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ABSTRACT

Establishing of high economic potential bamboos living collection is aimed to collect
economic bamboo species that are widely used in the country and to collect useful data for the
promotion of bamboo planting and multiplication, especially the proper management and utilization
to increase productivities and cost benefits for further utilizing. The 5 selected bamboo species are
Pai Bong Yai (Dendrocalamus  brandisii), Pai Sang Mon (D. sericeus), Pai Ma Ju (D. latiflorus),
Pai Leing Wan (Bambusa nana) and Pai Kim Sung (B. beecheyana). These bamboos were
propagated and used as samples for the experiment. The area of 20 Rais (3.2 hactare) at Hin-Lap
Silvicultural Research Station, Kanchanaburi province was selected and prepared for the bamboo
living collection area and experimental area. Layout for the experimental area was designed based
on RCBD (Random Complete Block Design). Watering and maintenance system were set up. Data
on survival rate and growth rate of shoot and culm were collected. Results showed that survival
rate of 5 bamboo species were 85-100% in average. After 3 years of planted, the shooting rate
was found highest in D. brandisii, and gradually decrease in D. sericeus, B. beecheyana, B. nana,
and D. latiflorus namely, 69.79%, 60.93%, 56.77%, 53.12% and 41.14% respectively. Total
amounts of shoots from each specie after 3 years planted from the highest to the lowest were
found in D. brandisii, B. nana, B. beecheyana, D. sericeus, and D. latiflorus, respectively. B. nana
showed highest number of culms after 3 years planted and gradually decreased in D. sericeus,
D. brandisii, B. beecheyana and D. latiflorus respectively. The highest overall growth rate of shoot
and culm during the first 3 years was found in D. sericeus and gradually decress in B. beecheyana,

B. nana, D. brandisii and D. latiflorus, respectively.

Keywords : Economic bamboo, Bamboo living collection
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ABSTRACT

The study of propagation procedure of 5 economic potential bamboo species
namely, Pai Bong Yai (Dendrocalamus  brandisii), Pai Sang Mon (D. sericeus), Pai Ma Ju (D. latiflorus),
Pai Leing Wan (Bambusa nana) and Pai Kim Sung (B. beecheyana) was carried out to find the
appropriate propagation technique for each bamboo species. Four types of vegetative
propagation technique (culm cutting, branch cutting, air layering and rhizome cutting) with and
without root hormone applied were compared among the 5 species. The result showed that big
size bamboo (Dbh. culm > 5 cm.) such as D. brandisii, D. sericeus, D. latiflorus and B. beecheyana
can be propagated better by air layering technique than other techniques. The medium sized
bamboo (Dbh. culm 2-5 cm.) such as  B. nana can be propagated better by rhizome cutting.
There was no difference in survival rate between bamboo propagated with and without root

hormone.

Keywords: Economic bamboo, Propagation
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ABSTRACT

Study on management of high potential economic bamboo species was aimed to study
the proper level of culm harvesting from clump that will promote better quantity and quality of
new shoots and culms. The culm harvesting was done in 3 years old bamboo clumps. The culm at
3 years old and some culm at 2 years old together with the unwanted characteristics culm such as
bended culm, culm with broken shoot and etc., were first harvested. The culm harvesting
experiment were carried out at the 20 Rais (3.2 hectares) of high potential economic bamboos
living collection, Hinlap Silvicultural Research Station, Kanchanaburi province. The experiment was
done according to level of harvesting namely, harvesting 25%, 50% and 75% respectively,
compared to no harvesting (control).  Five economic bamboo species namely Pai Bong Yai
(Dendrocalamus  brandisii), Pai Sang Mon (D. sericeus), Pai Ma Ju (D. latiflorus), Pai Leing Wan
(Bambusa nana) and Pai Kim Sung (B. beecheyana) were selected for the studied. The data on
quantity and quality of shoots and culms after harvesting experiment were monthly collected for 7
months from June 2012 to December 2012 and analyzed. The results showed that harvesting of
culms at 75% from the clump of all bamboo species provided highest number of shoots and culms.
However, harvesting of culm in all levels showed not much differences on the bamboo quality
compared to those of not harvesting (control). It was also found that harvesting at 75% caused the
clump to diverge out and not strong enough to support the culms that were too much inclined and
easy to fell down. This level of harvesting may not suitable for bamboo planting and management

in some areas.

Keywords : Economic bamboo, Bamboo management
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Widnannisuanmie 45.83% Auaisiy

andpyaluniuinasn 5 (n.n.55) Gufudesiilinveiaibidaanisunnmininas

gebudoufiudaFulisnsinisunnisiadoanas wulienmsin (32.29%) uazliidsananmy

|
=

(22.92%) usilrivaing Twfings uazlivetng) Samslidnsnisunnmieiniefigeny fe 65.10%
78.13% WAL 81.77% ATHANAL

dannnsiufintiays 2 Waugavinaasd (w.e.-5.0.55) Saiugaaanenguuuda vinl
snannaunnselasiainaasliyneis veifnisdanisuazifidaniafuiuinanas Tnod
é’mﬂmﬂmﬂmi@La?ﬁ'mgjﬁwdw 0.52 - 11.46% IngaaifioungranIuw 2555 uay 0 - 6.25%
Tugnaflansuanan 2555 raziiinyarasdmwanditnisanuliynaiaEunsiiuga 790
fuiunisifiuuaziuiinieyanisgaiinelufounnsnn 2556 eagunaideuifeuysam

o Ay o o A
LLZ\]$VjQ«Lﬂ"l‘W‘llﬂ\‘i@’IWTﬂﬂ'WEIﬁ@Gﬂ’ﬁ@ﬂﬂ’ﬁ (M99 2)

HANISANYILAZITISHNA

naveasentsdnnisauli Tngnnsdnansaasinmsugia 5 winainnefiiony 3 T

ARNHUBHIDE 25%, 50% WA 75% UBNIMIHAIIINNG IWasuiauiuned W Fdnesdnasaann

o & 1

(control) Tufindayanipuaran Tugasszaziaadsznns 1 8 aguualuliusazsiauanals
AInNaNeTl 2 uarnsieansideyanisdnniseesiHiAsegiausavaiia Al

1. Tushig : AendInIIdANISRRaNAIReN 25% BB99THINAITMNALEIUTZ N
19 Tiuslrnjarliantng dmau 140 81 (370 48 ne) wiadanlvinde 3 ane wazilauiuaais
13 a/ne (sananindog) laeflange-anulneesaniviinie 6.89 1A UAT 4.48 WRALNAT

AINRIAL
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aeii 2. uaasdiyadiuaud (Weny 1-4 I AnApsnnisinawdeannulasenisdania il
\wisugiia 5 1l Anrfianianddeiingy Sminmoymas (il 16-22 unaian 2556)
ms IIUINEDY (A7) . o e . AN Awln

(RN FIUIN * FIHARKNT ITUIURT |
P Ye N3 § WAy 1nAgY MU
7 o 13 27 31 49 394 LRA/ND
(Tr.) (H.) (.)
1 Triuslng) 1 48 140 95 188 186 609 12.69 6.89 448 - AnaNaE199n 25%
(B1) 2 48 364 212 241 109 926 19.29 7.10 419 - dpswaneaan 50%
3 48 239 85 52 0 376 7.83 6.75 419 - Apaeanaan 75%
4 48 190 87 132 229 638 13.57 718 428 - [fineeaeen
T 192 933 479 613 524 2,549 1328 698  4.29
2 Trenemalu 1 48 153 154 236 147 690 14.38 8.88 576 - AnaNa1989n0 25%
(B2) 2 48 179 142 194 8 523 10.90 1053  6.36 - finENAean 50%
3 48 236 100 82 0 419 8.73 9.16 593 - ARaNA189n 75%
4 48 170 65 257 308 800 16.67 8.94 542 - Bifnasanesn
9N 192 738 461 769 463 2,432 1267 938  5.87
3 Tw'mhfg 1 48 178 104 122 34 438 9.13 6.24 407 - FAENADBN 25%
(B3) 2 48 171 106 79 7 363 7.56 595 366 - fingNaaan 50%
3 48 269 116 17 0 402 8.38 6.75 409 - fAFNAIBAN 75%
4 48 161 62 104 104 431 8.98 599 355 - Bifinaeanesn
398 192 779 388 322 145 1,634 8.51 6.23  3.84
4 TApma 1 48 309 160 237 175 881 18.35 6.21 297 - fnENatean 25%
(B4) 2 48 400 238 350 53 1,041 22.15 6.51 3.33 - fnaNaneen 50%
3 48 471 176 82 14 743 15.81 6.10 3.09 - AnaaNaan 75%
4 48 354 237 303 658 1,552  34.49 7.14 331 - Bdnasanean
9 192 1,534 811 972 900 4217 2196 649  3.18
5  Difiwege 1 48 175 137 150 197 659 13.73 1079  6.28 - fAnE@NaNean 25%
(B5) 2 48 195 138 134 50 517 10.77 861  6.03 - finawatasn 50%
3 48 246 120 21 0 387 8.06 753 557 - finawNanean 75%
4 48 131 140 194 299 764 16.26 8.65 554 - Gfnaeatean
T 192 747 535 499 546 2,327  12.12 8.89  5.86

AENRINITTANITAATNA18N 50% BBISIHIRAaNNALAIUTENTow 1T (ruaTng

AN 119U 364 A1 (371 48 NA) WEBHANMHIRAY 8 A1/ND LAXReTHINARAY 19 81/N8

(sananindng) Tnefiaauge-aaulneessnnsiiade 7.10 wWes uaz 4.19 @WAWAT AHAAL

ANENRINITTANITAATINAIBEN 75% BB99HIUEMIMNALEITENd 1 T TWuaTnejay

Wanlns 97993 239 81 (371 48 NA) WEaRa MHIeAE 5 a/Ne  wasieuiuaade 8 an/ne

(sansAAng) Tnadaauge-aaulpvasanidinde 6.75 AT uaz 4.19 wuRNAT AN
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Abinasiilliinnssanssnansataan (control) H8MWINR13IN 549 81 (31N 48 na)
Fennandsnamaaeulieufieutunlamidnnisudalszinns 11 Wemauansan 638 a1 lag
st smau 190 a1 videfanhiinas 4 81/ne uaviisuana R 14 81/nB (SINFLAEE)
Tmﬂﬁqua—ﬂfmﬂmmﬁq‘fmimfﬁ'ﬁ 7.18 HAT LAY 4.28 [URINAT AINAA

0. Trigensin : ANERAINITIANIIAAEINAIDBN 25% UAISIUINAIINNALEY

Uszanos 17 THanansinazWia s a1uau 153 @1 (a1n 48 ne) vdadantnsinas 3 a/ne was
fdruoudaiy 14 a1/ne (sananiidag) Tnefiaonge-aalnresdminds 8.88 wns
LAY 5.76 [ EUALNAT ATNAAL

ANENAINNTIANTFAENIAIaDN 50% FB9aHITIRNAL LN 1 T THen9siues
Wiantiad 4119w 179 @1 (910 48 Ne) vidaRA MNIRAY 4 81/N8 LavieuINaLadY 11 81/na
T@mﬁmmqq—mqﬂmmziﬁsfmimé‘ﬁ'ﬂ 10.53 LHAIT LAY 6.36 URANAT ATNAAL

ANYNAINNTIANTIAENAIBEN 75% IBISAUINASNNAUEITEN0s 1T THernanaln
axTantnu s1uam 236 41 (31N 48 ne) vEaRanHRaY 5 8N WasSsuIAIRAY 9 A1/
T@mﬁmmg@—mqﬂmm@i’ﬂmLaﬁﬂ 0.16 AT LAY 5.93 LEURLNAT ATHATAL

o

dulunlasilinnssnnisdinansanaan (control) H414aUa199H 658 A1 (311 48 Na)

1
aA o/ 4

FennemasnaaaeaBeufiautuulaiidnnisudalszanns 17 Weuanansan 800 a1 Tas
usnTsl suam 170 &1 viEefianlminis 4 81/ne warilsruauanads 17 a1/ne (3anannn
#ae) Tnefpangs-nulnuosdtrsinfe 8.94 1ms uay 5.42 lEufuns AuaIRL

3. Tm'mhg . ANEMAINITTANIIFARINAIDAN 25% YBISIUINAINIANAUEILITZHD
191 Tivsingazbiantn damam 178 @1 (30 48 ne) vidafidnslinde 4 d/ne uasidmnudnads
9 a1/ne (sananindag) Tneslaomge-armlnrasdniindy 6.24 (e waz 407 Eufuns
AINAAL

AEndINITTANISFARIIE1enn 50% Basdiuaudmiantaudatsziios 18 TWnsing
axTantnu s1uas 171 &1 (370 48 ne) vieRa iedY 4 81/ne wazilsuans Ay 8 avne
Taefinanuge-analmmasdnlnuinde 5.95 WA uaz 3.66 [EWANAT ANEIGL

ANENRINITTANTRATIIAIDAN 75% FDISIHINAINNALELTZN04 1 T Tthg
axTanTval 7w 269 1 (910 48 ne) videfanNeAY 6 81/ND LATRSIWINAIRAY 8 A1/ND
Taefinannge-analmasdbniinde 6.75 e ez 4.09 wHANAT ANFGL

Al asilHAnnssanssnansaann (control) HeMMINE1TIN 338 1 (970 48 Na)
Fenandsniamaasalisufieutunlamisnnisudalszinns 11 Wemauaison 431 41 Tag
gl 1uan 161 a1 vaeRa ileas 3 ane uaileuanaais 9 a1/ne (SaNAAE9e)

Tnafmnnge-aaulpwasanivaiiade 5.99 WAs uAz 3.55 LEWANAT AMHATAL
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4 BiReenans  Aendenie9anISRRaIaIean 25% 1849 uausanaaLE
Usznnos 19 Tiasanauas st s1uan 309 41 (910 48 ne) wisfiaTmsiiaday 6 a1/ne
uazfldmuduaae 18 a1/ne (sandudnfinn) Tnefianuge-mnslnassdndinde 6.21 ns
LAY 2.97 IURLNAT ANNANA

ANENEINNTTANNTFATNAIDBN 50% YBISTHIUAWIMNALEILTzH0s 1T THIRL9A
axFaTAs G109 400 81 (37N 48 Np) YEBRATMNIAAY 8 AN LATRSIHINE AR 22 A1/ND
(sandnringin) Tnefanuge-aalneesindiafe 6.51 WaT uay 3.33 R AuE1dL

ANENFINTIANNTFATNAIBBN 75% FBIaHINaIaINALEaLsyEnes 1T THIRSm
axWia Tl sauan 471 &1 (970 48 ne) VdaRa A 10 8VNa uAZESWINAIRAY 16 81/ND
(sandnrifag) Trefinnuge-aaalnasdnmiads 6.10 RS uwaz 3.0 EuRwAT ANHAIAL

A o

Aulunl a9t (N n1sdaniadna19aaan (control) H41Waua5an 1,435 a1 (310 48

dldﬂ/ ¥

ne) Benemasmaaassisufiauiuwladifidnnisudauszanm 19 Weawauanson 1,552
an Taeufiuantnad s1uas 354 81 vdefianndiade 7 81/ne LasHsuINaLARY 34 A1/ (370
durndinn) Taesiaags-ranlnaasdbnaiofs 7.14 e uay 3.51 lonfinns Aadad

5. Tsiﬁwqe L ANENRINITIANITTARINANBN 25% VBISIUINFININHALEDTTHADL
171 TiAnegsazidntial daman 175 61 (370 48 ne) veddn v iade 4 d1/ne uazidmnudinis
14 d1/na (sandiindag) Tnefaongs-arulpansdnsdiads 10.79 wns uay 6.28 LEuflunAs
ATNAFL

AendsnnsdaniadnansdIann 50% sasdiuaudiannandauszinos 11 (WAngees
Tiantisl s1u9m 195 &1 (910 48 NB) VidaRATMNIRAY 4 a1/ne uavisuaus e 11 81/ne
(sanaunnfag) Tnefmnge-anslnasdniiiafe 8.61 A uaz 6.03 lEsfiims Asa R

AEndInTdANIaRAR1IAIaeN 75% Apsdanauaiainandatsznos 18 IWAngeey
TianTua a1man 246 81 (910 48 ne) Waeialmiieds 5 a/ne LTS IWINAIRAY 8 A1/ND
(SINRUAFIE) Tmmﬁ‘mﬁNgQ—ﬂqquTmﬂ@aziquaimé‘ﬁ'ﬂ 7.53 WHAT WAZ 5.57 IURLNAT ATNAAU

At aafi NN eANIsFAaIaNeen (control) He1UINAT9IN 685 &1 (91N 48 na)
FennemasnameassBeuieuiulaeriiennnsudatseanos 1 1 Wieuansnsan 764 a1 Tae
gl 1uan 131 a1 veeRa ilmas 3 81/ne wazisuanaIRAY 16 A1/na (SINALAIELE)

Tnafiannge-aaulpwasanivaiiade 8.65 WAT UAT 5.54 LURANAT ATHATAL
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uﬂld 1%

YamqUlunnsdnnissulifididnenwgmiaesugiia 5 9fin Weeny 3 3 a1nnsiiy
foyasoifoadnarazinan 18 Bidaagusmammisuazanina sandenmninesssniuliusazaiin

