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Silvicultural Techniques for Improving Production of

Dalbergia cochinchinensis Plantation
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ABSTRACT

Forest tree plantation management needs silvicultural techniques to increase yield production
which involve in planting site environmental climate surrounding including species knowledge, genetic
factor, nursery technique, planting and maintenance management. For Dalbergia cochinchinensis, lack
of knowledge, species understanding and technology transfer need to be developed for further studies
in depth. This studies were been done on seed type for sowing in nursery, vegetative propagations,
plant tissue culture development and growth of trees in relation with spacing and fertilizer. The results
showed that seed with yellow seed coat at full maturity was the best for sowing in nursery. The
germination percentage reached 94-95% without any pretreatment and rate of germination at 14
days was 80%. For the studies of vegetative propagations, cutting and grafting techniques were
appropriated for D. cochinchinensis. However, percentage of rooting still low even using growth
hormones still got 30.55%. On the other hand, grafting technique was better; propagation of
candidate selected trees from 6 sources gave survival percentage around 86-100%. Thus it should
be used grafting technique for establishment of clonal seed orchard of the species in order to conserve
good genetic bases and produce seeds for economic plantation in the future. Plant tissue culture

techniques of D. cochinchinensis were developed on tissues selection, surface sterilization, shoot

Keywords: Dalbergia cochinchinensis, seeds, rooted cutting, grafting, tissue culture, spacing trials



induction and elongation and root induction processes. However, nursing stage needs to be developed
more. The results of spacing and fertilizers on plant growth showed that both factors were significant
differences. The appropriate spacing distances for planting D. cochinchinensis were 3x3 and 4x4
meters. However, it should be more studied on plant form, production increases with cleaning and

pruning techniques and the amont of fertilizers.
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Ugnl4 6 svaz Al 1x1 1x2 2x2 2x3 3x3 x4 waa uazfiniafiniladuntsiaiediu 2 wu A Tld
flouazlaijogaaians 16-16-16 Tanusiaz treatment Usznavudasduldl 25 fiwgn 9mam 4 47 590
S UGNV 6 x 2 x 4 x 25 = 1,200 ¢ Tnevaaslgn o FanfiendAdansam
Fadnaonunu Ugniud 20 nangnax 2553 udariladetuazusiazd Wudoyantaieiodulngo

AHGIUALAUHNANINANTITTAUADANTITTELIIAT 6 1FaKN 12 3 uaz 4 T

NANISANYILALIFTTITUNA

[ [~
1. ANSANYINTISVLILNKE fa’iwzmiﬂﬂmam
9 U

Asn1swnzdnnanEnzgelnalEndavin IR USnandn [dunniiu feanneinndniid

& &

A o d v oA < = 2 P PR = o P
ADININEVIINENN 7352 uaziugRA Ll Wi dulad waafiBiuunglaesinlesdman
ANANINATSY UL F9fiasdnAunisuenaiaenanfifiguninaieensn SMsumaniug (d

nsudguiadresRenfiundndude il iFifiudenisunifindoreandn (Seed  maturity)

|
aAa

(Rimbawanto et al 1989) 13 Pukittayacamee (1987) Wudn WadFRafHAaLavNARATIUABNRLE
Anueslfinsyfiumised (Acacia  auriculiformis)  axifiusaiiinaangnunasandnludenmnin
& o P Y ' a a [ a ' o | ' & & o o em
wanRuE [HudazafineziinisimuiRaduansteiuluugasnisgnuissaudadeduiug i
WORNTTHNNTIDNYBINAR Mishra (1991) 918M1W37 AR Dalbergia sissoo NRARIAWIRIAUNNAT
filofidudnissenfindiudefiffofuiaadinuaza Simathi et al. (1991) 5189797 WaAR Acacia

. PSP = = = ¢ & < & A % Aan = ¥
mellifera #fRUUABNR 9z fiUadidudn1s9anuasidsussfndunan iR dgianuiaauay
¥ ] & A & P& A . a 2 o & 1A
HIANANLT IAANTgLEB UM gnUAANT (Ful maturity) AeRRWABIUAZUA NIALALABWTA

& ' A o = = = ' = = = oA oA A LS T 3
WanuAarianEzaeNABEBmABIgau RuUAsnasiiienguilasanndafiviunoniunan
g9 v uaEinar sz g ikl auargnnisiUAn el a9 eeg g ANa LA Na1 A
FoRIANENY e fartg nAnAu v TFRa R A niwda Aauiiudinana wazrindafiuandn

RowAsnmanidone wassaduie
4

wananinisisentssenyin Widndn iiainanewsydvlafndunanznindos s

¥ A L4

¥ o o P @) ¥ v ! ¥ v ¥ A 1 =
HIHT @3QﬂL%‘ﬂ‘§’1L°ﬂ"lW’1ﬂ"lﬂrﬁN’1ﬂLﬂuN@Tﬁ@uﬂ@’]Nﬂqﬂﬁ‘i’ﬂﬂuLLﬂ @ZT@W%?‘I@’WITNNNU“‘JMW‘JEI

1 '
a A

RaUnf (Abnormal  seediing)  lnganizinandefiAsnmundeunndngelin dmsumdansgeiis

= & = v @ 1 4 = a ¥ °
WRBNHAARNNBIT AN UIININN AL BN AUIRIALAZAN



A = ¥ 3

Nﬂﬂ’]’iﬂﬂﬂﬂﬂﬂ"l’i\‘i@ﬂ“ﬁlﬁ\?LN&@W%%Q‘?{INNQM@@?‘]WNLN?\]

q

ARAREY WIANE Wazan e e

= =

aa \ ! & \ & A = ~ ¢ & aa
ABN19L39N19T9BNFA9T 100 Usngdn wdensgeiifudandmansasiilasidudniseanifiga
' = 4 = ¥ & ° A ¢ @ s s 1 A I
AIUTDIRINIAD LNAAUADNAUINTA WAZNAAATNIU DS ERANTITIDNATNIN FIHITNIFLIINTTIBN
v & & < ' & o & v Py | ] &
Tmmm@ﬂmuuﬁﬁﬂﬂgm LN%’\]G]WZ%GTN’V'ILUHWEGT%Q‘ET]’I’?L’Nﬂ’lﬁdﬂﬂ ATHITOATTH AR UL ad
W YT nnell 14 F4 winewsands 80% arnitasidudnisenyianunm 94.50% (wanisd
Bhodthipuks (1999) 3181197 ANz geean (At 50% nnelu 9 W uazwesidudnissengendn
1 o | a & ] o 2 & 1 v o
90% @UiH NI9I99N19BNLIALNTITNITVRULNE A BIAHIZENYIN N R AL AR ESU AN AL ANS
1 v ¢ s 1 I ¥ I & QI 1 ¥ QI o @ ¢ @ <
AINAIU a5 udanas §aun19ugiuu1 gt 89ur s udsin e sidudnissananas
Ensies dsuntaudbainganudntaes iEulta9iin 24 Falus T&mLU@%L%uﬁﬂﬁa@ﬂéT\amgqﬁa
91.50% AMmuNAnAaNRAes nan1amaassiinilFdeAmnindt nsmwizdindnlEinegeann
& = dl o ] @ ¥ Szdld & a a = ] @ 914' @
WaRRmAsIvenniell 14 Ju drerlind indanudnsaadydulnfndindn @i lFann

ANNAN HEIIRMAITIN 14 T Fepgvinnarnuisia (U luaunas

¢ ® & 3 ! '
Table 1. Lﬁﬁ’iL‘h’u@]ﬂ’]’N@ﬂ“ﬁlﬂ\iLN@]@Wi%QI@ﬂﬂ'}’iL’Nﬂ'ﬁ\mﬂLLLILIV’I"NGT

s B & & Ao a 2 &
LUBSLAUANTISIBNUBILHA ﬂﬂNﬁlﬂ@’ﬂﬂvgN LHAR

ABL59n1598N ARDY A, A

f145w #289u 145w 7285w #H145% #7128 5u

Control 80.00 94.50 3875  60.00 150 5.50
PRUFMUNDDAHER 73.00 78.75 4325 4325 050 0.50
ugiin 12 ol 70.50 90.75 40.00 58.00 7.25 8.00
w24 3l 54.75 85.25 33.00 6250  10.00  13.00
ugiin 48 Falua 79.75 85.25 4900  53.00 3.75 3.75
i Seneidu 12 9 74.50 94.50 5250  55.50 0.25 0.50
B Sende i 24 . 74.75 91.50 4050 4250 450 5.50

Wiingeudaliifn 48 5 52.00 52.00 5.05 750 175 175




2. m&mmaﬁ’uﬁfﬁwzgﬁmﬂﬁmﬁaLwﬁ

2.1 A9AA% (Cutting)

nnsdadndn(Hdnduidngusrasdindniiefinusunssuousunfn E % undunazdnng

winAulmgandnnnsugnéieanftennnan dellszaunagdamunziuing Hutesilagu gan

a

AUFE Narfinmused uavdn Benlngng wndwin uaziodin Indiles (2554) lHussenafamaiin

[
o/

TumeULFITR W AneoefsiisnenulassasiugraafuviewwsiiuganiinluEewmizdufianis

o—

Ainpansauie#51 A8n1389a3859n19fns NN #an915991n Jandiuazlsaaniunng
Ufusnssingn
amsulfinggoudn Wasnndsbiflaausaninuganniunisosnewug  (Hedge garden) A<

g flugiaar1Asn1sinin [Feendandnsunis@ans (Rejuvenation) e lFinn1sAmann s (s

|
=

fumnzanAinisiie nsdaomiauiiguunadungRdngs 5-10 @, 81915an0) 40-50 T,
unilntunazusiassinlsadoude lhfasendon dvienianadniuassadeniiuanaant
azfipsuazdu snavnislagniainWainiegzalauguuuazyinlianTnanunilaiu vinlan
LIAUNAIAENTTAUIIN 929 DR BB eNImIGEuNT B9a [H1 BN e nsauNINNdNARLSN (Figure 1)

Figure 2 ugmsfamaiianisfjiieisnisdndn amsufunanifauaduuanlugewainaia
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nzgndinsdessa (UnUsernm 2 Wew udadinandminnnidsssie ugeinfidauesian i



Figure 1 nﬁi’&'ﬂﬁqTﬁLﬁﬂﬂ@méauwxge (Rejuvenation)
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Figure 2 A8n1sufjiRnisilndreannses
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o

\duindnuazann 3 Weu axlindmnwegesingninluugni usiiive W [ nandmEnfisasunanudsuss
Pr3 = | = = =
mmmﬂmm@mmffﬂwLﬁ@u@mzﬂmm
nan1sAnunaianisindindnlinzgelaefensnneindanymzessfisiiuazefinues
25 INuT Y 2unae9AsEIeNnuansaudilEAe daulan daunans LasdIugen asilauin
kU naesnafiufe 3.10£1.05 2.37+0.47 uaz 1.56+0.39 RafNAs ANATU U51n597
vnBdnstgesluwsenn fvdmegeesineiidudsonanamfamingy  17.12+8.95 usdnlé
705 INHSIIINUET 1WasiEudnssananenanaastiiiasindudn 30.55412.77  uasdAaas
ANeTINgTUssaUNAa NS IVINAY 27.20+15.83% 1HBRINTNEIAIINUANANNTEAIN TR RS LN
L'i'ﬁflﬂﬁ?%ﬂﬁfmgdq AnsltEesluu Seradix uay BA Avudindu 300 ppm TEAnuAnseii
wililaina Nl nduasansazany 1BA {1 500 ppm iasiEudnissennnsuazinsinasanas
& v A A ~ o ' v o ' ' P ¢ &
Wwndiey WaRansaianizivdiysingdn AN AT N RIUATINANTESEAAB NI LI LU a5 10
AN998ARNEINGL 35.76+19.09 F9findinisEnstnaaulaulazdiugan AfilesiEudnissannis
WINHU 23.95+14.45 WAz 21.87+10.07  @ANHNATIAU WAVBNINISTIATIZAATIATINLLSUSIHYDY

AN9VIARIuEAI(ATN Table 2 LATNAEISAINITHATINTZATI9TTaT8ATULNUSDBIRIT LAY

' 1
a o a

#0513 71150 Table 3 A8 laRATNE a9 NITN MBI AT ANBLANAR9IN1998ARNLUBITNTT Ladl

adyfigane n1seyuIaguasnenasainineninasgeeivaninduiuesfdauddgyiige

q
o ' @ '

HB991NTE LU INY BN AN LNF AT ABNI19883 MIfUNITWENYT F9AITRNITANYINATANITINAY
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FandnHnegeWiuseansnmafiga

Table 2. nanN193LAT1ERATANLLSUTIHIDINTITTINGT (ANOVA)

Source of variation d.f. S.s. m.s. V.T. F pr.
Replication 2 736 368 2.63
Branch 2 1346.4 673.2 4.80 0.019
Hormone 3 1321.1 440.4 3.14 0.046
Branch.Hormone 6 2279.6 379.7 2.71 0.040
Residual 22 3083.9 140.2

Total 35 8767




Table 3. 1WasEusin19RinanTenInstlas AL a9 TILAZZ0S [H

. L. #a5luu
SITLL A WINIUT
control Seradix IBA 300 ppm IBA 500 ppm
dulan 11.1 19.4 29.2 6.1
FIUNA 15.3 51.4 45.8 30.6
AULan 25.0 25.0 20.8 16.7

2.2 NISALULBA

@fmmﬁﬁg’jﬁ’ﬁLﬁ‘ﬂm’i%miLﬁﬂwmwmﬁ%mmﬂﬁqLLm_lL%’flﬁumm:ﬁ’umwz%aﬁﬂm
N9 NILUUAY LI LAL A UAN LHDI9INFDIITNAITZNUNITLENYDIHDLEBUS I HIaYAD
Y I dl o I 1 dl = o o =1 o =
F1L B anTimasan untsvinntsideugaaugasinniniawnsalssn o e ut AN
funanvBanoudaeggau Feiuneunisideueen iUssaunaa3aflaal (Figure 3)

= 1 &V [ a APy 4 Aa
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- Reudiusaiiseiuanngelszinnd 10 .. Basfen udIHINANEEUR NNELITENI0
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— 15U 3-6 LHIDK NEUADEAINAINHDLIE9INNISARTANUS TR TUARALRIAD

wnzewnanafinesniiie Wdundednivlnegnanysod

Table 4. WedidudsaanizanniadeuganiugAansuud Hunassine

UARS AT (5 % SEAMNE
thanuuismmianieald 4. Usduya 11 100
AIUUIAIRTN 7. YDULAN 11 94.45+6.53
AMMLNELAY 9. BN 10 99.30+2.21
anndlanTanAdefivaylan 4. Auoglan 5 98.60+3.13
FOHINTAATENYA 9. UATIBRNN 10 86.80+11.59
ANHINTMUATEN TN 9. UTraTUAZIUS 6 86.67+11.74

