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ABSTRACT

The purposes of productivity increasing techniques for teak plantation project were
to study the various techniques of increasing productivity in teak plantation: such as thinning,
low cost regeneration by coppicing, soil Improvement and clonal selection in the Northeast
region, This also includes the improvement of yield prediction tables of teak plantation in the
Northeast region of Thailand. This study was conducted in teak plantations of privates,
farmers, Forest Industry Organization and experimental plots in the Northeastern Seed
Center, Forest Research and Development Bureau, Royal Forest Department

The study indicated that thinning helped to improve the growth and yield of stands
likewise individual tree size and tended to have positive effects on stem formation. The result
can be clearly found in the early stage of thinning. The coppiced regeneration after last clear
cutting resulted in higher growth than replanting. Management by leaving only best 1 sprout
is better for the growth and stem formation. Coppice is another alternative for low cost
management especially in the first stage. For planting teak in the Northeastern region, the
clone number 3bb / 38 showed especially good performance in growth and stem formation.
The soil improvement methods showed that the plots with both dolomite and chemical
fertilizer offered the greatest teak growth, both DBH and height. The Gompertz model
provides the yield prediction highly precise and accurate values than other models. This can
be used to create a teak yield table in the Northeast of Thailand.

The results of this research can be used to promote teak plantation and teak forest
management, especially in the Northeastern region of Thailand. It is expected that these
techniques can be applied by the owner of the teak plantations to obtain better economic

return, including expanding area of the economic forest plantation in Thailand.

Keywords : Teak Thinning Soil improvement Clonal test Coppice Yield prediction table
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siniladuiansdindainen uazmaiiantRataondandu fadedondalind 01g (age)
@mmwﬁ/uﬁ (site quality) SfadaiRgnfiufn (soil variable) ALY (3 (stand
density) Tasea319amang {3 (stand structure) n3UfuAn9audmuanan (sivicuttural
treatment) WaTANELaadAU(H (tree characteristics) (Clutter et al., 1983)
nngUgnaswaaiidn i sunmameiidulasenistng Snnadiiunisadag
soinaEnlud w.e. 2485 Tnensnun (il (Sauag, 2535) uilugaeszazioan 60 N9
HuNn n1sAneIntsasayvlnuasnandnesaautn iEdn Aldunnin Taeaniznng
IANEWANTNHANES (Yield table) anLfiash (2535) HAnuwanAnvasaau(danong
faust 9-63 1 Tunnamilesasszmatne sianadnangnanERE Tz ndnseg Ty
prngeuazlinnnguiianiy 30 8 udiudadinuaron e (sie qualiy) 8 site
index curve wiaaniflu 5 site A 14, 17, 20, 23 LAY 26 WAT NANARSB (SBIEWIN (5
fnlunranilarasdssnanefinnazsidelssannlfarnansnanan Wel¥sey
NYUALY (rotation) 60 T ¥849 site index 14, 17, 20, 23 uaz 26 T flusuns i Aend
vinduRuanlfvindu 25.85, 30.16, 33.90, 37.40 uar 41.48 gnuiAfinnTsels
anasy peelsfinne nnaRnedenataFsiunnaaissaslaainga 20-25 1
H1UAD uazyinnaRnEN R aauanTaenTNUN iy
WIHANA wazAnY (2555)T@]’ﬁﬂmoﬁ’%ﬁ%mmmwmmﬁ”uﬁ (site index) WAYHAKNAR

ga9Eantn HanAssnTaanlng 1Tl w.A. 2526 Tagn19fuIana HaIudn 9 aau &9
k1
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)

AW ATnneliAEgaRAne [iifloany 30 T iiudiiduannimuunats wdauL
annifii 5 uaoinin e 1@aman 189 Uunans A uazinan (@ sie index 1 10, 15,
20, 25 uaz 30 T AHAIAY) uazlHdRvinanTeHANARIBIEILN AN ATy s e
fausd 10-60 # Tnausnoanmudeiiuguninassiuisasaoui HdnTagianagd
Fodndntnefilazananisld iansusaudniiu 60 1) Tudugonimdusiaannnied
AN MTAFTGA BanudnfuFanm sadiu (Radiunilaildan) iy 51.68, 116.47,
181.24, 246.13 uaz 310.91 gNUIANNATABLENUATATNAGL

Ardddpdnldl anzaumand snidveideineasaiand Hiintsaisaauss
Uszifiunananneaaut aeAntsgaamnassn (i Tl w.e. 2538-w.a. 2539 Tagyin

nM9R19997RANWE (6 9 ofim (Hun 40 gaRUFE (Aanaguands) Uszg e 819wnan
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azfien anAnnunes nsziindny uaznsyfiumnn sl esesdnisgaannga
05 47391 58 #9% UUAIF1599 933 UWURY WAFINITOTARE AT IHANAR [FLAE 3
¥ilp fio a0 gAIAUGE uaziazg (guiRduin(i, 2539)
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(1995) (§19lme Bermejo et. al., 2004)

2. NNFARIYBTEYY
o/ . . @) a oo o/ a dl o o/ d! dl
A139inee1gsze (Thinning) un1sUJuRNMINdmUdne A dAtyUssn1anilei
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Tumandn GanTmd uazAmiy, 2550; WIW3I04, 2545(n), 2545 (1)) TIN19ANEIT
AN B RN UL LNTTT AN T AU LN AN AT TN AN NS N R AN A D9 (3

& Ao o ° A o ! [ 2 A o v
TnSanandguaninmalulaginsnaiuneunsginuasnsidimung §iisadesuaziaule
ey st

fimsnRnsRnunsiinnandnes Finaeein lnenisi#nisu sl nan

A )

AnFisinerin 1w ngUsudseRnlunlasgn(il ganAUsa annnaguands (aume, 2528;
gyiaqa, 2529; Wef3, 2530 uar wgy3, 2539) n19U5udgeanluliinseiinnsd (gasam
wazAny, 2534) NaUulgeAnuliinssfiummn (93 uazanz, 2542) nsdiulgeRinty
wiasgn{#ian (Binchao and Jiayu, 1995)

1 @ o a d A a o/ v £
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UseRNFNNAIT EN A (HATIN NN 9AAanae WS TR fY eluameifssandanan
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LLN%ﬂ"IﬁWﬂN@QT@ﬁﬂWiﬁ‘?ﬁJﬁ?‘QﬁuTufﬂ%@’]ilﬁﬁﬂﬁN’mﬂWﬁﬂ%ﬁﬂ‘g@ﬁ%tﬁ@ﬁﬁ’m’ﬁwWMN
Augedind (clone) Aumnsinarin wudnliiusazansinginouaassionisdanisanisniu
yinlianunsadmdonysfnll aeiug uazmsdaniauiimnzan ianiniusaziie
Tiuazazlagnisdremeamaluladfnaiagnguitamunsifiefiad ssansainuas

UszdnBnasianisugnadamfiwsugiaselTueuan

4. NIVIAEaULHN AN

v v 1
o ¥ A o

o [ v @ ¥ a ! A ¥
maEWg [ I n ey gfiaun dosfauaunisuaziunausineg e lH

naWnLg i Tvfnns M s TeniFegnediedin Seauaunissng q @odl (Figure 1)

Infusion
Population

Deplovment

Seed Clone
orchards testing

Improved Clones for

seed for plantations
plantations

Base
Population

Crossina

Breeding
Population

Figure 1 Activity cycle for tree improvement
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1) A5ANEITIRFIEAST (biogeographic) N19NTLINYWHT N1TDENABNDBNNA
wazgRtfeyayiasinulunisugnuaznis sz o]

v
g 1 o

2) nafumEanEofeiig Aidudaunirasumasnianszaneiugeing g Mauns
sanrRLazunasTiniLg [lUgnauiuunseiugnassdusntin (and race)

3) NNEANEIAIHLANANSTDINUEIINUIRIFANS 7 F9d N oL Fouguidnen
(morphology) N15ta3eyifiu e anuaeni9a353nen (physiology) Lazhu 7 Tgnisfinun
NARDIENY N AN IEewnzgn Tuulamaaas@iusadia (provenance tridl)

4) Na9AEE19g1RUgNT5H (base population) Baifiudandrdnyrasnisiulge
W[ (tree improvement) TaggnuiugnssnA23 R AL IHNAINNAIINIIRNGNIIHAIN
uwsaugnaandin e lndunausdaly

5) N 19U3UL59RUELH (tree improvement) Liudupaunisfndeniuguaznay
wuglasaduiutiuaees (cyce) iaWimeiuginoningsuluusiazn (generation) Tg
Tudunaniazduaas(cycle) Tun1sAmdnn i uasnan WU (selection and breeding)
e W lHmeiis AR AN o ARauana ot e wulnda Sasmsmnwhade
9 FilaAuazuNes WanzanAURAIWRA LA L

=

6) N1auNN I USy lemingn9siin F9ee dnn9annisaaulnasnig o muaa

1
o/

Walidnnsugnaaun HeilailFednedsdn
F9UTEMINANINNIAHNTZUINA 9 FInaa azfiasiinisidauasfiansss
aiuan We kRN sz lenlandaniugnasaii Fadouaznaimmn i [T
1 =\ a a o/ dl o/ o/ = - ildld o/ dd‘ o
agefvaz@vEnn n1sfinendduifeatunsdndeniug Findauane o Aiani
Ugnluiniisine dednudinfianssndndaisznismileensnisusudqeing i newdies

Tgnszuannisnszanadasingnasnunild (germplosm diffusion)

[ o/

AranasaURdlEl (clonal test) WiniumnaudAyiuaeunilulasanisUsul i

q

|
vYaA o

Tan lesannuallsl (plus tree) Airun1sARERNIIN axn90duTudnudnlEnddnu s

D oDe

THiRgsdnEmizANguan (phenotypically superior tree) Winiu B9aNBMLAINA19019LAA
INENAILIAFBNAEUBNTIaNea NNz aNiUNMSIe s AL IneeesulEFuiug

TrlManuoneiugnssufiavdnanenlUggnuald Fsiaansniufiazfiosiinis

NP { @

naaeuus [HdaEenu L dnyaeiilsngiindnenenisiugnssavialld las
nnsrgreRus LU Hendawaesual[ffiunnsdmaan uaninldugnTuiiesiing

FNINUIARBNANTY (BAYF, 2528)
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Fuandudu A ANy e RAEA NI DA aNB1M79 (3 W nufaauladumdn

o o

wislanioin uazdindsunisdeanfiudnaulfiagionnn nsfiavasandinlfigadiacla
TungiuUBnme s lumifiaran(3 aelifinistiselomiannanuazilunisdnga
pandudsnUulaudn wanaiidagasainuiannisfiaauangniwlndunsdou

a

madulnliainans nsfisdiunnsefistiausnnliaaen sallunissulqesaudn

v 1
v adAdAx v S8 A

o a [N @) A PN v A
AoeAERFefinsdiinBane (geainaulazinasldifiuntsiv) \ugUan ggniafinasdn fe

1.
v AA

QAWMINDUAUAN e AU N YN T E R FTAT (A UHILSN B9 TunsasnniginE

k1)
!