FaFN51988 (15

M15197 3. Sualpuazan (HirsYgiie 5 allanAsdanisdnansanntusziusne il

A99ANTS (tr.) SN MHIRRY (81/na)
‘Via-l"lf:ll,‘i'iﬁ‘!
wAANUE [ T1(25%) T2(50%) T3 (75%)  T4(C)
o o & =) o
1 T Tney 3(0) 8(a) 5(ab) sy Pimwshasdumieuy
ABNFNIAEAM (a>b>C)
2 Triern99aing 3(b) 4(b) 5(a) 4(b)
3.Invsing 4(b) 4(b) 6(a) 3(b)
4 TR e 6(c) 8(ab) 10(a) 7(be)

RHLLAR T1: AAANAIDDN 25% TIFIUIUAWRIRNA T2 : FAFNAIDEN 50% IDITIUINRTVIGANA

T3 : FAFWNAIDDN 75% UBIGIUINRWNVNG T4 : (HFAF19a1980 (control)

arnn1sAiaszidayaduaumianazdn i linnendsniadnnig 4 A8n19udi
Uszaod 1 T wudnsmuana nii (s faansuansnsiumeadfegnefieddey (0.05) Tuusias
AAAlH i
1. Tty aasdinansdroantuldanno 50% a:livdunosmlauazdniniign dou
ANSFIARINRNDBN 75% IR HAREI9A108N 92 IHLUBNIMUBLINAANY LAZANTAARINAIBEN
25% azlisuomsauazaniiasiian
2. Tlwnemain avadnaedoantuudnio 75% aztiusaomisuazdininiige don
NRARNANEEN 25%, 50% 1ia ifna1va1een axUBNInLELaT AT BlkANFNS WA
~ER
5. Tinsing AnadinasaeentulFunns 75% arlilFunomiauazdmaniign dounis
FARWAIBEN 25%, 50% Was anaatnen s liUsnomisuazaT Huans1ammeadn
4. TlABIIaW ASRRaIa188n WU3HT0 75% Wae 50% axliuBsnnmiauasan
mnfige daunnslidinasdionn sxlitBinomiauazdimnans uaznnsfinansdnan 25%

azlUSunamauaraiinaiign
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5. Tifngs AvssnasarnaniuUiunn 75% azifiuBunamssuazainnniign daunns
FANNANDAN 25% a8 50% 9= HLANINELATAILIHNAN LazN19HEnaNa1aanasqz i

YSnnoselazaiaeiign

A15197 4. AINMYBIAN HLATEgRe 5 BRANAITANSRnaNaTDan ST AU 11

mMsdanTs (tr.) Armgenazanulaefszasd
T1 (25%) T2 (50%) T3 (75%) T4 (C)

’Lfﬁﬂﬁuﬁ:f&i Ht. Dbh. Ht. Dbh. Ht. Dbh. Ht. Dbh.
1.Tsius gy 6.80 448 740 419 675 419 718  4.28
2.[Hanamsin 888 576 1053 636 916 593 894 542
5.TDJW3J”I'§J/ 6.24 407 595 3.66 6.75 4.09 5.99 3.55
4.TNL?§’ENWJ’M 6.21 297 6.51 3.33 6.10 3.09 7.14 3.31
5. Trfinga 1079 6.28 861 603 753 557 8.65 554

Ht.: A3Ng9 (1um9) Dbh.: iuHagHEnaNIafisziLen (1.30 wng) (enRinns)

ndiayaluansei 3 uamliifindanisdnnislaenisfnansdiennlueziu 75% vaq
dmualiiianaidnanisifinsesmdeuazd dgondiniadaansdinanlusziu 25% uaz
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THE PROPERTIES AND ANATOMY OF SOME BAMBOO SPECIES
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ABSTRACT

The mechanical properties, physical properties and wood anatomy of four bamboo
species, Dendrocalamus sericeus Munro, Bambusa sp., Dendrocalamus brandisii Kurz and
Dendrocalamus latiflorus Munro were studied. The result showed that mechanical properties of
D. sericeus and D. brandisii are higher than those of Bambusa sp. and D. latiflorus’s. Modulus of
elasticity of four bamboo species are higher than that of woods. However, the specific gravity and
density of D. sericeus and D. brandisii are higher than those of Bambusa sp. and D. latiflorus. It
can be concluded that those four bamboo species give efficient potential to be utilized in the same
as timber wood. Moreover, anatomical characteristics of those four bamboo species were studied,

as data base for wood identification.

Keywords : properties mechanical properties physical properties anatomy bamboo
Dendrocalamus sericeus Munro Bambusa sp. Dendrocalamus brandisii Kurz

Dendrocalamus latiflorus Munro
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Tunnsfnenasell [@vinnisAnuanaand® (mechanical properties) anneaNt A
(physical properties) #n¥ouzlAs9a319 (anatomy) ﬂ@qfﬂﬁﬁcﬁhmamwgﬁ@ Lﬁmﬂwﬁmj@?uﬂ’ﬁ
fansmunis s lenili i luguuusneg dell Tnelivinnsfinutuli 4 «fin Ae THanwmsin
(Dendrocalamus sericeus Murro) TR (Bambusa sp.) Wustney (Dendrocalamus brandisii Kurz)
LLmTthf;g (Dendrocalamus latiflorus Munro)

-3

Tnmnavsins s lulsfigeannsziuimzaifenmeduuas@unenas fnnsnszaeiug
PNHEITHYR B WRE a1 arawer uazine Balsemalnemunisnamile Manzdesnidsamile
uwaznAnzIuenaEaniaeinee blanmsuiianeosada e (. strictus) #1n (FvaTm, 2528)
Tmaviiuenaazlanngsd 18 wes uasdanmn mudsandusesy mues sauzeudenmn g1
Aanmufvwudeanilen Tuasaniuan suammassymuwias Tuiliuguwen (lanceolate) 1R8N
1.8-2.5 @y, tawluiineziu Baannstauly dvuuluszann foudrmasly aeutuane an
diunanstuyu iestudui dwareluing 6-7 4 nulawludniduses dansnnvie faugams
Andulumaeaniy TanfAnaunesuasfiow nazdsrsweulauluuay fawenaweundn Gignamsin
srsnintiuslemnTFgudeatuliosiall dniananateg didne Tidmnn e delEuszlond
THn3neans TealivinenaBEewedactisneg vinusuaasun wisHifiuennsla
Taeevamm Wnladnbideedausnfinluduuasdls wiillessnnasnsadSudadam

anwanAlaR Seinisgnlidsedrounsnanalueidamniewn W dwse weit e sads
Realud Bulafide uazAAUTWA (azanm, 2528) Tulnaindlndesfiuandrsmainvany As

g A & g 1 ! A & Ao a = 1 3
THdsaa Tidesandn uazlideeng) udaneesliidemauin fdnvasfde wialdn
Heazdan aluiu (Usuday, 2548) TWidsanamsindiiunswin ludaanasat faangs
2-5 wms aFiuHARTnaTg 1-3 gu. Udesens 12-30 ou. dawiudn nudsandegend @y
A 2 A = & = o v [P a @ & =
WeourTuReanwides ulamilawnls dvuenifauw Aemuidusasadng eaues nues 10-15 ou.
n419 5-8 o, Tuwsnifin 2 4 (distichous) Tuena 6-20 #x. %19 1.0-1.2 @, Tuidug
linear-lanceolate Tauluuauifaunan UaneluBaaunan Tudundnnalifaw frwanslaugen
diunantudinuuadiuses fausragaduiu seulumnaeuazen tuBesady Gidotuse Toxd
Tunnaifiulivsziv dgnidiuge indesdnam dowmasudsznmli

Triualve) fefuiiesie Wanadu (Beelns) Tz fnnsnszaeiugausssneniiu

W1 a9 Beaun wazme ussmamednnunisniamile Tudafifaonetu ivetnejdniu
June gedaranod 20-30 1wn IEWHIERENES 12-20 96, AHE9UABY 30-45 oW, AEFWN

= = & & o v o 1% o Y P ¥ =
waaRigienwn dainds nurnaAdienis duuanlauiuinanguUneT NueNatle 60 Tu.

¥ (4 (% ° @ o/ 1% 1 =
1919 30-40 7. FWnUARANAN nzdeniuuAy lugaaniugUnenndne Tanuay winsewiss
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2.5-5.0 %N, FIuURAsanasuddendy fauviaslufausen i@unatslununla i@uausly §

10-12 184 Uang vein Windudesy sauluainuazan fuluan Wiesuly nazasTufiuge luis

] & ¥ dl 1 =1 1 I = 1 1@ 1 1

AU URIHLWARNULANN mmﬁﬂumﬂﬂﬂumuﬂﬂumqm waun (e Wuetadulkanialng

FelFUazlgmilunianead Nt eantins1a B wasssirUsy lemiduniasananu 1Asasie
= [ 1 [ [V 1%

NANTTH m@qmmwﬂﬁﬂm e a3 [Firii

s

Timaing ftaduy Adundufe Tinaussans Tianedn Tiimae Snnanazeneming
pNDITHTIRN N AeUlFrnsAnLAzaeuinran ininasugiad AaaeelFinu dnnlgn
Tuuszmeanenssuantud wa. 2529 filassnianacsnesdsans dandmdsslnal donnfinns
vinfUUgnlinaAvIaszing (Uszidey, 2548) Timingfdnuoizminiune g9 15-25 wns 1w
Fpinguingns 8-12 an. andtdaaan Tiflaw nuuiAndnsene 25-30 au. Mimadudeu
funudednnaguuisy naxdage 5 uu. ndnifiuituaes Tugy oblong-lanceolate néng Tanlu
sunan Andtudn dowunbiduusiaguss sauluguss Tuann 15-25 @, 19 3-8 . Eunanslu
s iwanelu 6-9 ¢ nuludusesniouninnag fawszndnsunaenn linsganunse
s tilsylamlifeuynaan vasansainniudssnnld vindudounanaesnszinizian
i linsriles dnl¥huunaainsinngnn indasfion@nasn innazans Tusintu il

muflnntnjdenaniudgunandunadesdny sy, 2548)

) 1 @, n an
AMNNTRAL wuslinnaauif uazaniaanif

1 Vv
A o %

naani@ i vunade quandfRzesfiniadnglag Aldeuininuiouseniouen
(external force) F1HINTLHIN AIMNFINITO HNNTFBHIUNT DS TBIUTIVBDHIMTINNN TR LA
Bendn aarnudeuss (strength)  Aaneandrelunisi@egy Bandiaannie (stifress)

o/ o/ dl o v P v o o/ Y = dl [ = 1 a

AAHETHITOFUNRI NN TR [T R e dslaeAuBoniefisziulaqdandiaanmmien
(toughness) kazAIMNABFIUABNNTEATe: (Y Bendiaanauds (hardness)

nsassunaantFres i avfinnsasauusednadia (static bending) W398
(compression) W39LEAN (shearing) LAZWIIAY (tension)

NINARBUUIARATS Asinge AlRann1sdnfe NeaaauAn31a (modulus of rupture :
MOR) \inpndntlsyans unnain wiausslszaetunisdn Saduaanmfuiisuimingsgatunis
nagapuwsesin AflElunssufisuauuioussns Helinsneg aasdnitneninfiug
(stress at proportional fimit : r) .uArAIARTIEANIT (FdRsan fe duanudussaasingd
anInusimTinussAuinannll wenaagangu (modulus of elasticity : MOE) wapaauudfs
@) ! dl 9 v 1 1 o ' dl °
dudriuenanaannsaeesfilunisfimmiunsidesy (nslne, nnsuswusa) dousefingzyin

durndntssavsoesnisdangu uarnaiusie wiannuuieiees(d

57



|
a a

w5989 WNTdnIaseu i 1NN1TAaULINEAIUIALY WIDATAINTHLELTILA
N8 AL AT (F]

1
2

) ' ¥ [ o e L) ¢ § ! 1
wsaian WnAraandnumwees (il unisvinli@ulddaunis indsuaananaiudiag

= [~ 1 74 = ¥ v o o/ a

L5951 mummqmmLLingngﬂTumﬁm%ufuTwmmﬂ@ﬂmﬂﬂu Tunadlasnianasey
e R e o IR KL Mg G (a0}

Thaipetch and Sompoh (2004) 578731 5T 5 #fiellszmelne fia Tias (D. asper Backer)
TN'?I’Qﬂ (B. blumeana Scultes) (w19 (D. stirictus Nees.) 15 (Gigantochloa albeciliata Munro.) W&
Tiaee (B. sp.) fArmanudousediayingy 84, 92, 83, 117 uay 81 INTUIRANR ATNATFL

ANNeRNTRUa9(H uned ATANEOLY (characteristic) Lmzwqi?mﬁmmfﬁ@i@@m%mmﬂu@ﬂ
UBNWHBINUTIANT (Winandy, 1994) 1EHNN5EANAFY UIHIMUAININTN ATIHINEE AIIHENTINTY
AosaNTANRADA TN (W s i aonammmw g

1% ¥ dg/ v 1 v @ o Y] ;{ v 1 I o

anwoilassad e buiial wdeliduanuoslassadreaiis Hagdrwey Wudnuos
Tassagvaaiie Eidulfsgiaudagns (hand lens) (LA Entingm §useas §nuduia a9t

' Ai’ a dg’ v ‘¢ v @ v va I
U NTE AHazBsnneaiia B was el udu WAANSTANEIAMNENTANI9NIEN WL 1L
AuanE oy lasIadveaile ([Hadvazifen Aeansoslassad1anaenigdninaagiiie (o
@) 1% ¥ dy 9/,:' @ % % 4 . v 1

(wood anatomy) LﬂmﬂwmﬂmmmwmLuﬂfuwmufmmﬁﬂ@m%mﬁﬂu (microscope) (A
#HA AU TIUIUVBILARA N19L5E9AT N19N92978 NITIINHINANTIDUERE ARDATH
naRnenesAlsznaunteaisasninad auudussealuanamaglas uaznisinun
AMANTANNNIENINEE NATIEA

357 (2528) aqUdnanuauzlasead el unnsnsendnuarlaseadseesiiluning

[ dl 9/ 1 1 o ] ¥ ] 1 a @)

LLmTNTungmu Wasan (Hindsznaudaasinviant vieatnis ﬂﬁ:@ﬁﬂ@gTuWWLﬁqmquﬁu
& oA X @ s a o o | A s A o = s A
Waldlafiy LazlsenaufiglnaaiiaeafinnINe1IR 9N TN e AR B9 AIATNUI NI DL RS AR
wag avionvnsfalsynaudaongu Miuesilindaulng fawiauazawauudsiullanaais
WUNIBININUE DY NENIADTERUUIALANLAZIIUIUHIN HATUHANVDINTTILE DY WATABYT
wWRsnU g unavuazdan il das milsaasmiuasianumeiduiu lnafianuiuiunas
mqmﬂmﬂm%’m:Lmﬂ@mﬁuﬂﬂﬂm%ﬁﬁiﬁgﬂLLuuﬁLLﬂu@u gmmﬁf\lu%ﬁL‘%mﬁqsfuﬁwim 9
uanan iU Tuusardl uefiaBesdifaufaIniuLNNIaEas LAt Bty
WNNIBNEAE ASUITadrRndy doulngAdniaduiutufeti ubsiuaniiLazAINmul

ABITULANANAUDI (WiLDS

58



ad
ABNISANEA

v
[ =3

gunsoiftiluniafnenassiife wiamaaaufidsli Testometric 44 MICO 500 2w
30 i 20T ALaZAAINTIHIAT A3 nguewimInEaRa [ drinddeuay
WmmnaH nesall waziAeamasay GENIUS OLSEN model AD RECORDER #%1¢1 200 6t
YNANEAFNTINANERS A AnsdeinEnsnans Gaull irEasiRanes mn 240 N3N, afiiles
AnAties n&avgansard 41 DX51 LAaasdatuliiung (siding microtome) Wi indn3w i
FEDIAREUTELNG winaTad cover glasses wEangUnanitunisdminalad idpufln dviuiwen

Budinasing (1 [FauinsNAieIn1s uasddan Safanin-o

< o 1
NI AUAIBEIN

1. Tdenavaiss 21 3 T80T annaauiuene siuadeus suneudues Smindacn
Aadnge 19° 09 wifle 1w 99° 01 mxdpan AnngeIINTEALLMZLALTZH10 350 1R

2. TiiAeavau a1y 3 TEuTU 91na9uU e nNT0 LITIUINUBY LAALIILEY
nNAIAST RALENES 13° 40 wile Wduuas 100° 23 Azdupan AEgeaINazAUIMEL
UFeNI0d 1109

5. TiusTne) uazlinaing o1y 3 T80l arnalueny duanunsg sunadnaz3
Fidaniyanyd Riniduge 15° 09’ wifle (g 98° 21 mefuenn Anugeanazinimeia

Ugzu1ed 200 LHAS

1
¥ a o a/

Tngdnatnalignamsuuas IWAsmam dnfuuazulagusiantne fndindsouay
WaunsUn 8 nauinldl dausodreiWustnajuaslinaing inllifuuazulsgudotna i
grddasBnuazdrenaamailadnistislenilianadnuazannindminguys veluann
aavdaidien warannwie Tnsudsgudandsilidauuazain inenaseuaoiauiiAnis

