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Research process of soil amelioration with the application of biochars

WANG Juan, HUANG Chengzhen
(College of Hydraulic Science and Engineering, Yangzhou University, Yangzhou 225009 , China)

Abstract: Biochar is obtained from the pyrolysis of raw materials under anoxic or anaerobic conditions,
which is widely used in soil amelioration for its soil improving properties. This paper introduces the modi-
fication and preparation of different biochars, summarizes the effect of biochar addition on soil infiltration
capacity , evaporation capacity, soil nutrients, soil microorganism, enzyme activity, and soil remediation.
It is found that the effect of biochar on soil amelioration is mainly related to the original raw materials,
preparation conditions, amount of biochar addition and the method of biochar addition. It is suggested
that the future research should focus on the appropriate classification of all kinds of biochars and find out
the optimum utilization method for each of them, so as to provide theoretical basis for the further promo-
tion and utilization of biochars.

Key words: biochar; soil amelioration; infiltration; soil nutrients; soil microorganism; soil remediation

W7 ARSI T AR S R 1 4

1 FREEs

AW BN e — Rl AR S R TR
il %5 A= W) 5 DL E S 300 ~ 500°C, il 25 25 A 45
JEORHZ R AR e MR BN R L R
BRI 2, AN A 7 o i RS AT A AR
FEAF N IR P AR ) T Rk 2 28 T B LR
P & S R A P M A e . AW 22
P, DRI, R M A ke R ASCRABEHS, (ELGS Bl
IRk BRI R U B, BARAEAR Y
TP, X A W e R AT A R A8 52 i A ) o
(¥ LR TR W B AE J1 VB . AR R AR
NS 3 VAL o R - B A B TS TR0

W F= B H7:2019-10-11;

f&[E] H #4:2019- 12- 29

U5, X A AR R R AR B T TR W B AT 5
MR BEAT T BAS T, FF R R AWy ¢ K et A= )
BT SN EAT T B

2 Wiyl

R AN [ 1 1 2 Sk 28, A 1 Rl 43S AR
Ve FEFFAE W R A5 . A e DL 2% 7 A 18
PRI | P A R T PR A AT . A AR
(R RHIE AN [] | il £ Bof 3L B ) 25 S 2 X A 40 e 1
AR AR SR N B . Wei 2 3%
T17 M 300°C 2] 700°C 119 5 AN BERS R IRES, kB
AT il 25 0 A2 W o HL AT B v Ik i, Tang

E&UH : XK ARRAEETH (51609209) 5 1L7548 A RFHEAE 45 H (BK20160471)
VEH B : T 15 (1988-) L, Holr ik 14, e, A2k S0, 322 ARl /K 9 U5 i 2R



3

8,5 Aot TSR BOR IS i 247

TP 50°C 1] B, 31 T M 350°C | 550°C 5 A
PRI AR, WS T o 4535 BE X35 8 LR 0 % 11
PR LT AR B BE A8 LA R AR W R s KR
F 2 RAE I BRI, R B A IR R B s LR R i 7
AL, 45 IR 450°C R A5 2] 1) 4= Wy e B Bk
) L 2R TR RN i 1A % B, % KA v U0 22 R g
ok A WG A i) £ B R R R, A= ok pH (.
s, HG AT A L AR, {E A ) 5% £ ) 6 BT e —
R A LR, 2 v i ast PR 2 R AV AR 0y i 1) BH 25
Trsi

4 JEURL e s 5 A W e v L )
LUK RE RS AT o JEORE , 76 R [R5 T 1 5 LR W ¢, 285
B W 1 7 %R B A L R O B v T AR e, O ELIR
BB ST , BT 45 00 AR W e pH (BRI BR O i 34 B
SRS F 3 B R R 2 Bl T 4 15 Y
AR T BRAR M T 1 R LIRS, R IR 4 U
A 25 AR TR I B0 T, AR 9 ok JEORE L DL 3 )
Sy Skl 24 B A ) e b 2R T AR B A 1 [R] SRR AS []
TR SRR 50 v L B HE VR IR B T o) 4% 1 A 4 e
HAE R AR ME R R AR 4 7 AR
[0 2 S0 A= W 5 5, L 45120 5 B0, 76 e i
ST AR E Y LR 538 HAT HAS RS B A
W T v B S A A HILT % £ (DOC) |, X #h i I A
300 ~ 600°C i, e A figt A= e B DOC. e B i
3£ 9 T 525 T RAEARG , 3 X T 2 W 938 1 T+ B A L
HEEEL,

