VLI MY 2548 ( Jiangsu J.of Agr.Sei.) ,2019,35(5) :1102~1111
1102 http: //www.jsnyxb.com

gk R IR B I, S R IRIELE T A I K R R R A A e T R FE g AR R CHE B U W B IE SR [ ] TR AR A
#%,2019,35(3) :1102-1111.
doi; 10.3969/].issn.1000-4440.2019.05.015

A B im FE il 2 B 7K T8 A5 #F A& W0 7k X 78 H L 158 Rt HE
R £ M 8% M Y 52 I

koOR', ke, R O®') kEE, W OB, HEKR, HF F'
(18N RIS 5224 TRR2ERE YO0 B 21301652, 75 AR A2 w8 R R8s 5 i 22 %, LT 100048)

‘N -

FEE . L R KR IR SR AR - AOM A A @ = P HOR B 5E TS R S T & i AR
Yy 5t X RG EVES 2 i K 338 €O, \CH, \N, O HEMGE & 2 K ZFVHERCR: BRI, LSO + 38 0E M B 9% 454 1Y)
S, IR E 4 AR IR CK) (A 300 C il & 1A ¢ (DY-300) (it H 500 °C il # 19 42 7% ( DY-500) | Jit
FH 700 CHI& MY 5 (DY-700) , G5RF, 55 HEA L, &L Y i ab B CH, (N, 0 SRFHERCE: HIW, A= 9 5% 1 it A
AL T A W VK 454, DY-300, DY-500, DY-700 Ab # ef | CH, 2R HE 2 30 3 28 2 31 4 39.29% . 49. 19%
24.0% ,N,0 ZFHEREMH R 43514 30.0% .39.8% F1 13.1% , Chaol 35 HIEIE 1y 2.5% ~29.8% , i = 1y 5% Jiti FH XF
CO, HER NI VE AR, 22,500 °C i85 (14 A= 1 e i i 2 SACHE B 19 85 R e, 700 °C il #8199 A 4 o B X
A PR TE S A AR FH DL S Rs AR 3 P2 VR

KB AW FEREEHE; BB EOR BRSSO G HBoE R U 2R

FESES: SI181 XERFRIAAD . A XEHS:  1000-4440(2019)05-1102-10

Effects of rice straw biochar prepared at different pyrolysis temperatures
on carbon sequestration and mitigation and microbial community structure
in paddy soil
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Abstract: A field experiment with paddy soils was conducted using static chamber-gas chromatography and high
throughput sequencing technology to investigate effects of biocarbon preparation on crop yield, carbon dioxide ( CO,),
methane (CH, ), nitrous oxide (N,0) emissions and accumulated emissions in different fields under different temperature

conditions. Moreover, the analysis of soil microbial diversity by biochar was discussed. The field experiment included four

treatments as following, control group ( CK), adding

o B 3:2018-12-12 pyrolyzed biochar at 300 °C (DY-300), adding pyrolyzed
BEETA : MERH T H (2015BAC02B02-01) ; % M i BH biochar at 500 °C ( DY-500) , add fvred biochar at
SHEF R (R % ) T H ( CE20175060) iochar a - , adding pyrolyzed biochar a
EER MK B (1976-) 55 TLoRE M 18 SR TR, 2% 700 °C (DY-700) . Results showed that compared with the
N 18 T AR K Tl K Ab B3 AR BFSE, (E-mail ) control group, the cumulative emissions of CH, and N, O

zhangsheng@ cczu.edu.cn were significantly reduced under biochar treatments. Sim-

BWAMEE B i, (E-mail) zhaoyuan@ cezu.edu.cn ultaneously, the microbial community structure was opti-
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mized by the application of biochar. In the experimental group of DY-300, DY-500 and DY-700, CH, cumulative emission
inhibition rate was 39.2%, 49.1% and 24.0%, and the N,O cumulative emission inhibition rate was 30.0%, 39.8% and
13.1%, and Chaol index increased by 2.5%-29.8%. However, the inhibitory effect of biochar on CO, emission was not ob-

vious. In conclusion, the biochar prepared at 500 “C has the best effect on the inhibition of greenhouse gases. The biochar

prepared at 700 °C has the best effect on the diversity of microbial community structure and the yield increase of paddy

crops.

