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Plenary Talks 
 

Plenary Talks PT.01-PT.07 

 

 

PT.01 

SOM and soil security 

 

Charles W. Rice 
Department of Agronomy, Kansas State University, Manhattan, United States 
 
Soil security is concerned with the maintenance and improvement of the global soil resource as it is connected 
to food security, water security, energy security, and planetary security (ecosystem services). Soil organic 
matter (SOM) is the basis for soil security.  SOM directly impacts food security by providing nutrients for plant 
growth but also provides critical water supply during the growth season. SOM provides for the physical 
attributes of the soil environment thus allowing for better root development, infiltration of precipitation, and 
gas exchange. SOM provides the energy and nutrients for the biology in the soil. Soil security impacts water 
security by retention of water in soil and filtering contaminates in the water. SOM provides the filtering 
retention capacity. Soil security impacts energy security through production of energy crops, conservation of 
energy used for irrigation and tillage. At the planetary level, SOM provides for climate mitigation and 
biodiversity. Biodiversity of soil is often unappreciated for humanity. Soil health and human health goes beyond 
food security. Soil provides antibiotics, anti-cancer drugs, and many other drugs for human diseases. Given the 
importance of SOM to soil security, the maintenance and enhancement of SOM must be imbedded into land 
management strategies. 
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PT.02 

Toward a new modelling paradigma: From turnover-defined to physicall-defined soil organic 

matter pools 

 
Francesca Cotrufo 
Department of Soil and Crop Sciences & Natural Resource Ecology Laboratory, Colorado State University, Fort 
Collins, United States 
 
Globally soils contain three times the amount of carbon (C) stored in the atmosphere, and 68% of this is stored 
in soil below 30cm. Changes to the size of the soil C stocks could significantly impact the net terrestrial-
atmosphere CO2 exchange and thus either mitigate or increase atmospheric concentrations of CO2. Yet we are 
currently unable to conduct reliable predictions of the direction and magnitude of soil C stock changes, since 
current soil C models fail to accurately capture the current understanding of how soil organic matter (SOM) 
forms and persists, and the vertical movement and deep soil processing of SOM. I will discuss how emerging 
and consolidated views of SOM dynamics can be incorporated into soil C modelling, by shifting from a 
turnover-oriented approach to a more functional-oriented approach. New generation soil C models should use 
measurable SOM pools with specific function in soils, with respect to their physical structure (soluble versus 
particulate), microbial accessibility (free versus mineral or aggregate protection) and ability to transfer along 
the soil profile (through water flow or by mass transport). I will present experimental evidence from a number 
of studies conducted in the past few years using stable isotope tracing in support of incorporating a dissolved 
organic matter (DOM)-microbial path and a physical transfer of particulate organic matter path in soil C 
models, and our progress incorporating this understanding in a new soil C model.   
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PT.03 

The soil matrix: Visualizing and quantifying microscale associations of organic and mineral 

components 

 

Ingrid Kögel-Knabner 
Chair for Soil Science, Technical University Munich, Freising, Germany 
 

Soil structure is resulting from soil forming processes involving organic and mineral materials at the molecular 
scale, and determines major soil functions. In this context soil organic matter is not only of importance as a 
carbon sink, but also as agluing agent for soil structure. The spatial distribution of elements characteristic of 
organic matter (e.g., C or N) and minerals (e.g., Fe, Al, O, or Si) in soils and sediments at the submicrometer 
scale is of special interest for the identification of key biogeochemical processes, such as C sequestration. 
Nanoscale secondary ion mass spectrometry (NanoSIMS) delivers high lateral resolution and the simultaneous 
measurement of seven ionic species and provides insights into the microstructure of soils and organo-mineral 
associations. Specific image processing approaches are presented that allow to map different soil components 
and to elucidate their association within the soil microstructure: Visualization of element distributions in 
rhizosphere transects from the surface of root channels into the soil matrix allows distinguishing different 
zones of organo-mineral interactions in a paddy soil. Two types of micrometer-sized domains, each 
characterized by a specific micro-architecture with a definite organo-mineral assemblage are identified within 
an aggregate originating from an arable loamy topsoil. A chronosequence study reveals increased coverage and 
a simultaneous development from patchy-distributed organic coatings to more connected coatings with 
increasing time of soil development. 
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PT.04  

Nearly two decades of stable isotope probing: So where are we now in using the technique to 

investigate SOM cycling? 