A= pe el T, B R R R A R
AL BRESE . Rk ok B FH R AT T4 B A 2
Vi, WNASIR IR Eh IR (BEIR SRR S, IRV fE
A5 2 R AR W B R AT ) B AR L R TR
AEAN [R) 0 R X5 A 10 e 1) 485 ) 2l KL W] RE A AN ] 114 K
B Wibowo 251 fdt il 2 b 384 W) 9% IS R
AW 5 SR TR P S ThT AT RS i, L e T AR R 2=
BB A BRI R U A W e A T TIUAL B, 4% 5 S PR
PR W 1 LR T AR P FLAR YA i) s X
A VRIS T R R A A SRR AL BE A W s [ e R Y
SENR, IR T 200°C AR R E5 R AN, A G AL T
A B B E S STRUERE R IEADC . BEIRTC
BT T, T AR 5 A W o LU 3R T AR G e I o R
T A AR I A R R AR
R AL R, PRI T 52 56 % Hh i R B R AE A R 1k ik
R &Rk MEAE M . PRV RO A= 40 5 164 7 151
Ak BT ARG 4 A %, R P B
HEAH AANE . o kB, R A A

TN B SEAR A Wy e AT AL AL B A W
14 FE R TR 28 BRI/ , 102 PR O i 2 1 P 4
LB ZE A v A BELAS 9 5 3 ik, B80REE /N L Bk
FL o BRILZ b 30 AT — e H A T AL FE Y o, 4R
P, BRIV < 89 WO A W e R AT 4R A3 Sk
R S ERE N R SRR R e R
A NHBHE 7 2R G PEFIRAL BE A=y Ik . A8
Vi WPk O R, B RTRRECE Y R 2, HE
ZEUABR IR A AR

3 W FEAG AR

T ABRE 1S LA BB AR, e T
T IR IAY BEVE BT . AN R A ) o S - RS
TR HIE R A B R R R, 2%
APV RIEGE T 2Ry 5 X 8 - K S RRAE fR 5 ), R B
Rt A= ) S I IR, 3 AR /N (LI AR
KX FHEsR v + oKk Mg B FRAE R . £
412 A ok VR KA A AT I 6 48 R 1)
AR S R T IR S 3R K RE 1. EHafH
25 stk B N AR W, R TR A W e v 3 B
K BE T AT — B AR B FHPR4 0 s it
AR I 5T IR B 2 AR ) e U B B 3G hn, 4 4
SIS | LI, I EL AR W e S e
e wt S OL (RIS ) Y A N T ) =5 Ay N S
VA A=W e AN s o T IR ERE . 2RI ER
S T SR 0 D7 2 DA R R R A B
W sZ I, & BAE ) e B it o =X R e o 2 23 6
BABIE G, HAY O INER 4% O +)z
TREE R 10 em B BB 2 3538 i 38 A B 68 ), i 45
REWAEY R EBZ , MR G AR RE TR
IRTT , X1 5 25 20T BORFFE N A A 0 5 W A - 398 200 /N 35
BT LR AR 25 A GRS P2 =y LR R R & &, 32 05
T ERUINFLBR I LA, ITRRAIR K 3 A B RE T, 15k
WOHE AR K RE J . SRS 4517 s - b+
RIS A R T AN B, K E A B e
Ji¥ag BV B RE S Z B SR EE, R
TNA= i RENE KA e 5, olste R e B 254 (1
X+ HEA B FERK PR M HCE A 5 3 T
AIRRKE,

— ARSI AE Y e S R 7R R VR
228 e £ HER IS L 5% (10% 15% kb BEV
Wihe, RIRVL 5% U N B T A= 9 e + 58K 53
ZEREE TR, SC8 I A Yy
K, T AW e R /)N %o = 3382 K (R M il SR



248 KPR 5K TR

2020 4%

BT, SR, 2SR RS T AR MRS R
TBIRZER IR G R ARSI 1% I, A=)
TS - HE 7% S A — 7 AW ROR, (E S TR 1k F
5%t , XF + oK o 78 RO BEA BE R W, ki
S DURTR BN A W 9% Ry %ot BRI TR BB JEE A
2% A% WX+ EZE A RESTHIRER , 45 2R A BTSN AR
WIS 1A R R T IS AN 2 AR R A
TEAN [7) - SR L A U8 T A [ 2 64 £ W o e B, 0K
FASZEIR B, A4k BIL5 ) i E) SR AR ZE K i IR
F e AHZE L R AN [ b B ) S0 28 k2
3, U AR 0 2% A B T I 2 T AN 5 78
IR 5, 38 AT REZ AN 5 XA

4 TP SUCTEE R TSR A 1Y
20

AW B¢ ) TS IS AL RE 8 0+ 338 1) 5% 43 7 A 5%
M) , 3 REHE itk 3R Bt B A T SR, DT A 3 [
UEAHEA PR Xiu S R R G H p EsnAE  a%
KA IFAHUR &5 B E . Oladele 257 5%
TAEFEAE Y R A ENE T 05 e 0N, 25 R R WU
InAEY AT G 2R R )2 - A A HLR S . Gao
HESR T RIS W A R G IR R, AR B
BHEY Bt T A LAY, 25 RE W, A=Yt T
A& FH R T A8 T SRl A 47 A1, 38 7T LG I B V45 £ 240
VAR E S M i R e 1) 7 A DT B4 A ] ) Pl vy
i, IR LA I A E A - 045 3 B 72 T
H A5 S 1t GCAE W s e B A R R i A2 A
Wt AR K, Yin 2500 B BN it
TS A BB R P R R Y SRS RN KL H
AE P 2 A HLAR & &, X W UESE T AR R TR
IR E T BA RN

