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Effects of biochar on the degradation of azoxystrobin in anaerobic paddy field and its microbial community changes. CHEN
Jian-jun', MA Jian', YANG Xin-yan®, HE Rui-min’, LU Ying-lin?, AN Yu-xing® LI Shuang®" (1.College of Plant Protection, South
China Agricultural University, Guangzhou 510640, China; 2.Institute of Nanfan & Seed Industry, Guangdong Academy of Sciences,
Guangzhou 510316, China). China Environmental Science, 2025,45(10): 5648~5656

Abstract: This study investigated the effects of sugarcane bagasse biochar on the degradation of azoxystrobin and the structural
composition of microbial communities in flooded paddy soils from South China using a microcosm system. Results demonstrated
that biochar pyrolyzed at 300°C, 500°C, and 700°C accelerated azoxystrobin degradation during the early incubation phase (10d),
achieving degradation rates of 32.42%~34.87%, significantly higher than the 16.48% observed in the control (no biochar). However,
it ultimately inhibited complete degradation by the late phase (50d), with final degradation rates of 88.78%~89.76% in
biochar-amended soils versus 98.77% in the control, demonstrating an initial stimulation followed by suppression. The inhibitory
effect intensified with increasing application rates of 700°C biochar (BC700). Azoxystrobin acid, a key metabolite, was identified
during this process. High-throughput 16S rRNA sequencing revealed that BC700 addition reduced total microbial species richness
and Chaolindex. Comparative analysis showed that 5% and 10% biochar treatments significantly decreased the relative abundance of
Desulfobacterota while increasing Citrifermentans and Bacillus spp. compared to pristine soil and the 3% biochar treatment.
Conversely, Clostridium_sensu_stricto 12 abundance declined.

Key words: azoxystrobin; sugarcane bagasse biochar; microbial community; paddy soil
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(IREAT « 2% SRR AR 22 55 5% W) Ja K DY 431
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Table 1 Physicochemical properties of rice soil

PSR bR IE
pH 5.50
HHLF(g/ke) 15.56
LR (g/kg) 9.03
KA PR (mg/kg) 50.75
A5 (g/ke) 0.846
2 (g/ke) 0.506
44(g/kg) 10.41
HfiE A (mg/kg) 77.15
A 28 (mg/kg) 41.80
T (mg/kg) 67.59

1.1.2 BEBER(97%) SEL FHME R EE I H Acmec
Biochemical. H] & JIi5 ¥ fift W% T 15, il 4% &5 1000mg
JL (W AT 5 D P A A FH P TG 38 Ay v A
i (HPLC)ZK.
1.1.3 YR pEE AW AE R Aok A2
FEHESER AR R, LA 10°C/min (1) Tl E %
PR 2h 1530 H AR 3004 500 AT 700°C R4
5y MkRic o BC 300, BC 500 Al BC 700.
B YR R TIEIE 100 H 9% % BET Wb
1(ASAP 2460, Micromeritics, USA)J5E A% (1) L
2 T FL(SSA). K H 1 4 2 8% (SEM, JSM-7800F &
TEAM Octane Plus, JEOL, Japan) W 4% 2E 4 5¢ 4 1 4544
FIRERE AT T AE R MR PN SR 2 B, AR
FEHRBERAE AT 1 R, AW L AMRAE AN B 2 FTR.
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Table 2 Physicochemical properties of biochar

B C 0 Fe tti‘iﬁ%ﬁ
(Wt%) (Wt%) (Wt%) (m%/g)
BC300 12.14 85.56 2.30 23.78
BC500 16.11 81.60 2.29 24.09
BC700 21.70 75.73 2.57 24.44

1 AW BAA T S B R AL

Fig.1 Scanning electron microscopy characterization of

biochar
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Fig.2 FTIR characterization of biochar

1.2 STk

h T BRICAEAS R LT 7 A2 0 A 0 IR 1R 58 Wi
W 10% (w/w, T-EE) 1) BC 300~ BC 500 A1 BC 700
B L IERE S R A B AE IR T 3% 5%
10% (w/w, T-EE)] BC 700, AR5 A4 7% 0 165 1 i
REEAE FR) S

ANRIRLRE P AR IR AR ) R S0 3L e v T 5 ANk BE
A1, AL FE K AR A WX (Sterilized soil+10mg/L), 4=
W% IEC2H (Soil+10mg/L) LA K 52 56 41 (Soil+BC300,
Soil+BC500, Soil+BC700). HAK [ 525625 18y 4 b
AR WA B 3 0 1) KRG LA it 4 R - 3 MSML R R
Fo 1:10 H RGBS I E] 100mL P4AIE 8% J5 I
10mg/L P BT 15, S 56 41 A4S N 10% (1) A=) 7, TN
N, 30min, & ¥ H LI O, Jathis K _FI IR ZERIES
5 0 SN RE S TBLE (30£0.1)°C 35 540 rh RS BRI
B 50d.7F 0, 10, 20, 30, 50d FEATEURE A M S5 AR A4
SR HUREIRE (] A 0, 5, 12, 20, 30d.

