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Development Techniques for Changing Forests Consisting of Exotic
Fast-Growing Tree Species into Mixed Forests by Introducing

Beneficial Indigenous Tree Species
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into a Mixed Forests, by Under Planting Beneficial Indigenous Tree Species)
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Abstract

For the purpose of conversion of a fast-growing tree plantation into indigenous tree forest
in monsoon Asia, growth performances of indigenous tree species under various light conditions
were examined. An uneven-aged (two-aged) system in which indigenous trees were underplanted
in a fast-growing tree plantation was applied for this conversion on a trial basis in the Sakaerat
Silvicultural Research Station, Northeast Thailand. Experimental plots were established from 1986
to 2009 and survival rates and growth in terms of the height of indigenous tree seedlings were
examined under various forestry operations (free selection thinning, stripe thinning, group
selection thinning in two-aged system, and evenly aged system). The results suggest that
Dipterocarpus alatus, Hopea odorata, and Dalbergia cochinchinensis could be planted in an open
site without a two-aged system. It was recommended that other dipterocarp species (D. turbinatus,
H. ferrea, and Shorea henryana) be planted under a two-aged system. Since H. odorata and Xylia
xylocarpa var. kerrii adapted to various light conditions, they could be applied to both even- and
uneven-aged systems. Group selection thinning was recommended in terms of both the growth
performance of the seedlings and the efficiency for logging, when a two-aged system was selected.

Keywords : growth of seedling, light condition, nurse tree, survival rate, thinning
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Fig. 1 A schematic diagram illustrating the course starting form degraded land to
a forest composed of indigenous tree species

. : . . : :
swauiuauysel : msfavnmaiialumslsunfeuanmaauth i ladid ifaduldduihnauindssneudreiug Ifitudesfidiuilss Tom 3



aw { a L4 091’ o U
QTH'J%EJLﬁ’E]’JLﬂﬁ1314381J‘Uﬁﬂ\15b'1‘!’l’)'lfg (Two-aged system) Tunisdanmsaiuih

9 o’/’ ld' =\ [ a v o a 1 =
Usznovale udasnaaes 5 ulag ADYNADIUIUIAUIVYALLUNINY AUUUNTTENINNY

WAl 2529 — WA, 2552 Twazidoavedulainaaouazsiiaiug 15iA1lgn u Table 1 1oz Table 2

ANAIN

Table1 A list of the experimental plots for uneven-aged system at the Sakaerat Silvicultural Research Station

Experimental Year of Nurse tree species Stand age at Indigenous tree species Forestry operation Grade of
plot No setting P underplanting g P yop lightness
1 1986 Eucalyptus_ 3 Hopea odorata no thinning 4

camaldurensis
Acacia auriculiformus 3 H. odorata no thinning 4
Senna siamea 3 H. odorata no thinning 4
- - H. odorata open site 14
2 1989 Leucaena leucocephala 3 Dipterocarpus alatus, no thinning 5
D. turbinatus, H. odorata,
- - Shorea henryana open site 15
3 1999 Acacia mangium 14 . no thinning 1
Dipterocarpus alatus,
D. turbinatus, H. odorata,
A. mangium 14 Afzeria xylocarpa, stripe, 50% 7
Dalbergia
A. mangium 14 cochinchinensis, group sel_ectlon 11
Pterocarpus thinning
macrocarpus, Xylia
R _ xylocarpa var. kerrii, etc. open site 16
4 2007 A. mangium 23 no thinning 3
. random selection
A. mangium 23 ' 6
9 H. odorata, H. ferrea, 33%
. X. xylocarpa var. kerrii random selection,
A. mangium 23 67% 8
group selection
- - " 12
thinning
5 2009 A. mangium 25 no thinning 2
A. mangium 25 stripe 50% 9
D. alatus, H. odorata,
A. mangium 25 H. ferrea, S. henryana, stripe 67% 10
P. macrocarpus, etc.
A. mangium 25 group sel_ectlon 13
thinning
- - open site 17
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Table 2 Descriptions of tree species examined at the Sakaerat Silvicultural Research Station. All species
are indigenous to Thailand