AR e RN T gk R e, 4
R I B Ve A= W o B b i 3R ) T 11 250
kg/hm? i, 38 i A7 AL & B W . 2Bk
Xof A BT 10 520 T e AR MR A B )R
JEA SR, Jang S5 %p A= Wy ok |+ 384 HLBR LB
AR S i e A G ) Z ] A B AR TR T 1 il
GEo AR, B A Y o0k A HLEK i PR 4
VEFIAS QT TS ) A 28, 8 2850 — S A i HEBCA
ResR B JF B A LRt b IR 2, B
AR 53 S B (9 VS 0 AT i S Ak ) R A LR AT A 1
AR . S B AL A Y i D A LK
FeE PR T B AT e 5 2 A A ) 2 W R R 7 B ek 553
R BRI 3 R LA B E IRV A 56 o Liu 250

R IAE LSRN L W R, b P YA R A
HUBE St W B, (5 25 R 5 AL, 33 ol 2
KAIES

TN AW 972 J AEEURE R B R4 3R 4R 18
W, H A3 C/N B4R 25 A 1938 - 39X R 3% AL
FEAPEIMEAR B 7, M R 20 2 43 3 2%, 4 A
SO SRR VR A A X b o 3 v 4R
P R RO P, fE LA S i AR R A P
ghip, bR B AR TR T RN AE Y R
X SRS BSR4 S ] B AR S e R A
() S B ARAS (B A A i A W R
B B A N T PR N A R B, B R A
S P o T4 125 M98 A WL R A A
AR A 0 e U B A 00 o M e R RIS 25
B R, FAER A [ R R FLRE i £ B s
W, e IR e AR R e AT, TR A
SO SRR, SRS BT S T A X £ S
AR T AR R B0 5 0 R 0 & B N A W A g
s A WU VR B B, LSRR
AW I R AE L AT 1 R [ 5 b
(XD BB A B4R ) BN AE P e, R TR
T LR S B0 Ak B A S P S U A R T, (R
AR RS A R SN I F R RE L, R TR 4
PITEVRIN 5% F9 25 490 5 I 25 200k A 0ok /> B W 35
BCULITIE BRI A W A A T WS R A &
FLAEN Bt IR AT TR %, K B
B TR — 5 FL b AR T &R ik 2k i, M
VRN A= W 5 A5 )T S T 2, D R R A M TR K
B RIS R . Es IR T B R EY L
T A W 5 0 RO A 2 B0 0, Sk TR e P 2 0
B A% A 50 Rl ) TR AL 2 B 2R, B2 W
T FU A e H 0 5 0ot U R R A R A R S
B LAt R e AR U AR M b B 4
B AR A TR W, (R {3 A g e 0 £
BRSO A W s S5 38 A Wy ey T
BEAI AR A o B P e, Zha 25197 o [ i 7 1
LI TR G, S BTSN A 0 5 5 3 A el
AR,

RN, WA BFSE R LTSI A W 9 J H R 2K
IR K R AR Ak, Liang 2550 BESE T A2 W) 0% IR
TR AT M 8 A o B DA R X A 7 R S,
S AR S R 2L, 8 rh s i 2 5 b T,
S BRI T, Rl U A AN T i
SRR e, At TR ANy T (BT



53 191

8,5 Aot TSR BOR IS i 249

RECIFAGE —, TEG LR AR R A A
K, R AT E A — B SR YE, TR
SRR IER L, BN IN 1 A W ] el i 2 A T
B i R R RE T, (ELRH 25 SO v A 2D
SRS INIEA BLIE B, X T AN [ 69 1 i 2
— 2 E IS Bl EL B AR AR S R

5 A:Wpneiiwidt -SRI UL B il i

PRI 50

TR TEIN R A W e A B 1 2L R T iE
YRR, AR 38 R s in— 2 i 1 AR ) A e 6
N AR WA — A BB Y BT ER I, DA T AR 4
WIRE VR AR TS B, DA R IR R
B R 1% 2% 5% 3 ABEER
TnAE e , BN 0 A W o e 8 % 1 S R M) A5
72 W A S, SR R A R R R Y
PR B ) o B 30T P A 0 5 X 4 T 1
ZHEA A, HAT T A S R LR

T IERE Y B R R 252 ) - R R
TEFR, T4 IFFE N AN [ A L B8 7k | b o
3 375 M R SR R A o o R ) s K A
A AERE B AR TG AR ) A ) it FH B e - 48 Ak
AR VR IO AR, N R W B TR 2 R R A
FNO 8 IR TR AR My 5 R i T BE £ 0 A B e K
RN RS, R R A DR e R L 4 b
J¥(7.5.15.30.45 t/hm?) [a] +- e AR, & BLA0
IEC TR A B A B e T ) 34 R S B S R s
BB/ R FHEREAE 30 v/hm® IR W) 2R A F)
WA, DA 35 T VA 0 A 90 e - MU ) 2 R 11
REAaM, PSS e Sk I 510 vhm?
WA BE TS A9 0%, J B0 A W0 e B4 0 T RE 42 /= 1L
YRR ZRENE, IR A S vhm® IR ESUR
TR E . BRAEY BES IR Z A8 AN TR JFUR R TR )
AWy T R PR G R B S I 7 X 8 R e 7
AR RSN AP EE 25O S i 2 RV , R L
T AR IIHERT A W 5 A0/ R T A 0 ot S ol 2 9
FRAIBEONE , A TR AT A5 X6 B A 0 45 A 1 5 i) B Oy I 3
AFESFMAR BT RS REORF RS R .
RGP LA T 1 .10 2,20 a B3R %
rRES A, BRI AR B B A FE S APAE 10 a B
SRR 3P A W B A R

