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Effects of addition of rice straw and rice straw biochar on soil organic carbon fractions and cumulative

emissions of CH, and CO; in reddish paddy soil

LIAO Tianhuai, LI Huan, WANG Yanling"

(College of Applied Meteorology, Nanjing University of Information Sciences and Technology, Nanjing 210044, China)

Abstract: Clarifying the influence of rice straw biochar addition on soil organic carbon fractions and cumulative emissions of CH4 and CO,
and the associated underlying mechanisms could provide scientific basis for carbon sequestration and mitigation of CH4 and CO, emissions
in reddish paddy soil. In this study, a reddish paddy soil was used in an indoor incubation experiment with five soil amendment treatments :
control (CK), rice straw (RS), and rice straw biochar prepared at 300, 400 °C, and 500 °C (RSB300, RSB400, RSB500, respectively).
These soil amendments were applied at the rate equivalent to 1% carbon addition to soil, based on soil weight. Differences in soil dissolved
organic carbon (DOC), total organic carbon (TOC), free coarse particulate organic carbon (fcPOC), free fine particulate organic carbon

(ffPOC), occluded particulate organic carbon (oPOC), free mineral—associated organic carbon (fMOC), and occluded mineral—-associated
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organic carbon (oMOC) were analyzed after 0, 30 d, and 120 d of incubation. Correlations between cumulative emissions of CHs and CO,
and various soil organic carbon fractions were also discussed. The results showed that DOC, TOC, fcPOC, ffPOC, oPOC, and fMOC contents

were significantly increased in reddish paddy soil after rice straw biochar addition. With the increase in incubation time, 0POC and oMOC

contents significantly increased, but fcPOC and fMOC contents significantly decreased. Compared with the CK treatment group, cumulative
emissions of CHy and CO; in reddish paddy soil in the RS treatment group significantly and continuously increased. However, cumulative
emissions of CO; in reddish paddy soil in the RSB500 treatment group significantly decreased. In constrast, it increased in RSB300 and
RSB400 treatment groups, with cumulative emission of CHy in these treatment groups after 120 d of incubation increasing by 188.5% and
32.7%, respectively. Correlation analysis showed that cumulative emissions of CHs and CO, were significantly positively correlated with
DOC, ffPOC, and fcPOC contents in reddish paddy soil after RS and RSB additions, but were mainly influenced by DOC and fcPOC (P<
0.01). Therefore, the addition of rice straw biochar can effectively improve the quantity and stability of soil organic carbon fractions in
reddish paddy soil. Addition of rice straw biochar with pyrolysis at 500 “C exhibited the most remarkable inhibitory effect on cumulative
emissions of CHs and COs in this soil.

Keywords: rice straw biochar; reddish paddy soil; particulate organic carbon; mineral-associated organic carbon; dissolved organic

carbon; greenhouse gases
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Figure 1 Flow chart of soil organic carbon fractionation procedure
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Table 1 The total carbon, total nitrogen, C/N, pH and the proportion of mass passing through 0.053 mm sieve of

rice straw and rice straw biochar

3 0.053 mm G (4 4143 I i o b

Sample Total carbon/(g-kg™) Total nitrogen/(g-kg™) pH CN Proportion of mass passing through 0.053 mm sieve/%
FEFF(RS) 440.8+1.0 8.3+0.1 — 53.0 19.0+0.3
300 CA#) 7k (RSB300) 398.7+11.3 6.4+0.1 858  61.5 34.8+0.7
400 CHH (RSB400) 276.7+9.8 4.7+0.2 8.74 584 33.3£1.0
500 CA=#) 7k (RSB500) 378.8+3.7 6.5+<0.1 934 578 32.0+0.9
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Figure 2 Influences of rice straw and rice straw biochar addition
on the dissolved organic carbon content in the overlying water of

reddish paddy soil
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P41 5 25 0K AT HLER (oPOC) 75 2 43 38 il T 80.6%~
93.7% 5§ 76.4%~137.0% ,{H RS 15 RSB £ 4b i8] G 2.
95 5 (P>0.05) ;764535 0 d 530 d B, RS 5 RSB %
Ab 3 ) e T 21338 R oPOC/STOC TG B 2 728 Ak, T 35 557
120 d B RS 4b 2R (Y R5 H 213 H oPOC/TOC 3 in T
28.64% (P<0.05, [ 5) . Fifi %5 3% 5% B [0 34, B A5 Ak
FRAYFE H 2158 v oPOC % 1 I oPOC/2TOC 4 I 25 3
hn(P<0.05,1815).
222 WEA A PR (MOC)

