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1-1. HR
1-1-1. ¥¥btv77 (Jatropha curcas L.)
UXIRT PR A ET AT T IRV bUX AT TR OB IERART,
A2 Z2<EORFOMM THDL, THKFEETHD N, IR
(Quinn et al. 2015) , MR &2 200 mm 25 1,500 mm &9 JE VWA T
AR TELZEND (Openshaw 2000) RS ML T 7V IRHRE T V7
IZHIA<AEAL T % (Jongschaap et al. 2007) , ZOFE DML ANAA T o
— B RHEECTEHZENBH(Sahoo and Das 2009), A MRREE#HO S £
V& FIZ LA BB R KDL O R, R ISR E R R AT ADHIE 7R E
CHERTEDBAR M TR = 2 —JHEL THEH 2% T2 (Ishimoto
et al. 2018, Koh et al. 2011, Montes and Melchinger 2016, Parawira 2010,
van Eijck et al. 2014), ¥ b7 77 41— B/ O KRB ENICHTE- T
(T EEIAPRENI LR, REPER DRV END | B RIZB W T
ﬁﬂ%ﬁ’(“ﬂjﬁi@?ﬂkﬂﬁ%ﬁ‘élkﬁi%ﬁb<j(ﬁ%‘:?ﬁ%ﬂ:@ H LIS T 720
R SRR TT 4 — B VA RIETE DT D, T A NAT o B
WIZHHETDHENEZBND (Wicke et al. 2011) , Bz 1X, RELHEIC
BINMFETOEHRETHD,

1-1-2. BERHEREHICBITEIVYIaT 7 REORE

NAF TN X —ZEETDEEICE B LR TUIRLRWBLED —DI12 &
MIEMLDBERHToNDG, BERAENMEHS LT T, BV BHE#Z H
RAED D A 32 LI3RET 22T TR 50, Px brT 7O — D DR EITR
BRODVRNRETELHBELZ LB THA T TE5AI2H D (Barua 2011,
Chauhan et al. 2012, Francis et al. 2005, Pandey et al. 2012, Parawira 2010,
Ye et al. 2009), ¥ a7y DZOMWE T, EH O EEFICRAIRAEO L



HTORARIZERL T, RO ZERER TOLENDR, DFY, BHEY
EDOLENFRETHDLEF XD,

Fo BRAERICEW T, NHORFHE 2 E AL, TRIL, =R/ F—
EFEALFIERI ORI A2 E BB A D2 LIt THSR R E 25 T R BE 2N K
KL TV5 (Chang et al. 2014, Sarwar et al. 2017, Yousaf et al. 2016) , Z5L
e o IE S B ITM B OREL 72> TV (Sarwar et al. 2017) | fE
WaFIM LB EE R EEOR LD BF L R OB R NbIER S
TV % (Erakhrumen 2007, Ghosh and Singh 2015, Mahar et al. 2016, Wang
et al. 2017), LTV v hrT7 7 PNINICHE TEOWEENINETHIHMHS
LT 5 (Abdullahi et al. 2017, Gonzalez and Gonzalez-Chavez 2006,
Mangkoedihardjo and Surahmaida 2008), SiBEHi TOY v hu 77 DG L.
M A RKL T O EITMA T, EEEDO DN HE TR VX — & AEPETE
HAREMERHVRFHIE T 22, HeRea e tBICBITI VY770 EF
(DWW, BRIV A B ICE SOV TOM IR ROEN TN D,

BHEARE HE WO DT E S BITH RSN LEO B TRV, BN ERSE
MIEMBEEDN L WS REBRZDZLEMAEYRE: IZH 7> TR
BtER R L5, O BRI Y7 7235 L Y xhr 7 7
HEESTDNAT~ 2 B MEMRIE I CHINH T enTEhIT, BREICE
L, ﬂ[#ﬁ'fi%%Of:)%%%’ﬁ%ﬁﬁ%ﬁﬁiEfﬁm‘:iiéo

1-1-3. EMAETYbuT 7 NAF~ZADHFHFA

Cxha Ty e A F Y ZADOFHIZHTeo TR, FFIZEENLMITHHEAALD
ZE A HUSN DAL A ZAOFHBHFES N TN D, Bl 2T A7 B O
Fl AR A IEENS T R AL L TG 3528 (Abudul Khalil et al. 2013,
Selanon et al. 2014) °, =X A X —HHLITIBREBELLTOR M THD
(Biradar et al. 2014, Chintala et al. 2017, Das et al. 2015, Jingura et al. 2010,
Kongkasawan et al. 2016, Ramirez et al. 2019) , 7272, ZTNETOT vka 7y
WFFEIT IR I F ORI T2 D2 %< RE LS DA A~ ZDF|
MO IEITEZ+3IATOITWDEIEE R, Yy a7 7 [ LRI TR



— F#EEI21E99< (Pandey et al. 2011, Singh 2014), ZESN LD EHEL
234k 415 (Inafuku-Teramoto et al. 2013, Ishimoto et al. 2017, Pandey et al.
2011), TDTe® | Hr TS ML 72D HIBIT B W T, B ICH o> TK
BEOWEENPFRET D, Tlo, MBI T ETL2LENDHY D DR
IR BRI RSN AET D, ZHETIEL, 2OLTELIAAMF v ATFEES
NTELEB, ZNODAA T ARERN TENIL BIRSOE &0 D R0 E WA
TIHEEREMIRERVGLEBZOND, Py a7 7 DFEFEANAF~ ADTEH
. Vb7 7 2R B RIS A R T 57201 E DR REMEET HZ LN
HThD,

1-1-4. P¥bRT77 NAFF ¥ —IZLDHBHE, SILBZREAEWEESED
Il

FottodbsrE¥tsrsEL W ET, XM EF~AZRILLAASE T v —
(biochar) L THIH T M 7EDRED LI TWD, NAFF ¥ — LT A F~
A% BROMAZRESETRETEL , BT 22 THEMLIELD TH
D(Lehmann and Joseph 2015), Z K TIRTI N E L GFLNAAL T ¥—D
gL, BRICIBASEDZETHRA R EBRUB~OHRELAELSESD (Chia
et al. 2015, Ippolito et al. 2015) , ZILETOMIENDL , SAFF ¥ —03 B HAE
MDD M B EICH G T 52 NS HERE ST 5 (Anders et al.
2013, Ogura et al. 2016, Sohi et al. 2010) , £/, JEEIEL TOF R BRI
TUW5 (Atkinson et al. 2010, Glaser et al. 2002, Steiner et al. 2007) ., L2>L .
Uxha T 7 DBEFENAAT AL RALLIE T O8I EE 0 IiThb il Tng
CIEE RV, Uxbha Ty e R h~ A& RILL, BB A LZBEo & B ED
HEEA~DRER DxhaT 7 AT F v — OB R MEO ML, # SRR
a7 7 e AT AOF MR ET DD EO MR RAET D E
THREIV,



1-2. AHFED BB
FZTARWFFEIZR O B & Fi> TiT e o7z,

1) Yxbrr7ryO@EER TE RIS BETHBLO =y r Vv E SR TEIZE
\F % B I D F R

2) VxbrT7r0@BI Y=y sV ERLETOAEFICBITD, Yyt Tr-
NAF 7 AN O L= 7V EFEZE 8 O fif ]

3) Vb7 rIEMIE AN ATHLEELNAF T — L TERAL, BBt
INOERFERS T BEO TEUGEREL RWHHE LI DB R0 A pEN
] B2 o5 R

4) TUxhnTrO%E WER, B , RIGIREZZ X TRELTAAAFF ¥
— O, W B RME O R AT

INHOMZEAZBL TY Y a7y DFNFIHO FiEZREFT 5,



HoE
B, FHBL =y B REBIIBITIAV Y7 7 AT WD
e

-1. B

ZOWFFRIT, NATIRE E EET D AR X LF —RELTHEAEINT
WbV a7y (Jatropha curcas L.) & JRKFEF T 7V AR L TWDHT I
7 (Acacia burkei) % . WM pH &£ T THBIN=v L zEGRETCE T -
BlZBWTAFTIE, 2OMMHLZFEM T2 D THS,

Dy Ty lT T E oD 1) BIEMOEEICHEDbILTWD 1
(FS) &, 2)FS LU THMMET OB HEN S8 5. =y T VOB H &N 14
5D 13 (ACNS) T6 - H RS, H L0 AT RN ZBE LT,

FEHRELT,ACNS THEBLET YU TILL FS TEBELET IV TITH A B
BLOMIEL DN D7l EBM, 7rr7 v E/G 'R V2N EVI R
FHEN RGN, —HFYvha7 7 TlE, BfE., B, B ORIRE O kA
HEIZIB T, ACNS & FS R THat Lo A EEITBO LN o7, Fiz,
Cryhr7rEICBTAMBLIO =y VOFERBEORFE TIE., STV TIR
HEOHBEENRRDONRNSTbDD, =7 WIZEBWTIE ACNS HETA
BLEY Y a7 7OV EOHINPRO LT,

ZOREREPD, V¥ b7y i ZBETH B LN =y VB S E T REITH LT
RV PER HDZ LRSIz, ZOWFFER RIZ. Px b7 7 IC LB A RET
RNF—DAEFEE @B IO =y 7 5 T E Ot % R RF I 5 i C & 25 7] RE
P2 R D TN D,

2-2. FFil
Yxbu7 7 (Jatropha curcas L)IZF7Z A7 FFHICE L SBEH TH A &k
KTEMTED, XD WM ELERBIG Y HEO LI ic Y vhe T 7%



EAT L2813 /T2E T LS T 5 (Agamuthu et al. 2010, Chang et al.
2014), Majid 5 (2012) 1240, . HEADL ZENTBRE LETY v inT 7%
BT, EaROWIFFEICBEL TR KL, Abdullhahi 5(2017) XY ¥hr>

TIZRD ., Hih ., 8 77F‘i‘?JALCW?%éﬂf:iﬁ%@@ﬂ:@%ﬁ'ibzob\fﬁﬁb
7. Ghavri and Sigh (2012) 1% v hrua 77 DKL ICL-> T, SICIBEREN
B TOY 772 F CORBEAITR>TWD, o, v AR —FH A
L HETE Y yharyrltar e — L HETE Yy s L
A M EHOBEBEREICEN NI ERRESNLTVD
(Mathiyazhagan and Natarajan 2012) , ZALHLDWFFEH A LT Y a7 7 038k ~
BRESBIHETETEOMMEELFF > TVWHIEERBRL TS, RBFFIT, Z
NETORITMHERENOERZRGT, Vybur7id, 77V DY 3 Hill
ICHARIZEBLTWDRY L iR LT, 8- =7 VB Y 5T A4 F IS E
DERWE W E N T, RYUF CTHIBEEREITR-7=b D THDH, Vrhar
T DA B IICERATZWWIIT 127 (Acacia burkei) TH5, 7 T T IER
VUFICIRKHAEL, EARERSTOWDARERIZT 720 RV T T DORE T T
EBTLHIENHERTEDLNOTHD, ZOWIIL, BHETHBL =y L%
Z<EGATWDLEEEZRNT, Uxbha 77T AV TE2BE T, ZTOAEBIREZH
ZLTEHDOThHD,

2-3. MEETIE

2-3-1. FEEH

ZOEBRIIT 7V IEE O R YU HFE (Republic of Botswana) THfEL
oo RYUF CTEMUZEEIL, RYUTHMIAEO R LF —BRO B
LTV b7 7ORHEZBFIL ., ¥ vhu” 7 BB ES B35 2 B S A F
BR2MT O TV 57 (Inafuku-Teramoto et al. 2013) . ¥ ha 7y 3RV U
DARBECTEBETHIEDNHER TETCWDLIE, DOERIHEH T L7200
HAROMRPE G THHZ L, o AV U LR ENIZEE MR 8, $iF L
=T ANELEEN T LERE - =y S A GELOELSITFTET 22 LNRES
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ALTHY (Vurayai et al. 2015) , iR LENHER TEL720 THD,

AU FIL 582,000km? OFE LAFFL 7 7UALFIE, T, DT
=, PUETICHENTZNEETHL, HOREHIZIEE O 70%% 555
F T NYRGEDS 73> TUv5 (Batisani and Yarnal 2010) , 7R DK% X 55
B W T I B L CEY (Jonsson 2004) | BT &1Z 230 mm 2>5 500
mm, ZUEIL -5°C 5 40°C T, FlEL T 5 (Inafuku-Teramoto et al. 2013)

2-3-2. EB 15

ZOEBRTIEZODZAT OE LEAME AL, —2IL, RV T T O EEA
AR XU H#IRICH D ZEE O EERERY (Department of Agricultural
Research: DAR) "6/ 4 km BEN 722 AINETH5REBRBSGO HETHD,
ZOHEIITV e T O ERBRSG L THAE H S L7z (Inafuku-Teramoto et
al. 2013), 2D XL TIXZ D +HE% FS (Field Soi)EMERZEIZT D, HH—D
FAYTF RN DOELE BT = R RRIZH D8 - = 7V EL IO <o +
BThD, 20 HEITMHEN RS, B L= T VO EFENZNIEND,
Z DL TlE ACNS (Acidic and Cu/Ni-rich Soil)EFESRZ EIZT 5,

12 @ pH (X inoLab pH 720 meter (WTW GmbH, Weiheim Germany)% fifi
AU, BEERK: 16 10(w/v) THIEL, ABRFOSHEIZ, —7ulfiEh
U A4l 75 (Walkley and Black 1934) & VW Ty Y66 £ (Labomed, Los
Angeles, CA, USAIZTRIEL 7o, HEED RS 0T IZ IR D Ko7 FiEE AW T
IHTUTz, £HE% 70°C T HRIEEBESET21%. 0.2 g OV T VI ek e #E
THEL, ZhE =772 AR 10 mL OEMEEEZ X T, RIKENK 3

L 2725 FTHRy 7L —h ETHEBLI, H\ T 10 mL O¥EEE N % | 7K
E2 3 mL IZRDETHEICMELT, ZDREE, X—/"—T L F—%@L T
JEEL | ZAUZ 40 mL OB AKEINZ T2, 2L T 1% (v/v)DREEE THARLT,
ZDOWRKREFERES T T A< R N HrEs (ICP-AES; SPECTRO CIROS CCD,
SPECTRO Analytical Instruments GmbH, Nordrhein-Westfalen, Germany) T
HELT,

11



2-3-3. ERMEY

HEEEBRICHW Yy ha 7 73 AREZ DT R L7z, fiRkEL T
FEHLEZYYyha 77O 80X, AY YU F @O Mineral Resources, Green
Technology and Energy Security 4 ™ Water Affairs J&23 /AR a1 ifi N C& H
LTWDARDLERML 72, HZ DAR OFEMREAN T, £ 15 cm ORSITYIY
TN T S 4L TV D [E 3 + 3 (Potting Soil, New Frontiers, Lobatse,
Botswana) # 5 L OE=—/L Xy 7T AL, T LT, fiARL TH /17
A% BENHO, BOERN LENG S ecm OLZATH 5 mm, Hi EE O
FSK) 5 em (SR Ttb O RBRICHE MLz, YvbeTy LOEF HBIZHW
IeDIET AT Thd, THVTIIRY T T OBEREE T THALTRY, R
U OB EIRNOMWEBNDRNEVIR[RERMICHEICL TWDHEZ 2 HNT
N THD, 7T (Acacia burkei) DRI NFAu R T 7y 7 8#IXKIZHD R
ARXOEREL ., FUREZE %42 AW T DAR OMMIE=ENTRIESE-, # 5
2310 em, BOERN TLENS S om OLZATH 3 mm IZHELIZb D% 3
BRI LT,

2-3-4. REBE

¥ aT 3R, THTTIRDOE AKE, 10 kg @ FS, ACNS BN A-728kIZ1
AT OEBEGEIBH L, DAR OEPIEENTEOREZBLZL-, 1HEMIC1
R TLOKEEZ -, ERRZEL TEFIEEHIG 2 TRy, Bk, v
raZ7y  TATT IR EBEO AL L85, i B 5 cm OE S O#O
Bk L C6r HMIHIEL T2, AT, TATTITHOWTIE, Mk, 5=
Al #Z (Ickert-Bond et al. 2015) EEM DK ZWE L=, V¥ a7 7T 2O\ T,
BLIEM LI E RO RSEEOHEZRE L, TRRALE EHORED /oo
T4V E A EILYEAT SR D 715 (Han et al. 2018) 2k D Xl —EE ELHIE
L7z, KO LTI ET D5 2R LIENS, B 6 mm O EIROY 7
NWERIILTZ, ZL T, EN%E 80% (vIV)DT ERAZRL, Fek LI HETTOE
LCH—ITL7% . 12,000 x g T 53 O0mBEL 7o, 20 B AE 5 LB
#t (Cecil Instruments, Peterborough, UK) Z T, 645, 663, 720 nm D
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ETCTHIEL., BoNT-ENSE H LT (Porra et al. 1989),
UrxhuZrEORBEZLOVESRIIKROII R FEEACTHIELRE,
0.2 g DR EEEZ T T ATZ AL, 10 mL O ¥ERERZ X T, 240°C THEENK
1 mL (27225 FTIEL 72, £ L T, ZOWRIZ 1% (v/iv) DR Z N2 T 25 mL
DWRENEY, TNk, FEES T TA~E N ez A THIEL T,
CxXhu 7y NENICERBLEIR TN H R ERDENAR$ (Enrichment
Factor: EF) [Z DO A& HAWTHE L7 (Zu et al. 2005) ,
EF=EDOIRXTNVEME/ TEOIRTILVER &

2-4. FREEZE

ZOEBRIHER L 2MEED 113 FS & ACNS O£/t F K /71X Table 2-1
DEBVTHD, FS @ pH 1% 4.92 T, AR FEIT 0.31% Tholz, Z<EEN
TWD B DDIIT NI=T L IV UL v T eFH2Tho
72o —J7. ACNS @ pH 1% 3.39 L2 /R Tz, AHEIRFEIX 0.12 % T
FS JOHIRW, $il, =y b, FEUZRSH HEO FEpy 05 H &ITAER)R 4
ELANEZ2 o> T ACNS ICEENLH, =v 7V, FEUOEH &I, +
EIL, 58 f5. 14 £5.8.9 % FS IVt Zholc, FFET RE|IHE=v /1O
GHBECTHL, EEBIHRETEOY Y T 728D HIEA AR L T EAT
SR S e L Hei L TA 5 & (Chang et al. 2014) | SE4T SCHK TILs .
= NVDERENETNEN, 23.7 mg kg, 20.99 mg kg' 7223, ACNS + 3
TI34d 604 £ 3 mg kg!'. =v 7/ 365 £S5 mgkg! ERELZLEGENTWAHILE
Nbhhrolz,
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Table 2-1. RERIZfEA L 2 LB OBLE (pH), B4R % (organic carbon), T+ 7L EHE
Soil Fold
FS? ACNS? p-value3 difference*
pH 4.92 3.39
Organic carbon (%) 0.31 0.12
Mineral content (mg kg-' soil) °
Al 40,100 + 300 52,700+ 1,100 2.9 x 10+ 1.3
Ca 5,880 + 40 19,300 + 100 2.1 %109 33
Cd 3.42+0.05 5.21+0.04 3.2x10°% 1.5
Co 78.6+2.2 151 £1 2.8 x 10 1.9
Cr 67.5+£0.5 524 +0.6 7.9 x 10 0.78
Cu 10.5+0.2 604 +3 9.1 x 108 58
Fe 13,100 + 100 28,900 * 200 8.3x 107 2.2
K 299+2 5782 8.1 x 107 1.9
Mg 254 +£0.3 90.4 +£0.1 1.3 x107 3.6
Mn 704 £ 7 125 + 1 1.7 x 10® 0.18
Ni 252+0.3 365+5 3.4 x 10 14
P 136 £ 2 241+2 1.1 x 105 1.8
Pb 61.3+£0.8 61.0+£0.5 0.57 n.a.t
Sn 19.6+0.8 23.6+0.9 1.3 x 102 1.2
Ti 334+3 2,960 + 50 1.8 x 10® 8.9
Zn 19.6 + 0.1 60.9+0.6 2.5x10% 3.1
'FS: Field Soil.

2ACNS: Acidic and Cu/Ni-rich Soil.

3The probability values for the significant difference between the content of two soils were calculated by t-test (p < 0.05).
“Fold difference of the value for ACNS in comparison to that of FS.

5Values are the average and standard deviation (n =2~3).

%n.a: not applicable because the difference was not statistically significant.

TATT OAEFIXFS LEEEEL T, ACNS T8 Tl 2 ) -7 (Fig.
2-1, Table 2-2) , ACNS HHECAEEFLLET AT OEMEIL Y 11.7+£5.0 K
T 2L FS O LETAEBELIELODO Y] 82.7 + 4.7 RELELL T 14%L»
23Tz, ACNS HETEFLLET BT OME L KD 7e< ACNS +1
DT T HRFE2.0+£1.0 KTho/e—FH FS LETAEBFLLET I T1X5.0
+0.0 KCThoTe, THTT ORI EIZIIHE LOFEZEDRONRNST2bD D,

14



THEWENS 5 om OFTCTEHAIL 728 221X, ACNS I$°F#) 10.3 £ 0.6 mm & FS
THED 14.0 £ 1.0 mm LHEZL T 26% M0 o7z, ERERALE LEOIED /=
07 4VEAH BT ACNS T2.2+0.6 pg chl cm2 &> TEY, ZHIT FS +35
(7.2 £ 0.4 pg chl cm™?) LHIGRL TREE DTz, TNHDRERNL, T LT
ILBMETH, = 7V EAEBEDOZ WV EETEHKRENEF LI AEINDLEE 25,
= VIIE D AEBIZES T UL T —BREOBEOERIC KRRV, L
L = b Ot T 7 W S L e oD Al S8 S0 A ) D 5 BB 2 72 3% (Yusuf et
al. 2011), RET LT DOREDHEFEESNDDD T DA =X LD MREPITIR
RHMFEEL TRDODOEINTWEN, ZHLTE=v T VOADZENRELILEL
T RIREMEDS KR E W,

i, | o=
Fig. 2-1. {3565 BBDOT7 AY 7HLUVY v bA 7 7 DAEBRIOLLE. FSHIET

ELE=T7AYTA), Py a7 7(C), ACNSHIETEBLE=-T7HYTB), Pv b
A~ 7 (D).

o B3 ; Gt
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Table2-2. 7h> 7 &P v A7 7 DFSHIES K TACNSHIEICH T 2835 6 » AROEBTRR

Acacia’ Jatropha'

Growth Parameter

FS2 ACNS?® p-value*  Fold® FS? ACNS? p-value*  Fold®
Height (cm) 28.3+6.0 31.0+104 0.72 n.a.t 24387 25.0+7.0 0.92 n.a.®
Diameter (mm) 140+1.0 10.3+0.6 5.3 x 102 0.74 147+0.6 16.0+ 1.0 0.12 n.a.®
Number of petioles per tree 82.7+4.7 11.7+£5.0 5.8 x 10 0.14 nd.” nd.” nd.” nd.”
Number of branches per tree 5000 2010 6.5 x 103 0.40 1.0+£0.0 1.0+£0.0 1.0 1.0
Total length of emerged branch n.d.” nd.” n.d.” n.d.” 45.0+21.8 56.7 + 55.1 0.75 n.a.
Number of leaves per tree nd.” n.d.” n.d.” n.d.” 53+29 10.3+1.2 49x102 19
Chlorophyll contents (ug chlcm?) 7.2+0.4 22+0.6 3.2x10* 0.31 11406 10.2+1.6 0.28 0.89

Values are the average and standard deviation (n = 3).

2FS:Field Soil.

3ACNS: Acidic and Cu/Ni-rich Soil.

4The probability values for the significant difference between the two soils were calculated by t-test (p < 0.05).
SFold difference of the value for ACNS in comparison to that of FS.

%n.a: not applicable because the difference was not statistically significant.

n.d.: not determined.