R G T VR A= 0 5 0T - S8 R 1 5 0 41 1
TG —451e , A U E Yk et s R b 5 N
P SEREATE PR RS R B I AR 5

T S R TR SR R 1 T
AT (Y o 4 R 2 D - IR T M S A A R S
SRR, SR, B PR AR -
TINAEY 5 I D B, A M v ) P A e A T R 11 W0 P
BEATGTE R MRRAR 1o 7e LAY ss , B
A Z LA IR HE R AR AR W e REAS 3
A E PR B R B0 AR R BRI, TR W AL
JRIE BRI AR I T 2230 7, REAS X £ M A4 15
PR AR ) A X SR A 1 B 0 5 - 4
AT R IR R BRI 25 25 LA K A M e g (14 ol
REBMX,

6 et LSRN

5 HAEY 2 i, B SRR
F, BB R I - 4 rh U S I MR B KO
WA me s et B R T 38 09 pH B — 2 AL
SR B T P AR R 6 R M Gl R
FOR S R IEA T Rk B A
RIFEABERIAS PR B AL [B] 2 ST T AN [R] A 6T
WRZH MG A= W e X R P S ol BR85S &
BRI 2% 0 A W e 220 SR e, I EL G 5 R M 1 8 1Y ek
R AR5 A W e i 1 35 AT B0 B E L, i AR
B S A R AR R /) | Tl 5 T R R g B () A AR )
BRI BAC U Bl B R M, T OREE E
T BRI AR Tt AR B R s R 1 1 ek R
B, R A ) e A I RS, X e P 1 - A A R
HORMF . Medonald 257 BF 58 T A [ J5UR A 4 7%
X 15 pH A ol B, 45 S % R Pk 1 58t hn 4T
ful —Bh A= Wy o 5+ 500 pH (E A8 23 AN [F) 72 B2 b 42
L, B SRR SAY R INE 2 IEHEC, BAE
K, Y BOTR M 1 HERAT — e e RN, B H T
FR I A R R RBCR 5 AW sl inz £ IE H .
SR, X6 F B 18 118 oA R R I A7 A i, R 40
TS T ot AR W e R e R AICR . B8
A fd R R A W R AT T AL B, BIFSE T ER
PR iR A A ) e 6 R Bl R ol IR, R BRI fb A=)
AEM R T Y pH (. JHE =S
P - S S R A AR AT B T LAY
258

T Tl Al X 138 1975 Gy, 1F 2 1 X 4 358
R EEmaA VLIS R ge . YR RS
e+ HE 75 T BA —E RN, Fredéric 217 4 & 5
AR ERFNAZ V5 Y ) - AT F , (8 T A [R) AR
P S AR A fb A BT, ke BAE W) e B W o



250 KI5 K TR

2020 4§

PERERS IR L R 5 YD AE KR fE 3, B
TERRE - 336 vb A Wy 5 0 T 63 J 95 G 18 B2 BOR B
o SRR R A A T IS AT AR,
BLASTIN A W) ¢ RE AT R AR ¥ 8 P A T 6 5
Xing 25 RS T AR A W 25 XK RS L+ HER AT B
FREYFEI , 45 2R BLAS N A= W) e RE 06 A R0 A1 - 4
RS, WAL, YR IR £ 1 pH
(BT RERS AR e P AT v b e ™ L
MR 25 0 TR T T s 2 R K R AR, & B el
AR BT REHE TN - € pH AL, AR A RS
i, (HRRER ORI T oK%, T4 X AT REZ A
FIBE R & SHITR . WA, A pexs T S A
FAEATW PR, Alizadeh 1 722 + 39 P iR
INASTRIAE M T FE - B B P IR 178 - M
Lo AV GAI ™ 0y W i 1) 2% 1) 0 i 15 00, 5 2R K
WRZA A B, B2 R EERR, %
TRIZ I B BT P PR R v 52 DU ) A e A1, 1
SERAUEW] T AR M) 5 G T AR 15 Qe A Rt
SASRYE, R S G R TS R p s E A A
5 R IERERE RO 5 A AR E R b, A2
Ysetis g LR B LB L RS 2%, BB A B HER
BRHPEHT, SOA Tl R i A

