however, frequency of more than 80% of RALis less. The method of site

preparation is same in GP- land it depends on site which consists of secondary forest or not;
*Canopy openness can be thought to be one of the most inportant factor on growth of planted
seedlings. Openness is also considered to affect other environments such as micro climate, soil
temperature, soil water tension which affect on seedlings. Furthermore, if we want to manipulate
surcounding environments arround trees, manipulating canopy openness through changing the meth-
ods of site preparalioﬁ can be considered as easy and reasonable way. Hepce, manipulating canopy
openness would be considered as reasonable parameter if we could measure canopy openness and
make it adopt to practical sitvicultural opearation. After measuring Relative A__ccumulatcd Ithami-
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Table-S59 RAI in each plot

PLOT | RAHPLOT] RAI [PLOT| RAI| PLOT | RAI| PLOT | RAI | PLOT | RAI

5-1 [ 2.7f10-t | 3s7]20-1 | 32.1]Cc20-1 | 5.4|30-! 208[Lp2-1 | 1t2
5-2 | 332[10-2 | 250((20) |— [(10.7) | 289|(125) | 13.1)(9.2) 85
5-3 | 1e8)10-8 |- } 162l | 72 _.688 25
5-4 1 25/10-4 | 157 118 1.2 aif | 38
5-5 | 102fto-5 | 166]20-2 | 35.4|C20-2 | 1 184 | 27
5-6 8510-6 | 94|50) | 724Y40) 8sl3o-2 | 354 25
57 | 63[10-7 ; 220 [ 542 | 45/(406) | 506 | 37
s-8 | s06|10-8 | 53] . x| 13 41.8 13.3
5-9  lo2sllo-9 | 221|20-3 {542 1 | | 218 | 324
5-10 | 195/10-10| 21.8](53.5) | 61.7 e 418 11.3
5-11 | 60110-11] 17.8 T T D s (1 R N R
5-12 | S7pi0-12; 18 1 %85 | S Y L€ ) A |
5-13 | 15.1]10-13] 193 o : I R
5-14_ | esfo-t4f 220f 1 ) b f |3
5-15__ | 192]10-18) 310 - R |18
5-16 | 144]10-16] 230 _ T D P
s-17 [ tudfvo-17y 428 | - p  f o f ) p | 164
5-18 1478 - . 234
5719, | 118 U DU SRR RN SN .

N ' -3d

average| 165} . | 216] ] 431 7.4 [ 266] | 83
Parenthesis indicates average value in plot '

Figuré-cll Openness and RAL

y = 1.9986x - 7.4802

R?=0.8316
100 —:

n=35, r=0.9412

RA (% )

.10 0 10 20 30 40 50 d
~Openness (%)
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nance (RAI) by a short-term expeit in Nov. 1994, twenty hemispherical photographs were taken at
the measured pointsin D Block. We analyzed relationship between canopy openness and light
condition (RAI valuc). Conscquénlry, it could be recognized that relationship between canopy -
openness and light condition has a good correlation (Fig.842). "This result suggests that the hemi-
sphere openness can be oxpected as rough indicator for estimating the light condition at the point
(Fig. 43).

RAl=10% Openness=11.9 , RAI=30% Openness=29.0

fig. S43 RAl values and hemisphere openness
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5.2.2.2. Survival and growth of planted trees
GP1 plots planted in 1994
Survival rate suddenly droppcd in the carly siagc was observed (Fig. S44) It seems to be due

to the serious dry period from June and July in 1994. B, D and G block showed good performance
in height growth. B is located on the top of the main ridge, and burnt in June 1994, After the fire, the
ash of the litter and teaves of the bertum pelm covered the ground with more than 30cm thick. The
seedlings of S parvifolia were replanted in Nov.1994, and grow well as you see, remarkably, with-
out any treatinent work after the fire.

~ On the other hand, D and G are siluated in lower part of the slope which have moist and rich
top soil. C Block is on the ridge, is covered with mainly fem, bertum and partly regenerated S.cutisii.
In termis of diameter, the tendency is the same as height growth C is the warst, the reason sceins to
be the lack of top soil due to logging operation. In fact, sotie part of the plot was used as decking
site, and also, even on the slope, after chopping the fern no plant ¢an grow up because chopped
fern is hardly decomposed. This occurrence is found in A block as well Chopped fern for the snle
plcparatmn was sull covered the ground densc!y

250

200 - - - - e e

Survival rate{%}

ﬁJ_J.‘_LJ_Lr-ﬂJ,_i_l_LLJ__‘H 1 .- . .
0 3§ 9 12 15 18 25 24 0 3 & 9 {2 5 18 21 4
Tima{months ] - Tirme { months )

Fig. S44 0.3 & % 12 15 18 21 AL P
Time (mooths) ¥ims (month }
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preparation was still covered the ground densely,

Block B and D', the number of leaves increased rapidly, The light conditions in B Block were
almost full. And D has a big gap in the center. On the other hand, in A, C, E and F, saplings
increased very slowly. Saplings for A and E Block were wildings purchased from private nursery.
The potling soil consisted of clay which was too hard to develop their root system quickly, and
supposed to difficult to endure the water stress in the dry peried. F Block, clearly the light is not
enough, upper canopy covers all over the plot.

Generally plots which is set'up on ridge and upper stope shows poor growth performance
(low survival and low growir compared with plots which is sct up on tower slope. However, it
could not be compared by topographical character in this experimental plol. Main reason is that
quality of seedlings were not unified. Concretely, seedlings in some parts were wildings purchased
from private nursery. In B Block located on ridge which had forest fire and reptanted in Nov.1994
shows good performance as well as D Block. Therefore, the quality of scedlings and planting time
could be considered to be influenced on growth of scedlings. Further study will be needed between
topography and growth.

GP1, GP2, and LP plots p!anted in 1895
In Bukit Kinta to select a suitable method of afforcslauon planting of various sizes were
established, In the year 1995 14ha of artificial planting was established to compare both methods of
gap planting and Line plariting wilh planting S. macroptera and §. pau&{ﬂom Survival rate and
height growth of every species for 1 year after planting by various planlmg melhods are summa-
rized below. -
* Species except S. curiisii show high survival rate. S.curfisii show 'low survival rate 48.3%.
' Many rcasons can be thotlght for that such as soil, water flow due 10 stecp arca, clevation, too open,
- however, the reason why such low survival is not clear, D, baudii shows higher survival 84,5% than
olher spccnes 'Seeds of D.baudii were collected in Buklt Kinta and that place is adjacent planled _ '
area. That’s why It can be thought as reason D. baudii shows higher survival. S.leprosura also'
| shows low survival rate in GP-2(30). However, this reason is cleared, area(GP-2 30 in K Block)
planted S. leprosura is often covered with water in rainy season as meationed above. In GP-2 plots
a sigiificant difference between sizes can’t be séen, however, S. pnucrﬂam shows less survival rate
than 5. macroptera in all GP-2 plots especially control plots and 5x5. It seems to show sensitive
character of S.pauciflora compared with S. macroptera. S.macroptera shows a higher survival rate
“than S. pauciftora in LP plots too. No significant différencc can be scen between 3 line widths. But
cach LP plot shows high suvivat compared with other GP-1,GP-2 plots in §. pauciflora.

Adopted planting methods in Bukit Kinta are 9 typcs in total. Tables S60 and S61 swinmarize
all trees data in H,1,J and K. In GP-1 plot S.Jeprosura shows higher growth and S. curfisii shows
lower geowth, However, planted seedlings have deviations on size, and conditions of all the planted
area could not be grasped surcounding conditions, therefore it is difficult to compa}e until differ-
ences come up in height growth by this table. Height increment were shown in Table S61. It makes
no differerice between gap sizes except control plots. In other words, almost all pfammg methods
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________Table 860 Survival rate (%} of seedlmqs at one year

Planting imethods ;

- G [GP2 : Lp ]
Species c020 | 5x5 | 10x10 | 20x20 | 30x30 J2m | 10m | 20m
D, baudii 84.5 C

| S. curtishi 48.3 :
S. leprosura 76.3 ) 50.0(-)
S. macroplera __765) 848 | 815 84.8 . 856 | 74.7(83.9) 842 | 86.7] 8438
S. pimaﬂora 66.11 694 | 659 75.8 . 75.6 | 66.7(78.6) | 721 71.5] 884

“Note: GP-2 30x30 has 4 plots. However, | plol planled Ispecies(S. leprosuia, S. macroptera,

and 8, pauciflora ) is often covered with water in rainy scason. { ) indicates value excluded that

plot.

Table $61 Height increment {cm) of seediings between2 month and 12 month

Planting, methods

b —

Species | Gp-1 GP-2 _ e _
c0.20 5x5  {10x10 20x20 3I0x30- 1 2m L1Om | 20m
D. baudii 69.1 |
S. curtisii 424 T
?fxrm'osura Tl 729 526
S. macroptera 60.4 1271 458 _ 443 541 499 423 | 417] 439
s. pauciflora 413 6.1 287 530 42.1 4661 3531 S3.7} 466

excluding control plot showed satisfactory performance.

5.2.2.3. Relationship between survivallgrdwth' and canopy opening
- Survival ratio and hei ght growth of scedlings in 3 Block arc summarized in Talbes $62 and

S6’% No clear differences can be seen between gap sizes and survival ratio while only co. 20 and’

GP2(5) shows tow survival in §. pauuﬂom

The growlh of average height in both § species are shown in Table $62. l*rom this table ¢0.20 |

' is worst closely followed LP2 in both species. Conspicuous differences can not be seen between
other p1ols-GP-2(S), (10), (20, (30), LP10 and 1.P20 and those plots show higher growth in I_"ml
year (Fig. $45). This result is almost corresponding to the average value of RAI ( Relative Accumu-

fated illuminance } measured in each plots data.

Light condition of each gaps were not unified so that it seems fo be effective way to take each

light conditions rather than mere to take gap sizes into consideration as a factor to grasp conditions

of cach gaps. As mentioned above C0.20 and LP2 showed low growth performance its main reason

was under darker tight condition. [t can be said both pldls were under conditions closed by dying

“branches, climber and leaves of vegetalion rather than canopy closing. With its height is low as 2m-

Am.

Fuithermore to take a look over tree growth of cach gaps with refering light conditions, it can

be understood that the gaps showing poor growth were under too dark light condilions especially

below 10% in both S. macroptera and 8. pauciflora. Tn these gaps almost no growth i.e. neither

Height, Diameter nor Number of Leaves were observed although survival rates were stable as
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Table $62 Surival rates of seedlings planted in J block

Planting methods

Go-2 : Ling planting
Species c0.20 5x5 | 10x10 | 20x20 30x30 2 10m 20m
'S. macroplera %49 | 875 | 815 | 870 87.7 §5.0 88.3 90.5
S. pauciflora 69.4 659 75.0 04 | 704 $8.3 833 92.4

Table $63 Height growth of seedlings plahted in J btock

Planting methods

GP-2 Lineplanting

Species €020 | 5x3 10x10 | 20520 | 30x30 | 2m 10m | 20m
Smacropiera | 1292 | 1e82| 2282|2063 | z0s9| 1S syl 237
6s| we| us 109 104 76 92 119
S.pauciflora | 12900 2479|2330 2s547| 2651 17| 2304) 23857
sef ot 100 107 1l 20 97 120

Notc : Upper value is caleuvlated ( height at 12 month -~ height at 2month). Lower valuc
indicates an index in the case of sclling average growth as 100.