 
Richard P. Evershed 
Organic Geochemistry Unit, School of Chemistry, University of Bristol 
 
The concept of following the assimilation of stable isotope labelled substrates into newly synthesised soil 
microbial biomass biochemicals (= biomarkers) was first demonstrated nearly 20 years ago in studies of 
unculturable soil methanotrophs [Radajewski et al., 2000 Nature; Bull et al., 2000 Nature]. These landmark 
papers laid the foundations for an approach that has come to be generally known as stable isotope probing 
(SIP). Historically, SIP has developed along two distinct paths, namely those applications focussing on genomic 
material (DNA and RNA) and those targeting small molecules, such as phospholipid fatty acids (PLFAs). In recent 
years applications have developed to include other classes of biochemicals that can be linked to various aspects 
of soils biomass activity and organic matter cycling. This presentation will explore how the small molecule SIP 
technique has progressed from the original and widely used 13C-PLFA taxonomic approach to a significantly 
more powerful tool for exploring soil organic matter dynamics in relation to:  

(i) revealing the assimilation of different substrates,  
(ii) the turnover rates of different organic matter pools,  
(iii) the connectivity between C and N cycles, and (iv) trophic interactions.
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PT.05 

Building soil health: the role of SOM science 

 
Janzen Henry Gregorich Ed 
Agriculture and Agri-Food Canada, Lethbridge, Alberta, Canada 
 
The concept of "soil health" has burst into prominence recently in the agricultural and soil science literature. 
Yet its meaning remains vague and nebulous, partly because the phrase "soil health" is metaphorical, not 
strictly scientific. Our aim is to define the term more precisely, based on a review of the historical and current 
literature, and then to explore how studies of soil organic matter (SOM) can help maintain and restore soil 
health in ecosystems. Soil health may be defined as the vitality of a soil to sustain the social and ecological 
functions of the land in which it is embedded. Central to this concept is the notion of functionality – both 
societal and ecological – and the functions considered are those of the land or ecosystem in question, not 
those of the soil in isolation. Also critical to this definition is the idea of "sustaining" or resilience, which 
inevitably introduces the perspective of time and long-term thinking. Soil organic matter has always been seen 
as crucial to soil health and its ancestral concepts, largely because of its link to productivity and agricultural 
yield. The number of land functions has now expanded, however, encompassing also other services such as 
preserving biodiversity, filtering air and water, and regulating climate, which broadens and re-orients how we 
study SOM for improved soil health. We now face new questions; for example: What SOM properties do we 
measure as indicators of soil health in light of multiple, potentially competing land functions? What is the 
optimal balance, in a given ecosystem, between SOM storage and its turnover? And how can we better 
understand slow changes in soil organic matter, and its enduring influence on soil health, over periods of 
decades and centuries? Refining and exploring these and other questions may help advance SOM science by 
elevating its integrative role in identifying and resolving challenges to the biosphere. 
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PT.06 

Managing soil organic matter 

 

David W. Hopkins 
The Royal Agricultural University, Cirencester, United Kingdom 
 
Significant progress has been made in understanding the dynamics and turnover of soil organic, its interactions 
with organisms and the contributions it makes to ecosystem functions, such as maintenance of soil fertility and 
structural stability, contributions to food security and wider environmental services. One conclusion is that 
there are few if any circumstances where the soil organic matter content can be too great, and from this it 
follows that rational management of the soil should include steps to conserve the soil organic matter present 
and to increase its concentration where possible. Indeed, the latter has been captured in the four per mil (per 
year) initiative to address food security and climate change challenges. There is however a conundrum: The 
very properties of soil organic matter which have agricultural and environmental benefits rely on the soil 
organic matter not being static and it turning over with the organic matter lost by decomposition being 
replaced by new inputs. The management options to retain or build soil organic matter whilst maintaining 
other functions of the land are however limited and much of the evidence suggests that it is easier to lose soil 
organic matter than it is to gain it. Several potential approaches have been proposed involving for example 
return of residues, manipulation of the decomposition processes, altering tillage practise, and addition of 
organic materials and stabilisation. There is some merit in all these processes, but they may come with 
additional costs or loss of income, some of which can be off-set against long-term sustainability. The possibility 
of payment for carbon storage in soil organic matter and carbon trading may seem an attractive route forward, 
but accounting for changes in soil carbon content is devilled by difficulties in assessing changes in soil organic 
matter content - it is the common problem of detecting the difference between two large and inaccurate 
esti ates o  the e ig a of the eight of the ship s at. 
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PT.07 

