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Wood identification of wooden artificial denture
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7eso, AR EH) BISEZ 200 LARWRBERREES I TWRY, Z 2 TIIHRET 7 O
HWATEHROF T, A/ VT REIZR EDO AR A~ ABRE L TERISNRTWAT AV T U XY
2 Acacia mangium (255 H U, Z OAEFRHIECR E R0 PR AE ST O W TR T 2 2 & T
BT 0 T RO R IR DN TE 2 D,

2. BVETHIVTRDSM - £FEE - 28

T HY T~ X A Acacia mangium*™® (X, WENL Y HEE, —a—F=T B, A—A T VT K
FAbEBI RAE L CRAR AT 2 A IR T, v 2 OIc it RS IR SN TWn D, Whww b T
T )E (K 960 fE) 1%, MEWHE . ~ AFL Mimosoideae (R /%) #AHZE L, BFEICL Y 05
m BEDEAND 35m BEDEARER DL, A—RZ T U TIENSA » R T OBRE T P72/
BT 2 KEROT J1 3 T IR & 0000 7o il 2 4 T 0 T, ASRITIE OB IR A R T
DRIA LI 5202, L L, Acacia mangium <> A. auriculiformis 1%, FI4MAICIRIE AR BRBE TR AL
HUZ B 2. BHNAROELIZ S M TE D, BIEIIHRE L VBEMEWZD, BRTHEND e &Rk
EEZFRT, A mangium (XA IRSCEEME HIE TRV, WAOREOE W EECIIRENME TS

&y

o

ZORBIIEINAA AT AEENYA Z NV TEETE DBENMIEL, V27 ETHRETE S ¥, K
AD A crassicarpa X A. difficilis |FHEEVH HU D /A A~ A AEPELTRN MO R LIE L, Wb 3o
=777 FELTHHAENTWS, ~ L —3 7 Tid A aulacocarpa & A. richii O3 A2 E0R3 S
Do LorL, BCEE L T #ARIIRWT AT BOMIL, KE L TRIEE L L Tbhs, 4—X

2011 4F 9 A 14 A= #
T 611-0011 FET A 4 FE FURS KA A BB R 2T T AR AR P S8 A7 40 B
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FZ U7 KRR, =2—F =7 BEED A. auriculiformis X, Hm7 Y7, TE, A RiE»v T
T 7V, ERICHERSNTOEN Y, ORI TIXE AL L CTERBRERLT E S5 9,
HWSEEROT T )E (1,352 FE) TR & BN AR R TOREIZHMALTND (K1), L
L. P REECIFREAMN RN D, ZORBO—IITEEORMEE ¥ 1205 2 E B LT,
ZZTCRAREZER  HAELT 5 BICA. SRICH AL 52 RER 2SN YT, —
FFEORFEE 2N\ WVE ((HEMIC Racosperma & F2d7) 12i&, Acacia mangium <° A. auriculiformis 23
FEL, A—AMZ U T Kb (948 ff) L ZDOFENOEGET VT (7 ) 20 LT\, RICKE
7@ (Senegalia &7e97) X, 7 AV MK (97 fB), 77U (69 fE), 77 (43 &), A—A b
ZU7 (2 f) (20T 5, 3 FHODRE (Acacia) 1T 77V (73F), 7 AV (60FE), 77 (36
), A=A 7 V7 (TH) BHomLTnbd, &0 D28 (Acaciella, 15 f & Genus ‘X’, 13 ff) (X
7 AV AKRBECHHETS (K1) 7, HINNOBERIE, £ TOROBGEHHFRIBRESA TN
DIFTIERVOT, BZERA TWIEEE T2,

K1:5 2OBMNLRDLT Y
7 SRR D RIR A & RTFEER,
FREh XA B AT D A
w7, EXRBRAITFEERETTH
% (KXXEH)

ZZETHATRODPNTZFbH D EMMET 28, 77~ 2% U A% Racosperma J& & 725 T
L% 9, Acacia DJE4 1T, 4 EOJEYERETH 5 Acacia nilotica [ZRHN DN N7 EET XY U %
FED akazo (sharpen) |[ZHIKT 5, FllBmAZ RO IGE, MAHKOE LT, K%M (Acacia
nilotica) DB T DI N—TNRNT AT TR ERD, Sz DL, THIT~rF v A% Anilotica &
IR D7 Acacia DA EDITDH I ENTEARY, LaL, Z @ Racosperma J&iL T
WBIREE 572 5 RFANCH D 7V —7Th Y | HHEEICEGHmARIH L7z %9, 2011 4 5 A BN
THEAMHEO W ARILUTHEN TV D ), L EOREERIAT 572010, M 1LIITRREDEL %
ZCit# Lz, BARTIET H U T~ ¥ 7L Acacia mangium 23 —f%AI72FEFR7Z2 DT, AL THHA
INZ Z OWEECHE D 2B T B T DML DN TIHRZ OB X 2427 5, B R (2011
FET7 A, AVRILY) OMAERERT, A—ANTUTDOT LT % Acacia J& &5 &R S
ALiz, Aonilotica Z & o7 T T IBICIE, Bl GERET 22 L Lo,

3. FHYVTFIUXEYLDRE

ANTHAEFEEE T, GINEZEDIZOICHEOBERINRER L2 DRI LEY ET2EMRHY ., £,
ARODHHINHRKT 22 bbb, BNOER, Bl R, BIEMZER (M) ZRENELT
BE. RREORE L BIEICEH AN L VIRRE L 72510, Z O SN EMEARIEZ EE L EZ HHAED 1
DTH D, WEFREFTERZBEFVERLEEAEITED LWV IBFICEL Z ERTEE., ALKRICE
T AIREREO B OB EIFROEEM,EN DD, SHET, THI T~ X7 A TEREAFR
DFAITHE STV, L2 L, ZOBENERITIHKUCD N DRNE NS Z & T, BT
22N E T SNIIRBNIC W TERT 210, 2B RSB TEEA 2R TV ARV D T,
ANTHMBIFEFH INEE. 2 2IOR LA ORI R AET A rTREMEIXE TE N,



WAL, TECHE OB SHEAMET A Z LICkoTHIETA Z ERFREEZEZONTNS (F
1) o —F., AT, MERC PP LHER (REh) 0B EoRRO NERFET, KE
FEIZHEAR N IE N D L E#E L < 725, 2D 9 BARBAVUIIER DT & RPN 2 RAN 2K TH Y |
WBIIAMAEFET 2R IRV OR T2 SR TOMEE 2D (1) |

RIENITEE OB EENFK T, [ ) (red rot) 1% Amauroderma cf. parasiticum, Ganoderma
philippii (2 X v, % /& #5713 Phelinus noxius <> Tinctoporellus epimiltinus (2 X ¥ . [ @ A51X
Rigidoporus lignosus (Z X W 5l E i Z D, SEUZEGAEAIE O hymenomycetes HEEFHIZ LV jd
%, XWE LT, HEPUED MBI R ENADEEZ LN TS, A auriculiformis DL 7 = /
— LG EIT A mangium DOF 5 F5ETE L, D RSy D2 S AT 2 BB BIR T2
LHEE SN, BT VRIS D EUED ) THEIE & kT & BB R o0 H B 0 Bk A
HIIVETHHN, BKIBEWERTHD, THTT A7) v REMEZNAS A mangium & A
auriculiformis OASELFEIL, FREECLHLEZ EOME N A mangium LV ENTEY, FEA L0 E
SINTWD, ZONAT Yy NMZIRMERETH DI LRICE 2B EE T, FEEDEROOH D

1920 ¢, Pinkdisease (2 LB A TV v RAEFERRDORE? H b5,

R1V:THITIOF)LATRESNI-R/RE

s L R PRI B b (CEVEL VNS
AR (damping off) @ 2E4: x A 15875 | Chaetomium sp., Curvularia sp.,
AR D54 & HETR oA=L S | Cylindrocladium sp., Fusarium
T, BRE LT EEARND5A S | solani, Fusarium sp., Pythium sp., TELRETO/ME - WE | BA ve
b, BIEE, fRo CTHRE v FOFEERN | Phytophthora sp., and Rhizoctonia
BWCHI SN Z ERH D, solani
7 K> = (powdery mildew) : Bk o Btk
D HWEEDBIEE D EAEIRRIKICO | ) ) - e .
. K D 3 Be
20| i LS EAIT S &gy | Oaumsp. Erysipheacaciae A O iR
RO AW CE - IRRBIZ 2 5,
. BAEFROMIE, Hon
X (stemgalls) : FARDH EFBIZ, AT | o0 o =) | g ey
BTt B A 12 mm OBRIH )Ltﬁiﬁ F LEMARZ T T (R f_‘tiﬁj:ﬁf%it\\ ;m\?<41:%¢@ SR
BIEE T4 iE) DREER &, PSR
° BT %,
Fekku (dieback) : B AR D LA EESE LI U | Fusarium oxysporum, Phoma sp.
O, TR TH~LENY BRI e Z 5, | Lasiodiplodia theobromae 72 £ 73 e .
, o h Do mmao A e
T HEL S D OCTHRARE 25 = & | FEHMN DS TS | B s
I o 7212720, JRBE IR E,
Colletotrichum gloeosporioides,
BEAUR (leaf spots) @ #5WFED A b FHEIR | Glomerella cingulata,
Kick Z %, WEKEeE L7225 2 &3 | Ladodiplodia theobromae, A% B A O WA WA/ e
AN Fusarium sp., Gloeosporium sp.,
Corynespora sp., Hendersonula sp.
Charcoal root disease : R SR AL T, H
B OAFRE L RRAanBE SN 5, % | Macrophominasp. (RIZHEE b " - .
" 25 AL L By I
ARBEDRRIL I, ROBERAD | 12574 ©) FHRORE - s
3R,
HRZ 5 (rootknot) : A=HPEE L HEDWRRE e iAo L 5,
~HElngEsh, LshoT <25, ) ey EZBET, Mook | L,
- SR (L5-25cmx 10-20cm) < | eliodogynesp. (it = Stk W E I . | DR
AL TWD, B ZR T 5.