o @ | Y o A =2 ad dK'EQJ o v A a Aa ‘[ 1 I
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(6978, 2535)

1 v o = o/ o/ as o/ 1 4
N1TLANNUBYDI HANTLANINNAINTTAANUULULATN1TFANHA B89 (3HATN
ANTHATNI0 NS LANAHENAIIINF AL ce RIS ANISANEYI AREIS AN 19
ARTUUNI99ANTg [HiEaugan 2 FuluaaudnHanuauins Wasann Handulbifiuen
e (Coppice) (HRmnMAsN1asinTil Ain asnsausnvialnd i 100% (Ueayaed uazaou,

=

2535) wagniadautnajiadodulnliiZannn wialfidneny 10 9 AlaSafiqn a:d
AU gugnanefle 6.8 aufiuns uargefigaily 6.5 ins lasifinanaadf
sngudnanafiesen 27.5 wufiiung (@udn uazans, 2518) aniniada Hantuan
yiatnal finaifiunnsdamualiinogeaniinumuliaiu 60 wfnns uasiudniiiessundn
Fuuuid mafiduringudnanoiesanyazanns 30 wufuns (Eotazann 20 ) 5989
FailtuliadadoutosdonEungun uazniandonisiniiuazdiasios il tilEna
DE1993999498)

mafnEnnsusnyanesFdnTuaanaanlaau (Clone bonk) THANTISMARgYEG
94 Thueksathit (2006) wud1aan 71 Tnauliidn 5 suduuaniisidnanimlunisunnmion
fgalaud Tnaufinnannusly a. und (VI00) 919 uazusivam 2.841119 (V34) 989 9.un4
(V126) TIuds 9.9 (VA9) uazans a.uns (V118) lnaauinupans Biflaauauiusg iy
ANEATNBINITUANTHE2BIUARE AR zﬁqusﬁuﬁmﬂﬁwﬁmLc?mfmmmiﬂfﬁﬁ’ﬂwudq
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Aearunwudn fanaengeunnsteiued wideddgneadin (P<0.01) uddnTuisnans
FAnnadnnsuuutiuanmisasinaf udesmainiiseudniudgwde Fuandna
HANFU AT LLﬁ@ﬂﬂﬂﬂiﬁﬂEﬁTuTﬁﬁﬂWUdﬂLﬁﬂﬁ@’]ﬂﬂﬁﬂ%‘l&ﬁ"lﬂqqﬂLLG]ﬂGh\‘iTuﬂ’]i
WityRvlnssndneduilifineinmaunniiauazainnani FeinnstingndAnanas
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1gn 43019 uazAmmnUNTEnzasresnIaRnasnesrey 9zyin i FnTEAfaun
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vyAeudna (U naannnisdsulaasnanandnees Hanazgaalunisansununisdnnis
anulindngniiesuasisnzas GeazyinlidnaniandnuazaonineasaaulnlHan
G ﬁf]TﬁLﬁmd@rﬁhLﬁwwmeiﬁ@ Aaunnnf (flow chart) LLN@NﬁNT"ﬁNﬂ@ﬁ’WﬁTﬁ@’m
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UIHUNBAITUART (late thinning) @W91s 3 uris Se BT nNsANiuNITANINTmUAS |

A19AATY NaUNITMARBIARIENYTYEY FOTU7 B1eLlevinn1avaaey sraslgniaasiy

wazIeyAaeIlIINgaN Table 1-1

Table 1-1 Details of experimental plots of thinning project

No. Location Age Initial spacing Treatment
(year) (mxm)
1 Den Dan Plantation, 6 2x4 3 treatments :
Mueang District, Uttaradit - Unthinned
Province (Tha Sao Co.,Ltd.) - Moderate thinning (~30 %)
- Heavy Thinning (~50 %)
2 Terd Damri Plantation, 10 2.7x2.7 2 treatments :
Chai Badan District, - Unthinned
Lopburi Province - Thinned (~50 %)
(Mr.Boonpen Nuanchawee)
3 Suwan Khuha Plantation, 15 2x3 2 treatments :

Suwan Khuha District,
Nong Bua Lam Phu
Province (Mr.Sonthaya

Wannakul)

- Unthinned
— Thinned (~40 %)
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Table 1-2 Stand characteristics of Den Dan plantation before, just after 4-year and 5-year

after thinning (mean + S.D.)

Treatment

Before thinning Unthinned Moderate Heavy
Stand density (tree rai™) 196 + 058 b 95 + 100 ab 193 + 1.00
Mean DBH (cm) 999 + 100 a 1015 + 106 a 1033 + 0.81
Mean Height (m) 1044 + 144 a 1094 + 131 a 1101 + 1.00
Stand Basal Area (m?*rai”) 160 + 030 a 163 + 030 a 168 + 023
Stand Volume (m® rai™') 925 + 235 a 964 1+ 238 a 994 + 179
Just after thinning
Stand density (tree rai™) 196 + 058 ¢ 123 + 898 b 81 + 4.04
Mean DBH (cm) 1082 + 087 a 1HB8 + 058 a 1217 + 034
Mean Height (m) m17 + 132 a 1245 + 048 a 1254 + 024
Stand Basal Area (m?rai”) 188 + 028 b 133 + 021 a 093 + 0.12
Stand Volume (m? rai™") 1130 + 240 b 840 + 149 ab 595 + 0.78
4-year after thinning
Stand density (tree ha™") 174 + 586 ¢ 120 + 1101 b 79 + 6.1
Mean DBH (cm) 1249 + 045 a 1316 + 070 a 1450 + 0.18
Mean Height (m) 1283 + 037 a 1342 + 089 a 1395 + 0.1
Stand Basal Area (m?rai™’) 202 + 017 b 162 + 026 db 131 + OMN
Stand Volume (m? rai™") 1015 + 101 db 1419 + 328 b 891 + 072
B-year after thinning
Stand density (tree rai’" M6 + 2120 b 93 + 19.60 db 71 + 3.61
Mean DBH (cm) 1309 + 022 a 1360 + 046 a 1488 + 0.2
Mean Height (m) 1339 + 015 a 1358 + 083 a 1432 + 0.17
Stand Basal Area (m?rai™) 161 + 035 a 140 + 038 a 126 + 0.08
Stand Volume (m? rai™") 839 + 1.80 a 108 + 342 a 837 + 048
Thinning ratio No. of tree (%) 0.00 36.91 58.20

Basal area (%) 0.00 30.18 51.73

Remarks : Letters signify individual statistical differences among treatments in each
measurement time, based on the ANOVA test. The treatments marked with the

different letters are significantly different (p<0.05)
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Mean basal area (m? tree!)

B Unthinned BModerate thinning B Heavy thinning
0.020

0.018
0.016
0.014
0.012
0.010
0.008
0.006
0.004
0.002
0.000

Mean basal area (m? tree’!)

Before Just
thinning  afterthinning

4-year S-year

Remark : Letters signify individual statistical differences among treatments in each measurement
time, based on the ANOVA test. The treatments marked with the different letters are

significantly different.
Figure 1-1 Mean basal area of Den Dan plantation before, just after and since 5-year after

thinning

Mean stem volume (m? tree!)

B Unthinned B Moderate thinning BHeavy thinning
0.160

0.140
0.120
0.100
0.080
0.060
0.040
0.020

Mean stem volume (m? tree!)

0.000

1-year 2-year 3-year 4-year S-year

Before
thinning  afterthinning

Remark : Letters signify individual statistical differences among treatments in each measurement
time, based on the ANOVA test. The treatments marked with the different letters are
significantly different.

Figure 1-2 Mean stem volume of Den Dan plantation before, just after and since 5-year after

thinning
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Table 1-3 Stand characteristics of Terd Damri plantation before, just after and 5-year after

thinning (mean + S.D.)

Treatment
Before thinning Thinned Unthinned
Stand density (tree rai™") 187 + 2.65 180 + 1485 ns
Mean DBH (cm) 12.81 + 0.20 11.88 + 052 ns
Mean Height (m) 13.47 + 0.19 1256 + 035 ns
Stand Basal Area (m? rai™') 245 + 0.07 207 + 053 *
Stand Volume (m?® rai™) 16.31 + 0.21 13.25 + 137 *
Just after thinning
Stand density (tree rai™) 83 1+ 3.61 180 + 1513 ¥
Mean DBH (cm) 13.24 + 0.33 1214 + 055 ~*
Mean Height (m) 1390 + 0.42 1171 + 094 ~
Stand Basal Area (m? rai™) 127 + 0.05 215 + 022 ¢
Stand Volume (m?® rai™) 856 + 0.38 1409 + 154 =
5-year after thinning
Stand density (tree rai™) 81 + 2.00 163 + 2475 %
Mean DBH (cm) 17.42 + 0.30 1430 + 0.08 *
Mean Height (m) 15.97 + 0.37 1444 + 035 *
Stand Basal Area (m? rai™) 196 + 0.07 266 + 037 *
Stand Volume (m?® rai™") 14.44 + 1.07 2099 + 410 *
Thinning ratio
No. of tree (%) 0.00 55.62
Basal area (%) 0.00 48.39

Remarks : BA = Basal area
ns = non-significantly different

* = significantly different at p < 0.05
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Mean Basal area (m?tree!)
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Remark : Letters signify individual statistical differences among treatments in each measurement
time, based on the ANOVA test. The treatments marked with the different letters are
significantly different.

Figure 1-3 Mean basal area of Terd Damri plantation before, just after since 5-year after thinning

Mean stem volume (m? tree!)
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Remark : Letters signify individual statistical differences among treatments in each measurement
time, based on the ANOVA test. The treatments marked with the different letters are
significantly different.

Figure 1-4 Mean stem volume of Terd Damri plantation before, just after since 5-year after thinning
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Table 1-4 Stand characteristics of Suwan Khuha plantation before, just after and 4- year

after thinning (mean + S.D.)

Treatment
Before thinning Thinned Unthinned
Stand density (tree rai™") 144.89 + 8.15 14222 + 37.37 ns
Mean DBH (cm) 1452 + 1.83 1536 + 0.96 ns
Mean Height (m) 1531 + 1.96 16.06 + 135 ns
Stand Basal Area (m? rai™') 2.67 + 047 299 + 121 ns
Stand Volume (m?® rai™) 2049 + 4.86 2391 + 1147 ns
Just after thinning
Stand density (tree rai™) 64.89 + 6.71 142.22 + 3737 *
Mean DBH (cm) 18.12 + 176 1536 + 0.96 ns
Mean Height (m) 1751 + 2.00 16.06 + 135 ns
Stand Basal Area (m? rai™) 169 =+ 0.25 299 + 121 ns
Stand Volume (m?® rai™) 132.84 + 3.16 23.91 + 1147 ns
4-year after thinning
Stand density (tree ha™) 63.11 + 8.15 136.00 + 3144 *
Mean DBH (cm) 20.84 + 1.21 1708 + 096 *
Mean Height (m) 21.07 + 150 1853 + 064 ns
Stand Basal Area (m? rai™) 222 + 0.35 354 + 134 ns
Stand Volume (m?® rai™") 2143 + 4.81 3043 + 1253 ns
Thinning ratio
No. of tree (%) 0.00 55.22
Basal area (%) 0.00 36.55

Remarks : BA = Basal area
ns = non-significantly different

* = significantly different at p < 0.05
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Mean basal area (m? tree ')
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Remark : Letters signify individual statistical differences among treatments in each measurement
time, based on the ANOVA test. The treatments marked with the different letters are

significantly different.

