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Effects of biochar application on the structural properties
of organic matter fractions in Mollisols

LONG Jie-gi', MIAO Shu-jie', LINa’>, HAO Xiang-xiang’, QIAO Yun-fa"
( 1 School of Applied Meteorology, Nanjing University of Information & Science and Technology, Nanjing, Jiangsu 210044, China;
2 Northeast Institute of Geography and Agroecology, Chines Academy of Sciences, Harbin, Heilongjiang 150081, China )

Abstract: [ Objectives ] Biochar application has become one of the important agronomic strategies for
increasing soil fertility. We studied the distribution of organic matter in various soil aggregates, and the variation
of chemical structures of organic matter across density fractions, to understand the effect of biochar application on
carbon sequestration potential of farmland soil. [ Methods ] The long-term experiment of biochar application
was located in the Hailun Agricultural Ecological Experimental Station of the Chinese Academy of Sciences,
which started from 2011. Soil samples were collected from the plots of applying biochar (+BC) and without
biochar (—BC). Total conent of soil organic carbon was analyzed with conventional method. Subsamples were

divided into four aggregate classes as > 2 mm, 2—0.25 mm, 0.25-0.053 mm and < 0.053 mm and soil organic
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carbon were determined in them. Moreover, subsamples were divided into free light fraction (LF), occluded
light fraction (OF) and mineral-associated fraction (MF) according to their density. The concentration and
characteristics of infrared spectrum of soil organic carbon in aggregates and density fraction were determined
by Fourier infrared spectroscopy. [ Results ] Compared to —BC treatment, +BC treatment increased the
concent of soil organic matter (SOM) in bulk soil, free light fraction (LF) and occluded light fraction (OF) by
19.72%, 73.50%, and 192.66%, respectively. +BC treatment increased the concent of SOM by 12.54% and
21.35% in >2 mm and 2-0.25 mm aggregates, respectively. Among the main functional groups in bulk soil,
+BC treatment decreased the relative abundances of aromatic C=C and carbonyl C=0 by 18.18% and 21.95%,
respectively, while increased other groups, and the ratio of —CH/C=C and —CH/C=O0 increased by 66.67% and
62.11% respectively. In >2 mm aggregate, +BC treatment increased the relative abundance of aliphatic —CH by
55.11%, but decreased the aromatic C=C by 17.06%, leading to the increase in —CH/C=C and —CH/C=0
ratios. In <0.25 mm aggregate, +BC treatment increased the relative abundance of aromatic C=C by
27.63%—49.83%, but reduced the aliphatic —CH by 16.58%—20.80%, leading to the decrease in —CH/C=C and
—CH/C=0 ratios. Compared to —BC treatment, +BC treatment increased the relative abundances of aliphatic
—CH and aromatic —C=C in the three density fractions, and increased the —CH/C=C ratio in OF by 74.19%.

[ Conclusions ] Biochar application increased significantly organic matter content in Mollisols, which led to
more aliphatic groups in macro-aggregates and improved stability of micro-aggregates. The increment of
relative abundance of aliphatic —CH in occluded fraction was the highest across density fractions, which
enhanced the turnover of soil organic matter.

