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Abstract
Soil carbon turnover represents a critical process of carbon migration and trans-
formation among the atmosphere, biosphere, and lithosphere. Its subtle vari-
ations influence atmospheric CO2 concentrations and alter carbon dynamics
and partitioning between aboveground and belowground plant components. Al-
though stable carbon isotope technology is widely employed in investigating
carbon biogeochemical cycles across various temporal and spatial scales, com-
prehensive reviews specifically addressing its application to soil organic carbon
research remain scarce. This study, based on a systematic compilation of cur-
rent literature utilizing stable carbon isotope techniques to examine soil carbon
origin, dynamics, and turnover, briefly summarizes the patterns of stable car-
bon isotope ($�$13C) variation along terrestrial ecosystem plant leaf-litter-soil
continua, leaf-soil continua, and within soils. The paper emphasizes the pri-
mary factors influencing soil carbon cycling and their corresponding adaptive
mechanisms, while concurrently comparing natural 13C abundance and artificial
13C labeling methodologies. Furthermore, it identifies critical aspects requir-
ing enhancement and outlines future research priorities and trends in applying
stable carbon isotope approaches to soil carbon dynamic studies. Elucidat-
ing these processes and mechanisms will establish a foundation for predicting
ecosystem source/sink functionality, strengthen quantitative investigations of
terrestrial ecosystem carbon cycling, and advance understanding of soil carbon
source/sink potential and the underlying mechanisms governing soil organic
carbon turnover.
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Abstract: Soil carbon turnover represents a critical process in carbon transfer
among the atmosphere, biosphere, and lithosphere. Even minor changes in the
soil carbon pool can significantly influence atmospheric CO� concentrations and
the dynamics of above- and belowground carbon allocation. Stable carbon iso-
tope technology is now widely applied in carbon biogeochemical cycle research
across various temporal and spatial scales, yet comprehensive reviews of its ap-
plication to soil organic carbon studies remain limited. This paper synthesizes
current research on the use of stable carbon isotope techniques to investigate
soil carbon origins, dynamics, and turnover. We summarize variation patterns
of stable carbon isotopes (𝛿13C) in terrestrial ecosystem plant-litter-soil contin-
uums, leaf-soil continuums, and soils. The review focuses on: (1) characteristics
of stable carbon isotope technology in soil carbon cycling, (2) primary influ-
encing factors and their adaptive patterns, (3) comparisons between natural
and artificial 13C labeling methods, and (4) key aspects requiring strengthen-
ing and future research directions. Clarifying these processes and mechanisms
will provide a foundation for predicting ecosystem source-sink effects, enhance
quantitative research on terrestrial ecosystem carbon cycling, and improve un-
derstanding of soil carbon source-sink potential and soil organic carbon turnover
mechanisms.

Keywords: stable carbon isotope; 𝛿13C; soil organic carbon; Δ𝛿13C; influence
factors
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1 Principles of Stable Carbon Isotope Technology
Isotopes are different forms of the same chemical element with identical proton
numbers but different neutron numbers (mass numbers). Isotopes are classified
as either radioactive or stable. Stable carbon isotopes include 12C and 13C,
with natural abundances of 98.89% and 1.11%, respectively. Isotopic abundance
refers to the ratio of atoms of a specific isotope to the total atoms of that element
in an isotopic mixture. The abundance ratio of heavy to light isotopes of the
same element is commonly expressed as the isotope ratio (𝑅), such as 13C/12C.
Since light isotopes are far more abundant than heavy isotopes in nature, the
isotope ratio is very small. For convenience, the isotopic composition of samples
is typically expressed using the 𝛿 notation, which represents the per mil (‰)
difference between the sample’s 𝑅 value and that of a standard:

𝛿(‰) = ( 𝑅sample
𝑅standard

− 1) × 1000

where 𝑅standard varies depending on the reference material, resulting in different
𝛿 values. The carbon isotope standard is Pee Dee Belemnite (PDB) from the
Cretaceous Pee Dee Formation in South Carolina, USA, with an 𝑅 value of
1.124 × 10−4. Although this standard is now exhausted, artificially prepared
standards with an 𝑅 value of 1.11797 × 10−4 are commonly used. Different
photosynthetic pathways (C�, C�, CAM) exhibit varying degrees of fractionation
due to differences in carboxylase enzymes, leading to distinct carbon isotopic
compositions among plants. Because of these differences in plant 𝛿13C, the
resulting surface humus and rhizodeposits also differ, ultimately affecting soil
organic carbon isotopic composition.