Fmily name Species name Distribution * Uses * Exp. Plot No.
planted
Dipterocarpaceae  Dipterocarpus alatus Inc!o_chl_na, Myanmar, the construction timber, 2.3.5
Philippines dammar
D. turbinatus Indochina lack of information 2,3
Hopea odorata Indochl'na, Myanmar, Peninsular timber as "merawan", 1,2,3.4.5
Malaysia dammar
H. ferrea Indochina, Peninsular Malaysia timber as "giam", dammar 4,5
Southern Indochina, Myanmar, copst_ructlon timber, ship
Shorea henryana . . building 2,5
Peninsular Malaysia
Leguminosae  Dalbegia cochinchinensis Indochina furniture, fine arts 3
Pterocarpus macrocarpus  India, Myanmar, Indochina construction timber, furniture 3,5
Xylia xylocarpa var. kerrii ~ Indochina, Myanmar construction timber, furniture 3,4
Afzeria xylocarpa Indochina, Myanmar various woodworks 3

* Derived from PROSEA (1994; 1998) and Smitinand and Santisuk (1981)
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2 v v
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Rep 2 Rep 3

Control Control

. . . A' r- . r .
A. auriculiformis auriculiformis

. A .
A. mangium mangium

. S. siamea
S. siamea

E. camaldulensis E. camaldulensis

Rep 1

A. qurigulifopmis
E. camaldulénsis

Control
A. mangium
S. Siaméa

"\

forest road Parking point

Fig. 2 The layout of Hopea odorata plot
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Forest road

B3P1 H H Replication 3
B2P1 H H Replication 2
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Fig. 3a Layout of underplanting four dipterocarps species under the canopy of
Leuceana leucocephala plots

Forest road
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Fig. 3b Layout of experimental plot (plot no. 3) (planting positions)
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Way of planting:

species of underplanting

1) 3 seedlings are planted in triangular

(original forest)

Mangifera indica (MDF)
Hopea edorata (DEF)

xylia kerrii

in one spot to obtain higher establishment

ratio of seedlings planted.

1:

2) Distance between seedlings are 0.8m.

(DDF)
Dipterocarpus terbinafus (DEF)

2
3:
4

Dalbergia cochinchinensis (MDEF)

5

(MDF)

Dalbergia nigrescen

o:

Pferocarpus macrocarpus
Afzelia xylocarpa

7.

(MDF)

8:

(DEF)
(MDF)

Dipterocarpus alafus

9:

10: Millettia leucantha

Fig. 4a One-Line-Left plot

&

¥
v A

C-

neudouf fudeafidudse Tond

FulfeaduIiiuThweuinlse

3N

atlalumsdSulasuanwaruh 1 la

i1fNTLlﬂ1]1JETiJ1]uiiﬁ’ MTHAIN



10 O 6

9 10

4

R, el NnesLed o020 -000N
WO=nul0-~08carons0ndN -

-l amronr N -rConro 0T o N~

10 10

5
6
9
8
7
6
5
4
3
2
1

2
3
1
2
3
4
5
6
7
8
]
1
2
3
4
5
6
7
8
]
10
1
2

10 10

10 9 O
8
Q
7
6
5
O
O
4
3
O
QO
2
1
O
Q
10
9
8
O 7
7
6

9
g
7
6
5
4
3
2
1
0
]
i}
7
6
5
4
3
2
1
8
9

9 10
10 © 3

1
2
3
4
5
6
7
8
9
10
1
2
3
4
5
6
7
8
9
10
5
6

NN T WL e~

N -

=2 B B =T I g

70O 7
10 8
9 9
8 O
7 O
6 O
5 O
4 10
O 1
3 2z
2 3
O 4
1

4

10 6 O
5
O
4
3
(@]

10 3 O 10 6
1
10
9
g
7
4]
5
4
3
2
1
2

)
Frool~nmrnom~on Sa
= - =

1
1
2
3
4
5
4]

O 2
o O
9 3
8 4
O 5
7 6
6 7
5 8
4 O
O 9
3 10
2 1
1 O
O 2
O 3
10 4
8 O
g8 O
7 5
6 O
5 6
O 7
A

O

3

o

Way of plant

z

species of underplanti

1} 3 seedlings are planted in triangular

{original forest)

Mangifera indica (MDF)
Hopea odorata (DEF)

xylia Kerrii

in one spot to obtain higher establishment

ratio of seedlings planted.

1:

2 Distance between seedlings are 0.8m.

(DDF)
Dipterocarpus terbinatus (DEF)

2
3:
4

Dalbergia cochinchinensis (MDF)
6: Dalbergia nigrescen

5:
T:

(MDF)

In this plot, seedlings were planted in the spots where

Prerocarpus macrocarpus
Ajfzelia xylocarpa

thinning for tending had been operated and tree had been

(MDF)
(DEF)
(MDF)

8:

died as well as in the spot where line thinning had been

conducted.