Figure 1-5 Mean basal area of Suwan Khuha plantation before, just after and since 4- year after

thinning
Mean stem volume (m? tree'!)
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Remark : Letters signify individual statistical differences among treatments in each measurement
time, based on the ANOVA test. The treatments marked with the different letters are

significantly different.
Figure 1- 6 Mean stem volume of Suwan Khuha plantation before, just after and since 4- year after

thinning
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Remark : Letters signify individual statistical differences among treatments in each measurement
time, based on the ANOVA test. The treatments marked with the different letters are
significantly different.

Figure 1-7 Mean annual DBH increment of all trees and dominant trees of Den Dan plantation
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Remark : Letters signify individual statistical differences among treatments in each measurement

time, based on the ANOVA test. The treatments marked with the different letters are
significantly different.

Figure 1-8 Mean annual height increment of all trees and dominant trees of Den Dan plantation
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Remark : Letters signify individual statistical differences among treatments in each measurement
time, based on the ANOVA test. The treatments marked with the different letters are
significantly different.

Figure 1-9 Mean annual DBH increment of all trees and dominant trees of Terd Damri plantation
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Remark : Letters signify individual statistical differences among treatments in each measurement

time, based on the ANOVA test. The treatments marked with the different letters are
significantly different.
Figure 1-10 Mean annual height increment of all trees and dominant trees of Terd Damri

plantation
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Remark : Letters signify individual statistical differences among treatments in each measurement

time, based on the ANOVA test. The treatments marked with the different letters are

significantly different.

Figure 1-11 Mean annual DBH increment of all trees and dominant trees of Suwan Khuha
plantation
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Remark : Letters signify individual statistical differences among treatments in each measurement

time, based on the ANOVA test. The treatments marked with the different letters are

significantly different.

Figure 1-12 Mean annual height increment of all trees and dominant trees of Suwan Khuha

plantation
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Table 1-5 Stand volume production (m®) in stands with different thinning intensities of Den Dan

plantation

Treatment Volume of Volume of Current volume Total volume  No. of dead

thinned trees  dead trees production production trees (tree)
Unthinned 0.00 3.61 8.39 12.00 87
Moderate 3.41 2.49 10.83 16.73 33
Heavy 6.43 0.74 8.37 15.55 1
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Remark : Letters signify individual statistical differences among treatments in each measurement
time, based on the ANOVA test. The treatments marked with the different letters are
significantly different.

Figure 1-13 Mean stand volume increment of Den Dan plantation
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Remark : Letters signify individual statistical differences among treatments in each measurement

time, based on the ANOVA test. The treatments marked with the different letters are

significantly different.

Figure 1-14 Total stand volume production of Den Dan plantation
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Table 1-6 Decrease of annual stand volume increment of Den Dan plantation

Annual stand volume increment (m®rai~'year™)

Treatment Just after B-year after Decrease of
thinning thinning volume increment (%)
Unthinned 1.883 0.176 -90.656
Moderate thinning 1.968 1.231 -39.145
Heavy thinning 2.063 0.793 -67.476

2) ulaweassiauluinss Saminanys

Table 1-7 wamvauanduldn1e uuuaefit (dlfdnagaszey A 18 du
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\Hlaannannnisuniauey haaeftuuUassinagngseesfiauaudnlifineies 2 du na

& dy Y % @) [ v ! dl
nnsfinuassiiensaguiddinisdneengssesidunisannisnisaesdiull usiilesann
Aaunnsfinrgesreriuinindauaziuinsseoy Hiuudaibilddnrenesves
LANANN (Haendn) wlaesinaanesrazadailadfyneada (Table 1-3) 393119
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Table 1-7 Stand volume production (m®) in stands with different thinning intensities of Terd Damri

plantation
Treatment  Volume of Volume of Current volume  Total volume  No. of dead
thinned trees  dead trees production production  trees (tree)
Unthinned 0.000 0.786 20.847 21.633 18
Thinned 8.252 0.256 14.439 22.947 2

ANy LaeuesF e asfi Biliinnnsinasneszeziidge
A luulaIdRTg ez ad 9 NTe A Ay n1ea s Fafiunannannnisuioude e asit
Tigpusnsazazafilinn (Figure 1-15) vinliAnanfinynaesuiunnssanaems i
wasdnrsngazszuiidnazfidngendnluulasililfdnenasra st anaunnstai
atina il ddynesifizusiaadu (Figure 1-16) iflavinnafuanimanaiinyuasd
vasFunnany Hlna g menspnaifisnusston s Sunnsun i et il l# din
weEzy namsAnEaIngdn nadaensszezinlinRamussiras Funnamy
Tianasdouay 32.25 TurnfinisbidnaengazasiagyinWianmifisnusstiansUsnnns

iy [FiAinT1E0eas 6.96 (Table 1-8)
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0.4
0.2
0.0

. J
Remark : Letters signify individual statistical differences among treatments in each measurement

time, based on the ANOVA test. The treatments marked with the different letters are
significantly different.

Figure 1-15 Mean stand volume increment of Terd Damri plantation
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Remark : Letters signify individual statistical differences among treatments in each measurement

time, based on the ANOVA test. The treatments marked with the different letters are
significantly different.

Figure 1-16 Total stand volume production of Terd Damri plantation

Table 1-8 Change of annual stand volume increment of Terd Damri plantation

Annual stand volume increment (m®rai~'year™)

Treatment Just aofter 5-year after Increase/Decrease of
thinning thinning volume increment (%)
Unthinned 1.409 1.508 6.964
Thinned 1.681 1.227 -32.231
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VadF (Figure 1-17) Bapsarininnduaaiayueesdninssanoony [fluulaed

Lilddnvanaszerdagendnlundasfidnranaszey uadaanuansieiuedne s
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HedAneatAuRgai (Figure 1-18) AarsiisyuaetaasZuaney Ao
Tnel¥gmeesaarfinyusnadoassunnseeony [Huulasi{lAdnaaesras wa
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Sapaz 37.81 uwnsfinisldfnaenaszesyinliaanuiinyuseteesl3unneme [Hiaas
Sauay 7.02 (Table 1-10) Wavarnanuiiuyusnedindanauniafinoessasany
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Table 1-9 Stand volume production (m?) in stands with different thinning intensities of Suwan

Khuha plantation

Treatment Volume of Volume of Current volume Total volume  No. of dead

thinned trees  dead trees production production trees (tree)
Unthinned 0.000 0.403 30.425 30.828 8
Thinned 6.422 0.237 21.431 28.090 1
4 )
Stand Volume Increment
3.0
a
T 28
TF;‘ a
TE, 2.0
:
% 1.5
:
2 10
05
0.0
Unthinned Thinned
. J/

Remark : Letters signify individual statistical differences among treatments in each measurement
time, based on the ANOVA test. The treatments marked with the different letters are
significantly different.

Figure 1-17 Mean stand volume increment of Suwan Khuha plantation
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Remark : Letters signify individual statistical differences among treatments in each measurement

time, based on the ANOVA test. The treatments marked with the different letters are
significantly different.

Figure 1-18 Total stand volume production of Suwan Khuha plantation

Table 1-10 Increase of annual stand volume increment of Suwan Khuha plantation

Annual stand volume increment (m°rai-'year™)

Treatment Just after 4-year after Increase of
thinning thinning volume increment (%)
Unthinned 1.599 1.711 7.016
Thinned 1.351 1.956 37.808
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Figure 1-19 Live—crown ratio and slenderness before and after thinning of Den Dan plantation
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Figure 1-20 Artificial form factor before and after thinning of Den Dan plantation
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Table 1-11 Parameters of tree attributes associated with quality of stem form of

Den Dan plantation

Treatment Live—crown ratio (%)  Slenderness ratio (%) Artificial form factor

Unthinned 4815 + 395 a 10213 + 085 a 038 + 0002 a
Moderate thinning 56.28 + 256 ab 9990 + 260 a 055 + 0009 c
Heavy thinning 6323 + 493 b 96.74 + 169 a 046 + 0.001 b

Remark : Letters signify individual statistical differences among treatments in each measurement
time, based on the ANOVA test. The treatments marked with the different letters are

significantly different.

' _ " ™ )
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Figure 1-21 Live-crown ratio and slenderness before and after thinning of Terd Damri plantation

Form Factor
B Thinned Unthinned
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Figure 1-22 Artificial form factor before and after thinning of Terd Damri plantation
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Table 1-12 Parameters of tree attributes associated with quality of stem form of Terd

Damri plantation

Treatment  Live—crown ratio (%)  Slenderness ratio (%) Artificial form factor
Thinned 57.417 + 1376 * 91621 + 0.653 ** 0.449 + 0.001
Unthinned 44.894 + 5.945 103.106 + 0.262 0.542 + 0.008

Remarks : * - significantly different at p < 0.05 ** - significantly different at p < 0.01

Y4
Live crown ratio (%) Slenderness ratio (%)
—+—Thinned Unthinned —— Thinned Unthinned
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Figure 1-23 Live-crown ratio and slenderness before and after thinning of Suwan Khuha

plantation

Table 1-13 Parameters of tree attributes associated with quality of stem form of Suwan

Khuha plantation

Treatment  Live—crown ratio (%) Slenderness ratio (%) Artificial form factor
Thinned 55.427 + 5253 ns 103.484 + 4217 * 0.440 + 0.007 ns
Unthinned 52546 + 2.459 113.114  + 1.131 0.450 + 0.006

Remarks : ns — non-significantly different * - significantly different at p < 0.05
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Figure 1-24 Artificial form factor before and after thinning of Suwan Khuha plantation
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MsAnENRAdNE AR IuEndnifisinBsufsuiunannsAnEn A

A1 Artificial form factor ﬁqqLLﬂmdflﬁufﬁﬁﬂ%mm@‘iflﬁu?ﬂﬁLﬁmﬁ’ugﬂ

U o/ 1

NTNNTZUBNNIN NATINNNTANEI L asaaasfigaunauaudusuiudanasinana

U

A o o

Tnaluuasdinpanasyaziunansidngegauazfiduandnsenulasduasneiliodndey
n19afif Tnrnsiiuaefild(fdnoenasvesfidnmnfiga Pérez and Kanninen (2005)
sne9udnaaundnangiessli Costa Rica 41n1sfinvenasyazdasaaninnzanas i
a dld ¥ A o/ dl 1 o/ dl o/
HaRAATIRgUnssIndiAesTunssnszusnain (Insedawiiu 0.46) Twnziinnssinaens
srazgaanaiaiuasidnaengsrezaziAafewindy 0.43 uay 0.44 ATNAIAL WA
arnnnaRneAssEnudn il asdngnesrezuuuminfiaaud aud i Anag sy
Feafunisfneengszeunanfimunzan (0.46) dauluulasdnzenssresuauluin

