5549 % 5 4 I + o R Vol. 49, No. 4
201247 A ACTA PEDOLOGICA SINICA July,2012
YRR RESTEEERBHNXERE
£ &K' BAME wHF AEA A £ % B R #

(FMA RS2 B , K& 130118)

W E L HEP YR (Biochar C,BeC) 5 ik (Humus C,HC) 2 [0] 2 75 A7 76 & B 2k R sl %
5 2R R ST A DR e S~ I ok A = A O 0 Y A R R 5 i R B Bk 2 )AL, BeC i LA AR ) b B I R P
hy SRR, 70 AR S B0 S0 PR T T 28 v TR TR 94 % 0 B T RS LB S T Y S A ) A b P 2 R A T TR
HEH) R 2 R o A SCIRBE T 3T 20 4Rk, 7 B2 I 10 4R M N M2 F X T BeC 5 HC Z [H] E R [
WRFEHE e . EARIBETER Y, BeC T LR W15 T 5% 16 D HC, {8 =25 8] e A i s 42 LD S — 2% R 4y 3 (k2
VAR AW~ ML LU BT TE AR E AR R o AR SCIER T2 AL TR O Thn a5 ik Rl i 5 P fb s S %
FAOCEAMTE BRI RIETE BeC BT P AL 5 TR A T 1 L BE DT R AL AT LD AROL I X
e fE IR E S BT PR - RO SR IS TR BeC S5 RAE MBI . R GBI T X BeC fl HC i

FT 85 ¥ P B R G AE 56 RARIT M AT AT HE
KR
HESES S153. 62 Lk AR R A
"z Wy J5i 7% ( Biochar C, BeC) J2& i A1 ¥ A= ¥ Joi 72

56 4 B A3 R R O R 4 AR e Ak T AR ) — 2

F S AR SR R, TR

TR, e il 2 A g8 vp LS8 A 2B W I e A 1T B AF TR

[ S e B SO VR = RS S i SR S 1 o

BeC 1F iy — b & 0 a] 71 A= B8 5 A A= 4 o3 e U, T

BT A RN O R R R TR 45 A DR UE B TR % 4

1) A it

1 RFAEYFORIE X

H W R 2 BB 6 ( black Carbon, BC) 8 — & 43
(RXArm AT RLGE R BC) |, 5 )6 5 5T ik [A) hy 1 3 A
HLAK ( soil organic Carbon, SOC) F& & 14 % J&E 1) 20 1,
w5y, H— M BC & HC W/ FasE . BT, & T BeC
5 BC WK A G — W L, 3 402 e R A T A
A A Bk HAE R E B . BeC B0 AR ) 5X
FCABAT O 0 A AR S T R R 8 T v il E
T BB ) TR e R AT R AT B R ST R R
PR A= ) R R Y R R B 2 R 0T IR 2R W)
& P Be ¢ BC A A5 28 R A 45 1k A0 RRL ™

AW 0 J 5 A A5 BT A O 5 E R BT s S AR AE SRR M A B SR 4R

1y i BRI IR I BB 5, AnRE e | A A AR
TR AT TR TR KRR

2 hREEPRR

9% + 5 19 BC Il BeC K 5 £ ke, [ B 32 27
B Wy Ak 2 DR R I 5 e RN 2, M I (FLAR A
A P B TR Ak 2 2RSS MR AR ) 5 7T
FARMCR KB, ISR S BeCs £
Herh BeC Y e 5 2R 5 2 AR PRk 5 B R ok sk B
KEB oA WL BRI WA K 414y, TR S5 90 2 9 S5 1
0.1% 2% 3. 4% JE i BeC ™" ol i1 A Bk 45 4F 7
MR BC Ry C 44 ~194 Tg a™' | Horb 80% #F A + 3,
2K EH W IR HEEFRN B, B
W BT AL 3 Terra Preta B4 4 (%4 4 1) & A
KRB TEAEIE L, 3R )2 A Lk H BeC &
ik 35% , 2 AH 4B Ak £ BeC 1 10 i, + FEAC
W, AR ZE M X T T A e S T R %

BeC 1 BC X -+ 38 [ ik | 1= 58 A J) A 3% 55 i 75
AHEEAEM . BeC 5 BC B Ak J2& 5t 2k + HE R
YA AL ) 2 B, xR E SOC JE HoA d 2

