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Slash-and-Burn Cultivation as Forest Management: The Invention of

Indigenous Agroforestry in the Southern Highlands of Tanzania

KoNnpo Fumi*

This study focuses on a unique mode of slash-and-burn cultivation utilizing artificial
forest of black wattle (Acacia mearnsii), which is formed on grass-covered hills in the
Southern Highlands of Tanzania. Black wattle was introduced into this area from Aus-
tralia for the purpose of tannin extraction in the mid-20" century. This fast-growing
tree came to be grown by the native Bena people as fuel wood or as a marker plant of
private land. With the penetration of the market economy since the 1980s, the Bena
have invented an agroforestry system, with forestry technologies integrated into their
indigenous slash-and-burn cultivation system, in order to benefit from the increasing
economic value of black wattle.

The new system enables sustainable use of the black wattle forest. Forest
regeneration begins just after clearing and burning, as the fire accelerates black wattle
germination. Skillful forest management allows the intercropping of finger millet or
maize between well-ordered trees for three years. Also, fuel wood and charcoal can
be acquired once every ten years when the forest is cleared. Charcoal and local beer
brewed from finger millet provides the Bena with cash income. The enormous biomass
produced by black wattle, which fixes nitrogen, enriches the soil fertility without the
use of expensive chemical fertilizers.

This innovation by the Bena was created through various attempts based on
their experience and knowledge accumulated in the process of coping with the socio-
economic changes brought by globalization. This case study provides some notable
suggestions for endogenous development in rural areas of Africa facing serious
environmental degradation and shortage of arable land.
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X, WK REAEOS LRIPSHBRT IO LN TE N, RERMOBFAILEL, i
WE LRBEFERBIER > Thole (BE 1), —MITHIE W XIERBMKOFEZ B WEIRD
2%, ZOMIBITERET DRXFIFEROBRWIKRETE, €Y o ~Th YT (Acacia mearnsii, 3
4 ¢ black wattle) ZEML T, ZOANLHTHMER I R>TW2. HHITER, BADM
BPHT B2 Sl X o THROBAEZBIEICEHT L2 LT, BETEDERETL LD,
BEZRFRMKEERL, HAEEZRBRANCFHIHAL TN,

HEIIZ R E TEAEEH) 4T, ZOXD=X2E20HTHELEHIT, XTBEY
VT H T RO TH I k2RI U Te 7 & R ARSI R LIS S L2225 b fidr
L7z, AFEROEISH IR L TH I RBEPAH S Tn L T et 205, MENMO
BRI 0 HO—flaitrd s L Lbic, 77V HITRITDREEENL & Hilko TS 2258
BOFMMERBRT D00 L25 5.

BHhEHASIZ, 2000 48 3 H~2001 45 2 H, 2002 4 11 H~2003 4£ 5 H, 2003 4 10 H~
12 A, 2005 £ 1 A~3 AETOF 24 » AR, A VTN a v RBRXT7 7=y R DRh
ZHsd 8 MEDOUED, Ay LH /MNKITHIEL TR IR (KB 1), REOHNTLIED
IHT & Vo T REEIN R L BFFT LT, SEARBEI D JRE sE AR - BB 2R TN I DD TR
~OBEIY AL BREB I 8ok,

2. fH OB

HEMOX T 7 = v L, ¥V a P ANBEORTFHEMPD S0km 1 EFITHMEL TS,
BEE” 1,700m LR, FHKEIZFENZ LB LTERK 15 ERik L mRTdd. £k, —F
I E R AN TRBY, WO 11 A2 S 4 A 1,000mm 28 2 5 WAKES.

FHgIIRPE 19km, BEdk 15km DJARY 2 b0, £ Z &b E < kB i o il
1km OFEFEMNIZH 800 fiH, 3,350 AMRZEEL THA TS [National Bureau of Statistics
2005]. Z5 LIcmfBiggix, 1974 4RiT, W4 2 A0 L 2l icifil in W Icgo iz,
EIEBORDOAETH D, HTEDOREIZIRF T, SHHITHEI»S 6km FREOHHN TR
WEEEL, FTERICERNEARTLE LbIC, BREWENGEL TEHEZEPZ>TY
3.

MOFBEZRHMN T THD 0, BHFICELNWIERELE, ZoBiRico < bnE) v
T HTTRNY T <Y (Pinus patula, #4 : patula pine) &Wo FeA BT OEMM TS
5 (‘BHE 2). 1955 T SN hEIIC LT, Z 0L S RBMITIRA OIFIETRIC
HRONBITT, TNEBRWICAIITITFRBIEDS > Tz, IR O FBARRFER I I HiAA A
BEINTHWDZEnb, »OTEII ) LERBLBEMAKREEH > TWDTHA 5. LiL,
ZOHMRELETIHIIBL T, HOo—HAEHAL L TH 5L 4 H B> TN ITEN
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FVIRTHITERYT=VIE, ELH6HZOREMRODNWEICHELAENT, FHhklh—
HOWFIL 2 5UBIHEIS U CEMRBIERERTho e, BY U =Th Y TREbIAENZY
MOEHMZL, BRIZEENDZ X =M THo M, X = OEBEMiEITE LR
W, BHETIIBEZKGET2Z L3P RilhoTnb, ZO—HT, XFEFEVI=THLT
DO EH R & UTHM, Woel, 7Rt TIldEo AW TEMERB 2725 X5
IZio Tnote, HROIKTERIZ, FITH DK 40 FFORBELHHROFEE, BV 28
T 28HERTHS. ZHIFLTRAY TV, EHMACKEMA L L TRHLAENE,
AR OEAi 2D ON U ERx 2 ¥ VERBI R OB B 23 2 b 3T 1T X > TR TEA
INT, WHEHESHEOHANZ L > TEZ V=7 ORRFRHOETE VT AY T — A~
MEND. LU THSLEMZOMIE, FT#Hhedtt e LTRHINS.

