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A%, REK
(o R BV AR M A 55 1AM ISR, [R5 R R B SR B A 0% . 3 100091)

W OE AR, BT ISR AR (SSBOE XTI A TAR e e . AR At . Ik Y R L &+
HERPEPER SR . SRS 4 A RiEY SO R (0 vhm?) 15@};%&%%(15 t/hmz)\ i A (30 thm?) K e i)
Ji5%(60 t/hm’), Z55EW]: SSBC Ayt T AT A% 1296 pH, 40+ G236 B SSBC MR MIEAN, 1368 32 oA i 4 i 4
SEEIE A, Hod A PRGN 18.4% ~ 47.9%, AZHEN 20.4% ~ 46.5%, =BG 27.9% ~ 74.9% , A SCAIEM 4.2% ~ 23.1%,
ARG 16.3% ~ 28.3%, HEARIGYLAI#, SSBC I MAEY A YA S 1, JHli L3 B . N-ZBE-wb i A
P TG 0 ) S B 17.1% ~ 35.3% ., 18.1% ~ 36.8% F1129.3% ~ 70.3%, Hpwh AW mab AR . B2, SSBC MM
PRI TE S nke = 0 TN S It K GA L /B N A U e 2 N e ey, o -l e s G

KR Sl 1R EAE, MUEW AW REEPE

RESHES: X705 XktRERD: A

Effects of Sewage Sludge Biochar on Soil Environmental Quality of Poplar Plantation

BAI Liping, XU Guoqing

(Key Laboratory of Forest Ecology and Environment of National Forestry and Grassland Administration, Ecology and Nature
Conservation Institute, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: In this study, a field experiment was conducted to determine the effects of sewage sludge biochar (SSBC) on
poplar-planting soil physicochemical properties, heavy metal contents, microbial biomass carbon and nitrogen contents and
enzyme activities. Four SSBC treatments were designed: CK (0 t/hmz), LS (15 t/hmz), MS (30 t/hmz) and HS (60 t/hmz). The
results showed that SSBC treatments decreased soil pH and enhanced soil electric conductivity. The contents of soil nutrients and
heavy metals were increased with the increase of SSBC, in which, soil organic carbon increased by 18.4%-47.9%, total nitrogen
by 20.4%-46.5%, total phosphorus by 27.9%-74.9%, available nitrogen by 4.2%-23.1% and available phosphorus by
16.3%-28.3%, respectively. Moreover, the heavy metal pollution was controllable. SSBC enhanced the contents of microbial
biomass carbon and nitrogen and significantly increased the activities of B-glucosidase, N-acetyl-glucosidaseand protease by
17.1%-35.3%, 18.1%-36.8% and 29.3%—70.3%, respectively, in which, MS treatment increased the most. In conclusion, SSBC
application not only significantly improves soil nutrients, but also improves microbial environment, thus, improves soil
environmental quality in a certain degree.

Key words: Sludge biochar; Soil nutrients; Heavy metals; Microbial biomass; Enzyme activity
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WEFYH = A, HaadURgE . JEscit, RIE S S JE i, AR A — e R E S RS
2020 4E 75 YR (LA KR 80% )2 6.6x107 t, PR, L RR G TS TR AR AL ED
it 2025 444 9x107 ¢ HRTIG I AL B, Elﬂﬁiﬂé AW A R — R R EAE T e A R
BT IHHE | B RUE A A pm AN, — AR E R AIBIFIE 120 T 4R, HOR A LA R 554 2 I
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T —Fh e, HAT, AR AE £ R
DA K A Mk | T T B T AR RS
TIRE G ARG, BB, B ARX T H
AT EHNA TS | FEFFSE, Hog— M B 5 B 49
Fmc k. TGl i, Al AR e I e b Y
S JE, BEARAS R, H 85 —F A [ N A
ST YR A B O

HAET, XTi50ed: Y ik (Sewage sludge biochar,
SSBOM A BT FE £ B T X EGJB(Pb, As,
Cr. Cd %5)MymeBftaifase" | BRBEA" AR AT
T b B TE TS K BRI FH AU, AF9EREH , SSBC
A3 o 2l 11 57 AL % N1 1181 7 £ /e o S 2 (1
DM SSBC N I Z IARAEY), TET- AR YIS0k
g HEE D A IR AT R 2Rk, RO i
A, JCZESMELIE ], AR R R A
Wz —, HigasEEEsem, E—FiEE
B ETEEBIEG RARMR ., S8, A TR M H
15 Ve ] e AEARAEY T R B B R AR . LI,
AMFFEIE L B, F5E SSBC it S # i A T Ak
B IR . AR S HEERUEY AR L
JeBETE PRI, DT HEXT SSBC it R MHb 1 S8 1)
WL, DR TR SSBC & #R IS