Dipteroecarpus alartus
Millertia leucantha

9:

10:

when rematning Am grows up to more than 24cm in DBH

whose pole could be used as sawn wood or 3

DBH

Scm in

whose pole could be used as plywood, the tree should be

thinned and thereafter seedlings should be planted.

Fig. 4b Two-line-left plot
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{original forest)

species of underplanti
Mangifera indica (MDF)

1:

o
15
e
Hﬂm
HAa s
eas
LY
=]
] g
=]
$8§
S g B
P -
8 5
=N
moEa
e o oo

Dalbergia cochinchinensis (MDF)

Dalbergia nigrescen

S

(MDF)

o:

Pterocarpus macrocarpus
Afzelia xylocarpa

7:

(MDF)
(DEF)

8:

Dipterocarpus alatus
Millettia leucantha

o:

F)

(MD

10:

o

Way of plantt

1} 3 seedlings are planted in triangular
in one spot to obtain hisher establishment

ratio of seedlings planted.

2) Distance between seedlings are 0 8m

Fig. 4¢ No thinning(control) plot
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Spacing1 m>X1m plot plot size 1 0mX20m 3 seedlings planted in 1 spot

201 10 1 10 1 10 1 10 1 10
1912 9 2 9 2 89 2 9 2 1§ area of forest opening
1|3 8 3 8 3 8 3 8 3 8
1714 7 4 7 4 7 4 7 4 7 — — 15Tm — —
16|]5 6 5 6 5 6 5 6 5 6 T T T
15|66 5 6 5 6 5 6 5 6 5 | 12m |
1417 4 7 4 7 4 7 4 7 4 | |
13|88 3 8 3 8 3 8 3 8 3 | ! |
0mi1z2|9 2 8 2 9 2 9 2 9 2 | 41m 65m | |
1110 1 10 1 10 1 10 1 10 1 355m |~ — pot [~ — [36m
10/1 10 1 10 1 10 1 10 1 10
al2 9 2 9 2 9 2 9 2 9 | |
&|l3 8 3 8 3 8 3 8 3 &8 | |
7la 7 a4 7 4 7 4 7 4 7 | |
|5 6 5 6 5 6 5 6 5 6 | T |
|6 5 6 5 6 5 6 5 6 5 | 6.4m |
al7 4 7 4 7 4 7 4 7 4 ) 1 1
s|ls8 3 8 3 8 3 8 3 8 3 — — 215m — —
2|9 2 8 2 9 2 9 2 g 2
11101 10 1 10 1 10 1 10 1
1 2 3 4 &5 F 7 8B 9 10

10m

species of underplanting
(original forest)

1: Mangifera indica (MDF)

2: Hopea odorata (DEF)

3:  xylia kerrii (DDF)

4: Dipterocarpus terbinatus (DEF)
5:  Dalbergia cochinchinensis (MDF)

0: Dalbergia nigrescen (MDE)

7:  Pterocarpus macrocarpus

8: Afzelia xylocarpa (MDF)

9:  Dipterocarpus alatus (DEF)

10: Millerttia leucantha (MDTF)

Way of planting:

1} 3 seedlings are planted in triangular

in one spot to obtain higher establishment
ratio of seedlings planted.

2) Distance between seedlings are 0.5m

Fig. 4d Gap area plot
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swauiuauysel : msfavnmaiialumslsunfeuanmaauth i ladid ifaduldduihnauindssneudreiug Ifitudesfidiuilss Tom 12



