‘ A ’,3 W2 o2 i
ﬁ& ;%%H £s @t&J BRI e R

\GRO-ENVIRONMENT SCIENCE
PAik: http://www.aes.org.cn

AWy 30t TURR RS Se SRR A VIR 45 40 B R MR S 3R B8 IR T SRR AU B UL 20 A
FRH, D, PR, REAR, i, sk, R, W2

5
HUCH, T, SR, MRS, 2R, S, ARG, ch, B AR DU 3T Y U YRR S R R B R
B8P SR AU I A FREERE 774, 2023, 42(1): 101-111.

TEZR B2 View online: https:/doi.org/10.11654/jaes.2022-0430

FETT BRI HAB S

Articles you may be interested in

M| XoF < B 2R 15 G T IS AU PRV B S e

W R, G, WRIEL 2RI, SR, 2KV, B IR

LAV IABTRL 2447 2021, 40(6): 1268-1280  hitps://doi.org/10.11654/jaes.2020—1470
i SR A SO A et K U B 2R iR T A

REM, R, BEXR, 18X

AV FREERLA244R . 2021, 40(1): 194-201  https:/doi.org/10.11654/jaes.2020-0803

A= ¢ JEANE N TIN Xo 5 B T IV U Rl e 4 14 S
XD, BRIE R, S, RO, 4805 95
N PR . 2021, 40(12): 2770-2778  hitps://doi.org/10.11654/jaes.2021-0434

TRFERE A 4 o A e A FE R 35 0 772 0 AT it JB 140 552 Ml AL ]
RAGE, BREAR, 2, sk, Mg, wh, e
el FREERLE 24 2022, 41(3): 492-503  https:/doi.org/10.11654/jaes.2021-0846

EDTAXFHTIRE T 4 4 ARAR B 8 b KR s

P, YL, RIGR, 75N
LV FREERFA2A AR 2022, 41(12): 2722-2732 hitps://doi.org/10.11654/jaes.2022-1123

FAEMATANT , FRTLVR


http://www.aes.org.cn/nyhjkxxb/ch/index.aspx
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2022-0430
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-1470
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-0803
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2021-0434
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2021-0846
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2022-1123

2023,42(1):101-111 R W ®E M FE F R 20234F1 H

® Journal of Agro-Environment Science @&

AR, D, B, 4. AW pont DU BR 2 Yl A MR PR TE A A B IR DR DI B SR S RN A3 BT ). AR RS R
2F4f2, 2023, 42(1): 101-111.

LIH J, WEIT, HUANG F C, et al. Analysis of the dose—effect of biochar on the microbial community structure and environmental factors

in tetracycline contaminated soils[J]. Journal of Agro—Environment Science, 2023, 42(1): 101-111.

EMRITHIAER TR T EREMR RSN
5 M) K IR AR B F R B B 57 S R0 57 4

FEE, T, FRR, BER, THFE, RMEE, XM, B2, mB
(L RIGPER A B, T4 WAV 524088 2.1 HRIGTER AL SR 2408, |4 VT 524088)

mawi%) AEPRALT
CK (BC-1/BC-2/BC-3)

( R SRR p— BC-14b3 BC-24b3 BC-34b7
A-' ~- / .../‘ l.‘.-v
7/ -\, ./_ 2 ' * 3y \ ./ R
. - ) . |
¥ ks ~ e 7 .* R
-y .