ANTR)VAE ) R v 0 o S5 e v E T DY S Ak 3 AL )
I 4 (Soil) LA K 52 36 41 (Soil+3%BC700, Soil+
5%BC700, Soil+10%BC700). B {4 [ 52 56 25 58k s
R AT B S 0 (1) ZKORE LA 4% R - 3 MSML B
FEHEEH 1:10 B ELEIZ 2] 100mL PEHIR AR 5 N
A 10mg/L [0 BT I, S 56 41 P93 AR N 3% 5%+
10% 19244 ¢, 38 N N, 30min, & e L) O, otk
T AR ZE R 15, K SN A S RCAE(302:0.1)°C 11
B AR R IS RIS R 50d. 7655 50d I 3IEAT HIURE.

ARSI VUM H AR B SR AE B e, S 56 P
FHESFRIE N MSM 5953£:10.6g/L Na,HPO,.12H,0,
1.5g/L KH,PO,, 0.3g/L NH,CI, 0.1g/L MgSO4.7H0,
ImL/L & IC 3 # W .pH=7.0.
1.3 ik
1.3.1 BRI A AL BEBEATLI 3 00, IR
K G AR P PR RV S AR 5 ) D R R AT TR IR 2,
P T HHERE S & S0mL B0, B50(10min,
6000g), I35 FH 0.2pm 1998 5 Ik 98 5 7 21 L Ath 250
B 5 AR IR S ORAE 2 -20°C.
1.3.2 PR ERIGP W ) 10mL 200
A 2g T3 RK S 4mL HPLC % LR A K
PR R KR A 1h, B 30min LYTIE, 3 LA
4000r/min 5.0 2min. 4 2mL 28 0.2um S LA HLIE
Jye 459 >0 v 2 DR BN AE 4 CUKAR
BELRAE A
1.3.3  WERERACU PP AN 20mL
VN I B TR 9 R R, 20 VAR N SmL 2% AN
A1 ImL 0.5mol/L #hR2, VR4 G AT # 42 250mL
3R SF I I 20mL 208 208, R 2R
Imin JG & 2,502 F W, EEE o e Ta
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20g T/KBRERENI /N N 250mL [ ek b, &
SR 2 IEHI TRl 45 CrE e 2 1, H
PSS R RS 3 U6 #% 9T 8 25 4 10mL. L ImL
28 0.2pum LA LIRS 5 30t 8 2 I g A )3k
FERR AR 4°CUKAR e /A7, A5 DU
1.3.4  FETEER AU S RO (% R 48 (UPLC)
BEAT R (Agilent 1260)W% . A U 2% 4 DAD il
2%, (A Zorbax Eclipse Plus C18 (4.6mm X
250mm, Sum), ki A 30°C BEFEE A 10uL, i ShAH N
K= 65:35(V/V), K Il K o 220nm, 3t 34 N
ImL/min.
1.3.5 WERERAW Y KA LC-MS &l 8 H
Accucore aQ i #1:(100mm=2.1mm, 2.6um), ¥
25°C, A FF I (A)~0.1% R /K ¥ W (B) B B VG
Jii(0~1min. 5% A-5% A, 1~8min. 5% A-70% A,
8~12min. 70% A-70% A, 12~12.1min. 70% A-5% A,
12.1~17min. 5% A-5% A), & 0.2mL/min, K3 K
i 190~400nm A3 Ji i SR FH F e 25 g B9 1E A7 B
P I S FEL S A 32KV, B IR 300°C LS,
40.0arb, 4] B <. 8.0arb, i KWi %5 LA 100pA, B3k
IAAZHIRE 4 300°C.
1.3.6  — R FRfE SN )24 AR W R I 1) % g 0 4
GRS 1T

C=Coe™ 1)
A e LD Co MR IWIM S, mg; k &
il 2w 4, d 1, C NI ¢ I A 2478 B &, meg.

AR 25% B I S R

T\ p=In2/k )
Kb T 23 .
1.3.7 {#iF SPSS 16.0 ((SPSS Inc., Chicago, USA))
HHATHTE v o b, iRt 8 2 MK 7<0.05 F B 1)
J5 255 BT (ANOVA) By 3 A HR 7 v 1) 2 55 1) b 2
fr 45 B 2% ¥ 4l ] Origin  2022(OriginLab Corp.,
Northampton, MA, USA)Z: il