Im=1m plot plot size:10m>=20m

20m
2011 10 1 10 1 10 1 10 1 10
92 o 2 o 2 9 2 o 2 9
15/3 8 3 8 3 8§ 3 8 3 8 10m
714 7 4 7 4 7 4 7 4 7
6| 6 5 66 5 6 5 o6 5 06
56 5 6 5 6 5 6 5 6 5 8m
417 4 7 4 7 4 7 4 T 4
13! 3 8 3 8 3 8 3 8§ 3
20m 12|92 2 ©o© 2 © 2 o 2 9 2
11410 1 10 1 10 1 10 1 10 1
j1 10 1 10 1 10 1 10 1 10
12 99 2 o 2 9o 2 0O 2 9O 40m
§&l]3 8 3 8 3 8 3 8 3 B8
714 7 4 7 4 7T 4 7T 4 7
6|5 ©6 5 6 5 6 5 6 5 o0
516 5 6 5 6 5 6 5 6 5
417 4 7 4 7 4 7 4 T 4
il 3 8 3 8 3 8 3 8 3
219 2 9 2 9 2 0 2 9 2 20m
1110 1 10 1 10 1 10 1 10 1
1 2 3 4 3 6 7 8 g 10
10m
2m=2m plot plot size:20m=40m
species of underplanting
2011 10 1 10 1 10 1 10 1 10 iginal forest)
12 o 2 9 2 9 2 9 2 9 . . g (origin
1:  Mangifera indica (MDF)
8/3 8 3 8 3 8 3 8 3 8 2. Hopea odorata (DEF)
174 7 4 7 4 7 4 7 4 7 i -
6|5 6 5 6 5 6 5 6 5 6 3: wliakerrii  (DDF)
516 5 6 5 6 5 6 5 6 5 4: Dipterocarpus terbinatus (DEF)
1al7 4 7 4 7 4 7 4 7 4 5:  Dalbergia cochinchinensis (NMDF)
13l 2 &8 3 8 3 & 3 8§ 1 0: Dalbergia nigrescen (MDF)
129 2 o 2 9 2 9o 2 9 2 7:  Pterocarpus macrocarpus
1110 1 10 1 10 1 10 1 10 1 8: Afzelia xylocarpa (MDF)
40m 101 10 1 10 1 10 1 10 1 10 9: Dipterocarpus alatus (DEF)
12 ¢ z % 2 o 2 9o 2 0 10: Millettia leucantha (MDF)
&3 &8 3 8 3 8 3 8 3 8
714 7 4 7T 4 7T 4 T 4 7 Way of planting:
615 6 5 6 5 6 5 6 5 6 1} 3 seedlings are planted in triangular
516 5 6 5 6 5 6 5 6 5 in one spot to obtain higher establishment
17 4 7T 4 7 4 7 4 7 4 ratio of seedlings planted.
il 3 8 3 B8 3 B 3 8 13
2fe 29 2 9 2 9 2 9 2 2) Distance between seedhngs are 0.8m
I 111] 1 130 i 151] i 1'.:] ; 1;] 11[} for 20m=40m plot and.[}_Sm for
- 20m 10m=20m plot respectively

Fig. 4e Open area (1x1 m. and 2x2 m.) plots
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ulaanaanan 4

1Y S Y 4 a A = = a
ﬂﬂa@ﬂﬂgﬂwuﬁqﬂﬁﬂﬁﬂ']\i 2 FUA AD ALIAIUNDY (Hopea odorata) UASASIAYUYY (Hopea
S o a A .. Y A 1 9 a

ferrea) UATNANY 1 YUA AD LAY (Xylia xylocarpa var. kerrii) melaseuseaaiuthliinszaumm

= A [ a a 4 gldy A o’j a
81 23 °]_I Lwamﬂﬁa‘uaﬂymzmimitymuiﬂ (growth performance) ﬂl@ﬂwu‘ﬁqllllwu!,llﬂﬂ M 3 ¥UA
[ U { ' { a a I {
anan Nlgnmelazousenvoiny ldnwiyauTaaun (mature stand) (Sakai et al., 2011)
o A Y 9 = [ @ ' a %
mmumiﬂgﬂﬂaﬂﬂuﬂ W.F. 2550 mﬁmmmmﬂmm&lizEls",muﬂmixaumvn Tﬂﬂﬂ'ﬁ@ﬂﬂlﬂ'}ﬂ

9 am a . am A @ 9 I ' .

FLYTAWITLUUUDATY (free selection) uammaaﬂm”lu@amﬂuﬂqu (group selection) UVYUIAVD

wlasnaaoadazds Av 50 WA x 50 AT FATIUVBINITAAVENYITLEY (thinning rate) 1UMTAA

Aan . A A A 9o Wy .
VeNBIzee 17T free selection A0 33% WAz 67% ﬂjmwuwﬂummammwgh (Fig. 5)

P6 P5 P4
P9 P8 P7
P2 P1
P12|P11|P10
50m P3
Gap site

Forest road

Fig. 5 Layout of experimental plots (Three indigenous tree species planted in a mature Acacia mangium

plantation with different canopy openness)
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wilaanaaesn 5
o Myl A A v . A

naaolgnius Idiuiios 6 vila Usznoudle 819U (Dipterocarpus alatus) ALIAGUNDA
(Hopea odorata) AZINOUTU (Hopea ferrea) AIUAZUDI (Shorea henryana) ‘]Jimj: (Pterocarpus
macrocarpus) WagNQ¥ (dquilaria crassna) Melaamthlinsedunmmeny 25 I Tudou