S e Y N 50.. - , - 6’
@ LR FBRRCE:
& B WSS AR A 0] DU A 2R T Yl i) L M G B AR A S LA IR S SRR A A o, I 2ok AN TR 4 1Y
W (1% .2% 3%, 5y $e/E BC-1.BC-2 . BC-3) BAHA T &5 2l it rp DU IR 8 2 SRR |+ S BI04 I3 | il 336 R e el 2B 0 1 A8 b
TEOL o B5 AR Az Wy et A B8 35 T T 0 e DO R R 1 A, L BC-2 031 (79.50% ) 1 35 5 T BC-3(62.50%) Fl BC-1
(50.30%) Rb3H o [FIE A= 9 e R 3 6 25 418 w8 17 139 pH R AT AL RS 41 0 &5 o, ZE B R 2 ol R, 45 A0 P pHL AR CK (DU SR 5 3 +
AR TF T 0.46.0.54.0.80, A LB A R TF T 1.37.2.82.5.12 g-kg ™', S /3 4R T1 T 4.48 .6.55.5.21 g-kg™'o A=W s 1
BEARTE T L RER G | 2 Uk SR AN AU 1, P BC-2 b BRAR TECR B, B CK AR IR T 40.00% | 183.30% .65.30%
N 157.10%. 7649 hc ab B HAG 5% 8V FH 09 38 AF % f# T Achromobacter ( JG KT T8 J& ) . Sphingomonas (5 g S LT & ) .
Stenotrophomonas(ZEFE U TE & ) \ Trichosporon( B9 T 1 )& ) . Shewanella (75 FLIC T ) . Pseudomonas (I HL I I )& ) Fll Klebsiella (54,
AR ) 19 45 B 4T, FLrh BC—2 b B Vs 8 Wt e 1A =F B (A RO i o RS 3, 2B 4 ¢ vl LG A o385 L 3 AR M T
PE TR T M ORI DR TE SR A I TR A A AT PR T = B R T -3 v DU R Bk MR — B RIS B SR AT
B WAt AR e R U IR 2R T Ye b s VA A2 HoA LR R T )
SRR UK s AW s LR Wit 5 S T 454
RESES:XS3  XEIEREG:A  XEHS:1672-2043(2023)01-0101-11  doi:10.11654/jaes.2022-0430

YRS HE.2022-04-28  FAHEH:2022-07-21

PEE R 22808 (1999—) , %, DU AR AL F g A, A - st R T 5 3R BORBIFSY . E-mail : jinkesi0309@163.com

EEEE . TE  E-mail:2219830302@163.com

EEWE : [HEKHRPARE I H (41907033, 41977125) ;)7 R A H A RE2# 2 4 51 H (2018A030307054, 2019A1515011948, 2022A151501086,
2022A1515010630)

Project supported : The National Natural Science Foundation of China (41907033,41977125) ; The Natural Science Foundation of Guangdong Province,
China(2018A030307054,2019A1515011948,2022A151501086,2022A1515010630)



Qe ATEITETTY sonnin
Analysis of the dose—effect of biochar on the microbial community structure and environmental factors in
tetracycline contaminated soils
LI Huijun', WEI Ting', HUANG Fengcheng', CHEN Yijie', LI Gaoyang', ZHANG Weijian', WU Weijian', LIN Zhong’, ZHEN Zhen'

(1. College of Coastal Agricultural Sciences, Guangdong Ocean University, Zhanjiang 524088, China; 2. College of Chemistry and
Environmental Sciences, Guangdong Ocean University, Zhanjiang 524088, China)

Abstract: In order to study the in situ remediation effect of different doses of biochar on tetracycline contaminated soils, this study used
bagasse as raw material to prepare biochar. The removal efficiency of tetracycline, soil physicochemical properties, enzyme activities and
degradation microorganisms during the remediation process were determined by adding different doses (1%, 2%, 3%) of biochar. The
results showed that biochar application significantly accelerated the degradation of tetracycline in the soil, and tetracycline contaminated
soil +2% biochar (79.50%) was significantly higher than tetracycline contaminated soil + 3% biochar (62.50%) and tetracycline
contaminated soil +1% biochar (50.30% ). The application of biochar significantly increased the pH of the soil and contents of organic
matter and humus. After incubation, compared with tetracycline contaminated soil, tetracycline contaminated soil + 1% biochar,
tetracycline contaminated soil +2% biochar, and tetracycline contaminated soil +3% biochar resulted in significant increases in soil pH
(0.46, 0.54, 0.80), organic matter (1.37, 2.82, 5.12 g+ kg™'), and humus (4.48, 6.55, 5.21 g+ kg™'), respectively. In addition, biochar
treatment significantly increased soil urease, sucrase, catalase, and dehydrogenase activities, with tetracycline contaminated soil + 2%
biochar showing the best performance. In the biochar treatment, the abundance of tetracycline—potentially degrading bacteria, including
Achromobacter, Sphingomonas, Stenotrophomonas, Trichosporon, Shewanella, Pseudomonas, and Klebsiella, were significantly increased,
and tetracycline contaminated soil +2% biochar treatment had the best increasing effect on the abundance of potentially degrading bacteria.
In conclusion, biochar enhances soil physiochemical properties, enzyme activity, and the abundance of potentially degrading bacteria and
accelerates the biodegradation of tetracycline. As a carbon—rich material with low cost and good remediation effect, biochar has a great
application potential in in situ remediation of tetracycline—contaminated sites.

