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Effects of mixed application of biochar and desulfurized gypsum on carbon emissions from a paddy field

XU Ying', LUO Manlin', MU Zhijian'**, LEI Yong*, SHAN Qingrao*, LIU Shuaipeng', ZHAO Xiulan'?

(1. College of Resource & Environment, Southwest University, Chongqging 400716, China; 2. Chongqing Key Laboratory of Agricultural
Resources and Environment, Chongqing 400716, China; 3. Key Laboratory of Arable Land Conservation for Southwest China , Ministry of
Agriculture and Rural Affairs, Chongqing 400716, China;4. Soil and Fertilizer Station of Qujing, Yunnan Province, Qujing 655000, China)
Abstract: To investigate the effectiveness of the combined application of biochar and desulfurized gypsum in reducing CO, and CH,
emissions and the carbon budget in rice fields, six treatments were established in a paddy field and the soil CO, and CHy fluxes were
measured for one year using the static chamber—GC method. The treatments were as follows: bare plot (B), rice planting plot (R), R
amended with biochar at a rate of 4 t-hm?(RC4), RC4 plus desulfurized gypsum (G) applied at a rate of 4 t+hm?(RC4G4), RC4 plus G
applied at a rate of 8 t-hm?(RC4G8), and RC4 plus G applied at a rate of 16 t-hm(RC4G16). During the rice growing season, the R plot
released CH, at a rate of 86 kg« hm™. Compared with the amount emitted by R, CH4 emission was enhanced by 52% with the exclusive
application of biochar(RC4), but this was suppressed by 69%—91% with the application of desulfurized gypsum. CH, emissions during the
fallow period were relatively low for the different treatments (6.24-13.4 kg - hm™). By contrast, the impacts of biochar and desulfurized

gypsum on the soil CO; flux were much more significant during the fallow period than during the rice growing season. The annual soil CO»
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emissions from the differently treated plots ranged from 4 525 to 6 634 kg-hm™, 68%—-76% of which were emitted during the fallow period.

According to the annual carbon budget, the RC4G16 treatment was carbon neutral, whereas the other treatments acted as a net atmospheric

carbon source with emission intensity values ranging from 573 to 4 065 kg +hm™. In conclusion, in this study, the application of biochar

alone promoted greenhouse gas emissions, whereas the additional application of desulfurized gypsum offset the negative effect of biochar

and reduced greenhouse gas emissions, with the effect increasing with increase in the dosage.

Keywords : biochar; desulfurized gypsum; rice field; carbon dioxide; methane; carbon budget
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Table 1 Chemical composition of flue gas desulfurization gypsum from a certain factory and natural gypsum (%)

255 Category CaS04°2H-0 CaS0;3°1/2H,0  CaCOs MgO H.0 Si0, ALO; Fe,0; Cl
Wik A1 8 Desulfurization gypsum 85~90 1.2 5~8 0.86 10~15 1.20 2.80 0.6 0.01
KIRATE Gypsum 70~74 0.5 2~4 3.80 3~4 3.49 1.04 0.3 0.01
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Figure 1 Variation of soil pH during rice—growing season and fallow period
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Figure 2 Variation of soil moisture content in paddy field
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Figure 3 Variation of soil temperature(5 c¢m)during rice—growing season and fallow period
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Figure 4 Variation of soil oxidation—reduction potential in paddy field
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Figure 5 Variation of DOC content in rice soil

1% WHART]



e 5 ARG £ 5 R R L 9 3 2619

AR FRAR LY, TR it A [ 5] o0 J58 A 174 1 48 CHL -3 4
Bl T 3 AR (P<0.05) , RC4G4 . RC4GS #lI
RC4G16 4b ¥ H: CH, F 4 HE gl & 4 5 0 2> 1
78.9% .86.7% F193.3%. FEARINIA DY, 45 4k B CH. HE
JifE AR A B AR B, 13 CH AR R R R
AR, 45 A B CHLHE G f/E - 1.68~4 mg-m+h!
Y0 N /NI B 1 3

WE 7 R, KFEA K B, B.R.RC4,RC4G4,
RC4G8 Fl1 RC4G16 Ab 3 (1) CH, 2 FHHE S & 43 51 Ky
130.86.3.130.26.9.16.7 kg-hm>F17.64 kg-hm™>, 5
B AbFRAH H, R A0 P CH, B A HE L B B0 T
33.7%(P<0.05) ; 55 R AL BRAH EL , RC4 4L B Y CH, AR
HEFCEIE N T 51.6%; 5 RC4 M1 EL , RC4G4 . RC4GS FlI
RC4G16 b ¥ 1) CH. 2R HE 2 A B 3 B K (P<
0.05) , 43 /b 17 79.4% .87.2% F194.2% .,