* R HRPEESTH (41171188) FE K “973” T H (2011CB10053) ¥ B

TOm IR

EHERA 5 FR(1959—) B, #8% , i+E S0, AF LA PRI . E-mail: dousen@ tom. com

Wk H 412011 - 11 - 21 5 4 B 5 ok H 972012 - 02 - 21



4 4] Ed

RRAF AW ORI o SR B TR 119 5% B 797

PER T BeC fil ) 422 45 5 -+ 498 3% 4y Ay L AR 7
Sy AR AR R I R KT Be
F1% 559 B P | A 22 LAY A5 A L R A B SR T B LA
REAS PR A 7K 0 M 25 SR IR A 7T RE O R R S T 19 ik
AP RS T A AT A2 2 B SR OT R
IRER™ o BC Xk 4 v oA HLYS e A AR R 1 T B
fifp W3R A, X b A PIL B R AR AE A TR Y R
S BT BCFE A BRER AR FR P T AR A
{37, L AF SR I 58+ HE v BC PR3 BC X 75 G 4y %
AT 50 A 2 1) 40

3 W EOR B E B

i Be 3 BC YAk 2 & e v e HC A Y Ak o7
PEE, [N iy T B = 48— A9 B | SO0 R I GE HL
ARFRE, X AN ] 26 Y 4 e v BC A9 4 ORI E 2 53 B
Fe kg e s 4y e 27 L g & B, R [ i
Jrl i BC & i s A B 22 5, S5 R 0] A 22
JUANBCR G  S50E AT E A BC Y BF 5 8
ARG, a5 R bk = o] tetke, B, BF 58 FOF fr
Be H 5 AT 55 2 WK AT A [) 26 Y 4 e 42 B
R I HEAT RE B M A AR R AL

HoEr & BC B iy 5 ik £ 2 A kv E b
I BV X //h7 SN =% 7 S ¢
e S A B AN e AR R R I R ik
(NMR) P o G o 4 ik i 3 o ik
% ¥R % ( benzene polycarboxylic acids, BPCA ) ¥ J&F 3f
S BC & R T , ROR B, (H R A1 Lo A TR X
SR O A (NH, ), MoO, S, fift fi# 4k 5, 7 10
MPa DL 109 &S T &R 5 25 5 4 il ) RO I 11
B 2H 43, AR H A N TS H BT A S A oK AR
B b 2R B AL B AE 375°C F — bk Ak S Ak, B4R
BT 2 5 e A Al 1R 2 R BRAM O A AL
J& M i BE 50 08 AR DR ik &8 23 S Ak 25 Bk, AR 5 ]
CPMAS-NMR ( CPMAS 2 22 UH AR BE f E T ) % H 55
Tk AT RE &, X R vk Al LAk S Nl BC Y 7™ AR,
JEAT B 5 55 A e 0 26 18, AEL G b 5 vk 7E U0 RN
ok 2l RR B B 20 S 8 RS B, 4R 4R I ) B, AR B
5t NMR J7 i 68 450 & BC A Ak 2% 28 1, {5 1
HEZHT W A Ak 2 iR A AT g AR BC I & Y
AW o 64T 22 B , 327 1 o8 B Bk 0 5 3 Bl dse ol
Z ARG 2 B o PR, LA B LR J7 R 7R E i
3 M RO AN E L B R T B bk R A AR

T2 S AR TR TEBR 2k IR £k \Fe  Mn %8 {6 1) FI

REFR L . — AL BE A SRR b, R S AT L
e 8 K,Cr,0, + H,S0 B & A b 2 5w o
A HUBR CIE SRR 43 ) , B4y BC FHITZ A0 B A5 .
SCH R, R A AL S A B, BC % B kAR A
J2 07 AR M4 A 2 T SR P TR AL AR 25 R
K,Cr,0, + H, S0, & & W I JH 8 £, B4 8 i ok 1
BC AL G 22 8/ 700 REAS T Sy AR M A fb 2
JE I £ BE X BC #EAT & . SR K, Cr, 0, +
H, SO, 4b FEJ7 ¥ B AR AT T ot , (5 4 532 4 B4 ) 4 A
ZA 5T BC @ ik 2 LT RER o

4 EY BN SR R AR

F T 25 R RRAE 14 8 M 2 W vk B8 H Al
BN SRR AR AT Ak X gt
O H T A R A BT R -
TR R SR A

FAHi HL 5% (SEM) : SEM H FHii& BC kL 4 |
FLAE Sy Bk 2451 g X UL R IS 1 ) s IR
AR H W BC UKL (14 K U5, 491 k2 FE 1K F 50 nm
1 /NBRTE BC 2 Ak A1 A BHAS 58 2 SR Be 1) 7= ) 5 52 4%
KIGZAREEH 1 BC 2 MW KRR 58 R 10 7= W),
B BeC; > 100 nm [ BRAR 2544 BC S [ 3k i op (1
22 24T ST BeC R A B B 3 AT R B T R 4 40
SER B B RFAIE R A AR 1 ( T2 R R B A (R]) D
B il it A8 (H5 SV 400 Joic 10 e 445 s A 400 400 M 42 o
)7 BRFE IR BeC 1y 2 FL 25 H Bl i BR 4R K
AE S AL BEE 710 BC B BeC DR AL BR 45 M T
HATAR KB L R i B, 4% Goldberg™ i3 , b 2 1
Fik 89 +2 m” g ' ; Abdul 25 473, R F 700°C ¢
163 h, A5 b FUER 758 BeC 1 b 6w A4 51 310
F1280 m* g~' . Glaser %" Z5 5L K W] & BC L H Y
g, HL R W BUR JE B JE kR 3 A5, B RIREK
BN 18% o PRI, 7 K L Bt ol A 25 4 + 5 v it
BeC M MFFK & o