HRJEF (Root Rots) : FIIIEE BRIl | Ganodermasp. (b —fki, MR | AT AT B, [
Do FEIEMPEL 2D, Hova— b | RECRAIRERE) , Phelinussp. | 720 2 55, MHEXK -
BLBND, ERDIETE, 2 OWRPE (HUIRTE R SRIFERIR TBB A, | BEM - OIRROBEAD - 158 ez
DREEDSHN OBV TLE S, BREL | FE2RELVERIRD) HESAHD, FkE
ToARE, R ORI L - T, Hd S | Rigidoporuslignosus, (HRUIRESRH | FEASEWEA, 2 A bR
HEE BRRERR) cBbhT\5, FEVRIR, T AR THE) 95 JIHE T, EER TR,
Pink disease : fiiLke FIZZEN L2V THE D Y« PERE U 7o/ IV %
B ORR, YIRS R I e Corticium salmonicolor Berk. & 5, BESGEARS
7 0B BB OB BN D FER D T & | Br. (H17- ) Penthicodtsfa;rinosa ATEAIAT - HE, T A ke
BRARIZE Y 7 OEANIEN D, %EIT (;\;u%;) LEE) A J X ava v KR
. BEIREWERICED D, OB ° DL OVEY - A TE
FIEEL ., BRICOVENDWERTE B, S OBERD D,
DRDERS - B (Heart Ro : S8 AM | ey ok i Coratocystis | BB ACTIIAHAIE A2
DAEERRED LEREENEFT 208, B | 70 s E
TS e Loy . | fimbriata, Chalara sp., and W, B0 oiREITh RN
MAERITEH A L UAM & L CofMifED X S U2 S s LA dee
el 7. EICHIEDE D X b A D Phialophora sp.72 ENERMINZEAN | RN ERbooTz, W ‘ ‘
e L e = | LT, EEMAOHERELT, | 7V OBRERILEED | A E
WREMRA L, DML LA - . . -
B AE bl 12 < VA, KEIURE. 5 ZOH%ITEFE Phelinusnoxius, | T X WKW, A~ K
- e L o | Trametessp., FormsspMRAT | T OFRIFERMEN R LD
JEREZ: EIR E T2 D, JEF LTl BLEL BT S 7
BERBD Y, V< ODORITEDEE, Ve T

4. DNA/XA—a—F

EmFEOREIL, TEE DNA N—a— 7 a7 b2k 0 EERYIC X 5 HFE O FERN
b S, £72, KREOHEEEIIERPEREICEOND L2272 2 & T, AERICBIT 2
EMEETAEYRORENEHICERI LD, ZOEBETeY =27 M, 2~ 3FEOBEGE 7O
SRR % 2 ~ 3ot/ N— 3 — RIZRAL T, 2 b OEEFRFIOE D b AL FET H 2 & T,
ARERICEBIT B MBI AEMAI IR S CHBRN S 5, B CIREER R 56 SR 8 s T
ISFENL S VT2 3 FEFE R E D 72 0 DX RIEAR 1%, 2009 fRIZ78 - T, ARG N E L O (F
2) BB 7 H T IR/ITE VT, DNA N— o — RIFRATEM L TV AR, 50 & 2 5, Acacia exuvialis,
Acacia nigrescens, Acacia tortilis 72 &3 ) 7RI X 220, FRERAVIZIZ. et 4 L 58510
BN RIZ Lo T, BIFEREE O A 72 b T EEGEDC MRS DNA N—a— NEFRI/FIHTE % X
I DEZEZBND, £, WREORES TEMAEMEOERBEZITHONTRY . DR
RAEBEHICKIObDO L BEbh S,

F2:DNA /N—a—FELTRWLLNDEIETF

HEFER DNA L 2 >OfEl%k (rbel & matk) #5235, dEICHENT 20 EDOH HHAIC
1. WL o288 (trnH-psbA 72 &) &0,

Tl o [E] i A v

HafEA DNA @ matK <° rbcl I Tl
— BOREZHE, EOREITEHELW,

kiR DNA @ matK & rbel fEBGICHNZ. trnH-pshA EinFREROEHRZHEHT S > %

< OREMT THE] OFEN AR/ D
rbeL (2 X DREFE* © #T - BT - XY > 95%,
matK |2 & B [EIESRY : Y (90%) > LR (83%) > v ZHld (10%),
* PCR Hiilig & M LR8I e o ik Bh R
N N 2 VR 3 DY RY —LEs FREIR DL E S i — FEO[E
£ R0 B Uk E;;ﬁ/ﬁk U7 DNA %% DNA LDV RY AT ITS FEIk O ELS % ik FED

Internal Transcribed Spacer (ITS: {51 M#E8). U A Y —2 RNA (IRNA) {51108 E a7 sk,
7z & 21, (189) —ITS- (5.89) - ITS- (285) D & 5 WA TS, ZOFITiE, ITS fElkiL, 2 »
DTS & 3 SO RNA BEFR—ER Y TIREI =R, 2 2O ITS AUV HEND,

ITS




matk LR DNA ICEENHHEMBT T A2 b 280 RAHEESR (mauraseK) % 22— K95, BERE
& DNA O ClRELIRATEEALREE 2N T 80 . R O BFMATIC B VS5,
LA DNA ICfFEET DY 7T e —2-2-J VB A ARF L5 —F (RUBisCO) D RY 7=y %

rbel. a— R B8ET, EORICHEET 5B ETF T IS BRI AEE L. £ < O iR
FINRTE, 27 ¥ - B - P 7 &L BEN T2 R OMATICAE R, fEIZ X » Tidsridd
W OFFIER D7 < RSO R AT 12 XN,

trnH-psbA BLAIAE WD 2 ICKERIIN S GFEND > BOESIOEEZ B ET o —a—F 7
P (TR L biE T
SE 3k
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Chemical components of tropical Acacia spp.”
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Toshiaki Umezawa

BE
Acacia mangium, Acacia auriculiformis ¥ XN Acacia crassicarpa DSEEAT BHALFAATIZR
D BT O SCHRFAEFE R IZHOWTHLY £ LT,

1. [XC&IZ

SBNEDRFHRIAEAF 2T D72 0I2iE, LB » =3 L= T DI E A T, A A~
AZEPR - XX =TT DEFEDOKIE EAPMHATH L EEDLNDL LT VBEZA LY, &5
(2. AEOREH R IREITICBT 5 FHREREIC, A A~ 2GR - XX — 2GR4T
BRI « =R X — DT T HERN g LA LTnd EBbivs,

NA F< ZAEPRIL, ZOERBENMELS, RANHEEHTTHOLNL =RV —E R THELIZMARET
HZETEELW, Lo, KB, B, HBEGRES I, LEFEMENEZEEG NV DIZH L,
WA T ABPFINITETMEZ 5225 L5 BEEREERD 5,

NA F= ZERD 9 B, KEERIZAA A~ ZERFREHRED F90% 255 P00, BNREER
2L MERIBREILRIE 2 AR & Lz, BIUMmO B XD BAGEN R, FRRlEEEEE, KED A
TRV F — o S FEREES K OREBE~ D HUs o O Z A A 2 G EIICIX D Z & BZE L o T
% 3)O

Z 2T, AFEERTICR VTR, BN TAROREEE R & Rt A ERH 2R o EEE R I v
TarOUOEDIEIF, TORELK (ThHeT7aves b O@BO T, HFEFTE 3T TORDY
MAERT T2, SHIERL 21 FENDIX, R7ev=2 Va7 7y 7y 7 7Tav=r b TEGA
TAROFe A FERIRICBI T 2 ARG ryILEMZE ) IS X, BhEME L HEE L T 5,

TP ENRBITE L U CD Adcacia (2%, Acacia mangium & Acacia auriculiformis X ONZ
oA T YU > R (deacia mangium X Acacia auriculiformis, Acacia hybrid) . WONZ Acacia
crassicarpa TR ENH D, A mangium \Z-OWTIE, 1993 4RI Kamis Awang & David Taylor O#RE
\ZHLD “Acacia mangium Growing and Utilization” * ASHIEK S v, EMEHIEERE N SFRE, KEH
BHEEERPTT M £ CIAFICRE SN TS, LML, bFERICEATA2REITIFEA EEMh Tz, £
ZTC, EFE 7T e bO—BRE LR 18 FEICHERE Lo K K TR R R R TEL
HATHOBEREEENE Bl EEMNT] o7ay 7 NOW T, A mangium, A auriculiformis 3
KO Acacia hybrid \ZB3 HALFRSY D 2006 4F % TOLBAERRICOVWTIY L7, 22

"2011459 A 14 A FE
T T611-0011 FATI Iy K AR R A B S T AR AR B AR L 0 B
T 611-0011 FAT AL BUER RS AR A e = o b

E-mail: tumezawa@rish.kyoto-u.ac.jp



T, Afm TIXFFALE O STERIZOWTHERDY £ & D a2 To T,

2. A mangium, A auriculiformis, Acacia hybrid & & A crassicarpa MILFERKSD

2.1 A mangium

“Acacia mangium’ % ¥ —"U— K& LT SciFinder Search #47-7-¢+ 24 (GERk 23 £ 4 H 2 H).
2007 LELIREDSCHRT 148 SCERAYE v b L7=, RIEIOFHE ¥ Tix 2003 ~ 2006 FEDCHR 95 .
1995 ~ 2002 FOILERDS 92 #, 1994 FLARTOSCHERDY 23 TH Y | B 6 2NTUFEOMSCEL O HM
NRTEND, 250 148 KHD 5 B, LR ERA 22 870 S FBEER 4 230 T
ol

LR BIER 22 MONEIZ, X = ICMT 2600 12 #7 V r = #EicldT 560 2
O AT HIEMERR A 2 ) P BEIEE « LU BIMRAS 2 P R - N o
TH VRN 2 MU ru—A I s w7 0 7Y EMBES 1 ) T = OmEmS
fEBEEA 1 MV Chd, ZIDDOFERIT. A mangium B2 o = OFIEANEA TS = & % Kb
LTW%, k72, U7 = ARG T 2 & IR R COBGFIBT — 2 ~—2 P12
THRENENEN 1 AT,

2.2 A auriculiformis

—J5. “Acacia auriculiformis’ ¥ —T— K& L7284, 2007 AELARET 73 XLk e » M L7-
CFRE 23 4 4 A 2 A), ZRHOIHO 9 b, ALK EES 8 M2 S AR 2
42,43)-63})50

1L R T MONEIT, —BALFES AT 2 o2 1 Y IEEESHTEIES 1 #
O HIRRE - T AMEEMR 3 @ Y Mk~ Y = s R T = ) — L ORBICET S
Lo 1 H Y AEEEERSEE 2 | OV ThDE, Fo, V= AREREET PICET 5@
HN 1 WAL,

2.3 Acacia hybrid (Acacia mangium X Acacia auriculiformis)

“Acacia mangium’ & U< IX “Adcacia auriculiformis’ X% — T — K& L THER LB, Acacia
hybrid bRZICHN-TE T, TRDL, RIS LD Y 7= ARHTICBR 1 319, L
TeBR 2 WO RV E SR,