I :g 16 Height gro\\lh by cach planting design

Height growth of
. S.macroptera
10 |
100 I
90 [Ca- conmcf(z?)f
g0 —B—GP-2{05)
£ 10 —&—GP-2{10)
260} —X—- GP-2(20)
Hsof--.-- —t—GP-2(30)
¥ 10 Co e LP-D2 -
30| —1—LP-10 |
20 b [-——Lp-20
v lo -
.0 " 2 - 1
2 6 12
iy gtk p— m?‘jih i '—J
110
100
%0 e
80 -0 Coumouzo)
a-.']o — N GP- 2(05)
£ - 6P-210)
;60 “—)— GP-2(20)
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Flg $45 Height growth of two species planted in d!ﬂerent planting designs
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shown in data. According to ficld observation even in such dark conditions some trecs getting light
' by tree top can be observed hei ght growth as exception. :

- On the other hand almost all the brighter plots showed better growth than darker plots shown
in data. For instance plots 5-3 and 5-4 and others near 10% . Hence, it can be concluded it should be
concentrated on light condition so as not to be too dark conditions about 10% for the trees as cases
remaining pre-existence trees at initial stage.

Light conditions among the plots of the same opening design aré not stable because of un-
evenly remaining trees in gaps of heterogenous structure of the surrounding forest. Fig. 8§46 shows
relationship between RAIs at plo:ls of diffrent opening designs and the height of trees in those plots
where RATs were measured, The trec heights in the plots of less than 10 % of RAT are clearly lower
than those of hivher nlnte

5. paucifiora

— . 150 _— . Sm x 5m gap r'r_"‘""'_rr__TT_T_T_l_'l"l__
g [ e 1Omxiom o i
~ o 20mx20m ‘ ]
g F X 30mx30m o ]
o 100 ¢ +  2m ling Y T
& ! ° % % ]
p - o: ¢ R§ ]
o [ oy X ®8@ o ]
5 i g ix B% . ]
@ ! 1 el M. 2 28 ]
= fa % L {
¢ S Vi Re .g 9 }
I: . [ X ‘ : ]
0 - —t a i i 1.,1,|J,,,‘. S -'@ -V {1
1 10 100
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: '8. macroplera
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Fig. S46 Relationships between RA1 and tree height at 8 month after
ptanting in Bukit Kinta J block
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- 5.2.2.4. Survival and growth of trees under differnt light condition within a plot.

-As mentioned in former past, light conditions in GP1 type plots has a wide distribution range
within a plot. In D block, RAIs wére measured just above the planted seedlings. So, it is possible
to examine a direct correlation between growth and survival rates of cach seedling and RAI at each
planting point. In this part, relationships between light conditions and survival/growth of seedlings
ar¢ discussed. Part of the results are published in “Growth performance of Shorea parvifoliaat 15
months after planting in a logged over hill forest” (Takai et al., in press).

Distribution of RA! in the plot of Block D
RAY was classified into five classes based on the measurement carried out in 1994; A (5% or
less), B (10% or less), C (25% or less), D (50% or less), and E (50% over). See Fig. $41 for aclual
distribution of RATs in this plot. Class E made a ridge of illuminance in the centre of the block
where the gap existed after clearing the bamboo jungle. l!owevef, some points showed class D of
RAI ncar the centre of the gap because the isolated residuals provided shade.

Light condition and growth of S. parwfoha

The relationsh ps between RAT at 8.5 months after planlmg and increment of height, nuimber
of leaves, and D’H from 9 to 15 monlhs alter planting were shown in Figs, 847, 848, and §49
respectively. These figures indicated that the increment of each item remained constant under
more than 25% of RAI, while saplings responded to the light condition sharply under less than 25%
of RAL In addition, the illuminance of fess than 5% of RAI was obviously inadequate .

The relationships among items

- A close relationship exists bclwccn DGH and height at lﬁ months irrespeclive of iughl condi-
tion (r 0.863, n=67, p<0.0001 Fig. 550). Corrdallon between leaf number al nine (9) months after -
planting and D’H increment from 9 (o 15 months was observed nrcspecuvc of RAI chsscs (r=0. 727,
n=67, p<0.0001 Fig.851). This relationship may suggbsl that leaf number can be a rough indicator

for its future volume increment.

Survival rate
Survival rates were 66.7% - 87.5%. There were neither significant differcnces among rates

of the RAI classes nor any tendency according to RAI (Table.864)._

Coursa of height growth
Fig. S52 shows the course of the height increment of §. parvifelia. Classes C, D, and E grew
with rapid consistency except from 9 to 12 months (November 1994 - February 1995). And there
is 1o clear dif] fecence among these three classes up to 15 months. On the-other hand, the disadvan-
tage of class A appeared at nine months after planting and the large difference between class A and
the other classes have been i mcreasmg steadily. Class B showed slower geowth than classes C, D,
“and B at 12 months after planting and the difference increased at 15 months.
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5.2.2.4. Survival and growth of trees under diffemnt Iaght condition within a plot

‘As mentioried in former part, light condmons in GP1 iype plots has a wide distribution range
withm aplot. lnD block, RATs were measured just avobe the planted seedlings. So, it is possible
to examine a direct correlation between growth and survival rates of each seedling and RAI at each
planting point. In this patt, relationships between light conditions and survival/growth of scedlings
are discussed. Part of the results are published in “Growth performance of Shorea parvifolia at 15
months afler planting in a logged over hill forest” (Takai et al., in press).

Distribution of RAl in the plot of Block D

RAI was classified into five classes based on the measurenient carried out in 1994; A (5% or
less), B (10% or less), C (25% or less), D (50% or less), and E (50% over). See Fig. S41 for actual
distribution of RAISs in this plot. Class E made a ridge of illuminance in the cenire of the block
where the gap existed afier clearing the bamboo jungte. However, some points showed class D of
RAI ncar the centre of the gap because the isolated residuals provided shade.

Light condition and growth of S. parwfo!ra

The telationships between RAL at 8.5 months after planting and increment of helghl number
of leaves, and D from 9 to 15 months after planting were shown in Figs. S47, S48, and 549
respectively. These figures indicated that the increment of each itein remained constant under
more than 25% of RAI, while saplings responded to the light condition sharply under less than 25%
of RAL In addition, the illurinance of less than 5% of RAI was obviously inadequate .

fThe reiallonshlps among ilems

A close relationship exists between DGH and height at {5 months l[l‘\.,SpCC!l\'c of light condi-
tion {r=0.863, n=67, p<0 0001 Fig. $50}. COrRJathn bctween leaf number at nine (9) months after
planting and D’H incremeént from 9 to 15 months wis observed urespecuvc of RAI classes 1=0.727,

o 0=67, p<0.0001 Fig.S51). This relationship may suggest that leaf munber can be a rough indicator

for its future volume increment.

- Survival rate ‘
‘ Survival rates were 66.7% - 87.5%. There were neither significant differences among rates
of the RAI classes nor any tendency according to RAT (Table.564),

- Course of height growth

Fig. §52 shows the course of the height increment of $. parvifolia, Classes C, D, and E grew
with rapid consistency except from 9 to 12 months (Noveinber 1994 - February 1995). And there
is no clear difference amopg these three classes up to 15 months. On the other hand, the disadvan-
tage of class A appeared at nine months after planting and the large difference between class A and
the other classes have been increasing steadily. Class B showed slower growth than classes C, D,
and E at 12 months after planting and the difference increased at 15 months.
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Table 564 Survival rate, mean increment of height, DGH, and numbe'r of leaves of Shorea
parvifolia at 15 months after planting according to the RAI classes

parvifolia at 15 months after planting according to the RAI classes.
RAI elass Survival yate (%) Height {em) DGH (mm)  Number of leaves n

A>0% 87.5 50.3° 3.0' 64.8” 6
B>5% 66.7 88.2 6.8" 92.8 6
C>10% 74.1 117.2! 9.1, 123.9" 17
D>25% 16.5 133.9° 10.4, 230.4 20
E>50% 83.3 122.2¢ 11.8, 2421% 18

Note: The increments of height and diameter were recorded from 3 month to 15 months after planting,

and the increment of mean number of leaves per individual was recorded from 3 months to 15

- The best increment was recorded by class D which increased 133.9¢m from the first month
to fifteenth month after planllng, followed by class E and C (Table.S64). However, the differences
among them were rather small though class A was significantly poor compared with ctass C, D, or

B (p=0.0251, 0.0126, and 0. 0278 respectively, Mann-Whilaey test). The speed of height growth
decreased stightly between the ninth and the twelfth month. It can be assumed that the shortage of
ramf'lll in this perlod affccled the growth rate.

j Course ol dlameter al ground heighl (DGH) growlh

‘. “The d;sadvanlages of class A and B were already obvious by nine monihe and since then,

: espcc;ally the difference between class A and the other classes has been going wider continuously

(Fig.53). On the cther hand, class C, D, and E had grown well, and had almost the same course.

: Class A was significanily thinner than the other classes at 15 months after planting (B:p=0.6496,
C:p=0.0074, D:p=0.0036, E:p=0.0025 Table S64). The tendency could be pointed oul : when RAI

- goes higher, DGH goes thicker. until 12 months, class C, D, and I foltowed a similar course, and |

the tendency appeared clearly at 15 months after planting.

Course of leaf number increment per individual
The number of leaves of class D and E increased rapidly, and they took almost the same
course (Fig.S54). The other three classes A, B, and C showed a slower increment than D and E. _ A
" clearer stowdown than height increment was observed from 9 months to 12 months after planting.
“Class A had the fewest Ieaves at |5 months and the order of leaf number increment depended on
RAI (Table.S64). D and Ehad nearly double the leaves of class C, which was ranked third.

298



Discussion .

Significant dlffercnce in each item betwecn class A and other classes (p<0 05, Mann -Whitney
test) observed 12 months after planting though class A showed poorest result at 6 nionths through
three items already (Tables S65 and S66). The disadvantages of class A became clearer at 15
months after planting. At the same time, the position of class B looked confirmed in second from
the bottom at 15 months. These facts perhaps showed that S. parvifolia did not respond quickly to
light condition, and therefore, the evaluation of response should be done not earlier than nine months,
but at least later than 12 months after planting.