T OHIRO BT, BRICE AR &R KUESE 20 LT, W0 WA
oM zHEL, SZHOHNEIIBMOMERHET SO THS. RKITZEOWSLT, K 2
DEHIiT, RSEBoRFHTHEEANY, Zhik~y Yy FRICEA EIFTETEY, hoFigk
EANDFETH N Z#RL T BITTIE, ZoREEZ<Y Y REMEES)., £HiC,
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BOWIRICED KRR EFALTHRMERZ RS 2L bdbotk. 2L T, flimthBPHETIZE
BEBLOEOFEHIHWS v a7 ez gL, APHETIIRIZICHWS A V7 < 2 2R
LTz,

LA LIEAEIZ 725 C, AESRBEIDIRILOZEIT & b 22 W E OFREFR BIE SR & < b o
T& Tz, 1974 FITTEAALBERIT L » THHEERDWICEER O D &, LFERE A
FLRT <Y, Tz 1980 FAUTITHHHERSEHE I, S HIT 1980 E£RBPITITH
STRFEPHAE SN THEHE & OFLERE AR D &, BHEDORGEHER DX Tno
To. 2T T, FHEHETIE, DANEFIHE SN THiRd - eatkihoPihft, SRR O <>
¥ NBEMA HALER 2 D Tl ~ iz dly, GBI N D A V7= 2 oML L
WO TR AL Z o e [T 2003]. —7J7, #HEHEHETIE, FEIEMRYas/Eis by
EravEhrby, IEREEERHNEERB I RbNS X5 IZRosTnalk., ZLT, EY
VRT AT EROTEREMEZRB Z 2, 1 fEHIZvasex%, 2, 3 fFHIZhYEr 2
VEREELT, vas ol Ekins 555N HRMERGET S X5 1Kok,

3. BV VUST A VT EHOERBEM DR L Z O LIRS R 1)

31 ®Y YT A VT OFHE

FVI=THITIE, =AMV TIRED< ARMERET, EESRL, ABRNLIKRICH
B lhd, T7IUHIRENRK, Ty RTELIFEHEIh TS, BEicadEh3480
Er=0d, B ERDUIL, Fal TIMkEOEEROERE LTObHNLN TN,
Flo, APTEAL VT IZRHH SN E0ERGAEETHS [F2—2 1986]. SHIT, B
IR KRERFE L CERZEET LI D, ERARELTHFHINTNS [Berenschot
etal. 1988]. LAETDH, &#r = HiHLHBSRRZHINE LT 1930~50 4EARITILM THEA
Iz LRSS 5 [HA 1968].

Joker[2000] 1T XA, FV =T H P TIE, i3 E 1,500~2,500m, 4Eff#EKE
900~1,600mm, 5B 12~18 J&, HARKRERK 5 L LoBRRITEL, FBHFH» 5K
10 4E TRt 6~20m IZAERT 5. £REMNSHRL, B S~6 ErSHEL RO T %24E
PET D, FEIXEF KR L TMENI D LRI SN D T, BFRPL IS 2 il Tidftibk
EHRT S, HRROKTEZYTHL L ROKER N EIFTHERT S0, HFAkE2RISETL
5 bbb TS [Versfeld and Van Wilgen 1986; Samways et al. 1996].

3.2 EMBENC A & h B b

FY URTH YT ERHOTCERBEM O R EZK 3 TR L. ZORETIE, £3HE
FiF 8272980, Bl 10 EREOT) O~Th Y THERRL, %200 72 L THRM
LUTHIA, IR T 5 (B 3, 4). KEMHTIE, Bo T\WBEIEZ 4D TR
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w1 1EHRIFEYaszexg, 2, SHEHBIRIZMNYED v Z2RET 5.
2) 1 {FHOBHEIG I, HTREZT SRS LS ITRIESETHTFOEE2RIRS.
3) 3 fEHOWHERICHHEZPIEShD.

BEH3 B 10 EDOEY V27 h VT

EANDH, ZOBE, MO 1.5~2m OF K Z&IT TERELRWE 51T 5. B
1HERIZIZYyaszezzdiig, 2B E 3ERIIE Ny Eray2hbig, 77 7T o%E
FHOT VM, ~ A, Exv U REERRETS. X, BEHICE - THeb SR DKS,
v ay BT OMBRENERIICRD LEZTRBY, 2 FHE TERMIETHEL, 3 fEHIEA
RmOLEIE BT 5.

ZZTORANIIIZ, MK ES DT LW RR LTINS, HOFEEZRETDIENIZ)
BRHD. BICERTELIIZEV T H I TORTITMEIND Z ETHREMEEIND
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B4 €Y YITH YT HRORREH
BRAOKRKNEINRDY ST SN TND.

B, KANCEL-T, M LI b TR—FICHIET D, Lirl, TV URTHUTIISE
OETEFELTOT, ZOEERETIIBHABELELTCLENY, FWOLEBEGITSETT
RBARABOEREDEL 2D, 2T TRFE, MOPHESCHRE D2 TR etk a2 ME] X,
BIARZ W) 22 R T8 L TR T 2R3 5. ARBRWKRIZEZ S > T LEE %
Wi 2 Te ORRBAICHIS [N0T, 2 (FHOETHEY =TS TOMEIZ Ny Eray
IV HEIMEBNTWS, 3 {EHIZIE, FY T H TR 3~5m ORFFETER & hdE X
N, R ZoMETHERSIREEND (BHS).