=

1 #RERE

R 06

TR0 1l 5 T LU R 28 W3R i o o L D 4 TE bR
W N T E R H(36°58' N, 116°05' E, #4430 m).
2 M JaR W TR 2 T SRR KR B P A, A W
WAk, AEHREKE N 545 mm, TFEEFTEEW
7. 8 Ay, AEFE L RN 1880 mm, EAFEIETLE,
AR H IR R 2 652 h, AR 12.0 ~ 14.1°C, 424F
TCFEWI R 204 do A8 F R w0 sh YR SR BT
B, AT A D T

1.2 iXgew#t

TEPE M FAT-3H bk = R A KN AR — S A
N THMAERAIGRT G . RS S 4, @A ER S
107(Populus x euramericana ‘Neva’). &5 X I H
FT8ER 6 m, BEEER 3 m. #F SSBC i AHI, A4
F(10.2 £0.9) m, figf2 R (11.0£0.9) cm, &EiF 3.3+
0.4) m,

IR T 5 e 2 /K A AL ] | MR 8 , 3%
AR IRACY 230 5 Ak(600°C), ZPPkdk
erEdnfl, RIS SSBC,

Btk 5 . SSBC HFEAMER WL# 1.

1.1

F1 HiXtIER SSBC BYE KRR

o pH AN(mg/kg) AP(mg/kg) K(gkg) P(g/kg) Ca(gkg)  Fe(g/kg)  Mg(ghkg)  Na(g/kg) Cu(mg/kg)
TS 8.67(0.02) 70.4(1.1)  763(2.2) 16.0(0.2) 0.71(0.01)  30.9(0.1)  18.8(0.1) 7.37(0.35)  10.9(0.1)  6.66(0.26)
SSBC  7.54(0.10) 353.4(9.2) 180.7(4.6) 10.8(0.3) 67.8(2.8)  42.4(0.6) 118.4(0.4) 12.6(0.2) 3.10(0.04) 6199(44)
PEfL EC(mS/em) SOC(g/kg)  N(g/kg)  Mn(g/kg) Cr(mgkg) Zn(mg/kg) Cd(mg/kg) Pb(mg/kg) Ni(mgkg) — S(g/hkg)
TS  0.10(0.00) 4.09(0.21)  0.50(0.01) 0.39(0.00) 46.43.9)  40.4(0.4) 0.15(0.02) 13.4(0.1)  17.6(0.0)  0.25(0.01)
SSBC  1.37(0.02) 152.7(4.0) 7.71(0.44) 1.62(0.14) 4939(25)  6037(39) 2.91(0.04) 97.8(2.1)  604(9)  7.26(0.10)
e R EC A SH,; SOC NAMK; AN BERA; AP NAEWE; RhEdiR 3 AEENE EKPEGERER), PTEER
NGNS
1.3 Rt AN RPN AT sl , IR e Jedibn

FH ()36 35 B 4 A B, SSBC AR (LA T E i)
S RHR(CK: 0 thm?), fKF(LS: 15 t/hm?),
PR (MS: 30 t/hm*)FlEH(HS: 60 t/hm?), HE4~abH
SAEME, HAAEERGE X AT 24 m®OA 3 f5h
BRI/, BN TR LSS 3 m, W7
K 4 m, RIBEA/NX AT 6 B, T SSBC
FEAERE, B AR EALX N 1 m), Bk
6 ~9 m, BEHLHES, 56 X ek U A BAT 4417, 2018
4 5 H At SSBC, Jiti Ay O HLAIERE, Ik
BRI : OF SRR 50 X ELVEBR A2 « KUt

IR DX, RV B AR I . AREESe ), DAHE
PR @F THUtE: 7EFR RIS XSk,
ANy BN, 35 M EA T T 40 SSBC; ML
BERF . IR S RoE e uds , SENBE T UL RERE, iE
HRIE R 16 ~ 18 om. RERIVIIA], FH [A) 42 B
R, AP, AR RO, HoE T TR,
DLk T4

