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CK 7.48 +0.41ab 45.31 =1.77a 52.80 £1.36a 32.08 £0.34c 15.12 £1.02cde 47.21 +1.36e
RHBI1 5.51 +1.78a 48.52 +2.38a 54.03 £2.09a 25.28 £5.30c 20.69 £5.08f 45.97 +2.09e
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CSB2.5 8.65 +0.88b 64.41 £1.18c 73.06 £0.30cd 13.28 +0.04ab 13.66 £0.26bcd 26.94 +0.3bc
CSB5 8.87 £0.94b 63.62 £5.77bc 72.49 £6.71cd 12.33 +5.44ab 15.19 £1.27cde 27.51 £6.71bc
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(em) (mm) (g)
CK 27.57 +4.86a 4.93 +0.95abc  11.23 +1.02a
RHBI1 44.10 +£3.65d 6.57 £0.70cd  15.92 +£0.91bc
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WCB10 74.20 £2.62e 8.00 +1.32d 48.74 £3.19f

3 g5

3.1 AR E SR F A LA R H R

g R RAR ( =0.25 mm) & & MWD {f il GMD {4
T e R RBARES E M 3 IR bR, AT R R
B, EPELEYRMEARE (2. 5%.5. 0%) T, X} 1 5
1=0.25 mm KERPERIRAR S 2 MWD {i % GMD {5 [ 3454
ROV B SR 3, W AR K AR A SR AR G T RN AR R T A 1
ZEVTH S I 58 3R B, it A2 W e mT 88 i £ 398 b R A 3 A
(=0.25 mm) &, FFFRM/NERAE( <0.25 mm) F&, AW
R A R AR E M . MBS T 1% 2% 4% |
6% L1 5% it 2 o 21 MR AT SR A R ik 9 S0, R W 7E 2% 1
4% iy P 25t TR T X 9 AT SR A 1 AR 4 D R IR
AR IPTFE RN, o 2506 & (40 ~ 60 t/hm®) BE .35 4%
e KRR A R AR %) MWD (3% in + 35 A1 Rk 1 A2
SEET

A ML 45 70 2 4 P SR RO R T B R R, R
WA RIR G R AREMENIER . BT S - 5EERIE
WA WU S JEHLE A4, T AL ik SRR BB i . it
A1 GBI B e AR K B Y R R i A
Yy, WA Y BT BT LAIER A 9 % 0 SR AL R, AT
+ e R AR AIE B S A R AR RS e e BT AR 4 A
RARFEE PR B VR T, B F A= 9 e Fh 2 Fn £ 38 o b 45 (R
ROV RS RN A ent LA B A
B KRR B R AR RS AR RS B R, T A AL
BRI M ) E A I A A BEAE Y Sun SR BIFSE AL
FU | 17 7E SRS M 22 1 266 = Hh it A A ok A R T R 1A
IR E VRIS . ARFRSE RS R g B AR5,
{EHAT /D ECF T 3 I, B A 40 e %oF 1 8 R A SR A & 1w FN R
FEVER AN B2, 3 55l Al A ALk 2 e 1 e R R R
SEVERYES AR AL R itk — 2R
3.2 AR E SRR FA LERREE NG R

A Y R Bl - S FLBRRE A B, 45 = 1R K
N, A AR LM, EYIRTE S. 0% it Fl & T X 11
IRy 1A A 1 P o A, R R e i s I R K - R
IR IETNVE B¢ {2 . Busscher S5 X3 A [R] A= # s 6 S o vb +

FKBEST IR AR e 4 R AW, AR xd - ek P R
BE . Uzoma SFEHEIT I FH I IRI6 45 22 W1, A W it i vT
R REARYD L A K AR HLBE A= e J T 4 33 i e
8 X GAHITE - AR R T K 3B ) ARt ek b
TR eI NG HE N A R A7 AE 22 5, 3K AT RE T S T A AR
Yoo A BVEBCA 56 i T AR R i) L T AR b o oK, i
JKRE J) S SiR, BE 5 B VD B L A R K R (EL AR ) e X R
+ B RKRE RO AL, R T A Y S L
A HIR KN LA B A W B B Sk s e
IRA 2 R B RLAY  DRL I - A0 R K SR A ) it
e N T SRR NS

T H 25 A W it B (2. 5% \5. 0% ), W6 4 L A1
JK B L SEES R AR T R s |3 R EURHAE M
ARG ATIR L LA R AR R i SRR M DL M
ISR A P f5e TS0 5 65 A 8 e 9 4 K b SR R 7K
AEEHE W . AR ALY 57 R AR B P
RIMLAI I SRR . DL, 255 75 B AR ) i 0 g i £
JR SRR SR AR RO AU Al i AR R R AR, U
Wy d5 3 e O o A T (2. 5% .5, 0% ), B iE R 26
ARH o

S

(1A, Ja B S Ao At 33 A M o S A ) 77 6 52 0 1
otk )]. hEESIEAE,2013(5) 1 -5.
[2]Inyang M, Gao B, Pulammanappallil P, et al. Biochar from

anaerobically digested sugarcane bagasse [ J ].  Bioresource
Technology,2010,101(22) ;8868 —8872.