ZLT, KADSS 4 FHITEHAPMETRL, BV T TRREREEDLD
X910 TlEROREEEPIET 5. IKEPIX, #HOREE IR MK & BT 28 0k
LERBEOIRKERLTHL., 25 LTRKANSDS 10 FESETE, #idmbiicfiesET
KAERTH0T, BOMELRL THIMZERT 5. Tk 5 it e Ekepiidsz e
T, REHHIR2NER SN THEDTHS.

5 LI LIRB o EBIE, BVERAMAFICB I 2 M chb R b5, P [2004] 13,
ZNIIHEM R TEB R T T 2T A > ORMPFRFE L, FAATEROMOBRE % &
Jd 2 B R RITIKIL L 72 BRI Z2FE R TIEH 2 DD, IRMOIEBRZ2FIH ZFEB L T
BT EERAEHL TS, THITH U TEMBEIIX, €Y =70 v 7 OREWFERRE IS5
RFOENERZIAEL LT, BRREBTIHIEEACABHFEL CIRVWBREDOR2T, DT
22 10 4ED YA 7 N CHUAE ZIEBRICRIT T 2 RIETE L WA 5.

MBI O S 5 O EDORHEIZ, BRINICEMEZR ZRWMERADILREZK > TS ST
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BHS ®Y YT H Y THROBM 3 fitH
FBYVURT AT OBMTRYER 2L PRSI,

BB, XTI, BMEBIRS T THNIEN T ZIEDTHS 4~5 £ (KAIE 7~8
) CHUMERRTES LI, Zha 7 8% (KA 10 4F) £ TEET 0L, IGE
HDHRIE L e KNG ER D7D TH D, BROBLE» HERFEMORIEEZARD L, KA
PRI RG KA 230l U CIEREZ BT 1 L, 7o VRAT T IR & IRPE IR 208 U TR kY %2
HHTDZLITE->T, MEOREDNREFROTND., EU P <TH ¥ T 2HWIEKEMD
10 FEE WS VA T NMIT, REEEHER T OEEMEZBR LIHERROTHS.

ANFE, FLHEEOY a7 Exilizo< 2546, RO~ FREMEVDEY =T h Y
THIZRITDHEMOIE D BMENTND Lk, ZOHBLELTUTRD 4 525, 1) <V
Y ROBEIITL S EHMAARETH D, 2) MoORMICKRRIFBETESHrasLx
DOHRENL L T2 o TRESBEMNT S, 3) Y aszExo#ERLINAE L, BEZIZNYE
oy ERETED, 4) MAEORERRE RMEIRZEN. 25 LEEA2LIE, TV U<
THYTEZAND Z L THAEDHEEIZE B 725 i ORIE 26 TER LT, k%
ED XS LT ARMNREMBE L HND. I 5T, FWITx TRGEH OFHRM 2145 72
iz, IR OEY =7 5 2 THRIZS B EFT B OFH L 57 IR ERASND. G,
FBY T H YT OEREAENTKIEL 9D, £ OFHEAICE > TEOHEEZREL,
10 4F & S BN C R PEY) & MREEM D J7 2155, BRIMZRBEME WA 2.

WA, AT, Y Ty OBM LA MW S BERBNEATWS, B0y

222



g X V=T mER T IS U D e o B

FVFHRADOEY) V=T H T EDSEDORAZS 25T, FERITE 7 A3 K
XIZMONTRBY, KIFTEDLXS5CRDET 15~20 HEOBFEMBBLETH 7. LT AN
2000 FELKE, =2 U UVEREIROBMBEMAEA SN Z &Itk - T, #i# 10 FRED Y
T2V THEMT D Z LRAERICR o e, BRI ORI E 2, BT T 5 Z otk
BT, NSV EMENICHERE L T U S ERIEZRBL 2. 20T, XTS5
=Y OERERBIITHIR T 2 L FIRHIC, Bl 10 2B ek E kA LERT D X512k
TWb., 29 LIciREEARS L, VR, Ry 5=y Th 10 4F9 A 7 L Trlitk &M%
VRS, MERBEMANYG &3 B AT REME IR .

3.3 GEARBERT O 13RI 2 R

A CIX S E S RN TP ICHET D20, MBOEFITFLIMESK
T, WRBIZIERFFETV T R4 (lugudzi) LI D FRPEE EN D, XFIXZOHEFIC
BV IRTHYTRNRY IV EERT S, £2T, EREMALEAG X 2R EY 5 i
T2, VR4 LIEHINTWSEH L, fil 10 FU LY Ty HRBIUOEY =7
T TR, TSR LB 1 1 H OMIZ oW T RO /MRE 2T~

RO LEREE LT, B V7R 1) 5 wFT, YT YOk 8 »itE B 1 1E
HOM 7 i, £V T HTT O 8 »it& M 1 EHOM 6 »Fia&Y, ZhZh 3 X
oL ER 2RI L 72, Z OB, WYEAEOHER LA RERIZREL <, IELHBoRE
(S 0~10cm) ZFE L7z, Y<K TIIEEOHREME L, BRICE AZHREE
10cm B EFEL TV, —05, BV I<THYTHRTIIHEBEREIH Scm Y, 2212
JEHEL L FEORERPBISE S N, FHOAHERIZOTHE mm Thole, THERORIF
11X 2005 £ 1~3 HThH Y, MTIEL a7 EohRERE 15~30cm IZEBFL TV,

TEGENI R AR ICE BIR Y, WIRICH - TRREAR, 2EFEAR, pHH,0), BXUZE
J¢ [EC], Bray-2 WfafiV v EEéa, REMEHEAR WV T A, WAV T A, TRV
L) &P L.