NIM9371U 1ISO 22157-2 @ 2004

= /s 1 % ]
ATSLASUNAIDEITS (H 05

Fn9LaBanfaad 19 AN InanuazanIwude fandulianensinudnisinies
fetiaienasaunnEntiRsine iu 3 daufe dalau (otom port : B) dasnans (midde part : M)
wazaans (top part : T) Tiusejuesingnaiin 2 daude dadlaniudaans damldiaema
uazlinsngrinmaneaeuiRavdauien tasnliis 2 #findanane fdmauudacusdazdn

¥ a ° o 1o 1 ) ! 1%
H'ﬂf:lLﬂuTﬂN']‘lﬂﬁ‘Llﬂ"ﬁLLlNWQﬂHqﬂﬂqﬁWﬂﬂﬂUﬂ’ﬂﬂL‘U‘H 2 ’N’JHTW

59



ATSNANDUNANNLIR 131

1. AMSNAFDULSIAANTA (static bending strength) AMNN179374 ISO 22157-2
2004 (Bamboo-Determination of Physical and Mechanical Properties) TneMirdamaaay GENIUS
OLSEN model AD RECORDER 2u1@ 200 §iu anmsusiaagnalnnnemsin (Huslne) uazlimsing
Fauiiulififanntng) uaziniamagauindslil Testometric 41 MICO 500 1u1m 30 i dm3L
fratinaliidgma Geflanadnnd Tnawdsudaodnelifaunaiinenabifiasndy 30 wi
vasmadusingudnans TagAsnaaaauuuuimin 4 99 (four point loading) TnaTAas3a
wvsinnenae 0.254 .l thainnsdegUlaenissiu dol gouge azlirrAa NN 531919
FuasiunaRegy dnlumdanauleuse aaduiidainausy waznogdadnne

2. ManasaUWsudan (shearing) Tnannawdessasaiouuudouazuuuldns vin
nse3enfange Rlauina ne19rsiangrainfusuaLdui guinatsustitauin
Ennngugnans < 20 ux. Wflawadaedneenadn 2 wineesswaduingudnans (I = 2D)
FrnnasnagaudainnaaauidslHiuiniadTestometric $1 MICO 500 #1930 f 9ulH
ATLIIGIFA HININIATLIUTBY

3. ANSNANBUWSIBA (compression) LHFENAIDLIEUIALINLNNTNANDLLIIADY
usmaRaLLRNNZd T A Wi nAaBUTULAREY Testometric 9% MICO 500 211m 30 A
NG RIENRT

4. MEVIANELLSIAS (tension) wAtndaslne AT ULSIRR AT ED 210 10-20 Ha.
212 50-100 HH. HHIARBLUIASBMAREL GENIUS OLSEN model AB RECORDER 231a 200 fiu

FuUaeeansiueesiandng aruALsegegaivinisasneaeniu smmAusese

ASNANTUNNTYNNITADS (W

1. N1SRAA (shrinkage) LL@:U%N’lmﬂ’nuﬁu (moisture content) Trgni9is3en
fnasnaludourasldosfianysoilasnmaindini vinnaafeiinsin dasunadusigudnans
N1EUBN (outer diameter) 4 9A AIMNNWT (wall thickness) 4 9 AIHETT (length) 2 9@ UAZYINNTS
Fuamanasluusazdn TnsviniatiussinluaniuiiuazinafieaiuEosg aundifesing
FzURIPNENINEINANELenN ndsanisifhatnsilautugeulifianmnf 1031200 aua
Tugamusis vinnnsdainmin dnauaasineg 8nass dllinnianidiniaeiauasysuno
AT

2. ﬁhﬂ'zw%uﬁqwum (fiber saturation point) ¥ {HINNITNEBANTINAIAITHINAUS

FLPINUIHIWAIINTY AUNTTRARIATUAIINART (AABUAIIIN WIFWAZ AT, 2517)

60



3. AITHWHK (density) 138 HaRsaU5HIAT (mass by volume) #1lHa1nn1917
ANTHANAUTTENIWNIRAULFNISS

4. AANEIINNTE (specific gravity) H1IRIINEATIRINILNINIANN UKD I

1
=

FnBge FiBATHLHNY BN TGN RU SN0l 4°%

ANSANYIANY o L ASIaST9 5 BB

wAengandna (e 4 ¥iin (Tanasu Thasaam Tiustg) waslining) unn
U573104 22 TH.X AHVINIIBIane 19l 1iaay 2 T uidaeinulan awdle [Heewsa sadlede
Fuiauang (cross—section) TnaTHieanaip@sliiung Aimanumuntsyanm 20-30 Tuasew Hanaund
#8l Safonin-o SAVNaladHaAT17 BRinas 3 alad aAnuNdnuozTAviad @es (vascular bundle)
209l wazyinnstnanwnsindnanssinadne (Kl 4 ¥8im eAnEIN1TnTzanefaaeein

vinaLRese (1

HANISANYILAZITVISHNA

wansAnEAnaNTRLarany Insad 9l iaw 4 ofin fa Tlanasin Bidssmang

Truatig) uazlimeing TAnanisAnunsowancti Taole 1-3 uag Figure 1-8

Tun199
HANTSANYINANNUR (Table 1-2)

1. nagaauan31a et iiandoulan daunas uazdaulany Arnegaauan3ag
Tuaniazufieindy 96.2, 85.7 uar 84.2 wnzi1aATa n3a 981 874 uar 858 nn/ux’
ANFAD donAnenasauaniauanazduntudaulaw daunans uazdanlans i 85.9
82.4 uaz 71.0 WNUNGANA W30 876 874 AT 724 nn/mH’ AINAIAL Sediufludiuniaus
Usziamlindausnnsnautn (i (aused uazansy, 2528) uda Thanamindnaglungaifouds
Uunansiie fAnasmufussszndng 60-100 wnzaaana Wie 600-1,000 An/aH”

2. aanduiidadiaaugy Tuanaswiaesbisrmudonla daunans uazaanlane
fAwinfil 520 470 uaz 581 WNANARA Y38 530 479 ua 593 AnjeN. AmARTY danlaninzen
gl daunans uavaaats AAwinfiu 60.8 47.4 uaz 47.4 wnzU1aRa ¥Ee 620 483 uay
483 nnje” AHAIRL SR MEEIANNIAUAT AT AR U UAMEA A ALANSTY (MOR) Uszaod

[ 4 ] 1 I 1 I . 1 [
55-70 wWosidud azifind blamiudgasniasdaneu (elastic range) Unnansiiarnndnage

61



3. NBEAANEANE Y Tuannzuterasianad Aaaulan daunans wazdanudans S0
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Table 1.

The mechanical properties of some bamboo species (S unit)

modulus of stress at modulus of Compression Tension
shearing (MPa)
rupture (MOR) proportional limit elasticity (MOE) (MPQ) (MPq)
species part
(MPa) (MPa) (x100 MPa) node internode internode node
green airdry green air dry green  airdry green qirdry green qirdry green qirdry green  airdry
Dendrocalamus o 859 962 608 520 654 972 778 770 798 837 449 526 880 172
sericeus Munro
middle 82.4 85.7 47.4 47.0 156 109 8.99 9.18 9.28 8.27 51.0 54.0 104 130
top 71.0 84.2 47.4 58.1 184 124 9.56 9.69 9.41 8.89 51.5 54.1 125 125
Bambusa sp all 50.1 563  39.4  42.4 143 130 549 554 553 594 331  40.1 * *
Dendrocalamus oy 874 102 345 275 264 278 6.6 807 599 692 462  56.8 863 132
brandisii Kurz
top 71.5 108 25.3 54.5 152 279 6.07 8.42 5.64 6.98 54.7 62.1 112 159
Dendrocalamus
all 51.5 52.2 40.9 27.9 122 197 7.61 11.23 4.44 7.39 30.8 47.4 60.6 89.9

latiflorus Munro
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Table 2.  The mechanical properties of some bamboo species (Metric units)

modulus of stress at modulus of Compression Tension
shearing (MPa)
rupture (MOR) proportional limit elasticity (MOE) (MPa) (MPa)
species part
(MPa) (MPa) (x100 MPa) node internode internode node
green airdry green air dry green  airdry green qirdry green qirdry green qirdry green  airdry
Dendrocalamus o 876 981 620 530 669 992 793 785 814 853 458 537 897 1758
sericeus Munro
middle 840 874 483 479 1596 1109 91.7 93.6 94.6 84.3 521 550 1064 1325
top 724 858 483 593 1873 1262 97.5 98.8 96.0 90.6 526 551 1275 1271
Bambusa sp all 512 574 401 433 1457 1322 560 565 564  60.6 328 409 * *
Dendrocalamus o 892 1088 352 280 2687 2834 673 823 611 705 471 580 880 1343
brandisii Kurz
top 729 1097 258 556 1554 2846 61.9 85.9 57.5 71.1 558 633 1144 1619
Dendrocalamus
all 525 532 417 284 1242 2012 77.6 115 45.3 75.4 314 483 618 917

latiflorus Munro
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Table 3. The physical properties of some bamboo species

shrinkage ( %) specific density FSP outer inner Thickness
species part thickness length diameter volume gravity (kg/ma) (%) diameter (mm.) diameter (mm.) (mm.)
Denarocalamus bottom 4.36 0.08 2.75 6.67 0.803 940 21 94.7 65.8 14.5
sericeus Munro
middle 2.01 0.02 1.72 2.35 0.830 935 18 88.5 72.2 8.16
top 3.18 0.03 1.55 4.59 0.839 919 23 72.2 59.9 6.16
Bambusa sp all 4.92 0.25 2.37 5.57 0.529 586 22 27.8 5.31 11.2
Denarocalomus bottorn 4.40 0.09 2.99 7.08 0.830 950 19 84.0 53.3 15.7
brandisii Kurz
top 1.64 0.15 0.63 2.29 0.887 1002 21 64.6 51.3 6.67
Dendrocalamus
all 6.06 0.15 2.72 9.61 0.543 625 22 60.2 43.6 8.27

latiflorus Munro
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A1n18TnTY 65.8 72.2 LAY 59.9 NN, WATAIINMUIVBIANWINTL 14.5 8.16 WA 6.16 N
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TN%WQWNMNNWV]@@’]L@E\? (vascular bundle) HANHIUZIUNILHABNNIN AB NHAVIDRAENAAN

(central vascular bundle) wazfiHaEiafiugnaniaviaadesnay (Figure 1-2)
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Figure 1. Vascular bundles with one isolate fibre bundle in Dendrocalamus sericeus Munro

Figure 3. Vascular bundles with two isolate fibre bundles in Bambusa sp.

Figure 4. Vascular bundles distribution in Bambusa sp. (8 X)
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Figure 8. Vascular bundles distribution in Dendrocalamus latiflorus Munro (8 x)
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Figure 9. The conductions under the project.
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ABSTRACT

Five species of bamboo were studied on extended service life i.e., Dendrocalamus
brandisii, D.latiflorus, D.sericeus D.hamitonii, and Bambusa sp.. Chemicals used in this study were
wood vinegar, three plant extracts (Derris elliptica, Stemona collinsae, and Azadirachta indica), wood
preservative (boron compound-Timbor) and two insecticides (bifenthrin and fipronil). Immersion,
Filling chemicals solution in the bamboo culms, Vertical Immersion, Pressure Treatment were applied
to those five species of bamboo. After treatments, all treated bamboos were exposed to infestation
by powder-post beetle (Dinoderus minutus) in laboratory for 6 months. The results showed that all

plant extracts and chemicals in this study give good effective in preventing powder-post beetle

infestation when proper concentration and methods of treatment are applied.

Keywords: Extended Service Life of Bamboo Wood, Dendrocalamus brandisii,
Dendrocalamus latiflorus, Dendrocalamus sericeus,//Bambusa sp.,
Dendrocalamus hamiltonii, wood vinegar, Derris elliptica,//Stemona collinsae,

Azadirachta indica, neem, bifenthrin, fipronil boron compound (Timbor)
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1. Tustngjuazlhinsing
U

NANTTANEIAILARI 1Y Table 1-4

Table 1. Analysis of variance of damage by insects on treated bamboos (D.brandisii and D.latiflorus )

Source Type Il Sum of df Mean Square F Sig.
Squares

Corrected Model 3861470.500 29 1331.534 15.950 .000
Intercept 35113.500 1 35113.500 420.605 .000
Bamboo 22034.160 1 22034.160 263.935 .000**
Chemicals 6917.467 4 1729.367 20.715 .000**
Duration 335.010 2 167.505 2.006 139
Bamboo * Chemicals 7445.507 4 1861.377 22.296 .000**
Bamboo * Duration 436.270 2 218.135 2.613 .077
Chemicals * Duration 857.873 8 107.234 1.284 .2b8
Bamboo*Chemicals* Duration 588.213 8 73.527 .881 535
Error 10018.000 120 83.483
Total 83746.000 150
Corrected Total 48632.500 149

**Highly significant at 99% level of confidence
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Table 2. Damage by insects on treated bamboos (D.brandisii and D.latiflorus)

(Duncan’s multiple range test )

Bamboo damage
Bongyai 27.42 a
Mahju 3.18 b

The difference between means followed by the same letter are not significantly different at p =0.01

Table 3. Damage by insects on treated bamboos (D.brandisii and D.latiflorus ) with Chemicals .

(Duncan’s multiple range test )

Chemicals Damage
Vinegar 20% 28.33 a
Neem 5% 14.10 b
Control 13.00 bc
Stemona 10% 12.60 bc
Derris 10% 8.47 ¢

The difference between means followed by the same letter are not significantly different at p =0.01

Table 4. Insect damage on correlation between bamboos and chemicals

Bamboo Chemicals Damage
Bongyai Neem 5% 25.00 b
Bongyai Vinegar 20% 54.00 a
Bongyai Control 23.00 b
Bongyai Stemona 10% 2143 b
Bongyai Derris 10% 13.67 ¢
Mahju Stemona 10% 3.77d
Mahju Derris 10% 3.27d
Mahju Neem 5% 3.20d
Mahju Control 3.00d
Mahju Vinegar 20% 2.67d

The difference between means followed by the same letter are not significantly different at p =0.01
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(2) Hpu@srigdinunans (11 - 40 %)
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pansdene usr AUty danlindngfiudfceansafiyneila fduadaanadeniaeag iy
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FEAULPIEINULRSHATIRNEATTN Lﬁil‘lﬂ’]iluﬂilﬂ’)’l\tm_lﬂéfﬁfy

2. THr19nd

NANITANEIAILAAI T Table 5-6
2.1 HAUIANRAYAINNIRYNIETIAASINNISENYINANSUBN N ANIALATTZH AT TN L5159
2e9d8ya (Table 5) WUINFITLART I Wn19a1UHe1 W Snasani1sdnyinanssaIneALansIs
| Ao o o QI
aeiHTE RN Ay 8
2.2 WO BYUWIEUANNEANFNTEAINANRA Y ANNELRNLTIN AIINNISE RIS VBN A
fuansiaisinsinegiild Tneds Duncan 's multiple range test (Table 6) Wudn (& Haemsin
fiousigafiag Timbor 10% HeeAnarnidanieniniign sasaslUlAun control uas Tl
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AmiRemnetinsiign uandeihAedsnndemisensinaaasiiinainnieitaiezessen
unazfinlazananineasansi i wodiaaflinneindussansnin agtiaeaud ()
sasannslannuiBemendntios (Hifiv 10 %)

2.3 \lansramaunisundnszatgrasarslusanbunia i wudinasanudignfiag
nanABussgaatasiusnuia ilunszuentiln Timbor smnsa@uidinfe i lHodnwiad
uazfivBnafunzantunstiasimaminas il Tnadanaenudnonila Fndlusewdadil

FefiRunnanuaziuAflusauwnandutuile Biduntinda (Figure 1)

Table 5. Analysis of variance of damage by insects on treated bamboo (D.sericeus)

Source Type Il Sum df Mean Square F Sig.
of Squares

Corrected Model 66.583 1 6.053 2.680 .009
Intercept 62.017 1 62.017 27.461 .000
Bamboo part 3.333 2 1.667 738 483
Chemicals 49.783 3 16.594 7.348 .000 **
Bamboo part * Chemicals 13.467 6 2.244 .994 .440
Error 108.400 48 2.258
Total 237.000 60
Corrected Total 174.983 59

** Highly significant at 99% level of confidence

Table 6. Damage by insect on treated bamboo (D.sericeus) with chemicals

(Duncan’s multiple range test )

Subset for alpha =. 05

Chemicals
N 1 2
Fipronil 2% 15 1333
Vinegar 14% 15 .2667
Control 15 1.2667
Timbor 10% 15 2.4000
Sig. 0.056 1.000
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3. TNL@?:N‘VI’T]H

NANTSANEIAIUANAS 13 Table 7-8

Table 7. Analysis of variance of damage by insects on treated bamboo (B.nana)

Source Sum of Squares df Mean Square F Sig.
Between Groups 363.852 2 181.926 3.536 0.45 *
Within Groups 1234.667 24 51.444
Total 1598.519 26

* Significant at 95% level of confidence

Table 8. Damage by insects on treated bamboo (B.nana) with chemicals

(Duncan’s multiple range test )

Subset for alpha = . 05

Chemicals
N 1 2
bifenthrin 0.33% 9 3.7778
Timbor 10% 9 4.2222
Control 9 1.7778
Sig. .897 1.000