[3TH Pk A3 AN 5 5 - 345 1 KoK 7 Ak 2 0% i i 50
WIELD]. MPRITERE : NS ARl K27 ,2013.

[4]Mukherjee A,Lal R. Biochar impacts on soil physical properties and
greenhouse gas emissions[ J]. Agronomy,2013,3(2) ;313 -339.
[5]Sun F F, Lu S G. Biochars improve aggregate stability, water
retention, and pore — space properties of clayey soil [ J]. Journal of

Plant Nutrition and Soil Science,2014,177(1) ;26 —33.

[6]Hua L,Lu Z Q,Ma H R,et al. Effect of biochar on carbon dioxide
release, organic carbon accumulation, and aggregation of soil [ J].
Environmental Progress & Sustainable Energy,2014,33(3):941 -
946.

[7]Busscher W J, Novak J M, Ahmedna M. Physical effects of organic
matter amendment of a southeastern US coastal loamy sand[ J]. Soil
Science ,2011,176(12) .661 - 667.

[8]Peng X, Ye L L, Wang C H, et al. Temperature — and duration —
dependent rice straw — derived biochar: characteristics and its effects
on soil properties of an Ultisol in southern China[ J]. Soil & Tillage
Research,2011,112(2) :159 - 166.

[9TH  F A4 3, % s LK I RES B B 35K
PRI DT (], WK 24,2013 ,32(3) 135 - 137.

[10] Peake L R,Reid B J,Tang X Y. Quantifying the influence of biochar

on the physical and hydrological properties of dissimilar soils[ J].
Geoderma, 2014 ,235.182 - 190.
(11 ] egimss Mk A  BR R, F. AR W e Jeoc B R RT T3 Fp Kk
RERZ MR SE T ] P8Rk ,2011,27(24) 207 - 213.
[12] Abel S,Peters A, Trinks S, et al. Impact of biochar and hydrochar



LAl EN2E 2018 4E45 46 255 3 1Y) — 245 —
addition on water retention and water repellency of sandy soil[ J]. [23]0% 75, BKHOHR, B0 72,45, A=y nf L K PR T A B 1

Geoderma,2013,202.183 - 191.

[I3]5FEGM8, 5% &, BUKkE, % E@RERATEDHRIETRK
THOK I ABFHE MW [ )], B A S 2444k, 2014,25(8) .
2281 —2288.

[14]Barnes R T, Gallaghe M E, Masiello C A, et al. Biochar — induced
changes in soil hydraulic conductivity and dissolved nutrient fluxes
constrained by laborary experiments [ J ]. PLoS One, 2014, 9
(9) :€108340.

(IS TWbACE. v E P R W S e A e ik e S R B [T ] st A
ik 2014 ,33 (1 ) 176 —84.

(1611 Jy, EHA, XI5 - BRI  AR  E BE AE AL
R ﬂ?ﬁ”[’]H’ff\[ ] A% 42,2005,25(3) 1639 - 644.

(17 B, ROCIE AT 5, 2. M SR 1y DX Ak v B A
LSRR ERT ST [T ], K AR 42441, 2004, 18 (6) - 112 -
115.

[I8]E T, 5kmu %, M. ML AL S PR P —LA 6 Ay
WS MR A B[], rPERAIER,2011,27(25) .5 - 12.

[191Wk  fa, Bedig, RBkA, 55 W AT RFH IX 4 Fh i Ak i i i 5
PP (T]. S 'ﬁiﬂﬁﬂi‘"—" 1%,2010,26(4) :318 -322.

[20]) 84 H. j:iﬁiﬁﬂcﬁﬂﬁ[ 1. dbmt: i E gl i f: 2008 114 ~
24.

AN i E O (VR VA | v - N ﬁﬁﬁﬁﬁi%ﬁﬁ%lﬁ'ﬁj‘kul:ﬂﬁ%@%
R RS AR AR [J]. PREERL %2541, 2016,36 (6)
2114 -2120.

(22 %5, EBA, L AN, 5% PIRR AW BT 0 £1 58 1 3 ik 45

T B VE R E MRS B s [T ] *Eli@lkﬂ%ﬂ()lﬁ,@(n):
2333 -2342.

(L5 240 )
FEXT T 2E 4 Jm 43 ) W B a3 | VR B AL 28R LA e HC % S b B 4
E g NGRS it — 2B 5%

~ o

-l et

Sk
[LIFR 1. BRRERCIEEZ M KRR S LR G BiaIriki 5[ D],

B AR RHR#,2006.
[2]Mihcaei W, Anderw ] R, Jodi L F,et al. Phylogeny of dissimilatory

sufiite reductases supports an early origin of sulfate respiration[ J].

