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Figure 1 (Color online) Research history of soil organic matter
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Figure 2 The humification and continuum decomposition models of
soil organic matter
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Table 1 Methods and objectives of management strategies under different soil organic matter theories

JERA TS A HLBUE SRR R
R Sy Fk LR /LGRS
TSR AR TAPBRIR; R, PRI IO e i LI R AR AR S R SIS DI RE o ik il
Thifi IF T B E A LB U B L SR PR SR AR AL SE W ik S
Rk S P EUR SRR IR ok 2= By i B BB T
R UL JEFEALAR B S A LB 5 R 2R i Al 7R
Hifr I BB R FREER Ayl B A B

B HUR LRI S T R S T BRI RS, Tk
FEBFIREL VA TR R ORI B ML, SRR 24N 35
BEAHUR10%~15%""7), e i R 2% A] E— A B 437 1)
Sk, SRR, AT FUR R CRE R N 2910% ).
AN, FHEFIN . R . NON-— LB R
GUSAR IR TR RE 1 S0 TR Y, ek ORI LA ML
U B T A HLRRIAS AR A B SO, S
FEATA P 3 R BCEAT Il (3R2). filn, PR 3=
TR P AR R AT T, BRI R L
P AIEA VLR, PIRETHR BN HEM RS, Hei5
A BB SEECR.

S AR s A R s o BRI BRI A AL
BORIRA 2R B, E MR A T 3RS 1 - 386
AR B T b A LB 33%~62%" 7T T FH B ) R
WM EE R AR R SRIENIEARELSHE
FFEIM FB T AR, 45 R T EU038%
41%F126%, iEIIHAREIR T BE BRI, X Wiy
R, — T BT REAS L LIMERG RS 3R LR
SRR, AEWIAR AR AL R BN . SR BUSCR LS ]
B BT AT AERRIBCRAR . TR TS R eAh,

F2 BEALREVURRBONREM A"

Table 2 The commonly used extractants for soil organic matter
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The accurate and comprehensive understanding of the molecular composition, source, and stabilization mechanism of soil
organic matter (SOM) is vital for soil management and the preservation of organic carbon. Currently, a series of key
scientific issues concerning the formation and stabilization of SOM is highly contentious. This review summarized the
advances in the sources and molecular structure of SOM, and presented a systematic analysis of the different views,
conflicts, and problems concerning soil humic substances in the past decades. The traditional view of soil science believes
that SOMs are mainly composed of humic substances which are macromolecular compounds and are derived from plant
and animal residues through a series of mineralization and humification processes. Soil enzymes and minerals, including
phenol oxidase, laccase, peroxidase, iron oxide, manganese oxide, promote the polymerization of organic molecules
through additive nucleophilic reactions and free radical catalyzation. “C-NMR and FT-ICR-MS analyses supported the
existence of humic substances in soils based on the structure and the molecular composition of SOM.

However, with the application of biomarker analysis, high-resolution mass spectrometry, spatial resolution spectroscopy,
and other advanced techniques, there is an emergence of new perspectives on the source and the structure of SOM. HPLC-
SEC showed the average molecular weight of Aldrich humic acid was significantly smaller than previously thought and the
aggregation of humic substances was affected by acetic acid, pH and ionic strength. These evidences suggest that humic
substances are aggregates of small organic compounds with a molecular weight of hundreds to thousands of Daltons, rather
than macromolecules of tens to hundreds of thousands of Daltons. Furthermore, in situ observation of soil particles by
STXM revealed significant heterogeneity of SOM at 50 nm spatial resolution. In terms of the origin of SOM, model
calculations and biomarker analysis have indicated that microbial necromass is the major constituent of SOM which
accounts for ~33%—-62% of SOM in different ecosystems. Collectively, microbial residues may contribute predominantly
to the SOM pool and traditional concept “humification” may not occur in the soil.

These new findings are contrary to the traditional theory of soil chemistry and soil biochemistry and subvert our
understanding of SOM. Therefore, it is imperative to perform further in-depth studies to fill the knowledge gaps regarding
the sources, formation processes, and molecular structures of humus. However, further intensive investigations on SOM are
restricted by the lack of efficient and reliable extraction procedures. In addition, the conversion coefficients from biomarker
to necromass are not accurate and mass spectrometry could not provide a comprehensive analysis on the whole organic
molecules in the soil. The studies on enzymatic reactions and microbial synthesis were mainly performed in simple
suspension systems, which could not simulate the complex soil matrix. Consequently, future studies are needed to improve
the efficiency and accuracy of the extraction and analysis of SOM and to develop a real-time study platform for the
interfacial reactions among minerals, organic matters and microorganisms. Meanwhile, in situ characterization techniques
and modeling should be employed and combined to clarify the sources and the underlying mechanisms of SOM
stabilization at molecular level.

carbon neutral, carbon fixation, molecular composition, molecular weight, humification

doi: 10.1360/TB-2021-0704

923


https://doi.org/10.1360/TB-2021-0704

	重新认识土壤有机质
	1�� 传统土壤腐殖质理论及其新证据
	2�� 土壤有机质来源的争议
	3�� 土壤有机质是大分子还是小分子
	4�� 土壤有机质研究的技术瓶颈
	5�� 总结与展望 