2 Factors Influencing Natural Abundance of Soil Stable
Carbon Isotopes
2.1 Temperature

Temperature directly and indirectly affects carbon decomposition processes
by influencing soil microbial and enzyme activities and substrate availability,
thereby altering soil organic carbon input and abundance. Although numerous
studies have analyzed temperature effects on soil organic carbon, contradictory
results exist and require further investigation. For example, under 13C pulse
labeling, control experiments show that unit temperature change affects
𝐶soil. However, research on the Tibetan Plateau found negative correlations
between 𝐶leaf and temperature, and between 𝐶soil and temperature. This
may be because low temperatures in alpine regions limit soil organic matter
decomposition and respiration, increasing soil organic carbon turnover time.
Thus, lower temperatures correspond to higher 𝛿13C values. Additionally,
temperature effects on soil nutrient mineralization and moisture may directly
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or indirectly influence 𝛿13C values. Overall, temperature’s influence on stable
carbon isotopes remains inconclusive and warrants further study.

2.2 Precipitation

Water is a primary driver of soil carbon dynamics. Insufficient soil moisture
inhibits microbial decomposition of organic carbon, while excessive moisture
reduces soil oxygen content, decreasing microbial activity. Current research
generally reveals a negative correlation between soil organic carbon 𝛿13C and
moisture, though some studies report positive relationships. Under drought
conditions, plants reduce leaf stomatal conductance, decreasing internal CO2
concentration, which leads to higher 𝛿13C values. Conversely, soil substrates
become enriched in heavy carbon (13C). Microbial decomposition of plant debris
preferentially selects lighter isotopes, further enriching the remaining substrate
in 13C. Consequently, vegetation with different carbon isotopic compositions
significantly influences soil organic carbon 𝛿13C.

Research across precipitation gradients shows that 𝛿13C values decrease with in-
creasing precipitation, with a “turning point” occurring at approximately 3000
mm annual precipitation . This pattern may arise because extremely wet en-
vironments limit soil enzyme and aerobic microbial activity, slowing organic
carbon decomposition rates. While study directions and magnitudes vary, most
confirm that moisture significantly affects soil organic carbon 𝛿13C.

2.3 Vegetation Type

Vegetation litter constitutes the primary source of soil carbon, with approxi-
mately 60 Pg of carbon annually input to soils. Vegetation type largely deter-
mines soil carbon pool quality. Studies show that 𝛿13C values are significantly
enriched in surface soil layers, independent of soil physicochemical properties,
and mainly influenced by isotopic fractionation during litter decomposition.
𝛿13C values are significantly negatively correlated with fine sand content and
positively correlated with sand content. These patterns reflect that surface soil
layers rich in organic matter have higher sand content, which decreases with
depth, while deeper soils often exhibit greater 𝛿13C values. Soil element content
directly affects the application and results of stable isotope technology in soil
carbon turnover studies, with 𝛿13C serving as an indicator of substrate quality.
Since microbial decomposition is limited by substrate quality, soils with high
𝛿13C values have lower decomposition rates. However, rapid decomposition in
high 𝛿13C soils causes loss of light carbon (12C) and enrichment of heavy carbon
(13C).

Most studies focus on plant responses to specific factors, with fewer investi-
gating direct relationships between leaf and soil 𝛿13C. Leaf morphology and
thickness affect microbial decomposition rates, influencing soil carbon input
and ultimately causing 𝛿13C variation. In alpine, plateau, and coastal ecosys-
tems, litter type and surface vegetation significantly affect soil 𝛿13C. Therefore,
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studying individual soil or climate factors without considering vegetation may
over- or underestimate their effects.

2.4 Soil Properties

At large scales, soil organic carbon 𝛿13C distribution is primarily influenced
by climate and vegetation type. Due to high spatial heterogeneity and long
turnover times, 𝛿13C distribution is also affected by soil factors such as texture,
pH, and electrical conductivity. Generally, 𝛿13C decreases with increasing par-
ticle size. Larger soil particles are less favorable for microbial decomposition
and contain less organic carbon. Soil pH and electrical conductivity are major
factors affecting 𝛿13C changes, yet research results are contradictory. These
conflicting findings warrant further investigation to better understand soil prop-
erties’ role in stable isotope abundance studies and identify dominant factors
controlling abundance changes.

3 Application of Stable Carbon Isotope Technology in Soil
Carbon Cycle Research
3.1 Carbon Input and Release

Soil carbon primarily originates from litter decomposition and root exudate re-
lease. Plant litter is decomposed by soil microorganisms into organic carbon,
while root exudates provide additional carbon inputs. Stable carbon isotope
technology can distinguish carbon sources from different vegetation types (grass-
land, forest, shrubland) within the same region and characterize organic carbon
sources and their vertical distribution, which reflects the mixing degree of new
and old carbon. Due to different plant allocation ratios, soil stable isotopic com-
position varies, potentially causing carbon source differences at different soil
depths. In mixed-stage soils, surface 𝛿13C values are significantly higher than
other layers. The 𝛿13C of plant organic carbon ranges between -27‰ and -25‰,
higher than that of C� plants (-15‰ to -13‰). Root distribution in the 0-10
cm layer also affects soil organic carbon 𝛿13C through rhizodeposition. When
C� plants appear in C� communities, surface soil 𝛿13C is first affected, becoming
more enriched as C� plants increase.

