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Effects of Biochar Pyrolyzed at Varying Temperatures on Soil Organic Carbon

and Its Components : Influence on the Soil Active Organic Carbon
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A-feng'”
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Nutrition and the Agri-environment in Northwest China, Ministry of Agriculture, Yangling 712100, China)

Abstract: Soil active organic carbon is the most important carbon pool and a good indicator in ecosystem management due to its great
significance in soil carbon cycling and soil quality. In order to investigate the effect of biochar ( BC) addition on soil organic matter
fractions, apple tree twigs were used to produce BC at 300, 400, 500 and 600°C, respectively. Elemental analysis and Fourier
transform infrared (FTIR) spectroscopy were used to determine the characteristics of BC. Four kinds of BC were added into soils at five
application rates (0, 0.5% , 1% , 2% and 3% ) and incubated at 25°C in lab for over 360 days. Soil organic carbon (SOC),
microbial biomass carbon (MBC) , water soluble organic carbon (WSOC) and readily oxidized organic carbon (ROC) were measured
during the incubation. The mass fraction of carbon (C) in the generated BC ranged from 62.20% -80.01% , while hydrogen (H)
ranged from 2. 72%-5. 18% and Oxygen (O) ranged from 15.98% -30.92% . The increasing temperature increased the mass fraction
of C, while decreased the O and H mass content, as well as the ratio of H/C and O/C. The addition of BC significantly increased
SOC, and the treatments amended with BC500 had the highest increments. Compared with the control treatment (CK) , the addition of
BC produced at temperatures below 400°C increased the contents of MBC, WSOC and ROC during the incubation, at the end of the
incubation, BC300 treatments significantly increased the contents by 38.25% , 82.09% and 63.53% (P <0.05), respectively;
BC400 treatments significantly increased the contents by 26.07% , 65.61% and 48.09% (P <0.05), respectively; while lower
contents of MBC, WSOC and ROC were found in the treatments amended with BC produced at temperatures above 400°C after 40-60 d
incubation. After 360 d of incubation, the contents of MBC, WSOC and ROC were significantly decreased by 0.27% ,13.48% and
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14.67% in BC500 treatments and 7. 80% ,14. 66% and 15.79% in BC600 treatments (except for the MBC in BC500 treatment) (P
<0.05). The relative contents of ROC ranged from 3.39% to 15.65% , BC application decreased the relative content of ROC,

suggesting that the increase was in proportion to the stability of organic carbon in the soil. Considering the content and quality of SOC,

when the BC products were applied to the Loutu soil, 500°C was the optimal temperature for preparing apple-derived BC due to its

significant increase of the soil organic carbon and a slight decrease of the relative content of soil active organic carbon.

Key words: biochar; organic carbon; active organic carbon; water soluble organic carbon; readily oxidized organic carbon; microbial