TATT EHELTYyhr7 7 OEF X, ACNS & FS HEORICHIEERN /2

IO LN o7 (Fig. 2-1, Table 2-2) , ACNS H¥ECTAFLIZY ¥hr>
7 DR EIL Y 25.0 £ 7.0 ecm T, FS HEETAF LY vha 7O & 24.3
+ 8.7 cm LD RMNTITFEF LOFEEIFTHOONRroT, TEENG S cm O
B TRFAL 722122V TH ACNS T 16.0 £ 1.0 mm, FS TF#) 14.7
+ 0.6 mm EIFIELLE- T2, ACNS 8 FS Lol L0 L TAEEBL
e b7 7 ERIZ IR LM RN oTe, ZOHEFEDEIIL ACNS THH)
56.7 £ 55.1 mm, FS TY-#J 45.0 + 21.8 mm EfEAKRENRKEL, o0, 11
FEORLGLIPBREIZBVW ORI EOFEEZITRDODLN o1, I8,
ACNS HHETEBLEY Y7 7OEDOHIT 10.3 £ 1.2 f£& FS LB TEF
L7=Vxba77D 5.3 £2.9 #4850 b %072, 2. FS HETEFLEZY vh
BT 7 NHAT T LV IRE DR ERDE L L2 T ENEBLT-OTIER
WnEBZHND, 7R AV DEREIZOWTEH, ACNS LHETAFLLY
¥hr771210.2 £ 1.6 pg chl cm?, FS tHETAFLEZYyhar 7713 11.4 +
0.6 ng chl cm™? e FOAEEZITFROONRD o7, ZOERITFR Y M
ML67r AMEVYEBIEICAT 7o D THHIEND, BREEO T TR B/

16



WS TAEBIETLAORRERLIMLENRHDLN, ZOERNLITTYEr T
7 ACNS TEEIZEBWTHAEFL, TENOREZETL2IOREELZ T
RNWZENRRIBIN TS, ZOMEIZENT, UVrhe770HIBLRN=y 7L
DEFENZVWEETOMMEEZBE TE8E, Vrbue Ty 7l K58 -=v 7
ALY THRBEL T L C ORI D AIREMEZ R L TV D,

WIZ, ¥ a7 773 ACNS HEIZB W THABICHE ARG B HE LWL TV
LPEHARDLD | EREALE LM ENOIRTIVERBEL O LT, 2,
AOET . = Ve G ELEBOLEEEE DL, TOE, Yyhno
TrDEIZEENDIRBRZBIOESREOEHERIL, =v TV EF X ZERD
T.FS.ACNSOM I CTAEBLEY Y ha7 7 I Lo EZTRO LN
STe, — . =TI EFHATONTIL, ACNS TEEBFLEZY Y7713 FS
TETAEBFT LYYy T77 X0, =07 VT35, THT 2.5 HBELOBENE
WCEEN TV (=7 /L ACNS; 5.55 £ 2.34  FS: 1.84 £ 1.28 mg kg'!'. T
% :ACNS; 2.76 + 0.05, FS; 1.10 £ 0.10 mg kg'!), L2>L., HEOEFED =
X, TEEFEOETHL=Y TV 14 {5, FH=1 8.9 {% (Table 2-1) LV iT/)
7o TV,

WIZ IRTNO LERELENREO L ENGIRMER(EF) 2Rk 7,
ACNS THETAEFLLEY YT 7 DEIZB T LRMAREIZ=y /LT 1.5 x
102 mg kg''. ¥ T9.3 x 10* mg kg'! EKZ/NZ\ (Table 2-3) , ZDOFE R
2265, ACNS LEICEEN TWOIRFO= TV EeFZ NI a7 7 DR T
WIS ey HLIE, M THRINSNZEL THEITITRMICBITLZR D
TEDITRBEND, =7 b D i R 72 W VAR el 0D il 382 S0 A 4 D £ BELT D 72 23
% (Yusuf et al. 2011), £/, FHFTHEMITE S THEAR R ROE O TIE720
HLOO, TEFICHEYREOEFENHIVE, EMICBEWEEEE 257,
WRIZZBEIUIEDICE S THEERDIENHREZIN TS (Lyu et al. 2017), =
DIHR AT IND, VX a7 7132907, s> TR B R T 5E
HEIRDYE IR L2 EHIZL T (Baker 1981) & 5FoTWAHEE XD
o,

FrET NEZLIC, VX IRT 7y OREICBIT LW O E A EIL ACNS TEFLE
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HDN3.67 £1.16 mg kg' | FS TEBLZHD2Y3.90 £0.17 mg kg! THY,
THICB IO EH BITIIRERERHSTZIZHLT (ACNS OEH &
X FS @ 58 {i%;Table 1-1), EOERMEITIZZED Ao/ > 7-(Table 2-3),
ZORERIT, Vb7 DEOEFEBOEE MR T oM=L, T
A FOLFASIZa L b — LS TWAZ EDRIBEIL TN D, ST~ 72t R
IEMEICHLAEO IR L TEWIIRELINTEY, fIX I, PO IEF 7
REERBICLEEINDEOEMRIC ML FE AR AR TH5H (Nagajyoti et al.
2010), (AL, P EANFICR BN TFET 25 A TP > TUIHFET
&% (Shahid et al. 2014) , AEBR THEINZY v M7 7y DEOHERF =T
HNZLEENTVWLTETOEBFTICBNWTHMBEIZIEHEI N TR, 20
fERIT, U7y R mRICEBIRT 52 LI A=V Z R T 57201
VL EOHDOIE~DERBLET THDObDERBIND,

AT TIL, P b7 7132 E LV OIR ICEHEIEAHA R DL EN T
K EFTU 5 (Chang et al. 2014, Ghavri and Singh 2012, Majid et al. 2012),
— T VbR Ty OELHE PRIV EEZ WL T DLV HIERIN T
% (Abdullahi et al. 2017) . 2O LT BATHIZE M AR EBRBIZE 0 DI1E, 5 A =
DENTIEIZBIT LV v a7 7 O3t T LIS THBY | RN O E 2124
HEETHDOMNENIARRIL, TEOMEMES, UxhuT 7O AR ER
RS ARIE LV ST B2 RERICERT2bDEE 605,

Mz T, ACNS THEBLLEYYIRT77IZBIT5, WARERTHD, WU A
(K) . 72y (Mg) .,V (P) DRMREIL, =y TV, FHUOFHSRE
L Ty (Table 2-3), 2OZE0D, Py hr7 7 LBEOEEBEOE~D
AEIED ESHET 200 ABICKERRBREZEALTERL TWDHIENR
BEins,
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Table2-3. ¥ % FAT7 7 ENDREZS L VCELREEREE & BMHBREEFR

FS! ACNS? Fold
Mineral Content (mg kg')? EF4 Content (mg kg')? EF4 p-value® difference®

Al 341 + 200 8.5x10°% 503 + 372 9.5x10°% 0.51 n.a.”
Ca 5,120 £ 1,780 0.87 8,110 + 7,670 0.42 0.54 n.a.
Cd <0.1 n.a. <0.1 n.a. n.a. n.a.
Co 3.52+0.18 4.5x107? 4.27 £ 0.36 2.8x 1072 7.7x102 na.
Cr 2.31+£0.60 3.4 x 1072 1.93 £ 1.46 3.7 x 102 0.69 n.a.
Cu 3.90 £ 0.17 0.37 3.67£1.16 6.1x10°% 0.81 n.a.
Fe 57.8+19.1 4.4x103 79.1£63.7 2.7x10°8 0.60 n.a.
K 9,180 £ 6,860 31 4,600 * 3,530 8.0 0.21 n.a.
Mg 1,870 + 2,430 74 1,860 + 960 21 0.99 n.a.
Mn 48.0+53 6.8 x 102 64.7 + 37.1 0.52 0.48 n.a.
Ni 1.84 +£1.28 7.3x 1072 5.55+2.34 1.5x 1072 4.1x102 3.0
P 6,270 £ 1,500 46 5,190 £ 610 21 0.15 n.a.
Pb 254 £1.45 4.1x107? 2.85+2.03 4.7 x107? 0.83 n.a.
Sn 4.95+1.02 0.25 4.79+1.48 0.20 0.87 n.a.
Ti 1.10£0.10 3.3x 1073 2.76 £ 0.05 9.3x10% 1.1x10% 25
Zn 355+11.0 1.8 37.3+10.5 0.61 0.82 n.a.

FS: Field Soil.

2ACNS: Acidic and Cu/Ni-rich Soil.

3Values are the average and standard deviation (n = 2~6).

4EF: Enrichment Factor, [Elements]e / [Elements]s,;.

5The probability values for the significant difference between the content of two soils were calculated by t-test (p < 0.05).
SFold difference of the value for ACNS in comparison to that of FS.

n.a: not applicable because the difference was not statistically significant.

2-5. ¥&¥

OEBRIZEST, Vxbr 77 3B ETHB L O=y VO EHENZ
TEIZBW T, arbe—)L HREFRRICAET TN TELEH NI -
Too = HTHTT X, WBEET, BLO=v 7 VO EHEENS W LB TIEA
BENRRESPLESNTZ, Pybrr770EICBIT2ELBOEMEEIL., B LD
=T NVERENLZ VT TERLEZBRICBN T, =y 7 VOEHENE A T-
LoD, FOEHEITa I — L FETEFTLELOLHG EOFEENR
Molz, TOZENL, BAR ., FRZHOBE OB IT RIS T D
ZENRBIND, ZOBENG, MBETHBL M=y 7LV EFEN S 11
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IZRTHVvha7 7 OMMEINRRS L, ZORMETIEEY THLYvhrT 7
DIEMGIEEL T B I O =y 7 WG Y ST BE I BT DHEAR oD 7]
REMEZ RIRL T\ D,

20



$35:E
FHBIVO=orVEEE BB IRV Y 77O AEBLEDN
ZHEEE) O

3-1. B

ZOMRITHAEFRETRALET—JHEL THERSN TS Y v a7 7 (Jatropha
curcas L) D, B L N=w WG EEIZBIA2AEFMmMMEE, LEFRNMSD
W=V OWINEEHE AL 720 D TH D, ERTIT, Ry Mo tHE 50,
150,300 mg kg!' DR BFDOHBLIN=y 7V EZIR AL, YR E N TEER
TEHEES TR T A F L, AFOBEICB WL, Ba, BR A
Bofe, —FERKELIEEROESZEMMICHIEL, it=yrL0E
FRBBOFAMIIL, FREBER ISy a7 7 ZINEL | A4~ AR E &L
IRTNVEG T B LTz, ZOFEBRRRE DL PrhrT 7y DEFIRDLIT,
B L=y T VIEATBEICBN TS, HHERNO@FHBIR=y 7L OJREIZE
HEnnZeip arte— L HEEHRL TG LOFEZITR Uxyhrr
TRHBLR= F A BELEEN TS HEICHMEZ RL, [RESNDZ LN
BRSAEBTHIERHLNII o7, IRTIVHTNDIE, #l EEHIZ L TR
IZEL D=y NV ERINL TWDIENHER TE, 2, flickk X T=v /7
VDWW BN L, FFIZ, B, BIOEICb =y IV EE BT HZERHLMNI
pole, ZOZEMD, B, BILBEEZRMVRZE Ty 7 {59 LD TV
LD ATREMES R IB S ATz,

3-2. Frim

FeBE LT E R, FRICES B A S EN D LI, BP0, =R — AR
JFE O NHORFEIEBOR REL T HE 4 ZTOHEBMNIERLTND
(Chang et al. 2014, Sarwar et al. 2017), EAJBIZ LD TEG Y X BR M &
ZOIEEZTET TR, AMORERIZH KEREEL KT T (Sarwar et al.
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2017, Yousaf et al. 2016) . Z D72 ZHLI-EEJEH Y HE O LB L O
BLIXBBOREER>TWD, HMIZLDE R LEOLIZINZ T hLER{bE
1THoRAITINETHHFZES N TE 7= (Antoniadis et al. 2017, Mahar et al.
2016, Pandey et al. 2016) , T LD HEEHLIT. BRFAIISIRB LN END
mEBRTICELWEW) @A HE H S TUvA (Mahar et al. 2016, Wang et al.
2017),

"X AT RO Yy a7y (Jatropha curcas L.) 1. ZTNETHIREINT
THIRLTRBELI. LI THAF TELEEDLN TR, FH2EIZEB W T, Uk
B7 7 REBL =y Va2 G HEICB W TH, SR IThhTn5
TEERIERICEBL, 7737 (Acacia burkei) EHERL THB L=y v+
ECOEFITIHIERHD LN SN/ 572 (Konaka et al. 2019a) , ZHLICE
D, ¥ b7 I XD B L RN=y VB IO AL I TE L2 EN RS
Nl REBRTIEZ, ZORMBICMZ T, V¥ b7 7OEFTBBRICB TS, ik
LFR= TN DARAF AN TORIRIZHALNICTLHZE T, ik LI T0=y
VY SO R AL O RTREME I O W TE LT,

Tr a7 7LD EAE RO W OWTII TN T b, Bl z21E.
Vybunrrilkoes#, sub | #ih (Yadav et al. 2009) . fn. ARIT L
(Mangkoedihardjo and Surahmaida 2008) . #, £k, §4. 7 /I=7U A HiéH
(Majid et al. 2012) | #ign, ¢, 7 NIV A (Abdullahi et al.2017) . HRIT A
sual, 8. =v/rv, $h. W (Chang et al. 2014) DO WL TH D, /-,
Agamuthu 5 (2010) 1%, ¥ ha7 72 LD H 35 A8 W 0 O W I A 3B L Tu
Do EERICRINC L TAEUERERE LEOBG TABF LY Y7 7IZLOH
B DWW FE DR L ITH LT 5 (Gonzalez and Gonzalez-Chévez
2006) , LML G B L N=vr Va2 GATE LEBIZB TSV vrTy
D E AR JE DR MUZ D W TR+ R R RS TR, H2FEITE N T,
VXTI RICARRREAEICER LWL RSN T =y L
WZEAL TR R R EUIIER NS D DE~DFEFEN P57 572 (Konaka et al.
2019a), ZOEBRO HHJL, HF2E RSNV Y hn 77O BLI 0=y 7L
WL T, TP OB I R=v 7 VOEHEDEWIIVY Y7 7D
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ETNERBIZEANDL20O0EHERTHZE BIO., FE2ETIEHHITHLMNIC
TAHZEMTERN ST, RAFT T RACBITDHEDEIAHB L N=w V&2 E
BT HONEEIETHILETHD,

3-3. MELGiE
3-3-1. HE&R
ZOFEBTITH AR D NiSO4-6H20(99.0~102 %) & CuSO4+5H,0(99.5 %)
(Fujifilm wako pure chemical, Osaka Japan) Zfi L7z, $il& =7 /L ITHEDY)
DEEFER R ERME R EFR THDH (Fageria et al. 2009) , #il 1%
Ascorbate oxidase 72 E DR B FHEE K 1 D@ 12 FE L X1 (Festa and Thiele
2011) , BERIGMEIC KL ERIRT LV THLN, THEICERBEICHFET I
¥ 7 L7205 5 (Nagajyoti et al. 2010, Shahid et al. 2014) , => /7 /LiIvL
T—EBREDOEERIZES THEHERMD THY, WSO O{LETLEEFEOEM
WZRMNERNIRT N THLN, ENS T ELEMBIC RERFI AV E LR,
M % 7259 (Yusuf et al. 2011) , 2D I 17 /L L Potentially
toxic elements (ETERI T M ILHR) LI NDHZELH D,

3-3-2. EBr1 i

EBITIE, HAREN THE TOHESCHEFEIC— RIS T 24
Yo 13 (pH 6.5 + o.5)%1ﬁﬁﬁbf:(#k%%@i 7V ray Wi, A
K)o EBRICBNTIE, EYHREHOR YNNI 3 kg DZO T2 ANTbDE=
fa— LT, 121 kg Y70l =y 7 v RNZNZ 4 50 mg (LI SONC &I
5). 150 mg (150NC) . 300 mg(300NC) E225L0IZIRAIE, 122589
WYy ~LTRESDbE, 2 ToarFrailtnFN3Ry b KEELT
LT, D b7 7O EZBOHRIC, arbe— L HEBIOHE=> 7
NWERBALLE TEAZREOHRIZZEL, 500 mL OKZEE1BIOMEE THx
CTHER Ry OB —{bEx K oTc, ZOREE, LEFOHE=y 7 VB3R NNG
IREICKEEBIZHEHEINDZEE BT HT-DIZ RO DO Z T MZEZR Y D TIZ
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B AKNRYIDOHEHSNZBIZIERIIN TEAL0IZLTz, Ry b OHEK
NROLNTZBRICIE, 2T ILICHEH SN 2K DO EETND . IRIZH KT HERIZIH
CARYMIELT,

3-3-3. W B
FEBRIIZEBRKFZOMEMIRE CTHEL CWDIBEm3ELL Loy 770
BeaAERL ., fARBE T1T o7z, BIKFOMMIBENICBNT, Vybrry
DEZR) 20 cm ORI FHAREH HEFHLFHE EFEO L AEZ2A 4
R, BAR)ICHL CHHEOREZMR L, M1r A%, FiERSKELEY v
77 DIEAZ R OB IIEH HEICBEL, Z0%EICL ARKRESHE,
Uy Ty NEERKAEBRT T LA EAMR LI, ERIIT, AFSELLYvheT
TOHARDIE | TEENHES 3 ecm OLEIZE T OB 1 em, AL G
IOHFITAZHEELRELEEHEORINE LBy T 4o a TR 5 em
B IDICHAREREL, TNHEFER TR L CERARIBLT,

3-3-4. REBE

Vb7 AL 128 AMERKLZ, ZOM., YxherroffE (HEER
MHETEET), HHEND 3 cm OMEICKITOME, FROEE —FRILE
LCWAEHORESEZ T E L, b 2@ <, £RiiTo7-
Ry b LERENLEEL TODHEEITE, BEOR IR E N OWRE ORI
72 EEFZE LT, 500 mL 25 1,000 mL O KEER Y MIRIRICE X 72, ks
R ALRIEENZ — U AL T, Ry D JENLHEAK RN EC -85 A 1T,
Pz KO EZ D RO FEKEFICFECAR Y MIREL AT,

3-3-5. NAFTANIRXTILEHFEDOHIE

= TN EFZLOETDH, VYT 7 "M F v RZEENTNDHIRT L
DPEZ DT> T AR, i, B, BEOFE, THOEEL 70°C DA —
T C2H MBS E b DR HL, 26D H 7L 0.1 g & 10 mL D fi
fif CHLAT CHRIZI > THrfif L (Konaka et al. 2019b) | #FEifE & 77 X~ #
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5y o AT & (ICP-AES. SPECTRO CIROS CCD, SPECTRO Analytical
Instruments GmbH, Nordrhein-Westfalen, Germany) =\ CHIE L 7=,

3-3-6. #HuEMAEHNT

2TOERIT, & LEOWRBRIZKHL T3V T LE2HEL TTRoTz, 57
Y (ANOVA) 1% js-STAR version 8.1.1] Zf W\ T.p < 0.05 #HFEFLL.
Holms 7% TR E L 7= (http://www.kisnet.or.jp/nappa/software/star/),

3-4. MREEBLE
3-4-1. O¥burrDEFTIRE

V¥ rT7rOEARZ 2018 6 H 25 BICHER LEICBAEL, E A5 128 H
M EA2BZ L7, 128 HAOYvyha 77O iEZa ho—/L 1T 80.3 +
9.3cm ThH-o7223, SO0NC 1T 93.3+12.3cm, 150NC LEET71.7+14.5
cm., 300NC 13T 82.3 £ 6.5 cm (Fig. 3-1A) &, FOHETHOAFTIZB T
biter EOFEZEIT RO oT, BH£E (Fig. 3-1B)  H O LK S (Fig.
3-1 C, D)IZOWTHFERICHE oA EEFTRONR)-T, 128 H&ZIZY
YhaT7rzt B, H NS UL | RS E RIS TR (v b
—/L 50NC, 150NC, 300NC) 2B T L8, R, ik, HHE, BLEOHREE
BEAMELE (Fig. 3-1E) . AA A ADHIREBEIZOWTH K Lo E =
RO LN o7 (Fig. 3-1E), FH2E TIER YU F TIT o8B L 0=y
TFvE R tEE HELEEZ WYy e 7 O RO R, Ui T
W= VER LB Tbar e — L BRI E T2 R LTINS,
WMRBROERENDIT, N T, LERICBIT L8 - =7 VO EHF BEDEITH)H
ML arbr— )L BELFEIRRICKRE THIENRENT, 2OTENDL, Uy
M7y RHBLRN= LV ER BB THMMEEZFF > TWAZENRIBEI
Do
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Fig.3-1. P¥ FATV 72 ERZEBEDRNE Z v T L ERBASE/-LE(Control3EAR L, Zv T ILEREZNEN
50NC: 50mg kg LR A, 150NC: 150mg kg R A, 300NC: 300mg kg BEA) TS L -0 4B R, (A)ES, (B)LEH,
53cmDE X ORIE, (C)&ER(EB: Emerged branch)d & &, (D)&ER D, (E)&z/e2EE (Trunk:&) (Roots:4R) (EB:#

1) (YL(Young leaf): % 2£) (OL(OId leaf): AL ). (B3R 3 4~ 7LD Tl & AR ZE. ANOVAIZH T 5 (Holm's test,
p<0.05)BEREDHER, (ABC)D)EBE)ETICEREEROONEL 7.

3-4-2. V¥huT 7 NRAFTTADIRTILVEHE

CxhrT7r BB L=y B <G HEIZB W Thar hr— L 1 EEE
BRI E T2V REZIT T, Vrher 7L B L=y AR EHIN
e HBICBWTH RICHERREREZWIN TETWNDLEWIRGA LT, £
NEBBNTT 272D, BBIZBITHEREROWINEE I LT, 70T Db
RUXIR T RERICHLBEEISNDIZ B RERTHLII WIT L INTT
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AT RV LRMERBER THLIE, ~ T WO IIZBIL T,
MBI O= T VIEATEIZBWTHOHADEELZZ T TORNWIENRHLMNIZ
Bole, ZEREERTOHII AIVTL ANV TL TR TLDOER &%
Fig. 3-2A IZRL TS, Sl L=y 7 VB BEFICEZEENTNDH BT
DIREIZBN TS, FFIZZENL ORI S KREREAIT R0 o7z, RERER
Thorth, v 732U L, HEOWINEIZ OV TIE Fig. 3-2B T/RLTWA, M
— BEOWIZIB VT, 300NC THRELZYYha 7 7 BRHat EAEIZWIL
TWVWADNR, w7 3227 L ORI EIZITAZREN R o) >7-, 300NC T
RELEY Y7 7 BNeka Z<WIN L2 H B IXB S TR THY, 5% 0
EOLRDLMMT DL THDL, LL, TRHDOFERIL, Uxhr 7y BB I 0=y
TIVBELSEENLTOD HEIZB T, IRICHERRERZ I L
TWDHZEZRIRL TS,

z
=

N
»
J

50 -
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N
L

o
~
|
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o
|
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§ 5150
T X
Q o
o
- £
g 3 100 AB m Control
£ o
£ g . @ 50NC
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° a [0 300NC
* <[l mml
0 T
Ni

Fig.3-2. Y% bO 772 BAZ28BBOME -y T LERASELTE@O Y FO—LBABL, Zv 7L EHEZN
ZN50NC: 50mg kg LR A, 150NC: 150mg kg LR A, 300NC: 300mg kg BRA) THIE L 7=BRDONA A v ZAADKI %5
LEHE. (ALZERER BHMERER, (O v s LU, BIZFHE L IZERE(N=3). 7/L7 7y FIFANOVA
& 2BEMARLTUVS(Holm's test, p < 0.05).
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3-4-3. UxbuTFICLBMRE= TN DERIRI

Uxhn 7 Il LD L=y v ORI EI Fig. 3-2C TRLTWD, dilé=v /7
NTIEHYYha 77 ORI EIZEN AL, SOV R, 2> he— /b 5
S50NC, 150NC, 300NC TEIZBWTHE EOFEETRBO LN o7,
DFERDS, r b7 7 I EBENICENZ<EEN T el Th, L EED E
D% NAA < ANIZHIL T D ENRNTENRIBIILTWD, 2O ARG
FHE2ELARDOMEREZRLTWD, =, =y T VOERBEIZLERICE T
=V ERBEEIEOMBEEZRL TS, arvia— LV EECTER LY v
77L 300NC EECEFLLEYvhr 772 ET 5L, 300NC THEFLEZY Y
ra 7713 124 (O = NV EEFEL TS (300NC: 147 £ 40 mg kg'! . =2 bm
—/L:1.19 £ 0.39 mg kg''), ZOZENL, Uxha T I EEANO =y L H
TS TLAEBICERF = VEBWINT DT LN RIBIND,

3-4-4. EBFLECY a7y RERICERLLZFOER
Txha Ty e N "AF v RATBIT LMD EFEEIX Fig. 3-3 IR TEBVTHD,

HDONAF v ANOHEEE M Z AL 0 LEPOEHENEZDITHES T,
BADOERBEN/HEZ TS (3 ha—)L: 0.06 £ 0.01 mg plant!, 50NC: 0.13
+ 0.04 mg plant!, 150NC: 0.15 = 0.05 mg plant’!, 300NC: 0.29 = 0.05 mg
plant!) . D NSAF v AN ~OF R AE LB L THDHE SONC DA )
0.12 £ 0.07 mg plant! D% ZEFEL TWDHLUH, LERNOHEFESEEINL
Th, @ (= hr—/1:0.11 £ 0.05, SONC: 0.11 £ 0.05, 150NC: 0.09 + 0.07,
300NC: 0.11 + 0.06 mg plant™!) | # Ak (= Fr—/1:0.04 + 0.03, 50NC: 0.12
+0.07, 150NC: 0.05 = 0.07, 300NC: 0.03 + 0.01 mg plant!) , ¥ (2o
—/L:0.01 £ 0.01, 50NC: 0.01 £ 0.00, 150NC: 0.00 + 0.01, 300NC: 0.00 +
0.00 mg plant') . Zf{LFE (2> b —/1:0.00 £ 0.01, 50NC: 0.01 + 0.01,
150NC: 0.02 + 0.02, 300NC: 0.00 = 0.00 mg plant!) &, FH DA A~ AN
DEBRITITEALEENR, Fig. 3-2C Tlkavhe— L HETAEBTLEY v
fa7 i HECTEBLEZY Yy a7 7 ORI EIZE=N AT 0> 723, Fig.
3-3 AL ETERLTADLE, VX7 7 [ IAFICKLEL EOHITH EH K
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L2 Wb DD, EEFOHEH EOHEIMIIES> TR EEZ WL 7ZBEIZITR
B, BN IR RN ENRIEREND, /2B, 50NC OEOE
BENS - HEITHE S TRATHS,

0.4 -

a a [ Control
£ 0.3 m 50NC
8 ] I 150NC
cL o [J 300NC
— C
ﬂi %0_2 i beCbC b bc
8 (e)) bc b
3 E c
8 0.1 A b bg
S i bc
o I Cce

0 - : : |-I-| w

Trunk Roots Emerged Young Old leaves

branch leaves

Fig. 3-3. R 2 EBEDME — v 7Lz BAI B 7-LE(ControlsEAR L, $RE = v
TILE ZNZF N, BONC: 50mg kg1, 150NC: 150mg kg1, 300NC: 300mg kg BEA) T
BELEZBOY v FO7 70 (Trunk), 7FE'<(Roots) E?B'Z(Emerged branch), FEE
(Young leaves), Z1LZE(Old leaves) RIZH T 2D EEE. EILFI9E & IZERE
(n=3). 7IL7 7Ry MMIZLEANDANOVAIZ L 2BEEM%A L TWLW 5 (Holm’'s test,
p < 0.05).