Soil carbon release is a key component of the atmospheric CO2 concentration
and global climate change. Soil respiration constitutes the second-largest car-
bon emission source in most ecosystems, accounting for 60%-90% of total ecosys-
tem respiration. Stable carbon isotope technology provides a new method for
studying soil carbon release. Generally, soil respiration 𝛿13C begins depleted,
becomes enriched, and finally stabilizes. However, because stable carbon isotope
abundance changes cannot be measured directly, most studies conduct labora-
tory incubation experiments. This technology can also assess residence times of
different components and their contributions to soil respiration.
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3.2 Carbon Transformation

Natural Labeling: Researchers have used stable carbon isotope methods to
study soil organic carbon decomposition and transformation rates. Zhao et al. in-
vestigated carbon decomposition in Tibetan Plateau marsh meadows, grassland
meadows, and degraded meadows, finding that 𝛿13C increased with depth and
that degraded meadows had higher decomposition rates. In Acton and Garten’s
research, the linear regression slope between soil 𝛿13C and the logarithm of
soil organic carbon content was defined as the 𝛽 value, which reflects organic
carbon turnover rate. More negative slopes indicate faster microbial decompo-
sition and organic carbon transformation. Since each carbon pool has different
turnover rates, carbon movement from plants to soil exhibits time-lag effects.
The 𝛿13C variation pattern effectively clarifies carbon changes from plant to
soil pools, accurately recording climate information during plant growth and
comprehensively reflecting plant carbon assimilation and soil carbon dynamics.
Conducting 𝛿13C studies at different scales can fully explain carbon allocation
characteristics in plant-soil systems.

Artificial Labeling: Artificial labeling involves continuous 13C labeling
throughout the plant growing season to quantitatively measure carbon input
to soil at different times and study soil carbon turnover. Studies using 13C
pulse labeling on ryegrass found that 13C concentration was highest in roots
within 24-48 hours, likely because soil respiration rapidly loses most carbon
while only a small portion of root deposition enters soil. Research on wheat
in semi-arid regions showed that elevated CO2 concentration (550 ppm)
increased aboveground biomass by 13.5% and root biomass by 16.7%. Soil 𝛿13C
increased significantly, especially when labeling during the grain-filling stage,
indicating that soil carbon transfer occurs mainly during this period. Studies
on temperate desert Nitraria tangutorum showed that newly fixed carbon
concentrated in aboveground parts within 24-48 hours, gradually turning
over to belowground parts, with approximately 31.9% stored in roots, 35.59%
returned to atmosphere through respiration, and 15.8% stabilized in soil carbon
pools.

Artificial labeling can directly calculate different proportions and quantities of
soil carbon transformation, effectively clarifying carbon migration and conver-
sion processes. However, high costs and precision limitations restrict wider ap-
plication, and uneven 13C distribution in plants and soils introduces sampling
errors.

4 Conclusion
Stable carbon isotope technology can elucidate organic carbon sources, release,
and transformation processes in terrestrial ecosystems. Integrating vegetation
type, climate factors, and soil properties in stable carbon isotope studies will
facilitate research on dominant factors controlling soil carbon turnover. With
increasing instrument variety and automation of stable carbon isotope mass spec-

chinarxiv.org/items/chinaxiv-202103.00054 Machine Translation

https://chinarxiv.org/items/chinaxiv-202103.00054


trometers and laser isotope analyzers, this technology is being widely applied
in carbon cycle research. Overall, stable isotopes offer advantages in studying
ecosystem carbon turnover, but limitations remain, including requirements for
sample carbon content, relatively simple vegetation types under natural condi-
tions, and varying times for organic matter return and decomposition.

Future research should focus on: (1) Standardizing methodologies, including
sampling, measurement, and mathematical modeling procedures. Current solid
samples require aluminum foil packaging and cold storage for laboratory anal-
ysis. (2) Improving studies on factors affecting carbon turnover, including an-
thropogenic activities (forest management, fire, clear-cutting, grazing) that di-
rectly or indirectly alter 𝛿13C values. (3) Strengthening molecular-level research,
as stable carbon isotope ratios differ significantly among substances, enabling
tracing of carbon flow in ecosystems. Current applications focus on individ-
ual plants, ecosystems, communities, and regional scales, but molecular-scale
research, such as microbial decomposition effects on soil stable carbon isotope
composition, remains limited. Future studies should enhance exploration at
the soil organic carbon molecular level to deepen understanding of soil carbon
turnover mechanisms.