OFERER 4 1R L, £9, L0 pH & EC, SRS LER BRIV TLH, A
VUL, RTRYT A, BIOHHEEY V) ZOWTKRET 5. Y 5= YTl ik
HHOAREPRBIRLS, ZHhiuc bieoT pH dIRVEEME (5.0) ZRLTWe, Zhizl
TEV T AT THRTIE, REEEEEOAGRIIFE XLV Enb oo, pH 13FH X b EEME
(5.3) ZARLTWEe, ZTNHORTHEEMERZZ25 L, RSV EEYITHTTORE

1|

1) TOERERADS, Y Sy ORMBHTHHMABZ b Tz, LrL, XY STYBEFITE->HD
F L EoBENBERGAEITHA THERFTIZ LB Do DT, ZZITEEMEERTIHEIMTH
D, BT I T EMWICEMEEMO X 5 R R» o7, Ry =Y WM TiE, 2 fFHD
BHERH IR 1 RS OHER 2R3 5.
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TETOIRIABEML, ZhictbRoTHED pH 28 6.1~6.4 £ TLEA LTV, &
<IZ, WHRREY VBRI EETH Y, N\ IV ERHWEMTIE 944mgkg, €V U<
T T H2ANTERTEM TS 699mgkg & ENT, Hih (83mgkg) @ 8~11{ETH- .

5 L, BRIk 2 s oWIREE &, MAEMIT X 2O SRR L OB o
KANIZ L S5 A ORGP LR TE S, —RITHIK TIE, L3052 A IR I E
EIND—HT, BEORICE SR> TEPPTBITEILEINDS., LELARAYITIYKT
iZ, EEERDE SIS WIe®, BIRITRINERE SN I R I ARHIRICE TSN, 1R
EEPEAEL TV, ZHIICKRILTEY =T H T THRTIE, BERDPBEINDIDOD, BiRZK
DD L TIXMRPEL, ZORBETHERS AL CHEERIET S, Znbokeky B
NWTKREAND L, RIZEENDLEDOIRTARIEIZHFMESh, Zhicl bio T
PEpshfnEnd. LT, BEAhIEInTETE, Y as ool EICEERAREY Vv
i3 L EITE S K 2B LRI, EMOEBITHERT VI = AOEHEIH Sh
5 LiTib.

—, HECAENDEHRLIREDL, BETIILTEZOLIBREARICKbRTLE S
2%, MA B e HIEIZA ENDHAPIREROE L ITE bRo THIXIATh, HHOLEHES
BRICAREGELZHMEST TV, i TI3%E#EN 2.3gks, REMN 30gkg THDDIT
HUT, YT VOBEMTIZEEMN 2.8g/ke, REN 46g/kg, TV =T h > THOBEM
TIXERD S.4gkg, RFEN 72g/kg THY, BeMll, &<ITEY =T H T OBEMTREVE
ERLTe. £, BV UTH Y TIEIMRORETHEHEN 3.9¢gkg LRWEAER L, EY ¥
RT AT TICE B BERERMINT, WREEOW AR T TIERL, EVI~THTTO
RDSBGHTRAK IC LIS 2 8w 22 B A2 BE L (UK 19681, IKBEHIC & B O K SEOMRKL A3 R 5
D& Vb S RARZEFZEEE 1979] IZhiENTILEEZOND.

DX BROANHERNS, BT IT 28I, LEROBSEZMG L, FMOER TR
RIEERAEDELTND 2 ebhd. LKREVI=THTTIX, EYNEEELT D
BHREMGTDHTD, BREBRENS ZENTES,

4. 145 D HEGH R 7= 3 bR BEH D 8¢5

ZP=T TR, 1980 FAERN D HEETTIERTHE 1T D > & o T80 b7 i H L
ROFBIZE - T, RAETOHERFLAGEITER U, RAER TR 2B e ~D
RIFERRE BI2oNT, NOEOREIZTS~OT 72 ARG fEnvIcEh L, #f
VEHLOIRBIH A/ ME L T o de, 25 L7e/Rh T, RT3 L ERE S U Tcibpe %
AL, BRlOERE LBIERAOIHRZTHEICL TSk,

AT, RIS 4~5 KONGRS Ny Enay 2 kT 213, 2 == —
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BEOMABLEL SNTn5. Y G RIZ, #4F 1 =—h — OB 2 S huE, Ak
W25 OULA TR 2 A L2235, 2EA L 3EHOBMEZ TRy Ena v 28BS
BT LMTED, EHRBEANE 10 4£9 1 7 0V THEDRE L BRI VIEI NS DT, ZOV A
T AT A1 < b 10 2= —D L BN ETH S,

LA LERICE, Ik > THAT D MO ICRERERDH Y, T~ T, B
R FTHRIG IT 38 1T 2 EMRBEI DALIE D 1T b B o T D, FEIM TIZ 1974 FOERLIT
&b 7o THREIRNZ L AL, Flid) Shic, 20T, Bibd 2 X 51, H<r bR
WD WTHED L CE e ibhiig, SRR 5 2O ICBBIcE) O~ Th e TRy I
VERHEFR L T OEEEEZEE 2D DIZLTho Tz, 25 LB MaIX, 48, #Hieik
Bt 251K T B B ORSRIEEDHED > TWT, 4 TIREMBEIA A OB L 72> T
5. —H, Bbick o THEESELNIMER BAEIHD) 1T, Rtz blcin. Zok
», MrETaLOEMEEHOREBEL Lo, bR e Wi BAgR ¢ 55, Hd i
POERMH A Y T a s b e LT\, i s Lz SR 2584, #v 5
N2 OIIBARBHZ T, AMITHEO S D LD, T, HBHITEEM 1 FFHIZRSNTE
v, vasExoUERITMAERELRTER SRV, 0 X5 e gE A o g E I
EoT, TRTOWMHENR A/ Ex 2R ETHILENTE, ZOILhbH, YasZEbzRIo
HIHIZ & > TORITEERIEY TH 203035 PR VAEIN S,