Soil Organic Matter in the Anthropocene 

 
Rattan Lal 
Carbon Management and Sequestration Center, The Ohio State University, Columbus USA 

 
The A th opo e e  a  ha e egu  ith the on-set of settled agriculture some 10 to 12 millennia ago, but 
was accelerated with start of the Industrial Revolution circa 1750. The atmospheric concentration of 
greenhouse gases (GHGs) has increased between 1750 to 2015 from 278 ppm to 400 ppm (+144%) for CO2, 
722 ppb to 1845 ppb (+256%) for CH4 and 270 ppb to 328 ppb (+121%) for N2O. The annual rate of increase in 
atmospheric concentration of GHGs in 2015 (2.3 ppm for CO2, 11 ppb for CH4 and 1.0 ppb for N2O) will 
increase at even a higher rate with the projected increase in population from 7.5 billion in 2017 to 9.7 billion by 
2050 and with increase in affluence of its lifestyle. Principal issues of the Anthropocene, driven by increase in 
population, are: climate change, deforestation, soil degradation and desertification, species extinction, water 
eutrophication and scarcity, and food and nutritional insecurity. Along with the increase in demand for energy 
and other products, increase in food demand will necessitate management of agroecosystems through the 
st ateg  of sustai a le i te sifi atio  “I, p odu i g o e f o  less   e ha i g the use effi ie  of 
inputs. Rather than being the sources, soils of agroecosystems can be sink for atmospheric CO2 and CH4 
through sequestration of C in the form of soil organic matter (SOM) and secondary carbonates. World soils are 
the largest among the global terrestrial C reservoirs. Estimated to 3-m depth, total soil C pools (organic, 
inorganic and those in the permafrost soils) of 6000 Pg is ~7.5 times that of the atmospheric pool (800 Pg) and 
9.7 times that of the biotic pool (620 Pg). Depleted soils of agroecosystems and those degraded by erosion and 
salinization contain lower soil organic C (SOC) than their counter parts under natural ecosystems. Techniques of 
SOC sequestration, which can create a positive soil/ecosystem C budget, include conservation agriculture, 
agroforestry, improved pasture and grazing management, integrated nutrient management, water harvesting 
and recycling by fertigation, improved varieties and species, integrated farming systems etc. However, SOC 
pools can be restored by adoption of best management practices (BMPs) of SI which can create a positive 
soil/ecosystem C budget. The global technical potential (PgC/yr) of SOC sequestration by adoption of BMPs of 
SI is 0.4 to 1.2 for cropland, 0.3 to 0.5 for pasture/grasslands, 0.3 to 0.7 for reclamation of salt-affected soils, 
and 0.2 to 0.7 for desertification control and restoration of eroded soils. The global technical potential of world 
soils is 1.2 to 3.1 PgC/yr (2.15 PgC/yr) or ~22% of the annual anthropogenic emissions of 9.9 PgC in 2015. In 
addition to off-setting anthropogenic emissions, increase in SOM concentration in the root zone to above and 
the threshold level of 1.1-2.0% can enhance soil health and strengthen provisioning of numerous ecosystems 
services for human wellbeing and nature conservancy (e.g., food security, water quality and renewability, 
above and belowground biodiversity). Management of SOM has a stronger role in restoring soil health and 
improving the environment during the Anthropocene than ever before. The total soil C sink capacity of 80-100 
PgC (equivalent to drawdown of atmospheric concentration of CO2 by 40-50 ppm) is a bridge to the future until 
low-C or no-C fuel sources takes effects.  
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Global perspectives 

Oral Presentation: O-1.01-O-1.04 

 

 