3-4-5. EF LYY a7y BRERBRICERB L=y I VOE

T ha Ty e AT RAIBIT L=y NV OEEEIX Fig. 3-4 (IR TEBDT
Hb, arte— L HETEF LYY 77X, HHEICE T =7 VO EFEN
Ronsb00(0.02 £ 0.01 mg plant!) | =7 /L TIFEAEEREL TR
(Fig. 3-4), 50NC, 150NC, 300NC T TOERR WA LIl THhoL, L5
HO=rVOEAEE, ROZEFEE (50NC: 0.15 £ 0.02 mg plant!, 150NC:
0.22 + 0.05 mg plant', 300NC: 0.63 + 0.01 mg plant!) L E(LEDERE
(50NC: 0.09 +0.01 mg plant!, 150NC: 0.13 £ 0.11 mg plant-!, 300NC: 0.22
+ 0.08 mg plant ) ICEDOHENH LI LN DD (Fig. 3-4), o, HHOFH
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& & (S0NC: 0.19 £ 0.06 mg plant', 150NC: 0.11 £ 0.08 mg plant', 300NC:

0.29 + 0.08 mg plant!) & 150NC ZFRWCTHIML TW5 (Fig. 3-4) , ZDOZED

HlE, TEHRIZ=v A NRELEENTNDE, =T VDO ELIIIRICERET5H

DD, BALESLERICHERBTHIENRBEIND, F28 TlE., MRS D

RIS = VER EECTEBLEY Y a7y OFEE I =y 7 VO EE

MRLNT, RERIZBWTHRBREBEH N RAONTEY, 202 EnbIT,
F2EOVY AT AIZEBWNTH, [REICR DRy IV ERICEER/ML, I

T, BAEESEHERLICHERML T2 AR RIB S LD,

0.7 -

" a [ Control
@ 0.6 - @ 50NC
S 0 [ 150NC
2 _057 [ 300NC
cC
E c—E_OA . b i
@ C
= : b
§ 50.3 : bcd ]L cd
5 0.2 bed €
S d
= 0.1 - q9 ﬂ de

0 L€ g—.l’h’_}‘ . e . E . Te.—grg . em

Trunk Roots Emerged Young Old leaves

branch leaves
Fig. 3-4. ER 3 E8BEDAE Z v LA BAIE/-HZE(ControliBEAL L, A& = v
TILE ZNZF N, BONC: 50mg kg1, 1560NC: 150mg kg1, 300NC: 300mg kg BLEA) T
FHELZBOY v a7 7 os(Trunk), 1R(Roots), &8 (Emerged branch), HE
(Young leaves), Z1tLZE(Old leaves) NICH T v A IILDOEHE. [EIZFIIE & ZH
REMN=3). TIL7 7Ry FIZBTEARNDANOVAIZ L 2BEMZRL TW5(Holm's
test, p < 0.05).

3-4-6. YxbtuTrickd LEE LD R

M2 &% 158951k (Phytoremediation) 13, EA4BHEO S A ENH T L
THYENT HHENS ML THEFELRIMBELZRETLHIELL TRE
Shic, MO BEAREEFEEEZIE NP L TRO LI FIENREBIN TEZ,
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Phytostabilisation S DIRNPE SR ZWINT LN ZFHL T, =T O
HERBOJEHER D SHEIHEVIK A THS, Phytoextraction [IHEHY) D HE T
BREAZFIHL T, TEFOESBAH LMICEFIE TRVERIFIETHS,
ZOMIZHHEHDOR[RANOEEMEEABIELZLTCHEELZHLT D
Phytovolatilization &> 725 ED /RS L TCE 7 (Erakhrumen 2007, Ghosh
and Singh 2005)

COERRTIE, Pybarrsh=y g f BB THLTOETFRIES
NAZERSRETHIEITIMA T, =y TV ERIZEZSERM T oL 012, H k-
BT, B, BEEICHLERBIELIEBHLNI T, V¥ brT 7
BEEMED THL L2 B2 08, BILEDREIZV v 77 DEFICKRER
Afa 52528130 neBEZOND, £, BENEUTG A 1L HE 2 B
THIETHEGICEMEZRVRIZENTED, MA T, V¥br 7 7345
ELTHBRRFSTENOH FENRFL TLHD, HEEEZRVBERWTHEABE
DT DI AR AERICEZDZ LTV, 2LV Y77 DA EF Rtk
BEZDLDE, BREREBRELZYRTHIET, TEFO=y 7 VAT RN E
DR TED, ZO/MEPDIL, = WG R L EOHLEREFT T O, v
n77aEBESELILET, HETO=y SV A RTINS 528X > Tl o +
BIZINNDHZ L% L% 95 Phytostabilisation &2, EHAL, ELZEL AL T
HZETHER D=7V ERETES Phytoextraction @ AJBEMEAS /RIBX 11T
W5,

3-5. ¥£&®

F2ETIIV Y7y BB L =y Vv E G/ T 5 HEICE N T, HHE
THEEEDLTEBTTAHIENRINTEN, MATIOERTIE, Vykrrro
B L=V ERA LBICBIT2AEFMMEEZ EICHI RO LU, £, 8l
BLIO=wI VO TLBER&EOEEZEZTHKETLHILET, Uxharyrid=y/
N TDOTEEREENZWVIEZENAAAT Y ARNICERETHIERH LN
Too BIZ, =T NV DNAAFT T ARNDERIZEB W T, =y 7V E2RICEET D
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DHIEHT | B BAEEICHER T HIENRBI N, 2O EFRKE KNG
R, BALEERETDHIE Ty WG LB OB LR B S, Y rvbrT
7TIEY) LA O BB R ERVGLIEN I REINT, Vb7 w3 T
BB THMDONAT T RNVX —FEFETHIENTED, BEE&RBICIHRIN
TS LRI =y SIS R R I B W TR, Uy ke Ty 2T S
ZET IR B AL . HIEEEEITWARNE TRV —EPEERIT R D A
REPE S R SIS,
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A=
R ELTBIIBITAy Ty rBE RO L% B A
LLTOEH

-1. BER

Ux¥haZy (Jatropha curcas L.) [ZF2IEMIZI T D HAFEEANAF = RLF
—DEPFEL T, FFIZHFENTWDLMER D NONAF T 41— BNV EAFET
XM, FOIERIIAAAT 4 —BLOAEICEEELT IR O FEEL
JEEHC R A T2 EmHENTWD, Vb7 7 T BINE LW RN/ D E
WL, REOBEENKAETIN, 2OLEAREMEL TRDONA A F < AD
ERIZOWTORFFRIZZLITR, ZOMETIE, PyherryO%EE, 77V
NOMFF THIEH TEHZLEEZEL T HHFEAD 200 L OR T AHE 5
RALIEEE L CTHERA L CRILLE BT, bz TG B ELTRIAL T, 7
X 77 (Beta vulgaris subsp. cicla. Swiss chard ‘Fordhook Giant’) Z7R YU
T OmMEERE LR THIEL, ZOMREFTNTLLOTHD, VybnTy 3o
T Fy—FALETETAFTIELT7X VT, EREREEEOR R
HETH ERN RGN, WEZDOEZBREERIZOWTII, M A F vy —0OHH &
3%, 5%, 10% D HETEFIELLLDIT A Fr—afii L TWigunay
Pr—/L HETAEBIELLOITH A 24 1.57, 1.88, 2.32 fFEHI o T,
ZDZENONRAFTF v — DO i ELINEIZIZIEOHBEANRE DN, 2oL
T RERELTERT DL, VYT 7 B EDNAAT T v — T B RO L EEZ
M ESE LA DL ADE TNHEE I LND,

4-2. FFil

Yy a7y (Jatropha curcas L) I3FEFOHIZHEZEZ AL TEY, £ HHIEIAN
AFT4—BNVDFEE DT N AF = RF —JREL TOF AR IES
TW5, o, Vxba 7 7Ol SO AL A~ ZADOFIHIZONWTH, Yxhr>
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7 OREHIRTEHE WO BLENDHFZER E D Hi TV D (Navarro-Pineda et al.
2016, Abdul Khalil et al. 2013, Srinophakun et al. 2012, Selanon et al. 2014) ,
INETIZ O HIEHERZOREZIERELL THER 75260, BBREELTO
ERPFISINTET, £, Uy a7y O RERILL, =R LF—JRELTH]
325207 S 7= (Kumar and Sharma 2008), v he 77O EEEF L
7= 3 FH#E (Esimone et al. 2008) 0% =D 5 Al (Juliet et al. 2012) , BT ¥
—#ll (Oskoueian et al. 2011) LEL TOR RIS N TV D, MA T, ¥V¥hu>
TOREICBNT, VX ba77OREELZ R THEREICHEA 52T, £EF
I BEL LT 2 e ZES LTV 5 (Ogura et al. 2016) , FIT Tl vk
07 7 IC LD RFBMPELL TOEFIZHOWTOMZENTTHIL TV D (Alvarez-
Mateos et al. 2019, Garcia-Martin et al. 2019) .

Va7 7 I EART, BOWEFHIIRDLIEELZRET, V¥ b7 7O ER
RIEHZ BRI 7203, ZOREIRHESTL2LOTE RN AALFYATHD,
A2 K@ Patancheru HIKIZ BT A5 v b7 7 55 Tld, IFHDOAKRT 550 g, 3
FEHDAKT 1,450 g, 4FHDAKT 6.14 kg FEEDOHENFEETIERESN
TW5 (Wani et al. 2012), Ko T, Vv a7y OO B CTEULE R,
HERNAF v ALF > Thil 5 TIHR,

SEATHFZE Tl M & IRAL L THED AN A A F v — 12, HEO W EAL - Fr
AW ESHDLILIZESTREEAFEDO M LICHFH L TEZDHA[EEME (Ogura et al.
2016, Anders et al. 2013, Sohi et al. 2010) <°, JEEIE L TDO %N HE (Atkinson et
al. 2010, Glaser et al. 2002, Steiner et al. 2007) NFEFHIN TV D, KH HE
BEFEY D NSAFF v —Z LI L 1EW . 61 21X, 2 A (Oryza sativa) Ob
vEraY (Zea mays) G LTEBICE DA B RESE I ENERINT
W5 (Asai et al. 2009, Gaskin et al. 2008, Major et al. 2010) , & HE& /14
Fy—LLTEHLEMELITDN TS, Bl X, A Fav (Ginko biloba) X
AT (Acer spp.) DI HEZRAL ZNEHEHAL T, BERBITIHERIN T
BoOHALIENIIFEESN TS (Lee et al. 2017, Nejad et al. 2017), A Fav
(Mitchell et al. 2013) °==—HVY (Eucalyptus saligna) (Singh et al. 2010) ®
W T IRALLTo AT F X — I T 2B L AR RIS O W THAF e s T
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Wb, LU, U a7 7 B EDONALT T v — PN O AEFEIZED LI H G T
DN DN TOMFRIT 53 LT F 2720,

ZOMFRIL, RYUF T TSV yha 7 iR O EE RILL |
MM RELRICHEAL T, HEEBRAILLTOHREABRLIEZLD THD,
MZT, 77V OERNZ LVHF A RN TOMEMZEEL . &l Tidn
ERFAORTLENE S RICEBEBEL CTHIET 200 ER AT, ZRETH
8 5y 72 IRAL 2L 1E 2 R T R B | 3 FE S 41T 5 28 (Abdel-Fattah et al. 2015,
Cobb et al. 2012, Ishii and Kadoya 1994) , ZOFEERTIX, i N T A EEHEIC
RELHEATHERATIZLEZRAL TCWE, REBEREOEWICIZTZE VY
(Beta vulgaris subsp. cicla. Swiss chard ‘Fordhook Giant’) Zff L 7=, B
X, ZOEFIIAYTF TIEKHEHEIN TNDEINHTHD,

4-3. MEETIE
4-3-1. ¥ a7 BEANASFTF v —DOREL ST

Ty a7y O BEIL 2016 F 7 A (LHD IRV T T O FHHE AR R SMNAL
&35 B 72T (Department of Agricultural Research: DAR) D AKERNG 4
km ALHRIZHAH T v a7 7 OFRER S (Inafuku-Teramoto et al. 2013) 225X
Lz, YRBREG O Y a7 7132 ETICOXRUEDNELRDEBFEN AL T
WHZENHER I TUW5D, (Inafuku-Teramoto et al. 2013, Ishimoto et al.
2017) o EHENINAA T ¥ —2BLETHHNC, AELPRCERIDFEEL TWD
RYUFORHATHIICHBRSET,

i 5 IRACIEIE 1T, — M HI72 200 L iR T A0f (ELEE 57.2 cm, & & 85.1 cm)
EHWTERLE, RZAHO EHOZFITRVERE, Sk CHELZP RIT/hE
22 (& 15 em, B 7 em) BV 3L # LT (Fig. 4-1A) . RTAHDJE
ERIZIEL 10 cm 7226 15 em [fE TEKE BV ANDT2D O R &8I T- (Fig. 4-
1B) . R LEIZAD DL Ha¥HEITRE L7 BICRRE L . ALK 225000 K
MO ALESIZ LT,

) 44 kg DBEHLELZRTAEIT AL, A BHEPMREZ T | R TH 2 [EH 9D
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RS EERETHICHE DAL D JKIE IS KEDT, Thid LD
HHEICHEEE KSELZLITEoTT o7, FHK30 2 RICAFEDOEZ LT
FEMIRFERBESE R, LT E 20 RICRYE BRSOV DM Z
THOHLZETRILAENDOZER DTN ZER L7z, LT 46 KHFEEOEE
DARRETHRALZRAEL 7=, RALMELE 1L -50°C 225 800°C FTHETES3
SO EE (TL-13K; Sato Shouji, Tokyo, Japan) ZRJ A{E D EE A5 15 cm,
45 cm, 75 cm DOEFIZBTT2/NSIR 7N HELIAL WO E 2 7 H89 1
7 —#uJi— (Ondotori MCR-4; T&D Corporation, Nagano, Japan) & VT
BIELT, &k 48 R, RTAHOBEZETFORTEMH VTR TRV RE,
E&IZ10L D KRZ EENLIRLANDZETH AL, 60FHZDEEKEL
% RAILLTZEIEZ AT — L — D BIZIRITHK 10 H @SS, sy
TR IENRAT T v — 1T B FITRDINT T IV ThERE T, N TF ¥ —D
K EITT VXNV~ A Aa—7 HX-D500 (Keyence, Osaka, Japan) CTH#i
217,

Tope IS ~

Fig. 4 1. Py }~El7 7 7%“7%/\4#9’-«4 ’5:%1_[/7‘— EPTEF7A€&’S:
FMALEZREE. (ARE. Ko LAEEZL A0 LICEY, BFEL
TBEMGEDETLERMEEW. B A ED ZRICITEED L%
LY ATENWS. (B)EM. AN MEEBRKFICESEZEIY AN N EEK
BT 7.
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NAZTF % —0 pH I AFF ¥ —xf/K 1:50(w/v) T Laqua D-51pH A—%#
— (HORIBA Scientific, Kyoto, Japan) Z W THIEL . EC (ZA 4 F v —%f
7K 1:10 (w/v) T JENCO VisionPlus (JENCO, San Diego, CA, USA) Z AW T
WE LT NAFF ¥ —D CEC 1LEATim X LS RIZLZ235 (Schollenberger
and Simon 1945) . D IH7REEZMZATUELT, 1 g DNIAFTF ¥ —%7
BT = —7IZHD ., 25 mL @ 1 M SR T U BE=U L% M- b 1RERIER ., &
D% LI HERE 830 x g THAME LU, m.O%, LIBAZERE, 80%D
TH )= )VEINZ . 5SELLE, 2O ) — )L TOW%EE3EITo7-1% . I
B HERRE10%DHEAAT NI T LAE M T, TIZ1RFME% %, 830 x g T54y
MELLZ, 20%, EBALET7IRAIITHY, 5mL D 18% 74/~ &%,
200 pg D 1% 7T A4E— VT N —%MATo, ZOWHKZ 0.1 N DKEE{LTRIT L
THEL, PR EENORERHLE,

4-3-2. EB 15

FERTELL T BROPFICARABEEEZOND BIETHB L=y 71D
BHENE WARBREND RO TEE AYU R RMoELE - Y
ML HERELL 7= (Vurayai et al. 2015) , AR F BT 7 LfEAYT L
H¥:% VT (Walkley and Black 1934) UVD2950 43 % 2% (LABOMED, Los
Angeles, CA, USA) CTHIELT,

4-3-3. KBREYLIRREE

7K 7 DFE 1% Sakata Seed South Africa(Lindsay, South Africa) %
Wiz, 77X YT O 13— XAV 72 B A5 T @ 158 (Potting soil, New
Frontiers, Lobatse, Botswana) # HH\WC,. BFEHD T TAF v IR A THIHFES
HAREF2ENKETL2ECH2EMAEBTS Y, 20#%, HIX2 L DT IR
Fo7B-OBE M, 0% (Zbr—1) 3%, 5%, 10% (w/w) DAAAF ¥ —%&
RECHABR LEZHEL, TNICBMLZ, Bi%IX 0.5 L OKE 2 HEICS
Z T,

—BRERELEEDODRSEZAT — L OAV Y —7 — 7 CTHRERPE L, R
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THICBAE 44 HRIC, RELEEOREHR R, Z0KM LE, I FHBEbIC
I HE L 7o, BE oD £ R i A 1 %€ 1f RS 2 2% (LI-3100; LI-COR, Lincoln, NE
USA) THIE L7z, IUHEL A IR IC A 4L 70°C T2 H Rl Rz S w7214 |
BRI CHBRERLZNELL,

4-3-4. REROUE

TEHOIXT NV OREITTATCEEZ S R L (Robinson et al. 1998) | It li2
THfRLE LT, FEKEG 7T X~ E &S5 4 (ICP-AES) (SPECTRO
CIROS CCD; SPECTRO Analytical Instruments GmbH, Nordrhein-
Westfalen, Germany) CHlEL7=, VX7 LA 2 i #E (Bray and Kurtz
1945) AV T L ANV T A TR NTIERT =0 Lhh A
(Knudsen et al. 1982) THI I L . i+ W ot 70 #r 2& & ( AAS Agilent
Technologies 2000 series, CA, USA) CHIE LTz, A AT ¥ —LINEL =7 X
VYU O BT SEATSCERD %S L2 (Yamada et al. 2018) , IRD O 7%
WEMZTHRLTz, MBS T Ty —OH 7N (02 g) 77X ITD
i EE (0.1 @) ZENENTTAT AL, 10 mL O REEAINZ T 90°C,
140°C. 190°C THIRFMIMAL T LT, ANAFF ¥ —I1T 220°C. MK TIE
240°C [OIREZ BT IKENK 1 mL (2D ETMEALIZ, DAL 25 512
MIRLIZb D% Bl L7 ICP-AES THOMT L7z, LHICE D KIEVED ik
RRERLTVE=TRRERIE. S ¢ D HBEIZHL TS50 mL O /KEIMZ 1EF
8 # L7~ T, RQflex10 reflectometer (Merck, Darmstadt, Germany) % fii
ML THIELT,

4-3-5. TIBIRAK S DA

TEW) 2 I F2R HIEA IR H i & 40°C 7D 49°C RREICRDIR =
WO —NMIIRF 17 A B B AR RSET-, S -t8 1 kg ZIEEN T
DARYMIREL 500 mL OKEZMZ 7=, 500 mL Z 0K L 72K TRy R E
DOV BN TZT O MK Z 1RO THEE L, MKE 1 B L 7R RSB
HETOERKYFOFEKEZHELZ,
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4-4 MERLELE
4-4-1. Dxbu7 s EE ST T v — D KA

T b7y DEIEDRAICHTZoTIE, 200 L ORI AER R E
(Fig. 4-1A, B) ICHH¥EZ L ETHICFEO AL, FHOBEIZ R KT HZETH
LTz, AR TR RS TEM 5 O 2[RI D =D DIRAFEE | R
TAENOBRFEEZRE T HIETHNEDEELEZE R LT, ZOES RO J5 15
T EOEMRICERZKZ ST, EROMEEEZIVIR— LT HILICE-T
BNy iR & #E 8 D auto-thermal process #H &L TV 5 (Boateng et al. 2015),

—— Upper
—— Middle

500 - Lower

N w H

o o o

o o o
I ! !

Internal temperature (°C)

-

o

o
I

0 LA L Y Y [ A B B B
0 10 20 30 40 50

Hours after ignition Extinguished

Fig. 4-2. v 5 F 5 ARBRBESRCEBORIEEDOHR. FJ LEESRH, 515 cm
(lower), 45 cm (middle), 75 cm (upper) |ZBEET % ZE LIAASHAI L 7. S AA48EF
R%ISEAL 7.

Bt D TODE, WEOIREIXSTITO B3I ELIEIREFICE-
THIE LTz, R A0 B (R AEEHND 75 em O & S) ORI, & KE A
W EH L, 6B ICITREIEED 395.1°C [CRELZ, TD#%, 24K
TL. B AL 10 05 15 FEF%ZIZIE 100°C LL R &R 72, HE (KT A5 K
2B 45cm D ES) T, A KIDNL2RRH#Z ISR A O — 72 2 | \EIE 156
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CIZELTz, TORIREIISEEM D 42 BEfE O[], 120°C 2>5 200°C O i FH
THRRBEL . T D% 48 IF[ & IZIT 2T 370°C (2 L%Lf:o TR (R A JE
25 15 ecm O ES) OIRFE X615 18 KM O BICAG#H I EH- LT 400°C 123
L. ZO®%ITE KT DHET396°C 15 454°C OHEFHTHREEL 7=, T O &
FEVIAE K 46 RifE] £ D 454°C Th o7z,

K% 10 25 20 FE O, EETOIREE DY 365.3°C 75 26.3°C IZIK T 3%
DIZRL T, THIOURE XA KE6HFE 5 20 BFE DO RIIZ, 25.6°C 725 429.5

CIZEHRHLTWS, ZOBBITED RN NG FE iz mon-o THA TV -T2
TEERIBL TS, — 7 BT REZLIC, 68D 18 BRI O O E D
T 137.7°C 7205 118.5°C EREITEL T2, ZOB M ITHRE R T
RHATHLN, — DO AFEMELL T, BANfRIZR T MG O B %2 5> T E#nD

WCRBATL IREF DN ZLIAEN T LEZ FEREEL TV 20 TiERunins
EVIHZENIRIREIND, £, TEROILEEDS 18 FFfA] 225 48 HF [ D & IRy ] 1
STHEHIBEZR S TODHIEL REBBIENLDO THD, ZOHLRIZ OV THHLRE

RICBWTEOHBIZIAH THLIN, REBICHOIAENT-EIEDN, FEOHE
BEDESITTRHMOEEZED, EIUTE > TGN LT- B 252 Ln
TED, R LGN EBOIR RIS | T EEITH T 100°C 725 450°C O EUZIG
SN TWZ N RBREND, ZOREFHHITED OB LT—ERL L r—
A VT = B R DR EEIZUT V) (Alvarez-Mateos et al. 2019) ,

4-4-2. VX brT7rEENALNTF v — OB F Rk

HEBIZH T > TE, KE EEAOENTHZETEMLUIZDS, D 50 cm 128
Eoltb OO ERIERITE ISR o7, RTAENTOREOBITIRIND
PNDLINT, BN fRIZEVERES Ny a7 7 N A T TF ¥ — 13- —TH
HZEWRIAENT 720 | ERICHIEDE DT, Uy TH—I1Z725 89
R, MESNVyha 77 STy — 1 ZRBERBOF TD X7 sb
BreL B lHxDOREIHLAY—~Tho7e (Fig. 4-3A), XA AT ¥—DFK
%R M CHE T L. SO E RDZENTEZMN (Fig. 4-3B).
ZHEIAAF T v — I T AN DK TH S (Chia et al. 2015),
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Yz ¥ & l~l > : /.'
- L T Y e ek
Fig. 4-3. (A) ISRMAEBAZRVWTEE LYy AT 7BENAS FF v —. FiRIE5cm %R Y. (B) Electron
microscope |Z & % FREAMLAK. F~#RIZ100um %z RT.