Keywords : tetracycline; biochar; biodegradable; microbial community structure

PURR R 2R R — R HA I PR Y T 3
PEdTAE &R W R 24246 IU 2R &K (Tetracycline, TC) |
4 % 2 (Chlortetracycline , CTC ) F1 1 % & (Oxytetracy-
cline, OTC) , 7£ By ifs 40l i1l G | At 12 3l 9y 2 4 A0 7 1L
o MU S T LR BTER . I ER R DR A AR AR
B RCR I )2 T 3 Bl ARl AR 7 (AR 1
A1 10 002.73 ©) 9. $E 4t 30%~90% Y IU B 3R
A Bl PRAEHE SN T REFENE AR TR TR = A FH 38
e SRR, FR RO M (S RH) IO B 3 A IS
AT 0~2 450 pg- kg Z E]0, B3 Hu IX T A2 KUK JEE
25168 IR o P A A e A XUBSE (L (100 pg-kg ™)' i
AR HH A 1) DU R 2% 7™ E R DR - S A WU R R 2 A
P I 2 B A TR IR AE R RGN
JERAEF AR S . oA G R, RPN IUSR R iR 2y
Bl A, o AL iR 2 AR, -
S VU PR R T g O 7 a1 B ARl b BR B A A
il JoT A RIS e B A e . PR, SR — b
AT BRI L BE DU AR DL , DR A A e 2
E LIk AT

AR H -3V PR R AB 5 HOR F AR b A
AE S B B ) Bk (A ) 18 52 4%

1% WHART]

A, T A R B AT RS 22 5 3 A RS e A )
RTIMELL TS IR o 5 Z A, A MBS HOR 2 —
M A BCREMA R Tk . H AT, LSRR R AW
S TR MR . SR, SE PR A im
I B BRIFE 1 ) 22 5 b 3 A A LS S B2 e
W S 0 JBE IR ) <5 1 22 B il R 3R, ol R TR1B 52 2
RRAE . KEMITUESE, L5898 Trichosporon myco-
toxinivorans , Stenotrophomonas maltophilia 1 Sphingo-
bacterium A Yy RE A AU VU PR K10 78 7 SRR
Savh, BEAR O W0 PR R G R AR o0 A
P QLN R NN DA R e B QN S P
R GIRR Vo g GRY|C  & S e IS EN
NI = 127 w3 TS S R e G B fa e €2
PR 26 LU INE SR M R AR A A
S,

A=Wy AR RE FT 5 U 55 AR W BUbRHE BR 4R
SN 2 R B AT 0 2 AL BB,
HHAE PR E , LR mBUR, LIRSS+ E &5
C.N.PEILR . — i, AW AAT A2 i 3
B, e SRR, S A AR 1A R A AR
W — i, AW e AT AE g b B A A



AT A LR DR 05 M TR A 0 B S5 T O B 5 103

UL R A e M AR LT R B SR T R, I
O A S A R Rk Bk RS BRI, T AT RO
B - 8 rp Y DU R R D0 DU BR R AR R P IR A
PRI , A 00 1 A S — ol B 3 R A D B 3R 1Y) 25 8
TR HEAE B AR o AN [R50 AR o6 b v O B
R EBRAEZ ISR AL 22 S AR . ARG ARk
ARt A T BE S B U E S RO AN T8 4 BIORAS
FE, R AR W B A A A R S [ RRCR
M7 A2E 2% + 356 v DU 35 3R 9 A= ) e A, EL 3 i 5% DR
BP0 I B R R DE AR W AB SR g v Y
IRBCR B R R, 5 18 A4 A2 R o x T
SR U ER RIS Y HAT S B