Table S65 Growth of S. parvifolia planted Feb. 1994

RAl class Height* Diameter at Number of
{em) Ground Height* Leaves per n
. . . {mm) Individual® .
0% <A=<10% 303 24 35.0 9
0% <B=<25% 54.5 39 128.9 15
25%<C=<50% - 906 8.8 241.8 29
50% <D 74.3 . 82 209.8 17

Note : - * Significant difference were observed in all items { Kruskal - Wallis test,
p=0.0030, 0.6002, 0.0014 respectively ).
- Values were increment from nine months to eighteen months after
planting.

Table S66 p values lested with Mann—Whltney U test

C"

RAI claSS Ttem B , D
Height 0.0736 . 0.0024 00191 |-
A DGH 0.2947 0.0006 0.0049
Leaves 0.690 0.0006 0.0033
Height - 0.0100 0.2058
B . { DGH - 0.0011 0.0206
- Leaves - 0.0235 01127
Height - 0.2366
C DGH : - '0.5603
: Leaves - - 05166 |
Note: -Tralic letiers express insignificant for 5 % leve! of significance.

Normal letters express the significant difference for 5 % level,
-Bold letters express the significant difference for 1 % level,
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According to the field ob$ervati0n, saplings under 5% or less of RAI looked not vilal but
slabte: they had less shoots, and colour of leaves were rather dark. They managed to survive even
under the light cordition of class A or under 5% or less of RAL, but it might be inadequate to grow
up. When it comes to class B or 5-10% of RAI, the growth of saplings was improved although the
growth speed was slower than the brighter classes. Turner (1989) reported that three species in-
clude two Dipterocarpaceae grew significantly faster under 12% in relative Photosynthetically
~ Active Radiation (PAR) than 1% or 6% in relative PAR. This finding fits to the resuit of this study

because of the small difference between RAT and retative PAR (Matsunoto 1995),

Relative illuminance at the floor in pataral forest is usually about 2% and often measured 1%

or less (Sasaki & Mori 1981, Matsumoto 1995). In addition, plants tend to make gaps smaller.

“Therefore it scems to be easy to fall into less than 5% in logged over forest if clearing width is not
wide enough. And it should be ren;cmberéd that . parvifolia would perish after a few years later
under the inadequate light (Appanah & Weinland 1993).

On the other hand, there is no obvious reduction under bright condition up to nearly full
sunlight (Figs.S47, $48, and $49). Class E, more than 50% of RALI, was the second in height
growih, and the best in both DGH and number of leaves (Figs.S'S.’Z, S53, and S54). However the
reduction of growth and high mortality under strong light of some dipterocarps was reported in
cerfain experiments both in nurseries and fields (Sasaki & Mori 1981, Ashton & De Zoysa 1989,
Iwasa et al. 1993, Ueda et al. 1995). One of the reasons for this difference between the result of this
study and previous works was possibly that the milder climate of this site e.g. cooler temperature
and higher humidity than lowland affected the adaptability of S. parvifolia to the exposure. The
adaptability to high RAT maybe suggests that §. parﬂz{foh’d is able to survive and maintain its fair :
growth under wide openings in hill forests. It probably meant that the wide opening for planting:§.

- parvifolia is less dangerous than over shading in hill forest. To achieve the target of the experi-
ment, further information such as the relationship between RAI and opening width, 1la. alteration,

- and also growth speed of weedy plants according to the openmg would be requized.

The light conditions of the logged over forest are varied and will alter at each planting point.
Therefore the wide adaptability of the saplings to various light condition would be an important
and desirable character for successful enrichment planting and it may heip to broaden the choice of
planting sitc and planting spccnﬁcauon 8. parvifolia should be one of the most preferable species
from this point of view: it showed the ability to grow up from 10% of RAI to nearly full sunlight in
this study. Hence when §. parvrfo,!m will be planted in hill forest, we should only care the opening
not to fail into less than 10% of RAT at least up to 15 months after planting.

5.2.3. Conclusion

The result of 6 species at onie year after planting in Bukit Kinta is summarized in Table S67.
This table show all species by each planting method within one year after planting. Each column
shows value (e.g. S. parvifolia were planted A-G Block. Value was calculated by survival lrees at
one year fall planted trees ) Each result show satisfactory performance both survival rate and height
growth of almost all species while survival rate of . curtisii dropped less than 50%. And that
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Table S67 Survival rates and mean height at one year after planting for all
the specms planled in each planting type in Bukit Kinta s;te '

Gap planting | | Ling pla nlmg
year § lype .| GP-2 control
OP-L Sy [ Ciom) [ 2omy | Gom) § @om) | 2™ 10m | 200

survival rate{%)
193 | S. parvifolia 72

94 | D. baudii 85 R L
94 |S. curlisii 43 ; 4
94 IS, Ieprosura T6 _ : . 1 50

94 1S.macropteca | 77, 88 | 85 86 |. 75 85 | 84 | 87 85
94 | S. paucifiora 65 66 76 76 67 66 77 78 88

Mean heighi(m)

93 | S.parvifolia . | 0.77 .

94_| D, baudii 105 ]
94 | S. curtisii 0.97 .

94 | 8S. leprosura - | 1.27 . 1.01

94 | S.macroptera | 1.13 | 092 | 085 | 091 | 098 | 056 | 095 | 092 | 0386
94 | 8. pauciflora 086 | 053 |1 090 | 068 1 0.74 | 027 | 069 | 093 | 0.79

almost all planting methods show satisfactory performance excc.pl'cm:fro}' plots .
These rusulis are collected only one year after planting. And in this case other faclors were
- not measured such as soil, vegetation, canopy height and so on, however, we could conclude itasa
main factor to grasp relation between gap condition and tree growth with excluding other factors. -
This study suggests that gap planting methods (including strip planting) proved as effective _
way of planting in first stage lfsccdhngs can get sufficient light more than 10%. Hereafter, n'
“should be lookcd into optimuim gap size not only on growlh but also on cosfing to introduce MS¥F in
1Logged over Forest.
As lime goes by, gap getting smaller and smaller as well as Line Planting. At that time how to
influence on planted trees and its growth by such affects will be needed to be looked irito. On the
' ol_hcr'hand cost analysis including weeding treatment would be a practical subject. ‘Therefore, fur-
ther long-term maintainance and observation of experimental plots will be needed.

'65.2.4, Other studies
5.2.4.1. Soit condition
For planfitlg. soit is an impor{ahl element in the circumstances of the forest for it is the baéc on
which the forest stands and it reflects. the influences of many circumstantial elements. From Janu-
ary 1993 to February 1993 (before planting started)and from Scplcmber 1993 to Novemver 199‘!(
C, D, and G Block) soil survey was conducted by short-term expert S. Aizawa. '

301



Siopes are so steep that soft surface soil will be easiiy removed and hard clay accumnulated
horizons will appear on the surface if the ground surface is disturbed by harvesting . there are no
vegetation on naked clay horizons because they are oo hard for p]ams to grbw . Thus, for affores-
tation, these places should be excluded. Harvesling'and site preparation shoutd be carried out care-
fully as not to remove soft surface horizons.

5.2.4.2. Mycorryza

It is acknowledged that there are corretations between Mycorrhizal fungi and growth of diptero-
carps . The study of mycorrhizal fungi was conducted by Dr. M. Ogawa, short-term expert; in June
£995. In block D, the infection of Scleroderma spp. was observed frequently. The relationship -
between the infection and height was shown in Fig.S55.

35 trecs are measured in D block. The most of mycorryza on roots of §. parvifelia are Sclero-
derma, however, Laccaria and other mycorryza also can be found. As a result of the survey, the
importance of the infection of mycorrhizal fiingi in nursery should be emphasized in order to con-
tribute to the vilal growth irrespective of the soil conditions.

300
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»
~200 b e | S X
§ X x §
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x| x % %
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T x _ :
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Fiequency {(x/4)

Fig. S55 Relationship between frequency of the appearance of mycor-
rhizal fungl and height of Shorea parvifolia at 15 months after planting
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6. CONCLUSION

6.1. Recommendable Planting Design

In Chikus site, underplanting is superior to openplanting. Differcnce between underplanting
- in Acacia mangium plantation and underplanting in Belukar is not clear so far. Influence of ptant-
ing direction (BW or NS) ‘on the growth of trecs is not clear as well. Among the design in
underplanting in Acacia mangivm plantation, B to C type, where the planting strip width was equiva-
lént to 1 - 1.5 times the surrounding (ree height, and the RAls were 30 - 70 %, can be generally
concluded as an optimum planting designs. Optimum design is different by species. Table S68
shows the evaluation of optimum planting design on underplanting in Acacia mangium plots at 12
- months afler planting.
_ In Bukit Kinta, S. parvifolia corresponds with light condition especially under 10% sharply,
over 10% RAI seedlings had not correspondings with light, and that over exposure seedlings had
hardly seen dead and no growth. Moreover, too dark condition affected badly on both S. macroptera
and §. pauciflora were observed. Hence, it should be concentrated on so as not to be too dark
condition in site preparation were suggested. Therefore light condition can be considered as main
environmental factor on seedlings.

However, m!roducmg RA method as gra‘:pmg light conditions lo sitvicultural operation is im-
proper way, hcmrsphere openness has correlation with light condition (RAI value} as mentioned
- beforc and would be more convcment parameter, thus it is recommendable that introducing apen-
ness into srlwcul(ural opcrauon Furthermore, in the case of remaining trees itis difficult to grasp
é gap condmon and it can be considered to be one of parametcrs to grasp gap condmon

6.2. Recommendable Planting Species

By comparing survival and growth at one year after planting, we can evaluate the perfor-
- mances of cach species (Tables $69 and S70). Based on the tables, following species are recom-
- mendable species for afforestation in Chikus site; '

1) In terms of high survival rate imore than 80 %); Hopea adorata, Neobalanocarpus heimii,
Shorea assamica, Shorea bracteolata, Shorea leprosula, Shorea macroptera, Shorea ovalis, Shorea
parvifolia, Shorea talura

2) In terms of high height growth (more than 1 m); Dryobalanops aromatica, Hopea odorata,
Penmsp'adon motleyi, Shorea acuminata, Shorea glauca, Shorea leprosuda, Shorea macroptera,
Shorea multiflora, Shorea ovalis, Shorea ovata, Shorea parvifolia, Shorea pauciflora, Shorea talura

3) In terms of both Survival and Hcight growth; Hopea adorata, Shorea leprosula, Shorea
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Table $69 Evahiation on Survial Rate among Planting Designs and Species in Chikus site at 12 months after planting