T R LR

FURIT , A= 4905 B4 1l 265 10 FH AOR A 52 B 5 , R
TS R R, & At AR ekt T e AL
PR R PR 55 AE K b 48 52 AT — 5 B9 R
AN IINA= Y 5¢ e S AR T A L, A I LS
g, 349 A I e 2 K . ORI, HURTR T4
BT REAM;E ] b A7 —LE A L, 7 2t — 22
IUEPNA R

(1) EW Y IR R 2 B 2, HAE AN [ il 4% 2%
PE AR BIRY LY 57 W) T AR AN TR], o 3 £
oA R AR S PR A i o LA R s i =X S,
HIE B AR AR AR 5 e AT AR
KF o HEIHFTEETIE 2 8 T RIS BT 5T, X5
TR B A5 5 T ) ORISR D DL, R R BT
H A P B 2 M A W el — S I AR AT S Bl
R, IR FEAN RIS B A Wy J3 ko 4 S8 A9 T3 IR 2R e
BB, B — 2P R AN [R] 28 B A= 0y 5 #) i P 2 190 £ M
R BT 7 3, O kA W e O 4 o AR 4t
H o

(2) KFEDHIWT T 2 4R P T E ALK
%, HIHAER A B ge a1t 3 B v T e B

REPE SR Oy | R A P BRI A TR — T T Y R
Wi, 3 F L5 T £ B NI Z L, A )
BRI R AL Y25 G PPN IE AR WARIE . AR
FIEZ AP LR G 2 07 M i A= W el RV
(L

(3) BA I SR AR X 5, ke = R
AR I SCTE AN [R] B[] 1245 [A] RUBE 1, 5 T3 38 A
RURLALL, PRSI0 A= e v 3B i IR, AR
Bt — 2z M SRS A

(4) LEW AR g — T ofie % 4 ol R, e
X AR A TPt FH A4 8 B — MEAS 5 JE A TR)
SRR A Xk 8 A R A0 BT £ TR] e 7 24
BRI, G H AT AT A S ST
A= M RIS, DA T L IE 88 oA T 38 7y, 4%
figp e P AR SR BEAR

SE K

[1] ROBERTS K G, GLOY B A, JOSEPH S, et al. Life cycle
assessment of biochar systems: Estimating the energetic, e-
conomic, and climate change potential [ J]. Environmental
Science & Technology, 2010, 44(2) .827 —833.

[2] SHEN Zhengtao, HOU Deyi, JIN Fei, et al. Effect of pro-
duction temperature on lead removal mechanisms by rice
straw biochars [ J]. Science of the Total Environment,
2019, 655:751 -758.

[3] LEHMANN J. Bio-energy in the black [ J]. Frontiers in E-
cology and the Environment, 2007, 5(7) :381 —387.

[4] EXHE, SFROE, 055, 55 AP SRR LS b + 5%
PREEH B BACRWESE [T]. v [ 22 il 4, 2018, 34
(12):108 —111.

(5] Bk 30, BT, @amal, 5. Skis s A vy me ni i
HEGEWEHRCR[T]. HER, 2019, 40(4) - 1842
—1848.

[6] DONG Xinliang, SINGH B P, LI Guitong, et al. Biochar in-
creased field soil inorganic carbon content five years after ap-
plication [J]. Soil and Tillage Research, 2019,186:36 —41.

(7] BRiGAR, SKARIT, & Z5. LR S PREE SR 101 ot 5
Y], A IREERl 4R, 2014, 33(5) 1821 - 828.

[8] WEI Siye, ZHU Mengbo, FAN Xingjun, et al. Influence of
pyrolysis temperature and feedstock on carbon fractions of
biochar produced from pyrolysis of rice straw, pine wood,
pig manure and sewage sludge[ J]. Chemosphere, 2019,
218:624 -631.

[9] TANG Yao, ALAM M S, KONHAUSER K O, et al. Influ-
ence of pyrolysis temperature on production of digested
sludge biochar and its application for ammonium removal

from municipal wastewater [ J]. Journal of Cleaner Produc-



3

8,5 Aot TR BOR IS i 251

tion, 2019, 209:927 - 936.

[10] FECE, SEl7, RIFF. ASIR) R IR X K RS R AT
8 A= W e SRR R 2 [T ], BRI AL A 4,
2016, 36(5) :1757 —1765.

[11] BB, E75, & 0, 55 AR BRI R
AT 5 B A= 5 SRR AT SR [T ] Ak 3
BRk2rea 4R, 2014, 33(9) <1810 - 1816.

[12] LIU Chenghua, CHU Wenying, LI Hui, et al. Quantifica-
tion and characterization of dissolved organic carbon from
biochars [J]. Geoderma, 2019, 335:161 - 169.

[13] FEDUDL, Ihifa ke, skEme, 5. BRUCTEA: W) mxd S 45
M RaFFEL )], Amfk T, 2018, 47(10):1103 -
1109.

[14] GUL S, WHALEN J K, THOMAS B W, et al. Physico-
chemical properties and microbial responses in biochar-a-
mended soils ; Mechanisms and future directions [J]. Ag-
riculture Ecosystems & Environment, 2015,206:46 —59.