JCR A : T EALHE R (— i > 600 g kg™ ) (E(L
SAAE, RO K oy (A 4GB A5 Bl B RESE) .
Goldberg" " it , BC 17T K 41 7 : C(870 g kg™ ~
25 gkg ') H(1~2gkg ' ~16 gkg ') .0(60 g kg™' ~
110 g kg ') ;48 Demirbas'* 23 , BeC Y70 £ 4 i
F:C(666 ¢ kg™ ' ~87.9 g kg™') H(12 g kg ' ~
29 g kg™'),0(106 g kg™' ~266 g kg '), BeC [y
JC 2 A PR SR 2 AL TR B TR B A R 2k Ak TR
e, e & G, SR S SRR AR, KA



798 + e

¥

49 %

BN P

ZIAMEIE (IR) ] IR A5 2] BC R 1A & 4
BHEH N Cheng 451 BIF 5 2 I B i A 0
B OBC [ 2 E G2 1 ; Titiriei 265570 1 41 41 6 % 22 1
FEEL R L BRI R W OBUHE R — R 1 O Mk
BeC i1y #1145 K R AIE

G PR (NMR) 3% - B 7 A7 30 $2 3] NMR H]
F BC & 4h, NMR 0 5& & ] T2 P, Liang &
He I8, BC & f e (4 5 2 1K A A 45 A L, L5
Bk R R R A YR, b Oy Ak
SV L R 309% ~ 42% |, A 4 3 - 4 R 66% ~
81% . X Pt Tk fiE .

X G200 RB IS (XPS) o FH T BRI [ 44 B
FMRL 10 nm GBI HEA 0 E BC K
B RE R AE 19 A 2 T B . Liang 26 w5 20 Bt
% XPS 7 BC F1H K 54. 5% ~ 61. 3% 1155 T e 25
TR A e B S B e i) B 4y B i S BC AR IR A
WA R . Yao &5 FIH XPSIEM T L T
KRB KA Z I, Az 9 53 e v 0 e T DA g A4k Bk

PAPE R - Abdul 25 F AT 43 M1 (TGA) 5
T & Be iAW HRFE e, 85 R WHIMA 5% 4k
L% 559 BeC Jg 5 T ¥R &R A W i SRR v A
FEE 45 22T (DTA) BF 98 % B, £ K FS BeC
FIAAAL BeC 1 3547 B S % v 3L RN 55 38 T3 3R g S 44
KA, HEKF BeC 15/ i A FE (8 5 0 B
BeC Ik, Ui Bl £ K s Be B BRI PR32 , M #A AL BeC 1Y
55 R

HS - -J 3 (Py-GC-MS) : Kaal %7 i F 1%
TR T V8 BE 28 B R oy S AR R R A R U Y
A R R X AR R A KRNI FREY .
— Z5 B & FE AL G W A — /NER A B9 18 B W R
Song il Peng'™' {#i Fj Py-GC-MS J5 3l 22 8 4~ BC
CIE CBEMRR PTh K S8 3t ARI JE I JRJ
HRI A B M I | A T A I ) 1) Ak 2 5 4, R
7R 8 A~ BC B ¥ & 4 K (0 35 A 45 4, 3 26 55
A48 F AR N ECE RE T E B, 8 4 BC BE S
WA — /N4 (0 6 5 1AL 4, A AE 2 ST A
fiE =4 .

IR \NMR XPS %5345 R £ W] BC & A K
BH 45K, Schmidt F Noackm]ﬁ}‘??ﬁ%%,Bc
AAY i A 95 F Ak 45 W 4L, 0 FLIE & 4 34 £ 8 Wy
R EA SR . IEh T R ENS FhLH
Fgi K PE R BB C (H 15 BC B HAAT ] B X i A AL

ik SR A e AR E A B A AE B BT A DL
PRy A S DR A T A 5 i A o

KT HC IZSH AR IERF SR 2 X Bk A 2
WY o HA— BT LIS &, BeC 1Y 7 F P HC 53
2 WL, iR BeC 25 T HC B AL, # i HC
07 A B R o R AT BE A FRATTHESE BeC X HC
S (7 T PR