2003 4F 12 HiTa > H 7 HKIZEEL TWe 80 iz 44 & LT, 2000/01 4EH 5
2003/04 SEETO 4 ¥ — X XRITDEMBEMO T RN EZHRE L (E1D.) 20/E, £
WD 39%iTdhied 31 WHIFEMBEIZ B 222> TR Teds, 15 I3 EAEY 2 k58 L
2 THOMICHERADEZ S > T, Y BV 0 49 5L, EHED Wizad) Oiics
FHEARBENAFTE LT, WFNLEY =T H TR T~y OKIREHUITHEN 2 54,
HDVEIWHRINICER LTz 2o 49 130 5 5, #haEfeEg 26 fithr, BAETE 23
HHETH o,

X S i, »HHEMN LB ARG L LT 2003 4£0 3~10 HIZB >k RHHEA
DOfERED LT, e ) —JRERIEMOMEEFELILR LD THS. A 1T FHHT,
AR 0.5~1 =—H —DEMBEMZER LT, Yaszbx (1{EH) & hYyERaY (2 #£H,

2) 1 =—%— (acre) I 0.4 "7 X — L THD. WHEMIZEITS bYEra> ORI, #4, B2 1EH, 3
EHDOWINTDH 600kg/acre FLETH 5.

3) EIE Y Ty THEE 10 FREOMPEHEICEM SN TND Z Lh b, T2 TEAY F=y Ol
BT D BEM S GRS & U TR .

4) P oIXEAIE, va, HRZE, KGR, BB WM, Bk SIEEL TV A, FEDLOIRA
ITHAET BB TH S, Eiz 3 HifHE~ Y v REHRAWTHINICB Z 2> T e,

5) 1 HARHE = — 2 U ORI 2 &R L T T,
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1 29 UHMXAME (80 1) 12x1F 3 2000/01~2003/04 4E D REFRBEN D F iR

(BT © HHE)
, FERBE ORERE Y v L e e 7 SR B A =
ik o @ P A B C AR N TERRBEIT DR ERIE L & &t
Rl 16 2 0 8 26 3 29
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& & 27 7 1 14 49 31 80
A EBY T Y THITRIT B HEIN O 2 I
B XY 5= HKIT BT B B O I H
C: 2—F Y KITBIT BBl o 2 FE
AB: EY U T H Y THITRIT BEH L Y T < Y RIZR T B Bell o 7 & St
A () B (B{EMH)
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75 Oyaszex
S NESH
=50 .
= EHH
% a1
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AL | BN ==
25

Rs5 &2 2M8ck3 3~10 A0 h ) —HBIEHONLHE (2003 4)
B H A BEWNEY T Y THEDL D, B4E 0.5~1 T—h —DXEMEEM AR L TS, K
CRENEYarzerxe hyEoas o R, S S MEHE STz,
2) MHFEBIXEY =T H I THEL LT, BE2—D—0OFHMTryEras 2HEL TS, K
TR ENTZ b r v ORI, HHP LM Sz,
3) #F A, BOWTND, 3~4 AClBEINE N7 E 0 3V IIERHE» S G S hie b ORFETA&
Ehiz.

3IEH) ZREELTVS. Zottf#f s 1 =—h—iifi L Tn52, MADENEZEHIC
2002/03 ELPHERELTWD DT, BEFHETICHESNZ N TER I UIRTL A L iEbE
MALEEENTSDOTHD. YasExl hyEra v OEBEHEIXIZNENEE 19% L
S5%TH Y, FEMBESHHE SNEBMPLEHNED 4 530 3 ZHEDTWE, vaszy
TIXAER B L THBESED 2 Sl 50 TNDER, <7y REMAANEEAER I bkl
7o TR T, EMBEM (L 1EH) 8y a7 ExikioM—oi ko T 5,
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—J, BIFBAEMHT, #E2 2—h—OFMEIEL T Ny Era v 2l LoD, &
Bl iR 2 B H L COEMBEcy a7 E 2 EREL T, 2002/03 4%, Hi4ED ~7E
a3y OIERBREP - TeOT, BRI EHEY Ty a s Cxzikii Uk, S SIS
R T oy OWEEEIITY 74% % 5D TWeds, FiEOIHEZ 6 HITRETLEY, £
DBRITHA SRR L e by Emad ZIERINEL, HEL T, SEh T, mERedic
e OLEERELS, LI MYER I TIIRAETIC 1 FHES A2V, WHHEHO 11 A
FHREL THINEIX 10 AEFTRZERSTEIRLARY., Yasexid, hyErRaT LY 3 A
bW 7 HIRETX 5728, 7 HEdie S AU 9% M ST, hvEr L O
BICEER AR L Ro TV,

ZoEko5ityas i3RI OREFICE > TEBEREMTH D, ZORGRHEAITHBED
BEE I RPERVERS ThH Y, HRRFENRRZEHED > TD. FEHORE L RFEITK
HOHFETHD. 1 BOEETHLNBNAIZ 1.2 H (W) ~1.8 5 @) > v 27 T,
O & OOMHITRFEHITB LZ4E 3 REEETH0T, ZIrbORINEIT 4~5 FY ) 7T
25, i, FHNR RS —EROBRAREIZEEIr R A TH D, IHIT, [FAhhi
TIIMHESB 2 A & UTRIEEPIEFTRIESND r —ANL <, ZTOK, MO &y
EREL SO EIRD IS ORIEE 7o TS, 25 LAy a7 BT 4
20kg BEET, ZORIT3MEIC1EE, 450 1 =—h—OREMAEERT IR TES, Lk
BoT, JRWMES LRVWEBARTTH TS, Sl 1 HEEOPHMERHEAZE Y Shiu, v =
JEZERIELTHEDLY, ZONMATILZME ZEA U THMPHEEZRIT 2 Z &N TES
DTHD. SHIT, FAEMTIZAMHEORN 4 BN EIRTH D25, 5 Ltz
& o THIZBLBIRASLT B N 2R T2 /ERFE LTV,