Aduazaaugssuamddvinduulasill Fdnuenassas (0.44)
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o/ p=) o ¥ dl dy dl v o/ 2
m‘mmmmw:m@wﬁm DBH AIMHGIRAY WHNNHIAALRNY hazlsnms9e

b

g A ¥ : y o e
fredninduninndn lnauudasdngnassezuuuminasdagefign uazTuulasd
ilddnoasszacfidsngn AonuRnyWassAads DBH aasfiuliionunuas [Wsiufid
Fusausaniuluuladivinsinreneszergeanin el fdnoenesze s uslainy
ATTHLANFAIITEN TN RINNINITARLITEH WU UNHNBATLUUUIUNAN WFANI5AR
PEIYITTYTUATAHINNILNLDIN1TFAYL 1820 s [HRNAR D AN HFHA TN R AY
vrafinEianauazdnlEidtuEenseninn ansfiaynees3ninssnafuads iy
I 1 1 g [ [ v o o/ A NP Y Q' =y 1 1
At nands Fadusouiiengiesuasvinniasdnaaisssazileny [HiEudnisunsugs
wudnluulasfivinnssimeenaszezuuuliunaniageiiga Hunnssesgnedtaddey
aa tﬂl = =% o/ A o o/ o/ 1 1 1 s o/ o o/
nafflaFsUTsuTULU AN 1sARILfs T s s uUUMINUELeNFN et e Tt d ATy
an dl = = o/ dl 7y o 4' AI 2
yssdfieaFeuiauiuul sl fdneeneszey Tuasiiaonufisyndunssoneng
iy [f uudasfisinaenesze suuudmnanddrgendulasiidngnesyazuuuminuas
wlaaf [ Fnrene s mNandy wi nuAEuAnFNe g iTed Ay n1ea s dauln
A dind 13 wazaaulgasIniarn [Hnu A Huansveg iR Aty 1aatifintedi
AN HE9UBNIRTT L SR RL AT A NN ELE NI 99N By (Hezndnsudaeil
finagngqreziuulad W ifdnuanaseay
nasineneszezyinAHRNYWLUS I RT3INey [Hanendsnssinnenysze y
QI d?/ 1 dl = = [ QI =N N7 9 dl "y o
WingunnndileBeuiisuduanafisyul3ana ey [l el Finnenasees
AHIRNY U3 H I et BilHdmaenasrasfliatiasndiinsmnennnis
wrisuge Ty [ aaamuuingeiinanngn vinldasaufinywedesedidesndntu
wRIiHNTRRIeNe Ty
NMIAADLILTZLTUATATINAINILILBINTTAADY 8T8 AINAADFUN 92D IR
TnaintEulHifAn Live crown ratio liinmNNaN udnissinaeneszeziingsyinsans {4
Anluazlidvinlign Live crown ratio nendsnssinveneszezumansneanmg F7 [ Hen
PeeTe8y WNNATITHETNYInTH AT Slenderness ratio ANTY KABIAT Form factor 14
LWUAIVIARBITI AN UARATHLAAINATBINNTFnYeNsTveras Wtaan Taaudasd B lFsm
gengsrazidsnfign wiliuansnaiidnanluwlameassiigaulifianiduaraani
gr3odann aealsfinaunanalddiniadinrgnsszasdananisuandaguUnsenesfinld

Tnammnnznissinueneszaziingzindeny HidaEuinisunugoi
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2a9ny ({1 sonTegunsvrasduldfndiniafinogesrasuuumin AsuNI9919UNueR
genpszaeny [Hlnefland (S9u9mA59) 2aennsfnengsyazsinnduaiaNminin
189n198RENEszezUmnas ez tinafaasnsnnisiulneesdinivasm [Huinndd
NIRRT Y LULWINLANTEYiINTasAsIndn asnelafauasdiasRansoindeanldes
unnadnagneszaziazss fainnisans [Hannisdnagnessasilasnausag

dl % ' = dl s o 3 & v 1 1 dl

91nn1sseudniuilaqiuiesdnseiiany 30 U Aslunisinudayastesiaiiio
=2 A ° @) & A = o/ & A

TgzszenaaainINa i 99NIIAITIRNNITANEIEEINI9FAYENT LY ASITINES LAY
Asasa (L e S 1L B NaTeINI9F ALY T8 SINTINARAULIHTILE128 9891119

Y o/ d' [ [ o % o/ v [ ag [ % [ di Q'
85y L‘WﬂL‘]Ju?lmjZ‘\]Z\I’Tﬁ‘iuﬂ"l’i’ﬂm_lNiéuﬂ’]’isfﬁ’]uﬁwu’lﬁsiuﬂ’ﬁ@ﬂﬂ’]‘iﬂﬁu‘ﬂ’1L‘W@L‘WN

HANAALAZATNNIDIFININAN A UAENsBsaamIndnsia L

fAsnfinssHUszne

¥ o a a o (3
ATHSNATHURNTITITHYBYDUNISA A TIL Y LN TY UaR" Qmﬂuﬁﬂ’] T99HNA

WnassaanlnhuissfidamdnanyBuazdamdnnuetaang uasknefiudaudndn lsodes

1
¢ A

dn9vien damdngesind AlRAHeaRATITERRARIUIN AN S Dl asAne

& Oy o ® v S oA
sauiainnsaiuamnisiuiioya i
o & & o

nsAiunMsAnYAssTinamisrnslasennsAdadangzndnenan I Huay
quﬂ‘%’ﬂﬁwmmﬂm%mimwmmmmmmﬂﬁ:mmﬁﬁu (Japan International Research
Center for Agricultural Sciences : JIRCAS) mﬂsﬁﬁLmumumﬂﬁﬂm'ﬁﬂ%’uﬂ'gqmﬁ%ﬂiﬂwﬁ
nEnensU e deaB NNt [Had1ede8y nareenisAnyiaauniielEinauely

JIRCAS Working Report no.85
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nantlilERTasensduasunisgn BimsugAaiadoaduniafinfiuiig
e gAa il w.e.2537 Tneflifmang 800,000 wnmis (5 amls) lnaduadnliinas
Ugnénliuuiiananssation fugneiF5utumiuamm 3,000 umdald Tuszezioan 5
Hitazdgninlil Tassnnstlsatinnnsugniniugibuidas dnuiufaBidFEsuauiex

= a a S & vadA o By
HINNYAURZINTIEHATIHNRNTRGN NEUWiGW@LLﬂZNQﬁQWN LL@ZZﬂmﬂ’]WLuﬂTNW@W’]TW

I o o/

HusneingAfanAsnndmiuanaln uenainilFdndsadenineg ieseinains

' 1 14
=

ADIN1TMANT W ﬁﬂﬂgﬂﬁqﬂi:mﬂfﬂﬁﬂwsf@f[mamaﬁafuﬁwﬁ W.f1.2537-2539 §
15zd104 88,000 (4 LLﬁLL@iTumﬂmi’u@@ﬂL%fmamﬁ@%qfﬁwumﬁmmwﬁuﬁmu
FITNLF VT@ﬁLﬁ@TﬁmuﬂqﬁﬂfﬁmiqLih‘wmﬁumﬁ%fﬁﬁﬁﬁ@mﬁ@@LLﬁLf%”m"ammu
&n nrvinaandinlaludesniadulnuasnandndudedfyuindnsuniswmun
%3 I @ 1 o = o 3 =< A o @) 1 Y
uHunN9aan1Tn Hagneisiutussazang (N‘L&WNN?W'W@’]L‘]Ju@?_I’NN’mT‘LAﬂ’ﬁT‘Vi"ﬂﬂH‘]@
uANERTNTIERasEIHUNENIAgTUNTRU IR AT HANAS

TnaUnfufadsidunonineesiniia: i luntsdandnnineswidanoninees

Y |
A A

Anfidsazfeatiasiunansmmuiiesy(# (Vonday, 1994; West, 2004) uazgnsnunls
Auagnaninsaanelugiaula i (West, 2004). Fuaouninaosfiniinazldlugduuui
SinEiuiuiiuaranyoeassduiomannunisdulnuaznanan (Mailly et.al., 2004;
West 2004)

flgmnansniafnunasall ilsengatiayadmiusilunaseuuuudiassdizun
& Aefiles 35 Andaneann 35 uasdiasne ffinmanisellilnftuunulasesin
Wanaanziinaugniesaeuionas daagadn TunsaangmEunngnsHnudn

HArAAATiL 2 AN residual §9NI1AT residual 2BNANANAAZINEUNIN (Figure 2-6)
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Wpsarnsmandinliiuulasdandn e iiviinsindeyaitiasinlng Geanaifinan
nsanasudadulisanainuias wiadwesauiuidadulioanuMs: lonibeun
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¥ A o/ ! = o o/

nM39ANI3EULNR fnflauinuassinatnaiusiniuasiniinisanasuinaans s
W EEININHINATIANLASH AN UL g9
iEnnsuansnsidivlneemylaunsanfauul aegunsepdneiliadn dny I

84 Faa laaMire9nastinuestl Wetladaravua (imiting factors)  finasianis

[
=

wulmuednlsl (Fisher and Binkley, 2000) Wanuiiiaannis f

o

AftksasnsFvladigs
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41 o4 gasaanlanamilslunsestinuessaun enBeuisuduiuiauy Wi
A N e liew antinamtin

TuAannsngian O w.e. 2535 neldlasennsdaia@nuazinnzdinan ({ifun
\WNEATNTUYNEEZ WAL sveciiany (REX ) Bafiulasennsmnndaniiassndnsnann (i
LL@:@\‘Iﬁﬂ’ﬁﬂfmméquﬁ@‘izwﬁ’mﬂizmmm\‘liﬁﬂu (The Japan International Cooperation
Agency, JICA) Tﬁﬁmiﬁ’wmmﬁﬂw@wﬁmﬁmﬁﬁ%mﬂmmmw@mmmuﬂﬂﬁﬂﬁﬁgﬂh
menzdueanidsamilsreslssmang uarsannFiun1sUiulgenaanandndingnn
nelilassnisanusanfiassndrensnn liugudiseingimaninisnensuigii
IS NREFARY ﬂﬁjﬂu (Japan International Research Center for Agricultural Sciences, JIRCAS)
Tugaall w.a. 2552-255% nasandifidoyasasaaudnlugfniaiifinanniu asg
m@Nﬁmﬁgﬂﬁ’wm%ﬂuﬂ%ﬂﬁuL.Lﬂmefugﬂ WY Empirical yield table %@memmﬁmm
nsiulauarnandnenanylfannnisifudeyalunlasiinndng arsranananlfgn
Usu1g9tnTnaTull we. 2554 Tuguunuvas Varioble density yield table FIUAAIHANAR
TuusazazAuaamuinasy e B HAifiaamindadonndsu

A1M5U Variable density yield table 91 n13ANYAASIH Y1 N19WIMUIT HaN
paNNaRARANIss N ey aresmaudn linnans e nidsamilefifnannnatsiin

U

NN mﬂﬂfmﬁumajmaﬁmwdwﬂ W@, 2555-2559 ANATTAINSUNITUSTENIWTL

AosnNEESALATIgnaE1sEn Tl (Hennn1anusan AN uSIee g uAL AN GITDS

9/095 = 1 7Y o/ o/ = = Adld v
TN%HL’?@‘HE@G’ILﬂ%‘ﬂﬂﬂﬁﬂfﬂﬂﬂ?ﬁﬂ’]ﬂ@li’]u@@ﬂLQ%IGLVHEVIN‘ZJ@UL?Iﬁ]ﬂ’ﬁﬂ‘].lﬂ?\]llﬂ’]’l\??kl’]ﬂ