[15] WIBOWO N, SETYADHI L, WIBOWO D, et al. Ad-
sorption of benzene and toluene from aqueous solutions on-
to activated carbon and its acid and heat treated forms:In-
fluence of surface chemistry on adsorption [ J]. Journal of
Hazardous Materials, 2007, 146.237 —242.

[16] 8T, EIRHM, R, % RIS LY oK
i e R R W PR REBIE T [ 0] PREER 272741, 2017,
37(11) :4119 -4128.

(171 8 J1, Br o, 2% 0%, S5, U000 IR FIRR AL B A1 4 ¢
TR AE Al B RS [T ] BB Ay, 2017, 36
(11):2472 -2478.

(18] THilsye, TERBE, XIEY:, 55, AW LY
il s SRR [T ], ReR2A 4, 2018, 32(11) .
2281 -2287.

[19] CHU Gang, ZHAO Jing, HUANG Yu, et al. Phosphoric
acid pretreatment enhances the specific surface areas of
biochars by generation of micropores [ J]. Environmental
Pollution, 2018, 240:.1 -9.

[20] ZHAO Ling, ZHENG Wei, MASEK O, et al. Roles of
phosphoric acid in biochar formation: Synchronously im-
proving carbon retention and sorption capacity[ J]. Jour-
nal of Environment Quality, 2017, 46(2) :393 -401.

[21] 2= ¢, A, i8S, 55 AW AT oK A FrAIE
RS2 [ J]. YLagal Bl 2018, 46(12) 1280 - 283.

[22] FE4hdy, e, Sams, 5. Ao Ban RS 1
K AB SRR [J]. HEWEHEK 24, 2018, 37
(12):60 -65.

(23] EHEBH, BAET, PMARMS , 55 AN A= 9 i fin 2 1 - 45
IKIF G SRR T ] Al T R4k, 2016, 32
(8):113 -119.

[24] W FF,JE 82 P, 55 AR R D K TR IE 2 5L

RAF KA W e w52 ()] BB HE K 248, 2013,
32(3):135 -137.

[25] z=0hsk, T &, T 9, %, AWt H o 20 s +
BRI ABHZE R MM )], Rl TRE# 4R, 2016,
32(14) :135 - 144.

[26] X 5y, 8¢ alt, Sz, . AW s A0 #h A KT 1
HeRsyisRe s [J]. B Rl B, 2017, 54(2)
343 -351.

[27] S, % &, BUk 2, 55, & A HE R T AW sx
TR LK NBFERZwm [T ]. A2,
2014, 25(8) :2281 —2288

(28] ¥ fi, 4304, sk, 5. R e x) £ HOK 28 R 1
W] A 541 ,2016,27(11) 3505 —3513.

[29] 3C & B 4 It X A= W o (1 - 398K 3 g 27300 [ D]
Wi - PUALAC A K27, 2012,

[30] 2530 AWy eSS $h i 4K AL 2 [ D]
a: B AR R, 2018.

[31] 5K &b, 20, PR, A= 5 Al PAM. it ) 3 40 1
K ANBRZE KB [T]. K SR FFIESE, 2018, 25
(5):124 - 130.

[32] Z7BK, 5% W&, VR, 5. R W e ISR o HE A I 4 T
FEUERE[T]. #igesa4%,2013,27(5) 681 - 686.

[33] XIU Liqun, ZHANG Weiming, SUN Yuanyuan, et al.
Effects of biochar and straw returning on the key cultiva-
tion limitations of Albic soil and soybean growth over 2
years[ J]. Catena, 2019, 173,481 —493.

[34] OLADELE S O, ADEYEMO A J, AWODUN M A. Influ-
ence of rice husk biochar and inorganic fertilizer on soil
nutrients availability and rain-fed rice yield in two contras-
ting soils [J]. Geoderma, 2019, 3361 —11.

[35] GAO Si, HOFFMAN-KRULL K, DELUCA T H. Soil bio-
chemical properties and crop productivity following appli-
cation of locally produced biochar at organic farms on
Waldron Island, WA [J]. Biogeochemistry, 2017, 136
(1):31-46.

[36] YIN Yunfeng, HE Xinhua, GAO Ren, et al. Effects of
rice straw and its biochar addition on soil labile carbon
and soil organic carbon[J]. Journal of Integrative Agri-
culture, 2014, 13(3) :491 -498.

[37] A, A, EOR0E, 55 B AR o/ FERAE K
TR W r 2 ()], AR S BR824, 2018, 27
(10) .1878 - 1882.

[38] JIANG Xinyu, TAN Xiangping, CHENG Jiong, et al. In-
teractions between aged biochar, fresh low molecular weight
carbon and soil organic carbon after 3.5 years soil — biochar
incubation [ J]. Geoderma, 2019, 333.99 —107.

[39] LIU Chen, WANG Honglan, LI Penghui, et al. Biochars

impact on dissolved organic matter (DOM) export from a



252 KI5 K TR E R

2020 4%

cropland soil during natural rainfalls [ J]. Science of The
Total Environment, 2019, 650.:1988 — 1995.