Undorplanteg Undarpiarting Operplanting . Adborptum
in Acacin mangium ﬂnn’u!i:;n . ) i Balukar .
. : A 8 [ ° E fF O H A B © D £ x
Specias | Sita Yeae EW KNS EW NS O EW NS EW NS EW NS EW EW EW EW W EW EW EW X
Lyaihis bomaons’s Adocetum 93 - - - - - - - - - - - - - - - - - - 4%
Aistonia sp Adborstum 93 - - - - - - - - - - - - - - - - - - v
Cotwhylomsp . Owen R T T O
Cinrgpomism 5p. L Aboetum 93 - - - - - - - - - - - - - - - - - -
Dacarodeg sp Mrborotun 93 - - - - - - - - - - - - - . ~ - - -~ N
Cialum sp Belukar 4 - - - - - - - o= - - W I - -~ ~ - - - -
Optarocapes cornutus Acecia 94 - 54 - 5% - 494 - 58y - - - - - - - - - -
: Aboratom 93 - - - - - e e - oo oo oo L g
Dryobslanops promatcs | Acace 83 53 M % S 1% AN N 2% 2w - - - - = . - < <
Opon I e N NS - S S S S

: - Adaretum 82 - - - - ~ - = - - - - - - - - . .
Duro £p. . __Aborstum 82 - - - - - - ~ - - - - - - - - - - -~ S
Endaspormum malsccsasa Dpan 53 - - - - - ~ - - - - - - - [7, I ¥4 T - D1 L S ] -

. Aboretum 83 ° - - - - .. L oLt o L gek
Govyshyus sp Bahkar LX] - - - - - - - - - - By BN - - - - - - -
Mariisrd sp . Abotetum 93 . - - - - - T T T T T T T ey
Hoves brasiliors's Arboretun 952 - - - - - - - - - - - - - - - - - - 15%
Hopea odorste Acacia 83 &1y - N - A - 8 - N . - - - - - - - - -

Open L T TR /S F T ;L S TURND ¥ [

Aboretum 92 - - - - - - - - - - - - - - - - - - 2}

Atoretern 82 - - - - - - - - - - - - - - - - - - BEN

Atboratom 83 ~ - - - - - - - - - - - - - - - - - an

Aboatum 93 . - - - - - - - - - - - - - - - - - - 35

Hopes pubeascans Acacin 94 44y - S - 2y - BN - 5 - - - - - - - - - -
Intsis petomtanica Acacia 34 6BY - 754 - m - [Ty - 50% - - = . - - - - — -

Abostum 92 - - - oo .ol n L

" Neompsisia malscosnss Adoretem 93 - - - - - - - - - - - - - - - - - - 1%
Neobafarocapus baimd | Acscia 82 91% 7SV AN B3 TN BIN 5S¢ B4 58 6% - - -~ - - - - -
Belabor 81 - - - - - - oo L R WA - - - - -

Coen 92 - - - = - oo ..o o o Ak N 5% 1T A -

. Aborstum 92 = - - - - - - - - - . - - - L !
FPaloquivm rtle Acacie F L B . T T S T - - - - - - - - -

Aborotum 93 - - - - - - - - - - - - - - - - - 11
Fareshores dansifors Acacia $3 6% - BN - AN - 0%y~ - 5% - - - - ~ - - - - -

Farkis 3p Arboretum - 82 - - - - - - - - - - - - = - - - - - 22%
Portaspador metiep Acacls 83 504 4% £BV 3% IV 30N 36N 1SN A - - - - - - - - - -
Opeo (83 - - - - - . L ..o L ok BB -

Adboretum © §2 - - - - - - - - - - - - - - ~ - - - 10%

Fo.tera malecconsis Opan ) - - - - - - - - - - - - - B 08 28 v 8 -~
Scaptiumt snacropodom Cpan [k} - - - - -~ - - - - - - - - &N 15 S Y [/ I E.Y -
Aboretum 92 - - - - - - - - - - - - - - - - - - am

Shores scuminata Acacia 93 V0N 59% DN SSK 6FY A4y 28 I0W An - - - - - - - - -
" Batukar 8 - - - - - - - . - - Ay N - - - - - - -

CGpon L A S| SR - S . R TR N

: Arboretum  §2 - - - - - - - - - - - - - - - - - . B

“Shoon rssamie Acoci © 8% BN - N - &3 - 544 - 4% - - - - - E - - - -
Shorea bractaclats Balkar © 94 - - - - - - - - - EEEE TR S - - - - - -
. Open > 8% - - - - = et e e m e e e - B W 2N 2 AN -

Shorss gldosa - Batukar 94 - - C- - - - - - - - 6% BN - - - - 2o - -
Shoret plasce = N N
‘ : Bahhar © . 84 - - - - - e o oo SR e == oo
Shocar lopeoicta Acpcia 92 0 8BY  BSY BON SOV 95N BN MOA BIv ST Bt - - - - - - - - -

94 - - - - 6% - - - - - - - - - - - - - -
L S N 1L . T T T .

Opsn 92 - - - - - L - - - - - - - B L 3L S | T ') SR
. : Adbocstum 92 - - - - - - - - . - - - - - - - - - %Y
Shores macroplers Acacix 9 ™ - B - A% - % - N - - - - - - - . - -

Absotm $1 -« = o L Lo

Ehorad mulo e Bolukear 94 - - - - - ~ - - - n 6% BON . - = N - - z Z
L MAboretum §3 - - - - - A= - - - - - - - - - - - ”n
Shared cvolis Acacis [T] M - 5% TS - 5 Z 83% - - - - _ - - = ~ _

Belubar : 94 - - B - - - - - - P TN TTRRE 1 S - - - - -
- Adroretum 82 - - - - - - . - - - - - - - - - - ET1Y
Shavan ovale Acacia LU I L U ¥ T By - 11 T 1% - - - - - - - - - -

Ealihar M - - - - - - R e L ) T . S - - - - -
Shoree parvifofa Aeacin §2 BV BS\ 65V 858 ISh €O\ Si\  SI8 aaw S48 - - - - - < < . -
Eeolukar 94 - - - - - - - - - - f5% S1% a6y - - - - - -
Opent [Y - - - - - - - - - - - - - 2% 4y 1% 38y 5y -
Aborstum ™ §2 . - - - - - - < - - - - - - - - - - "
Shore g paucifiors Acecia LI Fo B e T L T T - - - - - - - - -
. Balikar 9 o - - - - - - - - . - BA%Y 584 S)% - - - - - -
Shores telwr Bolikar [T} - - - - - - - _ - - 00N 8% - - - _ _ - z
Adocatum 93 - - - - - - . - . - - - - - N - - R
Sindra ip. Bahkar 9% - - - - - . - - - - - NSV - - - - B - N
Swioless mecrophyfs  Mboratum 92 - - - - - - - - - - - - - - - - . -
Tectors grandis _ Mboteton 92 - = - - - - - - - - - - - R - - =TT

Tocrs swas’ Phocetum 83 - - - - - - - - - - - - - - - - - Y



Table S$70 Evaluatioh on Height Grewth among Planting Designs and Specles in Chikus site at 12 months after planting (unit

Undsrplenting ’ Undurplenting Oganplanting Aborstum
in Acscia mangium plantation in Belubar .
: . A e ¢ D E F 6 H A 8 G 0 E 1
Speciss Site . Year EW NS EW NS EW NS EW NS EW N5 EW DW Ew EW EW EW BN EW X
Apsthis bornaans’s Arboretum 3 - - - - - - - - - - - - - - - - - - -~ 049
Alaloms 5p. Arborstum .33 - - - - - - - - - - - - - - - - = = - 05}
Calophyhurm sp Cpan 93 - - < - - - - - - - - - - 0% x 034 008  «x -
Cinpginarnum sp. Aboretum 32 - - - - - - - - - - - - - - - - - ~ 087
Daceyodss sp. . Aboretum 93 - ~ - - - - - - - - - - - - - - - - 020
Drasiors sp Beluhar 94 - - - - - ~ - - - o L L - - - - - -
Dipterocapus cormutug  Acacis 9¢ 081 - 0B - O - 9013 - 07 - - - - - - - - - -
Arboretum 83 - - - - - T - - - - - - - - - - - - @22
Dryobatencps aromatics  Acacia 93 0S¢ 080 068 0Bl 107 095 084 078 680 415 - - - - - - - -~
Gpon 08 - - - - - - - - - - - - - B0 x 0N x 0% -
Acborstum 92 - - - - - - - - - - - - - - - - - - 034
Ouro sp - o Addborotum . 82 - - - - - - . - - - - = e - - - = = 0N
Endospartrum ma'sccanss Opan 93 - - - - - - - - - - - - - x DSy D43 063 % -
. Adoretum 9 - - - - .= - - - - - - - - - - - - 05
Gonystyhis #p. Belchar 91 ~. - - - - - - - - - 085 oM - - - - - - -
Horitiors sp. - Abocstum T 93 ¢ - - - - - - - - - - B - - - - - - - 0%
Hoves brasiiess’s Arboratum 52 | - - - - - - - - - - - - - - - - - - Q45
Hopea odorata Acncia 51 01 - 1o - 4z - 108 - o¥k - - - - - - = - = -
Cpen 2 - - - . = - - - - = = = - p353 D% 0N D45 060 -
Arborstum b2 - - - - - - - - - - - - - - - - - - 062
Asboretum g2 - - - - - - - - - - - - - - - - - - (69
Arborstum X ] - - - - - - - - - - - - - - - - - - 069
. Asbocotum p2) - - -~ - - - - - - - - - - - - - - 04]
Mopas pudescans Acecia .8 {184 - 068 - 047 - 080 - 080 - - - - - - - - - -
otsia poloribancs Acscia M4 0N - gB? - [+3:1] - 085 - 5 - - - - - - - - - -
At ovalum 82 - - - = = . e el s e e e e = s s O
Koonypsssia ma'sceonsis  Adorotum LX) - - = - - - - - - - - - = - - - - AL ]
Nackslanocarpus keind  Acacia %7 062 064 063 067 059 065 043 057 O%6 0% - - - - - - - = -
Eahubar 8 - - ~ - = = = - - - gBs ©OBE OGBS - - - - -~
Gpen 9 - = = = = - - . s - - - - g% 03 08 034 N -
Aborptun L T T S . 1
Palaguium it Acecin e 055 - ©01 - 04 - 035 - G - - - - - - = - = -
Adorstem 93 = = = = = = = e = == = % === - - 0%
Parashives donsifiors Acecia 93 QB2 < L7 - 098 - 0f4 - 03 ° - - - - .- - - - - -
Patkiz sp Adborptum 92 - - - - - - - - - - - - - - - - - - 083
Fontsspadon motleyi  Acecia %1 081 04 09 051 1014 063 086 077 @82 - - - - - - - ===
Opan 92 - - - - - - - - - - - - - 053 . 050034 -

. Arborstum 92 - - .- - - - - .- - - - - - - - - - - D5
Poutaca maleceans’s Cpan 93 - - - - - - - - - - - - - x a 016 x 025 ‘-
Scaphium macespodun -~ Open 93 - - - - - - - - - - - - ~ Q0 oM &M o« 0N -