Pl , ASESE LA 7 Al A 7 rh i IR R S T
TR O IR e i) A A2 W e, R B3 BRI (1%, 2%,
3% ) HE Wy o A A 3 v DU R R Y B BR P RE ET TR
G0 1z FH e 1 5 I 00 5 A (] 50 S A ) e o A FH -
S W REVE SR A 52, - HR VS TE Y B A A W 2
F o 02k I A S TS e Sz Bl A ) it A\ S T - 4
it BRE B R B0 B GBS O o BE— 2538 [T AR 40 A
(Redundancy analysis, RDA )X} 3B Ab 4 T | DU IR
ZBRBCR L S AN T RE TR S5 R A TR AT ST, LA B
B A= W) e i A AT R RS IR 1, (2 a4 e - S DU 3R
RIYERR . WEFEE R N IT R — Pl SR O A H g
WRTGRNEE BORFEA IS FIHAR S

| RS

1.1 ket

A F R B AR A BT R X RB X A
H (21°04' 1.85"N, 110°19'27.86"E) , F + 3 BUAE 43
B2 0~20 em i 138, + R BTG KT0FES L 0.25
mm G 25 FH o BRI R O aR R i 1 e
AR 5T pH R 5.35, A HLIBT % 5 4 31.66 g - ke, JEFH
RN 11.92 g-kg o

A he R T R R T AR LT R R
HBE) AR e AR &P B8 - TR R 2 AR KT K
A PR F ok 2 mm 0 o P RIS 100 T R I T B
Warh, RS2 HEE B, TSR br i B ARIRE g et
I I i FHE B 2 10 °C - min™', T} 2 550 CHAR R 2
he REPTIRE B AR HEECGH A me , BT iR
o TR R . AW e AR PE ST pH R 9.03, A
BT 5k 548.69 g-ke' .

ER TR DU IR (4l >98% ) W F 55 1 Sigma—Aldrich
Al CNE H BRI R BRI F 3 [E Sigma-Al-

drich 28 F], A S AR (15 (HPLC) 9% . Hofd b2 i
B F i ERRAE W ARG BRA FLL YR bl
1.2 X3 ig it

R I B 4 AP . 3+ YRR (CK) 8+
VUMK +1% A9k (BC-1) \ T IE+ DU K +2% Wik
(BC-2) . 3T+ PUFR K +3% A=W i (BC-3) , 5 b 34
WE 3R . RS SCRkHRE i H -3 U R R
75 e BRI ORI 3 A F 0.01~300.00 mg - kg™') , A%
WFFE LLVUIA 2 i 5.00 mg - kg™ (AT Bt i) 10
TR ZEAE I Y i g 00 . At 3 1R 7K
2 10% , 4% 60.00 mg £ 1R VU IR R g T Kb, 90
1.00 kg i + 3 5570 7R 4 30 min, A T5 3% 13
5 11.00 kg B3 1 HETR A, i 85 BUR &3 5] L b
ho B Y 12 005, BCATE 10 em 55 30 em [
B AT 55 32N o #3031 23 B N 1% . 2% Fi
3% W o BG4 30 2 KR T 21 H )4
IR 60% . JIr A7 AL BRI AE 25 SC I i R 2 s 2% &t
FMTFEFRE . FE0.10.20.30.40 K, 5 4[] Br 43
BRAERE S, I B T -20 CRHRAT, I DY R 5%
B IR S PR AR . R 2 e (2R
40 K ) e 2 I SR ) 20 R R T 25
1.3 MIAEZRBERNNE

PV VR T M5 0 38R 2L 0.15 mm B, B J5 AR
BS54 1.00 go B 1 AEE T 50 mL A a5 SR ES O
oo de B0 P in A 20 mL Mcllvaine -
Na,EDTA-F B8 BOR T T4 BP0 30 22, 7R 4k
28 IR (2925 C) 4RI min, ff +3 S BORIR &
5 SR 5 2.0 B TS NS BEACT 10 min, fix
TR M = ERSURE , 7E ML IR 35 $ LA = TR (24
25 CHFEHL 20 min, ATFEWMIIA K, F 15 CT &
F 4000 r-min” /Y ELOHLE L B0 10 min 5B EIE R
BH—BEOER, mERE KK INA 20,10 mL Mc-
Ilvaine—Na,EDTA - H B $2 BORK , B 2 FE IR, &5
FIEBOFRRBURE A ZE S0 mL, BUS mL ISR E
FRAR AL, =T R 2 AR — 2 A
A, S K B2 S mL, 2R )5 L 1.00 mL - min™' 433
BT T OV fR AR B B AR AR TR . AR 5 mL K (5
mL B — KRR AR 25 BORE B DA b 3 B A U
LEFEE L ER T 5 min, 754 5 mL 3% 4l B Rk
B E AR . VR AR R E T RAR TR
W T, B T 1 mL A9 s i 5k i L 30 0.22 pm
A ALAHUE I, B SRR . (o5 A S R BE AR AR R
4.66 mmx260.00 mm )48 5 C18 SAHAT s sl A =