References

[1] Ouyang Tingping, Zhang Jinlan, Zeng Jing, et al. Advances in the study
of soil carbon effect of land use change[J]. Tropical Geography, 2008, 28(3):
203-208.

[2] Tao Bo, Ge Quansheng, Li Kerang, et al. Progress in the studies on carbon
cycle in terrestrial ecosystem[J]. Geographical Research, 2001, 20(5): 564-575.

[3] Li Hanshi, Mao Yanling, Zou Shuangquan. Distribution of 𝛿13C labeled
wood residue carbon in soil aggregates[J]. Acta Pedologica Sinica, 2017, 54(4):
1038-1046.

[4] Zhu Shufa, Liu Congqiang, Tao Faxiang. Use of 𝛿13C method in studying
soil organic matter[J]. Acta Pedologica Sinica, 2005, 42(3): 495-503.

[5] Lal R. Soil carbon sequestration impacts on global climate change and food
security[J]. Science, 2004, 304(5677): 1623-1627.

[6] Lin G, Ehleringer J R, Rygiewicz P T, et al. Elevated CO2 and temperature
impacts on different components of soil CO2 efflux in Douglas fir terracosms[J].
Global Change Biology, 1999, 5(2): 157-168.

[7] Zhou Yurong, Yu Zhenliang, Zhao Shidong. Carbon storage and budget of
major Chinese forest types[J]. Acta Phytoecologica Sinica, 2000, 24(5): 518-522.

[8] Pan Genxing, Cao Jianhua, Zhou Yunchao. Soil carbon and its significance
in carbon cycling of earth surface system[J]. Quaternary Sciences, 2000, 20(4):
325-334.

chinarxiv.org/items/chinaxiv-202103.00054 Machine Translation

https://chinarxiv.org/items/chinaxiv-202103.00054


[9] Smith P. Soil carbon sequestration and biochar as negative emission tech-
nologies[J]. Global Change Biology, 2016, 22(3): 1315-1324.

[10] Liu Wei, Lyu Haohao, Chen Yingxu, et al. Application of stable carbon iso-
tope technique in the research of carbon cycling in soil plant system[J]. Chinese
Journal of Applied Ecology, 2008, 19(3): 674-680.

[11] Lin Guanghui. Stable Isotope Ecology[M]. Beijing: Higher Education Press,
2013: 10-35.

[12] Cloern J E, Canuel E A, Harris D. Stable carbon and nitrogen isotope
composition of aquatic and terrestrial plants of the San Francisco Bay estuarine
system[J]. Limnology and Oceanography, 2002, 47(3): 713-729.

[13] Ehleringer J R, Buchmann N, Flanagan L B. Carbon isotope ratios in
belowground carbon cycle processes[J]. Ecological Applications, 2000, 10(2):
412-422.

[14] Six J, Elliott E T, Paustian K. Soil macroaggregate turnover and microag-
gregate formation: A mechanism for C sequestration under tillage agriculture[J].
Soil Biology and Biochemistry, 2000, 32(14): 2099-2103.

[15] Tu C L, Liu C Q, Quine T A, et al. Dynamics of soil organic carbon
following land use change: Insights from stable C isotope analysis in black soil
of Northeast China[J]. Acta Geochimica, 2018, 37(5): 547-556.

[16] Zhou Xiaoyu, Zhang Chengyi, Guo Guangfen. Effects of climate change
on forest soil organic carbon storage: A review[J]. Chinese Journal of Applied
Ecology, 2010, 21(7): 1867-1874.

[17] Davidson E A, Janssens I A. Temperature sensitivity of soil carbon decom-
position and feedbacks to climate change[J]. Nature, 2006, 440(7081): 165-173.

[18] Liu X, Su Q, Li C, et al. Responses of carbon isotope ratios of C� herbs to
humidity index in northern China[J]. Turkish Journal of Earth Sciences, 2014,
23: 100-111.

[19] Giardina C P, Ryan M G. Evidence that decomposition rates of organic
carbon in mineral soil do not vary with temperature[J]. Nature, 2000, 404(6780):
858-861.

[20] Jia Y F, Wang G A, Tan Q Q, et al. Temperature exerted no influence on
the organic carbon isotope of surface soil along the isopleth of 400 mm mean
annual precipitation in China[J]. Biogeosciences Discussions, 2016: 1-31.

[21] Feng Z D, Wang L X, Ji Y H, et al. Climatic dependency of soil organic
carbon isotopic composition along the S-N Transect from 34°N to 52°N in central
east Asia[J]. Palaeogeography, Palaeoclimatology, Palaeoecology, 2008, 257(3):
335-343.