3.1 WasARayANLAEIgNIdIAsIsiANLY SUSNeBsdRY A (Table 7) Wudn

f A o/

a9AfiAlE Snadenisdivinasresnenvinans Huansneiuetneililadday
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bifenthrin 0.3% gnxanvinanetiasfign sesaslUlfun BlHAugsas Timbor 10% uazdnegtungs
2 o = dl 1 1 o 1 N |d' [ o dl dl o

WPenie AeAmAsA N Renie Nuanenarie 893 iy control gnvinaeNIndiga uaziien
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AR AIHIAYTIYEY [HVAaaITlAReINNI9INa18eINes HIUTelRud S AN naaIa157
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Amnnzanunsastunaayinane i nsdansannuduois G luseududin Wesiduasuan

waiuffluseuunsndubuile Bduntingna (Figure 1)

4. Teinin

NANTTANEIAILARS T Table 9-10

Table 9. Analysis of variance of damage by insects on different parts of treated bamboo

(D.hamiltonii)

Source Sum of Squares df Mean Square F Sig.
Between Groups 18.478 2 9.239 3.517 0.039 *
Within Groups 110.333 42 2.627
Total 128.811 44

* Significant at 95% level of Confidence

Table 10. Damage by insects on different parts of treated bamboo (D.hamiltonii )

(Duncan’s multiple range test )

Subset for alpha = . 05

Part of bamboo

N 1 2
Bottom 15 .1000
Middle 15 .8000
Top 15 1.6667
Sig. 244 151

41 Wevhduedsanudsnennirasiansulslsmnesdiays (Toble 9) wudn T
wiardaugnneaitvinaeunnsinsiuetneidud Aty

42 danRsudiauannuansnesndneAnaderesaiienieiiine nnigidi
Vinansreanen fuH Wusiazdan 1aeA% Duncan ’s multiple range test (Table 10) Wud1 daulanan

1
P a

P=) dl a v o v dl ! ° A dl
Hrnadganudemefifinannisdvitaeresesisefign duUaiean SAnaduaudenig
MAneNN15EYINRNL2BINDANINTIGRA ULATEIUNANYEIAT HARAEANIRENIEAAATINNNS
dvinanprasnannnningaulausn uargndniiacudeniseg iuseiuifaadudoulan uas

HernAeAsANRENI99 EAREITIAReINNITINaTEaINe s H1UTERNUSE AN S NN a9
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a137 e UNen wodn Timbor 2.5% Husz@niann agluszdud (1) Wesanniaamdenis
vanties (lifin 10 %)
4.3 Jlanaseunisunsnszansuesansiusenluila Hfaeanamaanuwudn napunen

FeLARBISALSIFM Timbor anntsndsinile HlHlFadewindy wasilusnnofmunyan lunis

Hasunaavinae H W Tnadnaernuiinoadie Hadlusaugudnlues dduasuanuasiudiai

Tusanunan@uluile Kifuntiadn (Figure 1)

a. Dendrocalamus sericeus : Treated by filling
Timbor solution in the culm.

b. Bambusa sp.: Treated by steeping in Timbor
solution tank.

c. Dendrocalamus hamiltonii : Treated by
pressure treatment.

d. In treatment b, treated chemical form crystal-

like in the wood.

Figure 1. Tumeric testing on treated bamboos showed good result of boron penetration.

¥
5. Twuelney Trinsing TivReenau Tianensin wazlhivn
NANTANENAILERITH Table 11-13
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Table 11.  Analysis of variance of damage by insects on treated bamboos

(D. brandisii, D. sericeus , D. hamiltonii , D. latiflorus and B. nana)

Source Type Il Sum of Squares df Mean Square F Sig.
Corrected Model 27.560" 74 372 2.045 .000
Intercept 4.352 1 4.352 23.893 .000
Bamboo 1.471 4 .368 2.019 .092
Chemicals 8.200 14 .586 3.215 .000 **
Bamboo * Chemicals 17.889 56 319 1.754 .002
Error 54.648 300 182
Total 86.560 375
Corrected Total 82.208 374

** Highly significant at 99% level of confidence

Table 12. Damage by insects on treated bamboos

(D.brandisii , D.sericeus , D.hamiltonii , D.latiflorus and B.nana)

(Duncan’s multiple range test )

Subset for alpha =. 05

Chemicals N
1 2 3

bifenthrin 0.03% 25 .0000
fipronil.025% 25 .0000
bifenthrin 0.06% 25 .0000
Timbor 10% 25 2.000E-02 2.000E-02
control 25 2.400E-02 2.400E-02
fipronil .125% 25 4.000E-02 4.000E-02
Neem5% 25 4.000E-02 4.00E-02
Timbor 5% 25 5.200E-02 5.200E-02
Stemona 30% 25 6.000E-02 6.000E-02
Stemona50% 25 .1000 .1000
Neem10% 25 .1000 .1000
Vinegar50% 25 .1400 .1400
Derris20% 25 .1600 .1600
Vinegar30% 25 .3000
Derris10% 25 .5800
Sig. 291 .053 1.000
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Table 13. Insect damage on correlation between bamboos and chemicals
bamboo solution damage bamboo solution damage bamboo solution damage
leangwan derris 10% 180" 1 sangmon timbor 5% 0.00° 26  sangmon vinegar30% 0.00° 51
leangwan vinegar 30% 120" 2 mahju timbor 5% 0.00° 27  sangmon stemona30% 0.00° 52
mahju derris 20% 0.60° 3 mahju Fipronil 0.125% 0.00° 28  sangmon neem5% 0.00° 53
sangmon derris 10% 0.60° 4 mahju bifenthrin 0.03% 0.00° 29  sangmon timbor10% 0.00° 54
mahju derris 10% 040° 5 mahju stemona 30% 0.00° 30  sangmon Fipronil 0.025% 0.00° 55
sangmon vinegar 50% 0.40° 6 mahju neem 5% 0.00° 31 sangmon Bifenthrin 0.06% 0.00° 56
bong neem 10% 0.40° 7 mahju timbor 10% 0.00° 32 sangmon derris 20% 0.00° 57
bong stemona 30% 0.30° 8 mahju fipronil 0.025% 0.00° 33  sangmon stemona 50% 0.00° 58
bong stemona 50% 020° 9 mahju bifenthrin 0.06% 0.00° 34  bong control 0.00° 59
mahju vinegar 30% 020° 10 mahju vinegar50% 0.00° 35  bong bifenthrin 0.03% 0.00° 60
leangwan vinegar 50% 0200 1 mahju stemona 50% 0.00° 36  bong Fipronil 0.025% 0.00° 61
bong timbor5% 0.20° 12 mahju neem 10% 0.00° 37  bong bifenthrin 0.06% 0.00° 62
bong Fipronil0.125% 0.20° 13 leangwan control 0.00° 38  bong derris 20% 0.00° 63
hok derris20% 0.20° 14 leangwan fipronil 0.125% 0.00° 39  hok timbor5% 0.00° 64
hok stemona 50% 0.20° 15  leangwan bifenthrin 0.03% 0.00° 40  hok Fipronil 0.125% 0.00° 65
leangwan neem>5% 0.10° 16 leangwan stemona30% 0.00° 41  hok Bifenthrin 0.03% 0.00° 66
bong vinegar30% 0.10° 17 leangwan timbor 10% 0.00° 42 hok vinegar30% 0.00° 67
bong derris 10% 010" 18 leangwan Fipronil 0.025% 0.00° 43  hok derris 10% 0.00° 68
bong neem 5% 0.10° 19 leangwan Bifenthrin 0 .06% 0.00° 44  hok stemona 30% 0.00° 69
bong timbor 10% 0.10° 20  leangwan derris 20% 0.00° 45  hok neem 5% 0.00° 70
bong vinegar50% 0.10° 21 leangwan stemona50% 0.00° 46  hok timbor10% 000" 71
hok neem 10% 0.10° 22 leangwan neem10% 0.00° 47  hok fipronil.025% 000" 72
hok control 0.10° 23 sangmon control 0.00° 48 hok Bifenthrin 0.06% 0.00° 73
leangwan timbor5% 0.04 24  sangmon Fipronil 0.125% 0.00° 49  hok vinegar50% 0.00" 74
mahju control 0.02° 25  sangmon Bifenthrin 0.03% 0.00° 50  hok neem10% 0.00° 75
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ABSTRACT

Research studied on bamboo laminated from 4 bamboo species 1) Pai Bong Yai
(Dendrocalamus brandisii) 2) Pai Mahju (Dendrocalamus latiflorus) 3) Pai Sangmon (Dendrocalamus
sericeus) and 4) Pai Hok (Dendrocalamus hamiltonii). Adhesive used of Urea formaldehyde (UF),
Phenol formaldehyde (PF) and Emulsion polymer isocyanate (EPI) 200 g./sq.m./glue line. All
experimental bamboos laminated were tested for physical properties according to ASTM D143 and
ASTM D9O05.

The result of all experimental bamboo laminated indicated that mechanical properties of
Pai Bong Yai such as compressive stress perpendicular to grain, strength and stiffness in static
bending, hardness and shearing stress parallel to glue line was higher than Pai Sangmon and

Pai Hok. Pai Mahju was not suitable for bamboo laminated.

UF and PF were suitable for bamboo laminated due to the lower cost.

Keywords : bamboo laminated, Pai Bong Yai (Dendrocalamus brandisii), Pai  Mahju
(Dendrocalamus  latiflorus), Pai  Sangmon (Dendrocalomus  sericeus), Pai Hok

(Dendrocalamus hamiltoni)
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Triflonguszanns 2-3 T amnsarientiselemily deihenanbifivaliifenduinmsygia

ffpudAysegaamngan [Heesssme

5’mqﬂszm faa9laseinisian

1. Anwansdull Eunnsine Eiiandnduinanlsyann
0. AnEafla wasBrnodnnafi B iinnawan e i EAsns7 msnean manan WeaLszau

3. AnwiantfzesHdnUsramiiuiunnniasyiusingeg

naRMEATASI TN daau 4 ofin Ae Tiusbigj(Dendrocalomus brandisi) waz lrivising
(Dendrocalomus latiforus) nnviesfisinaduaz dmdnnieyan Ty (Dencrocalamus sericeus)
snvinsiisnaudung dmdmdeslnd uazlivn (Dendrocalomus hamiltoni) anviasiigning
gusnn S Tauidesaen dnuingiulmendnalisayUsyams Wnno 3 9fin Ao n1gBenedias e
(Urea formaldehyde: UF) naflsspamnadsian (86 (Phenol formaldehyde: PF) uaznmmdsiadsinanesn

Tienium Emulsion Polymer Isocyanate: EPI) nsszanu

1. nawBanlfivaany

S lHsHn B ngagsn (Figure 1) Wiflawmmannndnelszanns 2.5 39 annibwsinlud
Tusnsaranefinuadiierasiunenuazunas (Figure 2) AW INauEin[UR sz ugann A
Wuksmdeaansdiulszannidesay 10-12

a1nsin s RN (A @AWt (4-siding) (Figure 3) \iaUSU T IR Euw AN

1%

LATHAUARIFUNNIEANDTINATN

2. NIV IHEAUTE A UE UL R

W lWieBenBluiie 1. uminiauazdaseu (Figure 4) AMnanazsadl

2.1 @NNLUNITIN WA ALY AT TEN19 UF waznia PR ifiudnilasan

ANTHTD (5 10-12%
a0 2 1
Jautunn 200 A./H.” ApLluInNIn
a/ o/ 2
ANNAWIUNT R 14 NAN./TBH.
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el aelal] 10 Wt

2.2 annzlunainllanlazaudilanig EPl ifudnlara

BT TR (¥ 10-12%

UIN1UN9 200 ﬂ./34.2 FBLUINIT
ANNAUILNITE ALY 14 nn ..’
gomgRTunissn NIV N
nanlunITe ALy 24 H3l39

WlignUszamundimduiunasauauind1eg aufininsgundniosigaainngss
ASTM D143 uaza1m3g118 ASTM D905 finnum a1nsiu dienfilfiarnnismaaaunidinanzi
AIHLLTUSININ HansvIRRaURHEATHLANANTIsaREe (i drusngdifanaunnsineiu
1 Ao o o I o =i = 1 1 1 dl = f .
DEUWNUHNIFITY faviunBaufsuauuansnesendnsrais lngdsd Duncan's New Multiple
Range Test (DMRT)

Figure 1.  Bamboo splitting.
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Figure 2. Bamboo preservation.

Figure 3. Bamboo 4-sliding.
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Figure 4. Hot pressing.

NANISANYILAZITITHNE

FINNITVIAFBUNNITR2S IHE AU Tz a1uiinan [l 4 98 A9 NsRaTLang

131437 (Table 1)

1. AHARILHBLATUZIHITMAINTN (density and moisture content)

AR aUsyae Adneglugas 468.75 - 947.96 nn./av.u. danU3nnm

pHBRRe iAoy Tugaedasay 9.20 - 11.24

2. ANMHLANEAIUINLIAYN (compressive parallel to grain)

P PR e (i sz SANTEag 23.28 — 76.12 wnnewaRa sl s mlsyam
finmnGinnlinig pF ifiaussamif AnnrauidnemaRenfgegamini 76,12 winnewada
Lﬁﬂﬁ’]ﬂ’]’iam’iﬂzﬁﬂ’l’mLL1J’iﬂ’i’]u“ﬂﬂﬁﬁmjﬂ@’mﬂ’l’iﬂﬂﬂﬂd wudn etladeiAsn uaz
Hadudan09rin Wuazsinn1n7i Savenaserianmdusnuuassanodteitedndoyds

NNATRA (p<0.01) HaZsULTiEUANRALNUIN
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Tidnuszauannliusmajuaz innfitinng EPl fA1audugnauuieuadsuansng
N HSAUTEaAENTT PF was UF atnaiiladdtynieadi (p<0.05)
A 2 @) o 1 % A o 1 1 1 1 1
ietin PF uay UF iwsintszammdn Gismlszandivinannlivn Givabig) uazlindng

HArANAUS AU ASIRAY Bluansnsiegelle @Ay n1eadid (p>0.05)

3. ANHLAKAAGIRNNLALN (compressive perpendicular to grain)
3.1 UWRNEAIHINALLWANIA (parallel to glue line)

AHANE AR NIAE N S AUy a WA TuT 3.24 — 14.23 winnzwiada lag
Tidauszauiivinannlignmsininag PF dusadseaiu Srranudusasmainiteuais
FagR Wil 14.23 INNENIEAR

Favinsnasiaaiaulasmeasiayaainnismaans wodn vailadeifenes
ARAlHuATERANT Y ABEnaseAAINARS AR NIARR Dt efliTe dn Ay B eadn
(p<0.01) dauiladadonuasrinlluazsinniadily fanBnasnAtAHIENS AT RN NIRDWRAY
atleflluidasiif (0<0.05) Weaiisuiiaudnadenudn Welnmm UF uas P usodazan
Tdnlszanuitvinanliustng) Tinsing uazlignaminusiazyin Al A ERNIT I e AR O
e Biuansineiv f—;lﬂﬁﬂﬂhfiﬂﬁﬁﬂqqyLﬁuﬁmﬁaQWﬂLgﬂuLaﬁﬁLmﬂ@mﬁuﬂﬂ'wﬁﬁfﬁﬁﬂﬁiym\mﬁ?l

(p<0.05)

¥
o/ o/

3.2 WNAAGIRINALWEINTT (perpendicular to glue line)

ARSI NIAENIes INEAUssamRAnTuEae 6.30 — 26.74 WNNTWIARE
Tne iWandszanuiivinann iWustney¥nne UF idusadssann fananududasesinasmsie
FIgA WU 26.74 INNNTAIAAR

FeArmsianuulsismasioyasinnianaaas wudd vetladeidaauazilade
SanvavrTinuazeinniaii i §ansnaseA1ANENEAReRINIAEuIRALDH 19T F S
V9aER (p<0.01) WaiBeufisuAnadewydn

3.2.1 (HenUszamanliuetng waslinnfildniaseanainddinansdusn
FannAaaisuansnety danlisnlszanuainlindng i liuandasfius i fiod oy
NWFGH (p>0.05)

3.2.2 eAUTza AN g9 dufildnig EP fidraasdugaseninidewaie
TdunnsinsiuiulignuUssafiiinig UF wiuansnesannldgadssanuiiidng PF agrefiladnfey

NFGH (p<0.05)
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Table 1. Physical and mechanical properties of bamboo laminated.
Properties Bamboo types
Pai Bong Yai Pai Mahju Pai Sang Mon Pai Hok
(Dendrocalamus brandisii) (Dendrocalamus latiflorus) (Dendrocalamus sericeus) (Dendrocalamus hamiltonii)
Glue types UF PF EPI UF PF EPI UF PF EPI UF PF EPI
Density (kg./ms.) 837.82 809.30 738.32 94796 833.53 468.75 875.12 866.53 793.82 781.65 791.84 641.55
Moisture content (%) 11.24 10.94 10.04 10.28 10.10 10.75  10.59 10.10 9.20 10.05 9.60 10.53
Compressive stress // to grain (MPa) 64.13  64.64 42.84 30.31 2540 2328 62.84 73.79 14.23  74.48 76.12  31.90
Compressive stress // 12.26 13.44  10.92 4.10 3.88 3.24 1187  14.23 12.03 8.36 8.39 5.22
1t grain (MPa) 1 26.74 23.08 18.80 8.38 8.92 6.30 15.64 15.15 18.33 21.77 14.80 10.51
Shearing stress /] (MPa) 10.21 9.68 12.20 5.05 5.14 3.33 7.99 10.06 7.86 8.06 7.85 6.71
// 186.18 158.91 150.18 60.35 64.87 53.18 147.18 156.72 134.73 154.98 148.89 131.98
Modulus of rupture (MPa)
181.27 172.93 153.67 60.28 64.08 67.97 159.13 163.38 156.64 168.81 164.84 135.59
// 15858 14205 13565 5953 6520 5444 13820 14557 14008 13916 13932 12855
Modulus of elasticity (MPa)
15866 15122 13743 6854 7230 8051 14912 15437 14944 15511 14687 15543
// 6.11 6.78 5.57 1.58 1.36 5.53 5.16 5.36 1.45 4.67 4.42 4.00
Hardness (N)
1 6.05 6.01 5.35 1.57 1.78 6.01 5.21 5.61 1.64 4.64 4.84 4.30
Toughness (kg.-m) 8.86 8.68 8.38 1.57 1.59 1.44 7.26 7.45 7.43 9.90 9.25 8.89