U 9

4
= [%

Iu TnadngusrasdrnsnisfinyiaseiifanisUsudgedsz@nsnain guuuueennsng
HANAATIFTULUNATNDTgUAZTTAUAININILWIDwY (T e Tian1snaInAzLnIg

Bulauaenananasaauln Hanunaszdueanidesnie AL Eedaninged
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ABNISANEA

1. ﬂmﬁ'ﬁ%u@mmmmﬁuﬁ (Site index equation)

Hiayatunnainunassil iunernnisiaslE bl asfatinsdiuen 279 uilas G
UgnTuazndned w.e. 2515-2540 daninajifuudastuanuindnassniaenmifidions
Junepsns wanerniuinaulinesnsutnliuazesdnisgaainnasanin i ulag

sptnenglu 10 Sandn [Aun wassns@un aauuniny anawas 1ag AEEZINY AUATIYB1
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vla55 Funfl gnaonil uazvnestiadng ulasdingiduasietisiansauaziiung
wasfifinutasdnadnefioniag viannsdntudas 2-3 T iedsuifiuniaifulnaooml
nnatnRssgaTinedniuna T 2558-2559 wardnulasas 2 Ass Tunisdatiayausias
A%y Afinnisdpaunndusiiugudnanafissan (DBH) wazAEgiansaesdiuld
soamsufindnandinlifimdeluudas Usnaesianediuwinnisdmnndne launasd

Wanlag  Ishibashi et.al. (2002) Ap
\/= 000100712 DBH1.89445O42HO.7163796917 (RZ — 098) (1)

Tna v Ao U3npsliisnadiu (m®) DBH fip ik wgndnataiesen winiduniu

ARINAWTISTAY 1.3 AT WilaRuAW (M) waz H fAp AINGIMNAResfuE (m)

yinnsAmaniArnaiuTneesdiull Taud dauuduldl auguads aunadu
HngudnanaLieeniady Asgaliien (dominant tree height, DTH) U5H1mssefuLAY
druandliisiomiseing (mnuss) sesusiazulasionging

Fuliituud assatnfiinnisdauazinindeaiangeees [Hiudonsonisiu
Laze1E a0y [§ F119nsaAN 357 dantn innnsusntiayaesnidiu 2 1n Taunisgu
faatine TiiasesyadAnsaunguAtAEgeeed HiduBenaaniiuuazany vaemny
wifleniu Foyagauandman 322 A i unsaivuousiansdiununmitug e
AENEANNNT AougATianIdIuu 35 f (Uszanol Seuas 10 ansdiayayauan) siun s

MN1TVAEBLLLLSaBY (Figure 2-1)
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Figure 2-1 Scatter plot of dominant tree height (DTH) against stand age for the two data

sets used in the study.

WUUS1ABIN1TnANBY B dNnaIeqL BUUANINA T I N1T RS9 LU 1A D9

DAL faginaitiu Philp (1994), Draper & Smith (1981), Phillips & Campbell (1968),

Nelder (1961), Oliver (1964) T¥38n19m19adRilanngaLAITNEanA&D (fit the model)

AaLdanuUUI1IaeiA1FulINanua W AMI9aRR (p<0.05) warfiAduUs2anEnIs

% 1 o/ o | { 1 %4 A( o :
FPANIAEINIT LAZARAENANNTVEBUULSIABITATIYR ArdNsz AV YRINssnAulaf

U5uufindn (adjusted coefficient of determination, R?) AMINARIALARDWRALANINIF D

(root mean square error, RMSE) WnosdaaumnAradanla (akaike information criterion, AIC)

mean residuals (MRES) absolute mean residual (AMRES) WaZANRAYNTRINDIUDIAITHN

ARIALAADY (mean square error, MSE) AMUIMIAINNNNTAIT

R2 —1-(1- 2M
R 1-(1-R) =
n (Hi—Hr)2
RMSE = i=1 )
(n—1)
AIC  =nIn(RMSE)+2p
N (Hi—-HU
MRES = Zi=g (HIZHD)

n
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N |Hi—-H1
AMRES = % (6)

MSE = MRES?2 +v (7)

Toe Hi, H waz H Aasrdoinanomgeaslidudausanisu (observed DTH), A
ATAAZLY (predicted DTH) Lmzmmﬁmmrﬁhﬁqmmmmmqwmfﬁ%’uﬁﬂumm@m
(mean of the observed DTH), p AB S1WINIBIRILLST H THUULSAa84, n A 31999984
ANFINS, v AB AINLL9UT9MB9AARS (variance of the residuals), R Ao ANdNLS2ANS
AnsRnAula (coefficient of determination) WAz R A AndnLsransnsdnanle il suns

Waq (adjusted coefficient of determination)

2. AHNTYITUIYHARNAR

ﬂ"ﬁL%éﬂ‘ﬂﬂdﬂQ’]N@NT%LL&i@iLLU@QﬁQ@ﬂ’N (Hm) U‘a‘:mmmﬂﬁmmugwmfﬁ%gu
Bousaadnlunisdausiarafuazazdanduiusuuuannesiilidusadunss
Aiadsy DBH 1avusazulasdandsszanailaenistiuund aasnnnae@emydunss
FaltAnnammnuiiENdu Annieeseny wazAuadsresanngs iWiiulsaas

Tunnafnunadsd wudiassdasdiniunianianznananazi¥qUuuuiieadud
Ttunnsfinuansanen (Vacharangkura, 2012) A8 ABNBTINEITHENRTBIANAIIHAA LI
Endi AWNRWED9ETY LazEuRDININIIRWA wazdauanNABRaan1aTiNgTTNER

2B9ATNITIRNBI6 2By

Ln Y=o+ BoLn /+ B1ilknZ/A+ B2Ln S/ (8)
Tos
Y = Usume9196is (m3ftree) WanUEuRTAR N (m3/ha) WanRuTnTinga

¥
1A A

! dgj dl 2 = i )% dl o o/ Y
FANUN (M7/ha) 1138 ITUIUAUADNUN D MIRIVIVIINITINTBYR (no. of

trees /ha)
{ = mﬂwmuﬂuﬂmmﬁﬁ Hadudu (no. of trees/ha)
1/4 = pianniiueedang (inverse age, 1/D)
SI = fndunoinIwassilndi (site index value, m)
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Ln = aan"3finss98Y7R (natural logarithm)

anntadasse (Ui lHnnenuuLdaansnesdmmdunseiiAumaean

AIBDLINTININ 157 AIDLN A

vt = -11.1761- 0.4421 Ln/-1.3977 Ln 1/A+2.7502 Ln S/ 9

(volume per tree) (R2=10.96)
|4 = -7.3040+40.3123 Ln/+0.9543 Ln 1/4+2.2898 LnS/ (10)

(volume per hectare) (Rz=10.85)
Ba = -6.4560+40.3353 Ln/- 0.6860 Ln 7/4+1.5440 LnS/ (1)

(basal area per hectare) (R2=0.72)
N = 3.8722+40.7544 Ln/+0.4434Ln 1/4-0.4603 LnS/ (12)

(number of tree per (Rz2=0.81)

hectare)

v v

dl 1 a ¢ 1 "o o/ 1 4' [ =

WaUszsiA NI ee3sne anamy HuasulassinagneditEiunisinunased
e F oAy g oy A G
ANAREUA NN AUTAa T A5 199 1N ANNTTUA NIRRT Hann1sAnEIASel unnfias

Tannssefidunmnmiuiifiasnslag ishibashi et.al. (2010) Asiuannisiiazimmnduie

ANANAAZIUT AN UNED TaNINEIT

3. NNINTIIFDUUALUIL L LULLIIADY
Tyndayadiuou 35 A1 angadayadivdeninasey ilenasouanglaaesn
LUY (goodness—of-fit) amsuvusanvdeslnel#3inasauaauuandisuuy bilateral

paired t-test EndNAIFUNATUAIAIAAZIWTA [FanuuLTIaBIteY FNNRFINUAN (nul

= 1 1 o/ o/

hypothesis) Aa [HAAIMNUANFNAUNWNETATLNINAITEY (ANFILNA) NUATATAAZLIE AITH

LANFINNTENINAIIRBIar gnU s duiaLaasindr N uanss i safiinie (d
LUUSABITIEE19eIN N9 ANEIASIH azsilliBauidauiuuuUsansfisniaus
Twe Vacharangkura (2012) Tnenn9Ua AWBI BN IIBIAHARIALARDY (BAR) LAY
AANHUNUEN (precision) TBILLILSNRDY IHTIATI9EAUAN residuals Lﬁ'@mfmmgmmuﬁ
FulFFauazauuanseetaingsuueern residuds NMTRIANATH LA LAT AT

Lﬁﬂﬁﬁl‘i\‘i"ﬂﬂﬁLLUU&W@@QTG‘IHT‘I"I‘EW’WM MRES, RMSE, AMRES ez MSE LLN@\?T‘HNN‘HW‘E (3),

v v
o A (4

(5) = (7) Y953A1 MRES, RMSE uay AMRES suanaiiiuaauins laguaasiiuilosifus

1 1
a A L4 o/ o

Pe9ANRALTAAIRNIT0l NS W H N ANSTTALTWEITN AMNENATET (13)-(15) 9%l
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[Xiz (vi—¥)/n]

0 =

MRES% 100 " n (13)
!1_ 92 /(n—1

RMSE% =100 \/ [Z“l(y‘(n{‘i)/ (n-1)] (14)

[Xitilyi—9il/n]
(Zinzl ?i/n)

AMRES% =100

dl = ° ! o/ g =} 1 o/ 1 o o/
WD I AD 9IUIRATNING, ¥ LAT Y A ATANINALASATATAAZIHATNATAL

Aariuas [FfaaqUan9f1 AT e AT LaZA N LEWE 12 DIMUUT 1B INE LY
P=1
WNANTFANKT

1. anuodzaay (&
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Table 2-1 Summary of the characteristics of the sample plots, as computed from 322

observations used for constructing site index function in this study.

Variable Average (min, max) S.D.
Stand age (year) 17.69  (3.00, 43.00) 9.29
Stand basal area (m?/ha) 12.94  (3.02, 43.00) 7.87
Stand density (tree/ha) 797.67 (118.75, 2380.95) 420.62
Mean diameter (DBH, cm) 16.46 (5.95, 39.11) 7.61
Mean total height (m) 14.45 (5.13, 29.84) 5.33
Dominant tree height (m) 33.21  (8.21, 17.34) 5.31
Stand volume (m%ha) 124.51 (16.85, 483.28) 83.44
( N\ [
100 - 140 77
V7
§ 80 1 = mlzo
Sl 100 1]
5 € 50 {]
g 40 o é 60 1
s 20 1 H|||]r S 40 {7
P o
0 = Z 2 ] j:
T2 FT 8823989 0
~ e - 9 = g ¥ 625 1111 1167 1250 2500 Others
" AGE CLASS JAN Initial stand density (no. of trees/ha)

Figure 2-2 The characteristics of the measurement plots.
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Table 2-2 Non-linear mathematical models considered the candidate models.