[22] Cheng X, Luo Y, Xu X, et al. Soil organic matter dynamics in a North
America tallgrass prairie after 9 yr of experimental warming[J]. Biogeosciences,

chinarxiv.org/items/chinaxiv-202103.00054 Machine Translation

https://chinarxiv.org/items/chinaxiv-202103.00054


2011, 8(6): 1487-1498.

[23] Lu H Y, Wu N Q, Gu Z A, et al. Distribution of carbon isotope composition
of modern soils on the Qinghai Tibetan Plateau[J]. Biogeochemistry, 2004, 70:
273-297.

[24] Geng Yuanbo, Wang Ziteng, Li Ruxia. Analysis of differences and influ-
encing factors of plant 𝛿13C in Leymus chinensis grassland in Inner Mongolia,
China[J]. Acta Agrestia Sinica, 2019, 27(1): 153-162.

[25] Houghton R A. Aboveground forest biomass and the global carbon bal-
ance[J]. Global Change Biology, 2005, 11(6): 945-958.

[26] Gao Y, Zhou J, Wang L M, et al. Distribution patterns and controlling
factors for the soil organic carbon in four mangrove forests of China[J]. Global
Ecology and Conservation, 2019, 17: e00575.

[27] Zhao Y F, Wang X, Ou Y S, et al. Variations in soil 𝛿13C with alpine
meadow degradation on the eastern Qinghai Tibet Plateau[J]. Geoderma, 2019,
338: 178-186.

[28] Deng L, Liu G B, Shangguan Z P. Land use conversion and changes in soil
carbon stocks in China’s Grain Green Program: A synthesis[J]. Global Change
Biology, 2014, 20(11): 3544-3556.

[29] Li D J, Niu S L, Luo Y Q. Global patterns of the dynamics of soil carbon and
nitrogen stocks following afforestation: A meta-analysis[J]. New Phytologist,
2012, 195(1): 172-181.

[30] Kuzyakov Y. Sources of CO2 efflux from soil and review of partitioning
methods[J]. Soil Biology and Biochemistry, 2006, 38(3): 425-438.

[31] He Chunxia, Li Jiyue, Meng Ping, et al. Differences in leaf mass per area,
photosynthetic pigments and 𝛿13C by orientation and crown position in five
greening tree species[J]. Chinese Journal of Plant Ecology, 2010, 34(2): 134-
143.

[32] Xiong Xin, Zhang Huiling, Wu Jianping, et al. Carbon and nitrogen isotopic
signatures of plant-soil continuum along a successional gradient in Dinghushan
Biosphere Reserve[J]. Chinese Journal of Plant Ecology, 2016, 40(6): 533-542.

[33] Wu Jian, Sha Chenyan, Wang Min, et al. Composition and distribution char-
acteristics of stable carbon isotope in typical riparian grassland ecosystem[J].
Chinese Journal of Applied Ecology, 2017, 28(7): 2231-2238.

[34] Tu Chenglong, Liu Congqiang, Wu Yongfeng. Discussing variance of forest
soil organic carbon by analysis of 𝛿13C[J]. Journal of Beijing Forestry University,
2008, 30(5): 1-6.

[35] Yin Yunfeng, Cai Zucong. Decomposition rates of organic carbon in whole
soil and heavy fraction of red soil incorporated with maize stalks using carbon-13
natural abundance[J]. Acta Pedologica Sinica, 2007, 44(6): 1022-1027.

chinarxiv.org/items/chinaxiv-202103.00054 Machine Translation

https://chinarxiv.org/items/chinaxiv-202103.00054


[36] Qi Lin. Distribution of Organic Carbon Isotope Composition for Modern
Soils from the Eastern Margin of the Tibetan Plateau and its Main Controlling
Factors[D]. Beijing: China University of Geosciences, 2017.

[37] Bai E, Boutton T W, Liu F, et al. Spatial patterns of soil 𝛿13C reveal
grassland-woodland successional processes[J]. Organic Geochemistry, 2012,
42(12): 1512-1518.

[38] Liu C, Dong Y T, Li Z W, et al. Tracing the source of sedimentary organic
carbon in the Loess Plateau of China: An integrated elemental ratio, stable car-
bon signatures, and radioactive isotopes approach[J]. Journal of Environmental
Radioactivity, 2016, 167: 201-210.

[39] Wu Ying. Study on Fractions of Soil Organic Carbon and its Sources during
Grazing Degradation of Stipa Grandis[D]. Hohhot: Inner Mongolia University,
2017.

[40] Wang S Q, Fan J W, Song M H, et al. Patterns of SOC and soil 𝛿13C and
their relations to climatic factors and soil characteristics on the Qinghai Tibetan
Plateau[J]. Plant and Soil, 2013, 363(1-2): 243-255.

[41] Bird M I, Veenendaal E M, Lloyd J J. Soil carbon inventories and 𝛿13C
along a moisture gradient in Botswana[J]. Global Change Biology, 2004, 10:
342-349.

