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Effects of Biochar and Oganic Frtilizer Addition on Net Carbon Emission
of Paddy Field in Black Soil Area under Water-saving Irrigation
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Abstract; In order to explore the effects of biochar and organic fertilizer on net carbon emission from
paddy fields in black soil area under water-saving irrigation, a field experiment was carried out in 2023.
Two irrigation modes, conventional flooding irrigation (F) and controlled irrigation (C), were set up in
the experiment. At the same time, biochar returning ( B) and organic fertilizer returning (O) were set
up in each irrigation mode, and no material returning (N) was used as the control group, a total of six
treatments. The effects of biochar and organic fertilizer on CH,, CO,, N,O emissions and rice yield in
paddy soil under two irrigation modes were analyzed. Combined with the change of soil organic carbon
content, the net greenhouse gas emissions (NGHGE) of each treatment were calculated. The results

showed that under the same material application, the cumulative CH, emission of controlled irrigation
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treatment was 71. 06% ~85.39% lower than that of conventional irrigation. The cumulative emissions of
CO, and N,O were increased by 41.89% ~47.97% and 27.56% ~ 38.26% , respectively, compared
with that of conventional irrigation. Compared with the control treatment, biochar application reduced the
cumulative emissions of N,0 and CH, by 14.31% ~23.90% and 15. 10% ~23.83% , respectively, and
increased the cumulative emissions of CO, by 23.03% ~ 26.63% . The application of organic fertilizer
increased the cumulative emissions of N, O, CH,, CO, by 8.22% ~ 12.09% , 18.36% ~ 19.22% ,
51.48% ~53.48% , respectively. The application of biochar and organic fertilizer could increase soil
organic carbon content and rice yield, and the increase effect was more obvious under controlled
irrigation. The NGHGE of controlled irrigation treatment was significantly smaller than that of
conventional irrigation (P <0.05), and under controlled irrigation, compared with the control treatment,
the NGHGE of biochar and organic fertilizer treatment was decreased by 44.01% and 6.38% ,
respectively. In summary, the application of biochar under controlled irrigation increased rice yield,
increased soil organic carbon storage, and effectively reduced net carbon emissions from paddy fields in
black soil areas. The results can provide a scientific basis for the formulation of water and carbon
management strategies for water saving, yield increase, carbon sequestration and emission reduction in
paddy fields in the black soil region of Northeast China, and it was of great significance for ensuring
sustainable agricultural development in Northeast China.

Key words; black soil paddy fields; water-saving irrigation; biochar; organic fertilizer; organic carbon;

greenhouse gases
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Fig.1 Daily variation curves of air temperature

and rainfall during rice growth period
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Tab.1 Water management of different irrigation modes
AR 2 EHI8 R g ] S BEVI SrBET SYEERH HOWAARE T FLE B A
EW LR 50 mm 50 mm 50 mm g [ 50 mm 50 mm 50 mm % T
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0, AR 3R K
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Tab.2 Nitrogen fertilizer application rate of

each treatment

A HLAEN TEHLA Nt &/ BAR
R bE MEHE/ (kg-hm~?) Jiti FH 2/
(kg-hm™2) I BEIE  BEE (kg-hm™?)
FO 33.0 16.5 22.0 38.5 110
I FN 0 49.5  22.0 38.5 110
FB 15.2 343 22.0 38.5 110
co 33.0 16.5 22.0 38.5 110
EdlWEM  CN 0 49.5 22.0 38.5 110
CB 15.2 34.3  22.0 38.5 110
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Fig.2 CH, emission flux curves and total CH, emissions

of different treatments during rice growth period
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Fig.3 CO, emission flux curves and total CO, emissions

of different treatments during rice growth period
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Fig.4 N,O emission flux curves and total N,O emissions

of different treatments during rice growth period
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BRI Bl , o CO AbBE N, O HE il i W A 5 e
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Ab B 53 98 /0 16.13% ,29.26%  FE4K 15 22 FE
FO .CO KbFE N, O HF i 5 U fH 52 FN CN &b 353 %)
R4 35.70% 20.01% ;FB CB 4b ¥ N, O HEHil &
IE(E % FN CN Ab B 53 5] 9 /> 8. 14% (18.48% . 7F
Jits AAH R 0RE T, 45 IV AR 20T 4% b 3 N, O HE ik
i T AL WS X, Hoh CO (CBCN 4b 3 A=
BN N,O0 VX HE a2 % FO FB FN &b 343 %)
5 28.74% 32.81% 20.96% ,

K4 & 403 N, O HEB S 228 16 5 [ Dy 0. 32 ~
0. 61 kg/hm*, 24 it A AR ] #9744 BF, 42 il 9 0 452 o R
AL N, O HEHCR B T ow s S,
CO.CB.CN gb3 N, O ik & &8 FO FB FN &b 3
Ay 33.49% 27.56% 38.26% , A [ WE A 5
T, 5 R B A L, A LR A RS R B AR F
N, O HEHC, A5 ¥ o i A 5 H 2 80 8 90 k] N, O HEJ,
Hrfr FO,CO 4b 3 N, O HEjl & 538 FN  CN 4b 3 43
WA 19.09% 8.22% ;FB .CB 4b# N, O HEjift w5
3 FN (CN Ab 353 598/ 14.31% \23.90% .
2.4 HAKEBTEMREEFVERMT LERN

T i = B9 %2 M

VR o R A T e A AR W ik S A HILAE X 4
HHLBRAE T RS an K S fr o, R I 45 R R0,
HAbFE 0 ~ 60 cm + A LK - 245.6 ~

400
300+
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100 |
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-100 &
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Fig.5 Paddy soil organic carbon storage under different treatments during rice growth period
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A E FEEPTEO0 ~20 cm £ 2,0~
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25 A 3 R AL BBk A e W R o
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P40 W WA 0 R 4% Ab BE NGHGE ¥ 58 2 /N 3 J 0
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NGHGE , 55X} fEAbBEAH LL , A HLAL 5 A= 9 o it A 34
e TR = A A YL GWP 5 GHGI %
Ik B4 T, e A A Pk A B GWP 5 GHGI £ 8y
FEAR . e AR R R, 5 5 FUE A =0 L, 4%
Tl VE R AS R 45 AL R A 0 1.58% ~ 10.79%
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Tab.3 Rice yield, GWP, GHGI and NGHGE under different treatments

Qb 7o 4/ (t+hm %) GWP/(t+hm~?) GHGL/(t-t7") NGHGE/(t-hm ~?)
FO (8.21 £0.11)" (21.78 +1.45)* (2.65+0.18)" (17.73 £0.76)°
FN (7.66 £0.23)° (17.88 +1.91)" (2.33+0.09)" (16.64 +1.73)"
FB (8.25 £0.27)" (16.18 £0.62)" (1.96 £0.07)°¢ (13.63 £1.67)"
co (8.34£0.46)" (15.12 +1.81) ¢ (1.81 £0.10)° (9.72 £0.17)°
CN (8.08 £0.21)" (12.00 £0.39)¢ (1.49 +0.18)1¢ (10.34 £0.76)
CB (9.14 £0.27)" (10.87 £0.57)° (1.19£0.04)° (7.18 +0.08) "
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