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Carbon Dioxide Emissions and Organic Carbon Contents of Fluvo —aquic Soil as Influenced by Straw and

Lignin and Their Biochars

ZHANG Jie', HUANG Jin-sheng? LIU Jia’, LIU Rong-le"

(1.The Graduate School Chinese Academy of Agricultural Science, Beijing 100081, China; 2.Agricultural Resources and Environment Insti—
tute, Guangxi Academy of Agricultural Sciences, Nanning 530007, China; 3.Soil and Fertilizer & Resources and Environment Institute, Jiangxi
Academy of Agricultural Sciences, Nanchang 330200, China )

Abstract: Additions of organic materials could enhance soil organic carbon and may also promote carbon dioxide(CO,) emissions. In an in—
cubation experiment, we examined the CO, emissions and organic carbon contents of fluvo—aquic soil after applying straw and lignin and
their biochars. The rate and cumulative amount of CO, emissions and the dynamic changes of total organic carbon, dissolved organic carbon
(DOC), readily oxidation carbon(ROC) and microbial biomass carbon(MBC) were measured. Compared with the control, the rate and ac—
cumulative amount of CO, emissions, and organic carbon mineralization intensity were all significantly increased by straw or lignin additions,
but not by their biochars. During the first 30 d incubation, all materials significantly increased soil organic carbon. After one year, however,
higher soil organic carbon was found only in the biochar treatments. Straw or lignin additions significantly promoted DOC, ROC and MBC,
but their biochars did not. The accumulative emissions of soil CO, were influenced directly by soil DOC, ROC(176 mmol - L' KMnO,), ROC
(33 mmol - L' KMnO, ), and indirectly by ROC(333 mmol L. KMnO,). These results suggest that agricultural applications of biochars have
positive roles in promoting carbon sequestration and reducing CO, emissions.
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Table 1 Basic properties of tested organic materials

PIEHRIZE Organic materials — pH(1:10) 44 fit Total carbon/g+kg” 4% % fit Total nitrogen/g-kg C/N 73 Production rate/%
INEFERT Wheat straw(S) 6.57 351.67 6.82 51.56 —
AJFi % Lignin(L) 439 257.43 48.49 531 —
FEFF ¢ Straw biochar(SB) 10.86 588.14 9.58 61.39 35.91
K $¢ Lignin biochar(LB) 9.65 332.83 31.97 10.41 57.8
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Figure 1 Dynamics of CO, emission rates in soil
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Figure 2 Dynamics of cumulative CO, emission from soil
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Figure 3 Intensity of soil organic carbon mineralization
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Figure 4 Soil pH in different treatments
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Bl A ¢ (U S R Esa R R TR X
145 CO, RFBUR R M B4 M (Fie 2 % /N ) HE
¥l DOC>ROC (33)>ROC (167) >MBC>TOC >
ROC(333), 4k ROC(333) %} 3 CO, BRI &
) B R AR /N (B4 AR R EOCH 0.015), {H Hol it

*& 2 1 TOC.DOC . ROC 1 MBC &=
Table 2 Contents of soil TOC,DOC,ROC and MBC

Rezta)/d Qb3 TOC/ DOC/ ROC(333)/ ROC(167)/ ROC(33)/ MBC/
Time of incubation ~ Treatments g kg™ g ke g kg™ g kg g kg mg- kg™
30 CK 13.09+0.40d 0.17+0.02¢ 0.53+0.07d 0.47+0.03 d 0.18+0.01d 83.23+14.94¢
15.99+0.24b 0.34+0.01b 1.07+0.01b 0.94+0.03b 0.57+0.01b 171.07+38.71b
L 15.02+£0.27¢ 1.25£0.17a 1.53+0.08a 1.33+0.00a 0.89+0.02a 270.11+33.81a
SB 17.04£0.13a 0.19+0.04¢ 0.82+0.04¢ 0.63+0.04¢ 0.23+0.02¢ 89.12+14.10¢
LB 16.65£0.19a 0.15£0.01¢ 0.98+0.17bc 0.50+0.00d 0.23+0.03¢ 81.63+8.61c
360 CK 11.27+0.58h 0.08+0.01¢c 054+0.00¢ 0.31£0.01d 0.14+0.01d 8.72+2.05¢
S 11.87+0.36b 0.12+0.00b 0.95+0.04a 0.64+0.06b 0.32+0.01b 22.00+0.87b
L 11.76+0.01b 0.45+0.01a 1.08+0.17a 0.72+0.05a 0.47+0.04a 26.89+3.59a
SB 13.62+0.02a 0.10+£0.01¢ 0.77+0.01b 0.57+0.00¢ 0.21+0.00¢ 8.13+1.19¢
LB 13.20+£0.35a 0.08+0.01¢ 0.75£0.02b 0.48+0.04¢ 0.21£0.01¢ 7.59+2.70¢
TE B0 N B AR 22 s AR TR B SR IR ] AN IR 7B R A PR 0] 25 5 .35 (P<0.05 )
Note: Mean+SD. Different letters under the same incubation time indicate significant difference among the treatments at P<0.05.
£ 3 1 6 MENKS CO, RIMBHEHRAMEIHT
Table 3 Correlationship of accumulative CO, production with 6 forms of soil organic carbon
R TOC DOC ROC(333) ROC(167) ROC(33) MBC
CO, Z2FBiE Accumulative production of CO, 0.018 0.645%* 0.731%* 0.865%%* 0.883%* 0.825%%*
TOC 1 -0.156 0.256 0.004 -0.034 -0.103
DOC 1 0.829%* 0.920%* 0.919%* 0.928%*
ROC(333) 1 0.884% 0.888%* 0.825%
ROC(167) 1 0.987% 0.952%
ROC(33) 1 0.960%
MBC 1

T n=15 ;%% FoR2ZE TR (P<0.01),

Note: n=15. ** indicates highly significant difference among the treatments at P<0.01.
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Table 4 Path analysis of accumulative CO, emission with different soil organic carbon

TOC—Y DOC—Y ROC(333)—Y ROC(167)—Y ROC(33)—Y MBC—Y

TOC -0.113a 0.204 0.004 0.002 -0.041 -0.037
DOC 0.018 —-1.308%**a 0.012 0.480 1.106 0.336
ROC(333) -0.029 -1.084 0.015a 0.461 1.069 0.299
ROC(167) -0.001 -1.203 0.013 0.522a 1.188 0.345
ROC(33) 0.004 -1.202 0.013 0.515 1.204%*a 0.348

MBC 0.012 -1.214 0.012 0.497 1.156 0.362*a

T - a PRCHYRUE D B AR R 8 HR I MM AR R AL FOR 2 F R34 (P<0.01),* 7R 22 57 B35 (P<0.05) .

Note : a indicates direct path coefficient. ** indicates highly significant difference among the treatments at P<0.01. * indicates significant difference

among the treatments at P<0.05.
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