5 hBERRIR SR R A 5 A

HC 455 B/ (FA) (S8 (HA) i R
(Hu) , )\ FA 3 Hu % PEDSS . EM Y H SR K K
W BeC A3 8] T K LR, BeAh, iR A I 4
HA 253 46 % Hu, AT HEHUAY Hu R0 B 9
LTS R, o -4 FA 0] BB AR B 2% HA (1) 5
Ao EiE T, Hu & 58 B R 0 B 2 HLAE
4,5 BeC JERILZ 32 K K BeC Al HC ¥y
HASTA R BE B AR Ak, 8 5 I 4 4y =2 18] U] LA AR
1t , 384 BeC Fl HC(HA Fil Hu) 2 [A] J2& 15 A7 75 —
EMKES KRR REERE T HA bl K59
By 2R R, SR, AT B - R W o b i 2K
FERAR L A AR K KR R )
(BeC) Tl g2 - 495 75 W) o i B 90 1 B 7
Shindo %77 B T f B8 SR AR W B A I Sl IR
T i HA (19 IR F1 XPS $R-4F , 15 H s 1 752 7] fig
SRR Il K e HA B R BRIE & 12 . o T HE
M BeC 27552 HA 1935 , Haumaier I Zech”glﬂlﬁﬁ
NMR 4387 T HA DR N T A840TE e nd (2 1k W, 45
W, BC I 05 A M 1 HA B9 0% 3% R AE H A B
F AL o X 23515 B Be 5 W] BEFE 4L HC 1 I
AR VR T R IARAE Y A KL, B BeC BB 5
HC e AE  HHMEA HEIRSGIS , 2 0 Uik fE |
KA S5 o FAFAR B 1 2R 2 72, 5 48 Hu LR Bk +
SRR i P B B4 IR 4 . Kuzyakov 4572 i, C
PRIt SR BE TR R W) BeC 5igAEYEE 7 624 d J5,
AT A 96% 1" C 8k, KU 1.5% ~
2. 6% WA A W) HE W i bk 1) — 43 . KiE k4 3R
0 BeC A i ol A % 48 B HC Y B 4 S Sk 4
Al fig & £ BeC FN HC BX R WAL . A B FR BeC
RESE N K o CE R Y S =, HOAE I o ik B A
1 77 SRR AL L3 2 Soh CO, ¥k &, B BeC A Bk
AT LSS Y A W i T A PR B R B R 3 AT LY
i 98 B A g Bk Hamer 257 BE— 45 BF
GER I, AL YAl LK BC AR S A A7 0 ME — Bk



4 4] £

RRAF AW ORI o SR B TR 119 5% B 799

U, BeC A M E R T &M, F2IRE
W F T, 40 M B B MR W e i 7 ot AR L W il
Z5TBERERT . BRI & B, 18 U i 15 5
P B 2 e A R B B B 2y B — R, Xl
VUL T 25 iy I ik 30 18] 46 68 95 S 10 180 J8 9 I 21
SRHITTRERE T . EARAR MR BeC BLAT R [R) A R
e RV AR 3 i S H 2 oL T DL 0
H BeC A7 LE R A F T HC BB A

6 J& H

6.1 WRARE

BT BeC Z5H9 &2 22 M M, H AT 2 IR T8 A
Tl & BeC X - SERTAR 4 Az K 1 5% ), 1 %+ 3 o
J5 A BeC ol BC [ 8 M2 # i 52 5 /0, A
BeC 5 HC, H# 525 HA (Hu Bt Z &k 17 %) L A
8o BRT AL 1R B I8 SO 1 R A+ 2% 4
WSCH, 1 A WL BB SE ER  BeC XF 3 HC £t 41
AR 45 O 5 ) ) 2
6.2 REKHARAME

AR BeC ifF A 380 B4 52 M 3] HC [ 4L
i ZH R ZE A RRAE L iR AR P RE AT P . —J& BeC il
IR AR W R R e AE R HC B33 3 52 e A= 4 T B
S HC (I L 554k ; —J& BeC i@ it 5 HC ¥ B
R LA 45 &5 m HC WA nl. B, 75 0% + 1
BeC Hil HC R 45 & 2 ok, R 4t L B[R] g A3 AL o 41
531 13 BeC 5% BC 5 HC £E 5/ R AiE 1A ol X5
MEEZR? BEAS 50 B R R E? BeC 2 B REFE 1L R
HC Rl 7 Ak o Hu 5t HA? )25 3k, Hu [ &5 1%
e 1 5T Ak 25 08 P8 b 2 TR R 5 9 B AR R
JE NI B A 85 8 FE , Al 7T DLFG 6 + 3 BeC 5
BC? #fll 3% BeC 5 HC W] A AE 1Y & 4 2 B R
AL R AR ORI ER AL R o6 1 A
AR AR A R 1 R 2 )