Mrborstum g2 - - - - - . - - -, = - - - - - - - - - o
Shoces acvminats Acecia 85 123 061 124 ©i6 ¥18 074 314 o7 ©%0 617 - - -~ - = - - - -
Satuker B -~ = - = & = - - - oo g®W - - - = - -
Opon 9 - - - = == - .- .- el -. 08 & oxT % 05T -
. Adboretum - 9 - - - - - = - - - - - - - - T 1]
Shores #38805ch Acacia 94 O+ Q069 - 01 - 08¢ - OB - - - - - - - k- -
Shorgs bractoalste Baluhar W - - - - - - - - 7. - emoems - - - - = - -
Open 99 -« e - .o ..o - - D4t OST o3 033 0M -
Shorcd gbbosa Balukar 54 - - - - - - - - - - ov6 0T - - - - - - -
Shores glovek Aeacis 93 060 - - - 06 - Q42 - Q83 - - - - - - - - - -
: Belubar - S6. - = = = = - & = - 14 1M~ = = = - .= =
Shorss baprosule Acatia %7 143 147 163 155 $41 514 103 123 092 €78 - - - -~ - - = - =
) T S T R R S
Bolukar M- - - - - - - - = - 182 3 1 - - - - - -
Open 2 - = - = = = - . - - - . - 03 0¥ 00 0W 0¥ -
Abocstom B2 o+ = = e e e e e e e e e e == - bW
Shoroa macropiacs Acacia 93 @er - ©¢a - 052 - Q%52 - Q72 - - - - - - - - - -
: o4 - - - - 1 - - - - - - - - - - - - - -
. Aboratum 53 - - e e 2. - T - = e - 0%
Shored aniifors Balubar L] - - - - - - - “ - - 14 0&r - - - - - - -
Abccoters B = = = o e e e o e o e e e === - 0M
Shoras pvatis Acacin 8y o0 - 104 - 089 - ¢l - 0B - - - - - - - - - -
Batubar 81 - - - .- - - - - - v 123 1M - - - - - -
Aborgtum 82 4 = = = = = - e = e A== A e T oo 0
Bhorae ovets Azacia 54 105 - Qa8 - 0l - 080 - Q4 - - - - - - - - - -
: C atubar 8¢ - = - = = = =< - - 59 @93 088 - - - . - = =
Shoras porvifoFa Acacin §2 117 145 119 421 83 1#} 089 D86 OB OB4 - - -o - - - - -
Betkar P T T O b
Ogon 82 - - - = = e a4 = .o == - bt MM D4 00 0N -
Adoretum 92 = = - e = = e = o e - A== = = s 04
Shores prcifors Acecis 94 g% - i - &M -7 OW - 0 - - = - - - - - - -
Bo'har LT T T S T S I 1 IO Lt L N S e S
Shoegn telurs Bohikar 9 = - - - - - - - - - 107 ¥ - - - - - - -
pboretam 93 . -~ = = e = = e = e e e = e ===~ D 9%
Sirdors sp. Eptukac a4 - - - .- - - - - - - 08y a%e . - - - - - - .-
Swistanin macrophyTe Aboretum . 82 - - - - - - - - - - - - - - - - - 114
Tectons grandis Actocetum 92 - - - - - - - - - - - .- - - - - - - a.
Toors soresd " Arbaretum L - - - - - - - - - - - - - - D L]
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macroptera, Shorea ovalis, Shorea parvifolia, Shorea talura '

In Bukit Kinta site, rccommendable species can be selected from the results of measurement
within oie year after planting.

High survival rate { moie than 80% ) : D. baudii, S. macroptera
High height growth ( more than 60cm } : D, baudii, §. leprosura
commen : D. baudii

Six species (D. baudn S. curtisii, $. leprosura, 8. macraptera, S. parvifolia; 8. pauciflora)
were planted in 1994 and 1995. We chose recommendable species from the resulls in Bukit Kinta in
first year. Among these species, D. baudii shows best performance on both survival rate and growth
performance. This seedling is only one which was collected in Bukit Kinta where it is near the
planted area and nursed in Chikus nursery and then planted. This result suggests effectiveness of
indigenous species. Other species except S. curtisii show good performance in first year so that 5
species can be expected as effective species to plant.

6.3. Recommendable Planting Season

It is recommendable to select a snitable planting season based on local meteorological data.
The ideal ¢ime for the Chikus sites is from early October to early December because of its high
precipitation.

7. OTHERS
7.1. Forest Fire

; We have faced forest ﬁfe three limés July - Aﬁgus( 1994 for the first in Chikus site, October .
' -;1994 for the sccong} time in Bukit Kinta site, and June 1996 for the third time in Chikus site.

In bukn Kinta a forest fire took place in June 1994. In B block {0.26ha) the fire occurred and
spread 0.38ha. Total of 206 scedlmgs of 8. parvifolia planted in May 1994 were burncd. Only 31
seedings were still alive mainly secdlings planted on logging road. And regenerating saplings of S.
curtisii also almost burnt at that ime. The area were re-planted soon. In 1996, @6 plots 0f 3.8 ha
in Chikus Block-A was burnt. ‘

We should pay most a_ucnlion to the prevention of forest fire. Once it spread over the project
site, all our efforts would-be in vain, We had cstablished firc preveation system. Eﬁlightenmcnl of
the public awareness is essential as well. '

7.2. Commemorative Planting

We have received many visitors not only from Peninsular Malaysia but also all over the
world. It was very good opportunity for the popularization and propaganda of the project.
Some of the visitors planted scedlings in the Chikus site as their commemorative activitics.
The survival and growth were not so well in Block-A due to the harsh environment.
' 307
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. ist 2nd 3rd Ath Eth
B #4 Diptarocarpus cornutus A W 18- Mar-95 16-Apr-55  14-5ep- 95 25-Mar-03
B 9% Diptarotarpes cormitus B (31 14-Mar-95  30-Apr-35 13-5cp-05 25-Mar-80
B f4 Oipterccerpus cormutus c W 12-Feb—55  26-Apr-§3 18-Avg-95 OF-Mar-£8
8 %4 Dipterocarpus cortutus 3] |34 02-Fob-65 $1-Ape05  15-Aug-55 08-Mar-98
B &4 Dipterocarpus cornutus E ew 08-Feb-95 15-Apr-05 0G-Avg 55 26-Feb 56
B 23 Dryoba’anops sromatica A W 10-Fob-04 - 03-Apr-B4 12-Aig-54 11-Feb-95 12-Aug-95
B 93 Drychalancos aromatins B 1354 23-Mar-94  30-Apr-04  22-Sep-§4 23-Mar-$5  27-Sen-85
B 93 Drycbalencos sromatica [ €W 22-40ar-54  O4-May-94 20-Sep-9 23-Mar-55 27-500-05
8 93 Oryobatanops eromatics G W 01-Mar-94  08-Apr-84 08-Sep-84 10-Mar-95 05-Sep-B5
B8 93 Drycbalanops eromatica (1] EwW 06-Mar-94  18-Apr84 03-Sap-94 OF-Mar-95 05-3e0-95
B 93 Dryobstanops sromatce € EwW 04-Apr-94 18394 03-Oct-84 03-Apr$5  07-Oct-95
B 93 Drycbalanops sromatica A NS 05 -May-94 19-Ju1-84  15-Nov-84 06-May-95 14-Nov-85
B 93 Dryobalancos eromatica B NS 08-May-04  18-Jul-04 10-Nov-84 16-May-95 O0-No85
8 93 ODcyobalancps aromatica ‘o NS 12-Por-84 19-J0-94  10-Ccl-84  10-Apr-$5 12-0et-65
8 93 Drycbalancss sromatice 2] NS 09-Apr- 24 20-Jul-98  06-Ock-84 05-ppr-95  it-0Oct-95
8 §31 Deycbalarops aromatica E NS G- Apr- 4 21~hi-94 05-Oct-04  04-Apc-99 10-0ct-§5
8 93 Hopea odorala A W 26-Ma—84  14-Apr 94 21-Sop-84 20-Mar-95 28-Sep-05
=3 93 Hopes odorata A Ew 25-Mar-94  18-Apc$4  28-Sep-9d 21-Mar-85  28-Sep-95
e 93 Hopea odorata - 1334 22-Mar-94 18-Apr-34 20-Sep-B4 22-Mar-25 23-5ep-55
B 93 Hopea odorata G W 27-Mar-94  26-Apr-94 26-Sep-98 30-War-95 03-0ct-55
B8 €3 Hopes odorata 4 EwW 3t-Mar-94  26-Apr-53 19-Sep-94 22-Mar-95 28-Sep-5%
B §3 Hopez cdorata D EwW 37-Mar-84  25-Apr-§4 26-Sep-94 28-Mar-95  30-Zep-85
B 93 Hopea odorats E Ew G3-Apr-94 18-Jul-§4  03-Oct-34 31-Mar 95  05-0cl-85
8 91 Hopeaodorata £ EW 09-May-94  19-Jui-94 09-Nov -84 23-May-95 14-Hov-93
8 4 Hopaapubascens A &€ i4-Mar-35 $3-Apr-65 13-Sep-55 25-Mar-05
B 84 Hepeapobescens B £wW 22-Feb-55  30-Apc§53 20-Aug-§5 14-Mar-08
B 44 Hopea pubascens c & 13-Fob-85  28-Apr-85 28-Aug-8% 12-Mar-88
B 94 Hopeapubescans V] Ew 0-Feb-05  17-Apr-85 15-Avg-§5 OF-Mar88
B 9¢ Hopeapubsscens E e 08-Feb-95  13-Apr-95  10-Aug-95 28-Mar-85
B 94 Intsia prlembanics A W 09-Mar-65  17-Apr-95 07-Sep-05 21-Mar €5
B 94 Intsia patembanica 8 CEW 10-Mar-55  30-Apr-95 07-Ssp-§5 25-Mar-08
B 84 Intsia pelembanica G Ew 13-Feb-95  28-Apr83 28-Aug-93 11-Mar-98
B 94 Intsiapalembanica 1) Ew 10-Feb-95  17-Apr05 15-Aug-85 07-Mar 6
8 94 Inlsia palembanice £ EW 07-Fob-95  13-Apr-85 07-Aug-$5 28-Feb-58
8 82 Haotalanocarpus heimi A W 28-0ct-92  29-Jun-B3 15-Oct-83 21-Ap—94 29-Oct-94  21-Apr-85 2B-Oct-53
8 §2 Neoha‘arm_arp-is hainii 8 W 28-Mo-92  20-Jun-03 23-Oct-853 25-Way-84 22-Nov—94  Q1-%n-95 skip
8 92 Reobalanccarpus haimii & BN 28-0ct-92  33-Jun-83 20-Oct-93 27-Ape-gd Of-Nov-94 28-Apr-95 25-Oct-95
8 . 02 Kaobalanocarpus haimii )] W 29-0ct-92  30-Jun-93  20-Oct-9) 04-May-94 01-Nov-94 21-Apr-05  2B-0ct-85
8 92 Neobalanot erpus heimii E EW 12-Nov-92 17-0l-93  21-Oct-93 13-May-94  $8-Nov-84 I-May-55  15-Nov-33
£ ° 92 Noobazlanotarpus haimi A NS 03-Nov-92 - 25-Jun-93 27-Oct-83 O04-May-54 O3-Hov-24 04-May-85 02-Nov-95
B - 92 Necbalanotarpus haimii B KNS 28-Nov-92  25-Jun-93 26-Oct-93  23-May-94 23-Nov-94 23-May-85 30-Nov-55
B §2 Necbalanocarpus helmi 4] NS 28-Nov-92  25-Jun-D3 27-Oct-93 23-May-94 21-Hov-94 23-Mey-85 30-Nov-85
B 082 Neobalancearpus halmii ) NS 28-Nov-92  25-Jun-93 21-Oct-63 | 26-May-§4 23-Hov-94 08-Jun- $5 02-Dec-95
8 §2 Mecbalanctmpus heimil E NS 20-0ct-92  05-Jub-93 20-0ct-93  28-Apr-84 04-Nov-§4 02-Mzj-55  28-Oct-93
B 93 Palaguium gutte A EW 03-Feb-94 OZ-Ap:'-Q! it-Avg-94 . 08-Feb-95  11-Aug-93 . :
B §3 Palaguium gutts B EW 11-Feb-94 - 04-Apr54  13-Avg-94 - 13-Fad-03 17-Aug-B5
B - 93 Palaguium gutta C W 07-Mar-94 01-Apr-64 01-Sep-94 11-Mar-55 08-Sep-05
B 91 Palagqulum guita L] CEW C8-Mar-54 . 13-Apr-8d 07-Sep-94  13-Mar05 00-Sep -9%
8 8} Palaguivm guita : E [20) O1-RApe-04 | 18-Jul-94 03-Oct-94 04-Mer-95  05-Oct-§3
B 93 Parsshorez densifiors A EW 25-Mar-94  14-Apr-94 24-Sep-94 21-Mar-85 29-Sep-85 -
B 93 Parashorsa densifiora B &' 23-Mar-94  O4-May-34 23-Sep-04 23-MarB5 27-Sep-85
B . 93 Parashorea densificea c - W 05-Mar-94 O&-Apr“ 01-Sep-04 08-Mar-85 04-Sep-95
8 93 Parashorea densifiora o W 08-Mar-94  O1-May-84 03-Ssp-24 11-Mar-95 08-Sep-83
8 93 Parashorea densifiors E W 03-Ape-§4  16-Jun-98 04-Oct-94 €5-Mar-05 06-Oct-95
B 93 Pentaspadon metley A £EW 10-Eeb-94  Od-AprD4 11-Aug-§4 1i-Fed-95 1 2-Aug-85
e 23 Pantaspaden motleyl 8 EW 13-Feb-§4  O5-Apr-04 13-Aug 84 14-Feb-85 26-Aug- 95
8 83 Pertaspadon molleyi ¢ . EW 07-Mar-94  C8-Apr94 08-Sep-94 10-Mar-03 05-Sep-95
8 $3 Partaspadon molleyi 0] Ew D6-Mar-94 13-Apr-54  O5-Jul-84 09-Mar-95 05-8ep-93
B 53 Peataspadon metleyi E 0 EW 05-Apt-34 16-01-94  04-Oct-94  05-Mar-05  07-Oct-95
B $3 Pentaspadon motleyl A NS 18-May-94  19-2u1-94 15-Nov-§4 05-May-95 23-Nav-83
8 9 P:enhspadon motlayl B NS 17-May-4 18-Jul-94 23-Mov-84 16-May-55 skip
8  §3 Centaspadon motleyi ] NS 13-Apr-94 19-0-94  12-Oct-94 10-Rp0-95 1 1-Oct-95
B 93 Pectaspadon motleyi b NS 1-Apr-94  20-Ji-94 0B-Oct-88 10-Ap95 11-0Oct-b5
B . 83 Pentaspaden motleyi E K5 10-May-§4  20-Rut-94  16-Nov-04 O7-May-95 18-Nov-85
B B3 Shores acuminale A EW 09-Feb-94  Op-Apr-98 12-Acg 94 4-Feb-85 ¥11-Aug-65
B 83 Shorta scuminata B ey 11-Fob-94  04-Ap~-94 12-Auvg-94 13-Fel-05 V7-Aog-95
B 93 Shocéa acuminata ¢ BN 02-Mar-84  05-Apr9d 29-Aug-94 08-Mar-$5 30-Aug-95
B 93 Shorea BCuminets o o 03-Mer-94  13-Ap04 29-A0g-94 DB-Mar-S5 01-Sep-05
B $3 Shoied stumirats E W o1-Apr-94 18-3ut-54 01-Oct-94 D4-Mar-85 05-Oct-85
8 93 Shorea atuminats A NS 12-Mag-04  19-t-B4 15-How-94 08-May-95  21-Nov-85
8 93 Shorsa scuminata B NS Ga-May-94  18-Jul-81 10-Nov-94 &3-May-53  OF-Mov-93
8 93 Shéred séuminate [+ NS H-Api-94  21-0u-88 10-0ct-34  11-Apr-83 11-0c1-53
B §) Shorss scuminale o NS DI-Ape-§4  20-h-04 05-Oct-34 05-Apr-95  11-Oct-55
8 §) Shorea stuminata E HS 08-Api-84  21-hi-D4 05-0ct-04  08-Apr-95 10-0ct-55
8 54 Shores assaTics A EW 17-Mor-55  18-Apr-95  20-Sep-95 0)-Apr-28
B 04 Shorea assamica 8 EW 16-Mar-95  30-Apr-85 14-Sep-55 27-Mar-83