5 CK AL FRAH HE , RS 55 RSB 454k B A i 1 21338 v
e B S0 456 A PLIKk (IMOC) 7 =43 B34 m T
20.0%~31.1% F1 66.3%~95.6% , {H RSB 4% &b B 7] JC .
H25(P<0.05) s EHFE 0 d 130 d i RS A #4477 H
Z1HE 1 IMOC/ZTOC S 35 FEAIR , T 78 48 4> 15 55
RSB 45 4b B () FF H 213 fMOC/STOC ¥ 6 i 3% A8 1k

FR2 WASETEDRFMITEDLES VRN ZIE

Table 2 Effects of rice straw and rice straw biochar additions on the total organic carbon of reddish paddy soil

il 0d 30d 120 d
Treatment 3T0C/(g-kg") TOC/(g-kg') STOC/TOC 3TOC/(g-kg') TOC/(g-kg') STOC/TOC ITOC/(g-kg') TOC/(g-kg') STOC/TOC
CK 10.4£0.1 10.7+£0.1Ab 0.978 10.5+0.1 10.3+0.1A¢ 1.013 10.1+£0.2 10.0+£0.1Ad 1.010
RS 20.0£0.1 20.3+0.3Aa 0.986 17.0£0.2 17.1+£0.6Bb 0.998 14.5+0.5 14.4+0.4Cc 1.008
RSB300 20.7+0.2 20.3+0.1Aa 1.019 19.4+0.2 19.0+£0.4Aa 1.021 18.6+0.2 18.9+0.2Aab 0.980
RSB400 20.2+0.2 20.2+0.7Aa 0.995 18.9+0.2 18.9+0.4Aa 1.002 17.7+0.6 18.4+0.5Ab 0.965
RSB500 20.6+0.3 20.5+0.3Aa 1.006 19.6+0.3 20.0+0.3Aa 0.983 19.5+0.2 19.8+0.1Aa 0.984

T STOC Ry 48 34T HUBR Sk AANRIEL . AR 3] 5“7 R3S A [i) 15 3 R 1] B4 R [ Ak B I) 2 S AN 25, AT [ /NS 5 B 0 AT [ 05 7 I i) AN T

Ab PR 225 AR (P>0.05) . T,

Note: XTOC is the sum value of various fractional organic carbon. Same capital letter means no significant difference in same treatment at different

incubation time , same lowercase letter means no significant difference between different treatments at the same incubation time (P>0.05). The same below.
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Figure 3 Influences of rice straw and rice straw biochar addition on the free coarse particulate organic carbon (fcPOC) in reddish paddy soil
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Figure 4 Influences of rice straw and rice straw biochar addition on the free fine particulate organic carbon (ffPOC) in reddish paddy soil
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Figure 5 Influences of rice straw and rice straw biochar addition on the occluded particulate organic carbon (0POC) in reddish paddy soil

(P>0.05,16). K EEFEIT RGN, RSB 45 40 2 1) A
FH 21338 1 fMOC & 2980/ T 9.1%~10.1%; B RSB300
ALEEAN 25 4 B F FH 213 MO C/ZTOC FE K5 57 0~
120 d A1) 8 4800 (P<0.05, K 6) .