O-1.01 

Progress towards 4 per 1000 initiative: Challenges and opportunities 
 
Abad Chabbi 
INRA, Environment and Agronomy, Thiverval-Grignon, France 
 
As part of the Lima-Pa is A tio  Age da LPAA , F a e p oposed a olu ta  a tio  pla : 'The  ‰ i itiati e o  
soils for food security and climate', which was designed to be accompanied by an ambitious international 
research agenda but also to meet the requirements of numerous field practitioners for scientific support. This 
i itiati e p oposes the sto age ea h ea  of  ‰ of the a ual a o  sto k i  soils to offset a th opoge i  CO2 
emissions. At the same time this additional storage could be highly beneficial in terms of all other ecosystem 
services provided by soil and result in healthy soil as the basis of sustainable agriculture. The notion of linking 
together, management of natural resources, food security issues and mitigation of C emissions has strong 
political appeal. However, there are scientific, political, and socio-economic challenges for large-scale 
implementation of C stock restoration programs. We need to identify the most appropriate soils and agro-
ecosystems to increase C sequestration. The economic benefits of additional C storage will need to be 
quantified for different soil types, climatic zones, production systems and agricultural capabilities, beyond 
potential carbon credits associated with SOC sequest atio . Fi all , the su essful i ple e tatio  of the  ‰ 
initiative will depend on our ability to improve global governance, regional collaboration between actors and 
between sectors, and possibly our ability to communicate the benefits of C sequestration through the supply 
chain to politicians, stakeholders and citizens. To make this initiative a success story, the presentation will 
highlight the strategic scientific roadmap as well the bottlenecks towards the implementation options goals of 
such initiative. Achieving such agenda will put soil for the first time as new driving forces in geopolitical 
decision-making process. 
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O-1.04  

SOM in space and time - next generation of earth system models needs novel experiments to inform soil 

modules  

 

*Michael W. I. Schmidt1, Margaret S. Torn2, William J. Riley2 
1University of Zurich, Department of Geography, Zurich, Switzerland 
2Lawrence Berkeley National Laboratory, Climate and Carbon Sciences, Earth Sciences Division, Berkeley, CA, 
United States 
 
To better predict soil carbon climate feedbacks, the next generation of soil biogeochemistry modules in Earth 
System Models (ESMs) demand new types of experiments, and a more appropriate use of existing 
observations. For example, we highlight soil incubations and how they have been misinterpreted when 
inferring pseudo-first order turnover times and decomposition temperature and moisture sensitivities. Further, 
for existing pseudo first-order modules, and the new microbial- and mineral-explicit generation of 
biogeochemistry modules, there is often a mismatch between temporal and spatial observations and how they 
are used by modelers. 
 
Observation periods should be longer, from annual to decadal, and include transitions, e.g., induced by climate 
or management. Key observations to better structure and parameterize processes that are important for 
carbon-climate feedbacks include i) mineral surface interactions, ii) microbial dynamics and activity, including 
effects of soil temperature and moisture, iii) erosion and export, iv) landscape scale process heterogeneity, and 
v) the effect of land use change, such as clear cut and changes in tillage. Recent insights and knowledge gaps 
from traditionally disconnected scientific fields (such as geophysical modeling, agricultural soil science, 
geomorphology, and soil biogeochemistry) will be discussed in the context of informing ESM-scale terrestrial 
biogeochemistry models. 
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Soil self-organisation 
 

Oral Presentation: O-2a.01-O-2a.03 

 

 

O-2a.01  
Microscopic analysis of the structure, dynamics and absorption properties of the standard 

Leonardite humic acid using molecular dynamics simulations 

 

*Drazen Petrov1, Daniel Tunega2, Martin Gerzabek2, Chris Oostenbrink1 
1University of Natural Resources and Life Sciences Vienna, Department of Material Sciences and Process 
Engineering, Institute of Molecular Modeling and Simulation, Vienna, Austria 
2University of Natural Resources and Life Sciences Vienna, Department of Forest- and Soil Sciences, Institute of 
Soil Research, Vienna, Austria 
 
Humic substances (HS) are abundant in the environment and play an important role in a number of 
biogeochemical processes including microbial activity, soil aggregation, plant growth, the retention and release 
of nutrients, the environmental fate of pollutants and carbon storage. They are flexible, relatively small 
molecules forming supramolecular structures through weak interactions. Despite the great importance of 
understanding their behavior at the atomic level, molecular dynamics symulations, a premier high-resolution 
technique providing great level of detail, has been surprisingly little employed to study humic substances. Here, 
we use the recently developed Vienna-Soil-Organic-Matter Modeler to create representative models of a real 
HS sample, the standard Leonardite humic acid. The strength of sorption was estimated for a range of small 
organic compounds in a dry and fully hydrated Leonardite model. Strikingly, our results show a remarkable 
level of matching with experimental sorption data. Moreover, molecular dynamics simulations were used to 
probe the structure and dynamics of the system at a range of hydration levels, where the studied systems were 
characterized in terms of their physico-chemical properties, including density, dielectric properties, hydrogen 
bonding, etc. 
 