COEBRTHUEL Yy a7 7 EEIZLDNNAA T v —> pH X 9.84 £ 0.08
(Table 4-1)Toh o723, ZIE Awasthi D LATAFIE CREN -V ¥ b7 723E
® pH 8.85 LVEME TH 7=, EC 1L 575 £ 108 uS cm™' T, FLATHFZEDY ¥
raZ77DHED EC fE 920 puS cm! IVKLSZ2 > T4 (Awasthi et al. 2017),
CEC OffilX 16.9 £ 1.9 cmolc kg! Z/RL, ZAULZNETITHEINL TS /)
FoRENAFTTF ¥ —D 10.3 cmolc kg! LOEWA, hyEBRZY 60.7 cmolc
kg', fii®E 21.2 cmole kg! DA T ¥ —IDITERWEEZ R L TS (Ippolito
et al. 2015),

VxR T s EEONANAT T — DGO DL THERWRED T LI=T A
DR EH72(52,900 £ 700 mg kg™, REFIBEOT AI=U AR KHI N
DMNTBEE S TR THDEN, DO AREMELL TEZLNDD X, KL% [
G bR LB, TAI=T LD G 'R ZWEGO HERREALZEND D
EMBETOEND, b= DO EMEIX AL HN T AERNTH ORI IZH -
T NI=T AN BENAT F v — I HF LI RBETH L, F ORI A
HLH A AT ARNCESIEH L, Zo R E G ETLZ LT TER N, £
o TNRI=T LD L RIQWIUITEFE I E > TEFEERDIBD THDLN, %
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ENZOEDOHIZRINL T AI=T ARRHINTZEWS fiEtEbH D, L
L, F2EICBWVWTHHME LB TR LYy a7 7D BEICEBEL TV T A
S LADPREIL 341 £ 200mg kg! Thololod, TOHE ., RILIZESTEN
DT NI=T LBENRIBICE TS0 0D, REEBEDOT AI=T LN
BRHSNIZE A Z O CTRAET 22N IS b,

et

Table 4-1. ZOEBTERALAZY ¥ FO 7 7FERD

ik
Property Value'

pH 9.84 = 0.08
EC (uS cm™) 575 = 108
CEC (cmolc kg™) 16.9 £ 1.9
Element content (mg kg™")

Al 52,900 = 700

C 227,000 £ 13,000

Ca 18,000 = 1,000

Cd 1.19 £ 0.03

Co 16.4 = 0.2

Cr 298 = 6.8

Cu 9.39 + 0.66

Fe 5,080 + 340

K 6,220 £ 530

Mg 740 = 60

Mn 617 + 46

N 15,000 *+ 1

Ni 434 + 34

P 1,450 £ 230

Pb 18.0 = 0.0

Sn <0.1

Ti 12.1 = 3.3

Zn 80.1 £ 6.7

EIZ T (E L RERE(N=3).
EC, BXEEE. CEC; [51 4 VIR E.
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4-4-3. V¥ Ty BENAS T Fr—OBEEARE BB ITIHRERE
DR

RYTFORLVE B2 fin b RL TE/E R 8T, iV EEYE . pH
3.39 £ 0.03 (Table 4-2), Z7RL TV, Gl WO R PE 88 3R Y) O Bl & 2 6
HHEAZENFBIL TV (Kochian et al. 2004, Marschner 1991), 72, 2D
EBREBITEREZOGHEN DV HE(e.g., P: 2.67 + 0.91 mg kg'!,
K: 5.87 £ 2.76 mg kg'', Ca: 98.2 = 8.5 mg kg'!, and Mg: 20.7 £ 12.0 mg
kg, Table 4-2). HIEEDOH(772 + 8 mg kg )é=v7 /(249 + 2 mg kg )%
G4 L TWA(Table 4-2),

Table 4-2. ZOEEBETER L /- LZEOEM

Property Value'

pH 3.39 = 0.03
Organic carbon (%) 0.12 £ 0.00
Nitrate nitrogen (mg kg=')  0.12 £ 0.04
Ammonia nitrogen (mg kg=') 0.10 = 0.01
Element content (mg kg™)

Al 69,400 = 900

Ca 98.2 = 85

Cu 772 £ 8

Fe 38,300 = 100

K 5.87 £ 2.76

Mg 20.7 £ 12.0

Ni 249 = 2

P 2.67 = 0.91

Zn 404 £ 0.2

MEIZFOE L BERE. RERKRVEREFEI1L3
Yo7, pHEB#EREIF2Y > 7L,

Dy M7y R T — e LRI LB 0B RE TR B T 3o

AFv—% THEOEEIZHLT 3%, 5%. 10% (wwlitfHL-tbOE2HEL.,
NTIEUITDEBRBEL, 7X Y IEREBRITRATTOIL, 7X 70
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RYTF THESN TWHIEERBETHL-DTHDH, HEERERYMIBL
T 28 HBIZIZ, A A TF ¥ —HHHE 5%, 10%D HETIX, 77X V7D
DEIFar =L BEIZHE R TEHELIREEEL(5%:7.33 £ 0.58 cm,
10%:9.67 £0.58 cm, 2> ha—/L:5.67 +0.58 cm, 5% 5T 1.29 {%. 10%
T 171 fFREN-T0), EL TINHEEZITo72R y M 44 BH HIZIX 5%
8T 933 +£1.53cm, 10% LT 11.0+£1.00cm &2 br— L+ 6.00 =
1.00 cm LEEBGL TEN LTI 1.56 £, 1.83 fE RE <K L7z (Fig. 4-4A),

C
(A) (B) ©
12 - 8 - a 160 -+

— Control * 3 a

510‘<E3% ¢ 140

5 | W% © 26 4 a 120 -

5 56 —

g | W 10% 2 T b

g6 54 g 80

S - S

%5 ) -22 b 40 1 ¢

-

% z 20 |

f0 44— 0 ; 0 -
0 10 20 30 40 50 Control 3% 5%  10% Control 3% 5%  10%
Days after transplantation Biochar (w/w) Biochar (w/w)

Fig. 4-4. % PO 7 7 BENAFF v —%LBEBICHERT 2 LICED 7V Y THE~NONEDIRIE. 7 XY™
HY v bO7 7 EENAFTF v —03%, 5%, 10% W/ W) EEAL-LEEEENM(FFr—%2EALAVIY b
A—LHETHEL, ZOABTRIEZLRL 2. ARAEORS. (B)EH. (C)EBRITIZEICBIERLILA B DERE.
BEIFTHELEERZE n=3). TRAZXYZRZIFay bA—LERBRLTOEEEAZTLTWB(A) (ttest, p<
0.05) . £72, ANOVAICK 2HEEZIFITIL7 7Ny h TRLTWS(B, C). (Holm’s test, p < 0.05).

FEBRAR Y MIBHE 44 A BICINEZITV OB, MERE, IR EEL
HELTZ, BOKEIZOWTIE, A A Fy—hi AL LIETHEREE L7
vubarta— L HETHELZLOL G LR B ZEITEN o7, R
mAg L= b — L FEECHEE L 72b O LR LT, 3% 18T 2.58 %, 5% 13
T3.64f%.10% T S5.71 fF K&M)->7-(Fig. 4-4C), BT, MR EEICE
WCIHF EOBFBBEEZITROONR NS00 0 # B O EE &IZB WD
TIE. A A FF v —ZAL T ARAWnWarha— L +EETOREEICH R, 3%,
5%, 10% 344 F ¥ —Jiti BB T, TN 1.57, 1.88, 2.32 fFE)»
~7=(Fig. 4-5) . ZOBBRFERENOIL, Vr a7 7 BEASAFF v — 2l R 118

fEHT52ET, 77X YODX BEOREEZRETHIENTEZESE 2D,
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N
SN
)

[] Total
Il Shoots
[ ] Roots

—
oo
1

N
=

Dry biomass weight (g)
o
o

bc
C
il ﬂi A0

Control 3% 5% 10%
Biochar (w/w)
Fig. 4-5.7 X8>V %Y v bA7 7EENAFTF v —(3%, 5%, 10% (w/w)) %
BRALEEBEFZRENM I Fr—2EALAVI Y FO—LEETHEL,
IR ICEHAIL -3/ E 2 O L&, BISFI9E L 2ERE. §% S 7 7ITRL
7=T7 7 7 Xy MFANOVAIZ X 2B EMOKRE (Holm's test, p < 0.05).

NAFTF =R IV T VT DR EMMEESNTZE WO BLER RE =T
T, INHER D HEEDOR AR D RER DRI Z 3L CTHTe, NATF ¥
— %o FERTHE (pH 4.03 £ 0.2D)IEHTHZEICEY, LD pH 1%,
NAFF v —Hi BT > TEOFHEICIE S W 2, 10% 251 4 F v — fii Ji] 118
T, pH DD 6.62 £ 0.28 L7257 (Fig. 4-6A) , B2, TEHFOT E=7
REROREEITIIER R oT2b OO | iEBEERIC O VT, BEITD
TRDBEG ., 5%, 10% /344 F ¥ — i ] LEETHINAFE O 7z (Fig. 4-6B,
C)lo 2FY, HEFOWRINATREE RLIMSELMENBOONTLE R D, 7
FoVTDEEICHEEN TV EERERZRDRIZOWVTL, HITLEFRVDTKRE
REAITRD N2 5T, LML, BIT LD EIT 3%, 5%, 10% /A4 F ¥ —
i LEETENZEN 2,17, 3.76, 4.00 5D IMNFED BT (Table 4-3), =
DHVTLDOEIIE, X b7 7 EENAT T ¥ — 2V T LRZEGER T
HZLICEALDEE 2 H5N5(6,220 + 530 mg kg!; Table 4-1),
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8 1 0.12 - a 0.20 ~
a a a a
b a 16 -
6 - c — - ,\0 6 b
X "50.08 - &
d —;) é 0.12 + c
L4 E £ c
o '»0.08 -
I 0.04 - o
2 | z z
0.04 -
0 T T 0.00 T T 0.00 -
Control 3% 5% 10% Control 3% 5% 10% Control 3% 5% 10%
Biochar (w/w) Biochar (w/w) Biochar (w/w)

Fig. 4-6. v bO7 7RENAFF v — %A L - HIEOUEROpH (A). 7> E-THEREB), MRERE
C)DEEE. EIFFHELIZEREZ(N =3). ANOVAICK 2BEMIZTIL T 7Ry b TRLTW3(Holm's test,
p < 0.05).

Table4-3. 7X vy T FED I 2S5 LEEE

Content (mg plant')?

Mineral

Control 3% Biochar 5% Biochar 10% Biochar
Al 535 £ 1.752 3.23 £ 14128 3.72 £ 3.722 453 £ 2.822
Ca 7.79 £ 2722 6.87 = 1.962 589 2092 598 * 1472
Cu 0.01 £ 0.01® 0.02 = 0.002® 0.02 = 0.002  0.01 = 0.002°
Fe 0.41 £ 0.202 0.19 £ 0.102 0.22 £ 0.212 0.30 + 0.182
K 220 £ 0.8 478 £ 145> 827 =148 88.1 £9.72
Mg 0.34 £ 0.04> 0.48 = 0.10%® 0.68 = 0.082 0.68 = 0.05%°
Mn 0.38 £ 0.10> 0.72 = 0.24%® 0.89 = 0.162 0.78 = 0.072°
Ni 0.04 = 0.02> 0.15 = 0.06%* 0.20 = 0.062 0.04 * 0.01°
P 231 £192 199 *6.52 19.8 £ 5.72 21.8 = 8.92
Ti 0.01 £ 0.012 0.00 = 0.012 0.01 £ 0.012 0.01 £ 0.012
Zn 0.27 £ 0.072 0.28 £ 0.072 0.19 £ 0.032 0.15 £ 0.05?

VEIZTFE L ZERE(N=3). 7IL7 7y FMIANOVAIC L 2BEEMEEZRLTWS
(Holm’s test, p < 0.05).
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4-4-4. Dby HEEANAFTTF v — O LBRKNITE 2 DB O

NAFF v — i FICEDFEBR EEOEAKINCBEL THUHER ICEBREIT T,
TEEDORAKIIZ 1 kg OFZESE7-EER 512 500 mL OKEZHEFEL, £DOE
BEOEAEMELTZ, EBRAYNOEBEIIAAAF T ¥ — i O &IZFHBEL CE
<7po7=(Fig. 4-7), FEBEGINGA R %ZIZIT=a o br— L 2O &EH &I K2
ALV ~XJVIZR S T2y S AT F v — i B3 TIX, 2 he—r BEIZH A~
T 3% NAATF¥—laHHHET33+£1.2 g, 5% A4 Fv—hi £ T 16.3
+1.2 g 10% A4 Fv—hifH H#ET423+2.1gL, IVELDKEZEZTW
7o NAFF X — N LD LK D Om RIZEIT XM THHREIN TS
723 (Ogura et al. 2011, Masiello et al. 2015, Speratti et al. 2017) . 2D FHr7)>
HIE, VX bR 77 EENAALLT Ty BN TH, TEORK D ZM EXE5%)
ENRbDHES 25,

1250 1 . ] Control
O 3%
1,200 1 B 5%
B 10%
@1,150 . B *
5
>4 100 - "
= *
5 _ .
a 1,050 - *
950 | | |
1 2 3 4

Days after water application
Figd-7. 2% b7 7EENAFF v —TEALEICE T ZKDEOHRL. Ky FEEZBHFHAIL
By b oDOKIFHEZ RES o 7. EIFFHE LBEERE(N=3).7TXALUX7Fav tO—J
B L ToBERMEEZRL TWS (Htest, p < 0.05).
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4-5. &

COFERTIE, VY770 EL S 2PH NI LG & RIALEESL T,
IRACAZ L BEZR R BEZ AN DN 2 72 1% 13 B AR BEIC LD (LA D D Auto-
thermal 7 u A ZL->CHIEL - ARA A F v —ICHOWTE R LT, RILEEN
EOPRBEIRELIL 100°C 75 450°C ZfREFFL, ESN A TFr—I1T— ik
FICRICEGNDZ HAEEZRL TV, 2ONRNAF F v — 5B TERED -
BIZHAHL, 7 VERLL TIX YU EREELIZEZA MO AEFIZKEL
THETLHIERRBDOONT, ZOLIERF RNG, Uxha T 7 I TEAPEME
LTOZRAX—DAFEICHEST, TEGBRAIEL TREAEDO R LI
HF 52 LoREsingz,
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H 55
X b7 s BEENAAT T Y —DEXREICBITAEHIERELTD
it FA %sh B oD B FE

5-1. EHY

NAFTF ¥ —IFT LELRA L TREICELVWEE~OIFEHPEEBEIN T
Do FRIZHEM DBEFENRA T~ A NAFTF v —E L THEM T2 T HERED
EEDNMFFFIND, ZOFERTIZ, Urvba7 7 (Jatropha curcas L.) D FEFEN
AT ATHLIWEEICLO THEALZ, Py b7 735 ME T 528 % 3T
B EDTH  BWEZFHTAHZEIEL, Vr a7y - A F v ZAOBAE IR &
IRIMOLHARR THD, FARETIL, VXM T 7B ENATF v — DR R E
TOHEEIIBNTHEKBRAIEL THEMN TSR LEmMLI, Ll Uy
T 7 EENATTF ¥ — DEERRER BT 28 RIS T AL IEE O fii
LU TG T A SEIE I N E TR o7, ZOEBRTIT, UVxbha 7y % ES
AL . AHIEEE L CHBICHMA T 22 IR HERDET ~O N RERGE
L7c, HEIRE N TOR Y MREFIZE ST, 225D %, Swiss chard ‘Fordhook
Giant’ (Beta vulgaris var. cicla) (L7 X% VL3 %) & Mustard
(Brassica juncea) (A7) DEEEZBIEL, 2O0DE XL, LHEDOH (a
fr—) P baZ s AT F v —a i Lot Prbn T s A
FFx—Crpp R AL B8 BIOMEFER 2 i B L7 T3 THRERL .
ZOEFTEHB LI, WIRICHTe-> T, INERIC, ERXORGEER, —FRE
LIZEDO RS, OB L OEORE LR E L, MRLL T, M OLER
BT, VXTI EEEASAAF Fry— a2 H LI HETE RO AF IR T HIED
RN, Pl IE, avbo— L EETAEBFTLELO LKL, HE A
FF ¥ —5%w/w)Ehi iLiz7 2 VU DR EEIT 3.5 5. BTV FITBNT
3.3 fFELS, IR 2 g kg ZHEE L BIEEHFH Lo EENRLD
NI oT, TOLIERERND P ha 7 7 W EANAT T v — 3L EL T
BERDAEFENMER LI R THLZ LRSI,
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5-2. Frim

B ER 2 E DO IZ LD DB Y3 Lo b (Chang et al. 2014) , 2 NAF
FY¥—ZREBEICAMNZG AW ERLBRBALLTHHTLZENERSNT
WD, NAF T v — TR DO PG Z Hil [RUTZERBE T T 250°C L E OB I
S>THRIEL 725D TH5 (Lehmann and Joseph 2015) , /XA 4 F ¥ — D] I
EFIEB ORI N TREICARZ 52T, REL TBICREDDLI LI
L0 (Smith et al. 2010) , IRBEAL T AD BB HF 5T HZENRBENTND
(Cowie et al. 2015), F7o, JEATHIZEIC LD L, RIF R FICH G5 6
PENHY (Anders et al. 2013, Sohi et al. 2010, Laird et al. 2010) . JEEIEL T
R REMEL IR S T (Atkinson et al. 2010, Glaser et al. 2002,
Steiner et al. 2007) , NAFF v —% HEICHH TLHZLIZL> TR DO E
R DT EIREATHFZE T/REIL T D (Asai et al. 2009, Gaskin et al. 2008,
Major et al. 2010, Konaka et al. 2019b), — /5 C, A A F v —ZF|HT57=

DIZARZKFET DOIFBRBEIEICBE N LBNN DY REMBEL BT L7201
bAWBEMZ AT T v —LL THHT2Z2LITARTHILILEF D,

Uxba T I A AT YR OB ERART, I EENDIMNOAAT T 4
—BANETED, Py e 7 7 I3RS, REMTHAEF T5H, LLE
SIZHH< KRR D LB A IO EN L LD, Lo T K[IEDIE TA4L
DB TOY Y a7 7 ORIFICE N TL, WEITEERNAAMF v AEE 5
THIEF TRV,

T hu Ty O LS D SA T ZDTE IO W TR 2 2R T DT
Wo, FFICMEZ K> T2 % O REOF IR T 25803 %<, FRIEL LB EL T
EHT22LR00 BB L THEH T2 LR ER RSN TS, Yrhur
FOEEOFIHIZOWTUL, HWENSASFTF v —0, BIETREAEE TOLEICE
WTHYOAEBFZN LSELMRPHLIENFEAETRIN TSN
(Konaka et al. 2019b) , B3RO AEFIZHL TED IR EL LT DM
OWTEEE + DR T TRV, SO EBRTIL, REICE 1
FIHEN TWAEEEZH VT, Uyhe 77 BEASAALFF v —2 AL, (LFRIE
Bl BB IOy a7 7 W EANA AT v — i P LIRS L T
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FIL7 BB CHRE ARG, ZOAEHRRA BT 52T, Pyvbny 75
NAFF =D RAERIELTID DO ThD, ERICIT2FEOELLLTTH
IOERTUF LU SIRDEROFEICIE > TROND DN ERAEL T,

5-3. MELE G A
5-3-1. I¥buTrBEANSLFTF v —DRELFHT

VX7 7 DWEENATF v — O RGE LM T, PABERF ] 2 28 B L 7o M5
ATLRICTE TR -7,
RYTFEHOEFE AR R INALE T H 'L HlkD DAR (Department
of Agricultural Research) 2’V ¥ ;a7 752 LML TWAREBRE L5,
2016 FE7H FTAINCHTZICIEEL | I K2k FORYTF O KB T 4312 Fo g
SELEV YT 7R EENAAAF v — G LIz, WEAAA T v — i
(21T, BAETRLER E R Am AR U7 5 IR AL E 2 L TR ML 72
(Konaka et al. 2019b) , ZDFE, 225 &4 MWL TRILT DR 4 48 FEf] 25
64 IFFITIER L7z, Z4Lid. BARBRALDOBRICAELDBEE LT NE D LB T
LDONBLEELTIZ T2 Th D,

WENATTF ¥ —OFEILHEATELFERIZ, pH 1ZAAFF v — %K 1:50
(w/v) T Laqua D-51pH A—#— (HORIBA Scientific, Kyoto, Japan) Z >
THIEL, EC 1IN AA4F v —x%t/K 1:10(w/v) T JENCO VisionPlus (JENCO,
San Diego, CA, USA) ZH W THIEL7=, CEC M EHH 4% (Konaka et al.
2019b) BV IZAT 72 o7, KF ., EFE EIL CN = — ¥ — (Macro Corder
JM1000CN, J-Science Lab Co.,Ltd, Kyoto, Japan) =\ CHIE L7,

5-3-2. ER1 3

FRRIME A L7 151X DAR P ERFIGFABRITMEIL WL HETHS, -
B pH IZHIIE D Laqua pH A—F—ZfE L, LEEL/KD =R 1:10 (w/v) THI
E LT, A% (Organic Carbon: OC) D& A &iX, —7/7ulif by A
1% (Walkley and Black 1934) % VT ¥R EF UVD2950 (LABOMED,
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Los Angeles, CA, USA) THIEL/z, TEIXT LV GH BIXIRMEE THMEL
(Robinson et al. 1998) , #HEfE G 7T A~/ Hr#s ICP-AES (SPECTRO
CIROS CCD; SPECTRO Analytical Instruments GmbH, Nordrhein-
Westfalen, Germany) ZH W T L7z, EBRZITIIIHTZ-> TE, Ry b
kg DEEEZANTLOEa L a— L ELT(LLT C T %), 5 kg O
Uy ha Ty EENAF T —% 50g fHL7=HD (IB1%) ., 150 g it HL7=H D
(JB3%).250 g M L7=bD (IB5%) . ¥ b7 7 & EENAAF v — Lo
BHEAYELRBERILTRALELDZ 50 g iHL7=b o (JBCD1%) ., 150 g i
HL7=t® (JBCD3%) . 250 g i HL7=%H @ (JBCD5%) . {L=HEE (Wander
Vitaliser Plant & Veg NPK 2:3:4, Tulbagh Nursery, South Africa) * 2 g kg"!
JEFHL7=b D (CF) 243K v, 77Xy EBRAICHEF LT, B 72T O FEER
IZBWTIL, Ry 5 kg O LEEZANTZLOEa tr—LELT(C) ., 5 kg
OB a7 7 EEARAL T v —% 250 g e HAL7=HD (JB), Y¥ha7y
WIENAT T v — b TR B ERERE CEALIZLDE 250 g AL
{L,OBCD), Rk Db EEE 2 g kg! i L7726 D (CF) 245 3R M EfF L
Too WP HIT TR RICHREL BR T AENICERREN AR THRA TER
Wi DA DAR DFEEHGHIHELT,

5-3-3. HEMH K

FKERIZEHL7-7 4% >V (Swiss chard ‘Fordhook Giant’ (Beta vulgaris var.
cicla)) &7 73 F (Mustard (Brassica juncea)) @ F& ¥ |3 . Sakata Seed
Southern Africa (Lindsay, South Africa) N#iEL 728 D& & =5 CTHEA LT,
THEYTIE 2016 AEDO8HMMBIRIIMT T, BT FIRFEED 10 Ans 12
AT T, DAR OREMIRERN TRBE 21T o7, VX YD 72T D
FEIZ T K D [E 2% - (Potting soil, New Frontiers, Lobatswe, Botswana) &7°7
AF v I DFEF I —2 W TR, F2EN T RRATLIETHEFM L,
TDO%EEEBRHORMIBMHELT,
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5-3-4. EREMDOAEFHIE

TE UV TIXERR Yy MIBNE 54 BEIZ, A7V T IIBNE%E 44 HEBICH
EE T ERE B ICINHEL L BE OB AW EL =% . FEim fEEF (LI-COR3100,
Lincolin, NE USA) CHEDORmBELHE LT, £D% 70°C DA —7 > T2H
MRSy MREELE T RBECTHELL, P¥he77IlGEn T\ o EH
(AR — )« X7 )L :Phorbol ester) DE~DBEITOHEEZFTH L5720,
IB5% CABIWT7X YU DREL AT (He et al. 2011, King et al 2013)
D J7IEIZHE > T HPLC (L-7100, Hitachi, Tokyo JP) THIE L7z, #EICEH EN T
WAHIFTNVITHE 43 O J5 15 (Konaka et al. 2019b) & H v T, ICP-MS
(Agilent8900/MassHunter, Agilent, CA USA) CHll/EL 7=,

5-4. fERLEEE
5-4-1. ¥ haT7rEE AL FF v — O WEAL L0

200 L O ERIAGZ# 5 RICIEE L THWEBEASAAF F v —JE T,
FATED FEERHWT, RILFEEZ 64 REfEL CHEMLZ, REL %I A
FF v — I RAL . R T ORYTF 0K B TSt . R LRIA R
BN D I DIy R A TRES D, fE LS F v — DB
LR EIT, pH:8.52 + 0.01, BAREE K (EC) :835 + 38 pS em™! | P4
ZZHLR B (CEC) 1 12.1 + 2.3 cmole kg™! Tdh o7z (Table 5-1), BEESATIZEL
Tk, BHETOBR ETIAIEIEOEWI RO enol,
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Table 5-1. EBRCERALAZY ¥ bR 7 7 BERD

B

Property Value'
pH 8.51 +0.01
EC (us cm) 835 + 38

CEC (cmolc kg) 121123
Element content (mg kg-")

Al 28,400 £ 2,700
C 327,000 £ 33
Ca 15,200 = 700
Cd <01

Cu 11.6+1.2

Fe 3,810 £ 390

K 2,540£70

Mg 719 + 28

Mn 492 + 23

N 15,400 + 1,500
Ni 224 +0.5

P 920 + 112

Pb 3.32+0.03

Zn 41.6+4.3

EEF1G & RERE(n=3).