[40] ZWIETEN L V, KIMBER S, MORRIS S, et al. Effects of
biochar from slow pyrolysis of papermill waste on agronom-
ic performance and soil fertility [ J]. Plant and Soil,
2010, 327(1 -2) :235 - 246.

[41] SBHEC. AWy mcf AM EL T X 8 4w 15 g4 N 95740
LT R [T]. Bl 24, 2018, 27(11)
150 - 161.

[42] ¥ 2%, B An, SRR, 55, AR M pexd 4 1 S Ko
A HUBR R TR 0 & RS2 [T ] ML BRI R 22
4%, 2013, 32(5) :1009 - 1015.

[43] FAER, VFIRSC, HIERR , 55, AW st Ehil il 1 3 B 1k
PR K /N i AR K RS2 e [ ] VLR AR B 2
2013, 41(12) :390 —393.

[44] 5% #F, F M, RA70, 55 AR pO I R 7 2038 F B
PR B R [ )], b I A 2 Al 22 4, 2013,
21(8):979 —984.

(451 H o4, 5K 80, D £07, 55, AR o0 8 b IX R ek 73
AB FER KIS AME R [T ] fol TR 4R,
2015, 31(16) ;128 —134.

[46] F JU,JH & S22 B UL, 55, AR R b R R R /Y
SRR [T ] MK 2741 ,2017,36(7) <71 - 74.

[47] F W AT, BELT, S5, F K A W 5 A e X
SETCHLABR A A B OFFE [T ] AL PRI 22 40
2018, 37(12) :2810 —2820.

(48] SRR T, RiAME, AN, 55, ShorE A=Wy mexd £ KRR K&
B IR MO L e B A AR A 52 R [ )] 3T R ML R
2, 2017, 46(2) .22 -27.

[49] ZHU Qiaohong, PENG Xinhua, HUANG Taiqing, et al.
Effect of biochar addition on maize growth and nitrogen
use efficiency in acidic red soils [ J]. Pedosphere, 2014,
24(6) :699 -708.

[50] LIANG Feng, LI Guitong, LIN Qimei, et al. Crop yield
and soil properties in the first 3 years after biochar appli-
cation to a calcareous soil [ J]. Journal of Integrative Ag-
riculture, 2014, 13(3) :525 - 532.

[51] EREE, T 5, & B, 55 EY R R TAR L S
AW A B SO R R R BRI ) ] R
FAME R (F AR 5 2019, 43(2) :1 -6.

[52] JAZHR, NIGERT, KB, 5. AR RS TSR W e v
MR EITFEE e [T ], B ARl R i ( H SRR
fR) ,2016,40(6) :1 -8.

(53] #LE, % J1, B ILEE, 55, AW o0 5 e it ] 1 4 vh
SR YA B E R YIRS A R R [ ] R
Bl2f2A41,2018 ,38 (12) 14789 - 4795.

[54] BR B, 2RIEA , 52 o, 55, AR W) Bom SERE X 4 5 A:
ViRt st pg 2 [J]. b A& B2, 2018, 51

(10) :1920 - 1930.

[55] PIETIKAINEN J, KIIKKILA O, FRITZE H. Charcoal as
a habitat for microbes and its effect on the microbial com-
munity of the underlying humus [J]. Oikos, 2000, 89
(2).231 -242.

[56] Beadfh , MAEs , i ze, 5. NIRRT FFAE Py X BN %
AT AR T R [ ], R RO R, 2018, 51
(23) .4485 -4495.

(571 %G 3C, X242, TS W, 45, LRt 15 JRAR s 56
A R v R A R S e [T ], b RO B B S
2018, 20(9) .49 -56.

(581 BGRCC, 8 =, 2% W], 45 AR W) 0 0 B it B0 TR B 4 4%
BRRES H AR AR s [0 ] P DI, 2018, 31
(3).:19 -23.

[59] XBadtuik 5 22, Jainlin , 55. RS+ hBIA IX 13 fl
ARERON T ] op B R4, 2018 ,24(3) 146 —52.

[60] % 47, XI7FF, VRiamk, &5, FEFFA M 50 0 FRAR
PRANAEARBR 1S E MR e n 2 [ )] AR 2S5
241 ,2018,27(10) . 1870 — 1877.

[61] RRAE=, SKRBTRG, EAR, . PR A 45 X 1% J 2E
K ARBR R BRI A W R EE S5 B [ ] BRI
Bl , 2019, 39(2) ;537 —544.

[62] ETE, Bafe, 2= W], . YR A FRRLARE R 1
B M ARK R ERFERFm ], hEKS, 2018,
31(11):22 -25 +3.

[63] NIEH], BEEEME. AW hext 149 4 B8 oA M) A= &
MRS RE [ T]. BT 540, 2014,23 (3) : 535 -
540.

[64] SO, RETE, LA, 55 THIEY R 1R
T BRI E P 2 pr T (1], AR A R,
2018(5) ;74 -175.

[65] BXWEZE, 2% W, 5K 3k, 5F. AEWH S i W 7 e i
XSRS RE R 2 [T ] LR R,
2018, 46(25) :109 —112.