Figure 1 
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O-2a.02  

Few bacterial species in soil microbial community react to changes in moisture regime 

 

*Mikhail Semenov1,2, Anna Zhuravleva2, Vyacheslav Semenov2, Irina Kuznetzova2, Ilya Yevdokimov2, 
Alla Larionova2, Evgenia Blagodatskaya2,3 
1Dokuchaev Soil Science Institute, Department of Soil Biology and Biochemistry, Moscow, Russian Federation 
2Institute of Physicochemical and Biological Problems in Soil Science, Russian Academy of Sciences, Pushchino, 
Russian Federation 
3University of Goettingen, Department of Agricultural Soil Science, Goettingen, Germany 
 
Extreme climate events affect soil organic matter by initiating the stabilization or destabilization of organic 
compounds in soil, and making specific ecological and trophical conditions for the soil microbiome functioning. 
Microorganisms are well known to be more sensitive to changes in environmental conditions than to other soil 
chemical and physical parameters. In this study, we tested the shifts in soil microbial community structure as 
well as indicative taxa in soils under three moisture regimes using high-throughput Illumina sequencing and 
range of bioinformatics approaches. Incubation experiments were performed in soil-filled (Greyic Phaeozems 
Albic) minirhizotrons with maize and without plants. Three contrasting moisture regimes were being simulated: 
1) optimal wetting (OW), a watering 2-3 times per week to maintain soil moisture of 20-25% by weight; 2) 
periodic wetting (PW), with alternating periods of wetting and drought; and 3) constant insufficient wetting 
(IW), while soil moisture of 12% by weight was permanently maintained. Although α-diversity of prokaryotic 
communities varied in a rather narrow range, we detected the clear decrease of α-diversity under PW 
treatment in contrast to OW and IW regimes. Thus, prokaryotic community was able to adapt to insufficient 
wetting, but lost diversity under alternating periods of wetting and drought. The overall microbial community 
was not too reactionary when the different moisture regimes were tested, but the abundance of individual taxa 
turned out to be better indicators of changes. We detected the most abundant phyla (Proteobacteria, 

Firmicutes, Verrucomicrobia, Actinobacteria, and Acidobacteria), which dominated in microbial communities. 
Among these dominating groups we found few very reactive and variable genera (Chthoniobacter, Bacillus, 

Alicyclobacillus, Rhodoplanes, Cohnella, Kaistobacter, and Solibacter), which either strongly reacted to drought 
or were strongly affected by plant growth. To prove the potential of these genera as indicative taxa, the 
changes in bacterial community structure have been related with the activity, recovery and kinetic properties 
of hydrolytic enzymes decomposing organic residues of plant and microbial origin. The study was supported by 
Russian Science Foundation (project 14-14-00625). 
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O-2a.03  

How organic matter interacts with mineral to form aggregates: A density-based approach using 

soils from a long-term field experiment 

 

*Rota Wagai1, Masako Kajiura1, Maki Asano2 
1National Agriculture and Food Research Organization, Institute for Agro-Environmental Sciences, Tsukuba, 
Japan 
2University of Tsukuba, Tsukuba, Japan 
 