Model Standard form Sources
Gompertz DTH=a exp(-b; exp(-b,AGE))  Draper&Smith (1981)
Hossfeld DTH= (aAGE °")/(b,+AGE™") Kimberly&Ledgard (1998)
Logistic DTH=a/(1+ by exp(-b,AGE)) Nelder (1961), Oliver (1964)
Negative exponential  DTH=a(1-exp(-b AGE)) Phillip (1994)

Remark: DTH stands for dominant tree height, defined as the average height of 100 largest

tree per hectare.

Table 2-3 Parameter estimates for the non-linear dominant height-age model.

Model Parameter Estimate S.E. R?

Gompertz a 31.4788 3.8654 0.5877
b 1.3173 0.0685
c 0.0471 0.0118

Hossfeld a 0.1568 0.0101 0.5872
b -0.0039 0.0003
c -0.9800 0.0010

Logistic a 29.1193 2.3333 0.5859
b 2.5703 0.1725
c 0.0703 0.0128

Negative exponential a 24.9841 0.7463 0.5572
b 0.0785 0.0053

Remark: S.E. = Standard error of estimate.
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ANRNUS2 AN B UL BN N AT T AR ey e @R p <0.001 A1 R? 55mdng
WULS1aBd Gompertz, Hossfeld W& Logistic HAnsuansnsfiiieidntiay wiuuuanand
Vasnd A R? §9N41 LUU91889 Negative exponential

Table 2-4 UWAAIAINITIALSZANBAINLBIULUSIABINS 4 71 1F WnsAnEIASs
Tasuuus1aasfifiAn RMSE uag AIC finfign uaziidn R? uay adusted R? TnalAeariuiige
avifinuuudnaasfiffiqa (Aertsen et al, 2010) 1 adjusted R? uansliifindann
WUUSaB98nLEN Negative exponential THANaNUszanFva9ntasinaulafiusunfiuga
TndiAssiuAnUszinSeaz 34 189A1AINGIPes HiFanuan AN aNe A MRESS
agazning ~0.0019 i 0.0810 Tunnizii AMRESs agjazwdng 1.9606 &4 2.875 wanannil

A1 mean residuals BILULAIREN9Y 4 WU SATSegNIn

Table 2-4 Performance criteria of the four non-linear dominant height-age model for

constructing site index equation.

Model Adj.R? RMSE  AMRES MRES AlC \/‘_, MSE
Gompertz 0.3393 3.4098 1.9606 -0.0019 796.96 3.4098 11.6264
Hossfeld 0.3387 3.4118 2.6751 0.0415 797.35 34119  11.6430
Logistic 0.3371  3.4173 2.7009 -0.0043 798.38 3.4173 11.6780

Negative exponential  0.3062 3.5338 2.8752  0.0810 817.96 3.5326 12.4874

Figure 2-3 UAANAWNTMAHANANT Tz I NegTUAINgITes [HiFansanLay
FlEaNUULSIABWI 4 UUU UUUSIaBS Gompertz uaz Logistic WrnaaaziANAN g
vasliiGensanduiindnenfoiv uslmliffionguin uwudiaes Gompertz funaliy
axlANganduuuSIaDY Logistic FetlnusnilFann AU ANEU89UULSaD9 Gompertz
#in%19n47 (Table 3) wWLLS@B9 Negative exponential Tﬁﬂ'ﬁmmmLuﬁi’iﬂﬂﬂdﬁumﬁmﬁ
angitan (Hifin 10 ) uazny[fffangunn (1nndd 30 ) dauiuudians Hossfeld T4

ANATARZIAYINGIFINITUULAIREIEN Wany [fiflanguinfivssan 35 T
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Figure 2-3 Dominant height-growth curves derived from the four candidate non-linear model.
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Figure 2-4 S| curve (Gompertz model) constructed in this study versus Sl curve

(Mitschelich model) in the previous study
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Figure 2-5 Site index curve constructed in this study.
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Table 2-5 Summary of the characteristics of 35 temporary plots used for model validation

Variable Average (min, max) S.D.
Stand age (year) 15.49  (5.00, 34.00) 8.02
Stand basal area (m%ha) 10.32  (2.35, 26.82) 5.07
Stand density (tree/ha) 828.77 (268.75, 2404.76) 422.06
Mean diameter (DBH, cm) 13.37  (7.25, 30.39) 5.56
Mean total height (m) 11.91 (6.19, 23.85) 4.22
Dominant tree height (m) 15.01 (8.03, 26.406) 4.52
Stand volume (m%ha) 87.83  (10.48, 276.45) 58.10
Stand volume (m®/tree) 0.14 (0.0202, 0.7898) 0.166

Table 2-6 The results of paired sample t-test of the yield predictions

t-value p-value
\Y 1.80180 0.0760 ™
Vit 0.30840 0.7588 ™
Ba 1.28080 0.2046 ™
N -1.20451 0.2326 ™

Remarks: Significant level (p<0.005), ns : not statistically significant.
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Fig. 2-6 Residuals versus predicted values for the sub-model of stem volume, stand

volume, stand basal area and stand density.

70 | sneematiuanyso! lasen1s mefiansiiswandndmiunisugnadteaai fisn
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Us1ngnan Table 2-7 Tnguams I ifinddn MRES, MRES%, RMSE, uay RMSE% [w

v v
o AA 1 v

NM9ANYIATNREANaENINI9INNITANYIATINDY Tﬂilf”‘i’] MRES% Ry RMSE% Ana
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Table 2-7 Summary of the indicator values used to evaluate the performance of the yield

prediction models.

Stand
aggregates Model MRES MRES % RMSE RMSE%  AMRES  AMRES% MSE
Vv previous 33.919 62.916 52.591 98.767  40.369 74.880 2731.925

(m3/ha) present 24.631 38.973  48.929 87.989 38.905 61.559 2376.241

Vit previous 0.037 35.514 0.083 89.714 0.057 55.030 0.007
(m?/tree) present 0.013 10.296 0.085 81.981 0.055 43.417 0.007
Ba previous 3.367 42566  10.389 114.600 5.687 71.896 107.588

(m?/ha) present 2.51 28.647 10.252  108.143  5.804 66.209 104.914

N previous  -149.629 -15.293 363.945 60.990 257.214  26.289  131,797.29
(trees/ha) present  -123.885 -13.004 349.111 60.536 247.609  25.992 121,426.77
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Table 3-1 Details of experimental plots of the growth of coppiced teak

No. Teak Plantations Coppiced Treatments
year
1 Thong Pha Phoom Plantation, FIO 2009 comparison
Kanchanaburi Province coppice and replanting
2 Tha Pla Plantation, FIO 2007 compare
Uttaradit Province coppice and replanting
&  Den Kratai, Tha Sao Limited Partnership, 2006 compare
Uttaradit Province coppice and replanting
4 Farmer Plantation (Mr.Loet Bunkwang) 2007 coppice growing

Nong Bua Lam Phu Province

5  Farmer Plantation (Mr.Praphian Phakhot) 2010 compare coppice growth :

Nong Bua Lam Phu Province 1 sprout and 2 sprouts
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Table 3-2 Mean values with standard deviation of growth performance and comparison
between teak from thinned stump, final cut stump and new planted at Thong

Pha Phoom Plantation, FIO, Kanchanaburi Province

Age Treatment DBH (cm) Ht (m)

1-year Final cut stump 3.10 2.09
Thinned stump 3.40 1.72
New planted - 0.22

2-year Final cut stump 4.56 a 3.84 a
Thinned stump 4.04 b 3.15 b
New planted 2.05 C 0.62 C

3-year Final cut stump 6.41 a 5.83 a
Thinned stump 5.38 b 5.00 b
New planted 2.32 C 2.15 C

4-year Final cut stump 7.33 a 6.50 a
Thinned stump 6.1 b 5.56 b
New planted 3.30 c 2.82 C

B-year Final cut stump 9.19 a 7.69 a
Thinned stump 7.79 b 6.85 b
New planted 4.86 c 4.08 C

6-year Final cut stump 10.92 a 9.39 a
Thinned stump 9.42 b 8.64 b
New planted 6.22 C 6.24 C

7-year Final cut stump 12.30 a 10.66 a
Thinned stump 10.41 b 9.83 b
New planted 7.19 C 7.22 C

Remark : Letters signify individual statistical differences among treatments in each
measurement time, based on the ANOVA test. Significant differences (p< 0.05)

are indicated by different letters
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Table 3-3 Mean values with standard deviation of growth performance and comparison
between teak from coppicing and planting at Tha Pla Plantation, Uttaradit

Province.

Age Treatment DBH (cm) Height (m)

Mean Std. t-test Mean Std. t—test

4-year Coppicing 9.10 2.062 *x 7.90 1.82 **

Planting 5.79 2.69 5.32 2.31

B-year Coppicing 11.45 3.03 * 9.84 1.80 *
Planting 7.87 3.14 7.26 2.58

6-year Coppicing 13.22 3.36 * 11.48 1.75 ¥
Planting 9.70 3.45 8.97 2.75

7-year Coppicing 14.80 3.71 * 12.44 1.85 *
Planting 11.22 3.65 10.31 2.82

8-year Coppicing 15.45 4.10 * 13.21 2.20 *
Planting 12.08 3.82 11.43 2.97

9-year Coppicing 15.35 3.95 * 13.74 2.31 ns
Planting 11.93 3.74 11.98 3.531

Remark : n.s. — non-significant, * - significant at p < 0.05, ** - significant at p < 0.01
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Table 3-4 Growth of teaks from planted and coppiced at Den Kratai plantation, Uttaradit

Province

B-year 6-year 7-year 8-year 9-year 10-year

DBH (cm)  Coppiced 9.61 10.81 11.34 11.82 12.14 12.00

Planted 9.19 10.30 11.08 11.42 11.38 11.13

Height (m)  Coppiced 10.57 11.50 11.84 12.36 12.71 12.98

Planted 9.96 11.30 11.95 12.45 12.83 13.40
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Table 3-5 Mean values with standard deviation of the relative growth rate of DBH and
height, and comparison between teak from coppicing and planting at Den

Kratai plantation plantation, Uttaradit Province.

Age Treatment ~ RGR DBH (cm cm™'year™) RGR Height (m m™'year™)
Mean Std. t-test Mean Std. t-test

6-year Coppicing 0.118 0.019 ns 0.087 0.022 *
Planting 0.114 0.016 0.127 0.017

7-year Coppicing 0.082 0.005 ns 0.058 0.015 *
Planting 0.093 0.010 0.092 0.007

8-year Coppicing 0.069 0.001 ns 0.053 0.008 *
Planting 0.072 0.009 0.075 0.011

9-year Coppicing 0.058 0.006 ns 0.047 0.008 *
Planting 0.053 0.007 0.064 0.010

10-year  Coppicing 0.044 0.012 ns 0.042 0.005 *
Planting 0.038 0.011 0.060 0.010

Remark: ns — non-significant, * - significant at p < 0.05
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Table 3-6 Mean values with standard deviation of growth performance and comparison
between teak from coppicing at Mr. Mr.Loet Bunkwang's plantation, Nong Bua

Lam Phu Province.