' o @ as o <3| . . . ax A

unIIAY 2552 neullgn iimsdaveneszey Iaeasmsaauuuiluuey (stripe thinning) tagITaen
o Y < ' . .. ax o | = ax A o )
m'lm@mﬂuﬂqu (group selection thinning) AMsaauuuIutauil 2 35 Ao dauIULnD (one-
row-cut-one-row-left) 15080 1351000 50% HazdATWDIAUNTWDD (two-row-cut-one-row-left) 30
@ { ] I 1
dalifoon 67% wilasiidenda lfvenilunquivuiauilas 50 was x 50 wAs (2,500 M151WAT)
Taodszina wagduiumsgnitug 1 6 wila denan Tudeuiquien 2552 TasuSeufeuiy
mslgnneldisouseavesaiuth ldnszdummnlilddaversszoy (ulasnrugu) uazalgnlu
g ~ 1 9 d' =l ~ @ [ a a o 4 9!; A [ 1
Auinlawds monfSeuiousasimsseameuazanyuzmansyan Taveaiug inuiloswenar

(Fig. 6)

rd ® ® 8 ® 8 8 & @& & @ @ * & & & | % ®* & & & e|[® * & & & & | R
Kt ® ® & & & & 8 & & & 8 @ & ® @ @ & | & = 5 . 8 @8 = ® @& @#| rn
mod| ® ™ * . @ * ™ * ™ * ™ * e & 3 P 8 = . & . . = 8 L] * @ . 8 ® | &0
rt) @8 & @& @& & & & & & = 2 @ e ® @ [ I N ] . & L] LN T L] LI LI . Re
Wy ® @ @& @ & & e & & & & @ e ® 3 8 ® #|® * 5 & & e|® * 5 8 @ ®| w
rot| ® Ld Ld Ld Ld Ld Ld Ld L L L] - F [} Y . . . Y [} Y . - - ™ . & » - . R
B8 & & & 8 & 8 B B 8 & % 5 & @ @)% ® 5 s 8 e|® ® & & e o m
Mo & 8 0 & 8 0 & 0 @* e o CIN ] B 8 #|® ® 3 8 & s|® ® 3 s & ®| w
bkl I ® 2 8 & #|® ® 3 & & e |® ® & & e e w4
roy| ® L] * L] * L] * L] L] L] L ] * . ® M M s . s ° ° ° ° ™ ° . ° ° o
RO L ] L ] L] L ] L ] - L ] L ] L ] L ] L ] L ] . ® ° . - ° . ° ° ° - ° . s ° ° -
mm| ® L - L - L - . . L L] -
Ri¢ - . - . L J L ] L ] . L ] * L ]
we| ® @ . @ . @ . @ . » . @
Open site
Ris{ ® L] L L] L L L L L] L L
wl 8 & & & 8 & &6 & 6 8 & ® Ho AzIABUNDI (Hopea odorata)
R ® & & & & & & & & & & @ * Hf zaguhiv (Hopea ferrea)
@ ShtAes (Shorea henryana)
. . ¥ Da#niun (Dipterocarpus alatis)
Thinning plots, No thinning plots )
and Gap area p|OtS ® Pm ‘]J‘isg (Prerocarpus macrocarpus)

® AcigEan (Aquilaria crassna)

Fig.6 Layout of underplanting six indigineous tree species under canopy of Acasia mangium
plantation

. : . . : :
swauiuauysel : msfavnmaiialumslsunfeuanmaauth i ladid ifaduldduihnauindssneudreiug Ifitudesfidiuilss Tom 15