Interaction of organic matter (OM) with mineral components is likely to play a critical role in the maintenance 
of biophysical organization in soil. However, the degree of organo-mineral interaction and its involvement in 
physical aggregation are difficult to quantify, which set a major technical challenge. Aggregate-OM relationship 
has largely been studied based on the size of particle/aggregate. Sorting of particle/aggregate based on density 
may have an advantage because OM attachment to mineral particle should lower the net density. We 
hypothesized that the density distribution of the shaking-resistant aggregate changes in a directional manner in 
response to the input/output balance of OM in soil system. Four surface horizons of Andisols, having a wide 
range of soil TOC contents (3.7 to 10%) due to the difference in decadal OM management, were sequentially 
separated into six density fractions (<1.6 to >2.6 g/cc). 
On ground-area basis, progressively greater proportions of OM were present in lower density fractions for the 
soils having higher OM input. While the standing stock of oxalate-extractable metals (having highest sorptive 
capacity for OM) was mainly present in 2.0-2.5 g/cc density range for all soils, the sum of the metal in <2.0 g/cc 
fractions followed the TOC content pattern. These results suggest that enhanced OM by decadal management 
of no-tillage with green manure addition promoted aggregation which led to the increase in the proportions of 
OM and reactive metals in lower densities. Similarly, reduced OM input (and enhanced decomposition by 
tillage) appeared to enhance the disruption of the aggregates glued by OM, leading to the transfer of OM-poor 
subunits to higher-density fractions. Thus, the organo-mineral aggregates of different density appeared to be in 
a dynamic equilibrium, sensitive to OM input/output balance. Together with radiocarbon results, it is clear that 
a portion of mineral-bound, stable C can transfer between low and high density fractions via (dis)aggregation in 
decadal time scale. The dynamic nature of organo-mineral aggregates fuelled by microbial metabolism of 
added OM may be viewed as an example of self-organisation in soil system and has some biogeochemical 
implications.
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Next generation SOM models 
 

Oral Presentation: O-2b.01-O-2b.12 

 

 

O-2b.01  
Pathways of change in SOM modeling: redesigning data-model integration and forming stronger 

linkages to applications in land use decision making. 

 

*Eleanor Campbell1 
1University of New Hampshire, Earth Systems Research Center, Durham, NH, United States 
 
Modern computational capacity, software development tools, and resources for open-source/open access 
projects - e.g. R, GitHub, PostgreSQL- are changing the environment of SOM model development and testing. 
This gives the modeling community the opportunity to rethink not just the current iteration of SOM models, 
but also to address related and complex challenges. These include developing conventions and 
software/network infrastructure to better integrate data, models, and experimental design, as well as building 
accessible but scientifically robust linkages between SOM model development and their applications to support 
sustainable land management. However, there are many limitations, from the time and funding available to 
modernize established model code bases and data-model integration systems, to logistical difficulties 
accommodating high variability in SOM data management, modeling, and model applications, driven by SOMs 
physical, chemical, and biological complexity, diversity in measurement methods, and heterogeneity across 
temporal and spatial scales. Effective pathways of change will need large-scale efforts to improve 
software/network infrastructure and establish conventions for SOM data reporting, alongside smaller-scale, 
more independent efforts that leverage open-source/open access resources to explore new ideas - e.g. via 
individual research projects and student-led exploration of new tools- in a format that is easy to share and 
expand. 
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Microbial community-level regulation explains soil carbon responses to long-term litter 

manipulations  
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1Lawrence Berkeley National Laboratory, Climate and Ecosystem Sciences, Berkeley, CA, United States 
2University of California, Berkeley, Chemical and Biomolecular Engineering, Berkeley, CA, United States 
3University of California, Berkeley, Energy and Resources Group, Berkeley, CA, United States 
 

Background/Question/Methods  
 
Climatic, atmospheric, and land-use changes all have the potential to alter soil microbial activity via abiotic 
effects on soil or mediated by changes in plant inputs. Many microbial models of soil organic carbon (SOC) 
decomposition have been proposed recently to advance prediction of climate and carbon (C) feedbacks. Most 
of these models, however, exhibit unrealistic oscillatory behavior and SOC insensitivity to long-term changes in 
C inputs. Here we diagnose the source of these problems in archetypal microbial models and propose a 
density-dependent formulation of microbial turnover, motivated by community-level interactions, that limits 
population sizes and reduces oscillations. We compare these models to a synthesis of long-term (>5 years) C-
input field manipulations, including the Detritus Input and Removal Treatment (DIRT) experiments, and identify 
key benchmarks to validate the inherent dynamics of each model structure. 
 

