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Effects of biochar application on greenhouse gas emissions and yield in a double—season rice cropping system

under various optimized nitrogen reduction conditions

LI Dandan', HE Hao"? PAN Feifan', YANG Shuyun"

(1. College of Resources and Environment, Anhui Agricultural University, Hefei 230036, China; 2. School of Applied Meteorology, Nanjing
University of Information Science and Technology, Nanjing 210044, China)

Abstract: This study aimed to investigate the effects of biochar application on greenhouse gas emissions and rice yield in a double—season
rice cropping system under different optimized nitrogen reduction conditions. Five treatments were set up : conventional nitrogen fertilizer
application (CF), optimized reduced nitrogen fertilizer 15% (OF15%), optimized reduced nitrogen fertilizer 15% + biochar (OF15%+B),
optimized reduced nitrogen fertilizer 30% (0F30% ), and optimized reduced nitrogen fertilizer 30% + biochar(OF30%+B). Static chamber
gas chromatography was used to monitor CHs; and N>O emission fluxes during rice growth, and determine the soil physicochemical

indicators and rice yield. The results showed that compared with CF, all treatments reduced the cumulative CH4 and N,O emissions from
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double—season rice soils by 9.59%-39.60% and 20.12%-41.61%, respectively. Among them, the best reduction in CHs was achieved by
OF30% +B and OF15% +B treatments, reaching 39.60% and 31.53%, respectively. The best effect of N,O reduction in the OF30% +B
treatment reached 41.61%, followed by the OF30% and OF15% + B treatments, reaching 34.56% and 28.14%, respectively. All the
treatments reduced the global warming potential produced by soil greenhouse gases in the double—season rice system by 9.54%-39.27%.
The OF15%+B achieved the highest yield, increasing by 2.83% compared with CF, whereas OF30% and OF30%+B had some risk of yield
reduction, decreasing by 5.85% and 4.20%, respectively. The greenhouse gas emission intensity (GHGI) was reduced in all treatments
relative to CF, with OF30%+B effectively reducing the GHGI of the entire double—season rice system by 36.74%, followed by OF15%+B
treatment with a reduction of 33.09%, both of which have a great potential to reduce GHGI. The application of biochar increased soil pH,
soil organic matter content, soil nitrate, and ammonium nitrogen content, and improved soil fertility, which may be crucial for biochar to

regulate soil greenhouse gas emissions. Overall, the OF15% + B rice yield is the highest among the treatments and has the greatest

greenhouse gas reduction potential for sustainable agricultural development.

Keywords: greenhouse gas emission; biochar; rice; optimal nitrogen reduction; yield

T2 SR R HEROW T S AR L B TR 5
M), 25 4 BRA b A 7= 3k R B KU Rk M. Al
P N IR = SR P R IR 2 — |, 5 2R E
SARHEBCE 1 17% , ool Bl & CHL A N,0 453
COL TR ZE S MRHE £ R4, — & M3 TR0 535
S CO 1Y 28 15 1 265 i , A 1980 4 %] 2018 4 F8 5] &
AR COL I 2 SRHECR I I 1 34%" . 3K EIE K
FESAE R ], ARl 17 R o 4 R B 1L P 27 %, SR T
&5 1 e K HE A =S L R R it by = FE o BT LA
FAEA S AL A TR AL T A A7 550 5 OB, IRk
et FH L 2= SR B HE R — A PR R e v o5 9 =
S, ARG RS SR, 2z T
A B AR R 1 2 SR R A AR AR =, Sl i, W
Fef X o 4 [l KR S A T AR 40968, R 58 2 Fed
U HE R SR, X T PR KRS T e A e HoA

Jite FH 28N A 4 e 3 T PR K AR A ™ ) i 2
AR EAERETS T A 28 LA b 1) RN it P ik B [
PR AR it 42 45 B BR (225 kg hm ™) 19 1.98 £% , 51
BTG ZEGIR 2 SRHE RO ) &5 )8, R ik
g g il ZRURE At R Al AT A2 i EE A FRIE
BRI AR AT 29 620 t, 3662 5 3 Ak B
I 23k B BT IR B 5 R Y R R SR ALY
TG A B BRE S i 2 T LA A s Ak, A=
DN 22 FLAE KA R R g DA R R pH (B S5 R A
AL LA R AR Ty B IR A &R 2 i 4 v
Py B RS 0T, 3 R AV AS FF R A4 AR AL T
B bt [ N AMIFFE A | i i it A=
Wy PR A B A R = SR HE R A 2 e, F
SEE T S5 RIS 2 B ZE BRI FORA L A 15 ¢
hm ™ A= ) i A8 PR IE 77 5 ) AT R AE B E RREAIG 21.4%