2.4 Acacia crassicarpa

$7=. “Adcacia crassicarpa’ Hx—TU— K& LIZG6. 47 Xt » b L7z (R 23 4 4 A
2 H), ARIZOWTIIHIEOME ¥ ITMATHARVWO T, EREZXYSTITHE L, Ok %,
POV TIEIMR 6 WO SEFRAMVIIEHTIC K B U Z S R 1 W BRI R D BRI R A
B 1 W20, BUBRLER AR 10 SEESATEMR 1 WY, TR A REE 1Y, R
SOy HTBEE 2 OV ST AT LT M & LTRSS RRIC bR SR TV 2 E D,
FOVTBEESCR A Sz B2 b,

23 FLHLEREE

A. mangium, A. auriculiformis, Acacia hybrid ¥ X ONA. crassicarpa DALY BEE OIEIZ
DWTIE, TNHDOSAVTRHME L TOFEBE KM L T, 7L BRO b ORI Z ), {LFRy
OHFHCBE LTI, HIRERESN VD00, BREMNREIIIIIVE LRI TRy, 7
H T ORRERIT A THERMOK 5% &SATBY (== Vidk 10%) V. 7h o7 I3EH
BFEOI>BLTHLEERLDODDOEDTHAZI ENDTHE, ERATHIICTORGEEZMTHZ &0
ROOEND, Flo, BT LT ONRA AT 7 /ud—F, RTTRL2—h ) OFNELRTHRY
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T e wrX A AT AF (Gmelina arborea Linn.), 7 A L - (Eucallyptus deglupta Bl.), 7 7 /L%
— % (Paraserianthes falcata Backer) (Zft# 415 FAMNT KX DR DAL DBEAIZ > T0D, T
O RARBFOMIRR), JJFHIMEEZ XL, RKEMEB~OILAHFEC O THE < O RN AL
N5 %9, 1980 FEAD BITFEREE (HTI) BEER D Y~ 2 v B A~ b T B2 T2 HEE S v, 1990
FERIZTT A TRT7 7V — B EORAERB OFEEERP AR L TWD, T T IR LT
HHWVIARER—FHOF v 7HME LT, 77/ — 23 MCHEBEE (LVL) 2 DAY
MEVM & LT ShTnd, Wihd 10 FRmOBERMMHETH S,

2000 FAREAREIZ 70 o CHA— IR, AR, — FRHBLE RN OFEEIER DR L I E > TV D,
Thbb, L=y THAMIZBNWTCT I T AL TV ROMKRR, ElaaA v KR THED Y <
v H v EEMIT IV TR R HHTE Cd 2 IRFER (7 # 0 B OB SN T\ D, FiE I
TATYT XU L (Amangium) &7 AT 7Y Y 7403 A (A auriculiformis) o B ARAZEL
FEZHWNTWDR, TS, Bk, Bfk7Ze & 2 E TOBEERIITR DA WERIN 7o i 34 6 L.
BB AWM %2 B LI2EREIT 5 TV D B EH X7 X S S RBMESE 2 KRR ORI 2 D4
FIREELR « FEARZ I L TRV, FSC RREA G L CTWaD, Wihh 15 4~20 4F o il sE
DHEEERTH D,

SE Xk

1) Food and Agricultural Organization 2008. Global Forest Resources A ssessment 2005.

2) IPCC: % 4 WEHmdE#E (B 3 1E¥ER<) IPCC ARAWGIII Technical Summary

3)  MREFFT, ARAR - MEERAEHE (FRE 13 48 10 ) , 2001

4) Uryuy, Y. et al., Deforestation, Forest Degradation, Biodiversity Loss and CO, Emissionsin Riau, Sumatra, Indonesia.
WWF Indonesia Technical Report, Jakarta, Indonesia, 2008.

5) F¥, Hex Ak, Razai A. Kader, W \EEREMARISM OMEE, AL - BEL, 25, 45-51, 1989.

6) E, MEAT, xRN, BRERIL, VSERMAAK LVL OEER 7T LTORM (8 1 #) LVL 1k
I L DME OE MR b, A EaEE, 36(8), 624-632, 1990.

7) Firmanti, A., Subiyanto, B., Takino, S., and Kawai, S., The critical stressin various stress levels of bending member on
fire exposure for mechanical graded lumber, J. Wood ci., 50, 385-390, 2004.

8) Firmanti, A., Bachtiar, E. T., Surjokusumo, S., Komatsu, K., and Kawai, S., Mechanical stress grading of tropica
timber without regard to species, J. Wood Sci., 51, 339-347, 2005.

9) Firmanti, A., Subiyanto, B., and Kawai, S., Evaluation of the fire endurance of mechanically graded timber in bending,
J. Wood i, 52, 25-32, 2006

_66_



BV EMIZH (T 531 T REFEDHF G
N F=", S¥—L HEIY—="
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in the Tropical Forest Plantaton’
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RFERDBUR N OHRMROER (R by 7)) LFEAKEE (Tr—) IZOVWTHELEL, kA A~
ADFHREH LN LTe, EBIT, F—ARAZT 4 & LTI O KBRS 31T D Bk A
F~ADA by 7 &7 a—2fEE N Uiz, BRHANA A~ ZDAPE & BREGHERF OBLR ) bE R 2 B
T 5 &S AMRHOSLG BITFEAREERPEETH Y . T b D O ORHeMEHERF 3 X % 5T
R N2 2 NTEMRDOFAPEZ R LT,

. EMANAFTADEE (R hvY) EERAREE (T70-)

RO KB ERBEREIL, KR _BILRFBHR & FAREEORENLEREETH DL, KRARKTLER
ANIHRTH, —fFIC, HHROEHEIIMETOEM TITESHTH Y | Z O%RAE OIERK 2R 2 #%
T, OB THENET S, Whwad STROMEMBRZHI <, AXOHED L 5 1Sy 72 i £8P
I2E > T 100 FL LR ENFHT 2B L H D28, 7 8 27 O L 5 B OREMARIT— I KR 234
DTENEDOD, 10 ~ 20 FETHFA L THREMELTHHORL, 2O X H ik, BifE, Ze
B L > TREMBOBFM A ST KES BARDN, TOERKNRFEIZIHE VKX EbbLAR,

KM TH, ETATHROEGE HRBEIC, AR B W TREEZERE (R~ v 7)) KL b,
Z DEPETIIAREC X DIRFBWILE & FESE - DRI X DIRFBHEHBEBE BT A L, REEROHE Y
P uIci s, ANLER (D ITRERTH D) ITBWTRENMAILT 5 B THRER - FHikE
T A RFBEEITIRKITIZ 2 D WK, R X R IRBOLEEME 2 FRET 52 LN TX 5,
W ZREIE OHERISRE Z BT IR O G A ICITIREFLHEENKETH Y, —FH ., AMAFEHRE
BRI DRFN EER) CIEEHEONREETHL, BEOHE, MOICRA I FHAOKE (71
—) ZLT, ThERRRBAEINTEHT M TR AN AR U, £ LRI ORI & fefr 2 2
LT D, EOTZDITITH 2 ORBERE & SRS, KHOBR L ITIEERLETH 5, B
FEY 720 OBMRAA A~ ZAOERE By TN X —F AR EZ2 EMICEET D Z ENEARLE R D,

BIRICEB SN TV D RFERIT, BIAROKEE M) »oRtEns, AMFIHOSEICIE, #MiF
IXBOMEE (@) CTRIIFEIDEMANTH DL, —F, HEREBRLIH 72 & RK O bR BT IN
e LToBEENCEADL L GEIL. ERRFEITHMBEOMICHEIE, BOEHEEZZEL, LTOLOIC
BHEnd, $hobb, OROE (HMFEH-H B OFECRE (EREFEER . OME4 7Y oE&E
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(E%*”“ BRI K > TR DS, %I 05g/em®), BLUO@EEICED HRFBEOES (BA
HEPIZRENEDDEETHN 05), OB LV@IZONWTT A ¥ T NARDOENLA OB & A 2 A5
&R, %Ea . ;%;owf%m%“m:lsot% 12, 65 (N, 2 10%). 15, 8% L 72> CW\5, L7-
NoT, WORIZL VY RFEEITROOLND,

RFERE= (M) x (1 + MFE-#EE)) x (EKREEE) x (BREEE) x05

xkFEEE _BbRFEOERE LTEET IE,. BT 4+ 12 (=367) 2F LD EICEVEDS

o«%&%

o

g
2. BEEMMIZH T BN F < ZADOHETE & 5Tl ©

AV RRUTIZEBO IR FEEE AR 1990 HFRLIRICAR(L L, 2006 FIZIZA~ N, &
UV~ B %W 280 75 ha IR SERB 2SN TWD EWRRDLIET T TRT7 7 v —H
REODBRAEBBETHD, A RXUTHEA~ TN EEMICIB W CTERRF 2R BRI L - TRk
Hift L, BiHb L g o 7o HilRlC L - 7 F v - ~ULH 24 (PT Musi Hutan Persada, MHP £t) 7% 1990 4F
KOTHT T~ XU LOFEEEKREZRBL TS (K1),

1 A~ b TMOT BT KEBREAR (MHP £)

30 5 haartyya  EMOY L, MARERIL 12 7 ha IZkA TS, MHP #:Tid, ki
O OFEDUNKE, HIR~ORERE, RNy b~OBFH, ARHOMHEZ | M. FTEXY | (EE T
DJiZE - EHUC L > THERM 240 T m® OOV THF v 72 AFEL TV D, XERICE L CEA 8cm
A DOARFE, BLHE, ARIIARHICTR U, B AT & OB 2 LT 5, 6 £~ 8 FORmMIMNEL HE
ML, WETITE 3 HRoOEMHE > TN D,