Remark:

/] Parallel to glue line

L Perpendicular to glue line



4. AMMHIARIABNTIUINILLINTD (shearing stress parallel to glug line)

AL NI RIIIN1 289 NG ALz Uit ANTIEa9 3.33 — 12.20 lNANTWIEAR LA
Tz ammiivinanniwus ey iilénag e idudadssamuddrassdudenemiuunniomas
FIgAINAL 12.20 LNANTNIFAR

Lﬁ'@ﬁﬁm'aﬁmm:ﬁmwLmﬁﬂﬁf;mm%’mjmqﬂmﬁwmm wudn tadeifeaneniia i
R Tade99NBITRA (HUaERANINTIE SBNBNAsEATAIIHIAEDUIWINLWINI RS E
S Ay Baneadin (p<0.01) dantladaifgnessinniafi i [Hadnsnasar1Asfuiaw
PUTHUNINI R ALl d Ay BaneadR (p>0.05) el BsuflauAnaaewudn

41 Tignuszanuainliusng@itdnne P Sd1monsfudouauiuuuaniamie
WANANAN IHSAUSE A En19 UF uaz PF aeeiiiadniomniead (p<0.05)

4.2 Tigavszanuainllenanduinne PF - fd1aanuifudonauiuuuaniieis
WANANAN INEAUSE AT N9 EP| waz UF agnefiludrdoymeadn (0<0.05)

4.3 THSaUszamuann Wnnfildniamesugiafid1aan s dudeuauinuuaniaieie
TlupnsineiuegrelidadAyneadia (p>0.05)

4.4 TiFadazauennlinaingiilinie Pl @daoaiAudanssnuniaunaniais
Tdupnsineaniwgnuseauiinie UF wiusansinsannisaUssanufilidnia PF agnefiladdey

NNADF (p<0.05)

5. AMNATULIIAG (strength in static bending)
5.1 WRNNAIWIHALWEINTT (parallel to glue line)

ANNAIULTIA YD (HE AU A UT AN TUY99 53.18 — 186.18 WWANTNIAAR tae
Tidmlszamaiivinanwusnaiitdnig UF dusdazamddnnadmussdnindogega wiiu
186.18 LHNNZWINAR

Favinisinasirnaulasneasieyaainniameses wudn vetladaifanuas
fadusane9nin Wuazsinn1nd BHananass A A EIWLsIRARATatN BT f Ay s R
(p<0.01) aBeufisurafsNUd

5.1.1 Tpiﬁ“mﬂimmmﬂfpim(’fwqjﬁ“ﬁ%mq UF fiA1A9 8 fnuussimaas unnaneann
Tiemszaniditinag PF uaz EPl asnefisiadndameadn (p<0.05)

5.1.2 Tndatazammnivaing i imaisasein fanmamdinuaineanbiusnsasi
ALNANERATYNNATRA (p>0.05)

5.1.3 TenUszamann Hsneisin waznvndinig EPI fAnaonnguuseinnas

WANFNaN INERUsTaUAT#nTg UF uas PF agnefidadfeyneads (p<0.05)
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5.2 WNNAGIRNNALWNINTT (perpendicular to glue line)

ANFAIULTIARR (e srauilAntugag 60.28 — 181.27 WnNnzWIaAa Lag
Tidalazamiivinann st iinae UF iiudatszamfidiaassinussdnnisgega winfdu
181.27 INNNEZWIEAR

dedirasianuulslsuesdiayaainniaaaes wudd vetladeifaouaziiade
sanvesria lHuazsianiafild A8nsnadeAinufiuwssimateoteflildfydmieadn
(p<0.01) WlauBsuifsuaAadanudn

5.2.1 Wendszamuan Wuelnejuasbinniiténe  EPI frraasfinuusesaiais
WANAN9AN IHEAUE i 8019 UF uaz PF agefiiadndomieadn (p<0.05)

5.2.2 Tidmlszammnbivaing uaclianomisdi Bnmavsasaiafidemndinuaineis

TlupnsnsinededfadAynieadia (p>0.05)

6. fArmuudaratunsAmadn (stiffness in static bending)
6.1 WINAAUIUALUNINIA (parallel to glue line)

ArpnuudsfalunssnatinuesanussauiAntugag 5,444 — 15,858 nnenada
Tnelaadazauiivinan Hueaitinig UF iwsadszamdrimnuudsfiounisdnatanie
FIFALYINAY 15,858 LHNNEWIFAR

LfII@?JLﬂ’i%ﬁ(ﬂﬂ’mLLU’?U’?’JWH@G‘E@H@@’Iﬂﬂ’]’i‘ﬂﬁ‘l@’m Wudn etladeiReanazilast
sava9ERn Huazefinnniily fansnasderinanudsiolunissnadmaasedieitodfm s
YN9EaR (p<0.01) WeBaufieuAsasnudn

6.1.1 Tiemuszawanliustnafilini UF fdrassudsiesTunnsdnadnaas
wANAN9aN (HEAUz i 9 PF uay EPl atheiiiadndamiead (p<0.05)

6.1.2 Tdmiszauann linangiilénig epl fiaraanuuieisTluntadnatneiaie
Tduansneannnistinig UF edrefiiodday (p.0.05) usiuansneanidemlssannitinag pr
ALNHHIAATYVINETR (p<0.05)

6.1.3 Tismlszamanivems i Bnvesueiin fanasuddvhnisdnsannas
Tlupnsinenuegreldad Ay neaiin (p>0.05)

6.1.4 THemUszamuaninnniildnia UF uay PF fidnaonnudsisiunisinatanis
Triuansnsiuateflfodfoynieadn (p>0.05) wiuAnA19a1n INSALTzaWAT#N19 EPI Being

o o o

Ale R AYNINaDRA (p<0.05)
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6.2 LINAFIRNNALLWANIA (perpendicular to glue line)

AnAHLIssTuninat nres e Uz AUl AnTuEag 6,854 - 15,866 UNNZNIAAR
TneligaUszamuiivinannliuslnenne UF idudauszamiidiaauudefstunisdnatonie
FIFALYINA 15,866 INNZWIFAR

FeAnasianuulslsueasdiayaainnimaaas wudn ailadaifanassiin iy

P

waziladadonnsrilalHuazsinniafi i Aananaseararnuisfelunisdnadnnaseadng
file ARy Bmeaan (0<0.01) dauilastifeazassianinf WHdnsnadopuuissielunis
FratananpeTi A eaaR (0>0.05) WawAsusurA iU

6.2.1 Tidnuszanuannliuslng uazlinaingfiling epl @draoaudefelunig
FraBARAILANAIN NS AUz AR 101 UF uaz PF agnefiesdoymneadn (p<0.05)

6.2.2 Tiendszammannigevsiuuaslinn Aldnioeansiafidiaauuderely

nefnafinRds usnssiie el dAsynneadia (p>0.05)

7. Aauuds (Hardness)
7.1 LRNNAURINAULWANIT (parallel to glue line)

AHuGsrns e srauiiAt g 1.36 - 6.78 wnnzwiada lnelHantUszanm
fvhanliustneilinag PR fiwsadszamiiraanuuiasdagege windu 6.78 wnnzwada

dl a 4 4 ! 3 o/ 4' a 1
LN@’]Lﬂﬁqzﬁﬂ’l’WNLLﬁﬁﬂﬁQHﬂﬂ@ﬂﬂNﬂ@@qﬂﬂq‘iwW'Z\]ﬂﬁ WU mﬂ@@ﬂmmmwu@fw

a

[ a 1 ~ Ao a ' 1 @ A 1 Ao o o A aan
LL@Zﬁ@‘VEI‘i’]N?I@\?%HﬂTN LL@Z?THWﬂ’]’]V]T ANTNNADATATTHILINIR ALY DU TN HKRYNVALY LN INN G

X
(p<0.01) dautladeifznresrilan1afitd Hadvinasefnuuivafsetvilteddynieada

(p>0.05) WalAsUTIgUANRNLNLIN

2

711 Tidaszamanninmeing uazlignasin ilEn1a UF uaz PF fdnaanaudasis

o o

TiumnAeii usuaneeen HgaUszauiiinin EPl adaiiedfeyn1eads (p<0.05)
a @

7.1.2 Tanlsea1uann Wnnfi mn1ansmusile datanudaadalHuansdeiu

NN ATY VI NETR (p>p0.05)

]
U

7.1.3 GignUszaruannllusneiilinig PF fidrasiuuiandslbunnsigann
A1918#N19 UF wsiumnsingsnnnsienig EOI atinefiednAoymieadif (p<0.05)
7.2 WRNNASIRINALLWINIT (perpendicular to glue line)

AHLTsa9 IHa AU Tz a Uil AN lEa9 1.57 — 6.05 WNNeNIafa Lag Hanlasani

fivinannustnefl¥na UF usiadszanm Sdrmnnuiasfegegn winiy 6.05 nnzwiada
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A a ¢ o % o A a )
WATLATITAAINNLLSUSINIDIIDHRITNNTITNIARDINLIN WGﬁ@@HL@ﬁQﬂ@Q%N@TN

U

a

warilastidanuesin Wuazeianafi i favEnaseArnuivafadeiiedAnydmieaan
(p<0.01) fawiladeifenvesfinnnfily Widnsnaserianuisadeatnefieddynieadn
(p>0.05) WnBsudisuAnaaewudn

7.2.1 Tigauazamannlnustig Tivsing uaslianmeiilinn epl firdnmaudasis
WANAI9aN IHEAUE A 819 UF waz PF agefiieddoymieadn (p<0.05)

7.2.2 THSavszauanniwnndilgnnansaseiia Saraanuiaaielunnsne i

atNHFAYN9ETH (p>0.05)

8. AINLATYA (toughness)

AN NS ALIsTaE AN T2 1.44 — 9.90 winnenaAa e (e pLseauiivinenn
Triwndilinnn UF iwdadszanu fananumianmfegegn winfu 9.90 wnngmnada

dl a ¢ U ! a A o/ dl a 1

Hadnssiarnul s soneesiisyasinniavaass wudn Aiieeiladuifaavesnin -
AAnEnasarAHHsaigad R 1ATY S NEDF (p<0.01) dauilaquifgqaasrianig
Aluazifadeusanrasriinluazafan1aiily fdnsnasef1aumileanafsedeiliodify
NWEFH (p>0.05) WaFauisudnafenudn e ld lHarssiaduindulisnlszaiuasis
ANANITEuAnsna iUt i dAyn19a R (p<0.05) TnalksnLsrauiivinanninnidn

AR sp9aRnAB (HaaUszanuivinan ivetig) THenosin uazlivsing msansy

angN@

anmsnaaauaNTAresiHsalsyawaniulEidn eRensananTidiuaanuiuss
wudn Tidmlszamii B biuaduingRusidnaau® wu Ammaududadsenniden Amaudus
wazANLTsAeTHNNTFRaEn A1AINLE uaaNTRFINA1TRANTT W ANAYNHLAILE U
uwnAgeiiga sasassnfe TanUszami i Tinn uazbinsnqifuingaunnudei

nMa UF, PF uay EPl 7il#vinlis sy el anmanadamiianvasuuania luansnafi
TuagAunia i uasdnuosnans e mndasmsBemnetienenabitinng UF usimndiosnis
Trammeananenafiasnanvuansduuazaasangalilini pPr daun EP funiafitiem
AeneNB1A15 (#589911019 PF uaniduniafiGiflansssmetssinnnesdaslgddaiinansse
Hualna

s nngeviRen i inenUsyaulamnntagues ATl ienangennatunis emdn

dnemnebadeniauanainis sasneuanadngaulindeg s
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ABSTRACT

Research study for particleboard (PB) made by 5 bamboo species; Pai Bong Yai
(Dendrocalamus brandisii), Pai Mahju (Dendrocalamus latiflorus), Pai Sangmon (Dendrocalamus sericeus)
Pai Leang Wan (Bambusa sp.) and Pai Hok (Dendrocalamus hamiltonii). The density of experiment
boards at 650 and 750 kg./cu.m. processed with various urea formaldehyde (UF) content at
10% and 12% (by dry weight). Properties of boards were tested by TISI 876-2547 (2004) and
JIS A 5908-1994. The data gathered were analyzed by statistical method.

The results demonstrated that Pai Mah Ju at 650 kg./cu.m. with 10% UF (by dry weight)
suitable for manufacturing PB because physical and mechanical properties passed industrial

standard.

Key words : particleboard (PB), Pai Bong Yai (Dendrocalamus brandisii), Pai Mahju
(Dendrocalamus latiflorus), Pai Sangmon (Dendrocalamus sericeus),

Pai Leangwan (Bambusa sp.), Pai Hok (Dendrocalamus hamitonii)

ATHT

wHEW(HiaR (Particleboard) iunissindanamnanfidnedasdes wisduduguan o
widyinunslaenng W nagBe (Urea formaldehyde: UF) n1afluea (Phenol formaldehyde: PF)

WiaN1973n AN BailndunEdans (Organic binder) WudaUseauidas (Binder) Eafnidingna i

2
[ P= a

TuntsdnunAdufleznanuiudniaan 5 Iuing A Sednuoznedoiguine
vastulfiasiinasenaauil® (Mechanical properties) LW ATAITHANUNTUILINAR ATTHATUNT
W39R9 AnuoiziunieRaniia (Board surface  characteristics) ANTADLAUBIADAITNT
(Moisture respond) 9InHuAZE1NTA HananiidsinasenmaniAlunngla auusnansi e
Ainfag (Behavior in machining operation)

PN o

wananil #ile uazsEAULEIN M7 E s NARd IR asaAnIENTRANTINA19HILEY

v
a o/ o v o o

[ v ' a av K A ° & v = = [ % A
VINAURYBIULANBARNANTUTIB N AITE muu‘f‘um‘m@mwmfmmLﬁuwwmﬂmﬂmmﬁ@@ﬂmmu

e TH Fnansiouiin Samnin wazamnnsasi (Wl lunszuannisndnliess Snviedaimun

sUnuunARsi o M aansain Wi dudaglassadsduewneadieannans dausew eds
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yadentmiudlssugaamnsssuaziusznaunts wazifiinnsifinyadizssmumanann

Tsssmalgannaensiaging

1.
2.

ﬁmqﬂszm faa9laseinisiey

ANHIAN NN AN DI TR IS LN TN ARG LN UT (8

ANENENTIHNG AReNaTHNENTEAI N KT UEN TN N AN NN A UN LB W S A

3. AnunfeaniReesurnuliidnenlhiuieusuiusasgunlndasigaamngss

neRneATuRAALHWERTER TuaSallE B HengUsyinn 3 T 919 5 1ile Ae

1.

2
3.
4.
5

=9

Tsiuatey (Dendrocalamus brandisi mﬂﬁmﬁﬁﬁmﬂﬁwmﬁ FIVNIANEYIULT
Tiaing (Dendrocalamus latiflorus) arnviasiignnadsnazii Sminniayaui
Twesn99isin (Dendrocalamus sericeus) annvissigninausiuay §9nda@esnd
THiRemaTm (Bambusa sp.) andiesfilmunaney FIPIANFINNENAUAT

Tsivin (Dendrocalamus hamiltonin) anvisfigneguean A9nTausgaIsay

a

1. NNSLASUNIANAL

9

A TS undudugulEidy Wood chip) 9173 $1AEe9vn3W s (Hammer mill)

o o 2 (9 . Wy 1 1% [ § & & a 7 & ¥ o o
LL@’J@Q‘H’]%‘HTN (Particle) ﬁrﬂrﬂﬁ’ﬂuﬂﬂ"ﬂuqﬂ Aogmsingsiieug NidNEURMEN LL’N‘Z"D’HTN HWILIIBU

Busmneuimasas@uszainm 3 - 5% Tagananafindauingeiuin

2. ATSNTHHY

o o

FulifiEinuyinduunngusanlnefianiosun1sase @il

ANTHIAULUHUD I 750 WAy 650 NN./AL.N.
ATHAUNYDILAN 10 HH.