[42] Wang C, Houlton B Z, Liu D W, et al. Stable isotopic constraints on global
soil organic carbon turnover[J]. Biogeosciences, 2018, 15: 987-995.

[43] Michelsen A, Jonasson S, Sleep D, et al. Shoot biomass, 𝛿13C, nitrogen
and chlorophyll responses of two arctic dwarf shrubs to in situ shading, nutrient
application and warming simulating climatic change[J]. Oecologia, 1996, 105(1):
1-12.

[44] Peri P L, Ladd B, Pepper D A, et al. Carbon (𝛿13C) and nitrogen (𝛿15N)
stable isotope composition in plant and soil in Southern Patagonia’s native
forests[J]. Global Change Biology, 2012, 18(1): 311-321.

[45] Xu X, Shi Z, Li D J, et al. Soil properties control decomposition of soil
organic carbon: Results from data assimilation analysis[J]. Geoderma, 2016,
262: 235-242.

[46] An H, Li Q L, Yan X, et al. Desertification control on soil inorganic and
organic carbon accumulation in the topsoil of desert grassland in Ningxia, North-
west China[J]. Ecological Engineering, 2019, 127: 348-355.

[47] Acton P, Fox J, Campbell E, et al. Carbon isotopes for estimating soil
decomposition and physical mixing in well-drained forest soils[J]. Journal of
Geophysical Research: Biogeosciences, 2013, 118(4): 1532-1547.

[48] Campbell J E, Fox J F, Davis C M, et al. Carbon and nitrogen isotopic mea-
surements from southern Appalachian soils: Assessing soil carbon sequestration

chinarxiv.org/items/chinaxiv-202103.00054 Machine Translation

https://chinarxiv.org/items/chinaxiv-202103.00054


under climate and land use variation[J]. Journal of Environmental Engineering,
2009, 135(6): 439-448.

[49] Richards A E, Dalal R C, Schmidt S. Soil carbon turnover and sequestration
in native subtropical tree plantations[J]. Soil Biology and Biochemistry, 2007,
39(8): 2078-2090.

[50] Guillaume T, Damris M, Kuzyakov Y. Losses of soil carbon by converting
tropical forest to plantations: Erosion and decomposition estimated by 𝛿13C[J].
Global Change Biology, 2015, 21(9): 3548-3560.

[51] Desjardins T, Andreux F, Volkoff B, et al. Organic carbon and 13C contents
in soils and soil size fractions, and their changes due to deforestation and pasture
installation in eastern Amazonia[J]. Geoderma, 1994, 61(1): 103-118.

[52] Schwendenmann L, Pendall E. Effects of forest conversion into grassland
on soil aggregate structure and carbon storage in Panama: Evidence from soil
carbon fractionation and stable isotopes[J]. Plant and Soil, 2006, 288(1-2): 217-
232.

[53] Wynn J, Bird M, Wong V. Rayleigh distillation and the depth profile of
13C/12C ratios of soil organic carbon from soils of disparate texture in Iron
Range National Park, Far North Queensland, Australia[J]. Geochimica et Cos-
mochimica Acta, 2005, 69(8): 1961-1973.

[54] Brunn M, Condron L, Wells A, et al. Vertical distribution of carbon and
nitrogen stable isotopes in topsoils across a temperate rainforest dune chronose-
quence in New Zealand[J]. Biogeochemistry, 2016, 129(1-2): 37-51.

[55] Mosquera O, Buurman P, Ramirez B L, et al. Carbon replacement and
stability changes in short-term silvo-pastoral experiments in Colombian Amazo-
nia[J]. Geoderma, 2012, 170: 56-63.

[56] Powers J S, Schlesinger W H. Geographic and vertical patterns of stable
carbon isotopes in tropical rain forest soils of Costa Rica[J]. Geoderma, 2002,
109(1): 141-160.

[57] Zhao Yunfei, Wang Xia, Ou Yansheng, et al. Effects of alpine meadow degra-
dation on soil carbon, nitrogen, and carbon stable isotope in Zoige Plateau[J].
Chinese Journal of Applied Ecology, 2018, 29(5): 1405-1411.

[58] Si Gaoyue, Li Xiaoyu, Cheng Shulan, et al. Organic carbon dynamics of
the leaf-litter-soil continuum in the typical forests of the Changbai Mountain
transect: An analysis of stable carbon isotope technology[J]. Acta Ecologica
Sinica, 2017, 37(16): 5285-5293.

[59] Epron D, Bahn M, Derrien D, et al. Pulse labelling trees to study car-
bon allocation dynamics: A review of methods, current knowledge and future
prospects[J]. Tree Physiology, 2012, 32(6): 776-798.