A1NNaTeIN13rEneiLg Hnsealnedfifaunenilyvn e soimwiiesufinnssa Ty
N199AEEWNFIWHAANEANUWE ({917 clone (Clonal Seed Orchard) Tagnaiiufisiugnzgsanua

aeANR (919 ndsssnfvsaanaau Hnggedmsunisimunaaudiasugiasa U

v b4 1
3. walAan1sINIzIaesIHaIans e

TunaimwiNenmaiadsnismnzasaiiadanzgs(@anfunismigasammnsuusay

TURDY 111 BIMNTANTIUEB ENANITIAL e s msunstniigen nnstiaeen uazn15dniin

590 %ﬁ%ﬁ@ﬁ%gmmwﬁ MS 1iludanan
1 d’l o =
3.1 ATNARDINBNRNNTBUSLIUNT (Surface sterilization)

nsnenggeusinaRatudauiniunistesiud Wi delsadesnundonsendenisnaziags
daidle Tnaniatinihenlames fiszdunanadniu 5% 10% wazlioan 10 15 uay 20 wif Uangdn
%u@iquwzgaﬁmiﬂmﬂy@u (contamination) Uszanos 8-16% uaruaauigazmeisdumide Mg
ngedndntuuazaaiunsdunaniaaassiiaingdn niatiniensindedindn 5% uas 10

1 [

it inalas@ansniwifian Suaauie[ideniets 88% (Table 5)

q



Table 5 1WasiFudnigunidan N19a189093Ra% Lazlszansninlunisnanaidausinoia

2aA91NANG9nes(Hinzy

. . . nsUuilan n15A1e UseAnsnniu

ATNLBNTNIDY IR AU > s oz

N1SNARDY y . . > 2BITURIN 2BITUNIN MTnenwze

W laeas (%) (W) Fudu

(%) (%) (%)
1 10 50 10 2 88
2 5 15 50 16 32 52
3 20 50 8 50 42
4 10 50 10 36 54
5 10 15 50 0 100 0
6 20 50 0 100 0

v
3.2 NSNARBITNHITUAIU LA ALIALAZUARAN

nisaNN1aEdefiRaresiudily inniadausi BinAsiandanifilszneudagniing
sifUResUamNTgRs MS Aflaslu BAP flssiuannadindi 0, 20 uaz 30 mil HAsINATSANKA
wudn SsfinnsudonainuuaiiBouasdesgelazann 30% Tugrsameiildeeshu doniimde
Fafinnstnibisinaimunia B ioaasnm 4 §lad Unngdt ommagas MS Al
mo5luu BAP nanfisziuaansidisndiu 20 mil wonnsmmnvesmndsunneeasnniige Andiu 95%
danluamnagns MS Aflzasluu BAP nanfisziuanaidindiu 30 mil avtsngniaimmnansmnding
75% dougnanns MS Al Tazasluu BAP wudn Snnsmmnandng 71% (Toble 6)

fadanadnusznisasenmiagaa MS Aflesluu BAP nanfiszdumanadindn 30 mil 9z
Fongindn douiiegluamsarnanedudaaindifidaesln 20 min flognudasientiifiu

LINIHIN (Figure 4)



Table 6 N@mﬁm‘uﬂu@wm%umu%mmiqm MS %ﬁﬂﬁi"l\‘i‘"} ﬂ’“lEITH‘Ei?.IiL’JN’] 3-4 qUaA

.oy Fuauiidn Fuaudinan
YAIRINT FIUIRAUAIN & %
\Za Han
MS 20 13 5 71
MS + BAP 20 ml/I 30 11 18 95
MS + BAP 30 ml/l 30 10 15 75

3.3 nsVaRaItnH AnnN1stinsaaasgan (Shoot elongation)

waaNnnITRNEMAREINsEndrastnnracingg Tugnsannis MS Aiflzasluu BAP 20
mill WAZIFN GA; Arazduannadings 0.5 mil WisuifautusaafinziAssunmagaaiieaii us
Tifldnunanaey GA; WU saATiNHIRENIUDINTgRT MS 7l GA; nasagfinnsdnda s
87.50% \fiaiAsuisuiueenfilid GA; nanagluamiagnafuadu Affes 20% (Figure 4 uay

Table 7)

Table 7 wansnauanBsIasBusans g unsiminnsinsazeseen nialusrazinan 6 dlav

FNRIRNATA ITIRIRALAN

AOISBDINNS fn?’lu’m%u’éi’m > %

u \2ie aan
MS + BAP 20 ml/l 20 5 3 20
MS + BAP 20 ml/l + GA3 0.5 ml/l 20 4 14 87.50

3.4 ANSNARBITNHITWEINIHLAASIN (Root induction)

nnanaassinsin iinsneeseeniilFainnisnaassininiiiaeeen  Tnanissausioen
mwwzmuﬂ@mﬁﬂ”@fﬁﬁﬁqﬂfﬂLﬁymuummﬁqm MS ﬁ@mmﬂmmuqumﬁw%iyLﬁuTmﬁﬁ:mmﬂﬂ
B9 THun BA uay NAA Tnel¥szsuaasdininansgadluu 7 2 mil wazn1snaniuszndnegnslumg
IBA FUNAA Fiszsuaaudisdnednas 1 mil wodn nnetu 6 dUad nnssniniAnsnenngen
W:gffuzgmmmﬁﬁﬁmﬁwmﬁmwc}wﬂ@ﬂuu IBA i1 NAA Aisedumanuidindiuafingy 1 miyl Taas

43% (Table 8)



o/ dl a 4? a & [P=) ! 49, 4‘ a

[ANPYUSUBIITINVINAYN @ZN‘KINWG]N%TNN’TW]LL?IN\? LLG]TNﬂ’ﬁL@ENU%@’M’]’iZﬂ@’i MS  %LBIN
gaslun BA sziumudinineessndlundl 2 mil U51ng31nawingng wazsInuassIuanEin
(Figure 4)

Table 8 KANITAAUAHENYENTUAINWANTFNIN9N nreluseazinan 6 FUani

¥
a

v 1 1

ANTBINNG FIRIUTUFIN  ITUIRNAMZTD  IuUALanNsIn %
MS + IBA 2 ml/l 32 4

MS + IBA 1T ml/l + NAA 1T ml/l 59 12 20 43

4 14




Figure 4 uaaviumaunIawziaesilode Hnees
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MS + BAP 20 ml/l




Figure 4 uaastumaunIsmwiziaesiladiainegs (sa)

AUNDUE ALBA

MS + BAP 20 ml/I

AUABUNTITENHIFIN

MS + IBA 2 ml/I MS + IBA 1 ml/l + NAA 1T ml/l
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1. Maneangn@isuAnainredudiuesaiiuanainandnesfinzgs Tneindudauugasiy

s Emasfian ndings 5% Anandaesinendulad 1-2 vaa 1uaan 10 wift wdadefinesinfil

|
adaa

ddeudndn 3 ass {fAgRtsrananmlnnswensndafiigalitudiiivsneainids 88%

2. Fudaniinansaniiuanainaniinsesivlinggs smnsadminliAaeenldluamisgns
MS ifigeslun BAP 20 mil TﬂﬂmﬂﬂgﬂmﬁLmﬂmﬂmﬁwmﬂﬁqm Arntis 95% lusreziaailayanod
4 §anii

3. NsdnfrasaandiiFernniaaassnistninimiAneannudn nnsla GAs 0.5 ml/l a3lu
BWNIGAT MS HaK BAP 20 mil smnsatastigendadafindn e1mnages MS fiuan BAP fiszdu
ANdindRaa A s GAs

4. maveaesiinliiAnnueseeei Fanmaaaadnfidisses uaunumasiauiule
Uszinvaan@s (Hun BA uaz NAA Tnel¥seiuaanadiniivansgadiun 7 2 mil uaennsnaniv
52199ED4lHN IBA FTUNAA fiszsunaudinivgiliagy 1 mil $minlHAnsen e lUidsswnennng
g3 MS fidneasTuumunsnisiesailn BA wandu NAA fasdumanadndusings 1 mi
arnsadninHifnsnnnety 4 et Tnefidnuoanssnninfngu s isnuams

WaIIINNNSINNZIAHeE el ninmmAduianauds vnnnsiaaaneniaanlingn

Yiudafunianisiaeuasiosg g AUnfneuniladi 91ndinnaIneg9eanaInaInLas a1y
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28017 S1gndarasnafdagnizdidiunay ‘mﬁﬁfﬁijm ﬁﬂmq\ﬁwmaﬁﬂwmm%fy FaUnng9
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waannnisAneiniseiyiRulnreingeeiiszesign 6 szez waznslatevdetlaie
Usngdn Tladuisasasnsiinasoniaadyiiulammennnlpatniiiodin fuansth Table .
Falnaanmanaideusnfiansanusdaziiadaasnud sazlgnuanL X1 1x2 2x2 UaT 2x3 LHMg
sefanaaiaiulamenalpiesninszezgniininemes 3x3 uaz 4x4 13 Tnesvezign 4x4

was Waeng 4 T aztidunzgeiifinisesndulamfomindy 426 nfinns wialsyanod |
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=

iina/l nagiufilannniigavindu 6.8 wnfies (1.7 wwiwnsil) Sadunaeinnislaiedn
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Usznianils nasnslgnls 6 Wen Seliifiuansunnsnseesnisiiennnin uiiileanguiniu



wmmm'ﬁdﬂw‘h?ﬁﬁuwz%aﬁmﬁw%fyL@]ﬂmmqmmimﬂuﬁmﬁﬂLﬂ%ﬂuLﬁﬂuﬁumiﬁff@fﬂﬂ
WinfiL 0.26 0.64 0.53 uay 0.97 WuANAT WU 12 3 was 4 ATNATFU Figure 5 WAANTINATEY
m'ﬁef@iﬂwi@mﬁw%fyL(’?memc?ﬁuw:gaﬁﬁ:ﬂzﬂqﬂﬁhm qrFang (fqn nﬂﬁ:ﬂzﬂqmmﬂaﬁdﬂﬁ
ﬂ’?’iw%fyL@IUTGWINﬁ’)'mTGITN'ﬂ"ﬂf-_lLLWﬂGiWQﬁHNWﬂﬁﬂTHLLﬁ@::ﬁNL’m’] W N5EZIRT W&’qmiﬁgﬂ 4
b wa;ﬂﬁ:mﬂgﬂ %ﬁmw‘[m%iﬁwm 3.15-3.44 | HUBLNAS LﬁuLﬁmﬁ’umeﬁfdﬂﬂﬁ%umﬂ&m
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Table 9 HAN1FAATIARMSERH ANOVA nawastyiiulanisaninlnuesfinsgs

SOV d.f. S.S. m.s. V.T. F pr.
Replication 3 27.91 9,30 18.28
Spacing 5 11.34 2.27 4.46 <.001
Fertilizer 1 128,65 128.65 252.85 <.001
Time 4 3151.45 787.86 1548.50 <.001
Spacing.Fertilizer 5 6.67 1.33 2.62 0.026
Spacing,Time 20 15.73 0.79 1.55 0.071
Fertilizer.Time 4 56.31 14.08 27.67 <.001
S.F.T 20 11.54 0.58 1.13 0.319
Residual 177 90.06 0.51 4.18
Total 1898 3196.48

Table 10 #AN1FALATIZAAMEER ANOVA natasaiiulamnenangelanfinzgs

Sov d.f. S.S. m.s. V.T. F pr.

Replication 3 44.25 14.75 69.86

Spacing 5 2.68 0.54 2.54 0.030
Fertilizer 1 207.03 207.03 980.45 <.001
Time 4 1581.12 395.28 1871.98 <.001
Spacing.Fertilizer 5 1.46 0.29 1.39 0.229
Spacing, Time 20 1.20 0.06 0.28 1.00

Fertilizer.Time 4 112.48 28.12 133.18 <.001
S.F.T 20 2.92 0.15 0.69 0.831
Residual 177 37.37 0.21 2.77

Total 1898 1835.30
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ABSTRACT

The study on early genetic testing and selection in Pterocarpus macrocarpus
seedlings grown in the nursery and field was conducted by investigating seedling growth
among 20 families from four populations. Seedlings were grown in the nursery for six months and
subsequently they were out planted in the field for two years for growth assessment. The results
revealed that both height and diameter growths of seedlings grown in the nursery and in the
field varied among populations and families. In the nursery, six months old seedlings had the
average height and diameter of 41.1 and 0.85 cm, respectively. Among four populations, seedlings
from Kamphaengphet out performed seedlings from other populations with the average height and
diameter of 53.8 and 1.0 cm, respectively. Seedlings from Saraburi (average height and diameter
of 45.8 and 0.91 cm, respectively) and Nakhonratchasima (average height and diameter of 36.1
and 0.78 cm, respectively) had moderate growth whereas seedlings from Khonkhaen had less
growth with the average height and diameter of 25.8 and 0.65 cm, respectively. Among 20

families, seedlings from family with maximal growth had the average height and diameter of 62.8



and 1.09 cm, respectively, while seedlings from family with minimal growth had the average

height and diameter of 22.8 and 0.57 cm, respectively.

The average height and diameter growths of seedling grown in the field for two years
were 135.2 and 2.6 cm, respectively. Seedlings from Kamphaengphet still out performed seedlings
from other three populations with the average height and diameter of 148.9 and 2.84 cm,
respectively. Seedlings from Nakhonratchasima (average height and diameter of 147.8 and 2.76
cm, respectively) and Saraburi (average height and diameter of 144.2 and 2.72 c¢m, respectively)
had moderate growth whereas seedlings from Khonkhaen had less growth with the average
height and diameter of 101.4 and 2.22 cm, respectively. Among 20 families, seedlings from family
with maximal growth had the average height and diameter of 194.8 and 3.47 cm, respectively,
while seedlings from family with minimal growth had the average height of 90.7 cm and diameter
of 1.95 cm. Both height and diameter growths of P. macrocarpus seedlings not only changed in
rank as age increased but also positively correlated between age classes. This implied that
the results can be applied in selecting high genetic quality seedlings from the nursery for

out planting in the field which will be a high productivity plantation in the future.

Keywords: Pterocarpus macrocarpus// growth// genetic variation// early genetic selection
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WunaUsrgarnua(dussgiddnyoizgunssfidauan 20 du a1ndszy1nis
(Population) W3BUNEUNAALT (Seed source) 91WaU 4 UnaEY Usznaufagaanunn (Khonkhaen)
UATIIHANT (Nakhonratchasima) ﬂ’inﬁ (Sarabur) WAXAIWNILNYGS (Kamphaengphet) Tnauday
wAsear Ul (Seed tree ¥3m family) 419w 4-6 §iu (Table 1) WInaUszgnIINITUENNAR

& d' 2 & Y o [ | "o A v v ¥ o o ]
AANAINHA WEHAAT (Hazifunan Bamsuusasun il ez Hamsunisvaaasa U

PNNRANIWIT IR EEaNNE (H e uenaHLN (3 Tuﬁ@qu:ﬁﬁﬁ"f%fﬁ’mwmaLL@N
50% WnziAeInAnH inguinnzdinanafinaun 2x6 19 InsMdaqunnzdniivsznaudian widn ;
WNAY : fJaAan Midadan 2 1: 1 lpatduns mgm@ﬂéﬁﬂfﬁcfuﬁﬁqu:ﬁﬁL‘flmm 2 1F9U NoY
gusinndandn Enfiaananysoluiauss ¥ unmeanssa
Table 1. Populations and families in each population for seed collection of P. macrocarpus used

in the experiment.

