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Impact of Long-term Land-Use Patterns on Chemical Composition of Soil
Organic Matter in Mollisol Profile
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(National Field Observation and Research Station of Hailun Agroecosystems, Key Laboratory of Mollisols Agroecology, Northeast Institute
of Geography and Agroecology, Chinese Academy of Sciences, Harbin 150081, China)

Abstract:  Objective The objective of this study was to assess the effect of land-use changes on the composition and stability of
soil organic matter (SOM).  Method Based on a 29 years long-term experiment in typical Mollisol region, we investigated the
contents of labile fractions of SOM in depths of 0~10 10~20 20~40 40~60 60~80 and 80~100 cm. Furthermore, Fourier
transform infra-red and solid-state *C nuclear magnetic resonance spectroscopies were applied to estimate the differences in

functional C groups of SOM under different land uses. The land-use types included cultivated land (CL), restored grassland
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(GL)and artificial spruce forest land (FL).  Result The contents of soil labile organic C fractions (i.e. microbial biomass C,
dissolved organic C, light fraction organic C and readily oxidizable organic C)were higher in GL and FL than in CL at all soil
depths, and followed the order of GL> FL >CL. With the increase of soil depth, the aliphatic C, OCH; and O-alkyl C groups of
SOM gradually decreased, while the aromatic C and carboxyl C gradually increased. This indicated that the stability of SOM
increased with soil depth. The proportion of OCH; and O-alkyl C groups from plant residues were highest in the GL across all
depth, followed by FL, and lowest in the CL. The SOM of CL had higher proportion of aromatic C and carboxyl C groups than
that of GL and FL. This resulted a higher humification degree of SOM in CL.  Conclusion Our results suggest that land use

changes modify the chemical composition of SOM both in the topsoil and subsoil. Vegetation restoration could increase labile

components of SOM. In contrast, long-term cultivation prompted the accumulation of recalcitrant fractions in SOM.

Key words: Black soil; Land use type; Soil profile; Soil labile organic carbon; Molecular structure
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Table 1 Surface litter and root biomass under different land-use

0~100 cm R R LW

Root biomass in 0~ 100 cm

AbEH R )
Treatment Surface litter biomass
B Grassland ( GL) 948 a
MHE Forest land  ( FL) 2.39b
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12.7 a

10.0b

1.81¢c

W ARE/NEG FRER RN [F AL P R 22 5+ . 3% ( P<0.05 ). Note: Different lowercase letters indicate significant differences at P<0.05

level among treatments.
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Fig. 2 Soil FTIR spectra in 0~100 cm depth under different land-use
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Table 2 Relative FTIR absorption intensity of different bands/%

2 920+2 850 1 630 1420 1 630/ (2920+2 850)
4b +/2 R L1 R S5 Ngi% C-H -
05 IR
Treatment Depth/cm CH;, CH, Aromatic C=C Aliphatic C-H
Aromatic/Aliphatic
/%
0~10 9.13 83.2 7.69 9.11
10~20 8.83 83.5 7.68 9.45
20~40 8.02 84.7 7.30 10.6
GL
40~60 4.60 89.1 6.28 19.4
60~80 3.62 92.4 3.99 25.6
80~100 2.34 93.7 3.91 40.0
0~10 6.33 86.5 7.13 13.7
10~20 4.65 88.1 7.26 18.9
20~40 451 88.2 7.33 19.6
FL
40~60 3.54 90.8 5.70 25.6
60~80 3.15 94.7 2.19 30.0
80~100 2.83 93.7 3.50 33.1
0~10 4.70 88.8 6.47 18.9
10~20 451 88.2 7.33 19.6
20~40 4.07 88.5 7.46 21.7
CL
40~60 2.64 92.2 5.16 34.9
60~80 1.84 92.9 5.23 50.4
80~100 1.11 95.9 3.03 86.1
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Fig. 3  Soil *C-NMR spectra in 0~100 cm depth under different land-use
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Table 3 Assignment at different chemical shift regions

= 4k

B BE

A% ELfl

(ppm) and their relative proportions in soil *C-NMR/%

0~44 44~64 64~93 93~110 110~143 143~163 163~190 190~220
e I \ ,
) ) ) FRFL/E e L W/ ( P E )
L= e e i S ik D7 Ak Py ¥ ik
Ab B Carboxyl/ Ketones/
Depth Nonpolar Methoxy  O-alkyl Alkyl O-C-O Aromatic C O-aromatic C
Treatment Amide Aldehyde
/cm alkyl C C/N-alkyl C
CH;, (CH:) Aromatic R-COR’/R-CO
OCH3;/NCH O-CH O-C-O C-C COO/N-C=0
n, C, CH C=0 H
0~10 19.0 13.2 25.1 7.25 17.1 4.92 12.5 0.96
10~20 19.1 12.8 254 7.03 17.5 4.68 11.9 1.64
20~40 18.0 133 26.7 7.30 17.4 4.28 11.7 1.30
GL
40~60 18.8 12.7 23.8 6.56 18.7 5.11 12.5 1.89
60~80 15.0 9.6 22.0 6.06 23.8 5.77 15.2 2.60
80~100 16.3 11.8 19.6 6.09 242 5.98 13.8 2.18
0~10 17.5 12.0 25.0 7.65 19.2 6.02 11.3 1.35
10~20 17.7 12.2 23.2 6.78 20.8 5.41 12.1 1.91
20~40 16.5 11.6 22.6 6.82 22.5 6.35 12.9 0.79
FL
40~60 15.7 10.0 20.2 6.21 26.4 5.69 14.9 0.94
60~80 16.3 9.3 18.3 5.39 28.0 7.26 14.9 0.50
80~100 18.2 9.6 18.6 5.59 24.7 6.80 15.1 1.37
0~10 18.3 11.1 21.9 5.50 20.5 6.53 12.9 3.31
10~20 17.1 11.0 21.8 5.94 21.4 6.28 13.8 2.68
20~40 14.3 10.2 20.4 5.35 24.7 6.73 15.6 2.67
CL
40~60 15.9 9.6 18.9 4.61 24.6 6.96 16.1 3.34
60~80 13.8 7.6 18.2 7.78 28.3 7.44 15.0 1.86
80~100 17.2 8.1 16.9 6.37 29.1 6.08 15.7 0.62
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