Bk Year Spacies Type Direction Date Planted Measursmant date
: : L L tst 2nd 3rd “4th Sth 6th

8 91 Shorps assamica ¢ Ew 12-Feb-85 < 20-Apr-05 189-Aug-93 H1-Mar-G3

8 91 Shoreaassamica o . Ew OF-Feb-05  19-Apr-05  14-Aug-93 O6-Mar-58

8 94 Shorea assamice E W 05-Fob-05 " 12-Apr85 03-Aug-85 26-Feb-93

8 93 Shoros glauca A Ew 24-Feb-94  O4-Apr 84 30-Aug-84 23-Feb-93  20-Aug-9%

0 93 Shores glavca ¢ - EW O4-MarB4  O0T-Apr-54  30-Aug-94 G8-Mar85 04-Sep-05

8 93 Shocea glauwca 1] W C8-Ma-34  11-Apr-34 08-Sop-94 11-Mar-83 0§-Sep-93

B 93 Shoreaglawca E W 07-May-94  19-Jul-04 #0-Nov-94 29-May-§5 07-Nov-93

B 92 Shorea leprosuia A W 26-0ct-92  29-Jun-33 13-Dct-93  26-Apc-04 31-Dcot-94  2T-Apr-85  28-0ct-95
B 92 Shorea leprosula 8 j3, ) 13-Now-92  28-Jun-83  26-0<t-93 18-May-04 22-Nov-94 30-Apr-95 20-Nov-$5
8 92 Shorealeprosula [+ (34 28-0ct-32  3~Jun-$3 19-Cct-93 27-Apr—§4 C1-MNov-84  28-Apr-83  25-Oct-93
B 92 Shorea leprosula o] W . O5-Now-dl  05-Jul-33 21-0ct-93 0d-May-54 €9-Nov94 04-May-§5 68-Nov-95
B 92 Shore leprosula E EW O 0B-Nov-§2  20-Jun-93 22-Oct-93 09-May-04 11-Nev-94 03-May-95 (0-Nov-95
B 92 Shorealeprosula A NS 25-0ct-02  23-Jun-B3 18-0¢t-83  25-Ap~04 27-Oct-94 24-Apr-95  §9-Oct-95
B 92 Shocealsprosuta ] NS 20-0ct-82  23-Jun-§3 N—ch—s\") 2-Apr-9§ 22-0ct-94 21-Apr-95  14-Qct-95
B 92 Shorai lzprosula [+ NS 24-0ct-82  23-Jun-83 §18-0ct-93 24-Ap—04 2§-Oct-94 21-Apr-85  18-Oct-95
B 92 Shorealeprosula O NS 24-0ch-82  24-Jun-83 15°0cl-93 25-Ap84 286-Oct-94 27-Apr-95  18-Ocl-95
B B2 Shoreateprosuls £ NS 25-0ct-92  22-Jun~§) 18-Oct-93 28-Apr-04 27-Cot-94 27-Apr-95  24-Oct-95
B 94 Shorealeprosu'a & Shorea macropters G W 19-Feb-§5 skip 28-Aug-55  13-Mar-08

B 93 Shorea macroplera A w 25-Mar-84 t4-Apr-84 21-Sep-04 28-Mar-95 29-Sep-95

B 8} Shorza macroptera 53 {3, 13-Fob-04  05-Apr-54  ¥3-Aug-04 14-Feb-95 26-Aug-95

B 8} Shorea maceoptera o) W 05-Apr-04 14-20-94 03-Oct-94  05-Apr-93 O7-Oct-35

B 93 Shivea macroptera 0 W 27-Mar-B4  25-Apr-04 2B-Sep-B4  23-Mar-B5 J0-Sep-95

B 93 Shorsa macroptera E W 1-May-84  18-5u-04 18-Nov-84 18-May-95 18-Nov-95

B 94 Shorea ovalis A W 20-Mar-85  G4-May-95 27-Sep-05 QG3I-Apr-06

8 94 Shocgaovals 3] Ew $9-Mar-95  08-May-55 27°8ep-95 0i-Apr 6

8 94 Shoreaovals G W E8-Mar-85  08-May-95 21-5sp-%3 O1-Apr 94

8 94 Shoreaovals o N §7-Mar-95  19-Ap-55 20-Sap-85  22-Mar-84

8 94 Shoces ovals £ W 04-Feb-85  12-Apr95 02-Aug-65 13-Fob-96

[ 94 Shorezovata A 3% 20-Mar-§5  16-Apr-D95  25-52p-95 03-Apr-96

=3 94 Shoreaovata 23 EW 19-Mar-85  03-May-55 27-52p-95 Q1-Apr-$6

8 94 Shocer ovata G BV H-Feb-95  CI-May-55 +F-Aug95 12-Mar-98

. B §4 Shores ovala o EW 08-Fab-93 19-Apr-85 10-Aug95 O06-Mar-98

8 94 Shoreacvata £ EW 04-Feb-95  15-Apr-95 (3-Aug-95  13-Teb-86 ’