Population Family Population Family
Khonkhan KKO1 Nakhonratchasima NMO2
KKO2 NMO6
KKO3 NMO9
KKO6 NM11
KK16* NM18
KK17 NM20
Saraburi SRO1 Kamphaengphet KPO1
SR04 KPO2
SR06 KP0O9
SRO8 KP11

* Not included in the field study because of insufficient seedlings.
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Azl arasiaulssing 4 aa9n19naassiuEaunizsiuazulamaass

U

AAENIN [ENN9RRTIsiRaNulsUTME BB eud (Andlysis of variance) wWRZAIMKA WiTlade

F19 L‘fluLLuij (Random effect) T@mﬁuum{iu (General linear model) #g
YUkl = M + Ri + PJ + RPU + Fk(PJ) + RF\k(PJ) + Eijk|

= % 1 | o/ dy
Tnafiiladasing o Duuuuyused

1l = AuRdnzearrng

R; = Replication 7ilag i A0 18912; 1895 vise 1892 f‘fu@g’ﬁum‘mmm
P = Population ‘ﬁji&mj qAn 1994

RP; = Interaction 931919 Replication wag Population

F(P) = Famiy 7t k Tne k e 1 89 20; vide 1 8 19 Tuadiunameaas

RFy(P) = Interaction 3¢9 Replication WAy Family

B = ANAHARIALARD

WBNIINWW IIN1931ATITINIANHANT T Tz rd19sauLasie o 2avdiayafi(Fann
naneansluEennIzEuazulamaansn agun laalnnsaiassRandunug (Pearson
correlation) HeAnEN3UuILLATAHANARTIasNs s gifiulneeen A [fiUgnTuEenmnzdn

LL@XT‘HLL‘U ANNANBNNTANKIN

HANISANYILAZITITHNNA

ndnliiszgiinaanstudenmnzdn fnrndulafiunnsineiusendndszannsuay
seydnaullinansganazannl (Table 2) ndlifieny 6 ieu Aarugeuazanalnsis
Wil 411 uaz 0.85 nfmns auandy Tnendntiarndiunsmasiinafulaisdmanugs
uazailasnfige soenlFunndnlienaszy3 uassednn wazaonunn Tnefianugunds
Wi 53.8, 45.8, 36.1 uar 25.8 \wufiems mwa1iy uazfinonslmedsivindy 1.00, 0.91,
0.78 uaz 0.65 \IUANAT ANAIF (Table 2) dm3uniaidulaviadiumngeuazaaxlna
n&nlHiazndnouailiising q 99099 4 Uazrnng wudnfinnadulaisindidesiuuazunnsinaiu i
n&nlifeny 6 Weurewsd(d KPO1 arndiunsmgataduunseiilafifign uiesfinnamulan
ANgauaraulafndndn Hassnud feainvenuin windufinisdulsisandindnfives

w3 NM20 a1nua9919881 waz SROT waz SR04 91Na3zy3 (Table 2)



Table 2. Population means, family means, grand means and standard deviations (SD) for height

growth (cm) and diameter growth (cm) of P. macrocarpus seedlings grown in the nursery.

Population Family HOM H3M HE6M DOM D3M D6M

Khonkhaen KKOT1 11.1£3.4  154+47  23.5+7.2 0.32+0.08 0.41£0.09 0.57+0.12
KKO2 11.242.2  156.2+3.3 274473 0.38+0.08 0.43+0.06 0.71£0.17
KKO3 11.0£3.4 13.8+3.3 22.8+6.2 0.33+0.05 0.42+0.08 0.69+0.15
KKO6 12.5+2.6 16.4+£3.6 25.4+59 0.35+0.09 0.43+0.12 0.68+0.18
KK16 13.0£3.8  17.2+4.3 25.8+4.4  0.33+0.08 0.42+0.08 0.59+0.14
KK17 12.0£3.5 15.7+4.6 27.4+6.4  0.34+0.01 0.41+0.12  0.64+0.13
Population mean + SD  11.843.2 15.6#4.1 25.8#6.5 0.34+0.08 0.42+0.10 0.65+0.14

Nakhonrat- NMO2 17.3+45 21.2+#6.8 36.7£#19.0 0.46x0.10 0.54+0.12  0.84+0.31
chasima NMO6 14.0+£3.8 17.6¥54 34.3+11.8  0.41x0.11  0.49+0.13 0.79+0.20
NMO9 14.1x4.77  17.845.6 30.5+£11.6 0.42+0.09 0.48+0.10 0.69+0.15
NM11 15.0£5.5 20.7£7.8 34.0+12.5 0.42+0.12 0.48+£0.13 0.73+0.20
NM18 15.8+4.4 21.0£5.0 32.6£9.3 0.45+0.11 0.51£0.15 0.69+0.19
NM20 18.5¢5.0 25.5+6.7 45.3+18.4 0.53+0.10 0.60+0.11 0.90+0.26
Population mean + SD  15.844.9 20.6+#6.8 36.1#15.1 0.45+0.11 0.52+0.13 0.78+0.24

Saraburi SRO1 255+6.3 34.4£8.9 57.6%£18.7 0.58+0.12 0.65+0.13 0.97+0.25
SR04 20.1£5.5 26.1£9.4 49.6%19.5 0.57+0.14 0.66+0.15 0.10+0.25
SRO6 18.2¢5.9 22.3+51 35.3+9.0 0.46+0.11 0.54+0,11 0.77+0.18
SR0O8 17.6£4.3  21.4+£54  33.248.6  0.49+0.11 0.56+£0.10 0.79+0.15
Population mean + SD  20.4+#6.3 26.2+#9.1 45.8%+18.6 0.52+0.13 0.60+0.14 0.91+0.24

Kamphaeng- KPO1 14.7x4.6  21.4+#6.4 42.7+15.6 0.40£0.12 0.50+0.13 0.83+0.21
phet KPO2 18.3+5.5 25.6+6.1 56.9+18.1 0.54+0.13 0.65+0.15 1.08+0.26
KPO9 15.4£59 23.0£7.6 47.3+x14.4 0.47+0.14 0.56+0.14 0.94+0.24
KP11 28.4+75 35.2+¢79 62.6+183 0.60+0.12 0.69+0.14 1.09+0.27
Population mean + SD  19.6+8.2 26.9+8.9 53.8#18.4 0.51+0.15 0.61£0.16 1.00+0.27

Grand mean * SD 16.2£6.5 22.0+8.6 41.1x18.8 0.44%0.14 0.53+0.15 0.85+0.27

Notes: HOM: height at O month old; H3M: height at 3 months old; HBM: height at 6 months old;

DOM: diameter at O month old; D3M: diameter at 3 months old; D6M: diameter at 6 months old.
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HAanuanaATua RS a Ay NI9a TR assndnelazenng uavsendnouslsl (Tale 3) @9
AN AU AUBsanUsza nswazul Haniuidadaunanngn 90%  2p9mAanHiuls
e 1 Faaauresnnaiuulsfiduiesendaznauazannull Wefisnsonainanug
ﬂﬂaﬂﬁﬁfﬁﬁmgj 6 1aw (HEM) SAwindu 88.23% uay 7.28% AU InadAtsaniuwinfy

95.51% 289IATNNRLBLST9YING (Table 3)

Table 3. Components of variance (percentage of total variance) and significant tests for height

growth and diameter growth of P. macrocarpus seedlings grown in the nursery.

Source of variation df HOM H3M H6M DOM D3M D6M
Replication 1 7.70%* 5.59%* 1.85*% 7.78%* 3.97** 3.18ns
Population 3 78.74**  80.85** 88.23** 83.70** 85.93** 85.74**
Replication*Population 33 0.72**  0.87** 1.0Ins  0.87** 1.24*% 1.64ns
Family (Population) 16 11.88**  11.41**  7.28**  ©.55**  7.00** 7.10%*
Replication*Family (Population) 176 0.61**  0.79** 0.69ns  0.68** 1.08** 1.11ns
Residual 720 0.35 0.48 0.95 0.43 0.77 1.23

Notes: ns: not significant; *: significant at P < 0.05;  **: significant at P < 0.01.
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A lannnndnndnFeswnuilfiannssuuniu uinduinisivlsdiesniindndvemans

wffannuasaeRnIuaraszy3 (Table 4)

Z\?’Iﬂ%ﬂﬂ’]@%‘)ﬂ’]if\lﬂﬂdﬂfﬁfﬁ@ﬁﬂq 2 7 |{laRa19 041 THEIHIBINIRTINTNTTHY BN IF
(TotalDw) WUFNANHIINATUNSINYT HAT TotalDw IRALWINFU 376.02 NS BININNTILAFID
FBIRINTABNEN [Ha1NuATIYRNT (349.07 N5H) AINETLS (305.82 N3N) WATAINVEULANL B9

AN TotalDw Haegn (239.43 N5H) (Table 4)

Table 4. Population means, family means, grand means and standard deviations (SD) for height
growth (cm), diameter growth (cm) and biomass (g) of P. macrocarpus seedlings grown

in the field.

Populatio  Family HOY H1Y H2Y DOY D2Y ShootDw  RootDw  TotalDw

Khonkhaen KKO1 23.4 46.1 90.7 0.55 2.01 93.86 67.18 161.04
7.3 +9.8 +25.9 +0.12  +£0.68 +86.08 +50.95  £136.19

KKO2 27.7 57.9 109.6 0.79 2.49 243.14 147.31 390.44

7.4 +19.0 +304  £0.18 +0.75  £167.73  +100.81 +267.45

KKO3 22.1 50.6 99.0 0.69 2.21 104.49 77.54 182.03

+6.2 +11.9 +22.2 +0.15  +0.68 +49.71 +25.21 +72.62

KKO6 27.4 51.1 93.9 0.72 1.95 87.29 60.64 147.93

5.5 +10.5 £19.9 +0.15  +0.55 +58.55 149.24  £104.52

KK17 31.3 61.0 114.3 0.69 2.43 199.05 98.35 297.40

5.5 +17.8 +26.2  +0.13 +0.65 +111.70 +51.83 +162.77

Population mean 26.4 53.3 101.4 0.69 2.22 148.00 91.43 239.43
*SD +7.1 +14.9 +26.1 +0.16 $0.68  %115.98 +64.31 +178.36

Nakhonrat-  NMO02 43.7 73.5 148.0 0.98 2.62 259.19 89.79 348.98
chasima +22.3 +19.9 +57.3 +0.32 +0.88 +243.83 +59.83 +302.54
NMO6 38.7 71.0 147.7 0.85 2.61 189.31 123.54 312.85

+11.5 +14.8  +445 021 0.73 +84.97 +32.53  +107.98

NMO9 32.7 65.4 146.4 0.70 2.57 232.78 101.09 333.86
+11.9 +25.1 +59.4  +0.18 +0.69 +156.35 +45.94  +£199.86

NM11 40.6 81.7 160.4 0.81 3.08 229.11 94.95 324.06

+14.2 +18.0 +42.3 +0.20 +0.88 +78.56 +27.07 +104.83

NM18 35.5 69.1 127.9 0.71 2.34 135.90 85.58 221.48

+9.8 +30.8 +25.6 +0.21 +0.97 +104.92 +58.30 +161.83

NM20 55.0 76.5 158.1 1.05 2.84 404.16 181.78 585.94

+20.5 4135  +494 022 090 +168.14 +86.04 +252.21

Population mean 41.0 73.0 147.8 0.85 2.76 237.47 111.59 349.07
+SD +16.9  +21.2 +47.0 +0.25 +0.86 +162.21 +60.08 +216.18
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Table 4. Continued.

Populatio  Family HOY H1Y H2Y DOY D2Y ShootDw  RootDw  TotalDw

Saraburi SRO1 77.2 96.1 162.7 1.22 2.87 332.02 127.98 460.00
+17.3  +20.2 £38.2 +0.20 +0.71 +166.76 +67.81  +223.53

SR04 70.5 92.2 167.9 1.21 3.03 260.22 120.16 380.38

+12.9 +12.8 +41.6 +0.13  +0.80 +186.58 +36.01 +217.66

SRO6 38.2 63.6 125.4 0.84 2.52 134.66 100.18 234.84

7.9 +13.2 +41.8 020 +0.79  £118.50 £89.92  +207.03

SRO8 37.1 65.9 123.4 0.83 2.54 108.40 116.73 225.13

+10.1 +16.3  +31.6 +0.13  +0.78 +68.92 +52.84  +119.05

Population mean 55.8 78.8 144.2 1.03 2.74 191.23 114.59 305.82
+SD +22.1 +21.2 %429 +0.256 +0.79 +153.63 +60.02  +199.49

Kamphae- KPO1 53.8 74.6 123.9 0.99 2.41 125.74 68.81 194.55
ngphet +15.5 134 322 x0.18  +0.50 +55.77 +32.95 +81.52

KPO2 73.3 85.3 147.7 1.28 2.86 243.69 95.97 339.66
+14.2 214 £342 022  £0.79 +20723 £68.85  £294.71

KPO9 59.8 7.7 131.3 1.14 2.62 220.33 118.63 338.96
+14.2 +15.3 +38.2 +0.28  +0.90 +25535 +114.61 +368.45

KP11 825 98.1 194.8 1.39 3.47 469.96 160.95 630.92
£14.9 +147  £50.3 £0.177  +0.92 +346.82 +84.84  £4290.18

Population mean 67.3 83.8 148.9 1.20 2.84 264.93 111.09 376.02

+SD +18.3 +185  +47.0 +0.26 +0.87 26245  +82.92  +340.77
Grand mean 46.4 70.0 133.7 0.91 2.51 213.36 107.35 320.71
+SD +21.6 +21.1 +449  +0.29 +0.82 +18357  +66.67 +242.86

Notes:  HOY: height at O year old; H1Y: height at 1 year old; H2Y: height at 2 years old;
DOY: diameter at O year old; D2Y: diameter at 2 years old;

ShootDw: shoot dry weight; RootDW: root dry weight; TotalDW: total dry weight

m‘iLﬁuTmmﬂﬁﬂﬁmwﬁuLmmwmmmmmuﬁdmmqqLmeme [T TaPY
LANANNTHITdeUazEng warszdeu indne iAoy neadn (Table 5) Semannsiuulsi
Auiflasdszrnnsuazun (3l fdndausaniuAeninemn WuRatuiinuannisnaasstudew
wnzgn (Table 3) TagfiAnzmdne 71% 7 D2Y 9 97% 7 HOY FednaanpaAmulsanus
ﬁﬁﬂLﬁmﬁuLﬁ@ﬂﬁﬁfﬁﬁmﬂumﬁu L2 ﬁ@@f'}‘l&"ﬂ’ﬂdﬂ'}’mﬁuLLﬂ‘i‘i:Wﬁ’]\‘iLLﬂTﬁWNﬁﬁuﬂ’]’mq\‘iLﬁN
971 8.99% a1y 1 T (H1Y) 1fu 11.57% ooy 2 T (H2Y) wwmdeaduduanlpfinen

9.72% \flmeng 0 11 (DOY) T 14.46% \esny 2 T (D2Y) (Table 5)
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Table 5. Components of variance (percentage of total variance) and significant tests for height

growth and diameter growth of P. macrocarpus seedlings grown in the field.