PR CH. HE ik O I B2 3 > . BLR.RC4,
RC4G4 RC4GS I RC4G16 At H CH, EFHE T 43
4 6.24.9.63.10.90, 13.38 ., 7.45 kg - hm™ il 8.69 kg -
hm2, 5 BACHAH ., R ACH (9 CH, EFRHE R 2%
AN T 54.3% (P<0.05) ; 5 R A HLAH Fb , RC4 4 # i
CH, Z2FHECE I T 13.2%; 5 RC4 40 B 1,
RC4G4 403 CH, R AR & B 10 1 23.7% (P<
0.05) ,RC4G8 F1 RC4G 16 4t Ry CH, R A HE ik & To
AR . &AL R A K CHL (1 2R HE R 23 9 o AR
JEII) 95.4% .90.0% .92.3% .45.5% .69.2% 1 46.8% .
23 TECOHMBEMN ST RRHME

P18 Rk e A K AR PR COLHERIGHE 5 8l A8 AR
fbo S H21 HZET7H 18 H[a], 4 4b i HE il & 4
i, 4-39.9~108 mg-m2-h™", fifi f5 it T+, F7 A 27
H ik #|0&(H , B R .RC4 .RC4G4 . RC4G8 FI RCAG16 b
B35 A 168,244,202 ,258 208 mg - m™ - h™ 1 194

(98] ~ [=))
S W S
T 1

CH. ik im

CH. emission flux/(mg-m™+h™")

(=]
T

ALK
Growth period

144
- f‘ﬁ éri O i{(}iﬁ Growth period
é 120 F O PRI Fallow period
g §
Bi_ 96r Ab
=5
T g 48
©3 Ac
T 24r Ba Ad
o Be Bb Bb a I_IB_b| Be Ab
o= ] C1]
B R RC4 RC4G4 RC4G8 RC4G16
AL Treatment

AN INE T BER R AN ) Ak 3 ] — B S Ab 2 ] 25 5 i 2 (P<0.05) 5
AR RS T R AN ] o 39 [ — b B A) 2 S . 25 (P<0.05) . Rl

Different lowercase letters indicate significant differences between
different treatments at the same time period (P<0.05) ; Different capital
letters indicate significant differences between different periods and the
same treatment(P<0.05). The same below.

7 KFERIEH CH. RARHA M=

Figure 7 Cumulative CH4 emission during rice experiment period
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Figure 6 Interannual variation of CHs instantaneous emission flux between bare land and blank treatment
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Figure 9 Cumulative emissions of carbon dioxide from paddy field

during rice—growing season and fallow season
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Figure 8 Variation of carbon dioxide emission flux during rice-growing season and fallow period
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R2 BHESRGSHBEER (kg-hm™)

Table 2 Net carbon income and expenditure in paddy field ecosystem (kg+hm™)

EE s R FFFi i M CHHRE codbicht
Period Treatment Root carbon content ~ Straw carbon content  Biochar carbon content ~ CH, emissions €O, emission
AR B 0 0 0 130.20.6a  923.7#21.6e  -1053.9
Growth period R 75189 2 844+262ab 0 86.3+2.4b 1 084.4+40.3¢ 2425.0
RC4 711103 2777+121ab 255.4 130.8+4.4a 1 028.2+30.6d 25844
RC4G4 64797 3 084+124a 255.4 26.9+1.2¢ 1301.1+41.0a 2 658.1
RC4G8 626+109 2 574+178b 255.4 16.7+0.7d 1 220.6+50.5b 22184
RC4G16 516+123 2 668+110b 255.4 7.6+0.4e 1091.7+30.3¢ 23398
NGEE B 0 0 0 6.3+0.7d 2 678.3+55.2¢ -2 684.5
Fallow period R 0 0 0 9.4+0.8¢ 3215.3+40.1b  -32249
RC4 0 0 0 10.9+0.5b 3130.7£50.6b -3 141.7
RC4G4 0 0 0 13.5+0.8a 4032.5+30.8a -4 064.7
RC4G8 0 0 0 7.5+0.7d 2783.5+48.9¢ -2790.9
RC4G16 0 0 0 8.7+0.5d 2326.6£60.3d  -2335.3
A B 0 0 0 136.4+1.3a 3 602.0+71.8e -3783.4
Annual R 75189 2 844+262ab 0 95.7+3.2b 4299.7+70.4b -799.9
RC4 711+103 2 777+121ab 255.4 141.7+4.9a 4 158.9+71.2¢ -557.3
RC4G4 64797 3084+124a 255.4 40.4+2.0c 5333.6+71.8a  —1406.6
RC4GS8 626109 2 574+178b 255.4 24.2+1.4d 4004.1+81.4d -572.5
RC4G16 516+123 2 668+110b 255.4 16.3+0.9¢ 3 418.3£90.6f 4.5

T AR/ INE PR IR ] — I WA TR AR B ) 22 57 (525 (P<0.05)

Note: Different lowercase letters indicate significant differences among different treatments at the same time period (P<0.05).
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