5-4-2. BRI

T3 pH X 6.04 + 0.23 (Table 5-2)&H5 T OEMZ /RL Tz, B
FI1ZV 25020 mg kg'. HUYT A 428 £3 mg kg, WAL T A 1,160 £ 0 mg
kg! AT CREN TV LEF G EOEHHEIVITDVbOD | 5
ITCR DS R T LS A 'mOFFHN CTh-o72 (Bowen 1979) , AKX (0C) 1%
0.31 £ 0.02% CToh o7z, OCIZEAL T, ATV T INHER . FFE, a2 hr—/L+
B Ux b7y EEENAT T v — 5% L A AR AR o A # R R
ZHIE LTz, #EH X Table 5-3 T/RLCWD, EBRBHMERTO L O8R5
(0C)1E 0.31 £0.02% THHT=bLDN, PrhaT 7 EENAL T v —% 5% ]
L7=bDTIE 0.78 £0.08%C EHL7Z, Z4id 2.52 oM chsd, avba—
JV 13 (0.38 £ 0.03%) . b5 AR AE 1258 (0.31 £ 0.06%) 312 OC & FH &I
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KERIACEC o2 L LT B, Vv b7 7 S A A F 20— D
FHIC L0 AT M 12 32 S BN 5 = L AS R S LT,

Table 5-2. RERTHER L+ E DKM

Property Value'
pH 6.04£0.23
Element content (mg kg™')

Al 43,5000
Ca 1,160 £ 0
Cd <0.1

Cu 9.66 + 0.05
Fe 12,100 £ 100
K 428 + 3

Mn 51315

Ni 8.53+0.12
P 250 + 20
Pb 14.8 £ 0.2
Zn 10.3+0.1

B339 & 1R 2ERZE (n=3).

Table 5-3. LERDOHHKEK (0C) &FE
Organic Carbon (%)

Value' Fold difference
Before cultivation 0.31+£0.02 N.A.2
Control 0.38 £ 0.03 1.23
Baiochar 0.78 £ 0.08 2.52
Chemical Fertilizer 0.31£0.06 1.00
VBIE T & BERE (n=2GF a1 118) n=4GIER 118)).

R
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5-4-3. B DOEFRI

M OAEBRBIZTZ L YTER T T EBATZOIX, MELELRYU ST
T ICIESBENTWDINLTHD, T 7X VU TREEEREZITV, 20D
FEREERBLIEBRICH T T COREEFEREIT o7, MEREHIC, Y& Hk
L CABRREZBZEL, 7X YU T 54 B, A7V Tk 44 B RO
%, EE 2L TEOR, EORMEE., Ik KEORS, O E &L
ELT,

THE I DFEEERTIT, 2 br— b AL IEE O IE + 5T o 4 B IR
T L7, VX Ty R EASAAT T v — Ol H LI A T, Yy he
T BENAT Ty — B LR ERG LD AL L EA L
Too TR, WENAT T v —ORZR L2012, fEH &2 LEICH L TE
NEIN 1%, 3%, 5%EEZXTRALL, V¥ a7 7 B ENATF v — O R%x
gt 9 5 BT BRI Y a7 7 EEE NS AT T X — OIR G O i
ERATZOFE, BV T FICB W TH TR FIZ AT NI END, RER
HLIERAT 5L TR O R EREIC SN ThiE ., FREIEEEL THh
FTELEBZX IO THDL, BEGBOFFAHE A L=0IX, KA/ 43
LMD EBT ~DADOHREEERBLIZT-DTHD,

THE YT DREERE R TIX (Fig. 5-1) OB  KEORIICHL T, ¥
Y77 EENAATTF v —2 AL TEOEY MO TETAEFT LMY
WEr LOFEEITRDOON R o7, LU, M BB E & ICEL T
IB3%7% 7.20 + 1.69 g, JB5%A 7.12 + 2.70 g Lo hr— L +HED F B A )
2.06 £ 0.42 g [THATENREN 3.5 5, 3.46 FES LFPIEEEZHEL 72+
BECHEE LMW 5.74 £0.60 g LRIZZEDORELZ R LT, £, BEOREFEIZD
WTIE TB3%78 7.91 + 1.23 ecm?, JB5%7Y 8.10 £ 2.37 cm? &= hm—/ L 1%
THREELIHEY 2.54 £ 0.42 cm? ITHE R TENZ 4 311 5, 3.18 5 K& b
LA E AL B CAEB LMY 7.46 £ 1.22 cm? EOMICHGF LOoFE
ZFRDONe ol BRITIERDERT LD, ERRENETHZ LT
NEOHEKEBEWT D, ZORBRIIT, Py 7 EEAAALF T v —3%, 5%D
A~ A, ALFEIEE 2g kgt O A0 EIZVERCT DAY £ E O
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FIZHEGLTWDEE XD, B, Vrha 77 B EAA G T v — iR LR
AT EETRBE LT, avto— L FEORY LB L CRICAR
~NDRFEN RSN T2, LodL IBCD5% (Rol B 3.89 + 1.07 g, fix KIE
DEX:15.0+ 1 cm, HEMFE: 4.68 £0.51 cm?, BEH: 7.67 £ 1.15 £ 1% IB1%.
JB3%. IB5% B LT CF &b ital LOFAE AR, Py b7 7 I EASAAA T F v
— B EDOREWIZRBNTY, HENE T ZETHY O ENMEESL TN
HEWHT LW RS T,

(A) (B)
12 4 25 4
a g a a
2101 ; T
g 8 3 a a +
; ab ab 315
5 6 1 ab g
= 210
g 4 | X b b 5
5 £
g 2 254
< 5
0 0 |
Cll 1% 3% 5% 1% 3% 5% CF Ctl 1% 3% 5% 1% 3% 5% CF
JBCD JB JBCD JB
(C) (D)
12 - 12 -
a
a a
J a a
NE10 a a " a a a
S Qo a
@ 8 g 8 %
o ab 2
Z 6 - ab o
© [}
) b
S 44y b E 4 -
f z
2 oo |
4 0 4
Ctl 1% 3% 5% 1% 3% 5% CF Ctl 1% 3% 5% 1% 3% 5% CF
JBCD JB JBCD JB

Fig.5-1. V&>V OEBRR. 3 bR—LEECH), P ¥ AT 7 EBENAFF v — L LZRFEOREAEML%,
3%, 5% (w/W)EFLIEUBCD), ¥+ O 7 73ZENA FF v —1%, 3%, 5% (w/w) A 1IE (B), LFBKI2g kg!
FEEL1E (CF). (A) i EEoezifEE, (B) RAENER, (C) HIEME, (D) BH. BILFH LIZERZE (= 3).
ANOVAIZ L 2BEMIETIL 7 7 Xy FTRLTWA. (Holm's test, p < 0.05).

N7 T ORIEFRBRILT 5T DORIERRE/G T Role, 7H T DR

SRR TIX, VX IR T s B EAAT T v —E T 52 TRFEIEEE 2¢ kg
TEICHEEL 7256 LRIEOEFT RN RIS (Fig. 5-1), £72, IBCD5%
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M HEEIC B W TH[RAR IS CF &ftat EAEZITRWENRN A b7 (Fig. 5-
1), XoT A7V T OREFERTIE, BT IB5% (JB) & JBCD5% (JBCD)
D FIE ., arha—/L (Ctl) SRR 2g kg ! i+ 58 (CF) Tk L7z, # 7
U O REFLERIE Fig. 5-2 ITRL TV,

Aerial part dry weight (g)
(o]
o

Length of longest leaf (cm)

o B
L
o

Ctl JBCD JB CF Ctl JBCD JB CF

() (D)

16 - a 16

14 B b 2
t12 b @12 ab + ab
< z
g0 2 b
T 8 c g
[ g
5, ¢ 5 .
i) z

2

0 0

Ctl JBCD JB CF Ctl JBCD JB CF

Fig. 5-2. h 7> FOEBIRR. 2¥ bO—LLH(CH), P+ b7 7P EENAFF v — L ERFEDREMS% (W/w)
MAEEUBCD), ¥ ¥ bR 7 7 EENAFF v —5% (w/w)iEALE (UB), LFIER2g kg 1 iEIE L (CF). (A) #hEEF
DEZIREE, (B) RAENER, (C) KEEE, (D) B @I T LiZEREN=3). ANOVAICL 2EREIET LY 7
Ny hTRLTWA. (Holm's test, p < 0.05).

JB t#ETABLEITVFiZarbha— L HETHEEF LIS DI R TR
HET3.25F&E(Ctl: 3.77 £0.73 g, IB: 12.3 £2.0 g) (Fig. 5-2A) . fx K
DRI (Ctl: 13.5+ 1 cm, JB: 25.8 + 3.1 cm) (Fig. 5-2B) . ZE & % (Ctl: 3.59
+ 0.22 cm?, JB: 14.0 + 0.8 cm?) (Fig. 5-2C) . #%& (Ctl: 8.00 + 0.00 £z, JB:
11.8 = 1.7 #) (Fig. 5-2D)IZB W THHat LOoFEZEZRL T\, £2. 1k
FAEEbE AR Bl i U, M B A (CF: 11.0 £ 1.5 g) . I KED KE X (CF:
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23.5+3.1 #0) . BEE(CF: 9.5 + 1.3 B0 TIIHEH LoOF EENRFEED R
MGz, FFETREZLIZ, EORBEMICB WL, IJB HETAFLEED
DX CF EETAEELEZLD (10.9 £ 1.92 cm?) LHEL T 1.29 fFRKEN-72
(Fig. 5-2C), 7235, JBCD (., #EH AL (9.65 £ 1.51 cm?) R RKEDEX(20.3
+2.9 cm) Tarhr— L (Ct) IVITARBICAEBLENIB LT HEAEF N
2o TN,

ZOZODFEBRRNG Py ha T p R EANAT T v —% 5% H L7 T EE T
arhe— /L EETEBLELOIVOHEYORELREL, TOhRIT. 2 ¢
kg DALFIEEIEZTEIEL 728 DO LRIBED N KA LT T Z NP LN T,

5-4-4. Phorbol ester ® 5 &5

Phorbol ester (FR/LAR—/L+ = 2T /L) IV v a7 728 £, (KNICEDIA
LEBEAAECISEL AN HLER THDH, Vxhue7 7O HIZHZ-> T
ZDOHBESDRRED AN EMD, Vb7 7 B ENAATTF v — O HEY~
DRI S Te> T EIE~DIRNVR =)V« AT NV DB DT,
IBS% CHEELT X VD BLOa e — b B CHEF L 72 34 3/
BAZ )=V TCHRNVR— )V AT VG e WAL HPLC TH#rL7c
(Fig. 5-3) o B R—/b s AT )VOREIZIIRY T FETEHENTZY vha
77 JK1 (Inafuku-Teramoto et al. 2013) O FEF & L, Mk Z 8 Rkic Lz
% BOK 15 mg 29617 3CHR (King et al. 2013) (2> CTAX /— L CHIHL7=%

DEAFEH LTz, HPLC OREIZIT AT CHERZ S L 72 (He et al. 2011), #5251
ELTCTHX Y TDEER T THAENLR/LR — L T AT — /L3S
Mmole, ZOFEBRERNOIZIT YT 7 EEANAT F v —5%D L~ i ]
T, ZZCHEE SN T X VT DEITIIARNR — b AT VTR B Z R IE
SRV ENRIBEND, 2B, RILR— )L TZT LN RABIC L > TH RSN~
DO, BLUTZEIZTH NS N2 DS T=D T DWW TUE, A% O B DR EEDS 2 5
Thd,
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0.3 H

——— PE standard
Control Soil
Soil with 5% biochar

0.25

15 1 Phorbol ester (52.68)

Relative values
o
—

Minutes
Fig.5-3. ¥ v bR 7 7R ERDZHBALBEZ L7 XY 7 OE (Soil with 5% biochar) . LU
v b a—ILHIETHEE L -2 (Control soil)dD X % / — LR AZHPLCTRIE L1z HILR—ILIT XTI
DIZHR(PE standard) ¥ v bR 7 7REFH SFAEL 7=,

5-5. ¥£&®

ZOERNPOIT, V¥ T s EASAAMFT Ty —% —EREL LB
HZET AL FIEE A MR L 7ok 55 LR E O 2 R A B ICH oD T T ENRE
N, FRICEXROEBSXERBOMICE 5L TWD, £, LETPOF R
ROWMBBIRETLIENTE, ZHLIZRRND AL FIEEHZEH LR W5 BR
TR MEEZ RS TC B ED LIS, VY R T 7 DFEENAFT VA THLIEEN
FHTELZEN RSN,
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FH6E
Txhr7rOMEBBIMEEEREZ TRILLIEAATF ¥ —D
WAL R R 12 B B LB A 5T

6-1. EH

¥ a7 A IO TIIAALFT T 4 — BB RE CE LM A RO S AR DR
W) CThHD, HEEREIZRO D | RIS T A MEED DO — DL THH
EHEODTND, Pyha7 7 3w I B W TR EO %K ESCT] E R 22 L L
PMENAF~ AN D, Px b7 7 OF BN 2 e 3 5720 120%, WS D
INOEDNAAF Y ADORAb E-MFRFIN TS, K XD FHEAE B LOHLH
T, V¥ a7 7 OREENAAT A ThHOEELIRILL, TEICHEHT 528
FoTHBERERBIVERXZOAEFH LICHFEGTIHIENRBRINTZ, 20 FEBR
I3, FABRBIOESEOREELZ T T, UVvhr 77 - A4 F v — % P
THIDIT, TOWEALFREZ L 72b D THDH, Vyba Ty N F T %
— DR HOFTMICH > TE,. 3oV vha 7 r#lfk (E, &, B E2HW, £
NENEASDBREEIRFE (300, 400, 500, 600°C) THRUEL 7= 12 FIHDO /A4
F v — OB FREZ IR L TOMT LT, BMMONAA T v —13, — &K1
M ELCOIREDN EARDHIZON pH, BRARERENE T — &, B4
VRMRBENED T HIENHR TE T, ETHRE LA T v — 3o
MCHEL AT F v —ICle R KFBEDEN T, BR Vo WIVAL <
TRV LDENLZNENIBERFEAERL W, BRI AT F v —%
1%(w/wWIRASEEZLEIZEBW L, 12 BE2STORAE T ¥ — CTHRAKEN
WL, B 7Y AR B & T S T O RS R B IE AR B TRV R L 7N A
FTF¥—1FEWREEHGAT O RFENEL 2L MDD Ao, FIIKIEE
THMLEETHELEAATF Y —ITIIEHE, Vo, v IRV LANRELEE
N, CTRELIEASFTF v — TNV T ARELEENTWHREDYHAL
FRMEZRL Tz, ZOERERPOIZ, A AT ¥y —2WETHEO v
n7 7 OMREEIRICIEE DM A G DREICL- T, LB B AL EHE ~ 72
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JHED ==K E TN AT TF v =R RICRIE TEH L2 RmR L TV D,

6-2. FFif

LA BB DALV 5 fin S F . HUERIRBE (L O & A3 ¥ 3 1 . fF A I ] T e —
FNAF—JREL THIREINL TWD Yy a7y (Jatropha curcas L.) %4 2hFl|
THZLITREICAME G X T ., Fiftta R ot OBEICHBIRTES 7]
MR DD, HATBLOHESTETIE, LS DOT vhaT 7 S AF < 2ADE
HIEELT, B ALYy b 7 A RALL I 2524 T, 5
B RLEMEYOEEM,N LICHFE T RENHLZ 2R LT,

NAFTF v —F MAMF v 2R FOME 2z RELT LTSI 52 TR
ECELHER ORI THD, ZNETICEZHDFATHRICIBNT, A4 F
Y—2 BB T22L T YL ISR T DR OTEMEL LI & O [ L3
AR TWD, BIZIE, KRMOAAFFr—% LEBITIRET L2285
ToayOEFEMRDM L (Major et al. 2010) 28 THDH, A4 T v—% HI1E
(32 2SI XM D AEEMED [ B SAFTF v —IC LD R EO
BEZIB L THREBL TS, fil X, TRICB T L0514 2% & (CEC)
®n) |k (Haefele et al. 2011, Lehmann et al. 2003, Jien and Wang 2013) . +
BoLRAK DM E (Ogura et al. 2016, Dugan 2010, Duong et al. 2017, Glab
et al. 2016, Masiello et al. 2015, Konaka et al. 2019b) . HE# & 2 K HE 78
WILZERE R THH IV T 2O M4 (Oram et al. 2014) R FE O HE4E (Haefele
etal. 2011) . F/2, ZTNHDORRDOMHAI/EHICLLDbDTH S,

NAXF v —2 LBERAIEL TEATL2EOAY YD —2LL T, FES
PEFIEENC L > THELDBEFRANAAT VAL TELIENHIT oD, BEFEN
AF 2R T 2ZEITEY, FfetEaF o7z, BEICAMENT VR
HIERTED, I, BATH R TARM O BEM Z A4 F ¥ — LT B I
T BTV KB O EHDHE L 72 (Asai et al. 2009) | £7o. REM &l
fEdEA &L TR 32282 E > TRD R MEHES U7 (Tian et al. 2012) 72
ENBOENTRo>TND, £, FAEBLOESHETIL, V¥ T7 7O EFIT
BOWTHELAEEENAT T y— L TCHEICHEHAL, BEXOAEEDMN LT
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HEHEITHZENRINT- (Konaka et al. 2019b) .

— AT TF X —ORHADBE I EDO IR L H T TnL o) Tk
W TATTBEMDNAAT T ¥ —%FA~=T OV T RETHAHALZA, fRK
1O\ EIXFE S bivieh o7z (Hardie et al. 2014) | ETEFEMICL D344 F %
— CIIHE O A FEME A BT R 03 720y o 72 (Slavich et al. 2013) &V o725
T 7EL 05,

TOLTERATHENLEZONDZ 8T, N AFF ¥ — DR % KERIZAED
FTOT AT TF v — O BEAL PR 2 T ICEEL BT M T w
— MR DN RERFAET LDZEDEEMETHD, 21X, SAFTF ¥ — O ELE
B PROIRDUZ B L T, BRBEIR B IS A F v — D pH, BU=E R [
AT RPBEERCREROGHERENATF XY —DORME AL T DD
(Ippolito et al. 2015, Cantrell et al. 2012) , NAFF ¥ — DO B 72D A A
Y ADEE, BRI DS T BRIRE R E DR IEN R FE~DNAAF T v —DF]
ML TUIREREEIZ/R->TLD,

D NPT Al e O = EAI D R PR Y et oY Nl N g N = P o 7 B
2 RALUTEBRIZ . ZE D ARAF T v — DO WAL PR Z 2 A B ITRGEET 5
TERMETHDL, YETIE, VxhrT7 7 - A F v AD 32D k% | RALIE
EEZEZTRILL, HENATTF v — DRzl T 2L il iz, ZOM Ko ML
THIEIZEY, Uy baT 7 A EF X — ORI O T, ORI AY 22 )i S
HERTEL MR HD,

6-3. MEETGIE
6-3-1. FEMA

COEBRTIT, ERRKFORETHEEIN VWA 3IFHEHOY Y T 7
(Jatropha curcas L.) cv. 1P-3P (Nanasato et al. 2015) & acc. Jackalsl
(Inafuku-Teramoto et al. 2013) ZfE A L7z, FEH L 72DITFIZTT ¥ hueT 7D 3K
ERBIZBWTHEREINDGEEBEZONDINAAT YA THD, LI NIEMLR
STRITE > TV LELZINEREET ALY, TNEFTHLATHlIKLIEL D
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WHENAAAF v — LU TH AL (DU SEREHT D) O NAFF v — I3,
BEL TRV v a7 7 O RO @ ZHL K 5 cm DEZAT/HIED
JaxVEMNTEIRL, SiE AN I TR BT L7z (82 %) o B3 A
FF v —d, B THELIAAZTTEANYITHEL, /M ICE L TER L
(FZR) o MBHEIRDNAF < RINAFTF v — TG ITHT-DHIIZ 70°C DA —7
VT3 H MRS,

6-3-2. V¥hRT 7 - NAFTFr—DRE

NRAFF v —OEITHT=> TiL, v v 74 (HPM-0N, AS ONE, Osaka,
Japan) 2L, D XH 72 FIETITo70, S E-E, @, Fo&K Vo7
10 g 205 20 g ZFAZRROHMIT AN, v~y T IVIFEOF v N —H IR EL
Teo ¥V T NFEBS DHNCTF v o N—NIZEFE L5 100 mL CTLRFRIEA
Lize T —HNOIREN S 10°C OFIETERITLI951ICEYI ., AR
DORBEIRE THDH 300, 400, 500, 600°C I[ZEEL-EZAT 20 4y MBREES
iz, 20 DHBITITREEE 1L HARICIBE MR T 3280127, EHRITREEH
Bk L CTHSr 100 mL {EAL, ZRET v /S—HNOHEER 100°C BLFIZ72
LETHT T,

6-3-3. NAFF ¥+ —DOYBALZRFED ST

NAFF % —® pH IZ pH A—%— (Laqua D-51, Horiba scientific, Kyoto,
Japan) ZfEHL T, XA A F ¥ —LAKDOEEEZ 1:10 (WVICERELZ LT, %k
17 3CHR (Hendershot et al. 1993) @ 7 ETRIELTZ2N . £ DO BRIRIE RF# A 30 47
MOIEEIICERT L, £/, X—/X—7 4 /L% — (Advantec 2, Toyo Roshi,
Tokyo, Japan) Z L CTKEIK DY 7 A EILLTZ,

NAFF v —Z BRI K THEF T2 81285 pH OEALOHIEIZI., B xR
(ERHAEKS mm)ZF AL, BAROBEEEZ 0.5 g lZHEEL, FREK 25 mL
% 50 mL 5= —7 2 At IE% %5 (StackShake C, WakenBtech, Kyoto, Japan)
DI HREZ 150 rpm, i EZ 25°C IZRE LT L TIRAIRESE 72, D%
RERNRD X=X =T g V2 —% L THLWTF 22— 7L, BiiRD pH A
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— X =B HLTHIEL], 72— T LB R ITBOFH L 25 mL D
KuEANTET 2 =TI AN TCRIR O IRZZRT 10 %ok KEHEHL .
B ARKE AN THD TLRFROIRE 21T >7c, 2OV A7V %1 BICEEITV,
B pH OMIEBITF R Z RO B £T25mL DKICELTHRE Lz, ZOHIE
ERLR D pH 3 I8IT/2 D £ THVIKLAT -T2,

BRUBERINASL T v — kKO HEE 1:10 (W/ IR E L7z E TR R
B S 72 KA % JENCO VisionPlus & & 51 (JENCO, San Diego, CA, USA)
AL CTUELZ, BAA U RBBEEOWEIL, T E=T LA DIRHE
EEWE T DT AVF — U E ¥ (Tucker, 1974) % 5H 4% TRl L7 ik
(Konaka et al. 2019b) TITW, IROEAZE H W TEELL 72,

100. (25 + a)
CEC=0,

) (T — bk)F

T w lINAF Ty —D &L, a 1TKBILTNYLAEZINZDRETONAFF ¥
AL =H ) — VR REE T L bk 1% 0.1 M OKEE(LT RITAIZ XS TR
VAT VT ERNBGERZ T LT oM EREL, F 1% 0.1 M KBTI T LD
Ty IR —%RKT, IRBEEFDOEHEIL CN 2—4% — (Macro coder JM
1000CN, J-Science Labo, Kyoto, Japan) Cill &L 7=,

NAZF ¥ —IZEENTVWEIRIFXTINVOER EILFHAECRRB L Hik
(Konaka et al. 2019b) TR 0 fRZ1T-> CTHIE L 7=, BERRT o E=U L5 H 7]
BEI AR TV & KEMEIRX TV EH E&IXENZE ., Simard (1993) & Rodriguez
5(2003) D HEZRDOIHNITEEL THE LT, XA F T ¥ —0.3 g 2k EHE
BETHIRIZL, @EOF2—7I1C AN, 20mL D1 M EHRT > E=U A, H LT
WiAKZEMZ, B2 C2REMIE Y LTz, ZOBWKERTR D R — R =T )L H—%
o T LK 7 vl 78 =7 T L7 DI 0.1%D1H
F2C 100 5 IR 52L& T bl MUK THIH L 726 D213l N OHEFEZ %
BORAFDT=DITINZ HZE TR LS, 2O KEE ICP-AES THHrL
7= (Konaka et al. 2019b) .,
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6-3-4. NAFF ¥ —DRAKFDOHIE

PRSI OREIT AT CHRZE 2 FRIZ (Yu et al. 2013) RO XHREIEZ N Z T
17272, 0.5 g DNAFTF v —Z B EHBET/NRIZL, 49.5 g DRERY (LKL
8% 0.9 mm, No. 4, Toyo Matelan, Aichi, Japan) Z{& & T, o 7LD 3A
TF ¥ —DREFRZ 1%LLTc, ZORAHEDE, a2t —L L TR D A 50
g EZTNZEIN 50 mL OF 2— T AN, T2a—T 2RI =F LT T7HL—h
ERV=F L CCTET — 3y 7 (Cainz, Saitama, Japan) TZH A L/AKHIZ 24
IR LT KB+ IR ET DI LT, FDOHF2a—70 k
TEIZL, Fa—TPOKPNEINZESTHRITHIHICEELZ LT 24 FFH
FIROFRBIZHE L, 24 FFRMER, Ta—T7OFOY T LET NI=Y
LOTL—NMIHT . EFRETRBEEELZFMLZ, 20%. P 724 —

VAR 80°C T 24 KM SE/o12, i EH &2 MEL 72, £L T, Rk
FNFRDEAZ DN TEAEAL L 72 (Yu et al. 2013),

k7 (%) = (RMERE - LREE)/ LREEE X100

6-3-5. HLAMAFHT

B TOFIRBEIT3MHEVIKLE L7, ANOVA (X Holms 5% js-STAR version
8.1.1j (http://www.kisnet.or.jp/nappa/software/star/)Z T, p < 0.05 DFH
BCTHRELE, BRAIIE t-test(p < 0.05) ZHWTHELTZ, SA A F ¥+—D
R & 2B LR E O MBI BAFR I, €T Y U FHEEE js-STAR Z W THREL
72o F 5757813 R Studio version 1.2.1335 (https://rstudio.com)Z T,
prcomp & fviz_pca_biplot (ZL->THHrL7=,

6-4. FEREEE

6-4-1. ¥"RT77 NAFTFr—DINELYE R

Txha Ty O3 OO (B, B 240D RIS TR E TRV LT N A
FF X —OWEEFEIL Fig. 6-1 OV THD, KN ELZHFLZENTERZD

%, B4 300°C TEAFRLTEANATF ¥ —THY (RALATO IR AN A A~ A H &
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? 53.3 £ 9.2 %), /NN EIT#HE 600°C TEGELIZLD TH-72(27.5 +
3.9 %) (Fig. 6-1A), 3 D>DHFkEH | B iR IR 13 i3 < 72 D 1% LI e 1K<
RPN RO T, ZIVBIXEAT SR SRzl oM EE, £5 ., hyERra
VE L E—TF v VikE 400°C 205 600°C TR R LTZ A4 F v —T
H RN ThHD (Gai et al. 2014),

B R DR E N @ <IRDITHE- T, 3ODMMNLREE L Ie A A F v — 2T
TERLERY &G BN RS- (Fig. 6-1B) , BRARE RN —F @)
ST=DIXEE 600°C TEANMLIZHLOTHY (19.8 £ 0.3 mS cm™!) | —FE»
ST=D I % 300°C TR LIZLDOTHH-72(6.3+3.1mScecm™), Pv¥hr>
TNATTF % —DNAFTF o —xf/KEF 1 % 10 (w/v) ITHITHEKASERL,
FTATHFZE T/RENTWAIEL 300°C 725 600°C O [H TRV i L 7-Fin & (5.57
+0.02 ~7.31 £0.05mS cm™') =0, KBE(1.12 £0.01 ~3.67 £ 0.03 mS cm™")
(Li et al. 2013) Kb @ o7hy, 84 10°C TOIRER EH I, 1505 20
G373 TR B CTRRBEL SE L 72 M8 4f (48 ~ 116 mS cm™!) 0, #24f (38 ~
192 mS ecm™) M BHZL T2 ASAF F v —Z = 1 3 20 THIELZHE
(Rajkovich et al. 2012) KV XK~ T=,

A A R B O KEITFZ 300°C TRV EL7ZH D TH-72(42.3 +
5.7 cmole kg'!) . £7-, I/IMEIL#EZ 600°C TR RLT-H D THH-72(19.2 +
2.7 ecmole kg!) (Fig. 6-1C), ¥ b7 7 A4 F v+ —D3O>DMAEDO B A4
TR BEOFPHIL 300°C:41.9 £ 2.3 ~42.3 £ 5.7 cmolc kg'!, 400°C:29.2 +
6.4 ~ 35.4 £ 2.1 cmole kg'', 500°C:20.5 £ 5.0 ~ 23.3 + 2.6 cmolc kg'!,
600°C:19.2 £ 2.7 ~ 21.1 £ 0.9 cmolc kg'! TH-7-, 3OO EL By iR i
BN EH DI > THAA L B BOR TR RS2, ZOBmIXETT
ZETHRENTUWDH (Gaskin et al. 2008, Cantrell and Martin 2012) . 24U
ER IR DI T B EO AR ERAEOHENZIAELLZLIZEDLD
tEZOND, — T . P¥ T 7 D3ODHBE D ASAFF v —RIIZE A4
LA EIZET28E EOREZITRO bR T,
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Fig.6-1. 2% bA 77 - N FF v —DRAUNEEYBEME. v O 7703 DDEMERELEZEZ TRILLEERILYD, &
LINE (A), BREGHE(EC) (B), B4 4 > A E(CEC) (C), BE(pH) (D) 2R Y. fEIE Fi9ME L BHERE (n = 3). ANOVAIC &
2HEEMIETILT 7Ry FTRLTWS. (Holm's test, p < 0.05).