B F BeC RS HC B 40 , ik 5 A FH A= 9
S A L R FE W AL BeC B AE T 4 438 vh 35 3] [
WCHE 5 Hb 0 2 B R Y S RO . B
FEARIC BeC 78 HC 4140 v 1) 43 Bt B Xk HC i
SERRRAE 52 0 5 DESE BeC KT A SRR R R O it
A 8 HC (Hu HA [ FA) B | 41 B Tl 45 ¥ 45 1F
AIFE I 5 ok F — 2 i 98 + 48 BeC 5 HC Ay Fase 2 1
UM B AR ST T SE Rl S b B Rk 1 55 4 o Ak R
FH ) - Ak 2 R AE P Ak 2% BIL 4 R i) B2 Rk

2 % x #f

[1]

[5]

[6]

[9]

[10]

[11]

[13]

[14]

Warnock D D, Lehmann J, Kuyper T W, et al. Mycorrhizal re-
sponses to biochar in soil-concepts and mechanisms. Plant Soil,
2007,300(1/2) : 9—20

Lehmann J, Joseph S. Biochar for environmental management:
Science and technology. London: Earthscan Ltd,2009
Knoblauch C, Maarifat A A, Pfeiffer E M, et al. Degradability
of black carbon and its impact on trace gas fluxes and carbon
turnover in paddy soils. Soil Biology and Biochemistry,2011,
43(9).1768—1 778

Durenkamp M, Luo Y, Brookes P C. Impact of black carbon
addition to soil on the determination of soil microbial biomass
by fumigation extraction. Soil Biology and Biochemistry,
2010,42(11): 2 026—2 029

Downie A E,Zwieten L. V,Smernik R J,et al. Terra Preta Austra-
lis: Reassessing the carbon storage capacity of temperate soils.
Agriculture, Ecosystems and Environment, 2011, 140 (1/2):
137—147

Jones D L,Edwards-Jones G,Murphy D V. Biochar mediated al-
terations in herbicide breakdown and leaching in soil. Soil Biolo-
gy and Biochemistry,2011,43(4) : 804—813

Sohi S, Lopez-Capel E, Krull E, et al. Biochar, climate change
and soil; A review to guide future research. CSIRO Land and
Water Science Series,2009,1—56

Czimcezik C I, Preston C M, Schmidt M W I, et al. How surface
fire in siberian scots pine forests affects soil organic carbon in the
forest floor; Stocks, molecular structure, and conversion to black
carbon ( charcoal ). Global Biogeochemical Cycles, 2003, 17
1 020—1 040

Bond T C, Streets D G, Yarber K F, et al. A technology-based
global inventory of black and organic carbon emissions from com-
bustion. Journal of Geophysical Research-Atmospheres, 2004,
109(D14203) . 1—43

Fearnside P M ,Barbosa R 1,Graca P M L. Burning of secondary
forest in Amazonia; biomass,burning efficiency and charcoal for-
mation during land preparation for agriculture in Apiad, Roraima,
Brazil. Forest Ecology and Management, 2007, 242 (2/3 ).
678—687

Kuhlbusch T A J, Andreae M O, Cachier H, et al. Black carbon
formation by savanna fires: Measurements and implications for the
global carbon cycle. Geophys Res,1996,101: 23 651—23 665
Forbes M S,Raison R J,Skjemstad J O. Formation, transformation
and transport of black carbon (charcoal) in terrestrial and aquatic
ecosystems. Science of the Total Environment, 2006,370 (1) :
190—206

Glaser B, Balashov E, Haumaier L, et al. Black carbon in density
fractions of anthropogenic soils of the Brazilian Amazon region.
Org Geochem,2000,31(7/8) : 669—678

Sombroek W ,Ruivo M, Fearnside P, et al. Amazonian Dark Earths
as carbon stores and sinks. Biomedical and life sciences. //Leh-