AUIAUDILLHY 35 X 35 A9.9H.
ANHEH DB B ADWHENNTY 3-5%

VB ANB a7 s 1%
UBsnnnagEaneSunaR (e [Esiasiamnin 10% uaz 12%
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3. ANSDASEU

LSIDATUNIE 35 AN./A9.%H.
LIV 160  29ATALTYN
FLHZIAN 5 947

3 ¥ o s v o AVy = P o a g
LN‘J“VLL@Q‘H’]LLNM"D’HTN@@I‘V]T@@@T‘IN’]Q'NNﬂﬂ‘jZLLﬂﬂ’]ﬂ’]ﬁLWﬂﬂ‘jU'ﬂqm‘ViQNLL@%WJ’]N%‘M

[ o o % ) ¥ g va a
WKATUITH 7 11 mfﬂmmﬂu%mﬁﬂwmﬂ@umummummgmwamammgmmwm'ﬁu

HBN. 876-2547 ay JIS A 5908-1994

HANTSANHILAZIFTTIHNA

Lﬁfaﬁﬁmﬂﬂ%ﬂuﬁﬂu@uﬁmmLLNu%ufﬁﬁ"mmﬂfNﬁﬁﬁmﬁﬁﬂwWﬁ’ummgm

NARATIEAEINNTIN NBN. 876-2547 uaz JIS A 5908-1994 WP LI (Table 1)

1. ANAUILAZUINIAIINT (thickness and moisture content)

wrsEulfigafivinan il iiddraanunuiedeegiugae 9.53-10.22 a8, wazU3nios

AIARATeE a9 6.77% — 8.87%

2. N19aABNHN (water dbsorption)

nagedsiassunudnliidaddnasegluge 8.62% - 41.45% Tasurniuliian
fvinannlinsingiimanumuniin 750 an/aus. WnnogBenasunailad 129% ansduliuks fdd
nagadiiaAtsign Ao 8.62% (Figure 1)

devinstinnsimnaulssamesdiayaainnimeans wudn fadeifeaseiia

[ ]

ATHMHIUNWYBI LAY WaZUTNIINT97 L Lazifadtsaneneiln (LA AT TR HILHHYBILHY
favanastarinisgadniiesnfitd@in8miesaf (p<0.01)
ﬁ’lﬂ'ﬂm‘j@ﬂ%ﬂﬁ’n@éﬂmﬁﬂmﬂlﬁﬂmﬁFJUT@E@%?J@G Duncan’s New Multiple Range Test Wu31
2.1 ?jﬁmfpiﬁLLmﬂ&mﬁ’uﬁN@Tﬁcﬁhmﬁ@m%uﬁqmﬁ'f-mmLLNu%uTﬁ@“’mLLmﬂﬁmﬁuﬂﬂ'N
Alaa1AynNaF (p<0.05)
2.2 WhBWEFATiAEMHIILIaIUNY 750 N0 /au.H. RAInsgaButnedLiandd
WAL AT TNALTLNYBIHY 650 NN/AL.H. B8Ry n9aaR (0<0.05)
2.3 winguliisnfiliniagdanesian (o 12% sasduliiuis ddniageduniads

AndunniilEnnagBenedunad (96 10% vesdulfiukngnefidedAnnieadn (p<0.05)
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Table 1.

Physical and mechanical properties of bamboo particleboard.

Modulus Modulus
Glue Moisture Water Thickness Internal
Density Thickness of of
Bamboo types 3 content content absorption  swelling bond
(kg./m.") (mm.) rupture elasticity
(%) (%) (%) (%) (MPa)
(MPa) (MPa)
TISI 876-2547 (2004) 10 +1.0 4.00 - 10.00 - <12.00 >14.00 >1,800 >0.40
JIS A 5908-1994 10 +1.0 5.00 - 13.00 - <12.00 >13.00 >2,500 >0.20
10 9.61 8.87 22.49 5.40 11.14 1,547 0.70
650
Pai Bong Yai 12 9.55 8.29 23.65 5.58 12.89 1,739 0.86
(Dendrocalamus brandisii) 10 9.63 8.49 17.11 3.53 16.61 2,216 1.09
750
12 9.59 8.14 16.31 3.25 18.94 2,516 1.23
10 9.57 7.95 20.21 5.03 15.93 1,796 0.84
650
Pai mahju 12 9.53 8.06 19.58 4.05 16.55 1,969 0.95
(Dendrocalamus latiflorus) 10 9.65 7.28 9.80 3.07 25.52 2,674 1.20
750
12 9.57 7.79 8.62 2.38 25.23 2,843 1.38




L

Table 1.  (continuous)

Modulus Modulus
Glue Moisture Water Thickness Internal
Density Thickness of of
Bamboo types 3 content content absorption  swelling bond
(kg./m.") (mm.) rupture elasticity
(%) (%) (%) (%) (MPa)
(MPa) (MPa)
TISI 876-2547 (2004) 10 + 1.0 4.00 - 10.00 - <12.00 >14.00 >1,800 >0.40
JIS A 5908-1994 10 + 1.0 5.00 - 13.00 - <12.00 >13.00 >2,500 >0.20
10 10.14 7.29 31.34 6.28 4.66 973 0.92
650
Pai Sangmon 12 10.12 7.77 29.73 5.59 747 1,276 1.06
(Dendrocalamus sericeus) 10 10.22 7.08 26.66 5.64 8.50 1,694 1.25
750
12 10.20 712 22.02 453 10.13 1,731 1.35
10 10.15 6.77 35.98 5.99 11.17 1,381 0.96
650
Pai Leangwan 12 10.11 7.25 34.76 5.31 10.06 1,401 1.05
(Bambusa sp.) 10 10.22 7.49 27.16 5.10 14.88 1,839 1.25
750
12 10.14 7.44 21.43 2.99 16.06 1,974 1.35
10 10.20 6.88 41.45 7.18 11.39 1,722 0.77
650
Pai Hok 12 10.13 712 39.21 7.79 10.49 1,628 0.95
(Dendrocalamus hamitonii) 10 10.19 6.97 27.18 5.57 16.54 2,406 1.09
750
12 10.14 7.00 26.74 5.69 19.71 2,624 1.33




3. NANENAIRTHNAIINIUA (thickness swelling)

ANNINBIFARTH AT B UHUEW AR AR ALa g Tutae 2.38% — 7.79% Bariu
ANHINDITIHIMTN BN, 876-2547 Uaz JIS A 5908-1994 fitmua i AnnswedamHATINAM
T 12% Tresduliantivinann bivaingfinanasmnusdn 750 nn/au.a. nagEewasuian ze
12% 1Bl HANniagadurinndesngn fn 2.38% (Figure 2)

Lﬁ'@ﬁqmﬁ%maq:ﬁmmLmﬁﬂﬁfmmﬁmj@mﬂmﬁwmm wudn Siteetladaifenues
SRR ATTNAIUIHTBIUNS WATUBHIMNNTE SBBNaRBAINITNEIFIAIN AN LAY
e AR BmneaaR (p<0.01)

BAInITNessIaNAEARRitNiin1sUisuieuTneABees Duncan's  New
Multiple Range Test W13

5.1 wihiniidaiinanbindngsidmewesiorummammninasuandtseinuhdulian
FivnannlieiagungneiiaanFoynneadn (0<0.05) uisduisaTvinanniiusn)uas WA e
firnnnanesdamN A EIRAL BuAnsnsTuad e i RN eadR (0>0.05)

3.2 WHWEBHEHS TR 750 NN/ALH. SAMNMINEISanEANEHIRAS
ANNATUAITI AN BI AR 650 NN/AL.H. uansiniuageilitffyneada (p<0.05)

5.5 W7 g @emessad tan 129% 1ol Srnswasiamumsenninas
pndusniitinagidanesunadilad 10%  vesduliiukunnsneinegnefiiodidgmieaan

(p<0.05)

4. ANAIHANBULINARA (modulus of rupture)

AL As LWL Tis nliduadeagTudes 4.66 - 25.52 MPa wudn
fiissunuanlidniivinanlinang Afaaunuwinaowsy 650 uaz 750 nn./au.u. 1§
g EeasiTaR [ 10% WA 12% TR ANANHFATUAIRARAN TAHNOSTNIFE M HEn. 876-2547
uaz JIS A 5908-1994 firmunlifiAnpaudinusedinliiiasndn 14 uag 13 MPa paudd

wHHBR S aTivinan uetng) iAo uwazlinn Sifesuiufifnanunuiud

[

750 NN./AU.H. ARAIAIHEIHLIIAARIHATHINWTINIATIAMNA FnunnBulEdnTivinann
Trenansiuarmnudiuussdn diaununagininsguiue (Figure 3)
Havinnadiesnsiannuulsdsaueesdiayasnnnimaaes wuda dadeiiaazesaiiali
AHATNUNIIDIUAN UazUSHIN1TTE uaziladasanapeaneifaduszndnaefin{lHiuAx
1 I Aa A ! ! v o/ dl 1 a o/ o o/ QI an
MUK BSUNURENENAARANANATHLTIARIRRY LI AN ATy Ban19aEifl (p<0.01)
o Y, o A o = = A s .
A nEnuussaaeNyiniswseufiaulaedtane Duncan's New Multiple Range

Test WUIN
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Figure 1.

Thickness swelling (%)

Figure 2.

Modulus of rupture (MPa)

Figure 3.

50 -

40 - ] —
S - -
5 | f
e
[e]
2 20 -
o]
g
s 10 -
0
650/10%UF 650/2%UF 750/10% UF 750/12%UF
Density of boards (kg./cu.m.) and glue content (%)
Water absorption of bamboo particleboard
12 - -
10 A
8 - -
6 ,
4
2 ,
O T T T T

650 /10%UF 650/12%UF 750/10%UF 750 /12%UF TISI JIS

Density of boards (kg./cu.m.) and glue content (%)

Thickness swelling of bamboo particleboard.
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Modulus of rupture of bamboo particleboard.
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dl° a1

4.1 WNHBRIHGRTIYINan NHNa R ATAIITNEIULIIF AR R AN FINAIN LT (Ha R

]
fivinann (HefinEun i@ Ay nnea@n (0<0.05) winEWEisafivinann Wusnejuas lWrnden
AHELssTeaAY Huan s iueg e il @ neadf (p>0.05)

4.2 whEidnfiAnamuiiueusl 750 /AU, fArnAsFuaIRALRREgINdn
WHWTRIHIWILINYBIH 650 NAL/AL.E. WANANTReEN T @1 Ay eadn (0<0.05)

43 whidnlidafling Sewasiad (o 120% vesauliuis ddraadmussininds
&"hﬂfjmwiuﬁﬁﬁ%ﬂmgL‘%ﬁﬁ/\l@%m@ﬁfﬁrﬁ 10% VoW GEIuTts UANANTTHE NI AYNNETR (p<0.05)

[

5. ANBRANEANgY (modulus of elasticity)

a1 dl 1

ﬁﬂN@ﬂﬁNﬁ@ﬁﬂ%L%ﬁﬂ“ﬂ@\iLLNu%ufﬁﬁﬂNﬂﬂmﬂﬂﬂﬁTuﬁ’N 973 — 2,843 MPa WU31

U

v 1
A o

FAHMIUHWIBILKY 750 NN/au.N. Hiiesudugulddniivinaananamsuddnandadnmngy
Trinupainousiannsgn sen. 876-2547 fitnvuaHiAnanaad angwuldoanda 1,800 MPa
Joo ¥ wao . o o . .
wananidenudn wingnldsaivinannliustng TWndng wazlhinn Aranumuiuinassusr
750 nn./av.y. WnnagEanesdan Ba i Eann 12% Sauenaadanguiiunisnasiiinsgu
JIS A 5906-1994 AirinvunhAnanaatinrgulisioandn 2,500 MPa (Figure 4)
Wevinn1sdiasnzianulssiuesdieyaanniavnass wudl Je9a59u2099any

fTade Ao RAE N AITHARILHNIBILAY LAsUSHIN17 LY Tadudanaaaastlaqaseming

a ' | [

¥ i linazAEnIuNeasul Lastladtfiearewniladufidvinasornandadangunss
NN A B9 N (p<0.01)
iArneadataveuadeninn1saeuiiaulaedsans Duncan’s New Multiple Range

Test WUIN

o/

5.1 winBWidninanbindng wasliidssmons fissduaauuiuiueasusuian

aa

WalinalulBunafiuansneiu Anendadanguaia luandrsiuagefidod dgynieads
(p>0.05)

5.2 uw{HEUEafvinaniiusng) warlbinnfiseiumaunuiuinaaun 750 NNJ/aL.H.

o

4d| U 2 dl 1 o/ s =] 1 dl 1 o/ I‘dl o/ 1
LN@T“ﬁﬂ"IQT‘Hﬂ‘EN’]‘mW WANANNE HATNBANTEANYRIRRNYUANANNUW WAVITEAUAITNNUILULRYD

o o

WY 650 nn/av.d. SAnHuanssiuedneitedAtynnea i (p>0.05)

1 1
o A o A o '

5.3 WHWBWIEAATIVINan NE NS ANNTTZ AL ATTNNHILUNIBILNY 750 AN./aL.H. e %

A BB N A LANEN9 T flﬁ’mﬂﬂﬁﬂﬁmﬁﬂumﬁﬂfﬂLmﬂﬁi’mﬁvu WFATIFZALATTH AN L HISU DI T

3

[

650 NN./AL.H. HAANANIWadNATsaATYNadif (p<0.05)
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Figure 4. Modulus of elasticity of bamboo board

6.  ANAIHFATHLIIPNANRINTURINN (internal bonding)

ANATHATUULSITNAIRIN A URIMHRR LI BN LT W R G A ﬁ’?Lﬂﬁﬂ@%ﬁu"ﬁ’N 0.70-1.38 MPa
WU Lwiu%ufﬁﬂ“’mﬁﬁflmﬂfcinﬂﬁﬁm v;ﬂmqw‘mLLuuLL@:ﬂ%mmmqﬁT% AATHIWATN LN DT
NIMTIU HEN. 876-2547 uaz JIS A 5908-1994 ASuA AR NEIHLTIFFIRI N
Ravsinlifiasndn 0.40 uaz 0.20 WANYNIRFAA ANNATFL (Figure 5)

dl o a I'd U 1 s A o/ dl

WerinnsisnsiansulsUsanresiayaennismaass wudn Siiesdedeinadves
G L TN ATTHIHIULHHIBILAY LA UENIN17 IE BB Nafa AT AITHETHLSIANAIRINAU
Rontiafsadlisd A 8s19adiel (0<0.01)

INATAINEIULIIFFIRINAURM TR Ag NV SEeuieulagdsaas Duncan’s
New Multiple Range Test Wuq1

6.1 WHUBUIHTATIVINa1n (M998 was [HIREINITUT ATAIINHILLSIANFIRI N
=Y v dl 1 1 o/ 1 1 1 dl 2 1 1 1 1 1 1 = o/ o o/
At uanA19fii WARANEN9IINWNLTA TS INUa gy Twmfg waz nnagd1efidadrey

NNFGH (p<0.05)

1
Y o AA 1

6.2 WWTUIHARAR A1 AN LN B LNNgINdIasRATA N IHILSIFeFeRIN L
RontiaasAndesaliaa AN INadf (p<0.050)
6.3 UAsnounaf annduesina i AnAudnuussfensmniuRmsi et ern s @u e a

FuIupgeidy AN NatiA (p<0.05)
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Figure 5. Internal bond of bamboo particleboard.

aﬁgﬂwfa

AHTRVI9N N IWLAZNARNTRYBIUNNBUIHE AN T4 5 #59 FIAIINTUILUN 650 LAY
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ABSTRACT

Research study for medium density fiberboard (MDF) made from 4 bamboo species;
Pai Bong Yai (Dendrocalamus brandisii), Pai Mahju (Dendrocalamus latiflorus), Pai Sangmon
(Dendrocalamu sericeus) and Pai Leangwan (Bambusa sp.). The density of experiment boards at
650 and 750 kg./cu.m. processed with various urea formaldehyde (UF) content at 10% and 12%
(by dry weight of fiber). Properties of boards were tested by TISI 966-2547 (2004) and JIS A 5906-1994.
The data gathered were analyzed by statistical method.

The results demonstrated that Pai Leang Wan and Pai Mah Ju at 750 kg./cu.m. with 12% UF
(by dry weight of fiber) were suitable for MDF manufacturing because physical and mechanical

properties passed industrial standard.

KEY WORDS : medium density fiberboard (MDF), Pai Bong Yai (Dendrocalamus brandisii), Pai Mahju

(Dendrocalamus latiflorus), Pai Sangmon (Dendrocalamus sericeus), Pai Leangwan (Bambusa sp.)
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3. A199M59K MIATNANITY A9
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UNIATIINRASTTTEATIANTTH HON. 966-2547 LA JIS A 5906-1994 UWAPSIAITWIN (Table 1)

1. AHAUILATUSINIAINNT (thickness and moisture content)

uwidle Bidammmudnansfivinen il frnannsmmsaostdbaias 9.09-10.01 s,

uazBneAETRREeE Y99 6.34% — 7.98%

2. M9RABNEN (water absorption)

magedusinaesunnleidnaaamnuinnawdAinieed g 21.17% - 92.61%
Tewideisnanmnuiuunansdivinanliosine i ooy Gavesunai T 12% snnimminui
frnsgadusiadasinga fia 21.17% (Figure 1)
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fladesiaaasfalili Amnumnudiewsiu waaBinnniai EdanenadaAiniagaduinads
enefisud FyBanneadn (p<0.01)

ﬁ’?ﬁ’]ﬂ’?’ﬁ(ﬁ]W%Nﬁﬂm’ﬁlﬂﬂ’lﬁﬁﬂﬁm%ﬂuLﬁﬂﬁf[ﬂﬂﬁ%ﬂm Duncan’s New Multiple Range Test Wi

2.1 winlelfignmanumuudnUunansivinan ol afiaa s i ssuruuas
U5rnnsnnafi lumnsineriu Antagaduiiaas luansnsiagniiud fymneads (p>0.05)

2.2 winlaTidnanunuIuiulIunaeiivinannTimaing fiaeianuiwinaesunn
650 nn/au.a. Hna 10% femegadurinnaesnnndunsdiingg 12% uasuwsiinasnuin

2BIUHY 750 NN/AUN. 15019 10% uaz 12% aenefiiedfomnieadii (p<0.05)
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Table 1. Physical and mechanical properties of bamboo medium density fiberboard.