e, BT EwavEEET 5, RLLBRELT1I - -7V % S0kg(#)
1.5 YV 7)) bR EKET. O oOMKIEIRBLE 2 =—F—D byERIVME
BHET 20T, BER 6 HY U v OB AETH S, TP RO EITR SR E
BRI Lo TS, XY =T TR O 2ME A4 EALTRY, ZOMAIZRRIC
Lo TETETRERRFMAHL Lo TS, AT, WHThYEra v 2#,ET2
BRIz D Rote 2 XTI O M 2 & L CGRIEZ T 24 BT\ 5, Biffi bz k5
2, EHMBEZZ BO®S 2T 2 L0, B 2 fFH E TIdE#mE 20 E 7, 3

6) XRFOWIK VYT, YarztxzORFERLEAX—Z—LLTHY, M7ERasOF 7 U ERELTH
FEEE5, i, 1 BofEEic X 120 Vy Mroliifizo< by, Zhididyas el ékg & hyEnay
#) 60kg BUETH D, HARARIZ, EHEEZEBIT S > 27 € olUEIX 200+ 50kg/acre TH 5.

7) UL FRE P =T OMBEHENTH D, 2005 £ 1 HOEBEL— T, 1R RMFBLZ 1,000 ) > 7
HY Lz, Eh, ARTRUTZWGZAT 2005 4£ 1 HBEEODLDOTH 5.
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EHDBIEZT TR yEraL 28T 25 28T, LR OFKICEHRL THWD D TH
5.

IHIT, EHEEMOBMFHTIZEY O~ T H S TR IV OMBGEIND. Y U~
TH LT OWGERREICIE, BARATOBIA (K 1.5 BV vy m—h ), KiREAAM R
2SIV TS 2= 0—), K B 4S5~6 LV VT /S —F—) O3B YRHY, HEO
BARICE S TRAFZRESER D, XY T VIR OBAEZNRE L, ZOIAITME
10 FEO®RTHH 10 FY Vv 7/ 2—h—LEETH D, AMWGEr S OIAZ, #HoR
BRBEL LT, SIS IR H AR OBAERE IR TOEND., YTV
OFBIREEINIEY =T H O TIKE D0, AMRFERAITHEREOFE 2 ENRZDIFERE
K, ZOTEBRY IV ERDORERIFEEHHER>TNWS,

T DX D ITHEMRBEINE, b E w3y OBEITRE M, AR & v o e BIBIA %
bieb L, SHICHEBEMTHD byEr a VA IIPPIRBEELEIT 5L, XFo4kit
IZLoH Y EHMPBAENTNDEIDTHD.

5. 27 oS ERICE B &S EWRBE O R

TERBEM O RAIHIC R & R B A G- 2 e & V=T OHSRRFENZEIL L LT, HAHE &k
HEbD 2 22PN TE5, LTI, FREFNROHEL, RFBHkOTY O =T
13T B S VT ANUTHEAR BN 2 AT L 7o i 2 R o dihic Zz > TR 5 (K 6).

VO arvNBRRBIZEV VT AVTREDIZICEDIL, X P =2TBA XY ROFEML
HIBETH >z 1930~40 ERETHES. ZOHIBOBK CIBBERKBEREY) O<=THT T
DOHEBICHL TND Z L MR LA X ADO RN, Tanganyika Wattle Company (LR,
TANWAT LWEELd3) 1%, >V a RO EY) V=T hH I THEEE % = T %6
FHLT, 1949 EPL A=V OMBZEIZI LD, 51T 1953 FiTid, HERIzL €Y
T YT KRR LR OB WY 21X Uz [Nickol 19591.°

FAEHTIX, 0LV OR LR 1940 R0, HBEEROT V-V vy TEEORNEY U<
T T ST, HMEME L TCHMT 2 eIt 2fibRoc b izxbhTnd, Kt
TIROICEY =T H VT OEMEFTRTE A KiZ, HFZ2Do THHRELMO EPHIHE
&, BAICHEILRL ToTz.

WK, AR TIZT TIHEESLILL TR, YaszbzidboiEb~w > REEMT
HEIn Tz, HoBEESTIE, 1930 FERSFHWNIZEMAD2—5 Y (Eucalyptus spp.)

8) ZOHEWINY FHMEMIL, &= OEBMEEATE LI LIk s TRRED T ofet’, Y =T H
T, vV arRIRIZHET B X 9170 Tz [Amend 2002].
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RLAF (Cypres spp.) ZEMRL T, FHORE D INEZEBDTWER, HOBHELEEITLOF
MZ2F2RA5 S0 ELHRT DLERDH DD, TNEOEMEBRLMIAARDH L IT N2
Mot 1958 4RI/ T =Y BRRF LA T THEMRMM A 15~20 FiTkisnTd, $HH
DOERITIEFRIT 72 B8 h o Te.