8 92 Shorea parvifolia A EW 27-0ct-02  29-dun-93  19-Oct-03  26-Ap94 O04-Nov-94 27-Ap—%3  26-Oct-$5
8 92 Shoreaparvifolia 8 EW 21-Nov-92 ~ 28-Jun-93 25-0ct-93 23-May-94 22-Nov-94  O1-Jun-83 I0-Now-95
=3 92 Shorea parvifolia c EW 28-Oct-52  30-Jdun-93 20-0ct-93 21-Apr 84 10-Nov-84  26-Apr—95  25-Oct-95
8 82 Shocea parvifolia ] EW 05-Nov-02 05-Jul-93  21-Oct~5) Q7-May-34 O9-Nov-84 04-May-65 05-Nov-95
8 82 Shocea parvifolia € EW 10-Nov-92 05-Jut-23  Z2-0ct-81 O%-May-34 1B-Nov-84  30-Apr-95  15-Mov-85
8 92 Shovea parvifolia A NS 20-0ct-92  24-Jun-93  t4-Oct-981  20-Poc-94  22-Oct-04  24-Apr-95  17-Oct-55
8 92 Bhoreaparvifali 8 NS 20-0ct-92  24-JuA 93 14-0ct-93  21-Apc-04 24-0ct-D4 22-Apr95- 17-0ct-85
8 §2 Shorea parvifolia o] NS T 23-Oct-92  24-Jun-93  14-Oct-93  23-Ape94 26-Oct-94  24-Ap-85  1B-Oct-35
8 ' 92 Shorea parvifolia D NS 23-0ct-92  24-Jun-83  15-0ct-93  23-2p0-94 O1-Nov-04 22-Apc-53  18-Oct-93
8 92 Shoves parvifolia £ NS 31-0ct-92 24-Jun-83  1B-Cct-53 28-Apc-%4 01-Oct-84  28-Ap—S9 24—0c_t—95
8 94 Shorea paucifiors A Ew 19-Mar95  16-Apr-95 26-Sep-95  05-Apr-98

8 94 Shorea paucificn 23 W 18-Mar-95  30-Apr-95 22-Sep-95 01-Apc-58

-8 94 Shorea paucifiora C Ew $3-Fab-95 2$-Ap4:‘-95 11-Aug-95 12-Mar-56

8 : 84 Shorea poucifora O Ew 0B-Feb-05  10-Ape-85  14-Aog-D5 O05-Mar-96

8 84 Shorea paucifiora € EW  05-Feb-95  12-Ape-95 03-Aug-955 14-Feb-56

8 - 83} Calamus manan A Ev G5-Mar-04  14-Apr-94 09-Sep-24  13-Mar-55 O07-Sep-93 :

8 . 93 Calahus manan 8 B 01-Mar-94 §5-Apr-93  29-Aug-84 08-Mar-95 01-Sep-93 .

B8 - 93 Calamus manan N Ew 28-Mar-90  28-Aor-94 29-Sep-84 H-Mar-95 30-Sep- 85
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Appendix 82 Measurement Date of Openplanting Plots

Block Year Spécies

Type Qate Planted Measurement date

14-Jun-34

3i0

. . ist 2nd 3d 4th Sth
A 92 Hopea odorats A 18-May-93  24-Aug-93 28-0ct-93 19-May-94 08-Nov-91 20-May-95
A 92 Hopea odorata 8  18-May-93  24-Aug-93 29-Oct-93 20-May-34 08-Nov-34 15-May-95
A 92 Hopea odorata G 11-May-93  23-Aug-33 01-Nov-93 19-May-94 07-Nov-94 19-May-95
A 92  Hopea odorata ) 17-May-93  20-Aug-93 30-Oct-93 19-May-94 07-Nov-94 22-May-85
A 92 Hopea odorata € 16-May-93  19-Avg-93 03-Nov-93 19-May-94 03-Nov-94 25-May-95
A 92 Neobalanocarpus heimii A 21-Apr-93 24-Aug-93  28-0c1-93  21-Apr-94 25-Oct-94  20-Apr-95
A 92 Neobalanocarpus heimii 8  21-Apr-93 - 24-Aug-93 Of-Nov-93  22-Apr-94 206-Oct-94 20-Apc-95
A 92 Neobalanocarpus heimi [H 22-Apr-93  20-Aug-93  01-Nov-93 22-Apr-94  24-0ctl-94 © 21-Apr-95
A 92" Neobalanocarpus heimii N 22-Apr-83  20-Aug-93 30-Oct-93 - 22-Apr-94 24-Cot-94  21-Ape-95
A 92 Neotalanocarpus heimii E  16-Jan-93  19-Aug-93 13-Nov-93  t4-Jan-94  15-Jul-94 " 16-Jan-95
A 92 Shorea legrosula A 19-Apr-93  25-Aug-93 28-0c1-93 * 20-Apr-94 18-0ct-84 * 19-Apr-95
A 92 Shorea leprosula 8 19-Apr-93  24-Aug-93 29-0ct-93  20-Apr-94  19-Oct-9§  19-Apr-95
A 92 Shorea leprosuta C  19-Apr-93 23-Aug-93 O1-Nov-93 20-Apr-94 13-0ct-94  18-Apr-95
A 92 Shorea leprosula D 20-Apr-93 23-Aug-93 O1-Nov-93  20-Apr-94 24-Oct-94
A 92 Shorea leprosula £ 20-Feb-93  28-Aug-93 05-Nov-93 21-Feb-84 18-Aug-84 25-Feb-95
A 92 Shorea parvifolia A 24-Mar-93  26-Aug-93 04-Sep-93 - 26-Mar-94  30-Sep-94 25-Mar-95
A 92 Shorea parvifolia B 24-Mar-93  26-Aug-93 02-Sep-93 24-Mar-34 26-Sep-94 24-Mar-95
A 92 Shorea parvifolia ¢ 25-Mar-93 26-Jul-93  04-Sep—93 30-Mar-94 26-Sep-94 25-Mar-95
A 92 Shorea parvifolia D 25-Mar-93  27-Aug-93 04-Sep-93 30-Mar-94 29-Sep-94 24-Mar-95
A 92 Shores parvifolia E 20-Feb-93 27-Aug-93 02-Nov-93 21-Feb-94 26-Auvg-94 24-Feb-G5
A 493  Calophyllum sp. A 26-Apr-94 20-Jun-94 26-0ct-94 28-Apr-95 -
A 93  Calophyllum sp. B 15-May-94 13-Jut-94  19-Nov-94 27-May-95
A 93 Calophyllum sp. H 25-Mar-94  0%-Jun-94 28-Sep-94 27-Mar-95
A 93 - Calophyllum sp. D 13-Apr-94 16-Jun-94 15-Oct-94 11-Apr-95
A 93 Calophyllum sp. E 12-May-94 01-Jul-94 21-Nov-94 12-May-95
A 93 Oryobalanops aromatica A 28-Apr-94 20-Jun-94 29-Oct-94 29-Apr-95
A 93 Dryobalanops aromatica B 12-May-94  28-Jun-94 14-Nov-94 12-May-95
A 93 Oryobalanops aromatica C T1-Apr-94  08-Jun-94  14-0ct-94  10-Apr-85
A 93  Drycbalanops aromatica D 11-Apr-94  16-Jun-94  21-0ct-94  17-Apr-95
A 93 ODryobalanops aromatica E 28-Apr-94 18-Jun—24 03-Nov-94 02-May-95
A 93  Endospermum malaccense A 10-May-94  21-Jun-94 12-Nov-94 10-May-95
A 93 Endospermum malaccense B 16-Apr-94 20-Jut-94 17-0ct-94 16-May-95
A 83 ° Endospermum realaccense G 16-Apr-34  10-Jun-34 17-Oct-94  13-Apr-95
A 93 Endospermum malaccense D 14-Apr-94  10-Jun—94 17-Oct-94  11-Apr-95
A 81 Endospermum ma'accenso £ 13-May-94 06-Jut-94 II‘-Nov-94: 13-May-95
A 93 Peplaspadon motleyi A 21-Ap-94 - 20-Jun-94 29-Oct-94  29-Apr-95
A 93 Pentaspadon motleyi - B . 15-May-94 . 05-Jun-94 IQ-Név-94; 15-May-95
A 93 Pentaspadon motleyi G 15-Apr-94 © 09-Jun-94 '15-0ct-94: 15-Ape-95
A 93 Pentaspadon motleyi O 13-Apr-94  13-Jun-94 15-0ct-94° 11-Apc-95
A 93 Pentaspzdon motleyi £ 0t-dun-94  0I-Jul-94 30-Nov-94 08-Jun-95
A 93  Pouteria malaccensis A 10-May-94 05-Jul-94 - 12-Nov-34  10-May-55
A 93  Pouteria malaccensis B 14-May-94 29-Jun-94 14-Nov-24 14-May-§5
A 93  Pouteria malzccensis G 16-Apr-94  08-Jun-34 17-Oct-94  13-Apr-95
A 93  Pouteria malzccensis D 16-Apr-94  20-Jun-94 T 17-0ct-94 13-Apr-85
A 93  Pouteria malaccensis E 271-Apr-94  18-Jun-94 03-Nov-94 02-May-95
A 93  Scaphium macropodum CA L 24-Apr-94 20-Jun-94  25-0ct-94 . 29-Apr-95
A 93  Scaphium macropodum B 11-May-94  28-Jun-94 12-Nov-94 17-May-95
A 93  Scaphium macropodum [H t1-May-94  15-Jun-54 17-Nov-94 22_—M_ay-95
A 93  Scaphium macropodum D 10-Apc-94  10-Jun-94 18-Oct-94 13-Apr—95
A 93 Scaphium macropodum E 19-Apr-94 13-Jun-94  21-0ct-94  20-Apr-95
A 93 . Shorea acuminata A 23-Apr-94  20-Jun-94 25-Oct-94 29-Apr-95
A 93 Shorea acuminata B 11-May-94  21-Jun-84 12-Nov-94  i6-May-95
A 93 - Shorea acuminata G 14-May-94  29-Jun-94 (4-Nov-94 17-May-95
A 93 Shorea acuminata O 17-Ape-94  14-Jun-94  18-0ct-94 - 13-Apr95
A 93 Shorea zcuminata E 17-Apr-94  17-Jun-94 18-Oct-94  13-Apr-95
A 93  Shorea bracteolata A 25-Apr-94  20-Jun-94 29-Oc¢t-94  23-Apr-95
A 93  Shorea bracteclata B 12-May-84  27-Jul-94  14-Nov-94 22-May-95
A 83 . Shorea bracteolata C  1t-May-84  17-Ju1-94 17-Nov-94 11-May-95
A 93 ' Shorea bragteclata D 1§-Apr-34  08-Jun-94 14-Ocl-94 10-Apr-95
A Shorea bracteotata "B 20-Apr-94 24-0cl-94  20-Apr-95



Appen(lix $3 Measurement Date of Underplanting in Belukar Plots

Block Year Specises Typs Date Planted Maasurement date
e e e i N st 20d 3d
94  Dialium sp. 03-Feb-95  24-May-95 O1-Aug-95 08-Feb-96
94 Dialium sp. T16-Mar-95  18-May-95 18-Sep-95 23-Mar-96
94 Diatium sp. 18-Mar-95  05-May-95 - 23-Sep-95  30-Mar-396