Key words: biochar; Mollisols; aggregates; organic matter; the relative abundance of functional group;
organic matter stability; organic matter activity
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Table 1 The relative abundance of characteristic peak in all aggregates and bulk soil
S AR e ?ﬂi%@b‘fOH EEH}‘jﬁ%fpﬂ %%‘ﬁﬁcfc BrHC=0 z#ﬁcfo.
Bulk soil and agaregate size Treatment Pheno'hc and Aliphatic Aromatic Carbonyl Polysaccharidle —CH/C=C —CH/C=0
alcoholic —OH —CH C=C C=0 Cc—0
4+ Bulk soil -BC 25.38+0.64 1.73+£0.15 13.91£0.70  0.50+0.03 58.47+1.14 0.12+0.01  3.51+0.38
+BC 26.60+1.27 2.26+0.26 11.77£2.06  0.41+0.09 59.04+1.30 0.20+£0.05  5.69+1.63
>2 mm -BC 24.62+1.37 1.76£0.22 12.97+1.50  0.38+0.01 60.64+0.08 0.14+0.04  4.80+0.51
+BC 26.51£1.32 2.73+0.50 11.08+1.39  0.30+0.04 59.38+2.25 0.25+0.04  9.18+1.76
2~0.25 mm -BC 26.060.42 1.81£0.10 13.44+0.72  0.47+0.03 58.22+1.28 0.13+0.01 3.85+0.02
+BC 27.40£3.62 1.72+0.39 10.57£2.60  0.40+0.06 50.91£1.11 0.16£0.02  4.43+1.69
0.25~0.053 mm -BC 28.95+0.81 2.52+0.43 10.17£1.53  0.33+0.01 58.33£1.70 0.23+0.01 7.62+1.31
+BC 26.68+2.45 1.93+0.63 12.98+2.56  0.39+0.08 58.02+2.97 0.15£0.06  4.23+2.17
<0.053 mm -BC 28.84+0.33 1.51£1.12 8.85+0.81  0.35+0.05 60.64+1.80 0.17£0.03  4.64+3.93
+BC 24.96+0.68 1.25+0.07 13.26+1.47  0.46+0.06 60.07+0.79 0.13+0.02  3.85+0.69

. -BC—ififbAl; +BC—IhiifkALBCHEAE Y b

Note: -BC—Application of chemical fertilizer; +BC—Application of chemical fertilizer and biochar.
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FEREE C=0 FHXTF=BE 40D T 18.18% Al 21.95%,
—CH/C=C 5—CH/C=0 fH¥I K, 45134 66.67%
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Table 2 The relative abundance of characteristic peak in all density fractions of soil
e BEM—OH  JENif%E—CH J5&iC=C mHEC=0 ZHEC—O
LS Jis: . S T WgE—CcH,
. . Phenolic and Aliphatic Aromatic Carbonyl Polysaccharidle —CH/C=C —CH/C=0
Density fractions treatment i Methyl—CH,
alcoholic—OH —CH C=C C=0 Cc—0
LF -BC 25.97+6.87 2.50+1.54 9.64+5.45 — — 61.90+10.10  0.26+0.16 —
+BC 27.7943.55 3.08+0.77 11.34+0.21 — — 57.7+4.53 0.27+0.06 —
OF -BC 29.67+2.82 2.72+0.06 8.74+0.87 3.97+0.70 — 54.87+4.25 0.31+0.03 —
+BC 32.47+1.03 6.14+1.34 11.28+2.33 4.56+1.50 — 45.53+4.15 0.54+0.00 —
MF -BC 25.4243.44 1.32+0.14 10.68+1.14 — 5.10+1.05  57.39+1.39 0.12+0.02  0.26+0.08
+BC 25.64+2.48 1.47+0.21 11.20£1.15 — 5.10+0.75 58.25+2.77 0.13+0.03  0.29+0.07

T LF—iFS SR, OF—MESRA; MF— a5 G545, -BC—ifbll; +BC—iifbICRCME YR, FEf—OH (3417 cm™'+3620

em™); JEMiE—CH (2934 cm™'+2853 em™!); F5&FHEC—C (1631 cm™); FH3E—CH, (1384 cm™); FRHFC=0 (1720 cm™'); £HC—O0 (1030
cm™'),

Note: LF—Free light fraction; OF—Occluded light fraction; MF—Mineral-associated fraction. —-BC—Application of chemical fertilizer;

+BC—Application of chemical fertilizer and biochar. Phenolic and alcoholic—OH (3417 cm™'+3620 cm™'); Aliphatic—CH (2934 cm™'+2853 cm™');

Aromatic C = C (1631 cm™); Methyl—CHj; (1384 cm™); Carbonyl C = O (1720 cm™); Polysaccharide C—O (1030 cm™).
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