Key words:

gas chromatography; emission flux; microbiological diversity

RN ABRG = EMRERMEERES RS
R E SR EZEHORE " Hod i BE(CH,)
SEALHR (CO,) VEALTEA (N,0) BKMIEEL RS
H 3 FRE AR E SR HASIE BB R X
3RS ARHER R 13.5% 5k A TR ARG,
2016 4FFE , i [E KRG R T AL A 3.014%107 hm?*, 4
AR T AR 26.7% , /K 6 T A 25 2 40 2 v [l o
KTEZRN TR A S RED ) o EAGEL
A RS FT R L8 10° t, Herp K R ARG AT P 7
JEE T HE R S HE) RS AT AR AU 5L
Hh3BE G TR EE AR HET, R B e ISR T
FHERE S P AR SR R R AL
BEBEREAT B S

A= R R R DAL A A A s o %) IR A TG 4
W8 N T R AL, S R D B R
TR Y AR Y A
ZALB R R A LI RRE Y R FE AR AR 1 A TR
JE it in R A5t - 4 1 I e s HE LA A [ 1 K
WA it e R e R A LR R AL
B e LR A ERA I 5, DA e 2 A 348 7 A v
Jyttel ) AR AR AW 5T & B R S 1.5~ 15.0
F1 I E R MR

biochar; carbon sequestration and mitigation; high throughput sequencing technology; static chamber-

vhm? FEAE 5S¢, AT AT R AR - 8 0 IR I 3 % {HL 4
ST 22 5 11 4 8 0 - 398 A4 i s R it
SR A R 2 R LR, B 58 o, , kR
ARt 2, M El N, O A1 N, HEZ ™, Singh
TSN A A W R X+ 3 N, O HE AN 72 A 5
W], PP A 20 A Sy - 4 e it FE AR A 9k S, N, O
Heslc i T R 3, B, Ak it P e K o
28U e - MR = AR R, e, AR AT
1 K e FH (1306, B A ] 3 8 1 4% 1) /K RS S 2
Yy % E] CH, .CO, N, O HEM DL K S50 A Wy ik
TR EEFI R

BRSO

1.1 iR SR IEH

T A VL R A4 B VLT PR FH T (1190 35
54.43"E,31°52'10.27"N) , J& T VL3 B A8 e ol
WA FRIC RG] Ry 2017 4E 6 H-11 H, iZ#iIX
AR 14.9 C, H IERTE]2 089.6 h, ToHg ] 224
d, M H 123 d,FEKE 1 066.9 mm™, Bl 1EY
KRR (RS B e HE 11 A,
JKFE I +3E(0~30. 0 em) AT WL 1,

Table 1 Physical and chemical properties of the original soil in the test field

2 Com) LA 24 WA % oG Peyian, .
’ (g/ke) (g/ke) (mg/kg) (mg/kg) (mg/kg) (g/em®) P

0~20.0 23.61 1.19 158.15 35.41 84.68 1.09 5.83

20.1~30.0 23.31 1.24 166.31 34.99 83.31 1.30 5.41

IKFEREFF AW e i 45 0 1% - ORISR 0 7K R RS #F
AR s @B AT 5 B K RE RS FE0 380 B Bt L
A ZIRER AL (%413 .30 000 r/min) , 43 i 4 A4
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C 700 CEMEF il & AP e 43 AR A DY-300
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RS R AR PRI AR L i Ak, B A 3
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Table 2 Physical and chemical properties of straw biochar prepared at different temperatures

EEY/b/ W5 (%) RS (%) BIER(%)  LREH(m*/g) pH i P39 LA (nm)
300 CAEYB(DY-300) 25.8+1.6 37.6+1.8 36.57+2.31 5.811.93 9.5+0.4 5.25+0.28
500 °CA=45¢(DY-500) 30.3£0.8 21.5£0.2 48.26+3.04 6.40+2.09 12.3£0.4 9.06+0.33
700 °CLEHH (DY-700) 33.722.1 12.8+3.0 53.4422.77 184.83+4.33 12.820.5 4.7120.30
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Table 3 Rice yield under application of biochar prepared at different temperatures

s i i G T
(ke/hm?) (cm) (%) (&)

X1 7 350.76 69.40+4.66b 75.38+8.04b 19.649+0.648d
DY-300 9 200.01 68.26+4.10b 77.47+8.39b 21.928+0.244¢
DY-500 10 173.97 71.86+5.05b 83.63+5.75a 23.115+0.253b
DY-700 10 654.73 78.32+4.06a 84.93+2.47a 24.111+0.337a