WWW.QEs.0r9.CN




m@g 104

VRERR Rt Y F4EF 1 H

JULBIAH , FHEE: FL0R : £ )6=10:80:10; itk 1 mL-
min™ 5 FEIE A 25 A7 034 25 °C5 HERERE N 10 wL; 524N T
R 3 K A 355 nme BRI AE S EAT 3 Y E
FE , FIBCRAE 95.80%~102.50% 2 JH] .
1.4 TR ERNE

- A A 5T A K gl A2 A B
P HAR N

+ 3% pH A 5E - 35 pH R LA 35 OK L He ok
2.5:1)I5E . FREGE 2 mm 5 19X £ 10.00 g, K5 H:
BT 50 mLBEFR L M A 25 mL TG CO, B K, 1 50 1
min, {# FFE 40§ E 30 min J5R R HE TS A9 H
s pH it (528 PHSJ-3F, BV U B2 Z
RS ED A A I D RO 5 B pH AR

A BT I A2 RSN 244 T Gl IR
180 °C, W 1% S min) , FH— i Vi J5E %) 7 4% TR 0 — B R
AR AL A BILAK , 6 4 1Y) T B R R R L 1R I Ak T
E 3 3 T R A A R B A O R BO A AT AL
e 2 it o

JE3 8 5 (A 2 < P A SR B IR A RN S A AL i I
TR P B 55, W - VS RN ) TR 1 2 B A R
JoT— R 5 5 Vs ) T AR DA T e T8 4 o v
LSR5 P 5K R B A AL A IR R 1
1.5 TIEREEENE

TR T 2 P 00 S < R PR A 3, 5
FLAKAG R LR ™, R A L ol 3, 5
TSGR IR 3-S5l S K AG R, R 4
HIERETHAE 508 nm YA N PEAT He g, FLNE P DL
H 4 5+ AE S A 2R B mg gt d

IR 8 155 P 00« IR R 9 T R Y 5 T o L
PR, WA 7™ W) AE Bk 56 0T vh 5 2R T SR R
PR ENAE F 7 A 0 B i, 58 190 0 1) A i 5 R S I
e, RIS 6 EETHE 578 nm AL HEAT FL 820 B, FLiE
PELUEE H A v 38 E R S R B RR B mg -
g'eds

b SR A SRS T A0 A < 3 S Ak S R
e TR B S VR E P, P R AR R A R 2 T
fift i, L 1.00 g 44 1 h NIHFE 0.10 mol « L™ KMnO,
PIARREC (LA mLIT) F0R B mL-g ' -h's

UG8 ST T P00 < O SR 1SR FH TTC R I
D FER SR FH AL = R SE DU R IR S5k, =R 5L Y
W SEALIINE Ry S 52 (A A AT = 2RI (TPF)
TPF i1 5Tk A K. R4 66 BT 7 485
nm AbHEA T EE I B UG TE 1k DL A H B v b A Al

1% WHART]