Bamboo Density Glue Thickness Moisture Water Thickness Modulus of Modulus of Internal
3 content content absorption swelling rupture Elasticity bond
vpes amd ey (%) (%) (%) (MPa) (MPa)  (MPa)
TISI 966-2547 (2004) 10+ 1.0 4.00 - 10.00 - <8.00 <22.00 <2,500 <0.60
JIS A 5906-1994 10+ 1.0 5.00 - 13.00 - <12.00 <25.00 <2,000 <0.40
10 9.33 7.98 30.78 12.16 10.46 780 0.25
Pai Bong Yai 0%0 12 9.24 7.91 31.00 11.42 11.34 952 0.37
(Dendrocalamus brandisii) 10 9.31 7.82 21.76 10.23 17.61 1,519 0.45
750 12 9.27 7.74 2117 9.96 19.01 1,627 0.58
10 9.16 6.62 63.28 16.07 16.27 1,184 0.45
Pai mahju 0%0 12 9.21 7.31 27.63 10.29 17.87 1,311 0.54
(Dendrocalamus latiflorus) 10 9.40 7.00 28.69 12.41 21.10 1,601 0.49
750 12 9.09 6.52 33.39 12.59 26.38 1,957 0.60
10 9.85 6.52 62.67 13.92 15.11 1,390 0.51
Pai Sangmon 0% 12 9.83 6.82 61.55 10.67 18.03 1,572 0.67
(Dendrocalamus sericeus) 10 9.88 6.34 58.87 14.59 19.37 1,814 0.75
720 12 9.87 6.39 44.01 12.45 21.39 1,906 0.78
10 9.81 6.51 92.61 11.94 20.94 1,711 0.56
Pai Leangwan 0%0 12 9.81 6.72 88.61 10.98 20.21 1,690 0.59
(Bambusa sp.) 750 10 10.01 6.82 78.51 14.76 21.74 1,807 0.56

12 9.74 6.59 61.92 10.00 29.85 2,507 0.79




2.3 WAHIE (HARAITNARILUHLIUNAI9TIIN91N TNEI9M NI AT UL DSUN T
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whiudlelinaTuusanadiunnsineis Ansgaduiedseeswsuliunnsiusgnsfiiadidy
NWNOF (p>0.05)

2.4 winlelidnamumuuinUunatefivinanniidssman finaiamuuinsesus
750 nnjau.y. TN 129% fAntsgadiiniadesinnduniniiinis 10% wazusuiiaommmauis

YBIUNK 650 NNJALLH. [H119 10% WAL 12% Bgiipdftyneadia (p<0.05)

3. AITWENAIRINAIINAUA (thickness swelling)

AnnanasdanaanEniiraswile Bidnamauwinlana Sdnndsar g
9.96% — 16.07% B9lHHIAMNUTINIFTFI HEN. 966-2547 TirvualHfiAIn1nessa
AHANALT TR 8% il Fsuifieniuinoueiinnagn Jis A 5006-1994 Wud wileTHidn
ANHINIINLLNR99 I T nefiafl d Aaamuuureswsi 650 nn./au.y. niq 12%
AANNINBIFIFNH AN IRALANIUNUITHIRTZ I IS A 5906-1994 Tirimna DR AN NnTwassia
ANAIMNAUN (3LAN 12% (Figure 2)
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BNAIN1IINBIFIATIHAIT N AR RAENINNNS A s uTieuTaeABe0s Duncan's  New
Multiple Range Test W31

31 wilelHS A amuIuiuUsnansivinann usTwaf manamuiudue asuruas
B0 B AN 91T ANNTEWENSaAHA MR B Lans T e ST o es@R (050.05)
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3.5 unnle TS AN IUN AT 1n (B9 1Y AT ALY B LN T
winfadlannn T B s uansnein ATNNTNEIFIRINAITHANRRETDIULHTHLANAN I
LNANERATYNNATRA (0>0.05)
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Figure 1. Water absorption of bamboo medium density fiberboard.
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Figure 2. Thickness swelling of bamboo medium density fiberboard.

4. ATAITHFANUUTIAA (modulus of rupture)

ArAndnuussimadsaaswinleidanananuuinliunanefidndseg it
10.46 — 29.85 MPa wudn HiftesusinleFidnnnnsmnusinnasiivinanlmeing uas Tidemem
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(Figure 3)
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5. AMNBAREEANEM (modulus of elasticity)
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= ]
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Modulus of rupture

Figure 3.

Modulus of elasticity
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ABSTRACT

Research study for bamboo charcoal cement board (CCB) made by 4 bamboo species;
Pai Bong Yai (Dendrocalamus brandisii), Pai Mahju (Dendrocalamus fatiflorus), Pai  Sangmon
(Dendrocalamus sericeus) and Pai Leangwan (Bambusa sp.) with various and cement ratio at
50:50 and 70:30. Properties of boards were tested by ASTM D 1037-99. The data gathered
were analyzed by statistical method.

The results demonstrated that Pai Bong Yai and Pai Sang Mon with charcoal powder and

cement ratio at 50:50 were more suitable than Pai Mah Ju and Pai Leang Wan.

KEY WORDS : bamboo, charcoal, cement, Pai Bong Yai (Dendrocalamus brandisi), Pai  Mahju

(Dendrocalamus latiflorus), Pai Sangmon (Dendrocalamus sericeus), Pai Leangwan (Bambusa sp.)
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Figure 1. and Figure 2. Bamboo charcoal and charcoal powder making.
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Table 1. Physical and mechanical properties of bamboo charcoal board

Bamboo charcoal Moisture Water Thickness Modulus Modulus of  Internal
Density ~ Thickness
Bamboo charcoal types powder and 5 content  absorption swelling  of rupture elasticity bond
(kg./m.”) (mm.)
cement ratio (%) (%) (%) (MPa) (MPa) (MPa)
Pai Bong Yai 50:50 1027.84 11.67 11.94 25.94 0.25 1.05 1400 1.34
(Dendrocalomus brandisii) 70:30 705.71 11.81 8.07 55.20 0.99 0.46 293 0.09
Pai mahju 50:50 769.49 9.88 9.62 43.26 0.58 1.15 805 0.37
(Dendrocalamus latiflorus) 70:30 452.61 12.30 10.45 114.36 0.80 0.10 591.17 0.01
Pai Sangmon 50:50 958.98 12.37 11.91 26.77 0.47 1.42 1331 1.04
(Dendrocalamus sericeus) 70:30 717.89 11.70 8.16 50.69 0.23 0.64 402.50 0.17
Pai Leangwan 50:50 842.42 10.30 11.27 50.31 0.12 1.1 810 0.39

(Bambusa sp.) 70:30 580.58 11.07 7.98 80.62 0.41 0.28 641 0.06
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Figure 3. Water absorption of bamboo charcoal cement board
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Figure 4. Thickness swelling of bamboo charcoal cement board

4. AIAIMHATULTIAG (modulus of rupture)

AR LI IinRAsraILHna N E Ndndudfdnadeg lugas 0.10-1.42 MPa
Tnaurnam i HanGumndfvinaniignemsind Hnod U udimnd 50:50 frnaandnm

LARRALGIgA A9 1.42 MPa (Figure 5)
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Figure 5 Modulus of rupture of bamboo charcoal cement board
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Figure 6 Modulus of elasticity of bamboo charcoal cement board
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Figure 7 Internal bond of bamboo charcoal cement board
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ABSTRACT

Analysis of chemical composition of Dendrocalamus sericeus, Bambusa sp.,
Dendrocalamus  brandisii and Dendrocalamus  latiflorus leaves by selecting the perfect washed,
oven-dry , ground into a fine powder and sifted through 40-60 mesh sieve sizes were
analyzed by standard analysis of pulp and paper, moisture content of four kinds of the bamboo
leaves were 6-9% . Hot water solubility after extracted with alcohol — benzene were 7-10% by wit.
of moisture free leaves and alcohol — benzene solubility were 13-16% . The solubility in 1%
sodium hydroxide and the content of ash of the bamboo leaves were values of 48-59%,
9-11%, respectively. The content of lignin and cellulose of the bamboo leaves were 14-22%,
42-45%, respectively.

Detection result of the active ingredient groups of the bamboo leaves by phytochemical
screening of flavonoid glycosides and nonvolatile coumarin glycosides in all kinds of the bamboo
leaves showed that Dendrocalamus sericeus leaves was the highest antioxidant activity by DPPH
assay. The results on the utilization showed that taster favor the most of tea of Bambusa sp. leaves.
The less favor tea was tea of Dendrocalamus brandisii leaves, so the tea of Bambusa sp. leaves
was potentiality for tea drinking. Tester like more sun-lai dertergent than the extract of

Dendrocalamus  brandisii leaves mix dertergent.

Key words: Bamboo leaves, Active ingredient, Microbiology, Toxicity, Utilization, Antioxidant
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Table 1. Chemical compositions of the bamboo leaves from Chiangmai

Bangkok and Kanchanaburi provinces

M-C Chemical compositions (%w/w)
Kinds of bamboo leaves
(%) H- W(A-B) C-W A-B 1% NaOH Lignin Holocellulose  Cellulose Ash
Dendrocalamus sericeus 6.9799 9.9218 18.1171 16.1858 59.4023 22.0102 60.2042 43.8532 11.0878
Bambusa sp. 6.8849 7.8210 14.4464 13.0753 55.1532 20.4661 63.0413 45,3002 10.0821
Dendrocalamus  brandisii 8.0550 8.3412 11.3422 12.9686 48.3630 21.9194 64.4024 42.6618 10.7274
Dendrocalamus  latiflorus 8.8475 9.7909 18.9359 16.0942 50.4592 14.7124 58.9037 43.3003 9.0343
M-C = moisture content H-W(A-B) = hot water aofter extract with A-B
C-W = cold water A-B = alcohol-benzene NaOH = sodium hydroxide
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Table 2. Detection result of the active ingredient groups of the bamboo leaves from Chiangmai

Bangkok and Kanchanaburi provinces

Active ingredient Coumarin
groups Anthraquinone Cardiac Flavonoid Saponin glycosides Cyanotic
Alkaloids ——  —  Tannin
Kinds of the glycosides glycosides glycosides  glycosides glycosides
V.C. NV.C.
bamboo leaves

Dendrocalamus sericeus - - - v - - v - -
Bambusa sp. - - - v - - v v -
Dendrocalamus - brandisii - - - v - - v v -
Dendrocalamus  latiflorus - - - v - - v v _

v Detect active ingredients

- No detect active ingredients
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Figure 1. Percent of inhibition at various concentrations of Dendrocalamus sericeus leaves solution
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Figure 2. Percent of inhibition at various concentrations of Bambusa sp. leaves solution
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Figure 3. Percent of inhibition at various concentrations of Dendrocalamus brandisii leaves solution
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Figure 4. Percent of inhibition at various concentrations of Dendrocalamus latiflorus leaves solution
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Figure 5. Percent of inhibition at various concentrations of Trolox solution
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Table 3. Concentrations of the bamboo leaves solution and trolox at 50 % inhibition of free

radical (ECsg )

Samples ECso (pg/ml.)
Dendrocalomus sericeus 442.37
Bambusa sp. 917.87
Dendrocalomus  brandisii 746.08
Dendrocalamus latiflorus 526.56
Trolox 8.84
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91N Table 3 azfulfidransazaeluileramdnilaouanisalunisfimeyyadass
snnntuldefiedn Hesannanunsndiueyyadaszli 50% Aasdsduaindntuneiingw
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e uarnahlualnaieiivdissinisnsneaaufinugataineuazgnidmslnguinis

Usngualu Toble 4

Table 4.  Result of Total plate count and Yeast & Mold of four methods of Bambusa sp. leaves

Methods Total plate count (cfu/g) Yeast & Mold (cfu/g)

1. wash it with water supply one time, oven-dry at 13 x 10° 5.0
50°C for 12 hrs. and wash it again, oven-dry at

75°C for 8 hrs.

2.wash it with water supply one time, oven-dry at 1.6x 10" 10
50°C for 12 hrs. and wash it with distilled water

one time, oven-dry at 75°C for 8 hrs.

3.wash it with water supply one time, oven-dry at 9.4x 10° 5.0
50°C for 12 hrs. and wash it with distilled water
one time, oven-dry at 75°C for 8 hrs. and heat

it in microwave for five min.

4.wash it with water supply one time, oven-dry at 4.4x 10" 900
50°C for 12 hrs. and wash it with distilled water
one time and ultrasonic for 20 min., oven-dry

at 75°C for 8 hrs.

Community Product Standard 120/2549 10° colony/cm5 or 20,000 No detect in 1cm’ of sample

AINNANTATI9EDUFINgaEIFNN U Table 4 uanalfifindn3si 3 (@nelulieuan
30 N4H Faguntasin 1 AS9 auuie 50°C 1aan 12 FalNg wasdefng WANANEnN 1 A5

UL 75°C Winiaan 8 Halus wariaousausaa llasinssdu 550 a6 unan 5 wadi)

v \
A o o/ o

aunsoanUiniuqauaduazdadanldisndiidan  Teanud3uiaqaunidianunsindd
NARTFIHARS U o1 1aat 120/2549 (Tnlsard, 2549) uazwuLBMMEafuazIIgIndd
HRTg NafnszAUAMELsras i lrsnEaRnnainseu iulilasna sdasamFHn 0l
awAduaziadfanlinnndn Aehiasi 3 Jafhasimnzaniiqn anvsdufivasfaznanuay
Uszndmaantunisi ol namduriteninslng waznmatnszsigudmilnrunnisens

Tulisanana 919w 8 519m13 Usingwalu Tdole 5
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Table 5. Nutrition of of Bambusa sp. leaves

Nutrient Result Unit
1. Caoffeine Not Detected g/100g
2. Fat 2.31 g/100g
3. Protein (%N x 6.25) 15.93 g/100g
4. Sugar 1.24 g/100g
5. Vitamin A Not Detected Hg/100g
6. Calcium 0.306 g/100g
7. Iron 305.359 ma/kg
8. Sodium 318.639 ma/kg

NHaNaAaests Table 5 AFaalnumELLazAR R tlUT Rema uazasaawy
Tasu Tusfn iima uraden win uazlafon faduasainianguniefisnsniefionis
atalafA foudiaviinmuAmelnanns fqvssmayyadas: suiudnsnsaeanuniiaiiiuis
Womnndasaderasiuilnn  Tnededaationstuliidsmaillnsaeaoudmaaaiduiy
HEUWAW LN ARLURIANAENATEUMNIELAT 420 © Acute Oral  Toxicity-Fixed — Dose
Method of the OECD Guidelines for Testing of Chemicals (2001)

Taeriweftmuialdinirfiaamafl 60-70 °C w5 wift tuliasdansududoraadu
uiatfanasazanemasnBingngunaaaudanaatuaun 2,000 Aaansu/Alansmiingy
uaztlawinauuinynguaruasfaalauaaiisuminngunaaay anendstaudasimagay
Agu 4 il THemsuinynaansnngy dunaenisRadnfaesmymaasaniufinsoi
dunauu 14 5 hinansainisAndndlnuaziianan avanunauaugaTzeza 128901
naray aqUlAdrdagrmasauinfululiiaamouddianmduiudounanlaenisiu

(Oral LDsp) Tu“ﬁhmw

1
°© o A

1 ¢ g A(B/ a a G4
anuszleniansddafinsaanussiuliidemnnms Flgnbsueyyadasy Sqaunsd

=) 1

ViaMuaAInd nnnsge AamAnnslngunnisuazaansaniulEnings 100 ndu Fefidnanw

q

1
A

ignarinunaauedacinienisalnadeinasaussmnd nauuafrasiiantuli 4 slady
Hualna 13 au gaveny 20-64 T ugnds 9 au fone 4 A Teenimelullefinas 15 n3n ey
Tillasiaiszduln 600 4ad fwaan 7 wift udenslindeuaomgi 65°C Tnansinfvsauuan
imaan 30 Aundt udnzednlind 200 g, 1981 3 uRt udansesAnaiiirIaLNg 3 41 dangwa
Tu Table 6