MHP #H@ERHIN D 2N D) IR A 7 «—/L K& LT L, #fpkoS oA A~ ZAEFEIZ DN
THMAENE L, ZORFGMIME 2R AT — 2R Z T ¢ /A Lz A, HH L=7 —#13 2000 4
~ 2005 F\ZhifkEn7=5 2 it 1 Eézﬁ)% 6 FEAEETOMAD AL F~ A EFEEEGTA
KU (2001 4~2006 4, 6 F4% LiRIC kY 8 FAEEKE) THY, TOERE (Abhv )
kE (7 er—) _ob\fﬁ%eq@lmﬂﬁ%:aéﬁm L7z, T72bb, A0V PHIX 9300ha NIZT v
A NIHRESNT 005 ha D=~ M7 r7ay b (PSP) @95 51 7y bt
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& L7, MERRE LT 1,100 A/ha Th Y | RGP ToO FHEX D OIE %, Bk - ME O fi 3
W STV, A o _y b F—Z34% PSP ICF ) 7SRz 60 KD AR & AR
fi L CHRONT-MEER, MEOT =200k, ZNETIOFHFEAREEZRHB L, S OICHEME
FEM 720 OBMFER BN ASA A~ A AEFERZHEE - L7,

i v B & B 1T R 0 AR R B E R S O TRER & IEDFIRE A R, (kL D 6 EED
g E AL 16.0~20.6 cm, HIEIX 16.7~221m IZET 5, & PSP OFBEHOBME T 0 v k&2 K
WCHEHSND AL ha ¥72 0 OFEFEEREIT K 217835 L 12,3 FEDNARKTHRRERL,
Z OB D, 5 FEESTARDEAREREIT 486 mihalyr TH Y, 5 FERBOEFE R EREIT 36.8
mYhalyr (23T D, 2D X ) RERE 2R T O THM ISR LT S AR A R L, BLE 8
~ 10 ETHREMNIEE > TREM E 22D, 5 HEET o THROBHMIEITH 188miha & BiEL b5,
THT M OREEEL 05 Mgim®, L7223 TZ O R fIT 94 Mglha Th 5, HEO R D
FEARERE D & FAEMM RO Z AR S 5 2 LN TE DN, 2 OEITHEFR & (ERDVE 5 O TEEIC
L, ZOBEZETHZ ENEEIRD,

0%
- o
. o #E
. o8
BEERE m
Mg Clha) w0
s F
K2 :THTT<rFUs (AM) OfEE X3 : AM D3 A F~ ZAAEFER:

S BT, REARKDSIARANA A~ AERIIL, BEERR OB T 57 7 o 7 SIRD kA S 51T,
R, #, B EIZOoOnWTEREN 12, 65 (N, B 10%), 15 8% & L TRFE/ME CHRLT D
& MBITREND LI, BELEDT BT T DAL F~ A EFERITRFER T 72 Mg Clha & 5
HEND, Lo T, “bRFEHE T 264 Mg-CO/ha & 725, —J7. BVHERIRM (FUER) D
A F~ A LR RIT 254~390 Mg Clha LEHfi STV D Y, 20 9 bRk & WEEIL T o %65
it L ICIRRIBHATIZZDERRZL o TWNE LD EHLEEND, RAKDOEEREEL
HWERE 300MgC/ha &3 2 &, 5 AT I THOERIIZD U4 BETHL, . 77 - T 7
(Imperata cylindrica) 7¢ & EHICTREM O Z X 1.6 ~20Mg Clha & RiEL 5N TWAHD T, D 10
BTWEEA Lo TV D EHEESILS, O 39 (8 ha O EFAE A 4~ A% 4,220 & b
VEHF SN TWALDOT, HIK 1ha Y7z ORFELERIIFY 60 F (MgClha) & RAEL Hivd,
FEZ AT D B EERB LT W THROERITIZNEK 20% A5 FLE O RFE LR & i S h
%

— . BEEERTHLT VT HROGE, RO X 5 RIRFEREMICINZ TEJRE LTRIALT
WHMAKIEE (Tu—) 28bE Tl & ThHD, EEEHICBIT /ML A~ 2 TR
DOIARITREMNZ HAg & T 2E0EE ERIDRER - HBEEZMA CTEE (A by 7)) ML, Z208O0
I WERNCFIAT 5 2 & DR EfER O MWESMTH 5, BIZIE. MHP tE2 NN DU DHIKIZE
JBT T iEMRMO 2006 4R (FEREAR RS 8,340 ha) TOERIIMMALA T 832 F m® T
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HO., TOEMEEIT 1008 miha LHEE SN D, Li> T, ZOEMMNE X D8, 4~ AD
IRFEHE LR EIT 469MgClha LEHE SN D, )7, FFEOER AT 1,549 ha, JRAH i 19.1
TomP ThDH, ~T =N OFAMKHE (@) 12 123.3m%ha (30.8 MgC/ha) TH v | FEit
ELUTRAR EREEEDIT A, EEM RO 2 O3 AL 8 om RGO KM A E STV D,

6 ki &R, BXLE 16(9,300 ha/6 =1,550 ha) (ZAHY 3 2 AR D ER & FEARIC X 0 Brige ke
TRFRETH 0 | RER & HEARIZ K 0 @B IRK DS A F~ ZAEFREICE X DD > TH, HHFEEDOHEE
EOOMMERE LTHANEL, BELEAAIAOERA My 7 &z, 7 n—, T72bbR
KRAEFEZMERTHZENHBTHD, L L, EERICIIFAROMBIIFHREOLEIEEBIN HI1ED,
BIAERROHEMIIEDD DT, A A~ ADER L ZDOFERERZ RHR 2GS CRIAIRIT L, %
Ex D ENBEITI D, KATRRM, FBE - B LU 2006 KR DT T RO SA A
VYAA Ry 7 LT =% L TRLIEZbDTH D, AL A~ AL L BEMEFFOBLAN O E
BN BEETHAXH, AMAADOISEGN SN R THY, 6D DDA My 7 o —0
FARESREDL, TORHEMHERE 25 S TATERIEHTH L LWV R D,

Z DIEN B RARB ORI L SN 2 B OPEEEMR T, HEOHLORBHOEER L L
FEH20E» 50BN LETH Y RIS H R 5 EEO R ICE T 2 HMERFEL RO b D,
BT IR O PEEER OB IZH L <. REAHOR L L, AT F v THMOIE0, AMAEEDTZ®
DERFEHLL 2 LR TVDL BMNANAS I~ 2DARERITL L LV RIE. BRREORE LI,
Wb LT =—= g BT X DO BTN X AT ER OB RO EICRK & 8% KIE T ATHE
PERE,

B4 : R, THTTH, BHOANA A~ ARy 7 & T7n—

k. MHIERORFMERIZ OV TIL, BHESLHNE R LD Y 7 —& LI EEADRFZ DT &
ORADPUETH 5, D) & —BIIBlofn & csgmL 9, Zhictho H8a iy s+
DA BTV D, MR T, (RERIERHZIIRCEER . RIESE . Y EORIES RIS NLD
. PRHURIE TORIE 1306 OFHEM O3 F - RO T L <. ZORY-OFHEM I THELH O



I BICRAE~ERT Db D LHEESND,

O XD REEOF M A, AERBBREBE O FRFRiE 2 fE R D IR D72 2 R DOFEREIZ IS U
ey == 7 b bR OMERHR EERE 2 B D IR, Rl — L LT 2 kAR
(PREM) . & BITIZAHE OB~ 1L —fEHaHEEE 2 B9 2 Rt B A PEAMR 2 B U CRLE L |
NITES) & AR L U COREL L OFFI 2 X 5 B OBiFE, FIEOHENRREL 2> TnD, A
B L DOFMEH DT DDA A< ARNHOHY 5, M= 2 =7 ¢ L OFfH DR, thathE L
DILAFH PEEEMRDFFREMER D 5 X TEERFETH D,

Girsa

ARG S OB IERHNC I T D34 A~ ZAOHEE LG T 5 7 — A A X T ¢ OEREIZIBNT, A
e 7 H L YL F 4t (PT Mus Hutan Persada, MHP) ORI 252107, Z ZIZiE L TH#E
BRT D,

SE X

1) KEE, JIHF—, BEPAE, MR GHRE) 8 7 5 BN AEaB oI, HEkME - Ealk - AH
PE — i) 2n AL AF HME % oR DT —, pp. 215-231, sUERRZEFAN RS, 2010

2) Widyorini, R., Kawali, S., Subiyanto, B., Hardiyanto, E. B., Firmanti, A., Gunawan, R., Suryanti, T., and Wicaksono,
A., Evaluation of tree growth and biomass production of Acacia plantation forest in tropical area, Proceedings of. the
92th RISH Symposium, pp. 37-39, Cibinong, Indonesia, 23 February, 2008.

3) Sunarminto, B., Effect of litter non-productive biomass on supporting availability of soil nutrients, Technical Notes,
1(4), pp. 10, 2000, Research and Development Division, PT. Musi Hutan Persada.
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W7 27 MBI BRI SN2 B EWERE A L TR Y | BERAEB 72 E D A 4
Y AZEBEICER L TR T — B AEFEERE LRS- M AV 77 A T ) —2 RS
P& LTRERFREVEZ LD TN D, BV PE RS 2RI L7 LW BER ORI, (b g TR
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L. NAARADODNAF TR/ —LOIEZERDORIE

U7 )N —ARNRA T ANLTH ) —)Lip EORBALZEN 2 AET H-01I0%, Bra—2
72 E OREY) O RaEE 2 RS D 2 A K3 iR L CHBELC TéI&wZE&&é TP A0 BB v o>
ZHE KT D HAICIE, WilR7e & Osife % I\ 5 Hik, BEER KD 5 VT s K E W5 5
B, BREROWDFIERENRS D03, T 2T CRBUEMIERIE OO & 78 o T D EER SRIEIZ DN T
U

BIARRLL < OEARMMY OHMIEE T, EAR— R EOSBREN) V= It L 0B Ih T 5
7o, MfaEEZ 2 LT — Bl EORER CIAKGIRT 57-DI12iE, V7 =12 Ko THEHD b7z
JuBE21E < U CHIIRBE 2 2 2 HH S D RTER N NEE L 705, U 7 =0 2RI TR L BERIC L D
HIRUBEZHE D3RR D T2 D DEBAFE D, ASLPEDDNR L NSNS A =X ) — NV EEFET D RE L
25, ZOV T2 NI XDEREORBAET DI, 2k T, a 2WER), Ar, B OYEE
FATLEE DS RET ST & 7o, IBRHESOERIE 2 EARE ML TRIG S DRTAEED L < 1E, — %
TIRFERIA & Hel U CEHERIAM T D RTAB R MENZ L b TV 5D, REM TS, BiffiC
KO BEOZTROT INITIIREREN D D, PFEEERHBIARIL, T OREM B DO EFEL B &
LTk - BRESNTED, %ﬂ%k%WEFQEEMkLtﬁ%%ﬁﬁiﬁbhfm@m A %
V77 AF V=2l LI, BB ORS S S3BE LT 0> & OBSEEME ~D A /s
E%%@ﬁ:bf@ﬁéﬂé HOTHY, ZTNETHEHEINT I o BV EERARBIZH, A2V
T ATV T LA BRI SN D TR B D, TR, A AREHMEITIE L 7o SR & B
T HWIER0, BERFELME A FRAE & U CoNA A REHMEIZIE U 72 R B pE AR RS & R SR 3 DA FE 03,
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2. BEERERBMNODNAA TR —IILDEE