2018 4F- 7 H 20 H RAELIERES . SREERT, 7R84
FEEIVNXHN, RATAE “S” B 5 HEREERE 0 ~
20cm 2R, AR, BBREEDMAY, —F
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HATHESE V54290 0 e A A N T MR - 38 5458 o i 114 5 1 435

3 H TR, —F I VKAE 4 CARTE o
14 WEMEKRFE

PR SSBC A3k A B R FH # F1 J il
REPH Ho ) - AT HLIR (SOC) SR FH AR R A 2 fk ik 5
T HEA A (AN) R (AP)R B 0L AR ST L
ok 48 pH SRR (KRR 12 2.5; TR
FE1t HANNA pH211, EKFIBAR]); L3 TR
(EC)R I HL S 5 (34 EC-215, 5 KAIIG 4
Al ek 2. hETER. METRUAES
e B B I X SR P R W — 55 2 F R S O vk D
(%8 T R EHEIEAL . IRIS Intrepid IT XSP, [
Thermo 73 w]); -SRI MR B2 Ty e B A {300
(SpectraMax i3x, B M| Molecular Devices LLC 2
Al); A A R e RCR R R ZE R G
FEB AN T H B3 E 3 AR A,
IR EER R o DA e 3 27 1 ZMoll ART i Ja) 2k
A S S S AT
1.5 HESZItHH

KM SPSS 22.0 FRAFHEAT R R J5 2243 #r (one-
way ANOVA)FI Duncan #(a=0. 05)£ & L4 .

2 HBREHSH

2.1 SSBC 3t +iEEB MR

& 2 fion, SSBC /G, FEAKT 13 pH,
B#AYE A 0.03 ~ 0.09, ifif H. SSBC 4h#i4% CK Ab#!
RE T I EC(H 6.41% ~ 17.17%, H HS Zb3AY1/E
R, Bk, SSBC X} SOC. AN Fl AP #5200 i
¥, 5 CK ALBAMEL, LS, MS Al HS 4b# SOC it
Sy HIREIN 18.4% . 23.8% 1 47.9%, AN 435
T 4.2%. 17.3% F123.1%, AP &0 9150 16.3% .
22.5% F28.3%.

SSBC jiti )i , ANIA] & SSBC ¥4 w17 H1E
FROLE O M SSBC MmN, HHEFICE
SEYEIE MGG 3. T RKEITLEN, P K,
B LS. MS ZbBEXT K & A 240, HoAth SSBC
SRR N P Ksgm i . 5 CK AA#EAHLL, LS.
MS F1 HS &b 3 4- 8 N & 550 51134 /1 20.4% .29.1% F1
46.5%, P & ETHIIN 27.9% .. 52.4% F174.9%, K
SR 1.5% . 3.0% F16.0%. 7] W, SSBC Jii
RN BT R P & R oK

*2 tHpH. BHESXR HINRMEHEH

Ab ¥ pH EC (mS/cm) SOC (g/kg) AN(mg/kg) AP(mg/kg)
CK 8.66(0.01)a 0.104(0.004)b 5.17(0.02)c 71.0(0.8)d 60.6(1.4)c
LS 8.63(0.02)b 0.106(0.001)b 6.12(0.09)b 74.0(0.4)c 70.4(0.8)b
MS 8.62(0.01)b 0.110(0.001)b 6.40(0.07)b 83.3(0.7)b 74.2(2.4)ab
HS 8.57(0.01)c 0.122(0.002)a 7.65(0.21)a 87.4(1.1)a 77.7(1.4)a

