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Effects of peanut shell biochar on physico—chemical properties and greenhouse gas emission in fluvo—aquic soil
and red soil
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(1.Agro—Environmental Protection Institute, Ministry of Agriculture, Tianjin 300191, China; 2.College of Resources and Environment, North—
east Agricultural University, Harbin 150030, China; 3.College of Plant Protection, Shenyang Agricultural University, Shenyang 110866, Chi—
na)

Abstract : The present study evaluated the effects of different concentrations of biochar(0%, 0.5%, 1%, 2%, and 4% ) on the physico-
chemical properties of red and fluvo—aquic soils, and the emission of greenhouse gases( GHGs). A pot experiment was set with different
treatments, and the GHGs emitted were measured by static chamber—gas chromatographic techniques. The results showed that biochar appli—
cation had significant effects on the greenhouse gas emission, and the two soils showed different gas emission characteristics. In general, the
cumulative emission of N,O from the fluvo—aquic soil was significantly higher than that in the red soil. Compared with the single application

of nitrogen fertilizer treatment( MN ), biochar application led to a 6.5%~26.6% decrease in cumulative emission of N,O from the fluvo—
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aquic soil. In contrast, the cumulative emission of N,O from the red soil increased with increase in the concentration of biochar. It increased

from 14.7% to 54.3% when compared with the single application of nitrogen fertilizer treatment (RN ). The 0.5% biochar treatment signifi—
cantly increased CO, emission from the fluvo—aquic soil; it increased the cumulative emission by 25.9%. However, the 0.5% biochar treat—
ment did not significantly affect the cumulative emission of CO, from the red soil. In addition, the CH, emission flux of the two soils changed
irregularly under different treatments, and the cumulative emission of CH, was negligible. A comparison of treatments MCK (blank control
for fluvo—aquic soil ), RCK (blank control for red soil ), MN, and RN (without biochar application ) revealed that the carbon sequestration of
both the soils increased significantly with increase in the concentration of biochar. In the fluvo—aquic soil, the increase was by 57.1%~
78.7%, while in the red soil, it was 11.2%~59.9%. The biochar application enhanced greenhouse gas emission intensity (GHGI) of the flu-
vo—aquic soil by 68.0%~76.8%, while it had no significant effect on the GHGI of the red soil. The results suggested that biochar applica—
tion could significantly increase the GHGI and inhibit the growth of crops in the fluvo—-aquic soil. The increase in GHGI was owing to
change in the soil bulk density and content of organic carbon, inorganic nitrogen, and other nutrients. Furthermore, biochar application to

red soil had better ecological effects. It could promote the growth of crops (as evidenced by the fact that its GHGI did not increase signifi—

cantly ) and enhance soil carbon sequestration.

Keywords: biochar; soil type; greenhouse gas emission; net integrated greenhouse effect
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Table 1 Basic physical and chemical properties of biochar
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Figure 1 The experimental setup of soil column device
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Table 2 Basic physical and chemical properties of red soil and

fluvo—aquic soil
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Table 3 Physical and chemical properties of both soils under different treatments

AhE AEE/grem®  HLSAR/MmS-em™ AR /mg-kg! B R/ mg ke pH AP ke 2F/g kg A L
MCK 1.61£0.09a 0.94+0.06def 30.01+3.08e 8.10+0.83b 8.30+0.12a 8.55+0.21de 1.47+0.30ab 5.99+1.38ab
MN 1.61£0.05a 1.83+0.24ab 105.23+3.86¢ 2.22+0.25¢ 8.06+0.31ab 8.11£0.09e 1.17+0.06b 6.97+0.38ab
MBIN 1.56+0.07a 1.91£0.57a 110.14+2.73¢ 4.51+0.20d 7.88+0.11b 8.97+0.63de 1.34+0.17ab 6.61x1.31ab
MB2N 1.52+0.08a 1.19+0.08cde 139.23+8.74a 3.46+0.57de 7.99+0.20ab 9.30+0.39de 1.47+0.28ab 6.46+0.96ab
MB3N 1.40+0.05b 1.36+0.14bed 147.54+4.57a 2.46+0.37¢ 7.99+0.04ab 9.70+0.46¢cd 1.75+0.47ab 5.86+1.87ab
MB4N 1.37+0.03b 1.55+0.44abc 104.93x4.71c 2.34+0.08e 8.13+0.01ab 13.15+1.67a 1.90+0.44a 7.26+2.37ab
RCK 1.62+0.05a 0.36+0.05g 38.14+5.69¢ 0.78+0.10f 5.23+0.24de  9.86+0.77bed 1.92+0.06a 5.29+0.60b
RN 1.61+0.03a 0.49+0.01fg 84.21+5.40d 4.22+0.75d 5.15+0.30de 9.35+0.14de 1.63+0.07ab 5.75£0.15ab
RBIN 1.58+0.03a 0.29+0.08g 35.72+2.39%¢ 9.45+0.22a 4.90+0.14e 9.67+0.13cd 1.60+0.31ab 6.12+1.06ab
RB2N 1.56+0.07a 0.43+0.00fg 42.57+4.32¢ 6.46+1.27¢ 5.17+0.35de  10.86+1.10bc ~ 1.43+0.62ab 6.56+1.48ab
RB3N 1.51+0.03a 0.67+0.04efg 130.15+3.55ab 6.07+0.79¢ 5.51+0.26d 11.08+0.91b 1.31+0.08ab 8.45+ 0.86a
RB4N 1.39+0.06b 0.35+0.01g 117.26+22.99bc 4.24+0.20d 6.39+0.06¢ 13.45+0.53a 1.78+0.17ab 7.75+0.88ab