mann J,Kern D C, Glaser B. Amazonian Dark Earths: Origin,



800 S T 49 &
properties, management. Dordrecht, Netherlands: Kluwer Aca- black carbon on steep slopes with slash and burn agriculture. Ca-
demic Publishers, 2004, Part 2, 125—139, DOI. 10. 1 007/ tena,2006,65(1) : 30—40
1-4 020-2 597-1-7 [34] Han Y M,Cao J J,Posmentier E S,et al. The effect of acidifica-
[15] Shi X,Ji L,Zhu D. Investigating roles of organic and inorganic tion on the determination of elemental carbon and soot elemental
soil components in sorption of polar and nonpolar aromatic com- carbon in soils and sediments. Chemosphere,2009,75(1) : 92—
pounds. Environmental Pollution,2010,158(1): 319—324 99
[16] Novak J M, Busscher W J,Laird D L, et al. Impact of biochar [35] Brodowski S,Rodionov A, Haumaier L, et al. Revised black car-
amendment on fertility of a Southeastern Coastal Plain soil. Soil bon assessment using benzene polycarboxylic acids. Org Geo-
Science,2009,174(2) ; 105—112 chem,2005,36(9) : 1 299—1 310
[17] Kwapinski W,Byrne C M P,Kryachko E et al. Biochar from bio- [36] Brodowski S, Amelung W, Haumaier L, et al. Black carbon con-
mass and waste. Waste Biomass Valor,2010,1(1): 177—189 tribution to stable humus in German arable soils. Geoderma,
[18] Ogawa M. Symbiosis of people and nature in the tropics. Farming 2007,139(1/2) ; 220—228
Japan,1994 ,28(5) : 10—30 [37] Love G D,McAulay A,Snape C E, et al. Effect of process varia-
[19] SongJ Z,Peng P A,Huang W L. Black carbon and kerogen in bles in catalytic hydropyrolysis on the release of covalently-bound
soils and sediments: Quantification and characterization. Environ- aliphatic hydrocarbons from sedimentary organic matter. Energy
mental Science and Technology,2002,36(18) : 3 960—3 967 Fuels, 1997 ,11(3) : 522—531
[20] Yang Y N,Sheng G Y. Pesticide adsorptivity of aged particulate [38] Gustafsson O, Haghseta F, Chan C, et al. Quantification of the
matter arising from crop residue burns. J Agric Food Chem, dilute sedimentary soot phase: Implications for PAH speciation
2003,51(17) : 5 047—5 051 and bioavailability. Environmental Science and Technology,
[21] Sheng G Y,Yang Y N,Huang M, et al. Influence of pH on pesti- 1997,31(1) : 203—209
cide sorption by soil containing wheat residue-derived char. Envi- [39] Gelinas Y,Prentice K M, Baldock J A, et al. An improved ther-
ron Pollut,2005,134(3) : 457—463 mal oxidation method for the quantification of soot /graphitic
[22] Ascough P L. Hydropyrolysis as a new tool for radiocarbon pre- black carbon in sediments and soils. Environmental Science and
treatment and the quantification of black carbon. Quaternary Geo- Technology,2001,35(17) : 3 519—3 525
chronology,2009 ,4(2) : 140—147 [40] Zencak Z,Elmquist M, Gustafsson O. Quantification and radio-
[23] Kuhlbusch T A J. Black carbon and the carbon cycle. Science, carbon source apportionment of black carbon in atmospheric aero-
1998,280(5 371) : 1 903—1 904 sols using the CTO-375 method. Atmospheric Environment,
[24] Kuhlbusch T A J, Crutzen P J. Black carbon,the global carbon 2007,41(36) : 7 895—7 906
cycle, and atmospheric carbon dioxide//Levine J S. Biomass [41] Skjemstad J O,Clarke P, Taylor ] A, et al. The removal of mag-
burning and global change. Boston: MIT Press,1996: 160—169 netic materials from surface soils-A solid state '*C CP/MAS NMR
[25] Glaser B, Haumaier L, Guggenberger G, et al. Black carbon in study. Australia Journal of Soil Research,1994,32(6) : 1 215—
soils: the use of benzene carboxylic acids as specific markers. 1229
Org Geochem,1998,29(4) : 811—819 [42] Skjemstad J O,Donald A, Reicoskyb C,et al. Charcoal carbon in
[26] Masiello C A. New directions in black carbon organic geochemis- US. agricultural soils. Soil Science Society of America Journal,
try. Marine Chemistry,2004,92(1/4) . 201—213 2002,66(4) . 1 249—1 255
[27] Smith D W, Griffin J J, Goldberg E D. A spectroscopic method for [43] Simpson M J, Hatcher P G. Determination of black carbon in
the quantitative determination of elemental carbon. Analytical natural organic matter by chemical oxidation and solid-state '*C
Chemistry, 1975 ,47(2) ; 233—238 nuclear magnetic resonance spectroscopy. Org Geochemi,2004 ,
[28] Wolbach W S, Anders E. Elemental carbon in sediments determi- 35(8):923—935
nation and isotopic analysis in the presence of kerogen. Geochim- [44] Liang B, Lehmann J, Solomon D, et al. Stability of biomass-de-
ica et Cosmochimica Acta,1989,53(7): 1 637—1 647 rived black carbon in soils. Geochimica et Cosmochimica Acta,
[29] Lim B,Cachier H. Determination of black carbon by chemical ox- 2008,72(24) : 6 069—6 078
idation and thermal treatment in recent marine and lake sediments [45] Brodowski S, AmelungW , Haumaier L, et al. Morphological and
and Cretaceous Tertiary clays. Chemical Geology,1996,131 (1/ chemical properties of black carbon in physical soil fractions as
4). 143—154 revealed by scanning electron microscopy and energy-dispersive
[30] Verardo D J. Charcoal analysis in marine sediments. Limnology X-ray spectroscopy. Geoderma,2005,128(1/2) : 116—129
and Oceanography,1997 ,42(1): 192—197 [46] Quénéa K,Derennea S, Rumpel C,et al. Black carbon yields and
[31] Middelburg J J, Nieuwenhuize J, Breugel P V. Black carbon in types in forest and cultivated sandy soils ( Landes de Gascogne,
marine sediments. Marine Chemistry,1999,65(3/4) ; 245—252 France ) as determined with different methods: Influence of
[32] Masiello C A,Druffel E R M,Currie L. A. Radiocarbon measurements change in land use. Org Geochem,2006,37(9) . 1 185—1 189
of black carbon in aerosols and ocean sediments. Geochimica et [47] Goldberg E D. Black carbon in the environment: Properties and
Cosmochimica Acta, 2002,66(6) : 1 025—1 036 distribution. New York: John Wiley, 1985127
[33] Rumpel C, Chaplot V,Planchon O,et al. Preferential erosion of [48] Schmidt M W I, Noack A G. Black carbon in soils and sedi-