DX RO IT, A KA 1950 I R TOBMIZR B> TEY =T H T TH
THMZR AR, ZLC, YaZ oK LR, KAhCE-sTEY U=
THYT ORLPIERICHEET D L 2R L. A RIZZORERMEZ2 B8, Beh
IZHZ, 1951 4RI A RIPTELK BRo ek d, FRIEHBBAEY V=T U THTOREMZR KL
Tnote, EHIT, 1953 41 TANWAT I X B/IEOHWIY NI ES L, £V U=TH
3T OEMITZ OIS — D LT OIRE ST o Tz, 1958 4EIC A RO LFEE Lz B &
NiZ, FONUK:, #HLLEVITHITOERAMEZROL S IZHrhizlns, 11T,
BV YT HTTIRERTORIMRADDOT, BEHETHEBE LT DERRL B L.
20 BEVYRTAYTRRBOEMSPEME L THNWD ZERTE, ZHUIKFAAL
T E Y bAICERTHS Z L, 8 3 I, ZOKTHEMEBZ LWy aszsr
HircxpZ b, B 40T, BUEPSEHESRARICRD ZETH D, B ARG IR MR
RoleXFNREY =T h T TEZIFANTCHAX, ZOENRFEORS X LT, ElklL
Te X5 RATRICES LT H®RIZH 5.

L2L, BV YT HhH T THPEEMAIME L TRLFHAESNDE X512 b0iE, Thvrd
20 FFIFERIBHDOZ L TH D, 1961 FITHNLER T LTe X V=TI, 1969 FEhb 82 4F
ETODNWE, MDD DA ) o HMNEELN L OO E 7 E v o o BEREO 5 i
ITHRE LT, ALk 2 2 ilikg THHG 3 5 L FIRFIC, HEST 2 NN E Zaililiicig i ST
FE2#Z L [MEF 1996; Kikula 1997]. AT 1974 FITEAERRB Z bR T, AW
& PERBHER IR ODITED BT AER, BURIHEET D ALEIEZ W Y Er a v OEfER
FhLiz. LT, NCERERZYaZEhd hyERas~npz5 LR, KREO L
UERIAVERIET ALK TN o, T X, BEICE D75 THRE OKEZZIE
THEO IR OB E HRD 2B IRk, —HT, BAOIOhTHSH
FHTBNOME LB EN TN, 22T, &b LEEORLITEATHREANNEIX, B
ELPHALCE MO aHEEZTRTIEDIRETI S THYTEMAD L 512RY,”
ZOMIZBEITHER L CThote, Y iz, NABEREE-72I & T, EEOLTIEESL

9) WEHMDFHZ, =7  FEMERIROIBIZEY =T H T TORMTEHNTIELKEAND, HDEWIFD->
VTR Y LIc®) O~ Th ¥ 7O -2 KEHICES Lo bR oT,
10) = TIENRY TV bz beds, EROPRI LKA WS BEND, TV =TT TIMER
FITRE X BTz,
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WHOY a7 EOREHTAE R KRB XL OFHAIREL, TV <7 H Y7 O TREEN
ICHEHIRB Z b b X5tk Thnote., ZORMOEEMIY, a7z LHET
ICMZEBEL T,

IR ORRFE 2 TR L T BUE OIEBEM AR S 5 D1k, FHAMASTIGRE & OF 0 &
RO TNL 1980 FEROZ L TH D, FEHITIE, 1981~86 4TI THILERK O T
HRFEM S, EZOBERICE P =TREPNHBILE N Z L TR & DMK AT
Y, BN OATEIITIGRE L OORBY BRD TV oTe, —HT, 1983 ARITALEIR O B
I BERS IS D3R IE S fe 2 & TR O AR AW Y, FMcBIT2 by Era v oEiT
kL. " 22 TRFE, ko by EuaviRBIIIrDATERBESNARELE LT, BA
EEOMRTHA TRSBE T LIz, Y S<YOEKIETLE. Y 25
T, TOEMTE) =T H T THICHIGHAINT, BARORIREE 2@ IEICEHEL 22185,
BRITHLZ RSB EERT D X5 IXR->Tnok, T LEBABEOEMHIZ, Yasbbx
OPNHERITHM TR Eray 2HETE 2 LIERHL TS, EMEoBIZEY U ~Th
VT AE 2 A 5 L CTEOMEILR L T Z L 28, R LotER L v 5 2k E 3%
Tk B Z izl otzlnz b,

Z LT 1990 FREFITIE, LIkl o itk 235 L <2 o RO X 6 72 2 Kk & e
ENTe, ZORER, ERBEMIILFAIERZHR TE D REL LT, ERBOREEE L Tk
FHR OA L 2T 2 FERLE LT, ZoMficEE L Tnofk.

TDX T, RFITHSREFNRBEEOEAITHIN T 2700C, HLOAFHRKIZEY) v~
TH YT EMBANIRDS, FiicBEEfIH L Thoe, RFPHNRKOEY) O~THL T %
ZUFANT, ZOEMERKOHEMERE L T W RITIE, TY =T H T OERBE
BThHDHZ L, NFRELIPLEMHAOERE > T &HiT, KfZE2RERELREEZOD
LDLFTBRNT, KHTHHLEEASERABEELTCERLILEDH T,

6. LB

TERRBEINAS T 7 U J7 O— MR ZRBEIN & ERIC IR R D DI, IS NLRNTHIE S AT hiiZE
DIRIPTHEND BEMEATDOER L NS JATHD. WEREEMIE, FAEOIEERM 2RI O 2
B, EIHNOHMERE LW S M T HRFETRERBEM TH D L > THNWES 5. EhkBEIIZH
WHNDEN IRTATTIZ, SROMEFZEEL, HFPINAShS EREFPRSN, £
R DOEBERRNR EOREZ DD, NF1L, ZOREIHT 2R WARREEZRE LT, B

11) AL ORI RS- 72D 5 O EDOERNE LT, BHOMAIMETR UckER, izl Thzh
ICRE S TS RAD 72 K 7o e T E BT BB,
12) ZORE, RGO M7 E w3 Z2HEE L TOIEIO—55 Y S < wkicizi S iz,
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KAFEOERRMAE, Hth, BITbEWoFMEFNEBEROL, & HIEMNIT ERHZOHT
ST O I IC A DR 24T D72 L, SRR HINERRICE & 23 7o ik
arha— )L LTNB5DTHA.