1 TPF LR BN pgeg ' - d s
1.6 TIEMEYEELEWNE

FIH Bio Fast 118 DNA $#& G 55 £ (BIOEER, #1t
M) FEH A HERE 5 DNA, A FH NanoDrop 200 #:ll DNA
WERALE . H338F(5' ~ACTCCTACGGGAGGCAG-
CA-3") 1 806R (5 ~GGACTACHVGGGTWTCTAAT-
37)iE A5 Pk T PCR Y 1S, 97 3% X 38 4 16S rRNA
V3+V4 548X, PCR RN 1A R H KOD FX Neo 2% M1l
5 wL(2 mmol - L") \dNTP 2 pL (4% 2 mmol-L™") .KOD
FX Neo 0.2 wL. 5[4 0.3 pL . BiHz DNA 50 ng. 25 &1
K OMBLARFLI0 pL) 4k, PCRY ™ 551495 CHil
5 5 min, 95 CZA5PE 30 s, 50 “CiB K 30 s, 72 CIEff
60 s, 3L 30 MIEFR, Fie 5 T 72 CHEMH S min, KPS
(97 0 FH 2% B B WHBE S HEA T AN O [el e, FF = 4E |
T 5675 A W L 2 BB A BR S wl R A 7 el AR R
1.7 BHES

£ Tlumina MiSeq {3 8 5 777 & 264 7 O0R Sy
J¥ 5, £ Usearch 11.0 %51 7E 97% B9 AHABLEE 7K
T AT BRI 7 22 H.58 (Operational taxonom-
ic units, OTUs) , {# F Silva $3E /& (https : //www.arb—
silva.de/) X} A5 OTUs M1 7022408 B . 0 T 1AL 2
VAR PR IR 1 3 B A AR 2t ff A QIIME 1.8.0
ARAGIE K- 10 b A Pl SR IR T, - g
A 5 it 3 P 38 2R FH SPSS 25.0 HEA 7 IE 254 40 A Al
J7 22 55 VRS 35 J5 X E s E 1 T B IR 2R U 22 430 BT (One—
way ANOVA) , KX H (Duncan’s) L #E1 7T 2 & 3%
(P<0.05) , A6 56 A [v] A # Ji) (%) 8 2 22 Sk . A
Origin 2022 Zx il FEJE &, FI| ] Canoco 5.0 H A £ AR
AU RDA 73 B [ it 2265 G2 W Vs A5 40 B A58 R 1)
KK FR

2 HRE5HMH

2.1 AEFIEEY R LENARZELEROZMN
WIS, AR AL TR () - rp PO R R 5 i
15 N F CK(P<0.05) , BEBHES A9 < vl LA S 25
HPUFR R IFRRSCR . Zad 40 d R 3R, BC-2 kb3
DU ER R A 2 bR AR (79.50%) B & T BC-3
(62.50%) F1 BC—1(50.30%) 4k # (P<0.05) , 2 B A [H]
I 0 A R R DU 2R 1) S PR AR — g 22 5, Ho
BC-2 Zb B e -
2.2 AEFIEEY RIS MRS T RN RN
N[5 A W o ok - S BRARE A S (%
Do 5 CKAHL, i g 7 135 pH AR ATA HL



AT A LR DR 05 M TR A 0 B S5 T O B 5 105

SR S . R 40 d)E W R A B (BC-1 .
BC-2 F1 BC-3) i pH {E 73l [t CK 42 55 1 0.46.0.54
AFN0.80 A~ FAA o A ] 31 o A= W e X - A ML Y

concentration/(mg-kg™)
W

PUFRZE 5% B 1 Tetracycline residue

0 1.0 2.0 3.0 4-‘0
R[] Time/d
E1 AELKETHHUREZRES
Figure 1 Residual concentrations of tetracycline under

different treatments

x1 AEAAETHEEBLEROETN
Table 1 Changes of soil physical and chemical properties under

different treatments

AL

Fsf [ QbR . JEE B B
Time/d Treatment pH Organic matter/ /(g ke™)
(g-kg™)