Source of variation df HOY H1Y H2Y DOY D2Y
Replication 4 0.45 ns 0.75 ns 1.71ns 0.71ns 7.89 ns
Population 3 88.50 **  82.83 **  76.44 ** 86.69 ** 56.97 **
Replication * Population 12 0.42 ns 2.20 ns 3.08ns  0.83ns 6.53 ns
Family (Population) 15 9.11 ** 8.99 **  11.57 ** 9.72 **  14.46 *
Replication * Family (Population) 60 0.84 ns 3.45 ** 4.23 * 1.06 ns 7.36 ns
Residual 190 0.67 1.79 2.97 0.99 6.80

Notes: ns: not significant; *: significant at P < 0.05;  **: significant at P < 0.01.

o o/ = v ¥ zﬁl = ! (P21 ' o/ 1 S o o o/
N’]‘ifi‘iUNfJN?ﬁJﬂ’]W"ﬂﬂ\‘m@”ﬁNLN@@’]T;‘I 2 1 ‘V\I‘LIQ’]TNNWQ’]NLLG]ﬂG]’NﬂH@EI’NNHEIN’]ﬂiy

(2
an o '

NNFRRNITENINUT2EINTUALTENINUN T (Table 6) N19ANIATININIHTAIHULANAINTWNN

1
=

an @) [} =l @V dld = da‘ 1%
a9d Hasenuataninidunasaneesnadueesiy muwwqu\mﬁ@mm‘[mmﬂmwmmu
U 1 % Adld = v 1 & = 3 v 1
uﬂﬁmmuwuquemmmﬂmummq FIDN1THNIRTININTINYDIVIIH (TotalDw) wANFIS
fusalnAlAesiui(# wu ndnlHainuslll kko2  fieng 2 T Tuudamnass faaangs (H2Y)
WAL 109.6 1 HANAST NAUANIRTINTINTINYBIVIIAN (390.44 NTH) HINNIINIRBTINTNTINYD

Fadiuasuallii SR04 (380.38 n5h) FeflAnngs (H2Y) #nndn (167.9 lrnfma) (Table 4)

Table 6. Components of variance (percentage of total variance) and significant tests for biomass

of P. macrocarpus seedlings grown in the field.

Source of variation df ShootDW RootDW Total Dw
Replication 1 16.24 ns 2.85 ns 8.01ns
Population 3 30.44 ns 12.15 ns 27.17 ns
Replication*Population 3 155ns 2059 ns 4.87 ns
Family (Population) 15 26.87ns  25.64ns 28.74 ns
Replication*Family (Population) 15 10.15 ns 19.68 ns 13.61 ns
Residual 76 14.74 19.08 17.59

Notes: ns: not significant; *: significant at P < 0.05;  **: significant at P < 0.01.
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11131 (Namkoong and Conkle, 1976; Foster, 1986) 411 Table 7 @vanduntaifulaispnugauay
pulnapsndnEfnaansiudoumnzinszndnoulliising o annulififniadulaangaannan
saguilliiiifinnafulationge wudiiisniadulafieginduduasfiuazisasnulasazndns
Fo9a1 6 WeuweIn1snaany Inendnfeinusld kP11 fnsdulasnngauasasdumis
paaanisnaaes anfindEennuiliEnineswdsuaduduresniadulmiafstuuas
anas wntinstipeting i néntiannualli SR04 firaugeaddudu 3 fieny 3 1fen anaueg)
g 4 fieny 6 1Wen TnansiindnlHanud(d KPO1 faageatdudy 1 fiany 3 Wau Fusn

o

BETIEUAL 7 1218 6 1iaw uaziiiafansonniafiulpaesnan Hannun [Hsng T %4 10 BuAULTN

U

91neng 0 WWaw T a1g 6 Wew wudninisuasudusuntsfiulalyisnmin (Taole 7)

Table 7. Ranks among families from the best to the poorest for height growth and diameter

growth of P. macrocarpus seedlings grown in the nursery.

Rank HOM H3M H6M DOM D3M D6M
1 KP11 KP11 KP11 KP11 KP11 KP11
2 SRO1 SRO1 SRO1 SRO1 SR04 KPO2
3 SR04 SR04 KPO2 SRO4 KPO2 SRO4
4 NM20 KPO2 SR04 KPO2 SRO1 SRO1
5 KPO2 NM20 KPO9 NM20 NM20 KPO9
6 SRO6 KPO9 NM20 SRO8 KPO9 NM20
7 SRO8 SRO6 KPO1 KPO9 SRO8 NMO2
8 NMO2 NM18 NMO2 NMO2 NMO2 KPO1
9 NM18 NMO2 SROG SRO6 SRO6 SROG
10 KPO9 SRO8 NMO6 NM18 NM18 SRO8
11 NM11 KPO1 NM11 NM11 NMO6 NMO6
12 NMO9 NM11 NM18 NMO9 KPO1 NM11
13 NMO6 NMOG SRO8 NMO6 NM11 KKO2
14 KPO1 NMO9 NMO9 KPO1 NMO9 NMO9
15 KK16 KK16 KK17 KKO2 KKO2 NM18
16 KKO6 KKO6 KKO2 KKO6 KKO6 KKO6
17 KK17 KK17 KK16 KK17 KKO3 KKO3
18 KKO2 KKO2 KKO6 KKO3 KK16 KK17
19 KKO3 KKO1 KKO1 KK16 KK17 KKO1
20 KKO1 KKO3 KKO3 KKO1 KKO1 KK16
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nsifivlneesndnliluudamaansniaauin Alsdunufindiadetofinolu
BonnnzEn (Table 8) lngndnlHanualli kP11 Sapsdinadulaminiiganasagaeaan 2 Toas

AN9VIARDY WWAIMEANEN [N (H AU N 19U HLU A9 UAUNURANIBLAYAARY HINTiNsias

119 g ndnldann [l NM11 llaiEudgnfinaings (HOY) agfidusu 9 usindslgn 2 ¥ Haangs

(H2Y) BYTigusu 4 Wnourfingn [Hannus (sl KPo2 fANgIanINNaudL 3 WealEnUgn wnegi

U

fusiu 8 nasdgnluulamnassninaun 2 3 (Toble 8)

Table 8. Ranks among families from the best to the poorest for height growth, diameter growth

and biomass of P. macrocarpus seedlings grown in the field.

Rank HOY H1Y H2Y DOY D2Y TotalDW
1 KP11 KP11 KP11 KP11 KP11 KP11
2 SRO1 SRO1 SR04 KPO2 NM11 NM20
3 KPO2 SR04 SRO1 SRO1 SR04 SRO1
4 SRO4 KPO2 NM11 SR04 KPO2 KKO2
5 KPO9 NM11 NM20 KPO9 SRO1 SR04
6 NM20 KPO9 NMO2 NM20 NM20 NMO2
7 KPO1 NM20 NMO6 KPO1 KPO9 KPO2
8 NMO2 KPO1 KPO2 NMO2 NMO2 KPO9
9 NM11 NMO2 NMO9 NMOG6 NMO6 NMO9
10 NMOG NMO6 KPO9 SRO6 NMO9 NM11
11 SRO6 NM18 NM18 SRO8 SRO8 NMO6
12 SRO8 SRO8 SRO6 NM11 SRO6 KK17
13 NM18 NMO9 KPO1 KKO2 KKO2 SRO6
14 NMO9 SRO6 SRO8 KKO6 KK17 SRO8
15 KK17 KK17 KK17 NM18 KPO1 NM18
16 KKO2 KKO2 KKO2 NMO9 NM18 KPO1
17 KKOG KKO6 KKO3 KKO3 KKO3 KKO3
18 KKO1 KKO3 KKO6 KK17 KKO1 KKO1
19 KKO3 KKO1 KKO1 KKO1 KKO6 KKO6

o o

Adl v = a zdl 1 o/ 1 Ll = a tdl
ﬂ’?iVlﬂ@’]TNN@u 'Llﬂq’iL@UTWVILL@I’H@]’]\?’HH?%WQ’N LLN\EN LLZ\]%‘N?"U LLUUﬂ'W’iLG’I‘LJTGW]

. 1 = 4 ' o 8 A a o
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fruisntann@udesiulifenguindu (Namkoong and Conkle, 1976; Foster, 1986) 41N
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madulpazdauuasinenneny edidesenmsidulnegnieldavninaneningnssuuas
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mmfl‘nﬂﬁﬂmlﬂmmmmq (Namkoong and Conkle, 1976; Foster, 1986) lne@vninaues

WngnssnazuaaennuInBudenii Henyuntu

paNANHEraInisiiulaiva ngeuazaanlnsyndneengunendn (Hiviele

GFannnriuaz LUamAapInIARINN WUdEANARsTETUTN9uan (Toble 9 waz Table
g & v e v A 1% ¥ P (% 2 ! % v A

10) BadudatddnnisAmaannilgmnmiznzeiyfisy Snasagonineeananfideeny
nnAudag  [FnnsAnymnudniusresfiulfionzangioauaziloniguintiniudiusing o
Amuig(fin W nsfneanERRsesnafiulnssndnstuengsine o (Squilace, 1974)
asAneeusunisesgiiulnaesnd ldudannicdndaluidaunszandu
madiulaluulaslgnaiasus (Carter et af, 1990) iwin FeinguazaeAnpinsinundnediv
& 4' o 4' o o 1'% = o . . dl Uy
filarimuapngimanzanamSUNIsAREeNGNTIN (Genetic selection) 1ia T [AnansULNY

Vl’ldﬂ’%'gﬂ'ﬁ’im (Genetic gain) gugn

Table 9. Correlations among height growth and diameter growth of P. macrocarpus

seedlings grown in the nursery.

HOM H3M H6M DOM D3M D6M

HOM >k %%
H3M 0.85 * % w0

H6M 0.58 0.73 *xxx

DOM 0.69 0.69 0.60 *xxx

D3M 0.61 0.65 0.62 0.89 *xax

D6M 0.46 0.56 0.81 0.62 0.68 *rAx
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Table 10. Correlations among height growth and diameter growth of P. macrocarpus

seedlings grown in the field.

HOY H1Y H2Y DOY D2Y

H1Y 0.70  wxxx

H2Y 0.56 0.73 P
DOY 0.85 0.46 0.54 P

D2Y 0.46 0.69 0.80 0.52 *kHH

o

adnalsfimunisugnadreaantnlneldndlHiaAnanenulldanawugfinau
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g o/ a
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fign fazvinliliganniifinandngs uinissulqeiufidunazuannafitinaium ifosann
flademan 2 Usznns fe dengitenaumeasiugindeulinananudnfifgmnn uazdag
sraziaaitenanmiidasiiinamasaunanmnieingnsss deunisfniRenudifinonim
yaviugnaan el tuntardneaaunanuAmiugll (Seed orchard) Asiunnsdmdannan(Has
AosnnA ez e lilgnluudasniasuns dadiunnsdnideniugnsanludedu e
wastonainTnvessinliluauinn @9 Lambeth (1980) TaALATIZinans AN dmsung T
Umanerila uazaqUdtmndiissndnnangerasdinlifissiunngsing g (Age-to-age
correlations) ax190UsERNHAYE Single regression equation %ﬂﬂﬁﬂﬁ‘iﬂﬁﬂmﬂﬂi:ﬂﬂﬁﬁﬂuﬂﬁ
Amunprgdnsuniadmdenidesduivanzan(d wn nsdnidendaslidensy 6 uay 8 T az
Anadnfiimsaiunisdndenifladesoudniudmsusnuliany 30 uay 40 9 mudqdy
Willams et al. (1987) wudinise3ayiulannefinuaanugeeeandn(fiaw Black spruce a1 3-6
Fau fieyuranguFonnszen fanudiisotniiidAnyduningeasliian Black spruce
ang 13 1 filgnTnulamasas Ssntafnunaaduiusrasnisfiulnazndneiunny Snafnwn
dmsulinluenougn (Lambeth et al, 1983; Loo et al, 1984; Foster, 1986) uaz(Hiinln
an¥en (Khasa et al, 1995) Bufufedusulidmantafnenitansnansinlouszyne i

nafnAenugnITLlasfiudmsunin [fidase (5
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ABSTRACT

Clonal variation in micropropagation of Pterocarpus macrocarpus Kurz was carried out the
proper micropropagation method for tree improvement and reforestation. The studies used
specimens from 10 selected trees and buds from their seedling. The results showed that the
success of explant surface sterilization varied by ages of buds and seasons of specimen
collection. New emerging buds were successfully sterilized better than old shoots. The
proper period for sterilization of specimens was March-July by cleaning bud surface with
70% alcohol and followed by soaking in 15-20% bleach (Sodium hypochlorite 6.25% w/w.)

for 15-45 minutes.

Culture media, seasons of culture and tree genotypes effected to shoot induction
from buds of P. macrocarpus seedlings. Ms media complied with BAP 10 uM tended to be a
proper medium formula. Buds from selected trees differently responded to seasons of
cultures and cultures in January and May showed significant differences in an average

number of shoots production from 100 buds.

Keywords: Micropropagation, Pterocarpus macrocarpus, seedling production, Propagation,

clone
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Table 1 Sterilized condition of Pterocarpus macrocarpus buds during June 2012-April 2015

Time Sterile Condition

Jun 2012 10%15 min

Sep 2012 10%15 min

Nov 2012 20%15 min

Jun 2013 15% 15% 15 min/conc
Oct 2013 20%15%15% 15 min/conc
Mar 2014 15%15 min

May 2014 15%10% 15 min/conc
Jul 2014 20%20% 15 min/conc
Nov 2014 20%20% 15 min/conc
Apr 2015 20%15% 15 min/conc
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Table 2 Percentages of bud contamination, dry, and sterilized buds after sterilization by Heiter

reagent 15% for 30 min.