A OFBIDREZ B2 BB L0 @RI SH, B L2 WA RER MK iR L CHBEZAPE L, AR
Lﬁ%%%%ﬁﬁE@TW:%W%%ﬁ%E%T%%TéENKﬁI&/%wﬁéﬁéhé%ﬂ’

WIERAR DO A, Ay ) —NVAFEEZEBNE LIRS ZSRE LTz, =& U v A, HEBEN
-% v KEARE, ATRRERALER | JRIALER . A A R | AL ER T DR 2 7R B SR B LR AL BRYE
DTS TnD2Y,

BHERARMIC G TN B0 — AT SV TICEB L, ~I B —ATHHEF LT UITTH
J = VAZEBFIAT DR E RSN TNEYY, ZoBZTIE, V7 &0 7eRnichht LT
TH )= IEBRL, XU T R LT REARY = LTSV T RAET D, ZNET, ¥
TG EDONI LRIV IR E ] ESE LD, v i ié%ﬁ@ﬂ\%%%<ﬁ
EPBRF SN TERER DML T W T a4y ) — )L EFOMARICHATE 572 51F
NV TIDOFEMZ L e — A GBI RELTE D, ZICKY, SV TICDFRIEOFFEEDIRN Y
BARD AR N NT U ARKM ORI AGEA W BT 5, —JHF, T Lenifht &3R80 ERrs 77
RSV T BT VT Y TR T Uit LRI 2 550, 7OV RIENL X7 &5 EEL T
FIRAT 2 HEBRA SN TWD, T 03, NS A=H 7 — O, FERMERD OB ZE < a—
T4 T N Franf R EOBRENERY) ~—I2ElmSh 57,

F 1k, REZ2FERE LT 5 BERHL - BEEEZRBR L72WF3E0ITh D8, =—h VNS —
Bl RSB TR K AT ALER |2 X 0 BESE L 2R3 2 A0 F T oL e, = — 0 U PR D 7K BRI AL
FRZ LR FEZTINT D LS LMEE SN, a -/ E—AR—ZATHRK 80% DILRTS /Lo
—2ANEB o 9 2—H VRO 80 Xy a2l TD 7T 7 g 0lid, 60% LLEDY 2 o
TN T APNEENTEY, ZIUIRBE 2RO 24.6% (2S5 17,

F 1 BHEREMNODONS Ay ) —VEEZHINE LR

g ATALERYE BEsERE(L, =& ) — LosEE SCHR
Acacia mangium | A — K7 | 120C. 3 DA — "7 L—T W%, A A T —¥ T 4)
L—7K | EHEEL, AF 100 mg M7=V 8 mg DOEITHEN LR, &
BULE | vm—20 8.2% P, EERAAEIC LV ERIE, 1.5
HIWAL | fEEEIN, BERE Saccharomyces cervisiae (SH1089) % >

P T WATHEFEIC LV . Ak 100 mg K720 K] 6 mg DT X
J =V,
Acacia dealbata | —#% /) | BOJEFE Ceriporiopsis subvermispora & Ganoderma 3)

YA+ A | australe T 30 HRHLEEL, 60% =% /—/LT 200C, 1
FJEAGE | BRIV 2 VLR Y R, BERE Saccharomyces

pus:it cerevisiae TBIRFHEMED D VIIWITEEE LTV, 1
FNFEIAM N—2Z 51% & 65% DEHFETrZ ) —
IV R,
Acacia dealbata | ZohilERl | 0.8% il lc L b 180°C., 15 Ay DO RHIWE & Pichia 5)
szl stipitis CBS 5773 (T X 2 BIRFEREIZ LV | KAEEIEBIS)

235 10.31 g/l =X ) —) L% 24 BEECARE, WITHE
WEETIL, 7.53 g/l DX ) —) L% 48 B[S CAFE,

FEucalyptus KBV | 224°C F TOKRESNT K 2 B Oz © &, KEL 10)
globulus FIZ XV, FK 90.4% OF T UoRaEilk, V7=




AR 13.8% BilE, B — A, 1RIE LT ES I
17, BERDRITERET,
Eucalyptus 2% AR | 2% BAT—EE 4% - a v X —EEHWZ 50C, 6)
dunni i iz 22 WERE ORESEMIL TR 54% TR 24k, 60°C
134°C.60 | OFH L TlX, IR 34%, Jymomonas mobilis IM4 12XV
SYATLER | FEERIE T1% Cx % ) — V&P,
Paraserianthes | A — k7 | 120°C, 3 /3D A— b7 L—T/HE%, A AT —¥ TE 4)
falcataria L—7K | L., A 100 mg 24720 29 mg OIEITTHENARK,
BAE | Bm— 20 38, 1% AL, EEEAEIC X0 IR,
B | 1.2 28800, BR; Saccharomyces cervisiae (SH1089) %
# AW ATEREEZ LD . KRBy 100 mg 729K 18mg @
T X ) —VINERL,
Bucalyptus JERHALEL | 42°C, SEEIREE 10% ORMFT, 16 FPU/g KEO® LT — | 1)
globulus Y L MMEWEEERE Kluyveromyces marxianus CECT 10875 %
RVAATEIERE, 70 32— ZA_R— 2 OBFHILER 50-72% T
T X ) — VR,
FEucalyptus A F R | A A W 1-ethyl-3-methylimidazolium chloride 11)
globulus R ([EMIM+][C1-]) Z W AETLEE, 160°C, 60 4y DRITLEY
NHEERPELIZ LY 30% DOWEE TEICHE 21572,
Eucalyptus IKEVEOS | KBS HTALER DR, ALERRER N B 2 B BB L~ | 12-13)
globulus BAFHM, 230°C OKEVISE ., RIALEY) DA THERERC
LV x> ) —VEERK 26.7g/LTHE,
Eucalyptus KREE | 7SV TACDRNF T & KBULERCRIE (L L, /S A= | 14-15)
globulus B ) — VT, R N —AREERE R L OEERE Pichia
stipitis ZWT, A (12 g/1), AN (0.22 g/1/h)
TKBFIRIEX VT v Inb A Al ) — VB A,
Fucalyptus DEEK | IEEVKALBE (160°C, 30 47) & AR—/L I VALEE (20 47) 8)
e FAR=L [ IZEY | 4 FPU/g EDOELT—E T T0% ORILE TR
IVALER | FERE L,
FEucalyptus &)Y | 1% OfffsZGir 256% =& ) — LK T/ IVR Y & 9)
F v 7 A A, 200C OFTLESM T, Ble— 2 &I RIXTREIIEE
FhEb,
FROFCHE L L,

3. 7HLT7OEHRFIA

AV KRR TR EOBR T U7 TIXERBEERNIC L VIERRREN iR~ AROT o7 M
JREICEA SN TWD B dcacia mangium V%, FEBEMI~OEMNE AN RV ZD, fK - LT
AREREE BB, TEVEIR, IEL b7 72 EDJFEMELE L TR FIH SN TV D, REMEE LTI
KT BR EOREREEM . FE, 6, X—7 4 Z VAR —F, /~—RAR— R LVL, MDF 72 &0
RA— FEEECRA SRS Y, #lxiE, HRORFEA—D—ThD TIKEA X, X T AT Acacia
mangium 78 ¥ OEETEERARN O FEEZRE L, FETHIEL WD 2, dcacia mangium {22\ T
X, BEICEEICEENG X =0 ERALTT R BIES T = /) — VIR R OBEE RN DS

HOBRREN 2 INTWD, Acacia mangium OFEFIL, BAICHRAEIN S, F7-. BT,

MR,

E3

SRk




Acacia dealbata 13, A —ANZ VU THEHFET, 77V Bt LTHAE LR, 19 i
FPBHICBIER E LCa—a v X IZREBIAE I, ENLIEE, WAL TWD, dcacia dealbata DFE
HiZ., SV EMEINIALS A ENTWB, dcacia dealbata 1%, BHE )50, AR %%E&%Té
EMFELESIT N TWD, ZD7D, Acacia dealbata DFIFILKRZX D HFRD—>L LT, »
4?2&/~WMﬁﬁ%éﬂfwé&9

HEARNT, BB LERRAE LTRSS TS, T TIEKSG (ash), T77b5, &
%%(%,&P,m,&,M,&,%,h,m,m,&) %ﬂﬁm_&#%\%%%:ﬁémﬁ%
fEEE LT LB ATD2ZE0AETH D, NV TEEOBIZMN D A mangium O R D R
(charred bark) % HHICIEEIE LCHUA L, b UEna e —F v w7 8O BIEY OILHER I BN
LicbwodE b d s, oM, TEOMFERSOSES LT, pH, REFR, WIREY > Oz
ERKENZ L, THIAEERTWEWE TRICHIRITH D, £72. & Al FaRETHLT VT 1 Y
VTHETHEIS T A8 S U dcacia mangium [ZEBEBIETH S 2,

TR T IIRAEMREE (V) =2 \ﬁ%@%?\’?ﬂ?ﬂ/7~—ﬂ?7ﬁﬁ¥f) iflﬁ@%%% /RN 5
%iwmiéﬁﬁ%?y7ﬂ%@7wjhw%%%f5/%%#ﬁbT%éoé%g\§/ﬁ/¢A.
auriculiformis (2% < AFAET DPUEFEME K OBUE (L HIC DWW TEAA AV 7 7 A F U —OF
FMmfE 58 < BifF S p 29,

4 RETOTICBETRTERERNAFT ) I74F ) —DBEICEITT

NAFV T 74TV —i, BVERKREZ L ORM T U7 HIKICERREETHY . A F~ADEE
EEERIRIZ X > CTHM T 7 HIRICH -2 2 B U, [EEEME L OEN ORI 20 R EICS7k
FHET- IR E 525V, SAHREI O AT, BERCERH R S CRE O R 3 Ly
WCHIEHH DO = RNV F—Z2 472 6T ETH RERERDH D, HURO LG, RE~DEEL i
k@%ﬁboo SeHERY T BN & & DE & A A~ ARG FE S BRI U C, R 2 B i
RAEBASA T 77 A4 F ) —DHEEIND Z & xE L,
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Tree biotechnology of tropical Acacia
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BZE