Ve ISR RING S R b R 2 5 5 3 (P<0.05).
x3 IBREFTENEEERE
TLHR CK MS HS

N (g/kg) 0.51(0.00)d 0.61(0.00)c 0.65(0.01)b 0.74(0.01)a

P (g/kg) 0.73(0.03)c 0.94(0.01)b 1.12(0.01)a 1.28(0.06)a

K (g/kg) 16.3(0.0)b 16.5(0.1)b 16.8(0.1)b 17.3(0.3)a
Ca (g/kg) 30.7(0.5)c 31.4(0.1)be 32.0(0.2)ab 32.8(0.4)a
Mg (g/kg) 7.53(0.09)c 7.71(0.08)be 7.97(0.01)b 8.58(0.14)a
S (mg/kg) 224(3)d 276(4)c 319(5)b 354(3)a
Fe (g/kg) 19.3(0.3)c 19.9(0.1)be 20.5(0.3)b 22.1(0.2)a
Na (g/kg) 11.1(0.1)c 11.2(0.0)be 11.3(0.0)ab 11.5(0.1)a
Mn (mg/kg) 405(2)c 410(1)c 416(1)b 460(3)a
Cu (mg/kg) 7.38(0.31)d 22.3(1.6)c 37.1(3.7)b 55.5(4.2)a
Zn (mg/kg) 41.8(0.8)d 61.6(2.1)c 78.5(1.7)b 97.2(4.8)a
Ni (mg/kg) 15.8(0.2)d 21.7(0.4)c 25.6(0.1)b 30.2(0.2)a
Pb (mg/kg) 12.7(0.3)d 14.8(0.2)c 17.6(0.6)b 20.6(0.4)a
Cr (mg/kg) 47.1(0.9)d 65.3(1.7)c 74.5(1.5)b 83.6(4.1)a
cd (mg/kg) 0.10(0.00)c 0.12(0.00)b 0.12(0.00)b 0.14(0.00)a

T RPFEATARR/ NG 5512 7R Ah B8] 22 53 ik 25 (P<0.05).
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X T L HEp A E SR I0R (Ca, Mg, S, Fe,
Na fl Mn), Bx LS 4b3Xt Ca. Mg. Fe. Na #l Mn
WA B EAN, HAbA Y R0 B3 . 5 CK AbHEAH
I, HS 4b# Ca, Mg. S, Fe. Na il Mn JTZE &t
RIBEMT 6.8%. 13.9%. 57.8%. 14.6%. 4.2%
13.6%, MS AL AHBIE N T 4.1% . 5.8%.
42.4%. 5.9%. 2.6% F12.7%, LS LbFHA3 5 HH R B 0
T 21%. 2.4%. 22.8%. 3.0%. 0.9% I 1.2%. L&
AL, 23t SSBC AbEE, LHEHhREEFRITET S
TR SR hnE R R, KR Feo

SSBC Jifei FH [ it i - 45 v 85 42 JE ST & (Cu. Zn,
Ni. Cr. Pb fil Cd)& ¥ BB ik, (H3G g B
A—; H SSBC ¥ LI L E 4R IR TR E
SSBC 4b¥fi+3% Cu, Zn. Ni, Cr. Pb 1 Cd &5
R 202.2% ~ 652.2% ., 47.4% ~ 132.6%. 37.5% ~
91.5%. 38.5% ~ 77.4%. 16.4% ~ 62.5% H 12.4% ~
38.2%, A UL, SSBC jiti Al fiff -5 & 43 J&  Cu. Zn.,

Ni JCE MR o
2.2 SSBC X HEEEMMBMENENEREN

A

SSBC X +3%¢ B-#IMH 11 . N- £ ME- s g Al
FABEG R RE %, 5 CK AL, LS, MS il
HS Ab3E -4 T RS Mo BN 17.1%. 35.3% Fl
21.1%, N-Z Ik~ B % 1 43 134 0 18.1% . 36.8%
1 26.1%, A BN 29.3% . 70.3% A
60.7%(FK 4). X HBAYAEY Sk, LS A
ANEE, i MS Al HS dbEiszm g 3% SHE Ay
HARME, (U MS B E, HAHEAEZE, 5
CK AbBEAHEL, LS. MS il HS Ab PR A: 9 A 4 b
SN 11.8% . 30.1% F119.8%, MAYIAYIER
Oy HIREIN 2.2% ., 47.6% 1 1.5%. el W, 2Lkt
SRS PR AN ) R W) s i BN SSBC A i i e #x
—3, RPLAPREZE SSBC H A8 N S BLsE ka3,
Horp MS Kb 334 e 0k d5e K AE

*4 ITIEMEUHNREVEYERR

Qb3 BT T It N-Z TR 0 il H B DGR/ A EY R A
(nmol/(g-h)) (nmol/(g-h)) (nmol/(g-h)) (mg/kg) (mg/kg)

CK 156(2)c 56.7(0.7)c 10.4(0.3)c 121(4)c 20.6(1.5)b

LS 183(4)b 67.0(1.6)b 13.4(0.3)b 135(5)be 21.0(1.0)b

MS 211(4)a 77.6(2.5)a 17.7(0.7)a 158(6)a 30.4(2.6)a

HS 189(5)b 71.5(0.6)b 16.7(0.3)a 147(3)ab 20.9(1.1)b

T R RFUAR /NG 558 Ak BEH] 22 5% 3 (P<0.05).