DY-300,DY-500,DY-700 435I 57E 300 °C \500 °C 700 C &M Fhl# Ay, F—dp AR FER2ER D% (P<0.05),

R4 TRBIEYZERT D EEAER

Table 4 Physical and chemical properties of soil under biochar application in different periods

SRAEE H ) e HHL AR Bl S i AR
(A-H) (g/kg) (mg/kg) (mg/kg)

07-28 it e 23.12+0.12i 246.08+6.13¢ 91.75£1.42¢

DY-300 25.40=0.09 273.55+11.83d 114.13+3.39b

DY-500 26.95+0.14b 293.64+5.22¢ 118.58+4.64b

DY-700 28.08=0.10a 294.43:8.48¢ 126.552.91a

08-28 it B 20.47+0.17k 204.57+5.00 f 60.99:+4.25f

DY-300 23.10+0.19i 266.03+8.07d 70.09+3.17¢

DY-500 24.42+0.26g 298.0026.47hc 82.25+3.83d

DY-700 24.95+0.72f 306.38+3.01a 82.06+3.23d

10-12 it 22.19+0.20j 177.29+3.14g 44.79+0.84h

DY-300 24.14=0.17h 255.02+3.16¢ 53.40+2.57g

DY-500 25.86+0.12d 304.74+5.41ab 63.62+2.82f

DY-700 26.2120.21c 302.99x5.15hc 72.35+1.32¢

DY-300,DY-500 . DY-700 435125 7E 300 C 500 C 700 C &M Rl ES I, [Fl—FpAR R 55 #0822 5 8.3 (P<0.05) .
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Fig.1 CO, emission fluxes of soil under biochar application at

different stages
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Fig.2 CH, emission fluxes of soil under biochar application at

different stages
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Fig.3 N, O emission fluxes of soil under biochar application at

different stages
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Fig.4 Accumulated emissions of greenhouse gases in paddy soils under biochar application
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Table 5 Soil microbial richness index under biochar application at different stages

SRAEI (8] Ab B FE R
(H-H) Richness Shannon Chaol
07-28 oyl 35 747+161cd 12.16+0.14hc 60 410+696e
DY-300 36 670£80bc 12.50£0.18abc 71 857+1 035abc
DY-500 37 596+626b 12.70£0.77ab 73 23324 440abc
DY-700 38 678+203a 12.82+0.41a 74 601+2 386a
08-28 X HR 31 526+537¢ 12.160.38hc 54 789+1 712f
DY-300 33 444£366f 12.26£0.29abc 68 386=1 618d
DY-500 34 245+567ef 12.30+0.28abc 71 1001 619bcd
DY-700 35 567+568d 12.3620.15abc 72 990+886abc
10-12 pogilit 33 905:+446ef 11.96+0.16¢ 70 530+944cd
DY-300 34 563+469¢ 12.13£0.13be 72 3022775abc
DY-500 34 846+1 283de 12.37£0.16abc 74 190+960ab
DY-700 38 534£307a 12.52£0.11abe 74 7742657

DY-300,DY-500 . DY-700 435I 47 FH7E 300 °C 500 C 700 C4&HF Tl M LY, Wl —F0 b AR 5B 30K 22 5 .3 (P<0.05) .

X 16S rDNA Jy 31 Jy i 2 HITT 2609 % Ff OTU
FRXS A AT AR 2 B 3 A, B AR 01T 26 LA B AR %
FHEART 0.5% 1932 Other 4 (181 5) . I 5
AL AN ] A2 W e A S T A= W 11 2 AR B T T
( Proteobacteria ) >A FH [8] - 38604 W 40 v it v 1) £ 5
P12 A S A R 40. 7% ~ 55. 2% , FoR AR FT
1] ( Acidobacteria) , 2% %5 1 ] ( Chloroflexi ) #H %t 3+
BERT. 7% ~11. 2%, fHACIRTERE ] ( Nitrospirae ) 1
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Fig.5 Relative abundance of soil microbes at different stages under biochar application
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AP B 2 (Genus) KF-#E4T 12 DS FAEY)
DNA FEA YR B 1 2 4k ROBE 53 BT (NMDS ) |, i %6 531
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