Age Treatment DBH (cm) Height (m)
4-year 1 sprout 1113 a 11.89 a
first sprout 7.15 b 10.03 b
second sprout 5.86 C 8.68 C
5-year 1 sprout 12.08 «a 12.46 a
first sprout 7.85 b 10.66 b
second sprout 6.32 o 9.07 C
6-year 1 sprout 12.21 a 13.00 «a
first sprout 8.15 b 11.43 b
second sprout 6.50 C 9.50 C
7-year 1 sprout 12.70 a 13.23 «a
first sprout 8.54 b 11.60 b
second sprout 6.73 C 9.67 C
8-year 1 sprout 1295 «a 12.56 «a
first sprout 8.86 b 10.80 b
second sprout 6.92 C 9.27 C
9-year 1 sprout 13.38 a 13.23 a
first sprout 9.07 b 11.57 b
second sprout 7.09 C 9.60 C

Remark : Letters signify individual statistical differences among treatments in each
measurement time, based on the ANOVA test. Significant differences (p< 0.05)

are indicated by different letters
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Table 3-7 Mean values with standard deviation of growth performance and comparison
between teak from coppicing at Mr. Praphian Phakhot's plantation, Nong Bua

Lam Phu Province.

Age Treatment DBH (cm) Height (m)
6-month 1 sprout 234 a b 1.97 b
first sprout 250 «a 2.21 a
second sprout 2.18 b 209 a b
18-month 1 sprout 502 a 495 a
first sprout 487 a 494 a
second sprout 4.17 b 4.39 b
30-month 1 sprout 649 «a 6.71 a
first sprout 6.00 b 6.46 a
second sprout 4.99 c 552 b
42-month 1 sprout 8.34 a 856 a
first sprout 7.63 b 8.00 b
second sprout 6.06 c 6.62 C
64-month 1 sprout 9.28 « 10.23 «a
first sprout 8.47 b 9.33 b
second sprout 6.85 c 790 C

Remark : Letters signify individual statistical differences among treatments in each
measurement time, based on the ANOVA test. Significant differences (p< 0.05)

are indicated by different letters
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DBH uazmanugs innndmiefidandnldmae 1 nie sdneilladdaymieadia (Figure

3-3)
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Remark : Letters signify individual statistical differences among treatments in each
measurement time, based on the ANOVA test. Significant differences (p< 0.05)
are indicated by different letters

Figure 3-1 Growth performances of 5.5-year-old teaks from 1 sprout and first sprout

coppicing at Farmer's plantation (Mr. Praphian Phakhot), Nong Bua Lam Phu

Province
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Table 3-8 Growth of 10-year of planted and coppiced teaks at Den Kratai plantation,

Uttaradit Province

Treatment DBH (cm) H (m)

Mean Std. t-test Mean Std. t-test
Coppiced 13.39 2.27 ns 13.37 1.34 ns
Planted 13.25 1.60 13.63 0.94

Remark: ns — non-significant
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Figure 3-2 Relationship between DBH?H with biomass of 10-year coppiced teak at Den

Kratai plantation, Uttaradit Province
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Figure 3-3 Relationship between DBH with biomass of 10-year coppiced teak at Den Kratai
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Figure 3-4 Relationship between DBH?H with biomass of 10-year planted teak at Den

Kratai plantation, Uttaradit Province
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Table 3-9 Above-ground biomass and below-ground biomass of 10-year coppiced and

planted teaks at Den Kratai plantation, Uttaradit Province.

Treatment Above-ground biomass (kg/tree)  Under-ground biomass (kg/tree)
Mean Std. t-test Mean Std. t-test
Coppiced 61.55 24.82 n.s. 16.42 5.52 xrx
Planted 57.73 27.80 13.50 4.58

Remark: ns — non-significant, *** - significant at p < 0.001
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IINNTAUIUANINNTD [WNSITiunATSUanssdnuaniauazdnUgn sl
Taal¥An default value 489 IPCC (2006) BarinmmualiaunmasuauazanbuuaaganIng
Adauas 47 vasiiinuie (Anizaumans, 2554) wudnmafiudnanfuesluaamnig
aevwiviidnuanmisuazdniugnifinnsifudinarsuenlulaunaiindifasiv fe

3.19 AUAANLAS WAT 3.18 Fl/LENWAS ATNAIAY (Table 3-10)

Table 3-10 Carbon amount of 10-year coppiced and planted teaks at Den Kratai plantation,

Uttaradit Province.

Treatment Carbon Amount (ton/rai)

Stem Leaf Branch Above-ground Root  Total
Coppiced 1.86  0.20 0.46 2.52 0.67  3.19
Planted 2.01 0.16 0.40 2.58 0.60 3.18

6. NM9ALIAIEIFNINNADNAIFAVEL T L UREAANAINITHANNA
AN9ANYINI9 AU RIaINHE RN TILAATINADNAINITH AU T LYY LRLADNAINIT
fianua [FvinnnsAnunfiaansingns Samdngasing Tuwlasivgnaniled w.e. 2532

LAZANAUNITAAVENYTEY L WULGRINUAN (thinned) LT W.61.2547 WasHANNA (clear cut)

v !
=

T W.A. 2554 LasAANUatUNINEaNnWEDT] W.A. 2555 AaaINNI9AATEISEHT LAY

1
A A o/

pafifinanniIssanuaanuanualinluinduiosay 45.24 uay 3a8ay 54.73
puadU Wanadull 11 vinnisdediayanudn sefiifinarnnisdnasngsses (aoeny
7 U) uazeeilifinanniadinvan (neany 22 1) Sauiadniued i dAgyneatis fe
22.26 LEURNAT WAY 15.36 UALNAT ANAIAY (Table 3-11) iWadnnisidulaaesdn
1 dl = v 1 4 = 1 o/ dl a
wainvseifeniy 11 aaEuEIRAUgNaUREIaNUAZ AN 2RIMHBANTILAAINAD

SPUENeTasyIny 2.75 [ 9UANAST Lay 0.96 LNAT ATNANAY dauni1Siulnaesitedn

|
A a

inanaadanuaiauimduNIHgRgnaalesenyinay 4.08 [wURANAT LAzAINGS
Wiy 3.42 wes Souanslidindr nsdulasmnadusiugudnateiissenuazaans

FHIBIHBAN AR INAANAINITAANNA HAgendmdafiinanaenaeni1ssinaene

FeaAt AN R IAYNINATF (Figure 3-8) FNEaAAABIAUNTITANEITAY Thaiutsa et dl.
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(2001) AlEna1dadnezFulanadnsdiavNg s98%InTsANE89 Himmapan and
Noda (2010) finudanisifiulnaasednfiinainaendsnisdamuaazidulnfndii
dulnannpandsnisdnasnsszezuazdgnin vofiidasainpandsnisdanuniiony
snnduazilmnagndidesanlufioniaduln aum wezannauioussressndon 8n
WA Arendniainasnazssimiafintiunansnssudaintamiiazaneg
fnalagnialiudn uanainiinissnAnudemudisnadunmgudnanofiesnnuas
ANGINANANAUTN N UINAUINIAVBIABNAINTTAANNA (r = 0.4393, p< 0.0001
WAZ r = 0.5848, p< 0.0001 AINATFU) (Figure 3-9) urn19iiulnvesnendsnisdnm
vengazerflifesnangainiuuansrndiusn LN UseYesme (= 0.2144, p
— 0.0024) (Figure 3-10) B9flnananaARIRUNSANYI289 Kwame et.al. (2014) fiwudn
TUIAVBIADRATINFUANUEV I LANAUAINGILAZITHIUDEINE Ue (Ne59run1sfned

289 Akkhaseeworn (2007) Aiwudnaunmaasns Hinasan1siulaaasiie

Table 3-11 Comparison diameter of stump from thinning and clear cutting.

Treatment Stump age (year) Stump diameter (cm) t-test
Mean Std.
Clear cut 22 22.26 5.90 xEx
(7.30-38.80)
Thinned 7 15.36 4.35
(4.35-5.00)

Remark: *** - significant at p < 0.001
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Remark : Different letters denoted significant differences at p<0.05; vertical bars
indicated standard error.
Figure 3-6 Average DBH and height of coppiced teak from thinned stump and clear cut

stump at Nam Ang Plantation, Uttaradit Province.
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Remark : The correlation with *** are significant at p<0.001
Figure 3-7 Relationship between diameter of clear cut stump and DBH and height of

sprout at Nam Ang Plantation, Uttaradit Province;
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Remark : The correlation with ** are significant at p<0.01 and *** are significant at
p<0.001
Figure 3-8 Relationship between diameter of thinned stump and DBH and height of

sprout at Nam Ang Plantation, Uttaradit Province
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Table 3-12 Comparison cost of planting and coppicing system in 2x4 m teak plantation

1t year 2" year 3 year
Planting (Baht/rai) 3000 1000 400
Coppicing (Baht/rai) 400 200 200
% reduction 86.67 80.00 50.00
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245 219 28C28 302 37 MH7 271 245 3/27 38
5/79 Control 8C20 11C26 119 302 5C18 Control 119 331
271 V335 14/105 MH17 39 300 MH9 14/105 219 39
300 331 MH9 327 5C18 8C20 28C28 MHI17 V335 22C50
2AA/1S 22C50 38 3BB/38 MH7 37 11C26 3BB/38 5/79 2AANS5
271 Control 2AA/15 22C50 MH9 MH17 5C18 302 22C50 331
V335 8C20 5/79 245 39 V335 119 37 MH7 8C20
119 MHT7 37 5CI18 327 control 11C26 14/105 271 3BB/38
MHI17 38 14/105 300 331 5/79 39 MHS9 300 3/27
3BB/38 11C26 219 302 28C28 2AA/NS 245 28C28 38 219

Remark: Rep.4 Rep.3

Rep.2 Rep.1

Figure 4-1 Planting design (latinized low-column design) of teak clonal test of 25 clones

(4 replications x 3 tree plots)
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Table 4-1 Average of diameter at ground level (DGL) height (H) and current annual

increment (CAl) of 1-year-old teak seedlings.