T - [R50 5 A [ 3R R A B R 28 53 IR B 2 2% /K (P<0.05,n=3) . R Al

Note: The different letters indicate the significant difference among the corresponding treatments( P<0.05,1n=3). The same below.
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Figure 2 Effect of biochar addition on N,0O emission flux and cumulative emission in fluvo—aquic and red soils
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Figure 3 Effect of biochar addition on CO, emission flux and cumulative emission in fluvo—aquic and red soils
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Table 4 Crop yields, global warming potential,, soil carbon sequestration and green—house gas intensity of different treatments

b3 kA rit/g IR kg COreq hm? R E R kg COreq-hm™  JHE R /kg COr-eq-hm™
MCK 27.84+1.92f 42.87+5.50d 8 620.11+620.56f 0.10+£0.01c¢
MN 71.49+2.63a 28.62+3.67d 37 339.63+2 840.31ab 0.16+0.01c
MBIN 24.99+0.93f 66.79+4.13¢ 39 795.01+2 031.81a 0.50+0.02b
MB2N 19.41+1.41f 69.76+0.18¢ 33 217.77£6 516.59b 0.48+0.10b
MB3N 16.94+4.24¢ 76.19+9.52¢ 32 301.71£2 094.63b 0.60+0.16ab
MBA4N 14.75+1.70g 134.07+10.65b 31 838.44+2 776.01b 0.69+0.14a
RCK 18.62+2.21g 71.62+7.33¢ 10 171.08+624.92¢f 0.19+0.02¢
RN 22.15+2.25f 69.14+6.90c 13 095.48+1 523.21def 0.19+0.02¢
RBIN 64.70+6.46b 77.88+5.27¢ 19 262.92+4 166.14c 0.10+0.02¢
RB2N 49.94+2.88¢c 112.94+30.13b 14 434.78+625.18cde 0.09+0.00¢
RB3N 45.81+0.39d 131.11+8.82b 13 425.09+688.69def 0.09+0.00¢
RB4N 31.91%1.12¢ 172.50+13.28a 17 526.31+4 684.04cd 0.17£0.05¢

(GWP) 725 0} RS AIG, BE RIS A 4 it , GWP
BEERN, BRI SR AR E AN B T
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P A G534 R 2R BH AN [R] 9 1= BE R AR B 5 <
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b [ B 5 A HLIKR pH B SRS AR %
IEMK, SEEEREEIMEK, ML N,0.CO,,

CH, HE ik 2 A2 A T 2= 200 5 ) 32 22 4 3 AR IR
FIEEARNE(ER 5) . M T ESAMMSAST®ES
N,0.CO, B KX GWP .GHGI 2 B 3 IFAH, H
T [ A S S LR . A A R A
X, G E BN E A (K 6),

B 5 o0 E A A v A AR HE S RO A
S3HT, L B 45 DR Tl & AR HE i S B s i 7
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Table 5 The partial correlation analysis of red soil physical and chemical properties and gas emissions indicators
28 AR SR AR AHE pH B 2R BRA L
N,O 0.029 -0.056 0.279 -0.198 0.129 0.144 0.001 0.054
CO, -0.284 0.167 0.278 -0.297 0.151 0.179 0.077 -0.059
CH, 0.316 0.051 0.154 -0.228 -0.094 -0.086 0.272 0.294
Bl -0.239 0.633* 0.976%* -0.897%%* 0.844+* 0.763%* 0.069 0.555
GWP -0.125 0.055 0.827 —-0.245 0.114 0.141 0.033 -0.016
GHGI -0.516%* 0.205 -0.026 -0.044 0.259 0.133 0.512 -0.509
Tyt 0.455 -0.181 0.064 -0.099 -0.234 -0.151 -0.434 0.369
T * FIRRFR P<0.05, ** FoRIRBEH(P<0.01), T,
Note: * indicates the significant correlation at P<0.05 level, ** indicates the significant correlation at P<0.01 level. The same below.
* 6 BIEUMRESEHHSHIREXES T
Table 6 The partial correlation analysis of fluvo—aquic soil physical and chemical properties and gas emissions indicators
28 AR AR ALK oy pH HLG ) B
N,O 0.734%* 0.682* 0.161 -0.138 -0.615 0.094 —-0.133 0.203
CO, 0.790%* 0.633* 0.189 -0.393 -0.331 -0.003 0.139 -0.016
CH, -0.328 -0.074 0.114 -0.364 0.267 0.052 0.399 -0.438
[ B 0.349 0.281 0.964+* -0.756%* -0.080 0.619 0.701%* -0.182
GWPp 0.733%** 0.726%* 0.174 -0.215 -0.583* 0.070 -0.072 0.156
GHGI 0.539% 0.638%* 0.620%* -0.761%%* -0.382 0.635* 0.425 0.116
YEW i -0.123 -0.141 -0.421 0.546* 0.065 -0.464 -0.508%* -0.088
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Figure 5 Redundancy analysis(RDA ) of gas emission parameters

with the soil properties
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