4 4] £

AREE AW IR e A R R B R 1Y) 9% AR

801

[49]

[50]

[51]

[52]

[53]

[54]

[56]

[57]

[58]

[59]

[61]

[62]

[63]

ments: Analysis, distribution, implications, and current challen-
ges. Global Biogeochemical Cycles,2000,14(3) . 777—793
Demirbas A. Effects of temperature and particle size on bio-char
yield from pyrolysis of agricultural residues. Journal of Analytical
and Applied Pyrolysis,2004,72(2) ; 243—248

Donnet J B,Bansal R C,Wang M J. Carbon black. Science and
technology. 2™ ed. New York: Marcel Dekker, 1993

Pena J M, Allen N S,Edge M, et al. Factors affecting the adsorp-
tion of fatty acids, alcohols andaromatic compounds on to carbon
black pigments ( flow micro-calorimetry studies). Dyes and Pig-
ments,2001,49(1) ; 29—49

Titirici M M, Thomas A, Yu S H,et al. A direct synthesis of me-
soporous carbons with bicontinuous pore morphology from crude
plant material by hydrothermal carbonization. Chemistry of Mate-
rials,2007,19(17) : 4 205—4 212

Cheng C H, Lehmann J, Engelhard M H. Natural oxidation of
black carbon in soils; Changes in molecular form and surface
charge along a climosequence. Geochimica et Cosmochimica Ac-
ta,2008,72(6) : 1 598—1 610

Steinbeiss S,Gleixner G, Antonietti M. Effect of biochar amendment
on soil carbon balance and soil microbial activity. Soil Biology and
Biochemistry ,2009,41(6) : 1 301—1 310

Cheng C H,Lehmann J,Thies J E et al. Oxidation of black car-
bon by biotic and abiotic processes. Org Geochem, 2006, 37 :
1 477—1 488

Abdul K H P S, Firoozian P,Bakare I O, et al. Exploring biomass
based carbon black as filler in epoxy composites. Flexural and
thermal properties. Materials and Design,2010,31(7): 3 419—
3 425

Kaal J, Cortizas A M, Nierop K G J. Characterisation of aged
charcoal using a coil probe pyrolysis-GC/MS method optimised for
black carbon. Journal of Analytical and Applied Pyrolysis,2009,
85(1/2): 408—416

Song J Z,Peng P A. Characterization of black carbon materials by
pyrolysis-gas chromatography-mass spectrometry. Journal of Ana-
Iytical and Applied Pyrolysis,2010,87 (1) : 129—137

Haumaier L, Zech W. Black carbon-possiblele source of highly
aromatic components of soil humic acids. Org Geochem, 1995,
23(3): 191—196

Day D, Evans R J,Lee J] W, et al. Economical CO,, SOx, and
NOx capture from fossil-fuel utilization with combined renewable
hydrogen production and large-scale carbon sequestration. Ener-
2y,2005,30(14) : 2 558—2 579

Ogawa M, Okimori Y, Takahashi F. Carbon sequestration by car-
bonization of biomass and forestation: Three case studies. Mitiga-
tion and Adaptation Strategies for Global Change,2006,11(2) .
429—444

Yu X Y, Ying G G,Kookana R S. Sorption and desorption behav-
iors of diuron in soils amended with charcoal. Journal of Agricul-
tural and Food Chemistry,2006,54(22) ; 8 545—8 550

Glaser B, Lehmann J,Zech W. Ameliorating physical and chemi-

cal properties of highly weathered soils in the tropics with char-

[64]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[76]

[77]

[78]

coal-A review. Biol Fertil Soils,2002,35(4) : 219—230

Yao F X, Arbestain M C, Virgel S,et al. Simulated geochemical
weathering of a mineral ash-rich biochar in a modified Soxhlet re-
actor. Chemosphere,2010,80(7) ; 724—732