Results/Conclusions  
 
We find that widely used first-order models and microbial models without community-level regulatory 
mechanisms (e.g., density-dependent growth and mortality) cannot readily capture the range of long-term 
responses observed across the DIRT experiments as a direct consequence of their model structures. 
Incorporating such regulatory mechanisms provides an additional negative feedback that limits the activity and 
size of the microbial biomass pool, and thus, strongly affects biogeochemical projections. The proposed 
formulation improves predictions of long-term C-input changes, and implies greater SOC storage associated 
with CO2-fertilization-driven increases in C inputs over the coming century compared to recent microbial 
models. Finally, we discuss our findings in the context of improving microbial model behavior for inclusion in 
Earth System Models. 
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Microbial-based SOM modeling of priming and carbon stabilization 
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While pool-based models with different turnover times have been remarkable effective in tracking total soil 
organic carbon contents over long periods of time, the way in which carbon transformations are handled in 
first-generation models does not reflect empirical evidence of carbon cycles in soil. Rather than designing 
fractionation methods to fit model pools (also dubbed measuring the modelable) or vice versa the pools to fit 
established fractionation methods (modeling the measurable), we explore modeling a minimal set of ecological 
pools to retain robustness, while allowing microbial biomass to have a direct effect on carbon turnover. Here, 
we apply such a model calibrated to fit long-term experiments to understanding the short-term effects of 
organic matter additions on mineralization of native organic matter and its stabilization on mineral and 
pyrogenic organic matter. We compare model dynamics with empirical evidence utilizing continuous isotope 
tracking of 13-C carbon dioxide, varying the dominant stabilization pathways and direct observation by Nano-
SIMS. Dilution was identified as a significant short-term effect that reduced mineralization of native organic 
matter albeit only over a period of days. Substrate switching accounted for a significant proportion of negative 
priming, while co-metabolism was observed to a lesser extent in this experiment. Surface adsorption emerged 
as a dominant process over a period of weeks that was observed both with Nano-SIMS on pyrogenic carbon 
and mineral surfaces, as well as in batch adsorption isotherms. The model exhibited robust reactions to organic 
matter additions with an emerging proposition for modeling carbon stabilization with different mineralogy. The 
results also showed that robust soil carbon modeling with an inclusion of a microbial pool was possible for 
short and long-term datasets. 
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Validation of six different SOC models and five different C-input estimation methods using German 

agricultural long term observations 
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Soil organic carbon (SOC) content of arable soils is an important factor which influences soil fertility and the 
formation of greenhouse gases. Soil organic carbon models try to simulate and predict the changes in carbon 
content in soils depending on parameters like temperature, precipitation, clay content and also management 
related parameters that control carbon (C) turnover. Modelling studies, addressing effects of agricultural 
management on SOC stocks need to consider uncertainties arising from input data uncertainty, parameter 
uncertainty and model structural uncertainty. The aim of our study was to evaluate six different SOC models in 
combination with five methods for C-input calculation to quantify scale dependent uncertainties. The set of 
model combinations was evaluated with data from German permanent soil monitoring sites and long term field 
experiments covering a time range of 20 to 30 years. Our results showed that the variability between the SOC 
models was higher than between some C-input approaches. For the individual SOC models a large fraction of 
uncertainty in SOC trends was related to C-input estimates from crop residues and organic fertilization. We 
present a matrix evaluating model and C-input estimation performance for the German monitoring sites, which 
might be useful for national scale predictions in similar environments. 
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Combining the continuous quality theory with mid infrared spectroscopy to predict soil organic 

matter quality in long-term experiments 
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5University of Hohenheim, Institute of Crop Science, Stuttgart, Germany 
 