166



Table 6. Taste odor and color test of the tea from the bamboo leaves

Kinds taste odor color
total

of wi. wit. wi.
bamboo | score SXW  score SXW  score sxw ~ Score

amboo leaves score score score
Dendrocalamus sericeus 33 3 99 36 2 72 42 0.5 21 192
Bambusa sp. 39 ) 117 38 2 76 44 0.5 22 215
Dendrocalamus brandisii 35 3 105 42 2 84 46 0.5 23 212
Dendrocalamus latiflorus 36 3 108 39 2 78 42 0.5 21 207

arnwanianaansln Table 6 e W lHIREa MU THAZULHUAIUTEIR 39 AZLIM
Tagdnnualidusamafiiminazism 3 Asiuazuuisanfisssnd Ao 17 azuun wazl
AZUUNIINYNAIUNINGR AB 215 AZUWY AmFuFunauuazan simn v ngjas iz uun
GUaR AD 84 uaz 23 Azuud AINAAD Feinen TN ABauT IR ATuLLTIN gIgANT
Wasuisuduatwinsnaaiianis Ae Tumgnasdananenuszmadn Tneliisnism fe
Wndaegnermiin 15 n3u Waululnlasionszdu 550 dad iwaan 7wt Teasieanan
paniileATL 2 Wil 3 98U wazATu 1 w0 190U wiswTudiAeafigamgf 90°C Tnsmrindie
50ULaN 200 sa. 1Twaan 30 Aundt wdarsdnlaaliin 200 na. 1981 3 wift wdansasdag
finmnaune 3 4 TneRueeiantuliidesmanesfidindesden sarmfinannden danrinrgna
azfidinmnadeu sanfdenines udmeaaeusand nau uas 8 Tudualnadiua 16 Au 9oy

a

20-75 U Wingnede 12 A fane 4 A namsnasaulsng i Table 7

Table 7. Taste odor and color test of the tea from Bambusa sp. and oolong leaves

Kinds taste odor color
total
of wi. wit. wi.
score SXW score SXW score SXW score
leaves score score score
Bambusa sp. 60 3 180 65 2 130 54 0.5 27 337
oolong 49 3 147 59 2 118 45 0.5 22.5 287.5
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Table 8. Quality and odor test of detergent mix extract from Dendrocalamus brandisii leaves

and Sunlai
quality Odor
total total
Detergents wit. wt.
score SXW score Sxw  score score (%)
score score
detergent mix extract from
121 3 363 110 1 110 473 71.66
Dendrocalamus brandisii leaves
Sunlai 143 3 429 133 1 133 562 85.15
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ABSTRACT

The charcoal briquetted from bamboo residue was conducted at Saraburi province by
using 4 species of bamboo namely Dendrocalamus brandisii, Dendrocalamus latiflorus, Bambusa sp.
and Dendrocalomus sericeus. Charcoal briquettes were made by combining 2,000 g of fine
charcoal with tapioca starch at 50, 100, 150 and 200 g. The result found that among all 4
species, the charcoal briquette made with 2,000 g fine charcoal and 150 g tapioca starch gave
the best overall results and was considered as good charcoal briquette. Charcoal briquette from
Dendrocalamus latiflorus residue appeared to be the best charcoal briquette, providing a work
done value of 1.97, a heat utilization efficiency of 30.46 percent and a calorific value of 6,107.46
cal/g. Charcoal briquette from Dendrocalamus sericeus residue presented the lowest characteristic
when compare with 3 other species, providing a work done value of 1.05, a heat utilization

efficiency of 23.57 percent and a calorific value of 5,629.71 cal/g.

Keywords: charcoal briquette, bamboo residue, Dendrocalamus brandisii, Dendrocalamus latiflorus,

Bambusa sp., Dendrocalamus sericeus
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ABSTRACT

The study objectives were to describe and analyze bamboo planting, management and
attitude of farmer by site surveying, interview and questionnaire survey. The bamboo farmers
were conducted in the Northern and Central regions, Ratchaburi, Prachinburi, Sra-kaew, Trat,
UthaiThani, Chainat, Nakhonsawan, Phetchaburi, Phetchaboon, Uttaradit, Lampang, Phrae and
Nan province by purposive sampling. 59 farmers were purposively interviewed and 159 farmers

were selected for the questionnaires.

The farmers planted many species of bamboo as follows: 1) bamboos for culm were Pai Lieng
(Bambusa sp.), Pai Ruak (Thyrsostachys siamensis), Pai Seisuk (B. blumeana), Pai Sangmon
(Dendrocalamus sericeus) and Pai Ruak Dam (Thyrsostachys oliveri); 2) bamboos for shoot were
Pai Lieng, Pai Ruak, Pai Kimsung (B. beecheyana), Pai Bong Wan (B. sp) and Pai Po (D. giganteus);
3) bamboo planting in the Northern region were Pai Sangmon, Pai Ruak Dam and Pai Po and etc.;
4) bamboos planting the Central region were Pai Lieng, Pai Ruak, Pai Seisuk, and Pai Kimsung.
Recently, natural bamboo forest is decreasing which caused the lack of bamboo material for
industrial, aquaculture along the coastal area, chopstick and toothpick manufacture, etc. Therefore,
the farmers were interested in bamboo planting and increased their bamboo plantation area,
especially, Pai Ruak, Pai Ruok Dam and Pai Sang and developed planting techniques,
management techniques, clone selection, increasing bamboo shoot techniques and bamboo uses.

The importance factors for growing bamboo are site suitability and market.
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Attitude and need of bamboo farmers, it was found that the average planting size per
family is 6.3 rai. The bamboo farmers are satisfied with their occupation because bamboo has
good growing rate, less tending, long harvesting time, good incomes. The problems and constraints
of bamboo growing are low productivity, no market places and financial supports. Bamboo farmers
need market access, fair price and technical knowledge on various aspects such as bamboo
production and utilization, good practices on cultivation and tending of bamboo plantation for good

productivity and bamboo improvement.

Key words: Bamboo management, Attitude of farmer, Bamboo plantation.
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Figure 1. Farmer bamboo plantation of Dendrocalamus lofiflorus in Nadee district, Prachinburi

province.

Figure 2. Culm, leaf, sheath and shoot of Dendrocalamus
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Figure 3. Bamboo plantation, leaf, culm and shoot of Bambusa beecheyana
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Figure 4. Bamboo plantation, culm and leaf of Pai Sangmon (Dendrocalamus sericeus)

Figure 5. Chopstick and tooth pick from bamboo utilization of Pai Sangmon (Dendrocalamus sericeus)
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Figure 6. Bamboo plantation, culm and shoot of Pai Ruak Dam (Thyrsostachys oliveri)
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1 year old culm

2 years old

3 years old culm for utilization

Figure 7. Culm age of Pai Ruak Dam (The 1 and 2 years old culms have persistence of culm sheath)
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Figure 8. Bamboo plantation, propagation, culm and shoot of Pai Lieng (Bambusa sp.).
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Figure 9. Pai Lieng plantation for culm product.

Figure 10. Culm utilization of Pai Lieng
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Figure 11. Culm, shoot and leaf of Pai Ruak (Thyrsostachys siamensis)
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Figure 12. Bamboo plantation of Pai Seisuk (Bambusa blumeana) in Uthai Thani and Chainat

province.

Figure 13. The farmer cooperation for bamboo (Pai Seisuk) utilization.
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Figure 16. Culm utilization for hilt
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Figure 18. Bamboo propagation by stump
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Figure19. Bamboo planting pattern of farmer
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Table 1. General information of bamboo farmer

Character of bamboo farmer umber Percentage (%)
Of farmers
1. gender
1) male 124 78.98
2) female 33 21.02
2. Age
1) 20-40 year 32 21.77
2) 41- 60 year 90 61.22
3) > 60 vyear 25 17.01
3. Education level
1) primary school 78 50.00
2) secondary or high school 43 27.56
3) certificate 18 11.54
4) bachelor 17 10.90
4. occupation
1) agriculture 108 74.48
2) government officer 16 11.03
3) employee " 7.59
4) business or trader 10 6.90
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Table 2. Bamboo planting and maintenance of farmer

Bamboo planting Number  Percentage Bamboo planting Number  Percentage
and maintenance of farmer (%) and maintenance of farmer (%)
1. Bamboo planting pattern 2. Soil character
1) Mono cropping 84 56.38 1) loam 50 36.23
2) surrounding planting 37 24.83 2) sandy loam 37 26.81
3) Mix with other species 17 11.41 3) sandy clay loam 40 28.99
4) planting pattern with 1,2 or 3 1 7.38 4) laterite soil 10 7.25
5) clay 1 0.72
3. Bamboo propagation 4. Seedling
1) by culm 17 13.71 1) Buy 70 50.00
2) by stump 87 70.16 2) own preparing 58 41.43
3) by small branch 14 11.29 3) 1and 2 12 8.57
4) by seed 6 4.84
5. watering 6. Fertilizer
1) no) 103 74.64 1) No 17 16.35
2) yes 35 25.36 2) yes 87 83.65
7. Insect and disease control
1) no 125 90.58
2) yes 13 9.42
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%4 Table 4

Table 3. Bamboo planting and maintenance activity for culm product.

Year activity Period of bamboo plantation activity
Activity
Jan  Feb  Mar  Apr  May Jun  Jul  Aug = Sep Oct Nov  Dec
1. land preparing  1st year «—>
2. planting 2 nd year < >
4.weeding 1st and 2 nd year < >
5. shoot cutting To cut only small or dwarf shoot
6 culm cutting To start on 3 rd or

A
v

4 th year
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Table 4. Bamboo planting and maintenance activity for culm and shoot product.

Year activity Period of bamboo plantation activity
Activity Some
yearly Jan Feb  Mar  Apr  May  Jun  Jul Aug Sep Oct Nov
year
1. land preparing  1st year «—>
2. planting 1st year < >
3. watering v < >
4. clump trimming v —>
or pruning
5. weeding v < >
6. fertilizer v +“—>

7. shoot cutting v

A

v

8. culm cutting v —>

A
v

v conduct

< p activity period

a [~ 2 2 [
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Table 5 Need and Attitude of bamboo farmer

Need and Attitude numper  percentage Need and Attitude number  percentage

Objective of bamboo planting Satisfaction level of bamboo

1. culm selling 82 39.61  plantation

2. shoot selling 48 23.19 1. extremely satisfied 1 51.82

3. household utilization 77 37.20 2. satisfied 63 45.99
3. unsatisfied 3 2.19

Reason of bamboo planting Need from Government support

1. traditional occupation 69 39.43 1. technical information and

2. suggestion or observing 44 25.14 knowledge 38 12.54

3. losing from other species 27 15.43 2. bamboo producing training 45 14.85

4. high market demand 35 20.00 3. budget or capital 78 25.74
4. market and fair price 99 32.67
5. water resource 43 14.19

Problem and obstacle of

bamboo plantation

1. low price 51 19.69

2. lack of market 58 22.39

3. poor growth or product 33 12.74

4. water resource 40 15.44

5. budget 52 20.08

6. law and regulation 25 9.65
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ABSTRACT

Financial Analysis of Farmer Bamboo Plantation was a part of Planting and Management
of Bamboo in Economic study. The objectives were to determine financial analysis of bamboo
investment of farmer bamboo plantation in the Central and Northern of Thailand. The purposive
sampling of farmers was conducted by interviewing 50 farmers and questionnaire 159 farmers. the
financial analysis of bamboo investments were evaluated for Net Present Value (NPV), Internal
Rate of Return (IRR) and Benefit Cost Ratio (B/C) of bamboo plantation classified into product
category of planting 1) culms production 2) culms and shoot production by using a plantation model
in spacing 4x5 meter (80 clumps per rai) and harvesting period of 12 years.

The bamboo species of farmers were Pai Lieng (Bambusa sp.), Pai Sangmon
(Dendrocalamus  sericeus), Pai Ruak Dam (Thyrsostachys oliveri) , Pai Ruak (T. siamensis), Pai Kimsung
(B. beecheyana), Pai Bong Wan (B. sp.), Pai Po (D. giganteus) and Pai Seisuk (B. blumeana).
The financial analysis found that 1) Planting for shoot had 9,418.88 baht/rai in NPV, 32 % in IRR
and 1.95 in B/C 2) Planting for shoot and clums had 30,731.17 baht/rai in NPV, 31 % in IRR and
1.5in B/C

Keywords : Bamboo plantation. Financial analysis, NPV, IRR
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Table 2. Expenses of farmer bamboo plantation for culm product (Plantation model with spacing 4x5 meter or 80 clump/rai)

Expenses of bamboo planting and maintenance (baht/rai)

Activty year 1 year2 year3d year4 yearb5 year6 year7 year8 year9 year 10 year 11 year 12
1.land cost 500 500 500 500 500 500 500 500 500 500 500 500
2.land preparing 500 - - - - - - - - - - -
3.seedling 1,600 - - - - - - - - - - -
4.planting hire 400 - - - - - - - - - - _

5 fertilizer 150 - - - - - - - - - - -
6.weeding 400 - - - - - - - - - - -
7.fire protection 400 200 200 200 200 200 200 200 200 200 200 200
8.culm harvesting 240 600 1,120 1,440 2,640 2,880 4,480 4,800 4,800 6,400
9.gasoline 100 100 100 100 100 100 100 100 100 100 100 100
10.others 100 100 100 100 100 100 100 100 100 100 100 100
total 4,150 900 1,140 1,600 2,020 2,340 3,540 3,780 5,380 5,700 5,700 7,300
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Table 3. Expenses of farmer bamboo plantation for culm and shoot product (Plantation model spacing 4x5 meter or80 clump/rai)

Expenses of bamboo planting and maintenance (baht/rai)

Aty year 1 Year 2 year 3 year 4 year 5 year 6 year 7 year 8 year 9 year 10 year 11 year 12
1. land cost 500 500 500 500 500 500 500 500 500 500 500 500
2. land preparing 500 - - - - - - - - - - -
3. seedling 1,600 - - - - - - - - - - _
4. planting hire 400 - - - - - - - - - - -
5. fertilizer 600 600 600 600 600 600 600 600 600 600 600 600
6. weeding 400 - - - - - - - - - - -
7. fire protection 500 200 200 200 200 200 200 200 200 200 200 200
8. watering 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000
9. watering system 12,000 - - - - - - - - - - -
10.shoot harvesting - 960 1,440 1,920 2,400 2,880 3,360 3,840 4,320 4,800 4,800 4,800
11. culm harvesting - - 160 360 640 800 960 960 1,120 1,120 960 960
12.gasoline 400 400 400 400 400 400 400 400 400 400 400 400
13.0thers 500 500 500 500 500 500 500 500 500 500 500 500
total 20,400 6,160 6,800 7,480 8,240 8,880 9,520 10,000 10,640 11,120 10,960 10,960
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Table 4. Income estimating of bamboo plantation for culm product

Culm product Culm price income
year
culm/clump/year culm/raifyear baht/culm baht/year

1 - - - -
2 - - - -
3 3 240 4 960
4 5 400 5 2,000
5 7 560 6 3,360
6 9 720 7 5,040
7 1 880 8 7,040
8 12 960 9 8,640
9 14 1,120 10 11,200
10 15 1,200 11 13,200
" 15 1,200 12 14,400
12 16 1,280 12 15,360

249



Table 5. Income estimating of bamboo plantation for culm and shoot product

Culm product and income Shoot product and income

year Culm product Culm price Income Shoot product Income
culm/clump/year culm/rai/year baht/culm baht/raifyear kg./year baht/raifyear
1 _ - - _ _ _

2 - - - - 480 5,280
3 2 160 6 960 720 7,920
4 3 240 7 1,680 960 10,560
5 4 320 8 2,560 1,200 13,200
6 5 400 9 3,600 1,440 15,840
7 6 480 10 4,800 1,680 18,480
8 6 480 11 5,280 1,920 21,120
9 7 560 12 6,720 2,160 23,760
10 7 560 12 6,720 2,400 26,400
1 6 480 12 5,760 2,400 26,400
12 6 480 12 5,760 2,400 26,400
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Table 6. NPV and IRR of bamboo plantation for culm product

year plantation expense of bamboo (baht/rai) Income (baht/rai) Cash Flow
1 4,150 - - 4,150
2 900 - - 900
3 1,140 960 - 180
4 1,500 2,000 500
5 2,020 3,360 1,340
6 2,340 5,040 2,700
7 3,540 7,040 3,500
8 3,780 8,640 4,860
9 5,380 11,200 5,820
10 5,700 13,200 7,500
" 5,700 14,400 8,700
12 7,300 15,360 8,060
NPV 9,419.88
IRR 32%
B/C 1.95
Table 7. NPV and IRR of bamboo plantation for culm and shoot product
plantation expense of bamboo Culm income Shoot income Total income
yedr (baht/rai) (baht/rai) (baht/rai) (baht/rai) Cosh Flow
1 18,300 - - - - 18,300
2 5,800 - 5,280 5,280 - 520
3 7,040 960 7,920 8,880 1,840
4 8,480 1,680 10,560 12,240 3,760
5 10,000 2,560 13,200 15,760 5,760
6 11,360 3,600 15,840 19,440 8,080
7 11,520 4,800 18,480 23,280 11,760
8 11,520 5,280 21,120 26,400 14,880
9 10,160 6,720 23,760 30,480 20,320
10 8,960 6,720 26,400 33,120 24,160
" 7,760 5,760 26,400 32,160 24,400
12 6,560 5,760 26,400 32,160 25,600
NPV 30731.17
IRR 31%
B/C 1.51
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Table 8. Financial analysis of bamboo plantation at discount rate 13 %

Bamboo plantation Bamboo plantation
Financial value

For culms For culms and shoot
PV of cash inflow (baht) 34,851.02 91,220.28
PV of cash outflow (baht) 17,874.58 60,489.10
NPV (baht/rai) 9,418.88 30,731.17
IRR 32% 31%
B/C 1.95 1.5
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