[66] £HE, XN&HR, M =, & AW 5o IR bR + 3
YT F R SRS A R e [T ] R
4%,2018,32(2) ;370 - 376.

[67] i, ML, FENE, & LY S ACRENE
X SRR ] M E TR S TR AR R,
2018, 24(4) :1039 - 1046.

[68] Emirt. IR I: 5 AR M) o e xh 1 3wl 300 5 4%
PR SRS PR SE R [ C ] 7/ v b e e L PR IG
Ll EG s TELIEE S TIEARE LW ERASE
TWRSWE R LS RSB ENN S M EE &
e, 2018.

[69] XUFEH. A=Wyt m +IEBER B2 A R R 2S
HLEILD]. Pk PRl K%, 2016.

[70] sBseo, #1 B, B 6, 5. ZEW o et 3k R AF



3

8,5 Aot TR BOR IS i 253

SRR ]. NSOl E A 53 T,2017 ,40(4) :92 - 94.

[71] Bk, 4 FLFT, INIRIE, S T ¢ S A Xob A 0 o i
FEPH 5 i SRV R RAICRAYEZ R [T ] K L0
42,2014 ,28(4) :299 -303 +309.

[72] T SCHE, 3 S, I 35, 45 AR W 50 i R P 2% el 1 3

PR RE B B R BORWEFE [T ] v [ A 2 i 4l , 2018, 34

(12).108 —111.

MCDONALD L. M, SCHUMACHER T E, CHINTALA R,

et al. Phosphorus sorption and availability from biochars

and soil/biochar mixtures| J ]. CLEAN - Soil Air Water,

2014 ,42(5) :626 - 634.

[74] GHas, BREXL, 2252, B AL AR W) 5ot R 95 4T £k s
TRV LT ] P BRI R 24, 2017, 48 (4) 1462
—-466.

[75] &=, B3CE, F ik, & BERRUCHE A Y SR
JLXF -SRI 28 BN R s R [ D] . Aol #RBE A
#4%,2018,37(5) :899 - 906.

[76] FREDERIC R, DHYEVRE A, MOREL J L, et al. De-

crease in the genotoxicity of metal-contaminated soils with

—
N
w

e

biochar amendments [ J]. Environmental Science and Pol-

lution Research, 2017, 24(36) .1 -8.

[77] J& b, AR AFS , 6 8, 256 A2 ) 5 X 08 3 HE B A
HRESEAYEREm )] BEER:, 2019, 40
(2):987 -993.

[78] XING Ying, WANG Jianxu, XIA Jicheng, et al. A pilot
study on using biochars as sustainable amendments to in-
hibit rice uptake of Hg from a historically polluted soil in a
Karst region of China [J]. Ecotoxicology and Environ-
mental Safety, 2019, 170.18 —24.

[79] NORINI M P, THOUIN H, MIARD F, et al. Mobility of
Pb, Zn, Ba, As and Cd toward soil pore water and plants
(willow and ryegrass) from a mine soil amended with bio-
char [J]. Journal of Environmental Management, 2019,
232,117 - 130.

[80] Emexry, Jif &, w—Wl, 55 IR EY BOTs g + 5%
WA RAERISEm 1], LTRSS FREE~# 4, 2016, 33
(4):361 -368.

[81] ALIZADEH S, PRASHER S O, ELSAYED E, et al.
Effect of biochar on fate and transport of manure-borne es-
trogens in sandy soil [ J]. Journal of Environmental Sci-

ences, 2018, 73(11) :166 - 180.

R e e e e e e e e = ) e e e e = A A A U

(E#% 245 W)

(9] XUBER, MY, J5k e, 4. 212 B0 il 0 (56
BRrAr [0, IR K224k (A AR BH2 i) |, 2006, 33
(4):16 -20.
[10] ARUIE W K. ACE 0N S 0 J i ] a2
2#,2009,30(S2) :174 -177.

[11] MANDELBROT B B. The fractal geometry of nature[ M ].
San Francisco: W. H. Freeman and Company,1982.

[12] sRosat, m3Che, SR, 55 IR IME T I ikcn
U AR T S B R AE [T ], BRIE R 5 TR =4k,
2019,16(4) :930 —937.

[13] RUIZ-CARULLA R ,COROMINAS J ,MAVROULI O . A

fractal fragmentation model for rockfalls[ J]. Landslides,

2017,14(3) .875 - 889.

[14] bl B —, HOAZE, 55, HEAURH i 708 Rk &
HXPHEA IS GZM [T @i ol R 2241, 2018,
46(5) :102 — 106 + 122.

[15] TYLER S W,WHEATCRAFT S W. Application of fractal
mathematics to soil water retention estimation [ J]. Soil
Science Society of America Journal,1989,53(4) .987.

[16] TYLER S W, WHEATCRAFT S W. Fractal scaling of soil
particle —size distributions ; Analysis and limitations[ J]. Soil
Science Society of America Journal ,1992,56(2) :362.

[17] DENG Julong. Gray system[ M ]. Beijing: National De-
fense Industry Publishing House ,1985.