Tree Contamination (%) Dry Sterilized

No. Mold Bacteria Total (%) bud (%)

T 70 2.5 72.5 0 27.5
T2 45 7.5 52.5 0 47.5
T3 67.5 0 67.5 0 32.5
T4 72.5 0 72.5 0 275
15 65 5 70 0 30
T6 55 0 55 0 45
Average 62.5 25 65 0 35

1.2 AvEnszasganisianIsvinauazataRas i Hidsse

1.2.1 mq’amﬁa

nsAnEInNsinANaze1aRantanus sy iR unguaan-Rguien wudn eng
YemED AMNEauLATaE AT AN Hase ANF IS IR INTINAHAEINARY (Table 3)
G]”INW@W’HEEW?%LLWﬂTﬂﬁiﬁﬁmiﬁﬂﬂﬁﬂ@ﬂﬂL%Iﬂ’egdﬂ'jﬁ (85 WA 7.5%) AN9INEDALATUANHLTIIEY
79 2 1F0u (55 uay 0%) wazdsdunamudn ganiafinasennudiialunisiinnuazeiniia
i fia anudSaresnianAsaasnidaresniseingandeunazsanun e En1 A
T 85 uaz 55% gondnbudenfiguiendelfifies 7.5 uaz 0% mwddiu neflanaiiassnen

FaaFeungunAnud UL uaneaninad fnnsundenlinnmin

Table 3 Percentages of contamination, dry and sterilized buds from young and old shoots during

May-June 2012 after sterilization with different sterilized reagent concentrations and times

Sterilization Contamination (%) Dry  Sterilized
Month Shoot
condition Mold Bacteria Total (%) bud (%)
Young shoot ~ 10%10 min. 2 times ~ 12.5 2.5 15 0 85
May
Old shoot 10%15 min. 2 times 15 30 45 0 55
un Young shoot  15%15 min. 2 times 80 12.5 92.5 0 7.5

Old shoot 15%20 min. 2 times  92.5 7.5 100 0 0
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Figure 1 Percentages of P. macrocarpus sterilized buds form 3 selected trees during June 2012

to April 2015
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Figure 2 Shoots multiplication of P macrocarpus nodal segments after culturing in A2 = MS +

BAP 1 uM (1" row) and A3 = MS + BAP 10 uM (2™ row)
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Figure 3 Average number of shootlets per explant of buds cultured form 3 selected trees in 4
kinds of media: AT = MS, A2 = MS + BAP 1 uM, A3 = MS + BAP 10 uM and A4 = MS
+ BAP 1 uM+ IBA 1 uM during February-April
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Figure 4 Percentage of multiplication buds of buds cultured form 3 selected tree in 4 kinds of
media: AT = MS, A2 = MS + BAP 1 uM, A3 = MS + BAP 10 pM and A4 = MS +
BAP 1 pM+ IBA 1 uM during February-April
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Figure 5 Average shoot production per 100 explants of buds cultured form 3 selected trees in 4
kinds of media: AT = MS, A2 = MS + BAP 1 uM, A3 = MS + BAP 10 pM and A4 = MS
+ BAP 1 uM+ IBA 1 uM during February-April



Table 4 Analysis of variance of shoot production/100 explants from 3 selected trees cultured in 4

kinds of media in February-April

Source of MS
df

Variation Feb. Mar Apr.
Sample (Clone) 2 181.00 663.07 236.33
Columns (media) 3 2615.75 1455.20 375.97
Interaction 6 1268.51 347.80 439.11
Within 36 337.58 219.27 84.62
Sig. level * ns ns

Table 5 Variation of average shoot production per 100 explants form 3 selected trees cultured in

4 kinds of media in February

Tree Media culture

Number. A1 A2 A3 A4
T1 103.85 121.96 147.82 125.75
T2 121.60 129.08 115.33 136.89
T3 84.71 130.70 153.64 108.61

Average 103.4c¢ 126.9ab 138.9a 123.7 ab

Letters (a, b, ¢, d) in the same column indicate significant differences at p =0.05
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Figure 6 Variation of average shootlet numbers per explant of buds cultured form 7 selected

trees in A1 = MS (control) and A3 = MS + BAP 10 uM during January —-December 2014
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Figure 7 Variation of bud multiplication percentages of buds cultured form 7 selected trees in

A1 = MS (control) and A3 = MS + BAP 10 uM during January —-December 2014
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Figure 8 Average number of shoot production per 100 explants of buds cultured form 7 selected

trees in A1 = MS (control) and A3 = MS + BAP 10 uM during January —-December 2014
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Figure 9  Multiple shoots of P. macrocarpus of bud cultured from 7 selected trees in 2 kinds of

media : AT = MS (control) and A3 = MS + BAP 10 uM (T1-T7)
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Table 6  Analysis of variance of shoot production/100 explants from 7 selected trees cultured in

control (MS) and A3 (MS + BAP 10 yM) in January and May.

Source of MS

Variation df Jan May
Between Groups 7 680.86 1145.36
Within Groups 24 244.67 215.66
Total 31 * ns

Table 7  Variation of numbers of shoot production/100 explants from 7 selected trees cultured in

control (MS) and A3 (MS + BAP 10 uM) in January and May

Tree No. January May

control 84 c 14.8 b
T1 100 b 10.3 b
T2 110 b 7.3 b
T3 130 a 8.8b
T4 105 b 175 b
5 105 b 55.8 a
T6 105 b 0.0b
T7 115 ab 16.3 b

Letters (a, b, ¢, d) in the same column indicate significant differences at p =0.05
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ABSTRACT

Study on Insect Pests of Pterocarpus macrocarpus Management in Plantation was
conducted by surveying and studying on the pest species that cause harm to the Pterocarpus
species in the experimental plot at Nakhon Ratchasima, Kampaeng Phet and Kanchanaburi
province. It was found that the Pterocarpus species in nurseries and plantations are usually
attacked by several kind of insect pests such as leaf eating insects, shoot eating insects, and sap
sucking insects which caused abnormal growth in trees. However, these insect pests just caused
harm to the Pterocarpus specie but not severely outbreak to totally damage the tree. In case that
the circumstance is suitable, the severely outbreak of some these insect pests may occurred.
Therefore, the data obtained from this study will be developed and used for the management on

controlling forest insect pests and severe outbreak that may occurred in Pterocarpus plantations.

Keywords: insect pests of Acacia sp.
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uNAIANY uNaIng[HiUszginfidseanuluaaun wazulasnizd Tuiuidmdaiunanegs
UATINBANT UWRTNTEYIUYS (Table 1)

Table 1 3n2@BUNAIARFEBILTLR

Insect Pests Scientific name Type of Damage

Foandty : ueuij fafuluuazean
FaAuFIaRS : Orgyia sp. Ry
#2996 : Lymantriidae

Fa8UAL : Lepidoptera

Foandty : ueNiUnmaeg finfinluuazean
FaAnuFIanS : Orgyia postica [yl
#9996 : Lymantriidae

Foausiu : Lepidoptera

Foandty : el fafuluuazean
FaAuFIaeS : Orgyia sp. Ry
#9996 : Lymantriidae

Foaus - Lepidoptera




No. Insect Pests Scientific name Type of Damage
4 Faansiny : vuoutjuAg finfinluuazean
FoAnenrans : Olene mendosa [yl
#9996 : Lymantriidae
Foausiv : Lepidoptera
5 Foasley : IHENI fafuluuazean
FoAnenmans ; - 914
#9996 : Limacodidae
Foaus - Lepidoptera
6 FoaTey ; IHDUI WL faAnuluuazean
FoAnenrans : Setora nitens ADU
#9996 : Limacodidae
FoausU : Lepidoptera
7 ToasTey : VWEWAL fafuluuazean
FoAnenrans : Hyposidra sp. [yl
F0994 : Noctuidae
Foausiu : Lepidoptera
8 Foaniay : MnenAy fafuluuazen
FeAneneans : Zdle sp. Ryl

#8997 : Noctuidae

Foaus - Lepidoptera




No. Insect Pests Scientific name Type of Damage
9 FoasTty : VIWEWAL fafuluuazean
FeAnenrans : Anomis sp. [yl
#9996 : Noctuidae
Hoauiy ; Lepidoptera
10 Faansiey : indanszlansi paAeaIniy
%@ﬁwmmm% . Callitetrix versicolor | WAYHBATA
Fabricius
#9196 : Cercopidae
FoEusU - Homoptera
11 Faansiny : InABdndLAS A AeaIn iy
FoAnanrans : Bothrogonia A9 uazeoAsam
indiistincta (Walker)
Fo996 : Cicadellidae
FoEusU - Homoptera
12 Faansiny : Indedndi paAeanly
%ﬂﬁwmﬂﬂﬂm% . Leptocentrus ﬁld LALHDADD
taurus Fabricius
F0996 : Membracidae
FoesU - Homoptera
13 Foanilay - muqmﬁ’nﬁyﬂd @mf’m‘%m@’mefu

FaNYFNEAS : Homoeocerus sp.

#8996 : Coreidae

FRBUAL : Hemiptera

ANEIREI Il




No. Insect Pests Scientific name Type of Damage

14 FoanaTey ; wansoyfiey @mﬁmﬁyﬂamﬂsfu
FeAneneans : Eusarcocoris A uazzangau
guttiger Thunberg
#9196 : Pentatomidae
FoEuFU : Hermiptera

15 Faansiny : ndenos AAUAENTIN T
FoAnerans : Coccus sp. WATAGIH
F096 : Coccidae
FoEuFU : Hemiptera

16 Famnsiay : naugades (Fasen) | garniaesannty
FeANLERS : Homoeocerus sp. | T WAZHEAEDM
F0796 : Coreidae
FoEUFL : Hemiptera

17 Faansey : Anuadaegladi finfinluuazean
FeAneFans : Erianthus Qi
Sukhothaiensis Descamps
F9996 : Chorotypidae
FoSWAL : Orthoptera

18 %ﬂmﬁiy . FnuAWnge Anue | neAnlulazeen
NS a9

FaANuFIaRS : Erianthes sp.
#0996 : Chorotypidae

Fa8uAY : Orthoptera




No. Insect Pests Scientific name Type of Damage
19 Foalty : fnumdng fafuluuazean
FeAneFans : Oxya sp. 914
F099F : Acrididae
Fodusiu : Orthoptera
20 FoaaTey : SnuanEIAaEdIeuay fafuluuazenn
FeAneFans : Pleroscirta f8%
caliginosa
#0994 : Acrididae
FoSWAL : Orthoptera
21 Foanilay - ANUAIUIAR fafuluuazen
Fednenenans . Spathosternum sp. | e
#0094 : Acrididae
FoSWAL : Orthoptera
22 Foanilay - ANUATMWIAA fafuluuazean
FeAnenrans : Paroxya sp. Ry
#9196 : Acrididae
Foaus - Orthoptera
23 Foalty : ANUAWIALIR A fafuluuazean
FeAneneans : Schistocera sp. f8%

#9297 : Acrididae

FaaUAL : Orthoptera




No. Insect Pests Scientific name Type of Damage
24 Foalty : AnusATiEe fafuluuazean
FoAnenrans : Tagasta sp. !
#9996 : Pyrgomorphidae
HofuL : Orthoptera
25 ToasTey : HNUAWIIREND fafuluuazenn
FeAnenrans : Orchelimum sp. 9%
F999F : Tettigoniidae
HofuL : Orthoptera
26 Foanilay - AnuAnfia fafuluuazean
FeAneneans : Manomera sp. Ryl
#0995 : Diapheromeridae
Fou : Phasmatodea
27 Foanitey : Foasue fafuluuazen
FeAnenenans : Aulacophora sp. | Baw
Fo996 : Crysomelidae
Foaus - Coleoptera
28 Foanilay : Faasnzide fafuluuazean
Fednenenans :Eoilachna Ryl

vigintioctopunctata (Fabricius)
20796 : Coccinellidae

Fa9uAU : Coleoptera




No. Insect Pests Scientific name Type of Damage
29 FoaaTey © $29999 fafuluuazenn
FoAnenmans : [yl
Fo996 : Curculionidae
Hofuiy : Coleoptera
30 ToaTey ; UNAIABNIEY fafuluuazenn
FeAnenrans : Hypomeces [yl
squamosus Fabricius
#9996 : Curculionidae
Foesiu : Coleoptera
31 Foanitey : Ha999 fafuluuazen
Ferneneans : Artipus floridanus | sewaBsRas
(Horn)
F9996 : Curculionidae
Hofuiy : Coleoptera
32 %"ﬂmﬁfy OSSN fafuluuazean
FoAnunrans : Cyrtepistomus [yl

castaneus (Roelofs)
#0394 : Curculionidae

Fa9uAU : Coleoptera




No.

Insect Pests

Scientific name

Type of Damage

33 Foaley : foomanUndnmams | savueanzdng
SaAneneans : Alistobia horridula | #u vinifiug sy
F9996 : Cerambycidae Geli wazende
Hofuiy : Coleoptera ﬂﬁﬂ?uﬁﬁﬁuﬂiz@
Falfinde fnfi
Wasnuangau
mnfsudlnaesay
HEA9Y Vi Mean
PNUALUAIATE
34 FoansTey : Uaon fafunadan(d

FaNUNFNERS : Odontotermes sp.
a9 : Termitidae

FRDUAL : Isoptera

Wi HeRnsnuue
WIBENINBINA

UWAILLAY F99186iD
NMSEYINANLTBY

Yaan




Table 2 518FBUNAIANFEITHYIF (natural enemies)

No. Beneficial insect Scientific name Role of Natural
Enemies

1 Faansiny : wasiany AATHULNAIIUIA
HeAnenrans : Diogmites sp. AN 18 uNReTY
Fo09 : Asilidae MRSV Faasin
%@ﬁuﬁu : Diptera

2 Foaslty : FNUAWIAIREN T 0 fninl uazda
\&n BOUYDILNA
FoAnenmans : Elimaea punctifera
Foad - Tettigoniidae
Foausiu Orthoptera

3 Faansiy : woufzng @ﬂﬁu‘ﬁjﬂéﬂﬂfﬂ’]ﬂ
FeAnenrans : Eocanthecona AINUDN
furcellata
%m\‘iﬁ : Pentatomidea
FoEuSU : Hermiptera

4 Foanitey - FNUANSNE1 fim LL?\]Z@G‘IﬁWj’I
HoAvenrans : Fomantis sp. RENAINUNRITI
H9995 : Hymenopodidae PUIPLANNGN 183
Fausil : Mantodea WA

5 FoasTy : Fnuausdng finfin unaadn

FaANuFNaRS : Hierodula sp.
#9996 : Mantidae

FBDUAY :Mantodea

BINT




No. Beneficial insect Scientific name Role of Natural
Enemies
6 FONNLY : UWHAININNTL Anfiuld uazda

FRINYVFANNNS : Anisolabis maritima
Bonelli
FR9A : Anisolabididae

FaEUAL : Dermaptera

DOUYDILNA

Table 3 ANBMUENITVINRILULLDWT

No.

v A A @ a a 1
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dnvozdaiiindusandeunalaze Amlays
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Tsplulnst (Leaf blight) azmuvialuviaTugiunan
LLﬂ:ﬁuﬂﬁzﬁﬁﬁ"ﬂuﬂﬂTﬁqj NINTEUIANINAENN
WludsyFsuadene uazlianise
FUAT A UNEIUAZNRAB TNV R BN HIWYBIF
Uszg [Faninf vinwdmsnnisiesaiuln

NAAN
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Durability Improvement of Ecalyptus urophylla wood
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ABSTRACT

To improve natural durability of Eucalyptus urophylla wood, 7-years old logs from
Nakornrachasima forest plantation were collected for this study. Wood specimens were treated
with 5 water-born wood preservatives : Chromated Copper Arsenate (CCA) 3%, Ammonical
Copper Quaternary (ACQ) 3%, Copper Azole (CA-B) 3%, Disodium Octaborate Tetrahydrate (DOT)
10% and Wood vinegar (WVG) 10% by soaking in 4 different periods of time : 5 minutes, 1 hour,
6 hours and 24 hours. The treated wood specimens were subjected to investigate their durability
in above-ground condition in Kanchanaburi province. After 12 months of exposure, results
indicated that CCA treated wood showed the best efficacy in protection wood against
subterranean termite. It was able to upgrade durability of Eucalyptus urophylla wood from
non-durable level to durable level, same as ACQ and CA-B, they could also improve durability
of wood to moderately durable level. In contrast, DOT and WVG reflected failure; they showed
the same durability level, non-durable, as control. Moreover, period of soaking time showed

strongly affect to increasing of wood retention, but not to wood damage.