5 CKALFEAA L , A AE RS 5% 120 d B RS 5 RSB 4%
Ab B AR 218 v PR S ST W 4 A A HL (oMOC)

TR E R 5 (P<0.05) ; RSB 4% 4tk B A% e HH 21 38 op
oMOC/ZTOC [ T 38.6%~51.5%, T RS 4k # ) 78 H
Z1 3 oMOC/ETOC AN ERE 37 0 d 15 30 d i) i 35 P AIX
(P<0.05, 7). BEEHEFEE G0, RS 55 RSB 454k
PR ) A H 2T 58 oMOC 75 1 4 B3 T 20.0%
9.5%~16.9%(P<0.05) ; 55 3% 0~30 d 1] RS 4b FH (1) £
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Figure 6 Influences of rice straw and rice straw biochar addition on the free mineral-associated organic carbon (fMOC)

in reddish paddy soil
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Figure 7 Influences of rice straw and rice straw biochar addition on the occluded mineral-associated organic carbon (oMOC)

in reddish paddy soil
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Table 3 Changes of the cumulative emissions of CHs and CO, in reddish paddy soil after the additions of rice straw and rice straw biochar

b 0~304d 0~120 d 0~30 d/0~120 d
Treatment CH/(pg-kg") CO/(mg-kg™) CHJ/(pg-kg™) CO»/(mg-kg") CH/% CO/%
CK 12.320.3 Bb(c) 8.7+0.4 Bb(a) 17.320.3 Ab(c) 12.420.6 Ab(a) 71.1 70.3
RS 42 608.0£525.6 Ba 59.2+3.6 Ba 89 050.4+384.8 Aa 80.7+4.9 Aa 47.8 73.4
RSB300 35.540.8 Bb(a) 5.840.0 Bb(b) 55.0£2.6 Ab(a) 10.420.1 Ab(b) 64.5 55.7
RSB400 16.3+0.6 Bb(h) 6.120.0 Bbh(h) 32.0+1.5 Ab(b) 10.420.1 Ab(b) 51.1 59.0
RSB500 12.720.2 Bb(c) 6.3+0.1 Bb(b) 18.720.2 Ab(c) 10.420.1 Ab(b) 67.7 60.3

FE A5 S PR NG TR R CK \RSB300 . RSB400 & RSBS00 Ak 1 i) 22 5 it 2 .
Note: Different lowercase letters in bracket indicate significant differences among CK,RSB300, RSB400, and RSB500 treatment.

*4 BHABESEIBNHREES CH.M CO, RAMHME B MIEX R

Table 4 Correlation coefficients between various organic carbon contents and the accumulative emission amounts of CH, and CO» in

reddish paddy soil

B F550 18] Incubation time/d  $84% Index CH. CO, DOC TOC fcPOC, ffPOC oPOC MOC oMOC

0 CH,

€O,

DOC 1

TOC 0.800%* 1

fcPOC 0.795%*%  0.967** 1

ffPOC 0.756%*  0.788*%  0.730%* 1

oPOC 0.840%  0.965%%  0.938%%  (.784%* 1

ftMOC 0567+ 0.724%%  0.798%% 03039  0.727%* 1

oMOC 0.373 0.465 0.388 0.577* 0.476 0.036 1
30 CH, 1

CO, 0.993% 1

DOC 0.878%*  (.883%* 1

TOC 0.003 -0.036  -0.448 1

fcPOC 0.023 -0.024  -0415  0.977%* 1

ffPOC 0.708**  0.693%%  0.363 0.623*  0.603* 1

oPOC 0.016 -0.036  -0.414  0918%  0.921%*  0.570% 1

tMOC -0.468  -0.506  -0.799%%  0.849%%  0.844%*  0.172  0.832%* 1

oMOC -0.058  -0.078  -0.170 0.274 0.298 0.046 0.298 0.232 1
120 CH. 1

CO; 0.992 1

DOC 0.362 0.3452 1

TOC -0255  -0.281 0.481 1

fcPOC 0.888%*  0.851**  0.526%  —0.022 1

ffPOC -0.500  -0.517% 0395  0.945%% 0257 1

oPOC 0.144 0.112 0.526%  0.863*F 0306  0.693%* 1

MOC -0313  -0.327 0494  0975%  -0.102  0.955%%  (0.798%* 1

oMOC 0.421 0395  0.720%*  0.683**  0.503 0.520%  0.849%%  0.646%* 1

T+ %0.05 KR AE AR 3 #+0.01 K REAMR

Note: * significant correlation at 0.05 level; ** significant correlation at 0.01 level.
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CO, cumulative emissions in reddish paddy soil
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