a v
Nan133ve

¥

a a U Y A A
mﬁmizyzmﬂﬂuaxmsﬁaﬂmmmwuﬁ‘luwumm

Q
v

mlasmaash 1 nasesgnlinzifeunes maldiSeuaeasiuglshiinihiidhniuglila
G A A s Y a d a (v a
153 Ae Aaniy nazduasen vazgaalda annagauda
1% = a a Y 1 4 o 9 Y
menaamsilgn 2 U mswsadu Tamaunaduiiguinanddunazaugaueanal
= A da' < § { '
IiaziRounssidgnmeldisousen ldamantn ( S siamea) wazlgnluiiuiTacude (uilas
S 1 { a J a 7
arunn) Tawnnilundasidgnnieldifousen linszdumsen uaz Idgaadda vuia
1 J A @ 4
idudgudnaaiszaven (DBH) uazaugevesldazifounos ot w.a. 2550 @u'ld
919 17 1) Tunlashfiszezilgn 2x8 w. Guua Tdundvwalneg) drundasiiiszezilgn 2x4 w. i
Y 1A <3 A 9 = = = ' 11w Y YA o A & 9q 9
wr Ty hdvnaan We lfazi@eunesdiong 171 wua ludwiug 15 ousoaduuniidu 114
1 a @ SN Vg Y1 A 1 a a
U (nurse  tree)  aztuwiiala szozilgnvesiug 18 1¥TuiinanensnTaduTanauua

1 J o
idurgudnandIdu tazanugeues liaziRounes (Table 3)

Table 3 Change in stem diameter and height of Hopea odorata planted in fast-growing tree stands.
Means of three replications are shown.

Nurse tree species | Spacing of the Dso(cm) DBH(cm) Tree height (m)
urse tees 1992 1994 1995 2007 1992 1994 1995 2007

Eucalyptus 4x8 11| a y | 19 y | 24 y | 5.8 z |1.06 y | 125 z | 155 y |509]| ab y
camaldulensis 2x8 (thinning) | 10 | ab y | 18 y | 26 y | 6.3 y |1.04 y |127 y | 168 y |53 y
x4 10 | ab y | 16 y | 21 y | 57 y |1.04 y | 117 y | 139 y |43 b y
2x4 (thinning) | 0.9 b y | 16 y | 22 y | 59 z |1.01 z | 115 y | 141 y |49( ab z
Acacia 4x8 11 a y | 18 y 22 y | 58| ab z |116| a y | 159 yz | 1.66 y |49 a y
auriculiformis 2x8 (thinning) | 1.0 [ ab y | 18 y | 25 y | 67| a y |1.07]| ab y | 147 y | 184 y | 62| a y
4x4 10 | ab y | 14 y | 17 y | 39| b y |111] ab | xy [127 y | 136 y |331| b y
2x4 (thinning) | 0.8 b y | 14 y 18 y | 38| b z |1.02| b z |120 y | 148 y | 347 b z
Senna siamea. 4x8 17 a | x |42] ab| x | 54| ab | x |108| b y |14 X | 254 x | 349| ab x |966| bc X
2x8 (thinning) | 19 | a X | 50| a X | 66 X | 144| a x | 1.47 x |298 x | 416| a x |13.60| a X
x4 15 b X 38 b X 50| b x | 123]| ab x | 1.40 X |251 x | 343| ab x |116]| ab X
2x4 (thinning) | 16 | ab x | 37 b x | 48| b X | 88| b y | 1.56 X | 241 x |317| b x | 757 ¢ y
Nu nurse tree Block 1 15 x | 39 x | 56 x | 134 x |12 y |225 xy | 312 x |11.78 X
(control) Block 2 16 X | 45 x | 60 X | 148 x |1.36 x | 250 x | 350 x |13.14] X
Block 3 17 X 49 X 6.3 X | 139 x | 1.29 xy | 262 x | 355 x |11.90 X
Block 4 17 X | 46 x | 63 x | 127 X |1.42 x | 267 x |371 x |10.14 X

Two-way ANOVA Spacing ns ns ns il ns ns ns kil

Species ok sk stk ek ok sk sk e

Interaction ns ns ns ns ns ns ns *

Y o ¢ A
ulasnaaesh 2 naaesdgniuglireders 4 vila meldiSeuseaaiutlel
a o d
nyzauding
@ @ 3 A v Y 4 ;I a A 9 = 9
MenaIMsdaveeszoziiumal 20 weu Wug KeAeeNs 4 wiia e TiaziAsune ldeg
w1 Tenaanas 1iReunzues NugnTumlasdaveneszes 100% waz 75%  HuudTduseanis
AL I 4 A % a a 9 9 ] 4
g edesilgnTuulasdavensszes 50% msnigau Tamsdmnnadurgudnaig
o Y A o A dy a o 9/ 4 qsal A A A o o
arduiszau 30 wu. uaz 1.30 v, milenuanvewiug lddensis 4 siiangnlunasishnsda
= 9 a a = ' A o 1 v '
VNBITEL 100% Loz 75% Huur Tiueigan Tadniulasndaveneszes 50% ag1gany uanilag