0 CK  575:0.08c  31.66:138  11.92+0.82a
BC-1 5912009  33.34x1.00bc  12.1020.65a

BC-2  6.12:0.06b  3447+0.73b  12.27+0.96a

BC-3  635:0.11a  37.75:1.74a  12.16:0.65a

10 CK  572:006d  30.98:1.01b  11.68£0.73c
BC-1  6.14:0.05c  32.67+0.89h  13.8420.87h

BC-2  626£0.05b  33.05:1.41b 1537053

BC-3  648:0.06a  39.29:0.83a  14.93+0.40ab

20 CK  5.69:004c  2830:08lc  11.75:0.60c
BC-1  621:0.06c  30.011.92bc  14.3920.57h

BC-2  631:0.04b  31.44x1.6dab  16.43:038a

BC-3  6.54:0.05a  34.28:142a  15.78:0.8%

30 CK  5.66:004c  2697+1.11b  11.98£0.77¢
BC-1  6.16£0.07b  2886:1.37b  15.51:033a

BC-2  624:0.07b  29.33:1.06b  17.35:0.33a

BC-3  6.51:0.04a  32.55:1.25a  16.6120.37a

40 CK  573:0.09¢  2585:095  12.09+0.47c
BC-1  6.19:0.12h  27.22:094bc  16.57:0.66h

BC-2  627:0.09h  28.67+1.11b  18.6420.55

BC-3  6.53:0.10a  30.97x1.16a  17.300.71h

T R B N B E AR RS n=3. PR TR R — i
() AN [ Ak 3 ] 2 5 g 2 (P<0.05) o

Note: Data are presented as mean + standard deviation, n=3.
Different letters in the same column indicate significant differences among
different treatments on the same day (P<0.05).

TR B KGEW  AEY) R (0 dB) ,BC-1,
BC-2 FI BC-3 Ab P + A ML & 4 CK & 38 hn 1
5.37%.8.85% F119.23%(P<0.05) ., {E#A 550,
AR A B AT AL i R T B B
F CKA4bH . 40 dJ5,BC-1.BC-2 Fl BC-3 kb B +- 152
4 JE 8 5 1 J 25 K F CK, 5 CK AR 3UAH HE , BC—
1.BC-2 Fl BC-3 Ab 38 i 43 51| 2~y 37.06% . 54.18% Fil
43.09%(P<0.05) , HA= Wy e A 320 T 8 o 1% i hf 4 5
B T
23 AEFIEEWRMAZ TR LEMEMEE
el EA

RIS S5 T, ERT A 3 3515 386 984 457
R H B FE B A RO 510 L 80 254~80 796
2, Hop dh %05 1 3 0554~ OTUs, MBI H 97% ., 15
JER AT b, R T 2 T 20 B 40 1 2 S A0 S A0
J& , A U R A (Others) o 18 2a ASFIAL I R &
IK ST 24 T B 5 2t R i 25 4, CK P Achromobacter (TG,
FFE & ) | Sphingomonas (# JE "8 il 1% J& ) . Stenotroph-
omonas ( %%ﬁﬂ@%% ). Trichosporon( %i@%%l‘}% ).
Shewanella(Fy FLIR & )  Pseudomonas (RN F & )
SN FEEAE . AFEF Y R IS I , Achromo-
bacter (TL N & ) . Sphingomonas (¥ g HL ML J& ) |
Stenotrophomonas (537 ¥ 15 J& ) . Trichosporon ( 1
T W& ) Shewanella (75 FLEC T J& ) . Pseudomonas (I
PANIE JE )  Ralstonia (5 /R QB ) F Klebsiella ( 75
AR E) P FEERE T B WAL, BRI
AR B ERT T BRI AT . FICK
FHEE, BC—1.BC-2 Fl1 BC-3 £ H tfr Achromobacter (TG t8,
FF B T ) 00 AH 6 3 B 43 0l 32 T 103.02% . 224.22% F
145.41% , Sphingomonas (45 JIg ¥} 17 J& ) 10 AR X =F &
43 ) 2 7+ 138.12% . 209.53% F1 5.22%, Trichosporon
(B )8 ) AR B2 2 4 T 8.31% . 150.42%
#125.01% , Pseudomonas (5.1 1 J& ) (4 AH X =F 5 43
ST 150.00% . 283.31% H1 16.34% , Ralstonia ( 75 /K
PR & ) By A = B 43 ) 42 Tt 175.21% . 300.43% il
500.20% , Klebsiella ( 3¢ 7511 T J& ) A AH X = B2 433 42
T+ 12.13% .240.31% F117.64% , Hoh [ Ralstonia (55 /R
FC TR T ) A0 % L Ath B 8 1) AF G =F JE 28 BC-2 Ab PR R
T+ B B e K o Stenotrophomonas (5257 B TR J& ) X
TEBC-2 AbFR AR K T 20.619%, 7£ BC—1 Fl BC-3 AbF
BRI T 13.82% F110.44% . Shewanella( % FLEG
& ) WALAE BC-2 b B8 T 17.60% , 7 BC-1 Fil
BC-3 4b B 4351 B % T 58.90% 135.30%. Bacillus