BT U7, R AEENEE Sh, BV RO RAR L LT, W T U7 & LIS KRS
RSN TE7Z, LL, WEPHEREDEKBTARERKALMESNTEY, 4%, EEEEHEK
SHLHOITIE, ZNODORBERRT DI2ODOBANA AT 7 ) a0 —ORENRAIRTH D, Bl
B, BET T ONRAFT 7 /ay—L LT, ~Ar7uarayF— g EST T, BEEk -
AT 2 MENH 208, k. BHEHIEHR - BEFAEDOEDFRIEPRIR S —7 = —IT &
L NT AT YT b= MENTIR EOIEEE N TN D & & BT, i RERGUECREMED X S e
EMICEERE 2 D BB ORI AMELEIET S RSN D,

1. [FC®HIZ

BT LT Ed, BTG ICER T 5~ AR Acacia B AL TN, B0 N TIEMAKL L
CHEZ /2 Acaciamangium, A. auriculiformis, A. crassicarpa &, L5 OFEMMEREEZ & A TV D,

A.mangium, A. auriculiformis, A.crassicarpa I, WITNHE 7 A — AT NN (F—A ST U 7).
Za—F=TH (VY FRITRONRT T =a—F=7) 0, By bikE (L FRTT) 2nd
THATHRET, 20~30m [ZETIHHEREEATH D, A mangium i, A > KR 772 8Tk, B
MR SN BRICEC DT IYOEETH LA Y720 OB WRFUZ BRI 35 /31
=T THY . HIRHPEKOB W EEA A TEBT L, EARRETIIAETNRENE SN TN, A
auriculiformis (X, A. mangium £V HKG AL, JIRTUAWIZAR L, BEEEF-THAET S 2 &
17003 A mangium L [ERRICT Y OAEFTTH X5 BEJR LS AEFT 5, A crassicarpa 13,
I A= RZ 2 PN TITHERPHR WV OFEIZEFT L TN D), HEICRWE SNATEY ., ol
FrCiE. Mt s THOKRBEWIERIBHO KO RGFTHAEFTT 5, i, MEMEE LT, A
auriculiformis & A, mangium & OZZHERE (A, auriculiformis x mangium) A X< BN TR, A
mangium OJRE 7R & BA RV, A auriculiformis O DA EFGIME & i < CEWAS (LLE 0.6) O
WEZERSL, T T A7V y RedmsivTng, YLEOREZ, 1 FRUTHE (A< b
TERE), vL—=v 7 RXEF LA TER FAL AV RRE HET T NOMT ITIINT T,
ARBE AR TIER VI N THZ RS LTS,

INDDOEGGET 171, HERERARRMENEER Shv, BVirPEO FBAER & LT, &4 OREMH O 1158
BRI LN RIS L, KBRS TE R, L L, WESHEREODHUBE T NERA
LI TRY ., 4%, AEMEZERKIEL720IE, INDLORRETRT D720 OBA A 4

‘2011 4£ 9 J] 26 HZ#
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TRV —DRBNPRARTH D,

BIRNA AT 7 7 uv—bid, BREZNGE LTeAM AT 7 /) uy—42EWT 5, 22T, iy
BT A FT 7 /av—ik, RES DT ANV I, FT 7 /)und—bma—NAFT T )
BT bD, A RN AT 7 s a o=k, M RN AR E Lie~v A 7 n T a R
F—a v, Hofb, MRBERENTLTHD, —FH, ma—"AFT 7 ) ur—E, BiaFiER
ZEMA L. BEFEEL R L LIBE A BINC L DWERER P L TH D, B, 7/ LI
WO L > THREL 72D DNA ~— W —%FIH L= RMEIC L 2ER (DNA ~— W —HH) &%
oy WA FT 7 7 ao—IlEGEND,

BIARDSTECld, 2006 12877 (Populustrichocarpa), 2007 421X~ Ko (Mtisvinifera) @7/
LERHIDSABT S A, 2011 FBUE, =B VD5 ) LD KT 7 MEEAIBRE SN TN D, 7/ ARSI
HOEDIZENTWBEEREMO A 32T, 7 2OESIETER U7ZHREMNT & . DNA Mz Hifli &
DR FEREOSETHZL DNA ~— I —FREPSHICHEEL TETEY ., BIAROFHESEICE
WTHIAREZR DNA ~— U —BREBASHERT D AREN D 5,

LU, FREIC DNA ~— W —BREIZ L > T, BAROEFEEZEMIITO L LTH, £ OBk
T, BARIZB T 2B FREOHGENLETH D, BIARIZE T 2B FHREDOKAET, £ DB
WE LV FEBADE LGB, EOX ) RRAMOENEELLONERIDZ LITLoThah
Do HEo T, BARFOFEBLE N THUTHIE U 7o Bi& 2 MR 9 2 8l Td 2 TR RS - EIRTAE O Al
WERAIRTH D, £, BN ERERE REICHEIET D84 72k o b ZAICKET
bDH, LTI T, ARRTIEL, BT A 7108 2R, Bz, 7/ I 7 AR EOBAN
AFT I ) ao—OBEBRFIROBPLE | BEFEORHELZ B E X ISR OBANA AT 7 ) 0P —0DTF
FIPEIZOWT, Eamd D2 & & Ly,

2. BETHITOBARNAATY / OO—DFRIR

2.1 %4y 7any—vay - BokR

INFET A mangium O~ A 7 a7 asNr— g VROESEIZOWNTIIW O ERH D, £,
~ A7 uFuanF =2 g 2O T THHA, Nanda & Y 1% 10 FAEORE L 2 A HisMERZ T
Murashige & Skoog H5Hi CLIFAAZFHE L, HWV CRBEHICBE T2 Z LICKVEIL TR,
RAPD v~ — W —Z MW ERRE CIIAERITIMR IR P2 &2 @EL TW5b, Bhaskar &
Subhash? %, 8 4/ DREHM DA ESMER LV Rk~ A 27 B T aF—v 3 v 27> T 5%, Xie
& Hong® I34ME A2 F3RK Y (rejuvenation) EH7-%3H KLY . REVENEET/ER LML LTS,
—J7. Douglas & @ %, BIES O TEOH 2 EHBINT. 22 OEHEREH TS, Sdto 5 1%
MFEEZ L BNTEHFEREZE TN D,

—J. BEIZOWTTH DA, REMEL (somatic embryogenesis) (ZOWTOHEN—#Hdb 25 D
HTh b, Xie & Hong® 1%, A mangium OREFE T2 5 IR LiEE A3 % /L A (embryogenic callus)
BB L, (MR EEZ R L EERFARERE LTV D,

2.2 BEFEA

Xie 5 "%, A mangium % VT, Agrobacterium %/ L7-ZEREER ATV, TREEEHREIC R
WTHKRELR T THD GUS BIaTORBEEMRL TS, —f5, —iBEEEGRIC OV TIE, —
F 4 7NV AW Quoirin & & IC LA HENH 5,

Yang 5 9 |3 A. crassicarpa D4 GERNEIZWED L 95 I8 b LT-8E) HROAMEERZ v
T, Agrobacterium /L7 ZEREEHRIZE Y . N7 T D 4-coumarate CoA ligase 7' RHE—X —DF
JiElZ 4-coumarate CoA ligase B+ D 7 o F v AH| E 8 Liza v A T 7 FE2EALTND,

2.3 EST &4
Wang & (%, A mangium DOFEN HIEELEFI# ~ (expressed sequence tags, EST) % ERL 12 L T 7=23,
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R Suzuki © ™ X, A mangium O a— b E LR OKREOFEL DNA T4 7T U inbAER L
7~ 8,963 > EST #fFEHT L7-, ZOfE%E. A mangium @ EST |, ZHE THRITSHTWEH~ A
Y (Rvarzy, Zru~avy, A4 X) O EST OFT, XA XD EST (Zx L CHIEMZ R
THORKLEN ST LN LT, S5, MIE, BBk, Ko, ZREEERIC
B2 EST EAIAZ#E L T\,

Yong 5 2 3. A auriculiformis x mangium D43k OARES (inner bark) @ 3,182 fE > EST % &k
L. EST iHZHIZ, V=Bl —RESROREEEG T (PAL, CAD, COMT, CCOAOMT,
CCR, C4H, CesA) ([Z2WCER PCR IZ X D RBUENT 217> T D,

3. B\ Acacia MDINAATH /O —DREEEARAE

3.1 EEHR - BABER

EDOBEET AL TIZBNTH, A=V RS AT ) uP—0RIEICEEND, v~ 7 asy
—Ya LB v —r O LEERO RERFIIHKRHWES ThHH EEZ LD, L, BifE
@ Agrobacterium |2 & 2 ZERE LRI, ZE LD PEIEREERIE O D MEMES (%), &
7oy BMETRER TR HEA 2155 £ TI2 1 R BEL$5 59, 5o T, HKRTIE, BEEOHEE L
BB ARG T WU TICEAT D120 THRERFEBR 0D 2 b, 4%, WHEER -
WEADEZRL (10% LLE) LBF(ENMLETH D,

3.2 HEES/ SHUR

BT BT OBAGTHEBEMATIXIZE A ETFONT L V- TEWIREETH Y, L HR< EST ¥
fEshTERkinTdhsr M, L, f&if, kit —27 =% — (Rochet: GS-FLX Titanium 73
E) OB LY KB EST {ERARD THRRM & 720 | R —E L TETEY | FEENICE
FREGHTT 1T O EST MNEMIZEEE S D rREMER H 5, EST 233 i, fx oBE 11
B3 D HEREFRNT 24T 5 BePlE & 70 5, BIARICHBOAMBIRICOWTIX, AT 72—V 72 & TS
MEATFTLTWAHDT, BT 7 TlE, EEMICEENOBWEET o 71 A D/EMmBl G 24 5 &
A DRIENMERICET L WIS N D,

3.3 WAREFERM

BT 0TI CTREMEN W L s, FAEBE LTER R T U7 TSRS TVND
2, FNTHREL OFRENRE SN TVD B, FlziE, A mangium (X, HEQEOT B X 50 ER
DESNTEY, Fl2~v L —y 7 TliE, 17% O A mangium %% Corticumsalmonicolor |2 & 2 7R4K
WL DG EZ T TV h SN TS, BEL LTL, 2 RET 25 Pteroloma blagiophelps <°
AT AL DEENRA L FRTT DL L OMM THEN B D, 7o, BHKEZ K 5 Helopetis A~
N EBTOERFERTH D,