Bacteriol ,1998 ,180:2975 —2982.
[3]Joo J O, Choi J] H,Kim I H, et al.

cadmium ( Il ), nickel ( Il ), and chromium ( V[ ) in a marine

Effective bioremediation of

environment by using desulfovibrio desulfuricans[ J]. Biotechnology
and Bioprocess Engineering,2015,20(5) :937 -941.

(4178 F,F #2065, 5% DRSS IR o R EE I8 58
ALFRERYER LK [J]. BRBERlF,2010,31(8) 11858 - 1863.
[5]Kousi P, Remoundaki E, Hatzikioseyian A A, et al. Metal
precipitation in an ethanol — fed, fixed — bed sulphate — reducing
bioreactor[ J]. Journal of Hazardous Materials,2011,189 (3,SI) .

677 —684.

[ 6] Omaechevarria J R, Posadas H G, Ferreras J F. First essays for
cadmium wastewater elimination by sulphate — reducing bacteria[ J].
International Journal of Chemical Reactor Engineering,2007,5(1) :
1 -10.

(7] SRA A & K, 55 — AR5 T B JEURR BR 3 i 5 1

R EPERSZmI[ )], B AR 252442 ,2015,26(7) 1969 - 1976.

[24]5k &80 HE, WERAN, 55, AR BT TR BRAK e 25 5 AR

SR )], RAO AR ,2016,48(9) 1157 - 161.
[25]0uyang L., Wang F,Tang J,et al. Effects of biochar amendment on
soil aggregates and hydraulic properties[ J]. Journal of Soil Science
and Plant Nutrition,2013,13(4) :991 -1002.
[26] Liu Z, Chen X, Jing Y, et al. Effects of biochar amendment on
rapeseed and sweet potato yields and water sable aggregate in upland
red soil[ J]. Catena,2014,123:45 -51.
[27]Liu X H,Han F P,Zhang X C. Effect of biochar on soil aggregates
in the loess plateau: results from incubation experiments [ J].
International Journal of Agriculture and Biology, 2012, 14 (6):
975 -979.
[28 ] 55247, W akiis , Bl 2. it A 90 B i o AN [R) IS 70 4 3 gy 1 1
R[], Wil R%,2014(10) 1617 - 1619,1623.
(29 JRIEHR, 2% 25, R XIS, 55 AR W5 SR AT S I Xd b 22 8 4 A
RARHE A BB S A pgsgmg [T, o B0l R4, 2015, 48
(4).705 -712.
[30] Busscher W J, Novak J M, Evans D E, et al. Influence of pecan
biochar on physical properties of a Norfolk loamy sand [ J]. Soil
Science ,2010,175(1) ;10 - 14.
[31]Uzoma K C, Inoue M, Andry H, et al. Influence of biochar
application on sandy soil hydraulic properties and nutrient retention
[J]. Journal of Food Agriculture & Environment,2011,9(2/3/4) .
1137 - 1143.
[32] bI5E. AW B AR T 3L BORME Y A K A2 [ D] A
M TIGImE R A, 2014,
SIS
[J]. sPERHER,2013,29(8) :184 - 188.

(81N, Bk, B, S8, VR DR AR R A4 J B A A BELA =B
BAKLI]. PR ,2009,30(2) :504 - 509.

[9] Kolmert A, Wikstrom P, Hallberg K B. A fast and simple

turbidimetric method for the determination of sulfate in sulfate —
reducing bacterial cultures[ J]. Journal of Microbiological Methods
2000,41(3) :179 - 184.
(1O TR, s AR 7T, IR, 5. W IR 45 8 7 MO 7R 0B 7 o 28T 4
BRI [T ] YLl ( A SRRk AR ,2015,45(2)
303 -307.
(1K R, RS, R i, 55 Eﬁ?’fﬁ@ﬁﬁﬁ%ﬁi@ﬁ%ﬂ@ﬁfﬁiﬁ&”&
FELJ]. WAL ,2015(7) 91 -
[12] 3R/ BRI, Xt 5. BRI I?Xﬂfﬁ@f{“\ A T A 1Y
s [J]. R EE s 5B AR ,2000,20 (4) 1224 - 229.
[13]Bade K, Manz W, Ulrich S. Behavior of sulfate — reducing bacteria
under oligotrophic conditions and oxgen stress in particle — free
systemsrelated to drinking water [ J]. FEMS Microbiology Ecolog,
2000,32(3) ;215 —223.
(1470 R KPR R G BER BRI I B 1 43 A B B AR 2 T
TFWFELD]. Wa/REE WG /R i Tolk K2 ,2005.
[ISTX) o e f, AR 45,45 R EhiE SR A I i i e ke [T ]
FEMES,2001,34(8) :8 —11.
(16 X022 BB ERIE A AT T 2D 5 PR L 2 M RE 2 i 1Y
WFFEID]. Jbat iR, 1993,