No. Clone DGL (cm) H (m) CAl %
no. mean SD mean SD  Height (m) DGL (cm) " survival
1 119 4.01 1.02 1.94 0.48 1.31 1.46 12 100.00
2 271 3.12 0.86 0.97 0.45 0.56 1.32 8 66.67
3 300 3.93 1.22 1.98 0.66 1.23 1.26 11 91.67
4 11C26 3.62 4.25 1.29 0.53 0.74 1.37 6 50.00
5 14/105 3.37 1.97 1.17 0.69 0.70 1.31 12 100.00
6 219 3.79 1.15 2.00 0.76 1.45 1.28 8 66.67
7 22C50 3.66 1.19 1.35 0.64 0.82 1.17 6 50.00
8 245 2.85 0.87 1.01 0.55 0.63 0.86 9 75.00
9 28C28 3.84 0.89 1.74 0.61 1.17 1.75 11 91.67
10 2AA/15 3.64 1.43 1.32 0.69 0.91 1.27 12 100.00
il 3127 3.34 1.35 1.21 0.64 0.72 1.40 10 83.33
12 302 4.57 1.50 1.89 0.60 1.20 1.64 12 100.00
13 331 4.08 1.36 1.53 0.65 1.00 1.60 10 83.33
14 37 2.89 0.78 1.06 0.51 0.64 0.77 9 75.00
15 38 3.82 1.50 1.42 0.56 0.80 1.18 9 75.00
16 39 3.36 0.86 1.31 0.52 0.91 1.13 10 83.33
17 3BB/38 3.99 0.79 1.67 0.73 1.26 1.70 11 91.67
18 5/79 3.85 1.35 1.66 0.77 0.99 0.92 8 66.67
19 5C18 3.16 0.83 1.15 0.44 0.64 0.76 9 75.00
20 8C20 3.93 1.06 1.94 0.71 1.25 1.33 9 75.00
21 MH17 4.47 1.24 2.00 0.78 1.37 1.57 10 83.33
22 MH7 3.70 0.99 1.47 0.67 0.91 1.32 10 83.33
23 MH9 3.84 1.39 1.33 0.59 0.80 1.62 8 66.67
24 V335 3.74 0.77 1.66 0.53 1.15 1.19 12 100.00
25 Control 4.01 0.73 1.49 0.58 0.91 1.44 12 100.00
Average  3.70 1.25 1.50 0.61 0.96 1.30 9.8 81.33
SD 0.43 0.69 0.33 0.10 0.26 0.27 15.08
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Table 4-2 Statistics for current annual increment (CAl) of height (H) and diameter at

ground level (DGL) of 1-year-old teak seedlings.

CAl Source DF Type | SS Mean Square  F Value Pr>F
H Block 3 19875.005 6625.002 4.48 0.0047
Clone 24 150412.998 6267.208 4.24 0.0001
DGL Block 3 430.539 143.513 3.19 0.0251
Clone 2243.623 93.484 2.08 0.0039

o ° v ) = ° w ° w o A o v A
5. ANHUSATNNIARIINITODD NN 4 UTEAN ABRTIAUATI mmugﬂmf; NIOUN

LANAININ LAz aNEunaIga1ful NS IUdN S A NLU S IR N AT RIF W9 TETE

o/

UHAYITUUAZTENINNAENUE (Figure 4-2)

Figure 4-2 Examples of stem characteristics categorized as straight stem, V-shape, branch

and multi-stem (from left to right)

|
oA

6. Tuawau 25 &g nudnaeiugdanaznsdulaissinenadusig
gudnansiiszAumilefinAnuazaangedifige [Hun anesiug wuneiae 3bb/38 Tassian
PUIALFUN NI N AN ATTALIHBNUANYINGY 1.69 [ufilums uazANgawindy 1.25

o/

@ o ° v .
g uaziinaeiugRAanyea1fiunT (Table 4-3 uaz Figure 4-3)
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Table 4-3 Average of diameter at ground level (DGL) height (H) and current annual

increment (CAl) of 1-year-old teak seedlings clone no. 3bb/38.

H (m) DGL (cm) CAl of H(m) CAl of DGL (cm)  No. of Ramet % Survival

1.67 (73.1)  3.99 (0.79) 1.25 1.69 11 91.67

Figure 4-3 stem characteristics of clone no. 3bb/38
dUuarafilsiena
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wulATANAfA pH oglugae 6.5-7.5 uasnulennTuAudidan pH Aandn 6.0 uazdne:
a =

Wulelfienn d1Auien pH 1ARNdT 8.5 agalsfinufiuienisfneifinudndnannise

A @

Aol laaudluauddunsa (Pur, 1951; Pande & Sharma, 1986; Banerjee et al., 1986)
dnazlimouinlnininnugnss Tneszfidnunizunszunsy dniulnFaTuAnAn duuu
FarduisdidanlEaanada fiuiufngauan dndeentsiutusesfiiinnsszunering uas
TigeuRnmisafiude 1H8991N320U5INAABUANDIFDNITIIADBNBLAUDENINN
(Beumea & Beckman, 1956; Kotwal, 1959; Yadav & Sharma, 1967) uﬂﬂﬂﬂﬂﬁﬁﬂwm:
wanesrn1sresiufinudndinasenisiulpeesdn THun Andn Aanasnsaiunis
uaniasuazquan anudndarasazquaniifiuing Usinomeaness uazuaaiden
(Jungsuksuntigool and Wichiennopparat, 1994).
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Ugnaauwdniguieatuginiadu udiieseiniiniidouingdfudeniiafiunge was

dufunsefifsnneimnsfidndesnisnn laaanwizadisBsanasauazunaides

(Keerati—Kasikorn, 1984) Ifawl3auifisuduninduaasiszie v AUIATEANYIAINRS
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Science : JIRCAS) waznantn(aas (8vinlAg9n19a9e9qutunia Hunue1aq 8 n1awen Wl
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waiialunssasBnianigesneing EiiufesiduUssleniuaznisdnniauouyson
mafmanunsuaz ilunansfusanideamile vinadusulFiEatn Tos fiqpuszasd
Aennaianisuiulseanimuranioaiuayunisifulneesdniinulunas
nrfuanndsaniesnslazmeing Selivinnsidedaifiosanienieliiununaia
nngUsulqennstiUstlemindnennatniRedesduniainHatneiodu laneimmn
mafafimszaieaiuaulirsegiaulssmalng A8nnsuazmafiafiléiann
nnafnunasstazgninimsundudinenansvdediaulalunislgnastsaauingnlu

gRnailsial
ad
A8N1SANEA

A 2 ¢ B o SPw o = = 1Y (1
AuffivinnaRnunAsgRmE g [Hnnansiuesndamile nylinuluuanysol
sunatiuugn Smineeuuiugetunanyiusenisailaveslszmalne (Figure 5-1)
: SO . = g 4
Aaun1snseniniiielgnvaaey vinn1sgain 3 9aluiniirnen ei
Apsnzdanindin guantinisntaninuazniaaiunedsznisuanslu Table 5-1

(Wichiennopparat et.al., 2012)

Figure 5-1 Location of the study site
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Table 5-1 Soil characteristics in the study area

Horizon Depth (cm) Organic matter (%) pH Avail. P (ppm)
A 0 - 21/35 0.72 - 0.94 49-55 2-5
B1 21/35 - 55/100 0.07 - 0.12 49 -58 nil - 3
B2 55/100 - 120+ 0.04 - 0.28 4.9 - 5.1 nil -3

Exchangeable Cations (ppm)

Horizon K Ca Mg Na Texture
A 51 - 59 212 - 364 47 - 50 5-9 Sandy
B1 8-20 50 - 98 10 - 40 2-7 Sandy
B2 12 - 94 34 - 600 15 - 307 7-9 Sandy/ Sandy clay loam

Source : Wichennopparat et.al. (2012)
VINNSIE LN ANARIEIOUNTAADS N1TVAABIBBNLULLLLENUABNTNYI0IfIe
ABn9iReaiugn 3 59 (3 uAon) WedunisUsulean wAndmsuUgnantunin

ariuaanidauniladiasldlalalud (CaMg (COs),) WBUSUAT pH uazIANUZ NI

wAaLBENpIAu TaT]adunadiieUsulenmantinisnianinuazUsuininantv

q
1

Tngildtondifio@duUinmsigomisman udin nafneiaseildsnaanld
ABnnsUsUURRwIINA 5 38015 Usenaudiae 1) BIRTHATN5USU5eAN nudas
aauaw 2) talalalugd 400 Alansusnls 3) lalalalng 400 Alansusials uazldis

wnatl 1 flansusindn 4) Talalalud 400 Alansusels uazilawnd (15:15:15) 200 n¥x

o)

o+

fadn uay 5) WWiala Nidanduileduaduasilawnil (15:15:15) Naufi 200 NSNFaF

q q

BNl eiuusiasAtgnguaciunlastazaue 18x28 wns Ta treatment atuulas
U 10x12 A5 uazd buffer Fmaz 2 waa (Figure 5-2) Talaludgnuanastuulastos
AHuRUNNTNARBInauiiasinnatinnannanealgn doulleldnandusulgnuazld
Tunqalgnitnalionnn 30x30x30 ignfnns ndnlddniduaeing 38 snansuneu
SRes Sdnusidasaau fvdenlagdtnianindsaiade dndliaagnidaifen

Ravnan T woel. 2552 Fapszezign 2x4 was tatuiafisausiunanluulastdaanis
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Figure 5-2 Lay out of experimental plots
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madulmesdniieny 2, 3, 4, 5 uaz 6 1 TunAMiIaN1aAnEY uansdtuuag
naaasfilalalaluduasiansl B8n1s D) Mulamaaasiilalalalud uasiedunad
@013 O wazulasaassfilatlonan (3815 £) vinlinadulmasdnAnd buasila
deslalalusd uazuilasiilildansusiniqennln o st wiannisinssinnsadn

o A

Hednflony 5-6 1 wurjﬁﬁqufzmi@uiméﬁmquqLﬁﬁﬁuﬁmeﬁhmwwmﬂﬂwﬁ
HERIAYNWEDR (p<0.05) Lwim‘jl,?]ﬂmﬁqmmmLﬁumuquﬁﬂmuﬁm@ﬂmmem
pAwAnsase iTd A neada Tnedniifdannaaulaidimanugeuazauad
Hongudinanafissanuaniigaiiuad uulamaaasiifinnsldlalaluduazilons @8nns
D) fagAndAsiniu 12,5 me uay 11.94 iwufliuns suady nsdulpdinaiings
uazanalnvasdnateiuganaa 38 Tunnsusulqsiuiisnedu Huaneth Table 5-

2 e Figures 5-3 way 5-4

Table 5-2 Height (Ht) and diameter at breast height (DBH) of teak clone no. 38 under

different soil treatments.

Ht (m) Diameter (cm)
Treatment 2 3 6
3 Years 4 Years 5 Years 6 Years 2 Years 4 Yearsb Years
Years Years Years
A 4.1 4.8 72 83 96 378 555 6.72 842 9.71

B 3.9 4.3 7.2 8.3 9u4° 354 521 6.74 852 9.84

C 47 6.0 83 97% 111% 463 6.64 7.70 958 10.91
D 48 6.2 9.0 1.0 12.3° 485 7.06 854 10.71 11.94

E 50 5.9 83 9.7° 105 491 719 8.09 9.76 10.75

Remark : Different letters indicate significant differences among the five treatments as

calculated by Tukey’s test (p<0.05)

118 | sneeuatiuanyso! Tasesns maliansfiakandadnsunislgnadneaouln(Han



Average height (Ht)

14

_ BHt 2 Years
§ mHt3 Years
= mHt4 Years
BHt 5 Years
mHt 6 Years

A B C D E
Treatment

Figure 5-3 Height of teak clone no. 38 under different soil treatments.

Average diameter
14

_

£ m2 Years

N

s m 3 Years

B

E W4 Years

=

a B 5 Years
m6 Years

A B C D E
Treatment

Figure 5-3 Diameter at breast height of teak clone no. 38 under different soil treatments.
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