NARveIeIzez 100% taz 75% liuanaienu msnsyau Tanauanugaes ldazifeunes
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= A o a A o '
ﬂﬂ@,ﬂ“luuﬂawmmmmwz 75% 1ag 50% ﬂmfluuﬂawsﬂﬂmsnﬂizﬂz 100% (Table 4) L&)
1 <3 [ o SN Y 4 1 a = o A Y a o
@EJ'NllﬁﬂﬁnJ fm31m'iseﬂmfﬁuaﬂwuﬂmwmumawuﬂ Mﬁ'llﬁﬂ’lﬂﬂﬂ‘ﬂﬂﬂ'ﬂuﬂ?ﬂ D1NIYU
o o A o WY 1 o o o ) o A
ﬂ']'i‘U'lﬁq\‘ﬁﬂBTLLﬂﬁQﬂﬂﬁﬂQﬂﬂ?ﬂﬂ?qﬂUl‘MﬁiJ']Lﬁ"JJ@ﬂ'JﬂuVIqﬂLL‘]JaQ IﬂﬂmWTZﬂ"ﬁLLN'}ﬂN'J“D"Wslfﬂ'lflalu

seey 1 Jusnmenaimsign

Table4 Mean Stem diameter height and survival rate of Dipterocarps seedlings at 20 months after thinning

D. alatus D. turbinatus H. odorata S. henryana
Treatment |D30] SD | Ht | SD | SUR| SD (D30} SD| Ht| SD [SUR| SD | D30| SD | Ht | SD | SUN SD | D30| SD | Ht| SD | SUR SD
(cm)] (cm)| (m)| (m)| (%)| (%)| (cm)| (cm)| (m)| (m) | (%) (%)] (cm)| (cm) (m)| (m)] ()| (%)| (cm)| (cm)| (m)] (m)| (%)| (%)

100% Thinning 6.21 1.06] 2.81] 0.26[72.23 9.62| 3.30] 0.90f 2.20( 0.48|52.74 4.81] 4.41{ 0.32] 3.38| 0.21|86.1] 4.81] 3.65] 0.46| 2.82] 0.34] 63.8926.7
(clear-cutting)

75% Thinning | 7.40] 0.15[ 3.31] 0.11{83.3322.0% 3.26] 1.16] 2.21] 0.58/80.5¢ 12.74 5.34| 0.80] 4.03( 0.53| 72.2417.3% 3.37 0.55] 2.51] 0.71} 75.00 16.6

50% Thinning | 6.19] 0.70[ 2.92] 0.53(55.5¢34.69 2.30| 0.87f 1.60| 0.57|55.5437.59 4.27| 0.41] 3.60( 0.04}61.1139.3§ 3.10{ 0.25| 2.47] 0.39)61.1]31.5
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Fig. 7a Mortality rate of 10 indigenous tree species in one-line-left plot
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Fig. 7b Mortality rate of 10 indigenous tree species in two-line-left plot
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Fig. 7c Mortality rate of 10 indigenous tree species in no thinning (control) plot
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Fig. 7d Mortality rate of 10 indigenous tree species in gap area(selection group thinning) plot
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Open area (1x1 m)

O Afzelia xylocarpa Dalbergia cochinchinensis Dalbergia nigrescens
(32 Dipterocarpus alatus H Dipterocarpus turbinartus [l Hopea odorata
=] Mangifera caloneura M rsittettia teucantha [ Pterocarpus macrocarpus

[ | Xylia xylocarpa var. kerii

o~ 50
g _
§ 40 :
3 | _
g ¥ é
z 20 ;
E 1 ;
g nzhy
0 - T —
6 10 17 22 29 35
Age (months)
Fig. 7e Mortality rate of 10 indigenous tree species in open area (1x1 m.) plot
Open area (2x2 m)
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Fig. 7f Mortality rate of 10 indigenous tree species in open area (2x2 m.) plot
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Fig. 8a Relative growth rate (diameter and height) One-line-left plot
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Two-Line-Left
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Fig. 8b Relative growth rate (diameter and height) in Two-line-left plot
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Fig. 8d Relative growth rate (diameter and height) in gap area (selection group thinning) plot
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Open Area (Spacing : 1x1 m)
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Fig. 8e Relative growth rate (diameter and height) in open area (1x1 m.) plot
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Open Area (Spacing : 2x2 m)
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Fig. 8f Relative growth rate (diameter and height) in open area(2x2 m.) plot
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Table 5 Stem diameter (at 30 cm above the ground) of the seedlings at two and a half years after planting