[60] Garten Jr. C T, Cooper L W, Post III W M, et al. Climate controls on
forest soil C isotope ratios in the southern Appalachian Mountains[J]. Ecology,

chinarxiv.org/items/chinaxiv-202103.00054 Machine Translation

https://chinarxiv.org/items/chinaxiv-202103.00054


2000, 81(4): 1108-1119.

[61] Shtangeeva I, Buša L, Viksna A. Carbon and nitrogen stable isotope ratios
of soils and grasses as indicators of soil characteristics and biological taxa[J].
Applied Geochemistry, 2019, 104: 19-24.

[62] Deng L, Wang K, Tang Z, et al. Soil organic carbon dynamics following
natural vegetation restoration: Evidence from stable carbon isotopes (𝛿13C)[J].
Agriculture, Ecosystems & Environment, 2016, 221: 235-244.

[63] Wang S Q, Fan J W, Song M H, et al. Patterns of SOC and soil 𝛿13C and
their relations to climatic factors and soil characteristics on the Qinghai Tibetan
Plateau[J]. Plant and Soil, 2013, 363(1-2): 243-255.

[64] Bird M I, Veenendaal E M, Lloyd J J. Soil carbon inventories and 𝛿13C
along a moisture gradient in Botswana[J]. Global Change Biology, 2004, 10:
342-349.

[65] Wang C, Houlton B Z, Liu D W, et al. Stable isotopic constraints on global
soil organic carbon turnover[J]. Biogeosciences, 2018, 15: 987-995.

[66] Michelsen A, Jonasson S, Sleep D, et al. Shoot biomass, 𝛿13C, nitrogen
and chlorophyll responses of two arctic dwarf shrubs to in situ shading, nutrient
application and warming simulating climatic change[J]. Oecologia, 1996, 105(1):
1-12.

[67] Bowling D R, Pataki D E, Randerson J T. Carbon isotopes in terrestrial
ecosystem pools and CO2 fluxes[J]. New Phytologist, 2008, 178(1): 24-40.

[68] Yakir D, Leonel D S L S. The use of stable isotopes to study ecosystem gas
exchange[J]. Oecologia, 2000, 123(3): 297-311.

[69] Kohn M J. Carbon isotope compositions of terrestrial C� plants as indicators
of (paleo)ecology and (paleo)climate[J]. PNAS, 2010, 107(46): 19691-19695.

[70] Amelung W, Brodowski S, Sandhage Hofmann A, et al. Combining
biomarker with stable isotope analyses for assessing the transformation and
turnover of soil organic matter[J]. Advances in Agronomy, 2008, 100: 155-250.

[71] Mckinney C R, Mccrea J M, Epstein S, et al. Improvements in mass spec-
trometers for the measurement of small differences in isotope abundance ra-
tios[J]. Review of Scientific Instruments, 1950, 21(8): 724-730.

[72] Rumpel C, Amiraslani F, Koutika L S, et al. Put more carbon in soils to
meet Paris climate pledges[J]. Nature, 2018, 564(7734): 32-34.

[73] Zhou G Y, Xu S, Ciais P, et al. Climate and litter C/N ratio constrain soil
organic carbon accumulation[J]. National Science Review, 2019, 6(4): 746-757.

[74] Batjes N H. Total carbon and nitrogen in the soils of the world[J]. European
Journal of Soil Science, 1996, 47: 151-163.

chinarxiv.org/items/chinaxiv-202103.00054 Machine Translation

https://chinarxiv.org/items/chinaxiv-202103.00054


[75] Lal R. Soil carbon management and climate change[J]. Carbon Manage-
ment, 2013, 4(4): 439-462.

[76] Xu Xiaofeng, Tian Hanqin, Wan Shiqiang. Climate warming impacts on
carbon cycling in terrestrial ecosystems[J]. Journal of Plant Ecology, 2007, 31(2):
175-188.

[77] Keeling C D. The concentration and isotopic abundances of atmospheric
carbon dioxide in rural areas[J]. Geochimica et Cosmochimica Acta, 1958, 13(4):
322-334.

[78] Chen Shiping, Bai Yongfei, Han Xingguo. Applications of stable carbon
isotope techniques to ecological research[J]. Acta Phytoecologica Sinica, 2002,
26(5): 549-560.

[79] Zheng Xingbo, Zhang Yan, Gu Guanghong. Application of carbon isotope
technique in forest ecosystem carbon cycling research[J]. Chinese Journal of
Ecology, 2005, 24(11): 84-88.

[80] Liu Qi. The Soil Respiration and its Carbon Source under Different Land
Use Conditions in Loess Hilly Region[D]. Xi’an: Xi’an University of Technology,
2018.

[81] Liu Zhe, Han Jichang, Sun Zenghui, et al. Change law of organic car-
bon in lime concretion black soil aggregates with application of straw by 𝛿13C
method[J]. Transactions of the Chinese Society of Agricultural Engineering,
2017, 33(14): 179-187.