27-Feb-05  19-May-95 30-Aug-95 16-Mar-96
06-Feb-95  29-May-95 04-Aug-95 12-Feb-96
16-Mar-95  29-May-953 18-Sep-95  23-Mar-96
22-Feb-95  26-May-95 23-Aug-95 15-Mar-96
19-Mar-95  02-Jun-55 25-Sep-9%  04-Apr-96
17-Feb-05  30-May-95 22-Aug-95 08-Mar-96
16-Feb-85  13-May-95 23-Aug-95 08-Mar-96
21-Mar-95  24-May-95 26-Sep-95 10-Apr-96
03-Feb-95  23-May-85 0Ol-Aug-95 03-Feb-98
05-Feb-05  19-May-95 04-Aug-95 10-Feb-96
10-Feb-95  05-May-95 14-Aug-95 08-Mar-96
09-Feb-95  02-Jun-85 12-Aug-95 15-Feb-96
17-Mar-95  30-May-05 20-Sep-95 28-Mar-96
18-Mar-95  25-May-95 21-Sep-95 23-Mar-96
03-Feb-95  23-May-95 01-Aug-95 08-Feb-96
18-Mar-95  05-May-95 23-Sep-95 30-Mar-96
04-Feb-95  02-May-95 02-Aug-95 09-Feb-96
24-Feb-95  19-May-95 25-Aug-95 15-Mar-96
06-Feb-95  29-May-35 04-Aug-95 12-Feb-06
05-Feb-95  26-May-95  04-Aug-95 10-Feb-98
22-Feb-95  20-May-95 23-Aug-95 15-Mar-96
20-Mar-95  05-Jun-95 ° 25-Sep-9%5 05-Apr-96
09-Mar-95  17-May-05 (1-Sep-95 18-Mar-96
17-Feb-95  13-May-95 22-Aug-95 08-Mar-06
20-Mar-95  07-Jun-95 26-Sep-95  10-Apr-96
03-Feb-95 23-May-95 Ol-Aug-95 08-Feb-86
08-Feb-95  13-May-95 10-Aug-95 16-Feb 96
M4-Feb-95  24-May-95 02-Aug95 0%-Fob-96
24-Feb-95  22-May-85 24-Aug-95 14-Mar-96
10-Feb-95  02-Jun-95 14-Aug-95 27-Feb-96
_27-Feb-95  17-May-935 29-Aug-95 02-Mar-96
- 18-Mar-93  24-May-95 23-Sep-95 30-Mar-%§
. 22-Feb-95 - 22-May-95 24-Aug-95 16-Mar-96
©16-Mar-95  22-May-95 18-Sep-95 28-Mar-96
20-Mar-95%  02-Jun-95 25-Sep-55 05-Apr-96
21-Feb-95  18-May-95 29-Aug-95 17-Mar-36
18-Mar-95  30-May-95 23-Sep-95 02-Apr-96
21-Mar-95  09-May-95 25-Sep-95 11-Apr-36
24-Feb-95  22-May-95 24-Aug-95 T4-Mar-36
09-Feb-95  02-Jun-95 12-Aug-95 27-Feb-96
-09-Mar-95  08-May-95 11-Sep-95- 21-Mar-96
17-Feb-95  30-May-95 22-Auvg-95% 0%-Mar-96
1§-Mar-95  05-Jun-95 25-Sep-95- 02-Apr-96
24-Feb-95  20-May-95 25-Aug-95  15-Mar-96
17-Mar-95  05-Jun-95 21-Sep-95° 29-Mar-96
09-Mar-95  08-May-95 11-Sep-85 21-Mar-96
0%-Mar-95  17-May-95 11-Sep-95  158-Mar-56
28-Mar-95  05-May-95 30-Sep-95 . 11-Apr-96
03-Feb-95  24-May-95 02-Aug-95 06-Feb-96
16-Mar-95  18-May-95 18-Sep-95 23-Mar-96
18-Mar-05  09-May-95 23-Sep-85  29-Mar-96
19-Mar-95  02-Jun-95 25-Sep-95 04-Apr-96
18-Mar-65  05-May-95 22-Sep-95 29-Mar-96
17-Mar-85  29-May-95 20-Sep-95 28-Mar-96

94  Gonystylus sp.
84  Gonystylus sp.
94 Gonystylus sp.
94" Neobalznacarpus heimii
%4 - Neobalanocarpus heimii
94 ~ Neobalznocarpus heimii
94 : Neobalanocarpus heimii
34 Necbalanocarpus heimii
84  Shorea acuminata
84  Shorea acuminala
94 Shorea acuminata
94 Shorea bracteolata
94  Shorea bracteolata
94 - Shorea bracteolata
84  Shorea gibbosa
- 94  Shorea gibbosa
94  Shorea gibbosa
94 Shorea glouca
" 94 Shorea glauca
94 Shorea glauca
94 Shorea leprosula
94  Shorea leprosula
94 Shorea feprosula:
24  Shorea leprosuta
44 Shorea leprosula
94 Shorea multiffora
94  Shorea multiflora
94  Shorea multifiora
94 Shorea ovalis
94 Shorea ovalis
24 Shorea ovalis
44 Shorea ovalis
94 Shorea ovalis
94  Shorea ovata
94 Shorea ovata
84 Shorea ovata
94 Shorea ovata
94 Shorea ovata
94 Shorea parvifolia
24  Shorea parvifolia
84 Shorea parvifolia
94 Shorea parvifolia
94 Shorea parvifolia
94 Shorea pauciflora
84 Shorea pauciflora
24 Shorea pauciflora
94  Shorea paucifiora
84 Shorea pauciflora
94 Shores talura
94 Shorea talura
84 Shores talura
34 - Sindora sp.
94 Sindora sp
94  Sindora sp.

- M -3 5 S T S S S S S A I S I A T N S S B S S R
QOMOOMICOMTMIQOTTMIONTTITIOONMTOOMIDOTMOOMOOTMODOTOOMISOTTOIOMNOOT
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Appendix 5S4 Measure_m_ent Date of Arboretum Plots

Year Spocies

32

Block Dale Planted Measurement date
- N . - dst 20d 3rd 4th - Sth

Arboretum 93 Agalhis borneensis 17-May-94  26-Jun-94 21-Nov-54 26-May-55

Arboretum 93 Alstenia sp. 18-0ct-93  15-Dec-93  18-Apr-94  18-Oct-94  14-Apr-85 13-Octl-95
Arboretum 93 Calophyllum sp. 15-Jui-24 19-Se¢p-94

Arboretum 93 Cinnamamum sp. 17-0ct-93 13-Dec-93  16-Apr-34  18-Oct-94  14-Apr-95  12-Oct-95
Arborstum 93 Dacryodes sp. 25-May-94  25-Jun-94 21-Nov-94 26-May-95

Arboretum 93 Dipterocarpus cornutus 15-May-84  02-Jul-94 17-Nov-94 17-May-95 . :
Arboretum 92 Dryobatanops aromatica H-May-93 = 02-8¢p—93 ~11-Nov-93 12-May-94 15-Nov-04 03-May-85
Arboretum 92 Durio sp. 04-May-93  03-5ep-93  11-Nov-93 04-May-94  03-Nov-94 04-May-95
Arboretum 93 Endospermum malaccense - 18-Oct-93  11-Dec-93 18-Apr-94  1B-Oct-94  15-Apr-95 14-Oct-95
Arbaretom 93 Heritiera sp. 18-May-94 . 24-Jun-94 21-Nov—904 26-May-95

Arboretumn 92 Hevea brasiliensis 16-May-93  03-Sep-93  H1-Nov-93 14-May-34 19-Nov-94  05-Jun-95
Arboretum 92 Hopea odorata 16-May-93  01-Sep-93 03-Nov-93  14-May-91 03-Nov-94 03-May-95
Arboretum 92  Hopea odorala 01-Feb-93  04-Sep-93 12-Nov-93  03-Feb-94 11-Aug-94 03-Feb-95
Arboretum 93 Hopea odorata 12-May-93  02-S2p-93  08-Nov-93  14-May-94 skip 09-May-95
Aiborelum 93 Hopea odorala 13-May-94  02-Jul-94  14-Nov-34 1i-May-95

Arboretums 92 Intsia palembanica 13-Jun-93  01-Sep-03  14-Dec-93  14-Jun-94 02-Dec-94  31-Jub-35
Arboretum 93 Koompassia malaccensis 26-May-94  25-Jun-94 21-Nov-94 25-May-93

Arboretum 82 Neobalanocarpus heimii 23-Mzy-93  01-Sep-93 05-Nov-93 18-May-94 22-Nov-94 0%-May—-95
Arborelum 93 Palaguium gutta 18-May-94  24-Jun-94 21-Nov-94 26-May-85

Arboretum 92 Parkia sp. 05-Jun-93  03-Sep- 93 14-Dec-93 0%-Jun-94 03-Dec-94 08-Jun-95
Arboretum 92 Pentaspedon molleyi 06-May-03  02-Sep-93 11-Noy-93 04-May-94 10-Nov-94 05-May-95
Arboretumn 92 Scaphium macropodum 13-Jen-93  04-Sep-93 12-Nov-93  13-Jan-94 13-Jun-94  14-Jan-95
Arborelum 92 Shorea acuminata 17-May-93  01-Sep-93  08-Mov-93 18-May-%4 19-Nov-94 17-May-85
Arbotetum 92 Shorea leprosula 04-Feb-93  26-Aug-93 04-Feb-94 11-Aug-94 :
"Arboretum 93 Shorea macroptera 05-May-94 02-Jut-94  17-Nov-94 20-May-95

Arboretum 93 . Shorea muftifiora 12-May- 54 02-Jut-94  14-Nov-94 17-May-85

Arboretum 92 * Shorea ovalis 08-May-93  02-Sep-93 08-Nov-93 11-May-94 12-Nov-94 G9-May-95
Arborelum 92 Shorea parvifolia 16-Aug-93  04-Sep-93 14-Feb-94 ~ 17-Aug-84 15-Feb 95

Arboreturn© 93 Shorea talura 27-May-94  02-Jul-94  14-Nov-94 17-May-95

Arboretum 82 Swietenia macrophylla 05-May-93  02-Sep-93 #1-Nov-93 04-May-94 09-Nov-94 03-May-95
Arboretim 92 Tectona grandis AT=dun-93 - 04-Sep-93  14-Dec-93  14-Jun-894 29-Nov-94 09-Jun-95
Arboretum ™ 93 Toona sureni 17-Oct-93  10-Dec-93  i6-Apr-94  (8-Oct-84  14-Apr-95 13-Oct-85
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Appendlx SH. Number of Survwlng and Doad Trees
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Dead Trees

Appendix S8 Number of Surviving and
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