1% WHART]

(1 CH, F1 N.O R HEAIC S ; Sriphirom 28 BFFE R W]
A=W ik ) Z2 AL ARG A T4 v et R AL B, e ER
77 HVGE B B AR A PR AR 9%~21% 1Y CHL HE I &2
B2 S 3 - Be Pk ot AR RIS DL R A= W it FH i AN
], Az 4 e %o Tl 25 AR B 52 ) A7 I 3 25 S,
XoF T i = AU HE , I Ak e it £ 4 o 1 vy FH
AI5E) 6. Yang SRR 2B, i 4 t-hm > E A
A AR A IR, AT U S50 ik R I 1 2
YDA, R = SARHE AL o] K T AER B, it
RE it 20 180 kg - hm ) 548 FECAJiti % 15 t-hm™
AT DARR = AR g, R i (A RS,
U R GG 2 e ) e D CHL B HE 5% Wi A i 2
1, o] R i ) B o RUIE 5 A W it 61047
Wit — 5% .

B XA PRI RO, B
K IRTE U5, S EE B K RS FIARL DX . AR DL LI
Hiy DX 3 TR (1 RZ A AR FH R BSR4 R S8 A TR IR
Jits S AT HE T, Bt A= 42 e R ik 2 SARHE LA B
A R R B 5 A AT K RS AR E I R AL
PEJTR A9 AR fbf B 5 0 o e S TR = AR HE T
TEH) AT RERY IR R ML, LAY R 3. B NS F R Sk
FiiE R AR 2= A

1 #MREFE

1.1 iRBE w4

ATAIE F 2022 L8 LA IR BT AT
PEAT(31°39 N, 117°41'E) o iZ M X3 17 m, Jy it
Y B R 2 RS, AE -S4 BE 16 °C, AF [ RN i
1 046 mm, A 4ETCFE ] 247 d, K@, oqE Sk F
o I A ML S O 27.53 ¢t ke, 1
pHAE R 6.31, 1345 A RUB A8 5 &40 51 o0



PP S DR 5 P 4 50 U B M 5 PR B O 2627

1.27 g-kg'.15.80 mg kg™ F1140.30 mg- kg™, Py EIEZh
B 488 grkg ',
1.2 iX¥&iZ it

WF5E I8 8 S AR H R L (CF , U it A o
220 kg-hm™?) R 15% (OF15% , SR8 it FH 2
187 kg hm™) VAL & 15%+4E 9 5k (OF15%+B,
A W B N 250 kg - hm) | &R R 30%
(OF30% , & P i FH 5 4 154 kg - hm™) | &0 0 o
30%+ 1 W) ik (OF30%+ B, A= W) ¢ it FH 5 A 250 kg -
hm?) . SAEE3ANELE L 15P/DX, AKX
AR 30 m*(5 mX6 m) o

R CHIE 3 ) PR R L R S A A
FNEF FERE < 43 BE AR - REAR =52 3 it FH , ik A R 0 A
Jite FH K43 51 R 75 kg = hm 2 F1 70 kg - hm2, 44 Fy 3
B — Mt o AR 56 T FH AR W ¢ ) 0T e ST R R
PP A BR A, R KRG R FFE 500 °C e i 22 /8 e
B9, A 5 AW e i) 7 ZE R 30 1, AR e
ABRAYE AR cpH AN 9.14 V& & N 1.63%
it R 58.59% . b R AN 3.07 m? - g K Ar N
26.27% 35012 M 10.27 nm R iR <1l mmo A5
5 R S R e — PRt

KA RS A A /K I il SR TS 2 d S A B
TR d Bl Ok LR 310, K RE RS AR BRI 5 H 11 H Lk
RIS E] A 7 F1 30 H 5 WA S Fl o ERS 90 , 7K R B Ak st
Bk 8 A2 H kIR 10 H 15 H o K FER A 5 i
H333 3 - hm ™, KR A K HT KA R 3 em, 43 BERK
HIHEK I 7 d A 4 B, 2 J5 27K 2 10 em , IR T
7 dHEAK I T KA A= B A A0 2 R 1 7 3 B 4
I H AR F DRI KR IE # A 1Ko
1.3 BRESGRESNE