A NPT b OMERIT & 72 5 BHb AR LBREESLICETI L TWA T 7 U
TlZ, BEOWREBEOMRAZTWT TS IDIEEOENILPEHETH D L SN TEL,
TNETIEREELONRERICE SR X5 LT 3RAMIETI L T orh o, TOREITH
UCTHA [1998] 1F, 1EREZEOIFERMIZHIEL O HARBRETL AT RO EKIZEb 53 0
THY, BB TEENLENREEZZOEET 7V HI~EATEZ LIIABYE LU T
W5, RFOERIEIL, Fieaiidz/y LT, ZNaeRkiichRT24MAazRNEL
TRY, ZZITEMNRENRSOBREEZGIHET L L VWS EME, 77V I OEREERSOH
NMER R OBAE NP TERD LS BERORERALND. iUk, Hugo4Eeo3ikic
WS LT 7V WNRREEFMIEOVDE DO L HEEZRLTHIEHLLTEH XD T LNRT
x5,

bHAA, ERROREL VI BENDIL, BHNOHEBRREVOTHTTHREY DD
72 LR T Btk [Lowe et al. 20001 AL TIEAR B2V, BEIERE K ORERIC X - T
FYIRTH Y TRAEDHRBHIEENTNS DS, T O THEMEEMANB Z 2bh 2 B
ERERDBIE TIE AR <, RFINICEERFRM 252 LRI, UER - REICEERY 3
JETERERTDHZETHD. TNDXIT, HERFNRRMOEIZL - TX, ZORER
AHITILR L, ot RRalET2HBICH 2 Ry, 4%, EBRR~ORET RN
AL TO BERH D L L biT, BB TCOERFERICITSEZBESTREMLL LA
3%

TEMBER 2 R T O IR T2 < LTIHRAE®IE, 2RI RE LA 2R T 5
RUTIERL, AMEBEENS 2 DOBBWAEERELT, HOO4EHELZITND., X
PH=T T, 1980 FAEIRITII U E > TeRFEOHHALBERIC L » T, BRRIZERICHEH# S
NIAKE DS OPRAERNSLNTEY, %< O TIX, WMEMEREET S0 IGERNZ
BEEBIRO—HT, BRTEYORRITIIALAIEEHTIL S 20 203 5 O 2% oM C
T, 202 OERMFEIED LTI o TEREHMFEL TS [H4 2002]. ZHITH LT,
NI ITHRDE / SLEAG T AT Y AR5, EHBEM L W 5 e e ik 2 Al
HU, SRS & o2 3% & U RiZE O BRINZRFIH S AT A2 R L T .

FESRINTAD &, TEMRBEASAIH SN2 EHED & > 21X 1980 SERBIFITB Z - ik
FIEDOERTH AT VWA DR, FREEVITHITOEANLK 40 £ RIBOZL
ThHDH. ZOMIT, HARBREDMRIZESTEY VT I TOMIERLERILT S icoh
T, ERNR BN OFMRER I N TEROTH S, 1930~40 FEITE v = HiHEH
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MELTRHLAENTEEV T HIOTE, ZOEEORIPLIEHEREIND XLkt
BRIZIE, SO B2 B AR ICHR T 2 BRIk 2 & NTESEM O E R D -T2, £V
RT AT E L THAINZ BB T, ZOREMHABEMICHHATESZ L, KAN
Lo THFOREEPREIND LV o TFHERRWE SN DIXHARBIL TH T L EX T
BWEAS, Z5 ULk, 1974 FOEMLIcE 725 NAEDRFTIZREE Y DRI T
BEAL L T 22 kit s, £, &bt 7225 T LT, BTOATRES
T, LSERORWEY =T H Y70, RAMOREE U TR ICHK S L Tno 7.
THLTELNIIERREY =T H ¥ THIL, He kbkicEb 2Bl & 22> Tno
fo. MOFEEZXEIHIZL, TNERRIZHAT D L0 BHEEEET. 1980 40T,
TR AL R T 5 720>, BEAI O BB 28 H L THOBFEBIEA D BT 72,
BIRE LTehe o> W ETHED Y bu—id, BAROIEREEEZHNE LT ERZIT TR
<, BIMTHEMERE T2 Z L2 bEELTRY, L2 oRFHAHOREME hyEr 2
SO LN OB % RIS 5 728 O BRI 22 Bl ¥ T - 7z

FAHTIE, EABEIOIEAIC D R HBHEICB W TH 2 R BERA S Tnd LIl
2003]. ZZ THHEAMEEZME L U CTHBENNREMER SR o, T2bb, HENZ
Hk B OfEE] & N X - Tilgth A2 L, LRI E2ERT5Z 8T, fhoamisy
ik, ZoREEIZX, ZAOEBREISHENZH W EEIC ks L Tk Z itk > TAD
& DFHBRAITBIR L, Z IR OBASLCAAEDOREVICL b5 AL Lo
TeAARDSIND 2D Z L THAR., BRELHEORAE LV, TEROBMICHARDOEY V=T H Y
T & IERREAN ARG DR TSR O RIHNE, ZN LTI HEHE D BRI L Tz
RBREBEX THXEINTLLEVSoTRWES S, DF Y, EHEEMOAIHNIE, #ICHEHREER
OEAITHFER S NN S, HIBICER N TERLARERRIZESHTR Z b TE R, &
RO RL2OTHD, T LT, ORI, =2 PV RERBEMHEMOBEAIZL > T, X
DREBFDROENY T =Y TH NSRBI 2 EATEZ S L LTS, T LTcake
REBROBRPOAECEIIC, 77V ENORBENRBRBOWRENEZRNETIENTES
DTIEIRNTES 5 b,
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