biomass carbon
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Fig. 1 FTIR spectra of biochars produced at different temperatures
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Fig. 2 Effect of biochar addition on soil organic carbon(SOC)
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Table 2 Effect of biochar addition on the relative content of soil readily oxidized organic carbon/%
. Higru i/ d
AL 1 3 6 10 20 40 60
0.5 15.61+0.71b  15.91 +0.80b 15.86 +0.34b  15.53 +0.21b  15.19+1.63b  15.02 +1.38b 15.00 £0.58b
BC300 1 14.02 £0.45¢d  14.45+0.74¢  14.40 £0.68¢c  14.54 +1.09bc 14.62 £0.55bc  14.54 £1.07bc  14.48 £0.21bc
2 12.26 +0.66ef 12.02 £0.18d  12.01 £1.00d  11.99 £0.61d  11.95+0.70d  11.94 £0.27d 11.93 £0.18d
3 10.41 £0.26gh  10.38 £0.80f  10.36 £0.77e  10.32 +0.12f  10.26 £0.30f  10.25 +£0.27ef 10.24 +£0.69ef
0.5 14.20+0.7lcd 14.19£1.00¢c  14.03 £0.70c¢  14.00 +£0.17¢  13.92+0.21c¢  13.66 £0.55¢ 13.52 +0.49¢
BC400 1 12.78 £1.43de  12.19+0.39d  11.92+0.80d  11.54 +1.45de 11.38 £0.90def 11.31 £0.32de  11.25 +£0.44de
2 10.99 £0.18fg  10.88 £0.63ef  10.63 £0.49¢  10.65 +0.71ef  10.61 £0. 14ef  10.60 +£0.39¢ 10.50 +0. 64ef
3 9.21 +0.44hi  9.12 +0.23¢g 9.14 +0.86f 9.09 +0.71g 9.08 +0.41g 9.07 0. 36fg 9.04 £0.26gh
0.5 12.00+1.00ef 12.04 +0.43d 11.86+0.33d 11.64 £0.51de 11.47 £0.30de 11.25+0.83de  10.96 +0.80de
BC500 1 9.38£1.17hi  9.05 +0.38g 8.91 £0.02f 8.73 £0.19gh  8.57 £0.32gh  8.42 +0.35gh 8.43 +0.53h
2 6.18 £0.48j 6.06 £0.33hi  5.90 +0.37g 5.69 £0.13i 5.53 £0.02i 5.37 £0.51i 4.85+0.23jk
3 5.19£0.48jk  5.21 +0.50ij 4.62 £0.51h 4.45 0. 14j 4.32£0.11jk  4.32 +0.35jj 4.09 £0. 19k
0.5 11.80+0.44ef 11.57 £0.20de 11.20 £0.22de 10.86 +0.88ef  10.63 £0.27ef  10.36 £0.53¢ 9.83 +0.58(g
BC600 1 8.78 +0.63i 8.61 +0.33g 8.56 +0.87f 7.94 £0.23h 7.72 £0.10h 7.55 £0.43h 7.06 £0.35i
2 6.38 £0.38j 6.15 +0.20h 5.97 £0.17¢g 5.74 £0.22i 5.39 +0.28ij 5.36 £0.31i 5.17 £0.22j
3 4.89 £0.46k 4.78 £0.34j 4.62 £0.47h 4.29 £0.28j 4.13 £0.21k 4.09 £0.28j 3.96 £0.32k
CK 16.96 +1.51a  17.01 £0.87a  17.04£0.74a  17.03 +0.87a 17.03 +1.83a  16.96 +2.07a 16.90 +1.87a
51/ % R R
90 120 180 240 300 360
0.5 14.91+0.79b 14.83 +1.13b  15.19+1.70b 15.60 £0.79ab 15.25 +0.71lab  14.35 +0.13b
BC300 1 14.54 £0.51b  14.64 £1.35b  14.69 £0.62b 14.83 +0.82b  14.80 £0.57b 14.49 +£0.36b
2 11.90 £0.43d  11.81 £0.76d  11.64 £0.42cd 11.39 £0.53cd 10.89 £0.48cd  10.51 +0.59¢cd
3 10.18 £0.54f  10.17 £0.44e  10.13 £0.77ef 10.04 £0.24ef 10.01 £0.88de  9.84 £0.79d
0.5 13.39+0.32¢  13.11 £0.44¢  12.52£0.64c 12.19+1.29¢  11.19 £0.22¢ 11.07 £0.43¢
BC400 1 11.12 £0.60de  10.97 £0.48de 10.85 £0.70de 10.69 +£0.69de 10.54 £0.30cd  10.31 +0. 86cd
2 10.24 +0.59f  10.19 £0.3le  10.10 £0.09efg  9.89 £0.58ef  9.47 +0.74ef 7.75 £0.49¢f
3 9.02 £0.15¢g 8.97 +0.37f 8.94 £0.42gh  8.93 £0.66fg 8.75 +0.44f 8.37 £0.46e
0.5 10.91 +0.16ef 10.82 +0.68e  10.78 £0.42de 10.47 +0.14de 10.36 £0.8lcde 9.77 £0.59d
BC500 1 8.27+0.77g 8.26 +0.33f 8.26 +0.85h 8.10 0. 10g 7.54 +£0.11g 7.08 £0.19f
2 4.63 £0.04jj 4.48 £0.20hi  4.36 +0.22j 4.32 £0.28i 4.27 £0.38i 3.99 0. 10h
3 4.04 £0.46j 3.98 £0.35hi  3.73 £0.20j 3.64 £0.25i1 3.46 0. 12ij 3.38 £0.28hi
0.5 9.09 £0.28¢g 9.04 £0.35f 9.08 £1.12fgh 8.98 +0.61fg 8.84 +£0.54f 8.56 +0.76e
BC600 1 7.04 £0.20h 6.59 +0.01g 6.35 +0.12i 6.17 £0.56h 5.95+0.23h 5.59 £0.26¢g
2 5.06 £0.28i 4.67 £0.29h 4.46 £0.16j 4.10 £0.22i 3.94 +£0.10i 3.86 +0.28h
3 3.88 +£0.15j 3.70 £0. 081 3.40 +£0.11j 3.23 £0.13i 2.98 +0.12j 2.86 £0.13i
CK 16.82 +1.18a  16.73 £0.40a  16.77 £1.02a  16.37 +1.50a  15.79 £1.06a 15.79 +1.20a

1) RPN R)/NG FREFIR 22 5 8.3 (P <0.05)
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) AR AT R R0, R BRAE R 5% 60 d JE A
He W B 53 i 28N T 1%, BIVRER 43 7% B8 7 1
rp T AR R Rt - A LR B SR IN I 2 B A
i 0 P85 ) 388 T R 1 R Y, 25 R R, 500°C i A%
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