A. auriculiformis (Z2WWTI, JHFHRICE HHFITD R, A RR U7 T, SUYE Uromyces
digitatus (2 L 2 K EBLEN., A > FTiE, Ganoderma lucidum (2 X 2 HBIHEAHEE STV D,
Xinoxylon |2 X 2FEWEDORBELRENH 5, A crassicarpa DA, Platypus xyleborus <> pin hole bore
FIZEDEENRE SN TND,

FRHREBEICL DB T o7 OEENK T EZIMZ 5720, FHEECERICRHT 2%5E - ZREDCR
WERL Sy DFEAITAHOBREAE S LTEETH S, 21X, A auriculiformis @.0FF1Z1%, A mangium
L BUEMED 7 TR ) A NMEAW TH 5 teracacidin NERTT 5 720 1, LHIEFIC X B HERD
BNESNTND Z b, MEICEN., DB ST T A7) v RO+ HREIT
PEFEWICEHE Th 5, Teracacidin A£G D 2 BInFDORIEZITV, teracacidin Z& & 7/ LADi&
B1ELS & 2 BRI D 2 &AL, DNA ~— B —12 & - T, DMBFEREEO®mNT B o7 N
A7V y RERINTRKT 22 LNk D SRS D,
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3. 4 BE M

BT T L TREDBEWESbn T, #ilxiE, A mangium 1%, EMEEIDO 4~5 F
<. Eﬁaﬁﬂf@muii 5cm, HEIE 5m OBIARD HND, PR A~ T BT, EbE 1 4E
MIZ 3m OFESIICHETHEWmES, 7+ ) 1:°‘/“C ¥ 3 4EMICFH 8.3 m, MEEAITK 10 cm

WZET D, L LR b, 7~84EHLRRIT, TURICKERIEENMET L, BRI RBRECEM%E 20 4
PLERGE U727 Ui, ER 40em, & & 30m L/U:%Efﬁfz'é Sl n,
A. auriculiformis [, A. mangium XV HECERMEIZS Y | EE ORISR T, EMEEBEERITFR 2

~4m OFESOBMNNERD D, A crassicarpa li\ AT 2 LD bE <R LRV, ZRTHAE
B S 12m EEOREERE TEBT T EoRENDH B 2,

REEEIL, KEANA A~ AOEEEREZFMT 52— 2ORETHY, REMZHEKIELERITS
BOHLREBRBEHAEDO —STHA Y, BVET T 1x, £ DA VT F o TR TERME 7~8 4
WCfRER, BMATIEENR LIV EL, 12~20 FEIERTH L S TWH 23, A mangium (IZR 55
L2, T~8HETAHNL, REEENZHIET T 5720 Y, slEHEIK T OMEL M L, 0
KRR ATRE R OB N EEN S,

S Xk
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BUBEHIR ., BCA U RRU TR, TYTEV A=Y, A= —= 5 - {HIRE), A > FEEXA
R—E— RBIRAREOXETICH Y, KRlEY AT AOBRE R E )3 OIZHAF OSGETICALE LT
W5, A2 RRUTHEBMARDOKEIROTZEBIL « ZE R LHIEZ1TWBIED Sl E T D K52
LA FHT 2 2 LT, FEROKUE TRIA ATEE & 722 2 "TREME D i E 5 72,

1. [FC®HIZ

HEAR DT A& AN O 53 FHEENZ VT WINEDR & 0 &M ARIRMI N & 2, 2402 KV sz dm (growth
ring) DR SALDH, FRICHARD X5 RIRHFERLEFIAET T OHARICONWTIZO AN 1 F£Th
DT DITHERBPIER SN D, — HEE 72 & O Mk CIXAMe 2 B BIME 2 Fefz e WBEAR 2 % < JEIEAEAS
RoENTH 1 AETIEIRLESTLEREISHIG L TWAHEA23% ), Dendrochronology (dendros:-- it A
chromos:--4E4%  ology---f) 1%, BIROER NZ — L 2045 2 LIl k- T, ERZREICR
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A7V K TAUTIE, BRICKMBEN TEDOEFFO Loz, Rl Tk, O AN TAYE
FEAMERF D FIRE L 720 | EHERERRAR E L CHER IR TW S,

UL, 2OV M E LTENTEARM N E S T, EEL T TIEIONoR0, £, AMOEE L
NSV, BDHNIENADL O HROMEIZHE NS L LI wmEL L0, ZOBRITERENTIX
RWEEDbID, £Z T, 2VTAME LTOARMOMWE 25— 2D IEIC, ALFMD DE R
FRE FRRF S A TR D &? YFERDH B, BlziX, “AVTRMELT, HHW i%ﬂﬁ>6?¢< A L

DT %ﬁ’)t TiE, U =R b ey (=ve— XS0 | BRI R 235
BRI ThHYH, HEN ’fﬂb\ INESW, TR EORHEAEFRFOAM DB E LN E NS Y, ARRTix, S
VTR E L/T@%Wﬂﬁ%ﬁfﬁﬁﬂ . R OREEL, ATV v R T TIZONT T, £
Tz BVHTM ORI PR 2T 9124720 . ZoukEiET — X O AYEIC W TR T .

2. #M - AE
2.1 ##

NATYV Yy ReThHUT L, TOERTHD
~ ¥ A (Acaciamangium) &7 U7 U F o
U7+ A (A auriculiformis) ., A > K
27 MHP #oakErH L 0 (&8 L TR,
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8cm (TR A AT L, HIEEA S 10 cm D& T
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TAPPIY OIS ICHEWEAL Ry A2 RO 7=,

Tz 2em ADOSTHEEGIY L, OkEEE &

T ERA K FAKIRIRALERIZ K 2 M ARt 217\

AR GlgERmia, B8, B a2
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BIZRITHE LT, B O5 O o
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* SR (Slender Ratio) : %
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D

e CF (Coefficient of Flexihility) :
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NP UHHESY) X, N Ty RO T L D A EICELS . SV TIETERTAAL 7Y v KA
AR THD Z NN S NIz, T VT DFERERS Th DL TIZONTIE, Arkln—2 &
TIE, "7V y Rl “fE YV b FREICE -T2, a—BLe—XETIE, "7V vy RiZ7Tv
VX2V 7N IALDFEICEDSTEN, v UF VAL FAERBEIRD LN, F2INHD
ENWHRENLOTIERNZ 0D, 2LV AL TENMBEENICEDIE, b7 v TRT/uvy
IR E BT v E bl s,

F£1:T7HTT 3 BEOIFEHRSME (ZFCH 1 LV EIH)

Spec Alcohol-benznene  Holocellulose o-cellulose Lignin Density
ecies

extraction (%) (%) (%) (%) (gcm®)
Acacia hybrid 29 82.9 45.4 30.9 0.49
Acacia mangium 547 80.4” 457 31.3 0.46
Acacia auriculiformis 6.0” 713" 40.6" 34.1 0.52

"95% EHERXMICE A ANA T Y vy FEDFEHE; 799% EHEEBICEANA T v REDREE
(Student @ t-HEIZL D)

3.2 FREIFHR

WA, e L oMl a ek LU R OBREEBIRE N OB o N T — 2 2R 21TRT, WThbr
AT 1 UTFT ®WICEL72bDTH D, LinL, "7V y RiIfho “FfE L0 & ikMEmia
TR FenA 7V vy FOR VLV F=ITAEICE, AP LR0NSORTHRO “fME R
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A ITBERNC LDy 7Ty TORERRIIMERWEHER SN D, BENTLE, "7V v Fid, Blo-
T L TR DIWHER O E 52, ZIR DS LR tBETh s LD,

#&2 T HVT 3 ORI (BB 1 LV EIH)

Characters of fiber cells Morphological parameters of fiber cells Proportion (%)
Species Lumen Cell Wall
Length Diameter Ray Paren-
Diameter Thickness RR MR SR CR FC Fiber Vessels
(um) (um) cdls  chyma
(um) (um)

Acacia hybrid 1068 18.76 13.74 251 037 462 574 0.13 0.73 73 85 9.4 95
Acacia mangium 982" 19.39 14.29 255 037 459 51.3" 013 073 62" 9.8 16" 12"
Acacia auriculiformis 879" 16.74° 1113 281 0.55 55 52.7" 0.17 0.67 68" 9.1 11 12"

"95% EHEXMIC LA ANA T Y v FEDFEH; "99% EHEEKEICLE AL T v REDREE
(Student @ t-HFEIZL D)
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R, — K ORI B A 2 HElHERIT O R S 2 HEET 2 FIEEREL T D Y 25k, B
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Metabolic engineering in transgenic Eucalyptus species
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An attempt in Indonesia for constructing
earthquake-resisting prefabricated wooden house

made of Acacia Mangium(Acacia Mangium Willd.)”
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5 B e 2,304,384 (23,043)
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i B #7E (36,000km _EZICALE L R CTHITE A EWIR SNV~ 7 oz VW CERT
WEIZENELBELL Y EWIREFBETHL, v 7 oI LD BRI —[rik
(X, SPS7E1F T2 < | HEHEFOERAESCER B EOMBRAEIC HIEHAEET, TFa

IZEEFEALPHEA TV DL EMNTH 5, EFEIFRFT CIE~ A 7 Bl =L ¥ — Rk %
EP@J: LTI ZED RO SPS &~ A 7 n i =R F—(mE RO L LR > TN D,

ASLER BRI TR 7 FEICE L H— AT - =LA (COE) 1T XD EHF
AR & L CEAS N~ A 7 v R ) (mos S5 K OV BEL e i i ) 2B 1 e
Ww = R O ERAGS TSNS T~vA 7 niio 3L X — Rk EHREE METLAB
(Microwave Energy Transmission LABoratory)| (X 1(a)) & . “FAk 13 I EA I FH K
b5 3 TR ATAIF FEAR (WS SPSLAB) (X (b)) 23 il & 72 5,

METLAB {3 &1 28 /7 B A (1 Wiem? BL 1) 2 B L 72 7mX 7mx 16m D FERRIGE T, ¥
—UT=TNE XY RV aTERELTHD, TOMOFEIZIIAST VT AT T
ARy NT—=ITF T4, RT—R2— &#@%@v%&m&ﬂ*“%ﬁxé e
\ZI&, 245GHz, 5kW O~ A 7 aidE 12~ 7 3 ha r THRASE, BHEE 24m O/NT KT
T T T B EEEENTICHE T 5 2 L BHR DM b A TV D,
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R EYME) L7 7 F 2 BA%E L, /ANVUARAT EEREEI R L TRITEBRICAREI L TV D, FEER
Tl bZEREI /NS WA CHMRITAIEEZ LOBW 1% D7z, S BITALFHHE~ 7 %
e ZRMA L LW~ A 7 nREam b L, mEEHE N7 ¥ 7 A CTHES
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Md. Mahabubur Rahman (Toshiaki Umezawa) : Improvement of wood characteristics of tropical Acacia by
molecular breeding

As the first step towards the improvement of wood characteristics of Acacia mangium and Acacia
crassicarpa by molecular breeding, we have established the efficient micropropagation system and the
genetic transformation and regeneration systems. Thus, we have established: 1) mass plantlets
propagation technique for both Acacia species from nodal segments, 2) micropropagation of plantlets
regenerated from phyllode segments of A. crassicarpa by somatic embryogenesis and 3)
Agrobacteriunrmediated genetic transformation system of Acacia crassicarpa with the integration of
B-glucuronidase (GUS) reporter gene. The established procedures in the present investigation can be

used as tools in the genetic improvement of these Acacia species.