JAREE SRR, XL A2 W B A 495 4 Ak St % HEoF = e 3R o3 A
JE A BT 20 B 5 . ARl BE 8 B 2 AE 4R, 2011,30 (10) ¢
2 075—2 080. Zhou G Y,Dou S,Liu S J. Tructural characteris-
tics of biochar and its effects on soil available nutrients and hu-
mus composition( In Chinese). Journal of Agro-Environment Sci-
ence,2011,30(10) ;2 075—2 080

FRR. BIHA P A5 B2 A, 20100 Dou S, Soil
organic matter ( In Chinese) . Beijing: Science Press,2010
Gonza'lez-Pe'rez J A, Gonza'lez-Vila F J, Almendros G, et al.
The effect of fire on soil organic matter—A review. Environment
International ,2004 ,30(6) : 855—870

Hatcher P G, Schnitzer M, Vasallo A M, et al. The chemical
structure of highly aromatic humic acids in three volcanic ash soils
as determined by dipolar dephasing NMR studies. Geochimica et
Cosmochimica Acta, 1989,53(1) . 125—130

Tate K R, Yamamoto K, Churchman G J, et al. Relationships
between the type and carbon chemistry of humic acids from
some New Zealand and Japanese soils. Soil Sci Plant Nutr,
1990,36(4): 611—621

Shindo H, Matsui Y, Higashi T. Humus composition of charred
plant residues. Soil Sci Plant Nutr,1986,32: 475—478

Shindo H,Matsui Y, Higashi T. A possible source of humic acids
in volcanic ash soils in Japan-charred residue of Miscanthus sinen-
sis. Soil Sci,1986,141; 84—87

Kuzyakov Y, Subbotina I,Chen H Q,et al. Black carbon decom-
position and incorporation into soil microbial biomass estimated by
C-14 labeling. Soil Biology and Biochemistry, 2009,41 (2):
210—219

Thies J E, Rillig M C. Characteristics of biochar; Biological
properties//Lehmann J, Joseph S. Biochar for environmental
management. London: Sterling,2009: 85—105

Hamer U, Marschner B, Brodowski S, et al. Interactive priming
of black carbon and glucose mineralization.

2004,35(7) : 823—830

Org Geochem,

Cohen M, Gabriele P D. Degradation of coal by the fungi pol-
yporus versicolor and Poria monticola. Appl Environ Microbiol,
1982 ,44 . 23—27

Rumpel C, Kogel-Knabner 1. The role of lignite in the carbon
cycle of lignite-containing mine soils; Evidence from carbon
mineralisation and humic acid extractions. Org Geochem ,2002,
33(3):393—399

Bonnen A M, Anton L. H,Orth A B. Lignin-degrading enzymes of
commercial button mushroom, Agaricus bisporus. Appl Environ
Microbiol ,1994 ,60 ; 960—965

Poirier N, Derenne S, Rouzaud J N, et al. Chemical structure and
sources of the macromolecular, resistant, organic fraction isolated
from a forest soil (Lacadee’,South-West France). Org Geochem,

2000,31(9) : 813—827



802 + 1 2 i 49 &

BIOCHAR AND ITS RELATION TO HUMUS CARBON IN SOIL: A SHORT REVIEW

Dou Sen”  Zhou Guiyu Yang Xiangyu Liu Shijie Zhou Xin Zhang Cong Wu Hua
( College of Resource and Environmental Science, Jilin Agricultural University ,Changchun 130118, China)

Abstract For the past few years, whether there is any genealogical relationship between biochar C (Bc¢C) and
humus carbon (HC) has been a hot spot in both pedology and geochemistry and a scientific issue for urgent solution. BcC
is a kind of carbon-contained material , transformed from bioactive organic matter in an environment high in temperature and
low in or free of oxygen,while humus is a kind of carbon-contained polymeric compound formed as a product of microorgan-
isms decomposing dead plants or animals in soil. This review covered works done by foreign and domestic researchers on
the relationship between BeC and HC in the recent 20 years, especially the recent 10 years. The researches available sug-
gested that BcC could be transformed into HC by microorganisms. But the work on paths of the transformation and compar-
ison between BcC and HC in physical ,chemical and biological feature is still insufficient. Advantages and disadvantages
were analyzed of a variety of methods,such as chemical oxidation, molecule marker analysis, hydropyrolysis, thermo-chemi-
cal oxidation, UV-oxidation, and nuclear magnetic resonance (NMR) ,used in quantitative analysis of BcC. Detailed intro-
duction was presented to the application of scanning electron microscopy ( SEM) , elementary analysis ( EA) ,infrared spec-
troscopy (IR) ,X-ray photoelectron spectroscopy ( XPS) , thermogravimetric analysis ( TGA) , Pyrolysis-Gas chromatogra-
phy-Mass spectroscopy ( Py-GC-MS) and NMR to structural characterization of BeC. Feasibilities were also elaborated of
exploring comparison in structure and transformation between BcC and HC.

Key words Biochar; Soil humus carbon; Quantitative analysis; Structural characteristics; Stability; Transformation