Keywords :  Ecalyptus urophylia, wood durability, water-born wood preservatives,

above-ground condition, wood preservation, soaking
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Fifure 1. Wood specimens after 12 months of exposure in above-ground condition (a) in field test,

(b) after cleaning

Table 1. Analysis of variance of percentage of weight loss of E. urophylla wood in different

treatment conditions after 12 months of exposure in above - ground condition

Source of variation Sum of Squares df Mean Squares F Sig.
WP 18,374.61 4 4,593.65 9.61  0.00
TIME 451.58 3 150.53 0.32 0.82

WP * TIME 6,310.86 12 525.91 1.1 0.38
Error 29,963.59 63 475.61
Total 259,878.99 84

Table 2. Comparison of average percentage of weight loss of E. urophylla wood treated with

different types of wood preservative after 12 months exposure in above - ground condition

Wood preservatives

Retention (kg/ms)

Weight loss (%)

Durability classification

CCA 3%
ACQ 3%
CA-B 3%
DOT 10%
WVG 10%

Control

1.61
2.21
2.49
5.84
6.69

23.26 a
45.38 b
43.96 b
66.22 ¢
61.46 ¢
70.75 ¢

Durable
Moderately durable
Moderately durable
Non-durable
Non-durable

Non-durable

Note : Mean values with the same letter in the same column are not significantly different

according to Duncan’s New Multiple Range Test at 95% confidence level.



Table 3. Comparison of percentage of weight loss of E.urophylla wood treating in different period

of soaking time after 12 months exposure in above-ground condition

Time of Soaking Retention (kg/ms) Weight loss (%) Durability classification
5 minutes 1.33 53.12 a Non-durable
1 hour 1.52 47.35 a Moderately durable
6 hours 3.67 47.02 a Moderately durable
24 hours 6.03 47.74 a Moderately durable
Control - 70.75 b Non-durable

Note : Mean values with the same letter in the same column are not significantly different
according to Duncan’s New Multiple Range Test at 95% confidence level.
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Gypsum Fiber Boards from Eucalyptus urophylla
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ABSTRACT

Research study for gypsum fiber board made from Eucalyptus urophylla. The ratio of
experiment boards at fiber and gypsum with various 4 levels; 15:85, 20:80, 25:75, and 30:70.
Properties of boards were tested by ASTM D 1037. The data gathered were analyzed by statistical
method.

The results demonstrated that more fiber can be increased physical (WA and TS) and
mechanical properties (MOR and MOE). Suitable matrix for manufacturing gypsum fiber board

made from Eucalyptus urophylla were fiber and gypsum ratio 25:75.

Key words: Gypsum Fiber Board, Eucalyptus urophylla
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Figure 1.

1a Eucalyptus urophyllia plantation

2a Lumbering
3a Chiping
1b Defibrating
2b Refiner
3b Mixing
1c Pressing
2¢ Clamp board

3¢ Seasoning

Gypsum fiber board manufacturing
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1. AMHNIKRT BWRLUSNIRAINTK (Thickness and moisture content)
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uile [HandUdnTvinan iy mAUsa glsfaafiArnnmmnadseg o 10.32-11.28 s,

uazFanmuAnnduaaeag (Wgas 13.01% — 16.25% (Table 1)

2. N15AATNET (Water absorption)
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gUdnAgRIdIu 15:85 HANTsaaduiualefga fAe 26.74% (Table 1 and Figure 2)
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3. ANSNBIAIATHAITNIWT (Thickness swelling)
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(Table 1 and Figure 3)
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4. ANAINATIRISIAG (Modulus of rupture)
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(Table 2 and Figure 4)
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Table 1. Physical properties of gypsum fiber board from Eucalyptus urophylla.

Fiber and gypsum  Thickness  Moisture content ~ Water absorption  Thickness swelling

ratio (mm.) (%) (%) (%)

15:85 10.32 13.94 26.74 a 0.16 a
20:80 10.76 16.25 26.88 a 0.38 a
25:75 10.82 13.54 28.01a 1.45 b
30:70 11.28 13.01 3149 b 2.21c

Remark:  Groups with same letter in a column indicate that there is no statistical difference (p < 0.05) between

samples according Duncan’s multiply range test.

32 - 31.49b
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Figure 2. Water absorption of gypsum fiber board from Eucalyptus urophylla
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Figure 3. Thickness swelling of gypsum fiber board from Eucalyptus urophylla



Table 2. Mechanical properties of gypsum fiber board from Eucalyptus urophylla

Modulus of rupture Modulus of elasticity Internal bonding
Fiber and gypsum ratio
(MPq) (MPa) (MPa)
15:85 474 a 2,039 a 0.69 b
20:80 528 a 2,065 a 0.62b
25:75 6.42 b 1,950 a 0.62b
30:70 6.35 b 1,673 a 0.39 a

Remark:  Groups with same letter in a column indicate that there is no statistical difference (p < 0.05) between

samples according Duncan’s multiply range test.
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Figure 4. Modulus of rupture of gypsum fiber board from Eucalyptus urophylla
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5. ANBARREaEN (Modulus of elasticity)
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6. ATAITNATKUIIFNAIRINAURNINHE (Internal bonding)
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Figure 5. Modulus of elasticity of gypsum fiber board from Eucalyptus urophylla
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Figure 6. Internal bonding of fiber gypsum board from Eucalyptus urophylla
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Surface Soundness Study of Medium Density Fiberboard

from Eucalyptus urophylla
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ABSTRACT

Research study for medium density fiberboard (MDF) made from Eucalyptus urophylla.
The experiment boards processed with various 2 treatment condition; 1) non spray water 2) spray
water on surface before hot press, 3 hot press temperature; 1600C, 18OOC, and 200°C and
2 pressing time; 5 and 7 min. Properties of boards were tested by TISI 966-2547, JIS A 5906-1994
and EN 311-2002. The data gathered were analyzed by statistical method.

The results demonstrated that suitable matrix for manufacturing MDF made from

Eucalyptus urophylla was spray water on surface before hot press at 1800C and 5 min pressing time.

Key words: medium density fiberboard (MDF), Eucalyptus urophylla, surface soundness
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Figure 1.

1a Eucalyptus urophyllia plantation

2a Chiping

3a Screening

1b Defibrating

2b Refiner

3b Mixing

1c Forming

2¢ Mat before pressing
3¢ Hot pressing

Medium density fiberboard manufacturing
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Table 1.

Physical properties of medium density fiberboard from Eucalyptus urophylla.

Treatment Pressing Pressing Moisture Water Thickness
Thickness
before temperature time content absorption swelling
(mm.)
hot press (OC) (min.) (%) (%) (%)
TISI 966-2547 10 +1.0 4.00-10.00 - <8.00
JIS A 5906-1994 10 +1.0 5.00-13.00 - <12.00
5 9.97 7.50 88.15 26.44
160
7 9.98 7.15 76.43 28.84
Non spray 5 9.97 7.46 73.41 31.02
180
water 7 10.24 7.94 77.32 29.53
5 10.08 7.96 72.83 33.39
200
7 10.04 7.51 66.56 19.99
5 9.78 7.50 66.07 15.05
160
7 9.74 7.61 61.22 16.83
5 9.70 7.10 56.74 14.81
Spray water 180
7 9.97 7.19 55.85 14.86
5 9.49 7.92 53.15 13.78
200
7 9.53 7.86 49.97 13.55

Water absorption (%)

Figure 2.
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Water absorption of medium density fiberboard from Eucalyptus urophylla
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Figure 3. Thickness swelling of medium density fiberboard from Eucalyptus urophylla
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4. ANAITNATIRISIAA (Modulus of rupture)
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5. ANanantiantii (Modulus of elasticity)
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Table 2. Mechanical properties of medium density fiberboard from Eucalyptus urophylla.

Treatment Pressing Pressing ~ Modulus of  Modulus of  Internal Surface
before temperature time rupture elasticity bending  soundness
hot press e (min.) (MPa) (MPa) (MPa)  (N/mm’)
TISI 966-2547 >22.00 >2,500 >0.60 -
JIS A 5906-1994 >25.00 >2,000 >0.40 -
EN 311-2002 - - - >0.80
5 21.78 2,073 0.34 0.42
160
7 28.84 2,645 0.42 0.45
Non 5 31.02 2,865 0.49 0.54
180
spray water 7 29.53 2,256 0.54 0.68
5 33.39 2,455 0.49 0.63
200
7 27.73 2,651 0.53 0.64
5 36.84 3,191 0.40 0.77
160
7 39.76 3,361 0.43 0.78
5 41.80 3,500 0.49 0.94
Spray water 180
7 41.72 3,471 0.47 0.95
5 47.05 4,009 0.54 0.94
200
7 47.73 3,980 0.54 1.01
. 60 - [ 160 degree celsius, 5 min
§ 50 4 L [ 160 degree celsius, 7 min
E 40 4 e [ 180 degree celsius, 5 min
3 1 . .
s_ 30 [ 180 degree celsius, 7 min
— 200 d Isius, 5 mi
o 0 | O egree celsius, 5 min
4 [0] 200 degree celsius, 7 min
3 10
S [ TISI 966-2547
2 o0 . . . [ JIS A 5906-1994

non treatment treatment TISI 966-2547 JIS A 5906-1994

Figure 4. Modulus of rupture of medium density fiberboard from Eucalyptus urophylla.
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Figure 5. Modulus of elasticity of medium density fiberboard from Eucalyptus urophylia.
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(Table 2 and Figure 6)
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7. AMN1SEALURABIRINET (Surface soundness)
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Figure 6. Internal bonding of medium density fiberboard from Eucalyptus urophylia.
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Figure 7. Surface soundness of medium density fiberboard from Eucalyptus urophylla.
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The Properties of Wood-Plastic Composites from Eucalyptus urophylla

o & av ol

ANYNE LNBDITTIHN

9

(VALLAYUTH FUEANGVIVAT)

ezad aaena’ (PIYAWADE BAUCHONGKOL)
Fay1 sIINTNE (WEERAYA THAMMAKHAN)
UNARLa

nnsAdeR ANty anauda glsflaan (Fucalyptus urophylia) nasduuninlimanafind
vinannua [figanalsia glsfaariunanaafin3 lriaardnaaumuiusiugs (High  density
polyethylene : HDPE) Tudngndan 40:60 50:50 uaz 60:40 l¥gnmgaluniadasaui 170°C uaz
190°C  srezieanluniadnden 15 Wil war 20 Wit wiuiindnldvinluneaaurdnEo
AHNDTTHIMTTIU ASTM D 1037 aqniiss vindiayadi [H UAls1zvinnsadn

nmeAnTsiieyaauiRresuiulinaafinenigaadds glaiaan wodn lleidis
UasnounliigAnausis glaflaan Snaliidiniaga@anin Ananasdannuaaumngeau uiduals
AR NETILTIRA AHandaEnnE uazATAINANILSIRIRIRndURaMiN e sul i wanaRn
anas anzfivsnzanlunisisnsdnuslinaafinde Hansdoesilidunanafing 40:60
Wnomnflunisdnseni 190°C sreznaluniadnsen 15 i wisldgomgfTunisdnsend
170°C szpznantunsdndon 20 wit usmnndesnistisnsndounesliiganausa glsiaan

o/ a { U =Y o/ Y . O o v
funwanaf@indl 50:50 A3 lEanmnAluniasniewil 190 C szaznanunisdndou 20 wifl

awan: winliwanafin gandlda glsfiaan

%

1 | v o A 0 o Ao o | o .
indrnnnanligungnisivre dindsauasiannnignld e-mail : vallayuth@yahoo.com

D

nAgngUA HEmngniafiee dinAsauasimuin1sn{d e-mail : bauchongkol@yahoo.com

Nainarindey d1nd Az NmuINT5 T e-mail : weraya_kub3@yahoo.com



mailto:weraya_ku63@yahoo.com

ABSTRACT

Research study for wood-plastic composites made from Eucalyptus urophylla. Lab size
boards were manufactured by wood powder and recycle plastic powder (High density polyethylene
: HDPE) ratio 3 level were 40:60, 50:50, and 60:40 and 2 hot press temperatures at 170°C and
1900C with various 2 pressing time at 15 and 20 min. All experimental boards were tested and
analyzed the results for properties according to ASTM D 1037.

The results demonstrated that more fiber can be increased physical (WA and TS) but
mechanical properties (MOR, MOE and IB) were decreased. Suitable matrix for manufacturing
wood-plastic composites made from Eucalyptus urophylla was wood powder and plastic powder
ratio 40:60 at 19OOC hot press temperature and 15 min pressing time. At wood powder and plastic

powder ratio 50:50 suitable hot pressed temperature at 1900C and 20 min pressing time.

Key words: Wood Plastic Composite, Eucalyptus urophylla, recycle plastic
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Figure 1.

1a Eucalyptus urophylla plantation

2a Chipping
b Hammermill
2b forming
1c Hot pressing

2¢ Seasoning

Wood-plastic composites manufacturing
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Table 1. Physical properties of wood-plastic composites from Eucalyptus urophylla.

Wood Pressing Pressing Moisture Water Thickness
Thickness
and plastic temperature time content absorption swelling
(mm.)
ratio o) (min) (%) (%) (%)
15 9.23 2.19 4.94 0.43
170
20 9.01 2.48 3.34 0.25
40:60
15 8.83 1.69 3.60 0.53
190
20 8.74 1.50 3.91 0.27
15 9.53 3.14 9.22 1.49
170
20 9.36 3.32 8.62 1.76
50:50
15 9.22 3.1 9.04 1.54
190
20 9.18 2.77 8.73 1.47
15 9.63 412 16.78 6.83
170
20 9.82 4.39 14.61 4.63
60:40
15 9.67 4.10 11.49 3.49
190
20 9.60 3.93 13.75 4.40
20 4
x
et 15 4 [ 170 degree celsius, 15 min
o
= 170 d Isius, 20 mi
e- 10 i D egree celsius min
2 [ 190 degree celsius, 15 min
? 5 [l 190 degree celsius, 20 min
g
< 0 A
40:60 50:50 60:40

wood and plastic ratio

Figure 2. Water absorption of wood-plastic composites from Eucalyptus urophylla
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Figure 3. Thickness swelling of wood-plastic composites from Eucalyptus urophylla

Table 2. Mechanical properties of wood-plastic composites from Eucalyptus urophylia

Wood Pressing Pressing Modulus of Modulus of Internal
and plastic temperature time rupture elasticity bonding
ratio (OC) (min) (MPa) (MPa) (MPa)
15 20.60 1,439 1.55
170
20 20.49 1,470 2.17
40:60
15 22.05 1,454 2.52
190
20 22.51 1,556 2.36
15 16.62 1,494 1.48
170
20 17.76 1,463 1.50
50:50
15 16.32 1,366 1.71
190
20 16.07 1,450 1.84
15 11.03 1,188 0.73
170
20 11.56 1,255 1.09
60:40
15 13.24 1,386 1.50
190

20 13.04 1,396 1.24
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Figure 4. Modulus of rupture of wood-plastic composites from Eucalyptus urophylla
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(Investigation of Eucalyptus urophylla for pulp and paper manufacturing)

We5ann ndandl dinAdauasimuin1sn il nsetn il nTsvnsrmsnenIsIINTRusLRIIAdaN

Wiy 8330nyng Ainddeuasimmnnst [l nsdnll nsensnminennssssnmfuazfonien

UNARga

AuRanFeuifaugmundenszamsuefigaauda glafias dusaanssadsdaine
LAzNTAE AN HanTaAaBINLdIEaFaMATiAY Active dlkali 16 WaSiEud WinanAniSags
51 Wasidud Aurszsfidn Kappa number 17 19 wasidudidosindeodannunsitisien Freeness
480SR HaTl [FifaNTzATERAMEMINIADLIIA 6,252 ims fanadinmmsaussiimeg
598.01 Alatnamna uazfidnanadnusienssdnmm 68.2 Euftadu dmsuidelent aanas
madnfiAfgaRaanudintivianBunoeineto wesduilinandniogs 45 wWefdudiflas
dalamifidn Freeness 51 oSRWLANszaii iernde laandanuniniusiaussiingzyinfie
ANARHATHUABLTIRN 4,418 1NAT AHENWIIWRDUSITNZY 244.1 Alataana A
Fommsiausadnan 44.3 Euatiais wazlidianamnaadnegsdie 37%1S0 axiunasgUTHdn

THypavda glsiaaramsatiidndngivingaannssunszau#a
AdnAey: [Hana3ide Hedama @aloandnuoidnly
Abstract

A comparative pulpquality of Eucalyptus urophylla between two conventional pulping
processes are sulfate pulping and Soda pulpingthat were developed in various conditions. The
results showed that the Sulfate pulping was at 16% Active alkali gave a 51% vyield and
19% .Kappa number. After beaten, at 48°SR Freeness, then the physical properties of paper were
analyzed which were 6,232 m breaking Length, 398.01KPa bursting strength and 68.2¢cN tearing
strength. For the Soda pulping was at 10% lime concentration gave a 45% vyield and 16% Kappa



number. After beating for a few minute; at 51°SR Freeness, paper properties were 4,418 m
breaking Length, 244.1KPadbursting strength, 44.3 cN tearing strength and 37% ISO brightness.