HEN —FE@mPoT-OIFHEEL 600°C TREESE LD TH-72(11.3£0.1),
— 5, —FIRPoTeDITHE 300°C TRESETLDOTHS72(8.40 + 0.25)
(Fig. 6-1D), 43 IR FE D3 5 <72 D29t - T pH AN & <R A M A R b7
D, FFIC3 oD HRITE L7z Il L L IR DY 300°C 205 400°C 1k
NHEZAT pH PRI EL 2> TWD, ZOMEFITIEITHIZE CH/RENT
BY, MR TOBRGRIZEB W T, B SR WY E LK O & F B
FTZEIZESTO pHED EHNH 254105 (Novak et al. 2009, Ahmad et al.
2012), FFICHE =HERE (dairy manure) CRLUEL 72344 F v —TlL, 300°C %
BAHETIVAVEDNEERDENL TSN ENRIN TS (Cao and
Harris 2010) , UX & EFEERIZ, pH EIZ BV THA R 70 2 $H 5k R O e PR 1372
BN oTe, ZOZENBIL, V¥ a7 7 A4 F ¥ —@ pH fEIZEBWTIE, #
BEEOB B MEOMRE N REEETHEE 2D,

xRy e RAF T v —BRLTEEmW pHEE S T, NXA A F ¥ —DO T v
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MENEDIBLWEFT L2000, bLUTBE T 5200 O EBREZRIZITo72, Z
DFEBRTIINALTT v — %2V IR LK THE L, BEVELTKO pH EZHIE T 5
iz TEDHEREZBIZE LT (Fig. 6-2),

11 -

A 600°C
A
AEDD A ® 300°C
10 A A
aAad Ay
- X
A
8 i
7 T T T T 1
0 5 10 15 20 25

Number of wash repetition

Fig 6-2. EEHAKEIC & 2 RALRE300°C(F) £600°CHE) DY v b O 7 71X
RDOPHDOHER. B FHE & RERZE(=3).

ZORBTIEIBEDONAFT T v —%ER LT, TOEM T, RICZEOBE DA
F X —IXRILATO R E R > TEY, TN, BOIKLEF T 201280
RTNEBERTNOLTHD, AOBEEH% O pH 1E 300°C THRELZLDE
600°C CTHRIELZHLON, ZNEFN 8.71 £ 0.16 & 10.4 = 0.1 Z/RLTW=,
D@ pH fEIX e BRAAH6E B ETITMkEEL T 203, 23 [B] B O ¥EE
AVNHETH%ITIE 7.73 ~ 8.23 OFEPFAITIK FLTZ, ZOEBRFERND, 7T AHY
W Ak L 7o K AN BR B IC B W TR 2 ISR T D ZE N R C& 7=, 72721,
ZORRTIZ, AAFTF v —LKDOEHEZ 1 %5 50 LU, TRFHIZ 20 A1 2L B
B E DK 24T > TV D, KOG A K ZE D 720 iz i i S0 - Rz 1 i oD £
BIZBWTL, 7V AVMENERSHIET D/ RBHERB 0. TV IV ME %
fkfe I IR CE D FRBMER RIB I NG,
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6-4-2. RFK. BER, TOMDIRINERE

NATF v —ICHEENTWDHRHA, BREDOEH A EILFig. 6-3 TRLTWD, &
Fh—FBELEALTWADIE, Hi%& 500°C (58.4 + 0.1%) TE IR L I3 A
F ¥ — T, ZIUFTE G 2 L TR WAL L R L T 34% % <72 > T 7z (Fig. 6-
3A), BEGHBETIZHEL 300°C(3.97 £ 0.09%) TEAAGELI-L DN — K%L
BATEY, ZHUEES ﬁﬁiﬁﬁ’b’(b\foﬁb\%é LT 10%% -7 (Fig. 6-3B),
SODMMDRILIRETHELLI2LZA, ERIZBWT, —FDVRWVWEDRFE
E—BLVBEOEZRNBEINT, _@&Em XEA iR AT o TV ZRVIRBE D HE
CRIETH -7 (Fig. 6-3), FFET RIZL, REFESAEITEL TIL, BERIZ
BWTRFBEDBDROIREZ LT DIEEITMELZ DD 72> TV TN
TV EEVEREGAEBICHEL UL R BRIZBWT, B ROIRE A B
DIFED Lo TN TNDZETHD, Ik BIRER R DR FA S A &, WK
DEFGAHEIZHL IR MOIREICIDH BT AL TR, 20
FE RO AT F ¥ —ICEENDIRFE, EREITEDMORE LS, kb
TOMBIOBEWNIZEIDEWNWSZENF 2D,

(A) (B)
80 - 5

60 - bc ¢ bcbe  bcab & be |
d de f def ef 33
40 - <
Z2
1
o
p=4

C (%)

20 A

8’8
Lﬂ\DZ

ranch Leaf Trunk Branch

Fig.6-3. Y+ bO 7 7 D3 20MEAREAZ X Tikfb Lk DRFE(A) L BHRB)DEBE. NPIERRIIL DIz
HER. B F9E & ZEREN=3). ANOVAICL 2BEMIZT L7 7Ry b T/RLTWA. (Holm's test, p < 0.05).

FREZTHH IV AVTL ANV T A T RV TLDER EIX Flg.
6-4 T/aRL, it EOFEMEIZBEIL T Table 6-1 TRLTWD, FHRER
RDO3HO>OHFETHIH L,

1) KIZEDAKREMEIRT VAl (Rodriguez et al. 2003)
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2) HEfE 7 =y M KARE R A AR AT RE/RI X T L O fh Y (Simard,
1993)

3) MR XHMIXT A0 (Yamada et al. 2018)

2L VT DR T e =0 LA I3 T o Ty, BRI, BEER T

FoULZEAVCOHFEIZ VRIS L TAI= A SRS o4

Et O OKMEZFf > TR, ERREHBELIE TERVAETHS (Olsen
and Sommers 1982) .

FEREL T MIRTVOEH EIZBADMOIREN ERDHIZEITEZI2>TWH
% (Fig. 6-4) , ZOFEFIT AT ZEDORE R L — L T\ 5 (Ippolito et al.
2015) , ZHUE, REFZFOP TURLGITHE L DM T 2MENB D MHIZELR
STNAT T ¥ —oEHINAZENBAELLLDEEZ LN, — ., KB
DI DER BTG MRS AT 520> THA LTV (Fig. 6-4A), 2
OARBACEEL TH RALM 12 H > F 7 (“Giant reed”, Arundo donax L.) & A\ 7=
JeATHESE (Zheng et al. 2013) OFERE—EHL TS, ZOBLGIL, & IR E D E

SIREPEL L U DHE R BIC Lo TRERIEIZRDZENBAETLEZE X BINLD,
VT LD ERAREICBW L, BT E=v A THHLE- &S, T L
CEIXIFIFEREEZ R LS, K CTHHLEEIZZENAOICHEL TRED B -
f:(Fig. 6-4B) . ZOFERIL. WVT LIZFDEINALT L DFERETHEL TEY,
AF L EBFE OO IZ L > THiHEn 2 en B2 oD, — ., BFg7 v
FoT NI THIHLE LS YA~ 2T LD EITEEIC > T L
b LB L THRU TR &S » 72 (Fig. 6-4C, D), B 7 = it ED
f il BV T BB AR, BV T AT 9.0% (FEER 300°C) 25 15.8% (B
% 500°C) . 7 R LT 24.4% (& 500°C) 775 63.1% (FEfK 300°C) 72-
7o V¥ b7 7  NAFFx—ITBITHINODHRIT, LITHZE TRENT,
HUARBS 2 300°C 725 410°C TRIEL7=H D (Robertson et al. 2012) &b ~<T (7
NI 35.4%, v T RUT Li26.4%) ANV T T BISDIR w TRV T LR
WEWIERA A BT,
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B Water
[ Ammonium acetate

(A) (B) [ Nitric acid
14 - 50 -
12 A 40
_.10 | ~
= ‘730,
2 81 2
2 6 - 220
cL4 X
10 A
2 4
oin_OOOO&OOOOo_OOOOTemp Og_ioiooon_ooooc._oooo
28S88=8S8828888 u) SREBBZRIRBB=RSRBI°
() Leaf Trunk Branch Leaf Trunk Branch
60 - 1.2 1
50 1
<40 A
()]
X
30 -
820 -
10 1 2 1
Oin_OOOOn_OOOOn_OOOO On_OOOOD.OOOOn_OOOO
=8S888=28¢683828¢988 P 2388828838288 8 7

Leaf Trunk Branch Leaf Trunk Branch

Fig.6-4.2 % FO7 7D 3 2DHE REEZZEA TR LIERILYDREREEFE. ) VBA), HY U L
(B), Hi7 1(C), * 7 %7 L(D). BRBROEBEIL, KF), FFET > T 7 L (1), RO B (18)
IC & B HH. (B TIE & RERE (n=3).

3ODMBRO B TIL, IR T, 2 TORNSMIREICB T, E oY
ﬁU?A\vﬁ“Z\“/?JA@é\ﬁ%ﬁ: Mmo7- (Fig. 6-4. AB,D), FRERNDEE
ZLEENTWDLI LT, BT = A THIM LR H aT Rtk gD B Y
?A\’\?&“Z\“/?JA@@@E ZOWNWThH, RTOESMIRE TIZHE W TEZ 0o
2ZEMmbb b, TRHDRE RN, RIGEOEH &EOEITRMEIOE
AREROZEL—HTLIENRENTEY, KAKETDERMMOAMMELVZD
REFREVBELETHIENBEBLTNDEEZOND, BT AIZELT
LR BT e v Ao G A ELICHRRICEZGEA TV
(Fig. 6-4C), Zhd. BOFELL T BIARZRES L7201, MlIZBIT5
NRIF ORI AN T LR NBEELINTWLZEICHEL TS EB 2 b
% (Fraeye et al. 2010),
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Table 6-1. ¥ FA 7 7P NAF X RBLPRIUNAFT T RICE T2 ERBROEERE

Mineral content (mg kg™') '

Nitric acid extraction

Jrtropha Biochar P K Ca Mg
- NP2 7,500 £ 1,40d 19,800 + 6,000defg 9,900 + 3,180h 349 + 67f
300°C 8,330 £ 1,100c 20,900 + 2,600cdefg 22,400 + 2,900ef 521 +70d
Leaf 400°C 8,990 + 1,270b 25,100 + 3,700bc 27,000 * 3,900d 672 + 100c
500°C 10,600 + 1,250a 34,800 £ 7,100a 34,800 £ 4,100b 815+ 101b
-~ 600°C 11,100 + 1,400a 28,600 * 3,500b 35,400 £ 4,100b 904 + 115a
- NP2 899 + 448k 3,490 + 970h 5,750 + 2,530i 53.2+10.5j
300°C 1,650 £ 330j 16,200 + 2,300g 29,100 + 4,000cd 270+ 37g
Trunk 400°C 2,060 + 320ij 19,400 + 2,400efg 36,300 +4,8000b 337 + 43f
500°C 2,840 + 420gh 23,800 + 3,200bcde 45,700 + 5,700a 421 + 51e
L 600°C 2,910 +580g 24,300 + 3,400bcde 44,600 + 6,400a 424 + 63e
r NP2 1,040 £ 230k 6,410 = 2,650h 7,350 + 1,600i 64.7 £ 14 .4j
300°C 2,310 £ 310hi 18,000 + 5,800fg 16,700 + 2,000g 171 + 23hi
Branch 400°C 3,670 * 490f 25,200 + 3,300bc 21,400 + 2,900f 157 + 21i
500°C 4,130 £ 800ef 22,300 + 3,100cdef 24,100 + 3,500e 189 + 26h
- 600°C 4,350 + 650e 24,600 + 2,900bcd 30,600 +4,400c 183 + 24hi
Water extraction
Jrtropha Biochar P K Ca Mg
r NP2 5,460 £ 540a 13,400 + 400de 58.5+5.0a 173 + 15a
300°C 2,890 + 680b 15,600 + 1,500cd 63.3 £ 59.0a 48.6 + 3.3b
Leaf 400°C 394 + 103de 19,500 + 2,800bc 130 = 114a 51.4 +£22.5b
500°C 896 + 38cd 24,100 * 1,800a 8.84 £ 15.3a 20.1+12.7¢c
-~ 600°C 531 +60de 21,300 + 700ab 0.00 £ 0.00a 14.7 £ 8.6¢C
- NP2 299 + 241de 0.00 £ 0.00f 39.6 + 18.8a 11.8+2.9¢c
300°C 516 + 78de 9,940 + 1,230e 209 + 85a 18.4 £ 2.5¢
Trunk 400°C 147 £ 21de 13,800 + 800de 271 +138a 25.6 £ 6.3bc
500°C 49.3+30.7e 15,100 + 1,600d 221 + 168a 15.9+6.3c
L 600°C 12.2+21.1e 17,200 + 300bcd 196 + 144a 16.8 £ 8.1c
r NP2 445 + 56de 0.00 £ 0.00f 163 + 74a 7.65+0.98c
300°C 1,480 + 430c 10,200 + 700e 97.9+24.3a 11.8+6.2¢
Branch 400°C 622 + 244de 14,200 + 2,900de 195 £ 169a 10.1 £ 6.4c
500°C 172 £ 84de 15,300 + 600cd 71.1 £53.1a 7.27 + 3.06c
L 600°C 304 + 116de 17,600 + 2,100bcd 0.00 + 0.00a 4.90 + 3.14c
Ammonium acetate extraction
Jrtropha Biochar P K Ca Mg
- NP2 NA3 12,800 + 400ef 833+ 77f 311 + 2ab
300°C NA3 18,800 + 1,200bcde 2,020 * 460def 329 £ 21a
Leaf 400°C NA3 25,200 * 2,400ab 3,740 + 1,350bcdef 307 + 103ab
500°C NA3 29,000 + 1,420a 4,390 £ 720abcde 208 + 80bcd
-~ 600°C NA3 27,400 * 1,000a 5,110 £ 1,310abcd 244 + 27abc
r NP2 NA3 3,180 + 390h 2,430 + 370def 53.6 £ 6.4e
300°C NA3 10,700 + 4,600fg 3,330 * 400cdef 140 + 37cde
Trunk 400°C NA3 18,400 + 1,100cde 7,580 + 2,230a 185 £ 10cd
500°C NA3 19,200 + 4,200bcde 7,210 + 1,820ab 103 + 4de
- 600°C NA3 20,900 + 3,800bcd 6,530 + 1,540abc 124 + 16de
- NP2 NA3 5,480 + 390gh 1,400 + 250ef 52.2+4.7e
300°C NA3 15,100 + 1,900def 3,370 + 700cdef 844 +5.7e
Branch 400°C NA3 18,500 + 1,000cde 3,880 + 1,210bcdef 94.2 + 22.6e
500°C NA3 20,600 + 1,100bcd 5,470 + 1,080abcd 79.2 +7.8e
- 600°C NA3 24,200 + 1,200abc 4,970 + 530abcd 77.2 £ 22.4e

VEIZTFIE L ZEREMNM=3). 7L 77Xy MIEHMHBAERICL2EERZOANOVAOBEML R
(Holm’s test p < 0.05).
2NP = RiRfED /N F < R,
INA = YT —&%AL.
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6-4-3. PRAKSIFFAM
NAFTF ¢ —Z IR A S ETBRO R IK ) D F2Hfs 13 Fig. 6-5 IZ/RLT
[AYN
30

28

WHC (%)
s
—
—] %
=] *

*
24 | H
- O O O O O O o O OO o o o .
O M ¥ Hh © O T Hh © MO O © (°C)
§ Leaf Trunk Branch

Fig. 6-5. FERMICY v b A7 7 D 3 DDA BEAZ X TRAL L2/ A FF v —1%(w/w) %
BASEAEEORAN. 3V bA—LICHT2EERIEIT AR Y R0 TRLTWS (Hest,
p < 0.05).

HZ 300°C TRALL7ZH DITIRERZED KE, AAFTF ¥ —ZIRASE T
Ay — L L THE EOFBEZEITR D LN Toh | o Ak
MZIRASETZHOIZEAL TE, Mk, BUREZ IO A4 F v —DIR
MNZEDHEW OLRAK T O[] L2 R CTHALS (t-test, p < 0.05) . NAFF ¥ —%
THEITIRASELZEIZLLRAK ST O WA EITEATHE TH /RS TVS (Ogura
et al. 2016, Masiello et al. 2015, Speratti et al. 2017, Duong et al. 2017),
NAFTF v —%HBANTLHZEICLLRATIM LIZIZ AT TF ¥ —DXKEIZK
INEE A RS E RN HDZENBEEL TWVWDHLEE X 5N 5 (Masiello et al.
2015), HITETIX, Yy 7 ry0ELE TR HERT A E AW TRIBL,
Fe k53812 3%, 5%, 10% (W/w) TIRALZHRELT, Prhuer7 7 HERIZED
THORKTIOM ERREN TS, ZOFEBRIZEB W T, 1%EWH D7l
EHIZBW OB ORAK N Zm LS ENRINT,
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6-4-4. A FF v —OYEFERMEICETHMHEE

PxhuT D3 0DMEEA O DB IR E TRE LI AF Ty — DOy
b2 R PRI B+ MBI Fig. 6-6 T/RLTWD, BER T, pH, EC &V
VTN, VYT L =T R NEHBICBWT, W IEDF B (FAR4R % 0.7
UL b)) SaREn Wb, —J7, IXEE pH, pH & CEC, W& LY BUT L TV
VUL TRV AT &ML, WA OB (FHBIFR%-0.7 UL E) 23 L CHR
N5 (Fig. 6-6A), EZREARZITINE, CEC. REELEDOMBIZHLN, pHE
EC. UV AWVT L NI T LT X T LOEH EIZITRWADMHEN RS
NTCWD, 2D AR R, FRIZEB W THRERIZ/RSL TV (Fig. 6-
6B,C), ZNHDAERIL, BV RIS A BT 5I1206-> T pH, EC, HEHW'E D&
AED EHLINE, CEC PMETFT2ZL2RLTWD, VT B E L&
JEOEEMEDOTERLAAFTF v — DAL LK BEZORIMBEL D720, L
I AT HFFE (Gaskin et al. 2008, Song and Guo 2012) E[RIEEZ2 LG 4K L TV

5o
BLER RN LI, 3OOk AR A L THMT LA B TIREI S R mS L
(Fig. 6-6D), Bl 21X, MfkZHR AL THITLIZFEBETIX, EFR A EITV .,

AV L, AN T NG/ E&EIEOHEBEZRLUT (Fig. 6-6D) 23, —J5  #lLi#RI D
fiEMT Tl WA DOMHENREN TV (Fig. 6-6A, B, C), EHRLIVDER
& (Fig. 6-7TA) LZEHRK LNV Y LD E A & (Fig. 6-7B) O BMRZ -~ #0460 X & A
Hé L, BRIV TIE, BV IR E 121> TIRITEARICAOMHEAN Ao
L8, ZNH3ODMEEERE T DL, BHMMMDORMED K& /& WD | F kD
BOMBEZHEZL, MEEMOMEEL TXBWIEDOEMRICEZH D> TNDHT
EMPND (Fig. 6-TAB) . ZOHERNG | RALT DA ELOFEMEDS R D Wy B AL
FRPEIZ RESEBE B 2 TWAHEWHIZENDNS,
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(A) Leaf

1
-0.970* 0.993* -0.822 0.988 * -0.835 -0.973* 0.7
0.989* -0.998** 0.769 -0.996 ** 0.822  0.991*
-0.985 * -0.991 = 0.774  1.000 ** 0.4
-0.749 0.987 * -0.857  -0.988* 0.2
-0.770 0
0.837 -0.984* -0.867 0.2
0766  -0.991 U
0.848
1.000 ** -0.7
-1
1
-0.981* 0.970* -0.978* -0.990* -0.990 * 0.7
0923  -0.848 0.866  0.900  0.900
EC -0.940 0.951 * 0.961 * 0.961 * 0.4
CEC -0.999 ** -0.994** -0.994 ** 0.2
WHC 0.815 0855  0.855 0
c -0.2
N 0912  -0.890  -0.890  -0.867 Y
P 0.997 ** 0.997 ** 0.993 **
K 1.000 **  0.999 ** -0.7
Ca 0.999 **
-1
(C) Branch
c 1
-0.996* 0999+ 0725 [N HNN 0.926  -0.997* -0.791  -0.791 0.7
pH 0916  -0.945 -0.815 0940 0971* 0924 0924 [P
EC -0.995 = EXIZNEEZ 0912 o985+ 0733 0733 0.4
CEC 0744 XTI oo11  -0995* -0.798 -0.798 0.2
WHC 0.148 0753 -0.947  -0.947 0
c o35 o1 loarr | 02
N 0941 0750  -0.750 * —04
P 0.832  0.832
K 1.000 ** -0.7
Ca
-1
(D) Total
1
-0.820 ** 0.937 0.7
0.863 ** -0.889 ** 0.803 **
0.843 ** 0.4
0.2
0.282 0.398 |0.570 0
c . -0.835 * -0.939 ~ [N
N TP 0355 lo3as | o
P 0.848 **
K 1.000 ** -0.7
Ca

-1
Fig.6-6. ¥ ¥ hO 7 7D 3 DDMEBAERICBEAZI THELLNNAFF v —IIhh 37 Y VX (AE, (B)%, (C)F %300,
400, 500, 600°COBETRIL L2120 T — X R—RIZ & - THIT L 72%(n=3). (D)4DDBETKRIL L 7= 3 DDEHOKAE36D
T—EAR—RTL->THRFTLZR REZOESHFE BB cHE L-HREEE. RIFEBERBOMBICL > TECHEBIIFROEHA,
E0HEBIEFOERATRAERO I NLITHA> TRRLTWVLS. BOEREIROBY “***" = p< 0.01, “**" = p< 0.05, “*" = p<
0.1 (+test).
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(A) (B)

12,000
0 L300
4,000 4 A L400
¢ L500
° mL600
—~ 8,000 oaagats % ©T300
= . 3,000 =280 e L AT400
2 i Y i 4 T500
< 2 i B mT600
v . o o ©B300
E m > 1 .
y € 2,000 2% & PR N AB400
< 22 8 4 Yot #B500
4,000 v % e e(y@,e%&v 3 6500
e
0 x
1,000 5,
0 1 2 3 4 0 1 2 3 4
N (%) N (%)

Fig.6-7.v A7 7D 3 DDMEBERICBEALZZ TEE L/INAFFv—ICHBIFERELY V(A), B
FENYU T LMB) OEBBAN. ZBRESOBRIIERAMISRL TWLS. “LIIFEE, ‘T3, ‘B ldEERL
IHTDEFIE300h 5600°CHORIGBREEFKT.