3 Tt

14 EC R A fat T3 rh m] iAo e R e A
B & R BRI . ARG XK EC 19>
e+, SSBC HAK M EC, B SSBC flh FHE M
TH3E BEC {H, X 5HAMLsR—5>. FH,
SSBC(HHHE)BEAR 1350 X A i1 1= 58 1% pH, RP 1- 4%
PR AHXTBAR ) SSBC X ER Al al £1 7K i + e —
SERYEL RS FRILIE R, Xt EDUE T AR gE 45 S
Aat, e SSBC, W4 in £ 4
pH! 2% 270 3R] g R - eSS A R Y 22 57 T 8
Tk, B PR AR . - B B AR
W s bk DA R - S i Rk, AR T e e ) - 4
pH Al EC AR P T e 4 K A s >,

T SSBC & & 24, I H T L,
THEE I S IG . AR5 T, SSBC AU
JiSOC. AN, AP, N. P I K {&&t, i H34 435
Ca.Mg.S,Fe,Mn il Na it E&&, Bl SSBC

(R FH B S ok R, SXCENUE T AR 2 B Y
gELLU0. 28300 R, SSBC i 3R P S
BomgEN . R, TERAES RS, PIREcE UL
FR$ICRZ —, HAE—LeXis, P RRHIAmsREA
ZP1. SSBC WA M RERCA AR P IR =Z—, Mifi %t
RGBS HEAT PIEE . Si ok, A58, BRimiiit SSBC
X4 K FEsg A, AR, iR B,
T HE K SRR IRAS AW, 1 Faria 252 8F 5T IR
ZI SSBC Xf +4 K Frigmi Ak, /B
DU LG A A KT R

SSBC Ryjift ARG N 1 3 8 42 Jm i e P AR
55, R SSBC 1 Cu, Zn., Ni fll Cr S iE#eE,
AT 3 Cu, Zn, Ni fil Cr & BEW, H
Py R TR ) A ) b 9 95 4 IS 0 2ok A0 48 T (i
LI (GB 15618—2018)%, HAWMFT R W, 154
fipmAL)s , K EER A ST ETHEPY; i
JH SSBC Ji, +3Er 43% ~ 97% MyES mET T4
YA R 85 B 4 Y A W o s 2 3 i B
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JECLHSE Po M Zn) AR RE Sy, X PTRESBH L&)
TEBAB AT KN, Wit aeA 2 s £ H AR
(Cu. Zn, Cd. Pb %45), Hugfe#F&miTr, ol —&
PR 1 BN R 4 VB (0 A A XU 21

AW, SSBC it FH ¥ T 5 3 4= 48 B- A
ity . N- ok~ A R 1) B M DL A= A=
A S R, Hrb s SSBC By IS i
AT T Il (AT 5 T 0 R . — i A A i
148 25 S SO R AR 4 3 7, H— st
WFFEEE R, SSBC AR 4 sy il 2k A E e
L (HEIREAR T 38 gAY, SRR,
AT RE AW 0 R AR B (1) R TET B BG RAM T BB T Al
WPER s B-AREET A A7 AR (A
Cu. Zn. N)RYSN, HREE b E s & iy
i, HIEESI R TR, mT - AR IS 12
TR W AT A 28 RS, B i ] 7K A B 1SR
Tk LR R R HEIR , N-CBE- A RS IL T
O P AR fige , o 4 - SRR 1 1) 18 im0 SR 1 1 - 4
¥, B2z, SSBC I —Fpn] 345 + e A {1 4
FTEE 77, DA 398 o A T 4 e ),

Zi LTk, SSBC X A+ HEHR Ak R A 2 b
BT —E BB, {H & SSBC R0 = K T+
AL, B AE Y e S 3R A B LA R
SEPERS S B R A AR T T R R A 9 5 R B R 2
P, ARG SSBC i 4 %%
N, PRHAT AN GE SSBC K3t FH () #4358 A 25 W il
J RS P o

4 g

1) SSBC (W1 e 3% 7 H 388 32 K7, Hih 435
BHHLR . &R . &, BRAEMAE A R IE
4.2% ~ 74.9%, [Fi 3 rh 4 @ 5 YooKl

2) SSBC Myny FH#E M T IR A: W B Wit ik A
Ta, WEENIN T - ERGIE M, B-#IME R . N-
T - W T AN 2 1 S MRS R 17.1% ~ 70.3%,
e TS TR A AR

Buigt: AOTTEIG VAP T e E R B S PR A
FORTTE B RSB A ) 4 AR AL, 7RI Rt
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