Finally, it was possible to conclude that Eucalyptus urophylla could be good raw material for

pulping.

Keywords:Eucalyptus urophyllaSulfate pulping Soda pulpingFiber dimension
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Testing Method

Parameter TAPPI and SCAN standards testing
Kappa number T236m-60
ISO Brightness SCAN-P3; 62
% Yield weight
Beating Time SCAN-C24; 67




Freeness T227 0s-68
Thickness and Apparent density T411 0s-68
Breaking Length SCAN-P16; 65
Tear Factor SCAN-P11; 64
Burst Factor T403 ts-63
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E. urophylla

Thickness | Flexi Runkel | Slender Wall
bility Ratio -ness Fraction
Coeffic Ratio
[mm] [mm] [mm] [mm] ient [%]
1.2889 | 0.0208 | 0.0112 0.0097 0.5385 1.7321 61.9663 | 93.2692
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Sulfate pulping of E. urophylla at
different Active alkaline

50
40
10 m yield (%)
B kappa number(%)
20 » brightness (%)
10
1]

Ab=14% AA=16% Ab=18%

Figurel.Effect of % active alkali on Percentage of Yield, kappa number and brightness of sulfate

pulping cooking at sulfidity of 25%, temperature of 170°C, retention time of 2hrs



Soda pulping of E. urophylla at
different NaOH aq. concentration

50
45
40
35
30
m yield(%)
25
o kappa no
20 .
» brightness(%)
15
10
5
1]

10%MNa0H 15%MNa0H 20%Ma0H 25%Ma0H

Figure2. Effect of % sodium hydroxide solution on percentage of vyield, kappa number and

brightness of soda pulping at temperature of 1 50°C, retention time of 90 minutes wood per liquor

ratio of 1:4

Table 1Physical properties of Eucalyptusurophylla from Sulfate process in various conditions at

different freeness

Condition Freeness Basic Breaking Bursting Tearing
Weight length strength strength
[’SR] [m] [KPa] [cN]
[%]
AA=14% 31 75.7886 6,633.65 448.78 85.7
61 75.7098 8,256.76 523.28 72.5
73 75.0000 8,413.04 574.09 75.1
unbeaten
AA=16% 31 70.8202 5,590.42 316.57 56.1
48 71.3722 6,232 398.01 67.2
unbeaten
AA=18% 35 73.2650 6,646.27 399.90 68.2




60 74.6846 7,514.49 45712 65.3

unbeaten
AA=20% 25 74.8423 4,857.24 301.27 55.9
37 751577 5,706.35 364.41 66.6

Note that: AA = Active alkali (NaOH+ Na,S express in Na,O

Table 2Physical properties of Eucalyptusurophylla from Soda process in various conditions at

different freeness.

Condition Freeness Basic Breaking Bursting Tearing
Weight length strength strength
[’SR] [m] [KPa] [cN]
[g/m’]
10%NaCH ag. unbeaten 74.7634 1,147.64 h3.67 10.9
35 73.8959 4,396.12 226.68 47.3
46 73.5804 4,418.98 24410 43.0
15%NaOH agq. unbeaten
36 69.4795 1,704.59 87.08 9.4
66 68.1388 2,704.82 124.32 16.3
70 68.5331 2,106.83 107.80 1.1
70 66.9559 2,474.52 121.76 13.4
20%NaOH ag. unbeaten
38 67.8233 936.58 57.28 5.6
52 65.0531 1,251.14 64.61 6.2
56 64.5110 966.52 56.27 5.9
25%NaOH ag. unbeaten
32 79.6530 708.79 4478 5.6
44 79.8107 994.63 47.88 7.6

Note that: NaOH = sodium hydroxide solution concentration
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® Sieber R, 1951. Die chemisch-technischenUntersuchungsmithoden der zellstoff-und



Papierindustrie. Berlin, Goltingen, Heidelberg. Springer, S 732
® Standards and suggested method, Technical Association of the pulp and paper Industry.

TAPPI, NY.
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® Brightness is the percentage reflectance of blue light only at a wavelength of 457 nm.

The standards are per TAPPI T 452

® Tensile Strength is indicative of fiber strength, fiber bonding and fiber length.(TAPPI T
494)

® Bursting strength tells how much pressure paper ca tolerate before rupture.(TAPPI T

403)

® Tearing Resistance/strengths is the ability of the paper to withstand any tearing force

(expressed in mili Newton [mN], TAPPI T 414)
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THE PROPERTIES OF Eucalyptus urophylla S.T.Blake

ysyss suiW1z’ (BOUNSONG SOMPOH)

uNAnes

AosantRvasHgmasa glsiaan iinnisfinensendned w.e. 2555-2557 lagRnen
naaNtRLazan e auiRvnsFHyaauda glasfiasn a1ndmdnnuassnrinn dennsfnenaans
Tavinvia Tumnnusouasden

HANNSANENUSINGTN AenasuR iwan wuhres Haanflds glsfiaan dansne
Toud noadauAn3 Aasduiidndndnfugd nandadamdu usadausnead usadondiu
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131 149 379 110 134 waz 1,480 NN./EH.. AMHAIFL AIAIINITEI9INNITFANTZUNN WinfiL
2.44 AN.~H. FIUATANHLIIFIUS AT WAL AN Winfu 3,879 uay 3,763 fafu vi3e 380
WAy 369 NN. ATNATAL
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ABSTRACT

Mechanical properties of Eucalyptus urophylla S.T.Blake was conducted during 2012-2014.
The physical and mechanical properties were studied. E. urophylla from Nakhonrajasima province
were collected. In case of mechanical properties studied. Dry and wet condition of them were
tested.

The result of mechanical properties on dry condition of E. urophylla revealed that modulus
of rupture, stress at proportional limit, modulus of elasticity, radial side shearing, tangential side
shearing, compression parallel to grain, radial side compression perpendicular to grain, tangential
side compression perpendicular to grain and tension were 78.9 41.9 9,810 12.8 14.6 37.2 10.8
13.2 and 145 Megapascal or 804 427 100,100 131 149 379 110 134 and 1,480 kg/cm2
respectively,The impact bending was 2.44 kg-m and hardness on radial and tangential side were
3,879 and 3,763 Newton or 380 and 369 kg, respectively.

While the result of mechanical properties on wet condition of the samples revealed that
modulus of rupture, stress at proportional limit, modulus of elasticity, radial shearing, tangential
shearing, compression parallel to grain, radial compression perpendicular to grain, tangential
compression perpendicular to grain and tension were 77.1 48.0 9,570 10.1 10.4 32.4 8.01 8.73
and 81.1 Megapascal or 1,786 490 97,600 103 106 331 81.3 89.6and 827 kg/cm2 respectively.
The impact bending was 4.85 kg-m and hardness on radial and tangential side were 3,431 and

3,468 Newton or 336 and 340 kg, respectively.

Keywords : Eucalyptus urophylla S.T.Blake, wood properties



And the result of physical properties testing of E. urophylla samples revealed that their
radial shrinkage, tangential shrinkage, longitudinal shrinkage and volume shrinkage were5.60 7.66
0.57 and 13.32 percent, respectively. moisture content at fiber saturation point was 25 percent,

dry density was 684 kg/mS, and the specific gravity was 0.657
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Figure 1. Eucalytus urophylla S.T. Blake
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Figure 2. The conductions under the project.
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Table 1. The mechanical properties of Eucalytus urophylla S.T. Blake

conditions Sl units conditions

type of properties (in SI units) (in metric units)

SI units wet air dry (traditional) wet air dry
modulus of rupture (MOR) MPa 771 78.9 kg/c:m2 786 804
stress at proportional limit MPa 48.0 41.9 I<g/cm2 490 427
modulus of elasticity (MOE) MPa 9,510 9,810 I<g/cm2 97,600 100,100
shearing (radial) MPa 10.1 12.8 kg/em” 103 131
shearing (tangential) MPa 10.4 14.6 I<g/cm2 106 149
compression // grains MPa 32.4 37.2 I<g/cm2 331 379
compression_|_grains (radial) MPa 8.01 10.8 I<g/cm2 81.3 110
compression_|_grains(tangential) MPa 8.73 13.2 I<g/cm2 89.6 134
tension MPa 81.1 145 kg/em” 827 1,480
impact bending kg-m 4.85 2.44 kg-m 4.85 2.44
hardness (radial) N 3,431 3,879 kg 336 380
hardness (tangential) N 3,468 3,763 kg 340 369

Sl = International Systems of Units (English) or Systeme International d’Unite’s (French)



Table 2. The physical properties of Eucalytus urophylla S.T. Blake

type of properties

shrinkage
—radial (%) 5.60
~tangential (%) 7.66
—length (%) 0.57
-volume (%) 13.32
specific gravity 0.657
dry density (kg/mS) 684
fibre saturation point (%) 25
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Chemical Constituents of Eucalyptus urophylla
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ABSTRACT

This research analyzed the chemical composition of wood and bark from Eucalyptus
urophylla at the age of 7 years from Sakaerat Silviculture Research Station Nakorn Ratchasrima
province; by standard of TAPPI, method of Micko and Wise, E.L. The results found that the
moisture content of the wood and bark were 7.72% and 9.45%, hot water solubility of wood and
bark were 3.32% and 9.01% by weight of moisture free samples, alcohol-benzene solubility were
5.28% and 16.08%, solubility in 1% sodium hydroxide were 13.55% and 45.83%, lignin content
were 24.65% and 18.91%, cellulose content of the wood were 62.21% and 63.36% and ash
content of the wood were 0.13% and 0.16%.

Study on chemical composition of essential oil from the sample of leave found that the
color was clear yellow, density was 0.9337 g/cmS, specific gravity was 0.9354, percent yield was
0.61%(v/w) and major chemical compositions in essential oil were 1,8- Cineole which amount of

22.40% and Caryophyllene which amount of 20.27%.

Key words: Chemical composition, Eucalyptus urophylla, Essential oil
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Table 1. Average chemical composition of wood bark and leaves of Eucalyptus urophylla from Nakorn Ratchasrima province

Chemical compositions (%w/w)

Portions of
wood MC (%) CW 1% NaOH Ash AB H-W(AB) Lignin  Holocellulose Cellulose
Tewh 7.6888 3.2693 14.2438 0.1647 5.1186 3.7455 23.8760 71.6853 63.3641
Tewt 7.7538 2.2304 12.8635 0.1388 5.4466 2.894 25.4322 70.3782 62.2100
Ave. 7.7213 2.7499 13.5537 0.1518 5.2826 3.3198 24.6541 71.0318 62.7871
Tebh 9.5186 25.6947 46.4599 2.7187 16.1303 8.8855 18.8552 57.1614 41.9285
Tebt 9.3816 25.3261 45.2084 3.2101 16.0271 9.1391 18.9631 58.9366 43.3827
Ave. 9.4501 25.5104 45.2084  2.9644 16.0787 9.0123 18.9092 58.049 42.6556
L. 50.3727

MC = moisture content CW = cold water solubility =~ NaOH = sodium hydroxide solubility AB = alcohol-benzene solubility
H-W(AB) = hot water solubility after extract with alcohol-benzene Tebh = bark of Tewh
Tewh = wood cut at 1 meter above ground of tree no.1 and no.2 Tebt = bark of Tewt

Tewt = wood cut at T metre next to tewh Ave. = Average L. = Leaves of tree no.1 and no.2



Table 2. Chemical compositions and retention time of Eucalyptus urophylla leaves oil from

Nakorn Ratchasrima province

Peak No. Chemical composition % Area Retention time
1 a-pinene 1.61 5.11
2 0-cymene 3.78 7.63
3 1-Limonene 2.36 7.76
4 1,8-Cineole 22.40 7.86
5 Unknown 1.87 14.01
6 a-limonene 5.02 20.90
7 Caryophyllene 20.27 23.87
8 a—-Humulene 2.06 25.31
9 Viridiflorene 1.82 27.08
10 Germacrene B 4.44 27.12
11 A-Cadinene 5.59 28.25
12 Unknown 2.85 30.41
13 y-Gurjunene 10.80 30.66
14 B- Gurjunene 3.55 30.97
15 Unknown 2.46 31.07
16 Aromadendrene 2.62 31.40
17 Cadina-1,4-diene 3.83 32.44
18 Copaene 2.66 32.97
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(antiseptic) $E@auuATiBe (antibacterial) 1198 nLEY (anti-inflammatory) ¥inTau (calming)
ARAITHAY (hypotensive) (ANAW , 2551)
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Abstract

Study on wood deterioration and strength of 7 years old Eucalyptus urophylla was verified
by evaluation of natural durability and static bending in term of percent weight losses, modulus of
rupture (MOR) and modulus of elasticity (MOE). The experiment was firstly carried out by agar-
block and wood stick sandwich method. The tested wood samples were exposed to 8 species
wood decay fungi and maintained in the four- month incubation period. After treatment, the data
were analyzed by using T-test at 95% confidence level. The results revealed that the tested wood
species had slightly change in weight loss about 3.99 % compare to “durable level” and upheld
about 10-15 years of service life. According to the results, it performed MOR and MOE about
59.94 and 9371.63 MPa respectively as well as 43.94% strength loss. After improvement with
wood preservatives (3% CCA and 10% Timbor), the treated wood had higher strength than
untreated wood and 22.13 % strength loss. Finally, the finding noted that the treated wood with
Timbor could enhance bending strength better than those of CCA.