[82] Butler J L, Bottomley P J, Griffith S M, et al. Distribution and turnover
of recently fixed photosynthate in ryegrass rhizospheres[J]. Soil Biology and
Biochemistry, 2004, 36(2): 371-382.

[83] Wu Y B, Tan H C, Deng Y C, et al. Partitioning pattern of carbon flux
in a Kobresia grassland on the Qinghai Tibetan Plateau revealed by field 13C
pulse labeling[J]. Global Change Biology, 2010, 16(8): 2322-2333.

[84] Johnson D, Leake J R, Ostle N, et al. In situ 13CO2 pulse labelling of
upland grassland demonstrates a rapid pathway of carbon flux from arbuscular
mycorrhizal mycelia to the soil[J]. New Phytologist, 2002, 153: 327-334.

[85] Liu Xianzhao, Su Qing, Li Jiazhu, et al. Responses of carbon isotopic com-
position of C� and C� herbaceous plants to temperature under controlled tem-
perature conditions[J]. Acta Ecologica Sinica, 2015, 35(10): 3278-3287.

[86] He Chunxia, Li Jiyue, Meng Ping, et al. Changes in leaf stable carbon
isotope fractionation of trees across climatic gradients[J]. Acta Ecologica Sinica,
2010, 30(14): 3828-3838.

[87] Ma Tian, Liu Xiao, Li Jun, et al. Effects of elevated atmospheric CO2 on
the distribution and accumulation of photosynthetic carbon in soil-plant (Spring
Wheat) system[J]. Journal of Nuclear Agricultural Sciences, 2014, 28(12): 2238-
2246.

chinarxiv.org/items/chinaxiv-202103.00054 Machine Translation

https://chinarxiv.org/items/chinaxiv-202103.00054


[88] Li Xinle, Bao Fang, Wu Bo, et al. Distribution of newly fixed carbon of Ni-
traria tangutorum in the plant-soil system[J]. Acta Prataculturae Sinica, 2019,
28(2): 33-40.

[89] Yu Yanghua, Cheng Wen, Yang Danli, et al. Carbon stable isotopic char-
acteristics of organic matter in the leaf-litter-soil continuum of dominant tree
species in a secondary forest in northwestern Guizhou[J]. Acta Ecologica Sinica,
2018, 38(24): 8733-8740.

[90] Crawford M C, Grace P R, Oades J M. Allocation of carbon to shoots,
roots, soil and rhizosphere respiration by barrel medic (Medicago truncatula)
before and after defoliation[J]. Plant and Soil, 2000, 227(1-2): 67-75.

[91] Butterly C R, Armstrong R, Chen D, et al. Carbon and nitrogen partitioning
of wheat and field pea grown with two nitrogen levels under elevated CO2[J].
Plant and Soil, 2015, 391(1-2): 367-382.

[92] Hanson P J, Edwards N T, Garten C T, et al. Separating root and soil micro-
bial contributions to soil respiration: A review of methods and observations[J].
Biogeochemistry, 2000, 48(1): 115-146.

[93] Knohl A, Buchmann N. Partitioning the net CO2 flux of a deciduous forest
into respiration and assimilation using stable carbon isotopes[J]. Global Biogeo-
chemical Cycles, 2005, 19(4): 1-14.

[94] Bernoux M, Cerri C C, Neill C, et al. The use of stable carbon isotopes for
estimating soil organic matter turnover rates[J]. Geoderma, 1998, 82(1): 43-58.

[95] Maricle B R, Zwenger S R, Lee R W. Carbon, nitrogen, and hydrogen
isotope ratios in creekside trees in western Kansas[J]. Environmental and Ex-
perimental Botany, 2011, 71(1): 1-9.

[96] Canadell J G, Kirschbaum M U, Kurz W A, et al. Factoring out natural and
indirect human effects on terrestrial carbon sources and sinks[J]. Environmental
Science & Policy, 2007, 10(4): 370-384.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv — Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202103.00054 Machine Translation

https://chinarxiv.org/items/chinaxiv-202103.00054

	Advances in the Application of Stable Carbon Isotope Technology in Soil Organic Carbon Research: Postprint
	Abstract
	Full Text
	Application of Stable Carbon Isotope Technique in Soil Organic Carbon Research: A Literature Review
	1 Principles of Stable Carbon Isotope Technology
	2 Factors Influencing Natural Abundance of Soil Stable Carbon Isotopes
	2.1 Temperature
	2.2 Precipitation
	2.3 Vegetation Type
	2.4 Soil Properties

	3 Application of Stable Carbon Isotope Technology in Soil Carbon Cycle Research
	3.1 Carbon Input and Release
	3.2 Carbon Transformation

	4 Conclusion