6-4-5. ERLT T

Ty a7 7 NATF v — OB TR ML PCA THHT L7z (Fig. 6-8) , #)
SRR EE 300°C THRUEL 7oA FF ¥ — I3 B2 TRIR T IZEEE->TW
%, BER%Z 400°C 70D 600°C THRUEL 72 DIXARR T ITHBIL, @ik, k%
400°C 75 600°C THEEL 726 D1 PC2 O A D HEIZHHL TV D, ZOHE R
E AT TF v — OB E IR DMk E B fiF DR DA G D EIT Lo TS
FF v — OB FREN BN D Z &2 R L TV D, IS CEC I PC1 Hi
DAL PC2 DO IEDALEITHNTEY, 300°C TRELEAAATF v —LDih
WBEEMEZ R L TV D, Zhuid, B0 R B MRV MZ IR RS CEC A E e
IZNETORE B2 EA T TS (Fig. 6-1), —H,. BHE V., w7/ XU LT
PCl & PC2 DIEDNLEIZM O TEY, FELKD 400°C 7°5 600°C &D FE LR
LTWD, ZHd, EREZEH WA RRE CRET L2812k T, InbDIx
TNVERENSEIRDEVIERFERLE —HL T 5 (Fig. 6-4), 2HLT-kER%E
WAL THW 2L, ROM BRSO EE DM A EDbEICE-
T AT — O PR EICH DR R AT | ZOREAETENT 2L T,
BREICAMENT 20 HE BRSO IER e W o 7 R 3R & B T X 5 AT RE
PR TRIES LTS,
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[ " o L300
Yield o N Leaf A L400
@ L500
CEC © B L600
92 A - P O T300
& 8 o A 7“"3’ A T400
& o) 5 5 ¢ T500
S =i
N K
O AR < WHC EC A B400
o Trunk * o \ 4 B500
> - - < oH B B600
m C Branch | & ¢ B Cs .
v

-4 -2 0 2 4
PC1 (45.7%)

Fig.6-8.¥ % AT 7D 3 DDA RICEBEEXZZ TRHELZNAFF v —DERD D
ENRAFF v —DH > FILEPC-1EPC-20MICEWVWTTS%DEXRICL 2MEMERL TWLS.
FRELSDOEKIIFig6-7.LRAETH Y, RABITRLTWLS. RO 5 V" OEFIZRD
4ODEEZERLTWVWS. REFTORY MLITARBICE > THERA%, RETHIEEERL TWLWS.

6-5. £&¥®

IDEBRTIEI. AALTT A —BLVOEENTELY Y a7y O IEMAE A A
Y AThD, B, xR G RIRE A ST TRIEL AT F v —03
ENENREOBLM B F R A Ffo TW DT LD RETz, Bl 2T, 3R,
Vo TRV NIERICELSGENTEBY, BRITIN T LELZLE LT
%o Fio, B RIEE SERWIZE N EE CEC 1T EAY, @iEEIZE pH & EC 28
BB EMDINoT, ZNHD FEBRE RN DI WAL R IR A R o T
NATF v —% Uxba7rOffEERIGREDOHMAGOEL M T8I
Lo THIECTEDATREMEN RIBEN TS, BAFIH T RV —L L THE
HENTWaAYyhaZryOfMICE> T AAFT T 4—BNLVDAEFED HZIR BT
Rt M2 Fro T BR A BE /R R 26 EEE DM EIZH R T2 W eV RIZ S L
TW5,
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- =
i

AR X TIEHAMAMREZ AL —HELTHERSNL TS Y Yha 77O
AFA~2AOF P HEBIEL T, REM TOREEREIE N A~ ADIEHIC
WCHREEL 7, SRBEHI CTOAEFICB WL, BETHB L N=v LV EHED
ZWTEEHWCTEFTREZT T LT, 8. 7T A TITEFICH
ENAUEN, Pybaryridarte— L HETCABLIEZLOLRI%ED AT R R
H HBLIO=v TV EREOLVFRERICB N TOEFmMMELZ R, 20
R, =y r VB RENTFREM Ty a7 72 5L €, pEM &
TRALL D OB =RV X —EFED AR Z RIEL TV D, Eio, M THE K
LV oL ELEAEWHERE TCOY Y7y O T, =TRLF—
APELBBAELOR A ZRIT LI ENTEDLZ LA /RL TS, B B % IR
DO DOFAEFI A AT XL —OIE T EZHED HITHIo> T, RO A0
IS 2 BEEPEO LB EL B R T 5L, RNEMHHEARE M TOY
Yhr7 7 HEEO LR R CETERITIREI WV, £o, ARORFEEOIL
RICEKHDEBRIGY LR BINL TBY, ZHLITREMIC Y vy hr 7 7 2 fif bk
THZETHIERIRBEAAL X R ICH 5 CELATREED R L T\ D, X T, ¥ rh
O7 7B LNV ER HETOAFTICBW T, By r Va4~

WICERB TR EZRSZE2HLNIC L, Yyha T 7id=y VD%
RICERETH08, BALE, Bkl 1?6%%1,(0\50 Txha T I IEEM Y DT
D, BREZRVBRWTHAEFICITREN VW, Fo, Pxhr 770 F
BEELTH BICEDHENRHEN TODN, HEEHEL CTHHET 528130
RN, ZDIZD VX b7y L ELERE AR RIZET, Pyhr7 70
EBFICRERAMEZEZTIC, TEPTO=y V2 TEPORYRIZLNTE
LAREMENR DD, ZOZEMBII=y MR BBy e KT DL
WZED TEEHE LD RN RIN T VWD, £, Vryha 7y BN EM THLAEF
THEVOEE T, BN OEESBBICBWTHLEETHS, BROAEENE

79



LW HIBICHAR T 228 T BIEMOEE L ST RFITEI 2 LE T 528
IR RN F —EFERNA T ADH R HPITZDARMERH LMD THD,

Fo, YR TR, Vyvba T i ECAEULEIEAA S~ AR LT A
Wy OEFEMED R EERFAELTZ, Py br 7 7 HEICL s THEUD I N A4~ A
EHRDFIHTHZEICLDRBIEMO R FEMEN LIX ABFESLE RN RO T
WAHLERAIZ BT HAEEFELFICHF G THIENTEDL, EBRTIIY Y770
WIER R B A DT PRI AEEZ WS R b EE TR, £
NEBETHRRE VST LSELERICEA T2 TCHERA L ET LS
ELBLOEYHHE LEBICBITAEROEEE AR EXE5ZEEHALNI LT,
BWERXDOEEMED R LIChTleo TE, EFREBEEOSRME T IZB W T LB Z
JEAEL TROND R EFREDONRENSHDLZENRBSNT, ZHITEREICA
W EPT RN FifitE /-T2 BREDO RIS ORI Db D THD,

MA T X IR T 7 EENAT T ¥ —ORMEE T 2720, Uy 7 7%
BELWER, BEROBRE AODIRE TRILTHZETY Y hrT 7 A4 F
Y —EL | ANAF T AN ERACTRE DM A A DI LD A F T ¥ —
OB EEEEZALNIC LT, ZhICE> T, THEOREEZ K ETHZ L,
BFED O EFEMED R L oTe Bl BEHICADE T, "M A F ¥y —2ZDORME
ICEDLETHRMICHIEL | A T2 L0 AlEEER RIS LT,

KA L DFERND, Py a7 72 B TG T028 T RERHEL T
AT, Fife 72t = BRI A EME O M RIZF 532 RN s
77

80



HRE
B EE

KM% EhE T DICHTz> IS DO F T T Wi EEL e, TTHD
WEGH L7200 iX, BEUR 7B F 5o B A ikt 8% T, A BIRITITFER
DD i, Tl FIEIZBE T DA ERT RANARZE L N TN TZIEN 00>
LHEPOBRBICEDIETEOMINWT RS2 W E2E LT, LLORHE
FLEFET, HaZREoHS VR R IERR TAEENTELT, =
ML ERETEILT, IS ABROTRHREOHRM T, KYITHVRL
ITEWNWELT,

SR PR B IE L o — D KZFEHIRICBZDOTHWE L2 WEE .
LHEIZH>T THHOHM, RBREE Ll p T Ex T EEE
Lz, 72, B FEEMFZIE L 2 — OB ORI FICH > THEL DM
HZH>TWEEEL, E9bHINEITINELT,

R KD K 2 HRIIXim DT — 2o ich > TALNI TR ES
W2 & E LT, FOMMER R ILGR SCREILH > CTRESEITRVEL,
EObHUMMEI TS NEL,

SERZOINAREBHARIIEROED I | 7 — X DRI FIEFEIZ SN T
XOMPNTIHREZNWEEELE, EERINENOEZDIEEFELETENT
TELE, E9LBHUNEITIVELE,

Bt BROR 2 oD L85 0F FE 40 2 0% L ) i 05 15 2809% . RE IR Iy O o0 i F A 12 7
B, Vxbe 7 B OBS TR FIERLRMICEAT2EHERE R T AL AT
REAWEEEELL, Z2UVRYUT O TIFICELANRROE  ELITHRHm
ik G xA TNl & EREZEM TCTRENZE W EIZ O BE# WL E
To RYIZHUVNEIT I WNWELTZ, ZOBG TOIREE D i CHED R THY
A R ) EER, BB O S WL I OMm IEH 0

FBRANRFZOAARERE HICHEH N LET, EREER T HI2H-

81



TRERTWNZWTTEEE LT, AR OISR RT X TR O E i 1%
WEHECTHVELTZ, E9BHVNEITIVEL,

AT T K Department of Agricultural Research @ Mazereku K EARY
UF RO Moseki ZUHRIZIE, RV T T TOFERICE KT X EEZHY
FLI, E2bHUVNEITIWELT, /o, RYUF THEfis /= SATREPS 7
By JMIBMEN TV ERENOL E BRI EE LB ZEELE, O
MOEEH 2L ET,

S IR 7 80 0 - M A2 W A F JE 28 D AR IS R BHERE IR LT,
TRICB N TEBE G FEOBRIELEL TOREWTEND Tkl kel
EEhZ B T BT TW & ELT, E90 N T VELT,

BN FL DB FETE BN C B AR 2 R L SR L TN IS LD E# WL £,

82



HoE
51 H

Abdel-Fattah TM, Mahmound ME, Ahmed SB, Huff MD, Lee JW and Kumar
S. (2015): Biochar from woody biomass for removing metal
contaminants and carbon sequestration. J. Ind. Eng. Chem. 22:103-109.

Abdul Khalil HPS, Sri Aprilia NA, Bhat AH, Jawaid M, Paridah MT and
Rudi D. (2013): A jatropha biomass as renewable materials for
biocomposites and its applications. Renew. Sustain. Energy Rev. 22:667-
685.

Abdullahi Z, Audu AA and Bala S. (2017): Assessment of the
phytoremediation potentials of Jatropha curcas in the removal of heavy
metals from contaminated soil of the Challawa industrial estate kano,
Nigeria. Bayero J. Pure Appl. Sci. 10:579-583.

Agamuthu P, Abioye OP and Aziz AA. (2010): Phytoremediation of soil
contaminated with used lubricating oil using Jatropha curcas. J.
Hazardous Materials 179:891-894.

Ahmad M, Lee SS, Dou X, Mohan D, Sung JK, Yang JE and Ok YS. (2012):
Effects of pyrolysis temperature on soybean stover- and peanut shell-
derived biochar properties and TCE adsorption in water. Bioresource
Tech. 118:536-544.

Alvarez-Mateos P, Alés-Alvarez FJ and Garcia-Martin JF. (2019):
Phytoremediation of highly contaminated mining soils by Jatropha
curcas L. and production of catalytic carbons from the generated
biomass. J. Environ. Manag. 231:886-895.

Anders E, Watzinger A, Rempt F, Kitzler B, Wimmer B, Zehetner F, Stahr K,
Zechmeister-Boltenstern S and Soja G. (2013): Biochar affects the

structure rather than the total biomass of microbial communities in

83



temperate soils. Agri. Food Sci. 22:404-423.

Antoniadis V, Levizou E, Shaheen SM, Ok YS, Sebastian A, Baum C, Prasad
MNYV, Wenzel WW and Rinklebe J. (2017): Trace elements in the soil-
plant interface: phytoavailability, translocation, and phytoremediation -
a review. Earth-Sci. Rev. 171:621-645.

Asai H, Samson BK, Stephan HM, Songyikhangsuthor K, Homma K, Kiyono
Y, Inoue Y, Shiraiwa T and Horie T. (2009): Biochar amendment
techniques for upland rice production in Northern Laos 1. Soil physical
properties, leaf SPAD and grain yield. Field Crops Res. 111:81-84.

Atkinson CJ, Fitzgerald JD and Hipps NA. (2010): Potential mechanisms for
achieving agricultural benefits from biochar application to temperate
soils: a review. Plant Soil 337:1-18.

Awasthi MK, Li J, Kumar S, Awasthi SK, Wang Q, Chen H, Wang M, Ren X
and Zhang Z. (2017): Effects of biochar amendment on bacterial and
fungal diversity for co-composting of gelatin industry sludge mixed with
organic faction of municipal soil waste. Bioresource. Tech. 246:214-223.

Baker AJM. (1981): Accumulators and excluders-strategies in the response
of plants to heavy metals. J. Plant Nutri. 3:1-4.

Barua PK. (2011): Biodiesel from seeds of Jatropha found in Assam, India.
Int. J. Energy Info. Comm. 2:53-65.

Batisani N and Yarnal B. (2010): Rainfall variability and trends in semi-arid
Botswana: Implications for climate change adaptation policy. Appl.
Geography 30:483-489.

Biradar CH, Subramanian KA and Dastidar MG. (2014): Production and fuel
quality upgradation of pyrolytic bio-oil from Jatropha curcas de-oiled
seed cake. Fuel 119:81-89.

Boateng AA, Garcia-Perez M, MaSek O, Brown R and del Campo B. (2015):
Biochar production technology. In Biochar for Environmental

Management, 2nd ed.; Lehmann J and Joseph S (Eds.), Routledge: Oxon,

84



UK and New York, USA: pp.63-87.

Bowen HIM. (1979): Environmental Chemistry of the Elements. Academic
Press: London, UK, New York and San Francisco, USA, Toronto, CA,
Sydney, AU: pp.60-61.

Bray RH and Kurtz LT. (1945): Determination of total, organic, and available
forms of phosphorus in soils. Soil Sci. 59:39-46.

Chang FC, Ko CH, Tsai MJ, Wang YN and Chung CY. (2014):
Phytoremediation of heavy metal contaminated soil by Jatropha curcas.
Ecotoxicology. 23:1969-1978.

Cantrell KB and Martin II JH. (2012): Stochastic state-space temperature
regulation of biochar production. Part II: application to manure
processing via pyrolysis. J. Sci. Food Agri. 92:490-495.

Cantrell KB, Hunt PG, Uchimiya M, Novak JM and Ro KS. (2012): Impact
of pyrolysis temperature and manure source on physicochemical
characteristics of biochar. Bioresource Tech. 107:419-428.

Cao X and Harris W. (2010): Properties of dairy-manure-derived biochar
pertinent to its potential use in remediation. Bioresource Tech.
101:5222-5228.

Chauhan BS, Kumar N and Cho HM. (2012): A study on the performance and
emission of a diesel engine fueled with Jatropha biodiesel oil and its
blends. Energy 37:616-622.

Chia CH, Downie A and Munroe P. (2015): Characteristics of biochar:
physical and structural properties. In Biochar for Environmental
Management, 2nd ed.; Lehmann J and Joseph S (Eds.), Routledge: Oxon,
UK and New York, USA: pp.89-109.

Chintala V, Kumar S, Pandey JK, Sharma A and Kumar S. (2017): Solar
thermal pyrolysis of non-edible seeds to biofuels and their feasibility
assessment. Energy Convers. Manag. 153: 482-492.

Cobb A, Warms M, Maurer EP and Chiesa S. (2012): Low-tech coconut shell

85



activated charcoal production. Int. J. Serv. Leaning Eng. 7:93-104.

Cowie A, Woolf D, Gaunt J, Brandao M, de la Rosa RA and Cowie A. (2015):
Biochar, carbon accounting and climate change. In Biochar for
Environmental Management, 2nd ed.; Lehmann J and Joseph S (Eds.),
Routledge: Oxon, UK and New York, USA: 2015; pp.763-794.

Das P, Dinda M, Gosai N and Maiti S. (2015): High energy density bio-oil
via slow pyrolysis of Jatropha curcas shells. Energy Fuels 29:4311-4320.

Dugan E, Verhoef A, Robinson S and Sohi S. (2010): Bio-char from sawdust,
maize stover and charcoal: impact on water holding capacities (WHC)
of three soils from Ghana. 19th World Congress of Soil Science, Soil
Solutions for Changing World.
https://www.researchgate.net/publication /228779250/ (accessed 11
June 2019).

Duong VT, Khanh NM, Nguyen NTH, Phi NN, Duc NT and Xo DH. (2017):
Impact of biochar on the water holding capacity and moisture of basalt
and grey soil. J. Sci. Ho Chi Minh City Open Univ. 7:36-43.

Erakhrumen AA. (2007): Phytoremediation: an environmentally sound
technology for pollution prevention, control and remediation in
developing countries. Edu. Res. Rev. 2:151-156.

Esimone CO, Nworu CS and Jackson CL. (2008): Cutaneous wound healing
activity of herbal ointment containing the leaf extract of Jatropha curcas
L. (Euphorbiaceae). Int. J. Appl. Res. Nat. Prod. 1:1-4.

Fageria NK, Filho MPB, Moreira A and Guimaraes CM. (2009): Foliar
fertilization of crop plants. J. Plant Nutr. 32:1044-1064.

Festa, RA. and Thiele DJ. (2011): Copper: An essential metal in biology.
Curr. Biol. 21: 877-883.

Fraeye I, Duvetter T, Doungla E, Loey AV and Hendrickx M. (2010): Fine-
tuning the properties of pectin-calcium gels by control of pectin fine

structure, gel composition and environmental conditions. Trend Food

86



Sci. Tech. 21:219-228.

Francis G, Edinger R and Becker K. (2005): A concept for simultaneous
wasteland reclamation, fuel production, and socio-economic
development in degraded areas in India: Need, potential and
perspectives of Jatropha plantations. Natural Resources Forum 29:12-
24.

Gai X, Wang H, Liu J, Zhai L, Liu S, Ren T and Liu H. (2014): Effects of
feedstock and pyrolysis temperature on biochar adsorption of
ammonium and nitrate. PLoS ONE 9:e113888.

Garcia-Martin JF Alés-Alvarez FJ, Torres-Garcia M, Feng CH and Alvarez-
Mateos P. (2019): Production of oxygenated fuel additives from residual
glycerine using biocatalysts obtained from heavy-metal-contaminated
Jatropha curcas L. roots. Energies 12:740.

Gaskin JW, Steiner C, Harris K, Das KC and Bibens B. (2008): Effects of
low-temperature pyrolysis conditions on biochar for agricultural use.
Trans. Am. Soc. Agri. Biol. Eng. 51:2061-2069.

Ghavri SV and Singh RP. (2012): Growth, biomass production and
remediation of copper contamination by Jatropha curcas plant in
industrial wasteland soil. J. Environ. Biol. 33:207-214.

Ghosh M and Singh SP. (2005): A review on phytoremediation of heavy
metals and utilization of it's by products. Asian J. Energy Environ.
6:214-231.

Glab T, Palmowska J, Zaleski T and Gondek K. (2016): Effect of biochar
application on soil hydrological properties and physical quality of sandy
soil. Geoderma 281:11-20.

Glaser B, Lehmann J and Zech W. (2002): Ameliorating physical and
chemical properties of highly weathered soils in the tropics with
charcoal — a review. Biol. Fertil. Soils 35:219-230.

Gonzalez RC and Gonzéilez-Chavez MCA. (2006): Metal accumulation in

87



wild plants surrounding mining wastes. Environ. Pollution 144:84-92.

Haefele SM, Konboon Y, Wongboon W, Amarante S, Maarifat AA, Pfeiffer
EM and Knoblauch C. (2011): Effects and fate of biochar from rice
residues in rice-based systems. Field Crops Res. 121:430-440.

Han Q, Luo J, Li Z, Korpelainen H and Li C. (2018): Improved drought
resistance by intergeneric grafting in Salicaceae plants under water
deficits. Environ. Exp. Bot. 155:217-225.

Hardie M, Clothier B, Bound S, Oliver G and Close D. (2014): Does biochar
influence soil physical properties and soil water availability? Plant Soil
376:347-361.

He W, King AJ, Khan MA, Cuevas JA, Ramiaramanana D and Graham IA.
(2011): Analysis of seed phorbol-ester and curcin content together with
genetic diversity in multiple provenances of Jatropha curcas L. from
Madagascar and Mexico. Plant Phys. Biochem. 49:1183-1190.

Hendershot WH, Lalande H and Duquette M. (1993): Soil reaction and
exchangeable acidity. In Soil sampling and method of analysis. Carter
M.R (Eds.), Lewis publishers: Boca Raton and Ann Arbor, USA, London,
UK and Tokyo, Japan: pp.141-145.

Ickert-Bond SM, Gerrath JM, Posluszny U and Wen J. (2015): Inflorescence
development in the Vitis-Ampelocissus clade of Vitaceae: the unusual
lamellate inflorescence of Pterisanthes. Bot. J. Linn. Soc. 179:725-741.

Inafuku-Teramoto S, Mazereku C, Coetzee T, Gwafila C, Lekgari LA,
Ketumile D, Fukuzawa Y, Yabuta S, Masukujane M, George DGM, Chite
SM, Ueno M, Kawamitsu Y and Akashi K. (2013): Production
approaches to establish effective cultivation methods for Jatropha
(Jatropha curcas L.) under cold and semi-arid climate conditions. Int. J.
Agr. Plant Prod. 4:3804-3815.

Ippolito JA, Spokas KA, Novak JM, Lentz RD and Cantrell KB. (2015):

Biochar elemental composition and factors influencing nutrient

88



retention. In Biochar for Environmental Management, 2nd ed.; Lehmann
J and Joseph S (Eds), Routledge: Oxon, UK and New York, USA:
pp-139-163.

Ishii T and Kadoya K. (1994): Effects of charcoal as a soil conditioner on
citrus growth and vesicular-arbuscular mycorrhizal development. J. Jap.
Soc. Hort. Sci. 63:529-535.

Ishimoto Y, Kgokong S, Yabuta S, Tominaga J, Coetzee T, Konaka T,
Mazereku C, Kawamitsu Y and Akashi K. (2017): Flowering pattern of
biodiesel plant Jatropha in frost- and drought-prone regions of Botswana.
Int. J. Green Energy 14:908-915.

Ishimoto Y, Yabuta S, kgokong S, Motsepe M, Tominaga J, Teramoto S,
Konaka T, Mmopelwa G, Kawamitsu Y, Akashi K and Ueno M. (2018):
Environmental evaluation with greenhouse gas emissions and absorption
based on life cycle assessment for a Jatropha cultivation system in frost-
and drought-prone regions of Botswana. Biomass Bioenergy 110:33-40.

Jien SH and Wang CS. (2013): Effects of biochar on soil properties and
erosion potential in a highly weathered soil. Catena. 110:225-233.

Jingura RM, Musademba D and Matengaifa R. (2010): An evaluation of
utility of Jatropha curcas L. as a source of multiple energy carriers. Int.
J. Eng. Sci. Tech. 2:115-122.

Jongschaap REE, Corré WJ, Bindraban PS and Brandenburg WA. (2007):
Claims and facts on Jatropha curcas L. Global Jatropha curcas
evaluation, breeding and propagation programme. Report 158, Plant Res.
Int. B.V.; Laren, The Netherlands.

Jonsson P. (2004): Vegetation as an urban climate control in the subtropical
city of Gaborone, Botswana. Int. J. Climatol. 24:1307-1322.

Juliet S, Ravindran R, Ramankutty SA, Gopalan AKK, Nair SN,
Kavillimakkil AK, Bandyopadhyay A. Rawat AKS and Ghosh, S. (2012):

Jatropha curcas (Linn) leaf extract-A possible alternative for population

89



control of Rhipicephalus (Boophilus) annulatus. Asian Pac. J. Trop. Dis.
2012:225-229.

King AJ, Montes LR, Clarke JG, Affleck J, Li Y, Witsenboer H, van der
Vossen E, van der Linde P, Tripathi Y, Tavares E, Shukla P, Rajasekaran
T, van Loo EN and Graham IA. (2013): Linkage mapping in the oilseed
crop Jatropha curcas L. reveals a locus controlling the biosynthesis of
phorbol esters which cause seed toxicity. Plant Biotech. J. 11:986-996.

Knudsen D, Peterson GA and Pratt PF. (1982): Lithium sodium and
potassium. In Method of soil analysis Part 2-Chemical and
Microbiological Properties, 2nd ed.; Page AL, Miller RH and Keeney
DR (Eds.), Agronomy No0.9 American Society of Agronomy: Madison,
USA: pp.225-246.