Keyword : Eucalyptus Urophylla, wood-decay fungi, weight loss, bending strength
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Table 1. Analysis of variance with percent weight loss for Eucalyptus urophylla varied on fungal

species at OL = 0.05

ANOVA
source df SS MS F Sig.
Between groups 7 776.04 110.86 21.55* 0.00
Within groups 72 370.45 5.14

Total 79 1146.49




Table 2. Compare mean differences by Duncan’s new multiple range test of percent weight for

Eucalyptus urophylla after caused by wood decay fungi.

Foan Wesidudnis  szAuAEnIg 818JN"5
a9y Feminnin ATNTTINYR

L. squarrosulus 0.25" 1 NINNT7 15 T
G. lucidum 0.29° 1 N1nn9T 15 1
Lenzites adusta 0.70° 1 NINNT7 15 T
G. sepiarium 3.09° 2 10-15 1
G. striatum 5.53 3 5-10 1
R. amylospora 6.34" 3 5-10 1
P. sanguineus 7.86" 3 5-10 T
L. medullae-panis 7.91° 3 5-10 1
Average 3.99 2 10-15 U

*Means with the same letter are not significantly different at confidence interval 95%
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Table 3. Analysis of variance with chemical retention and percent weight loss for Eucalyptus

urophylla after caused by wood decay fungi.

ANOVA
Source df SS MS F Sig.
Between groups 7 0.741 0.106 0.287 0.957
Retention  Within groups 72 26.531 0.368
Total 79 27.272
Between groups 7 1.115 0.159 0.048 1.00
Wt.loss Within groups 112 374.325 3.342

Total 119 375.441




Table 4. Compare mean differences by Duncan’s new multiple range test of chemical retention

and percent weight loss for Eucalyptus urophylla after caused by wood decay fungi.

. Retention Weight loss 8185 9
Al ) _ _
(NN/au.N) (%) 1)
Ganoderma lucidum 3.10 2.25 10-15 0
Gloeophyllum sepiarium 3.1 2.21 10-15 1
Gloeophyllum striatum 3.13 2.21 10-15 1
Rigidoporopsis amylospora 3.23 2.34 10-15 1
Pycnoporus sanguineus 3.24 2.00 10-15 9
Lentinus squarrosulus 3.25 2.24 10-15 1
Loweporus medullae-panis 3.28 2.29 10-15 9
Lenzites adusta 3.40 2.31 10-15 1

Table 5. Compare mean differences by Duncan’s new multiple range test of percent weight loss

on treated wood after caused by wood decay fungi.

1HARITLAN 1358y ReminvTin %)
CCA 0.50°
TImbor 4.41°
Control 178

*Means with the same letter are not significantly different at confidence interval 95%



Retention vs. Weight loss

4
3 -
c
2
2
g 27
£ M Retention
o
° Weight loss

1 2 3 4 5 6 7 8 fungi

VNG o 1. Gloeophyllum sepiarium 2. Gloeophyllum striatum
3. Ganoderma lucidum 4. Loweporus medullae-panis
5. Pycnoporus sanguineus 6. Rigidoporopsis amylospora
7. Lentinus squarrosulus 8. Lenzites adusta
Figure 1. Graph showing chemical retention and percent weight loss for Eucalyptus urophylla aofter

caused by wood decay fungi.
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Table 6. Compare mean differences by Duncan’s new multiple range test of static bending

between untreated and treated wood after caused by wood decay fungi.

MOR(Mpa) MOE(Mpa)
Fungi

untreated treated untreated treated
Gloeophyllum sepiarium 67.53" 94.68™ 11018° 12708™"
Gloeaphy/llum striatum 77.43° 81.71" 10387 12147
Ganoderma lucidum 53.62" 76.26° 8888 10909°
Loweporus medullae-panis 39.24" 84.75" 7557" 11660°
Pycnoporus sanquineus 37.03° 83.440b 6257 10864°
Rigidoporopsis amylospora 38.96° 87.83™ 8148° 11979"
Lentinus squarrosulus 75.93" 97.41“ 10176 12140
Lenzites adusta 89.77° 101.08° 12542° 12929

Average 59.94 88.39 9371.63 11917

Control 106.91° 113,51 12962° 13487°

Strength loss (%) 43.94 22.13 27.70 11..64

*Means with the same letter are not significantly different at confidence interval 95%

Table 7. Compare mean differences by Duncan’s new multiple range test of static bending for

Eucalyptus urophylla befor and after exposed to wood decay fungi.

Before expose to fungi After exposed to fungi
Chemicals
MOR MOE MOR MOE
CCA 107.46° 13221° 97.29° 12720
Timbor 126.17" 14277 111.09° 13785
Control 106.9" 12962° 65.16" 9770°

*Means with the same letter are not significantly different at confidence interval 95%
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Figure 2. Graph showing modulus of rupture on untreated and treated wood samples.
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Figure 3. Graph showing modulus of elasticity on untreated and treated wood samples.

VWG 1 Gloeophyllum sepiarium 2 :

3 : Ganoderma lucidum

5 : Pycnoporus sanguineus © :

7: Lentinus squarrosulus

4

8 :

Gloeophyllum striatum
Loweporus medullae-panis
Rigidoporopsis amylospora

Lenzites adusta 9 : control




Figure 4. Agar block method for testing natural durability.
A,C : showing mycelium growth on the wood block

C,D : appearance of wood block after inoculated with white rot and brown rot fungi

Timbor . CCA

Figure 5. Laboratory test on the efficacy of wood preservative against wood decay fungi

according to the European Standard 113, showing decreasing growth on the treated wood

samples.

Figure 6. Testing the state bending of Eucalyptus urophylla A,C = wood sample exposed to white rot

and brown rot fungi, B,D= wood samples showed bending prior to failure.
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ABSTRACT

The durable efficacy of Eucalyptus woods (Eucalyptusurophylla)7 years old from
SakaeratSilvicultureResearch Station, Nakhonratchasima Province to the attack of subterranean
termites. The experiments were conducted by using most economically subterranean termite,
Coptotermes gestroi Wasmann. One experiment was conducted in laboratory for 8 weeks using
“no choice test” with CRD method. Other experiments was conducted in the field for 1year using
“choice test” with RCBD method. Both experiments were performed in 4 replications. Result
revealedthat all of the samples of Eucalyptuswood were non-resistant to the termite attack both
on the laboratory and filed test. It shouldn’t to promote foreconomically usage. Nevertheless, If

which necessary to use its must be treat wood by the suitable methods.

Keyword: Eucalyptus wood//protection and prevention//subterranean termite
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Eucalyptus Wood from Nakhonratchasima site attacked by termites
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Figure 4.Field test (A) Above ground (B) On ground
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Table 1.Average percentage of damage on 3 samples of E. urophyllafrom Nakhonratchasima

province in laboratory.



Samples of Average percentage of damage Score level

E. urophylla
Sample from Nakhonratchasima
1. No. 1 Sample 2 41.81° 4
2. No. 2 Sample 8 41.42° 4
3. No. 3 Sample 10 40.96" 4
Control 45.19° 4

Table 2. Average percentage of damage on 3 samples of E. urophyllafrom Nakhonratchasima

province in fields at 1 year.

On ground Above ground
Samples of Average Score level Average Score level
E. urophylla percentage percentage
of damage of damage
Sample from Nakhonratchasima
1. No. 1 Sample 2 100.00" 4 100.00° 4
2. No. 2 Sample 8 100.00" 4 100.00° 4
3. No. 3 Sample 10 100.00" 4 100.00" 4
Control 100.00° 4 100.00° 4
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ABSTRACT

The objective of this study was to explore the implementation of the community
enterprise of Lac raisers in Sobprap district, Lampang province. Other information on related issue
such as problems, difficulties and obstacles concerning to lac raisers’s activities were also
gathered. The data and information were employed and gathered through designed questionnaire,
of 140 samples from 4 sub-districts in Sobprap dirtrict, Lampang province.

The results showed that, for general information, the respondents were more male than
female. The majority of age group was older than 60 years old. Agriculture (agronomy) was their
major occupation and was mostly sell-employed with annual household incomes of less than
10,000 baht. Most respondents had elementary educational backgrounds and were cooperative
members. For other factor, respondents suggested that there should allow more chances for the
members to join the meeting and there should be more decision-making evolvement process and
they should also accept results of decision-making. The members had confident and thrust in their
leader in high level in them of vision, responsibility and ability. The members mainly had
expectation for their better economic condition. For communication, they occasionally had received
some group information from their neighbors and leader but majority of the member did not
receive any information.

The results from the group meeting and workshop participation showed that the
members required group service such as strengthening negotiation ability on lac marketing,
receiving adequate and suitable lac raising information and utilization of mimosa trees extension
and participation on providing idea to develop better approaches and possibility to eliminate

problems for members in accordance to their liking (requirement).

Keyword: Participation, Lac, Community enterprise, Lampang province
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Table 1 Behavior and participation in the duties and samples.
Responsible in the implementation of community enterprise raisers Lac

Sop Prap District, Lampang Province.

Participation behavior number percent
Government agencies 8 5.7
board 3 2.1
Representatives or agents 67 47.9
members 62 44.3

sum 140 100
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Table 2 Participation behavior of a sample of how to create engaging members of the

community enterprise raisers Lac Sop Prap District, Lampang Province

Participation behavior number percent
A news release 71 50.7
Public learning 25 17.9
Staging a home or community 29 20.7
other 15 10.7
sum 140 100
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Table 3 Behavior part of the sample, the reasons for attending community Enterprise raisers Lac

Sop Prap District, Lampang Province

Participation behavior number percent
To increase revenue 84 60
Need technical assistance 6 4.3
Capital requirements 36 25.7

To conserve natural resources 8 5.7
According to the Community 9 4.3

sum 140 100

911 Table 71 3 uaANIWINIBIEARUULLAI LA [FLansA N AR amnatunisidn

' I A a (% o v - ¥ o a @ v
‘j’JNﬂZgN’]Z\I’Mﬂ@% TG‘IEIZJJ@I@UT‘MLﬁ@NZ\IW@Gﬂ’TﬁLWN‘iWHT@@WHQH 84 AU AnLuIasay 60 289



o & £ % 1A - o a @ v
@WEULLUUNQUQWNWQWN@] LL@Z?TVTL‘Wﬁlﬂ\lﬂ@]ﬂ@ﬂ"ﬁﬁLLW@QLQHVJHLWN@WH’JH 36 AU ARLLUUIDERY

25.7 YBNHABUULLFBUNINISVNA



Table 4 Behavior part of the sample to the topic of the meeting of community enterprise raisers

Lac Sop Prap District, Lampang Province

Participation behavior number percent

Progress report of the group 17 12.1

Awareness Newsletter 16 1.4
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Table 5 The behavior of the sample to participate at the meeting of community enterprise raisers

Lac Sop Prap District, Lampang Province

Participation behavior number percent

Moments after busy daily 16 1.4

routine

During other times 18 12.9

a1n  Table 715  uanslinsnudn sauanssaeuuuusaunn HuansaauAnfiuds

gaaanlunisdatsyan nsdssguivuamanfiuivenluudazasisiua 99 au Andindesay

70.7 ¥DIHADUULLFDUDTHNYINNA



Table 6 Behavior part of the sample, the source or method of obtaining information meeting

of community enterprise raisers Lac Sop Prap District, Lampang Province

Participation behavior number percent
From meeting 40 28.6
Voice announcements 65 46.4
Notice buzz 35 25

sum 140 100
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Table 7 Behavior involved a review of a sample to the administration of Officers of community

enterprise raisers Lac Sop Prap District, Lampang Province That will result in success

Participation behavior number percent
Transparent 69 49.3
Opportunities to participate 12 8.6
responsibility 12 8.6
Managed effectively 16 1.4
Sending the data thoroughly 31 22.1
sum 140 100
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Table 8 Participation in development thinking. Joint decision of samples

Participation idea developed jointly decided average S.D. degree
1 participated in the establishment of the group  2.74 1.24 moderate
2 Take part in the selection process to nominate  2.61 1.28 moderate

candidates to be elected to the board

3 Participating in drafting requlations Group 1.97 1.17 little

4 Participate in the review and evaluation of the 2.26 1.24 little
implementation of the sector

5 Join the monthly meeting Annual agenda of 2.69 1.41 moderate

the group consistently and regularly
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Table 9 Averages , standard deviation and degree Leadership that affect participation

Leadership that affect participation average S.D. degree

1 Leader or representative of a selfless work for 3.1 1.3 moderate
the group

2 Leaders or representatives of a great vision 3.21 1.18 moderate
3 Leaders or representatives Ability 3.02 1.24 moderate
4 | eader or representative of your idea group 2.89 1.14 moderate
5 Leaders or representatives are responsible 3.04 1.21 moderate
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Table 10 Averages , standard deviation the incentive to participate

The incentive to participate average S.D. degree

1 The merger will enable the enterprise to solve 3.12 1.22 moderate
your trouble

2 Is interested in joining the group's enterprises 3.27 1.26 moderate
to solve your trouble

3 Is proud to participate in the implementation 3.36 1.25 moderate
of joint responsibility and development activities

of the group

4 Those members to respect mutual respect 3.28 1.18 moderate
5 Receive financial rewards or better after 3.15 1.15 moderate

joining the group
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Table 11 Averages , standard deviation and degree the sharing of information

The sharing of information average S.D. degree

1 With the introduction of information and 3.09 1.26 moderate
assistance regularly
2 Has the ability to be well informed and 3.05 1.24 moderate

understand the information

3 Carry a diverse and fast news release 2.99 1.27 moderate
4 Evenly distributed information to all members  3.06 1.34 moderate
5 Comment and contribute to a return to the 2.79 1.26 moderate

Committee has always been known
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ABSTRACT

The study of soil suitability map for teak plantation in Buriram and Ubon Ratchathani
Provinces was carried out to classify the soil suitability class for teak plantation in Buriram and
Ubon Ratchathani Provinces. The soil groups in both provinces were compiled and classified into 5
suitaibility classes; 1) very well suited soil 2) well suited soil 3) moderately suited soil 4) poorly
suited soil and 5) unsuited soil. The soil information were used to draw the draft of soil suitability
map for teak plantation in Buriram and Ubon Ratchathani Provinces The locations of teak plantation
of the farmers under the Royal Forest Department Promotion Program were overlain on the map
which later used to select sample plots in each suitability class for growth measurement. The soil
suitability class was scored for each sampling plot using the height of dominant trees following the
site index as in the yield table of teak plantation in the northeast of Thailand. The soil sampling at
the depth of 100-120 cm or to rock layer by using soil auger was conducted to study soil

characteristics. The growth and soil information were used for readjusting soil suitability map for



teak plantation in Buriram and Ubon Ratchathani Provinces. The results showed that there were
30 soil groups found in Buriram province. The area of very well suited soil was 128,533 rai or
1.30 percent. The area of well suited soil was 14,167 rai or 0.15 percent and the area of
moderately suited soil was 5,295,459 rai or 53.82 percent. There were 31 soil groups found in
Ubon Ratchathani province. The area of very well suited soil was 260,556 rai or 4.04 percent.
The area of well suited soil was 375,752 rai or 5.87 percent and the area of moderately suited

soil was 3,156,108 rai or 48.92 percent.

Keywords: teak, soil suitability map, Buriram, Ubon Ratchathani
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