2 FR5UE

2.1 IR[RI AR AR FE T VA A 0 R K e R T 4 A 5 )
=il

W 3 Froas W8 T G £ oK B 48 AT B AR, T
TEA K T3 ,30d FEf# T 95.06%,7E 30d HIE57%
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Fig.3 Effects of biological treatment and abiotic treatment

groups on azoxystrobin residues
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Fig.4 Effect of sugarcane bagasse—derived biochars pyrolyzed

at different temperatures on azoxystrobin residues

#=3 —REBEHNFEHE
Table 3  First-order degradation kinetics

S E CIME iy R Tin
J5ith 135 C=0.433¢ 0% 0.852 13.0
Soil+BC300 C=0.407¢ "040% 0.928 17.6
Soil+BC500 C=0.404¢ "4 0.950 17.5
Soil+BC700 C=0.408e "1 0.931 17.0

FRA ] 4(a) &5 S % s 1 PR 1) — R B A o) 2 7
FEHHT RIS G5 R 3R 3 PR AER B INEY R 1)+
A8 v s R I 1) A AR R 0.0592d,S0il+BC300.
Soil+BC500 A1 Soil+BC700 A FH 2H 1 b 5 1 B i i
FA 1 0.0405d7,0.0403d71,0.0419d " B % A 1
TSI PEE 1D T vy, e T I A o AR R 1
NN A2 300 ¢ 5 A i o W A G 1) R A . — A
W VS W 00 22 S R e el T e AT B A AN TR s
T FE W B BE )7 .Soil+BC300 . Soil+BC500 . Soil+

BC700 AbBEALIF 22 0 17.6,17.5,17.0d, K48 i A=
Yok 8k ol 13.0d,1X % B BC300. BC500.
BC700 RIS IO i R B A2 2% T 35.4% 34.6%-
30.8%. JH HIT A5 HF 9 43X b 4 28 A 7 1= 3
W %R BRI, LR i S T 8
£ [ HA A BFFE R R BC 300, BC 500 1 BC 700
Ak B 3 b 22 TR R TR B R BE S AR R 1K) AR R
JSE T e i AR ™) 3 b AR S 4 R AR — L
2.2 MR ATV 0B R e AT 15 B AR 1) 2 e

A EEF-75 0 BC300 AT BC500,7 111 BC700 i
TR B DR BCT700 AV A FFE 0 5,30k — 5
AN [R5 T8 ) 6 7 15 3% A28 Rl A 0 i 4 1k
w0 a5 B, Soil AbHLZ R B RN
0.0041mg, Soil+3%BC700 4t Pf 2 7% ¥ &= A
0.0125mg, Soil+5%BC700 4t Pf 41 % ¥ &= A
0.0179mg, Soil+10%BC700 4% ¥ & 4 0.0275mg. i 1]
Befg o bEAE H s Ay ok BCT00 ¥ 2 1 38 hn
0 BARK. TR R AT AF 90 R B A= ) IR PRV TN 23 189
fsf, B2 it 2 52 2R L A I AR 2 R fi 2 ek D
358 rh B IR G 10 B A 0L AR T B A ST
B DL 5E AW 0 IS N 2R 1R 19 o, — FRBRE A 0
H TR AP 2 I B0 J5E A 0 % i S VA o 6 R 8
SR SR SR P IR £ A i),

0.03
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g
i L
§ 0.02 0.0179
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Fig.5 The residual amount of different biochar BC700 was
treated for 50 days
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Fig.6  Full scan mass spectra of azoxystrobin metabolites
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Fig.7 Mass spectra and proposed structures of detected

degradation products of azoxystrobin identified by LC-MS
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Fig.8 Degradation products of azoxystrobin

2.5 AR Z AT

N k2 PR BN I AW 2 S DR ARReR T T
PR A v o0 A AN LA DGR i, R H Tllumina i
ER N e 50 A P R Bl A M T R REAT 2 A )
A JE X B LA BB 97 & 2 e — R (50d) Soil
S0il+3%BC700. Soil+5%BC700. Soil+10%BC700
KE R SRR TIP3 S A e 22 b

F4 AFEIALE 16S RNA SEENFKELHER oZH
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Table 4 Microbial diversity metrics (a—diversity) in each

treatment based on 16S rRNA high-throughput sequencing

IR Ab B OTUs chaol shannon
Soil 5101 2028 9.17
Soil+3%BC700 4818 1912 9.09
Soil+5%BC700 4426 1756 8.91
Soil+10%BC700 4455 1759 8.98

Z RSB H T VR LI T A
BER Z FEMEMZR G AR R R 4 ) 4 AN R BRI o ZFE1E
febr. LA I AEY) IR KGR T 50d HORE I 3% OTUSs
& Bk 5101(Soil) . 4818(Soil+3%BC700)
4426(S0il+5%BC700)F1 4455(Soil+10%BC700), k1 %}
T AL FOR AR P AR B IR o Al s b W R
SEOD X5 SR TS — LA R S N e
) OTUs HATBRARAE RO, ml g i th T 2E Mok xt
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Fig.9 PCA diagram of different treatment groups
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