Kochian LV, Hoekenga OA and Pifieros MA. (2004): How do crop plants
tolerate acid soils? Mechanisms of aluminum tolerance and phosphorous
efficiency. Annu. Rev. Plant Biol. 55:459-493.

Koh MY, Idaty T and Ghazi M. (2011): A review of biodiesel production
from Jatropha curcas L. oil. Renew. Sustain. Energy Rev. 15:2240-2251.

Konaka T, Ishimoto Y, Yamada M, Moseki B, Tsujimoto H, Mazareku C and
Akashi K. (2019a): Tolerance evaluation of Jatropha curcas and Acacia
burkei to acidic and copper/nickel-contaminated soil. J. Environ. Biol.
40:1109-1114.

Konaka T, Yabuta S, Mazereku C, Kawamitsu Y, Tsujimoto H, Ueno M and
Akashi K. (2019b): Use of carbonized fallen leaves of Jatropha curcas
L. as a soil conditioner for acidic and undernourished soil. Agronomy
9:236.

Kongkasawan J, Nam H and Capareda SC. (2016): Jatropha waste meal as an
alternative energy source via pressurized pyrolysis: a study on
temperature effects. Energy 113:631-642.

Kumar A and Sharma S. (2008): An evaluation of multipurpose oil seed crop

90



for industrial uses (Jatropha curcas L.): areview. Ind. Crops Prod. 28:1-
10.

Laird DA, Fleming P, Davis DD, Horton R, Wang B and Karlen DL. (2010):
Impact of biochar amendments on the quality of a typical midwestern
agricultural soil. Geoderma 158:443-449.

Lee ME, Park JH and Chung JW. (2017): Adsorption of Pb(II) and Cu(II) by
ginkgo-leaf-derived biochar produced under various carbonization
temperatures and time. Int. J. Environ. Res. Public Health 14:1528.

Lehmann J, Pereira da Silva Jr. J, Steiner C, Nehls T, Zech W and Glaser B.
(2003): Nutrient availability and leaching in an archaeological anthrosol
and a ferralsol of the Central Amazon basin: fertilizer, manure and
charcoal amendments. Plant Soil. 249:343-357.

Lehmann J and Joseph S. (2015): Biochar for environmental management:
an introduction. In Biochar for Environmental Management, 2nd ed.;
Lehmann J and Joseph S. (Eds.), Routledge: Oxon, UK and New York,
USA: pp.1-13.

Li X, Shen Q, Zhang D, Mei X, Ran W, Xu Y and Yu G. (2013): Functional
groups determine biochar properties (pH and EC) as studied by tow-
dimensional '3C NMR correlation spectroscopy. PloS ONE. 8: €65949.

Lyu S, Wei X, Chen J, Wang C, Wang X and Pan D. (2017): Titanium as a
beneficial element for crop production. Front. Plant Sci. 8:597.

Mahar A, Wang P, Ali A, Awasthi MK, Lahori HL, Wang Q, Li R and Zhang
Z. (2016): Challenges and opportunities in the phytoremediation of
heavy metals contaminated soils: a review. Ecotoxicol. Environ. Safety.
126:111-121.

Majid NM, Islam MM and Riasmi Y. (2012): Heavy metal uptake and
translocation by Jatropha curcas L. in sawdust sludge contaminated
soils. Aust. J. Crop Sci. 6:891-898.

Major J, Rondon M, Molina D, Riha SJ and Lehmann J. (2010): Maize yield

91



and nutrition during 4 years after biochar application to a Colombian
savanna oxisol. Plant Soil 333:117-128.

Mangkoedihardjo S and Surahmaida. (2008): Jatropha curcas L. for
phytoremediation of lead and cadmium polluted soil. World Appl. Sci.
J. 4:519-522.

Marschner H. (1991): Mechanisms of adaptation of plants to acid soils. Plant
Soil 134: 1-20.

Masiello CA, Dugan B, Brewer CE, Spokas KA, Novak JM, Liu Z and
Sorrenti G. (2015): Biochar effects on soil hydrology. In Biochar for
Environmental Management, 2nd ed.; Lehmann J and Joseph S. (Eds.),
Routledge: Oxon, UK and New York, NY, USA, pp.543-562.

Mathiyazhagan N and Natarajan D. (2012): Impact of mine waste dumps on
growth and biomass of economically important crops. J. Environ. Biol.
33:1069-1074.

Mitchell PJ, Dalley TSL and Helleur RJ. (2013): Preliminary laboratory
production and characterization of biochars from lignocellulosic
municipal waste. J. Anal. Appl. Pyrolysis 99:71-78.

Montes JM and Melchinger AE. (2016): Demonstration and breeding of
Jatropha curcas L. Trends Plant Sci. 21:1045-1057.

Nagajyoti PC, Lee KD and Sreekanth TVM. (2010): Heavy metals,
occurrence and toxicity for plants: a review. Environ. Chem. Lett. 8:199-
216.

Nanasato Y, Kido M, Kato A, Ueda T, Suharsono S, Widyastuti U, Tsujimoto
H and Akashi K. (2015): Efficient genetic transformation of Jatropha
curcas L. by means of vacuum infiltration combined with filter-paper
wicks. In Vitro Cell. Dev. Biol. - Plant. 51:399-406.

Navarro-Pineda FS, Baz-Rodriguez SA, Handler R and Sacramento-Rivero
JC. (2016): Advances on the processing of Jatropha curcas towards a

whole-crop biorefinery. Renew. Sustain. Energy Rev. 54:247-269.

92



Nejad ZD, Kim JW and Jung MC. (2017): Reclamation of arsenic
contaminated soils around mining site using solidification/stabilization
combined with revegetation. Geosci. J. 21:285-396.

Novak JM, Lima I, Xing B, Gaskin JW, Steiner C, Das KC, Ahmedna M,
Rehrah D, Watts DW, Busscher WJ and Schomberg H. (2009):
Characterization of designer biochar produced at different temperatures
and their effects on a loamy sand. Ann. Environ. Sci. 3:195-206.

Ogura T, Date Y, Maskujane M, Coetzee T, Akashi K, and Kikuchi J. (2016):
Improvement of physical, chemical, and biological properties of aridisol
from Botswana by the incorporation of torrefied biomass. Sci. Rep.
6:28011.

Olsen SR and Sommers LE. (1982): Phosphorus. In Method of soil analysis
Part 2-Chemical and Microbiological Properties, 2nd ed.; Page AL,
Miller RH and Keeney DR (Eds.), Agronomy No.9 American Society of
Agronomy: Madison, USA: pp.403-430.

Openshaw K. (2000): A review of Jatropha curcas: an oil plant of unfulfilled
promise. Biomass Bioenergy 19:1-15.

Oram NJ, van de Voorde TFJ, Ouwehand GJ, Bezemer TM, Mommer L,
Jeffery S and Van Groenigen JW. (2014): Soil amendment with biochar
increases the competitive ability of legumes via increased potassium
availability. Agri. Ecosystems Environ. 191:92-98.

Oskoueian E, Abdullah N, Saad WZ, Omar AR, Ahmad S, Kuan WB, Zolkifli
NA, Hendra R and Ho YW (2011): Antioxidant, anti-inflammatory and
anticancer activities of methanolic extracts from Jatropha curcas Linn.
J. Med. Plants Res. 5:49-57.

Pandey KK, Pragya N and Sahoo PK. (2011): Life cycle assessment of small-
scale high-input Jatropha biodiesel production in India. Appl. Energy
88:4831-4839.

Pandey VC, Singh K, Singh JS, Kumar A, Singh B and Singh RP. (2012):

93



Jatropha curcas: a potential biofuel plant for sustainable environmental
development. Renew. Sustain. Energy Rev. 16:2870-2883.

Pandey VC, Bajpai O and Singh N. (2016): Energy crop in sustainable
phytoremediation. Renew. Sustain. Energy Rev. 54:58-73.

Parawira W. (2010): Biodiesel production from Jatropha curcas: a review.
Sci. Res. Essays 5:1796-1808.

Porra RJ, Thompson WA and Kriedemann PE. (1989): Determination of
accurate extinction coefficients and simultaneous equations for assaying
chlorophylls @ and b extracted with four different solvents: verification
of the concentration of chlorophyll standards by atomic absorption
spectroscopy. Biochim. Biophys. Acta 975:384-394.

Quinn LD, Straker KC, Guo J, Kim S, Thapa S, Kling G, Lee DK and Voigt
TB: (2015): Stress-tolerant feedstocks for sustainable bioenergy
production on marginal land. Bioenergy Res. 8:1081-1100.

Rajkovich S, Enders A, Hanley K, Hyland C, Zimmerman AR and Lehmann
J. (2012): Corn growth and nitrogen nutrition after additions of biochars
with varying properties to a temperate soil. Biol. Fertil Soils 48:271-
284.

Ramirez V, Marti-Herrero J, Romero M and Rivadeneira D. (2019): Energy
use of Jatropha oil extraction wastes: pellets from biochar and Jatropha
shell blends. J. Cleaner Prod. 215:1095-1102.

Robertson SJ, Rutherford PM, Lopez-Gutiérrez JC and Massicotte HB.
(2012): Biochar enhances seedling growth and alters root symbioses and
properties of sub-boreal forest soils. Can. J. Soil Sci. 92:329-340.

Robinson BH, Leblanc M, Petit D, Brooks RR, Kirkman JH and Gregg PEH.
(1998): The potential of Thlaspi caerulescens for phytoremediation of
contaminated soils. Plant Soil 203:47-56.

Rodriguez RR, Basta NT, Casteel SW, Armstrong FP and Ward DC. (2003):

Chemical extraction methods to assess bioavailable arsenic in soil and

94



solid media. J. Environ. Qual. 32:876-884.

Sahoo PK and Das LM. (2009): Process optimization for biodiesel
production from Jatropha, Karanja and Polanga oils. Fuel 88:1588-1594.

Sarwar N, Imran M, Shaheen MR, Ishaque W, Kamran MA, Matloob A,
Rehim A and Hussain S. (2017): Phytoremediation strategies for soils
contaminated with heavy metals: modifications and future perspectives.
Chemosphere 171:710-721.

Schollenberger CJ and Simon RH. (1945): Determination of exchange
capacity and exchangeable bases in soil — ammonium acetate method.
Soil Sci. 59:13-24.

Selanon O, Saetae D and Suntornsuk W. (2014): Utilization of Jatropha
curcas seed cake as a plant growth stimulant. Biocatalysis Agric Biotech.
3:114-120.

Shahid M, Pourrut B, Dumat C, Nadeem M, Aslam M and Pinelli E. (2014):
Heavy-metal-induced reactive oxygen species: phytotoxicity and
physicochemical changes in plants. Rev. Environ. Contam. Toxicol.
232:1-44.

Simard RR. (1993): Ammonium acetate-extractable elements. In Soi/
sampling and method of analysis. Carter MR (Eds.), Lewis publishers:
Boca Raton and Ann Arbor, USA, London, UK, Tokyo, Japan: pp.39-42.

Singh B, Singh BP and Cowie AL. (2010): Characterisation and evaluation
of biochars for their application as a soil amendment. Aust. J. Soil Res.
48:516-525.

Singh MK. (2014): Performance of winter crops in Jatropha curcas based
intercropping system in semi-arid region on Haryana. Forage Res.
40:18-22.

Slavich PG, Sinclair K, Morris SG, Kimber SWL, Downie A and Zwieten LV.
(2013): Contrasting effects of manure and green waste biochars on the

properties of an acidic ferralsol and productivity of a subtropical pasture.

95



Plant Soil 366:213-227.

Smith JL, Collins HP and Bailey VL. (2010): The effect of young biochar on
soil respiration. Soil Biol. Biochem. 42:2345-2347.

Sohi SP, Krull E, Lopez-Capel E and Bol R. (2010): A review of biochar and
its use and function in soil. Adv. Agr. 105:47-82.

Song W and Guo M. (2012): Quality variations of poultry litter biochar
generated at different pyrolysis temperatures. J. Anal. Appl. Pyrolysis.
94:138-145.

Speratti AB, Johnson MS, Sousa HM, Torres GN and Couto EG. (2017):
Impact of different agricultural waste biochars on maize biomass and
soil water content in Brazilian Cerrado Arenosol. Agronomy 7:49.

Srinophakun P, Titapiwatanakun B, Sooksathan I and Punsuvon V. (2012):
Prospect of deoiled Jatropha curcas seedcake as fertilizer for vegetables
crops - a case study. J. Agri. Sci. 4:211-226.

Steiner C, Teixeira WG, Lehmann J, Nehls T, Vasconcelos de Macédo JL,
Blum WEH and Zech W. (2007): Long term effects of manure, charcoal
and mineral fertilization on crop production and fertility on a highly
weathered Central Amazonian upland soil. Plant Soil 291:275-290.

Tian Y, Sun X, Li S, Wang H, Wang L, Cao J and Zhang L. (2012): Biochar
made from green waste as peat substitute in growth media for Calathea
rotundifola cv. Fasciata. Scientia Horticulturae. 143:15-18.

Tucker BM. (1974): Laboratory procedures for cation exchange
measurements on soils. CSIRO Aust. Div. Soils Tech. Pap. 23:1-46.
van Eijck J, Romijn H, Balkema A and Faaij A. (2014): Global experience
with Jatropha cultivation for bioenergy: an assessment of socio-
economic and environmental aspect. Renew. Sustain. Energy Rev.
32:869-889.

Vurayai R, Nkoane B, Moseki B and Chaturvedi P. (2015): Assessment of

heavy metal pollution/ contamination in soils east and west Bamangwato

96



Concession Ltd (BCL) Cu/Ni mine smelter in Selebi-Phikwe, Botswana.
J. Biol. Environ. Sci., 7:111-120.

Walkley A and Black TA. (1934): An examination of the Degtjareff method
for determining soil organic matter, and a proposed modification of the
chromic acid titration method. Soil Sci. 37:29-38.

Wang L, Ji B, Hu Y, Liu R and Sun W. (2017): A review on in situ
phytoremediation of mine tailings. Chemosphere 184:594-600.

Wani SP, Chander G, Sahrawat KL, Rao ChS, Raghvendra G, Susanna P and
Pavani M. (2012): Carbon sequestration and land rehabilitation through
Jatropha curcas (L.) plantation in degraded lands. Agri. Ecosyst.
Environ. 161:112-120.

Wicke B, Smeets E, Watson H and Faaij A. (2011): The current bioenergy
production potential of semi-arid and arid regions in sub-Saharan Africa.
Biomass Bioenergy 35:2773-2786.

Yadav SK, Juwarkar AA, Kumar GP, Thawale PR, Singh SK and Chakrabarti
T. (2009): Bioaccumulation and phyto-translocation of arsenic,
chromium and zinc by Jatropha curcas L.: impact of dairy sludge and
biofertilizer. Bioresource Tech. 100:4616-4622.

Yamada M, Malambane G, Yamada S, Suharsono S, Tsujimoto H, Moseki B
and Akashi k. (2018): Differential physiological responses and tolerance
to potentially toxic elements in biodiesel tree Jatropha curcas. Sci. Rep.
8:1635.

Ye M, Li C, Francis G and Makkar HPS. (2009): Current situation and
prospects of Jatropha curcas as a multipurpose tree in China. Agrofor.
Syst. 76:487-497.

Yousaf B, Liu G, Wang R, Imtiaz M, Zia-ur-Rehman M, Munir MAM and
Niu Z. (2016): Bioavailability evaluation, uptake of heavy metals and
potential health risks via dietary exposure in urban-industrial areas.

Environ. Sci. Pollut. Res. 23:22443-22453.

97



Yu OKY, Raichle B and Sink S. (2013): Impact of biochar on the water
holding capacity of loamy sand soil. Int. J. Energy Environ. Eng. 4:44.

Yusuf M, Fariduddin Q, Hayat S and Ahmad A. (2011): Nickel: an overview
of uptake, essentiality and toxicity in plants. Bull. Environ. Contam.
Toxicol. 86:1-17.

Zheng H, Wang Z, Deng X, Zhao J, Luo Y, Novak J, Herbert S and Xing B.
(2013): Characteristics and nutrient values of biochars produced from
giant reed at different temperatures. Bioresource Tech. 130:463-471.

Zu Y, Li Y, Chen J, Chen H, Qin L and Schvartz C. (2005):
Hyperaccumulation of Pb, Zn, and Cd in herbaceous grown on lead-zinc

mining area in Yunnan, China. Environ. Int. 31:755-762.

98



10 E
LR E

NIZATHROEERAR THLY Y7 7L, AT 4—E L%
HETEOMnEL<EH, BAFM AR LF —FHEL THER ST
Lo VxR T ICEANRNAF T 4o— B0, T 7Y E RS BITHH
FEHITETL O = Rk LF —JREL TR CEDLD | RO UEN 145 TIEARWE R
HUIBIZ 3T BHE AT RE L~ O REARITE U1 & 135 2 720 — . A DTS
B OILFE LB O BALIC L > TRERBEBHHEREITIHZ TWD, 2oL
fRTAFEBRLLTOYy a7y OEREM CORENHESNS, Uxharri
SBEHLIZBIG T 0 2 LI RV A S b T 2L &b 10, A A~ A% A2 FH
THZET, ﬁ%%ﬁlﬁ’aﬁz%ﬁ%%bé:kbiﬂ;ﬁ%f‘%éo TOLT-MEEHOL &
WML TIEYyha 77O BEPHEARE T OHEFEFEF NAA ~AF]H O A
REME A MR LT,

UE L TIZET ., REIMEREM, Fric, E&BHERLEICBTILZY v
TR OFREMEA AL (28) , X ha Ty T T & R AR EICED
TS THE(FS) & FSEIR L TINS5 &EN58% . =y VO F
BE&BAMEORY T HK EHE (ACNS) TRESE, AFRNEBIE L, *
DFER, THY T TIHFSTEB LIZLDIZHE RACNS Tl EICHEN AT =
WLV ha Ty TIEE ., O, FADRIFEO LB EIZIS W THENIC

ERRERFIIROONLRNoT, INHDORENLY Yy a7 738 B LT
= VER TETORRICIEEZ R TWAHIENRBEINT,

WDEBRTIL, HBLO=v7 /1 %300 mg kg FTORLRDEE TRASHE
HETY YT rZ2 R3S, AREOHBIN=y A BT xha7 712k
ETRHEL Y TN OEREEZ ST LI (3E), ZORER, Yvbar

7B L=y V2 ERETCEDL LTEIZBWThH, TOREAREEZNDZ
R RETAZLENHRENT, £2. Py b IR R A=y VB RICE
T 27200 Tl BERLEEICLERTL2IENHLNIIRY, FHSEL

99



EERE BT H2ZEICIVEEFO=y r VAL TED ATRBE D RIE S 1L
7o ZOLTEBRAER LD, Uy b7 7 I3 EERBIH R LB o=y iE%R+
Boikbe LEHICT 5 TEO RN RSN,

WIZV a7 7 DREFEANAAGT~ZAOF R A ICE T2 Al fEMEE AT LT (4
), U7 IR ICHT o T REREAREYLL TR DAL NS T~ A
#%<HELD, HEL PRI L EEZR ML 5 RAGIEE Z v TxRABL .
Uxbhun Ty EERE TEEBABLOEEIEREL THER TN TEDD
EBRUT, TBEARETO LBICHEAL COX U250, S,
WL E EEAFHHL CHYOERBRELZBIELILEZA, BIERE3%, 5%, |
0% (w/w)lHLZ- EECTHE L7y yidarba— L HBICEEL | i
BREENZNZL I, 1.57, 1.88, 2.32f5H<A20 | i ] & LU & T EDFHB A
ROLINT, AT, HEREZBEBASELZETHEEORAKIOM EREDH
RN T,

WOEFERTIT, Vrba 7y BEREZ @B OB R HEICmEHL, 7
BTN TF VI 2RO ERL DA BT Z L 72 (55) , O, %K
%5% (wiw) i B CIX, 77X Yoo EE o EE ETa e — LR
L C3.5fFHL, MUK AT HIE3.25M5EL, EHob b7kl 2g ke ! 2 i it
L7EEbDERZED R EE TR L, ZNHOFERENS, i 5 R EE ciliEL =%
BERIFIEROWN B RICHFHELELZENH LN RoT,

INHOFEREREZ T T, Oxba Ty ROMELFREEEZ SHTLIZ (67,
WEIZINZ T, B EREBLU®E, 420 RALIEE (300, 400, 500, 600°C) T
BRL, BE LUy ha T 7 SAFF r— ORI FE L 72, 5 REL T, —fi%
72 &L TR EED EA DI04, pHB LI NVESREE N —F | IUE
BLOBAA L ZBREBEEDWATHZE, WHERITHIRSCEHIREEL ., KHE
BEMEW—T7 BRE VVEE, VIV L TR LOEPLWIRE DR PN
O o7, ZORERNG, HEORESHBIZEDOE LY v T 731
AT v — % RAGIRE R E B2 DL CRIE CEHIENRIBEINT-,

WE LTI, 2O ENL, Vyba 772 WD E CRESELAEET D
EEHIZ, Vrbha T s A AR L —JREL TR AT 21 5T,

100



UXhaT 7 e SAAF IR R M T HIE TR Z R oL REICHEBTED
AREtE 2R LT,

101



Abstract

Jatropha curcas L. (Jatropha) belongs to the family Euphorbiaceae,
and produces seed oil which can be converted to biodiesel. Therefore,
Jatropha has gained attention as a source of renewable energy. It is expected
to utilize Jatropha biodiesel as a local energy source, especially for rural
villages that lack energy infrastructure. However, an issue of concern has
been pointed out regarding the land competitiveness between food security
and bioenergy production in farm lands. On the other hand, wastelands,
especially that are contaminated with heavy metals, have been expanding
due to the expansion of the human economic activities. It has been discussed
that cultivating Jatropha in wastelands has a potential to solve these
problems, by contributing the reforestation of the wastelands, and
simultaneously by promoting the social development through
industrialization of Jatropha biomass utilization. This thesis therefore
focused on the following research, i.e., evaluating the Jatropha cultivation
on heavy metal-contaminated soils, and the assessment on the possibility for
utilizing waste material of Jatropha.

In the first study, tolerance of Jatropha in heavy metal-contaminated
soil was evaluated (chapter 2). Above-ground growth of Jatropha and Acacia
were monitored for 6 months in two different soil types: a typical field soil
(FS) and acidic and Cu/Ni-rich soil (ACNS), the latter containing 58- and
14-fold higher levels of Cu and Ni respectively, than FS. Growth of Acacia
was markedly inhibited in ACNS compared to plants grown in FS. In contrast,
tree height, stem diameter, and length of emerged branches of Jatropha
showed no significant difference in growth between FS and ACNS.

In the second study, pots trial was conducted in glasshouse using

102



soils with different amounts of nickel and copper supplementation, and the
Jatropha growth and mineral accumulation pattern in Jatropha tissues were
investigated (chapter 3). The result showed that there was no statistically
difference in growth parameters among different heavy metal levels
including control condition. Higher amount of nickel and copper was
accumulated in roots than in shoot, and in the case of nickel, considerable
amount of nickel was observed in the emerged branches and old leaves as
well. These observations suggested the possibility of Jatropha as a means of
phytoremediation, that can eliminate nickel from the contaminated soils by
collecting the emerged branches and old leaves from the Jatropha trees.

In the third study, possibility of utilizing Jatropha waste biomass was
addressed by manufacturing biochar from fallen leaves, and effect of the
biochar application on vegetable production in acidic and undernourished
soil was evaluated (chapter 4). Jatropha fallen leaves were pyrolyzed in a
simple carbonizer which was made from an old oil drum, then applied to the
acidic and undernourished soil, and the growth of a model vegetable Swiss
chard was analyzed. Dry weights of the harvested shoots were 1.57-, 1.88-,
and 2.32-fold higher in plants grown in soils containing 3%, 5%, and 10%
biochar respectively, compared with non-applied soil. Moreover, water
holding capacity of soil was improved when biochar was applied to soil.
These observations suggested that Jatropha fallen leaves biochar can
function as a soil conditioner and/or organic fertilizer that enhances
vegetable production.

In the fourth study, effects of Jatropha fallen leaves biochar on
vegetable production in soils from the horticultural field were evaluated
(chapter 5). Consequently, improved growth performance was observed for
the two model plants, Swiss chard and Mustard, in biochar-amended soils in
comparison to the control soils. For instance, dry biomass weight of Swiss

chard and Mustard in the biochar applied soil (5% w/w) was 3.50 and 3.25
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times larger than the control, respectively, showed the equivalent effect with
application of chemical fertilizer at 2g kg'! in concentration. These results
again demonstrated that Jatropha fallen leaves biochar made by a simple
carbonizer can be contributed to improve vegetable growth.

The final study, physicochemical properties of Jatropha biochar were
investigated in details (chapter 6). Twelve kinds of Jatropha biochar were
produced by the combination of three tissues (leaf, trunk, and branch) and
four pyrolysis temperatures (300, 400, 500, and 600°C). Comparative
physicochemical analyses revealed that, as a general trend, the pH and
electrical conductivity were increased, and yield and cation exchange
capacity were decreased as pyrolysis temperature increased. Leaf biochar
had lower carbon and higher nitrogen, phosphate, potassium and magnesium
contents than other tissue biochars, while trunk biochar had highest calcium
content among all tissue biochars. These results suggested that specific
combination of Jatropha tissues and pyrolysis temperature can be utilized
for various agronomic needs.

Overall, this thesis suggested that Jatropha can be utilized not only
for producing renewable energy, but also to contribute to the environmental

problems resolution and the sustainable agricultural development.
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