Fig. 1. Micropropagation of A. mangium. A. Multiple
proliferated shoots, B. Acclimatized plantlets. Fig. 2. Micropropagation of A. crassicarpa. A. Multiple
proliferated shoots, B. Acclimatized plantlets.
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Somatic embryogenesis of A. crassicarpa Transgenic A. crassicarpawith the
integration of GUS gene
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Cellulose is a polysaccharide forming the framework of green plant cell walls and it is the most abundant form of
biomass on Earth. Cdlulose is aways present in fibrillar form, nanofibers comprised of straight molecular chain
polymers arranged parallel to their axes with hydroxyl groups connected laterally by hydrogen bonds. This unique
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configuration grants remarkable mechanical properties to these nanofibers, which are comparable to those of aramid
fibers. Cellulose nanofibers compete well with synthetic fibers as they are relatively less costly, renewable, recyclable,
and possess high strength per weight. Chitin is another abundant polysaccharide and is found in the hard materia
forming the exoskeleton of marine crustaceans, insects and in the cell walls of many filamentous fungi. The molecular
structure of chitin is identicd to that of cellulose with the exception of a hydroxyl group replaced by an acetamido
group. The only way to exploit these bio-nanofibersin useful load bearing materialsis to extract them from the origina
tissues to use as reinforcement in nanocomposites.

Research on cdllulose nanofibers and whiskers has been initiated by researchers a8 CERMAV-CNRS in France. In
1995, Favier et al. [1, 2] reported the production of polymer films reinforced with whiskers extracted from seaanimals,
tunicates. An aqueous suspension of latex obtained by copolymerization of styrene and butyl acrylate was mixed with
an aqueous suspension of tunicin whiskers and film casted a room temperature. This method allowed well dispersed
whiskers throughout the composite. Films up to 6 wt% of cellulose exhibited an incresse in shear modulus in the
rubbery state of more than two orders of magnitude. Moreover, whereas the modulus of the matrix decreased with
temperature, the modulus of the composites remained constant up to the temperature where cdlulose darts to
decompose. The unusually large reinforcing effect was explained by the phenomenon of percolation, a mutual
interaction of nano-elements forming arigid network of hydrogen bond-connected reinforcing phase.

In following works [3, 4], Dufresne and coworkers reinforced plagticized potato starch with potato parenchimal
nanofibers to improve the modulus above Tg and water sensitivity, two typical drawbacks of starch. Above Tg a
modulus increase of about 2 orders of magnitude was reported even at afiller content of 5 wt%. But when Angles and
Dufresne [5, 6] produced composites filling plagticized starch with tunicin whiskers, the storage modulus of a 25 wt%
whisker at 365K (above Tg) was just about 20 times higher than that of the matrix, contrasting with the much higher
reinforcing effect of plasticized starch filled with cellulose nanofibers [3]. They concluded that the disparity was due to
differences in flexibility, of tiff and straight whiskers contrasted to flexible, hairy nanofibers. They suggested that in
composites with whiskers, the reinforcing effect is based on the formation of hydrogen-bound network while for
composites with nanofibers the reinforcement is accomplished by the same rigid network but aso by an additional
entangling effect. The entangling effect of microfibrils was confirmed in a later study by Samir et al. [7]. Cellulose
whiskers are stronger than cdlulose nanofibers if considered in terms of mechanica properties of the individua
eements, since whiskers consist of monocrystals whereas nanofibers are comprised of crystaline celulose with
weaker amorphous domains aong their axis. However, if the collective behavior of these el ements inside a composite
is taken into account, nanofibers deliver more effective reinforcement than whiskers owing to the percolation through
hydrogen bonds supplemented by mutual entanglements.

A conclusive evidence of the cellulose nanofibers reinforcing potential was shown by Yano and Nakahara [8] when
they described the production of molded materials based on microfibrillated cellulose (MFC), acommercialy available
cdlulose nanofiber morphology obtained from kraft pulp. Materias fabricated without any adhesive achieved a
bending strength of 250 MPa. With the addition of only 2 wt% oxidized starch, the yield strain doubled and the
bending strength increased to 310 MPa. This unusually high strength was attributed to the interactive secondary forces
developed between the nanometer scale web-like network of cellulose fibrils. Considering the good compatibility
between cellulose and phenolic resin, sheets obtained by filtration of MFC durries were impregnated with a thermoset
resin phenol formaldehyde (PF), stacked in layers and compression molded under pressures as high as 100 MPa[9].
The mechanical properties obtained were significantly enhanced, the Young's modulus achieved 19 GPa and the
bending strength attained was about 370 MPa, figures comparable to those of commercial magnesium aloy. When
compared to composites based on non-fibrillated pulp fibers fabricated following the same compression molding of PF
impregnated sheets, MFC nanocomposites had dightly higher Young's modulus, but exhibited about 1.5 times higher
bending strength. Having similar modulus, the higher strength was a direct consequence of a higher strain at fracture of
M FC-based composites.
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In order to determine how the degree of fibrillation of kraft pulp reinforcements affects the final composite’s strength,
samples were produced using wood pulp with different levels of refining and homogenizing treatments [10]. MFC is
obtained by repeated mechanica action of a high-pressure homogenizer on wood pulp previoudy treated by a disk
refiner. The number of passes through the homogenizer as well as the number of passes through the refiner determines
the degree of fibrillation, resulting in different cellulose morphologies. PF was used again as the binder and the method
to produce the composites followed the procedure adopted previoudy. There was no change in strength for composites
prepared using pulp fibers treated by refiner up to 16 passes, however, a stepwise increase occurred when the trestment
attained 30 passes through the refiner. The strength suddenly increased from about 200 MPa to 300 MPa. Scanning
electron microscopy observations revealed that fibrillation of the fibers surface solely did not increase fiber interactions.
Only the complete fibrillation of the bulk of the fibers resulted in an increment of mechanical properties, and additional
fibrillation by homogenization trestment led to a linear increase of strength. Nanofibrillation eliminates defects or
wesker parts of the origind fibers that would act as the starting point of cracks. Besides, the work of fracture is
enhanced due to the highly extended surface area of networked nanofibers which generates an increased bond density
that dows down crack propagation. This study demonstrated the need of nandfibrillation to attain enhanced strength,
which is not possible to achieve with micro-scale fibers.

Currently, the major obstacle to a widespread adoption of cellulose nanofiber-based composites is the high energy
input needed for the nanofibrillation process. The cost of nancfiber extraction is till high and the yields are low. The
production of commercialy available microfibrillated cellulose, for instance, requires an energy consumption of
30,000 kWh/tonne. However, recent developments in pre-treatments like enzymatic, anionization, and cationization
with posterior fibrillation through a microfluidizer, accomplished at Innventia in Sweden, brought the energy input
down to 500-2,000 kWh/tonne [11]. While cdllulose is quite difficult to nancfibrillate, chitin seems to be less
demanding. Ifuku et d. [12, 13] have demonstrated that by cationization of chitin prior to grinding treatment, it is
possible to nancfibrillate even previoudy dried purified chitin. Drying produces strong interactions among nanofibers
by hydrogen bonds, making it harder to separate them. Other possibilities are related to the source of cellulosg,
parenchyma cells from fruits and roots can be fibrillated more easily than wood fibers. These raw materias can be
obtained as agricultural by-products after the extraction of juice or starch. These examples are sure indications that
progresses in nanofibrillation techniques will soon overcome the cost barrier to produce inexpensive nanofibers as
production scales up. Considering that the research interest in cellulose nanofiber applications started to grow about
five years ago and we have seen such a progress, it is not inconceivable to bet that commoditization of nanofibers will
be possible within another five years.

Another mgjor issue concerning the production of nanocompositesis the burden in dispersing hydrophilic nanofibers
in hydrophobic polymer matrixes. Up to now most of the high strength nanocomposites were fabricated by
impregnating paper-like sheets of nanofibers with polymeric resin, especidly thermosets. However, successful
reinforcement of thermoplastic polymers with nanofibers is ill rare. Perhaps the method closest to an industria
process is that reported by Jonoobi et a. [14] who accomplished compounding through a twin-screw extruder. To attain
good dispersion of nanofibers, a master batch was prepared by dissolving polylactic acid into an organic solvent to
disperse nanofibers at high concentration. The mixture was diluted to fina nanofiber contents during extrusion. This
approach is smilar to those proposed by Iwatake et al. and Suryanegara et d., but limited only to the initid step. The
subsequent extrusion step is the same adopted by plastics manufacturers. Ideally the solvent use should be diminated
to make the process completely environmentaly friendly. In other studies, Tingaut et a. [15] have successfully
dispersed acetylated cellulose nanofibers in chloroform upon drying, whereas Eyholzer et a. [16] prepared
carboxymethylated cellulose nanofibers that could be redispersed in water after freeze-drying. These accomplishments
show the potential to chemically hydrophobize nanofibers in order to avoid agglomerations in polar and nonpolar
media. Even though nanocomposites cannot yet be produced exclusively by extruson compounding, an adequate
chemical modification of cdllulose nanofibers seems to be the key to attain good dispersion in thermoplastic matrixes.
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More research will concentrate on the compounding of nanofibers with thermoplastics in the next years so asto bring
these materials closer to industrial production. Once it happens, a potentia application would be in automotive body
pands (e.g., the Smart Fortwo), where weight reduction is essentia to improve mileage in both combustion engine cars
and dectric vehicles. Cellulose nanofibers would provide stiffness, impact strength and very low thermal expansion for
reduced gap tolerances in such applications.

As high performance composites have been produced using bio-nanofibers, the research will naturally extend to the
reinforcement of biopolymersto clear up some of the shortcomings that keep these sustainable plastics il out of the
market. The development of high performance and completely bio-based composite materias will be the most
promising area of research in the forthcoming years.
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