SR FH w5 25 A - AOM 3 R A 5 E TR E R
o SR SR T A R AR HLJC H R HL Y
T 00T HEAT , PR AL I 8] (8] B 4 d, 45 4b PR 4E 3
ASFEAS . NN R il AR FJE S K5 B R
FRER N A% 30 em 5 100 em [ PVC [B A , #f 41
0] 43 2% DR U b Rt DL A e A 9 IR PR RS E o KRS AR
BZETC N A2 30 em . i3 15 em YIS FE |, JiS J8E o7 T 7K R
FEAR Z 0] o A R A B G A T P K % 3, 55
ORAEF . CRERTIA S 9:00—11:00, 47 5] F 0.
10.20.30 .40 min B A I 19 9 #5 WCAE AR FE o [
ik SR A A T 1 A A AR S ZE A (R 11, AT A8 SR A A )
U5 A7 PN L

SRKEAAE 24 h YA 1] 5256 2 o SOR 8 3E4Y

W5E CHL I NLO I . CHL I N,O HE i £ 11155
AR

F=pX V/A X(de/dt )x 273/T
A F ol CHLEE NLO O HECGHE i, B mg-m - h'
(CH) B pg m-h' (N,0) ;0 MARHERA T CHa 5k N.0
[ %% B, HAH K 0.714 kg - m™ (CH,) 5% 1.25 kg - m™
(NO) 5 VR % BH56 A RO TR, T8 48 K R 1 248
00 23 AR, B Sk m®; A by %% B4 7 78 55 11 4
TR, B oA m? 5 de/de Ay LA Bt [0] PSRBT 1 CHL B
NoO ¥R FE AR b, B wl- L+ (CHy) B nL- L7 -
h™ (N.O) 5 TR 3 B4R INTRLEE , 00 Ko M4 A A
BOE ARG H CH A N,O REHEILE &, W H A%
SRR R AR 2 B AR
1.4 £RIEEBBRSBESEHINEENITE

KRS o 2o A v ™ A T AR CHL N0, 2
FIPCC 2014 18R CO. 241 (COe) , T R K050 31
128 1265, RIS HITR AT .

GWP =28 X feu, + 265 X fy.o
K GWP Ry BRI 3, B0 0 kg COze - hm™ 3 /en,
10 53 51 A /K FE AR R H CHL AN NLO SR B HE i
S, B R kg hm ™

IKFE LG L 25 /N X BEHLE R 1 m* K —F K
FETHEAT I ™, o BORE I 7™ g /K e T 4R 38 XUk XL
T BN EATE R, e w7 . = SR HE R
JETHR AR

GHGI = GWP/Y
K GHGL R HE R B, 507 0 kgCOe -t Y K
FeL R i, A kg hm ™,
1.5 HEBEAERNE

KA BN, T8 KREUHEF B B, 15 3K
KT, HAANEWN AR ELRRAE 0~20 em L2 HFE,
BAEIRTE 3/ N R EE LA R IRG 3 RN
— MRAFE, L FE B3 5 B AT TR AN R, 4
P A G - AR R . A ML (SOM) 75
K H Vario EL T 7T ZE /AT (12 5 Elementar 23 7] )l
A, 1 pH AR A3 OK 2.5 DI ; 38
FEFABI R RIR BT, R FHBE I 15 L L FL g Ah o
HEJE P 2 £ 38 NHG-N FTNO-N 7 2 .
1.6 FHEAESHH

I LA 3A T I ER R Excel
2017 F1SPSS 20.0 H A HEATEE AL AN 5 22 00 Hr . R
AT Ao BRES A SR T BRL DR 2R 2240, T LSD vk it A7
ZHE R, A Origin 2021 21 F 6 .