Treatment Plot Hopea odorata Hopea ferrea Xylia xylocarpa var.kerrii
Mean (cm) SD Mean (cm) SD Mean (cm) SD
Control 1 1.53 041 cod x 1.30 023 cd vy 0.76 0.19 d
4 1.73 040 cd x 1.55 021 be xy 1.35 0.55 cd
7 1.10 029 d x 1.16 0.16 d «xy 0.70 0.40 d
1/3 thinning 2 1.99 049 bc x 1.54 029 bc vy 1.52 0.65 bed
5 1.93 044 bc x 1.38 035 cd vy 1.45 0.72 bed
8 1.36 036 cd x 1.35 019 cd x 0.76 0.23 d
2/3 thinning 3 2.62 072 b x 1.82 038 b vy 2.38 0.95 be
6 2.13 0.68 bc xy 1.71 030 b 'y 2.46 0.85 b
9 2.00 0.60 bc xy 1.63 049 bc vy 2.15 0.72 be
Gap 10 3.46 1.57 a x 222 038 a vy 427 1.72 a
11 4.27 152 a x 2.32 044 a vy 4.86 1.84 a
12 3.67 .11 a vy 2.16 047 a z 5.19 1.66 a

Different letters to the right of the numerical value indicate significant difference at 5% level: a, b, ¢, d and e among plots in

each species, and x, y, and z among species in each plot
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Table 6 Height of the seedlings at two-and-a-half years after planting

Treatment Plot Hopea odorata Hopea ferrea Xylia xylocarpa var.kerrii
Mean(cm) SD Mean(cm) SD Mean(cm) SD

Control 1 141 36 cde vy 170 33 e X 48 21 e z
4 162 36 bede y 205 45 cde x 92 53 de 'y
7 114 34 e y 179 43 de X 40 23 e y

1/3 thinning 2 173 39 bed x 200 40 cde x 103 57 cde vy
5 168 42 bede x 168 53 e X 98 66 cde vy
8 127 48  de y 193 34 cde x 47 21 e y

2/3 thinning 3 208 57 b X 220 59  bed x 158 68 bed x
6 196 52 be X 225 61 abc x 193 85 b X
9 183 42 bed x 212 69 cde x 167 56 bc x

y

Gap 10 271 104 a X 275 46 a X 295 108 a X
11 312 102 a X 267 60 ab X 332 118 a X
12 289 75 a y 264 61 ab y 360 88 a X

Different letters to the right of the numerical value indicate significant difference at 5% level: a, b, ¢, d and e among plots in

each species, and x, y, and z among species in each plot
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Plot A (thinning 67%)
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Fig. 10a Mortality rate of 67% thinning plot
Plot B (thinning 50%)
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Fig. 10b Mortality rate of 50% thinning plot
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Plot C (Control)
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Fig. 10c Mortality rate of no thinning (control) plot
Gap area
Hf [ Ho M Pm & sh

25

20
> 15
S
()
I 10
2
s 5
S
=

0

Age (months)

Fig. 10d Mortality rate of gap area (selection group thinning) plot
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Open area (Plot A)
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Fig. 10e Mortality rate of open area (A) plot
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Fig. 10f Mortality rate of open area (B) plot
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Plot A (thinning 67%)
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Fig. 11a Relative growth (diameter and height) in 67% thinning plot
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Plot B (thinning 50°%%5)
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Fig. 11b Relative growth (diameter and height) in 50% thinning plot
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(control)
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Fig. 11c Relative growth (diameter and height) in no thinning (control) plot

37

; :
fug Idiuiiesiifiulse Tomi

il laeau i hnauidszneudaen

g
3N

FANEAEN

aguanInaIuy

=

adalumsiSun

'

FINUAVVANYTA : NITWAUUN



Plot G (Gap area)
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Fig. 11d Relative growth (diameter and height) in gap area plot
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Open Area (Plot A)
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Fig. 11e Relative growth (diameter and height) in open are (A) plot
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Open Area (Plot B)
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Fig. 11f Relative growth (diameter and height) in open are (B) plot
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Fig. 12 Initial survival rates of the in various light conditions in the experimental plots at Sakaerat Station
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Fig. 13 Initial height of the indigenous tree seedling in various light conditions. Legends are as in Fig.2
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Fig. 14 A schematic diagram indicating suitable forestry operation (light conditions) for each indigenous tree
species. The asterisks
(*) show tree species that could be planted in an open site
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