WWW.QEs.0r9.CN




NEG1%°

VRE SRRy FREE1H

(AT H R ) I AE BC-1 A FE 8 K T 68.70%, 1
BC-2 FI BC-3 Zb # 1 43-351 T [ 1 28.50% #i1 28.70%
5 CK# L ,BC-1.BC-2.BC-3 4 Comamonas( P\
EHMEEE) BARXT B0 IR T 17.20% . 14.30%
F17.60% . & 2b WA R AL B & KT A i 75 45
Fa SRS HANEL M i A TR 1) )2 ORI AL A
= K2, BC-1.BC-25 CKHIBC-34 &5, 3%
HHVAS I A= 0 o %ok A DR 9 45 W A S 2 . 5 CK A
FRAH HE , BC—2 A 41 T VR S5 R4 AR T e K o
2.4 AEFIEEW R U ETHR T IEREETERNIN
IS IINAS [ 700 52 2 40 o 35 ] AR T - S FOR G | JREAR

fiff 3o S AL S AN B S BT . B 3a BRI
[7i) 751) 5t A= 40 J A B e A S8 DR T 2 E 20 ol s 3 0
18, IR 5 45 o I, BC—1.BC—2 F1 BC—3 4 IRl 176 1 43
Wk 4.27.5.16.447 mg- g -d7, 3 T CK(3.61
mg kg - d™) , HH BC—2 X IR 14 9 £ A P A
o USTINAS [F] 500 2t 25 ) o b 30 v - S8 TREAR il 0% 1 A
30 d B3k B WA, Bl /5 BRI (T 3b) , 40 d 5 BC-1,
BC—-2.BC-3 [y - 38 S M il 15 P 43 1) 48 CK 3 I 1
164.10% . 183.30% . 128.50% ., £ ¥y sic ik ¥ v | ) 48
b S I PEAE 20 d B s S WG (E, 50 S0t 005 P AE 4
AR R PR T . IR SS R A, BC-1 . BC-2

a. JRKF-HF 3 2E B Genus level species abundance map

1.0

0.8

0.6

0.4

FHXF B Relative abundance

ffi, Other:
ERER W% J& Novosphingobium
B G Frateuria

Occallatibacter
W K] [ £ 1 J& Paraburkholderia
Gemmatirosa
1 IR 41 J& Conexibacter
Pedos haera

%E Nocardioides
ﬁ}ﬁﬂ: I J& Mycobacterium
w14 )& Streptomyces
?Jgf ] Klebsiella
/.

N Ralstonia
Pseudomonas

Bacillus

Shewanella

0.2

CK BC-1 BC-2
AbFH Treatment

b. Ja K- PR 2 A RIS

Trichosporon

J& Stenotrophomonas

[T —
|

J& Comamonas
J& Sphingomonas
Achromobacter

H%%?B“—W}%?Mtﬁﬂ-}wﬁ
H#EE‘%E@#IE@#@%H@#M

] T 30 S e L

X
S
okt
LG
By
FE
L
)L
wFF

BC-3

Cluster heat map of genus level microbial community structure

— ]

CK BC-3 BC-1 BC-2

HiAth Others
Occallanbacter
F EC & Novosphingobium
ﬁ KT T J& Mycobacterium
555 14 & Streptomyces
KT #E Devosia
TH SR AT & Conexibacter
ﬂ"@ﬁ I & Bacillus
/R & Ralstonia
Pedosphaera
}‘)\%é}]@ B )& Comamonas
i FLIC T & Shewanella
uill] ”51 P A [il J& Paraburkholderia 15
FLIR R 8 Stenotrophomonas
ﬁ% SRR C R Frateuria
Wi R [G TR & Nocardioides
BT W& Trichosporon
Gemmatirosa
LT [ TA R Klebsiella
{5 A0 1 ) Pseudomonas
A5 FLE 1R R Sphingomonas
To T H & Achromobacter

y

2 REIAMIE T MR R A 4L

Figure 2 Changes of microbial community structure under different treatments
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Figure 3 Changes of soil enzyme activities under different treatments
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