WWW.QEs.0r9.CN




m@g 2628

VRS Rty FREF11H

2 HER55H

2.1 AE4AEX CH.HER AR08

CH.HE il 35 B2 4 v e K R A K 2 BRI, 7 A H
HEZK 05 FH 4 1] CHL HE i SR, EE I &2 K J5 CH.
HE 3 B ARG 0 FH 22 1 (1) o AN WU R o
R, CHHEUFAE 2 A WA, 76l I8 5 1K 3 fe
KU, HyOh it 7 BENE I o R 2 W1, 5 R RE A H
WA 1 CH. 2B HECR W 5t 4.42~56.76 kg-hm ™3 5
CF AH EL , 45 40 BRI RE A CHL i REHERCR | PR J
MG 8T A I AEG I 43 1) A 2.98%0~34.90% 5 15.19%~
43.58%, X THH8, B8 OF15% 438 , Hi4s & b 38 CH,
FRHE R CF B R (P<0.05) 5 XF T Wi Fed , 25
Ab 3 CH, ZFRHEACE 2 2 2 AR Va0 I it 2 4 J¢
A 3 A i) K P it 280 A BEAR HE , CHL SRR HE il 5 P A1
T 17.90%~25.60% (F-7F ) F120.10%~23.00% (B FE ) .

X TR A IR R RS, OF30%+B % T CH, 1y I8 HER%
KA, B8 T 39.60% , Hk ok OF15%+B Fl1 OF30%,
KFN T 31.53% H129.37%, 1M OF15% ik HE 5% 1 7 Ik,
124 9.59%.
2.2 AEIAMEE YT N,O HE # 2 B 25 01

W 3 foR oK FEAE B N AETE 24 NoO HETisE
S A, JH R 7 it A S | HE AT DA R TR K )
B AW, CF (B 55 5, Dol 22010 b 34 e R IR0
R 2 . JFErp LR NLO HEAIGH 98 B 2.32~112.86
pg e m - ht R ) HEGE S R 2.15~102.72 pg
m?-h's FE 4R, N0 SRR HEC R Rl 2 it A
BEAI T T B, I Lt FH A 9 o R 1 — 25 4 1 D HE
B 5 CFAME, OF30%+B A% N0 S FHHE i 54501
A, PR WA S IR T 41.89% 5 41.36% , 91 H.
BAWERG RG AL T 41.61%; H K N OF30% 5
OF15%+B, T kb PR 45 A~ X2 F8 2R 4 1) N,O R FLHE

451 -
o L —A- CF i
= 40 -0 0F15%
35tk ~- OF15%+B
= -o— OF30%
J%ﬂ ¥ 301 : -@- OF30%+B
=T 257
<<
5% 15t
E 10f
= 5f
o
»
Bl AEAETNEERS CHARBENTWL
Figure 1 Changes of CH4 emission flux in a double rice cropping system under different treatments
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Figure 4 Cumulative N>O emission in a double rice cropping system under different treatments
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Table 1 Grain yield,yield-scaled GWP,and GHGI in the double rice cropping system under different treatments
A AL Global svzlsiiﬂzlﬁfntial of Global ]jv;(iriiuzlﬁjiltial of SRRI LSS 7R i AR
ltem Treatment CHy/ (kg COse-hm) N:0/(kg COse-hm) GWP/(kg COe*hm™) Yield/(kg-hm™)  GHGI/(kg-kg™)
R CF 8908.2a 392.2a 9 300.4a 6 946.2h 1.34a
0F15% 8 642.3b 378.1b 9 020.4b 6913.1b 1.31ab
OF15%+B 6 430.9d 339.6¢ 6770.5d 7012.5a 0.97¢
0F30% 7 063.6¢ 318.1d 7 381.8¢ 6 431.5d 1.15b
OF30%+B 5798.9¢ 310.0e 6108.9¢ 6 572.5¢ 0.92¢
RS CF 10 497.6a 433.9a 10931.4a 7129.3¢ 1.53a
0F15% 8 902.5b 378.1b 9280.6b 7231.8b 1.28b
OF15%+B 6 855.8d 320.7¢ 7176.4d 7 461.9a 0.96d
0F30% 7414.7¢ 286.2d 7 700.9¢ 6712.5¢ 1.15¢
OF30%+B 59227 254.4e 6177.1e 6915.4d 0.89d
ARk CF 19 405.8a 826.1a 20231.8a 14 075.5b 1.44a
0F15% 17 544.8b 756.2b 18 301.0b 14 144.8b 1.29ab
OF15%+B 13 286.7d 660.2¢ 13 946.9d 14 474.4a 0.96¢
0F30% 14 478 4c 604.3d 15 082.7¢ 13 144.0d 1.15b
0F30%+B 11 721.6e 564.4e 12 286.0e 13 487.9¢ 0.91c

T AR ING TR R AN [ b B 22 50 2K (P<0.05) o
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Figure 5 Changes of soil physicochemical properties of double—cropping rice under different treatments
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