The continuous quality approach, Q-soil, to modeling soil organic matter (SOM) dynamics has been proposed as 
an alternative to discrete pool models, but thus far a measurement of qsoil has been difficult at best. The 
objective of this study was to compare different analytical measures of SOM quality (spectroscopy, size/density 
fractionation, evolved gas analysis, pyrolysis) with predicted qsoil in three long-term experiments. Soil samples 
from three long-term experiments were used, the Static Fertilization (SFE) and Extreme Farmyard Manure 
(FYM) experiments, Bad Lauchstädt, Germany and the Frame Experiment (FE), Ultuna, Sweden. Archived 
samples spanning 1956 to 2008 for SFE and FE and 1985 to 2008 for FYM were used. All samples were taken 
from 20 cm depth. The treatments of farmyard manure, mineral fertilizer, combination, and control treatments 
from SFE, three levels of farmyard manure and bare fallow from FYM, and farmyard manure, green manure, 
sewage sludge, control, and bare fallow from FE were utilized to show examples of changing quality due to 
differing organic inputs. Methods used to measure qsoil were traditional size/density separation, diffuse 
reflectance Fourier transform mid-infrared spectroscopy (mid-DRIFTS) which indicates different vibrational 
intensities of molecular functional groups, thermally evolved infrared gas analysis (FTIR-EGA), which analyzes 
the pattern of evolved CO2 while heating a soil sample during a programmed heating rate to 700°C, and 
pyrolysis mid-infrared (Pyro-MIRS), an instantaneous heating of a sample to 700°C and measurement of the 
evolved pyrolytic compounds. A step-wise modeling approach was used to estimate several of the parameters 
necessary in the Q-soil model. Results of measured and modeled qsoil indicated changes over time as the result 
of different organic amendments and that mid-DRIFTS was generally the most sensitive to quality changes over 
time. There was also an evident difference between the sites as a general model calibration from the measured 
qsoil values could not be used across all three experiments. This could indicate differences in carbon use 
efficiency and/or stabilization processes between sites that are not accounted for by the analytical measures of 
qsoil. 
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Model of soil organic matter dynamics based on substrate accessibility to microbes and enzymes 
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France 
2University of Lorraine, Elie Cartan Institute, Vandoeuvre lès Nancy, France 
3French National Institute for Agriculture Research, Trees-Microorganisms Interactions, Champenoux, France 
 
Microbe activity plays an undisputable role in soil carbon storage and there have been many calls to integrate 
microbial ecology in soil carbon (C) models. With regard to this challenge, a few trait-based microbial models of 
C dynamics have emerged during the past decade. They parameterize specific traits related to decomposer 
physiology (substrate use efficiency, growth and mortality rates...) and enzyme properties (enzyme production 
ate, atal ti  p ope ties of e z es… . But these odels a e uilt o  the p e ise that o ga i  atte  OM  

can be represented as one single entity or are divided into a few pools, while organic matter exists as a 
continuum of many different compounds spanning from intact plant molecules to highly oxidised microbial 
metabolites. In addition, a given molecule may also exist in different forms, depending on its stage of 
polymerization or on its interactions with other organic compounds or mineral phases of the soil. Here we 
develop a general theoretical model relating the evolution of soil organic matter, as a continuum of 
progressively decomposing compounds, with decomposer activity and enzyme traits. The continuum 
characterizes the level of accessibility of organic compounds for microbes. The mathematical formalism of the 
model is derived from the quality models developed by Agren and Bosatta (1998). 
The model integrates three major processes: OM depolymerisation by enzyme action, OM assimilation and OM 
biotransformation. For any enzyme, the model reports the accessibility range where this enzyme selectively 
operates and how the initial accessibility distribution of the OM subset evolves into another distribution under 
the enzyme action. The model also defines the accessibility range where the OM can be uptaken and 
assimilated by microbes. It finally describes how the assimilated molecules are transformed into other 
molecules, corresponding to the decomposer metabolites signature. Upon decomposer death, these 
metabolites return to the substrate. 
We explore here the how microbial physiology and enzyme traits can be incorporated in a model based on a 
continuous representation of the organic matter and evaluate how it can improve our ability to predict soil C 
cycling. To do so, we analyze the properties of the model by implementing different scenarii and test the 
sensitivity of its parameters. 
Agren, G. I., & Bosatta, E. (1998). Theoretical ecosystem ecology: understanding element cycles. Cambridge 
University Press. 
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Mineralization of the soil organic matter by bacteria: Preliminary simulations using an individual-

based approach 
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Introduction 

 
In the last few years, individual-based models have been applied to microorganisms in other environments 
than soils, and conceptual efforts to bring together experimentation and individual-based modeling have been 
done in that context. At the same time, soil scientists are bringing their models down to the microscopic scale 
in order to describe adequately the effect of soil microheterogeneity on microbial and biochemical processes. 
As a result, individual-based models are being increasingly viewed as applicable to soils. A bottom-up approach 
combining a Lattice-Boltzmann model, which simulates accurately the mass transport processes in the porous 
matrix, and an individual-based model, describing the activity of soil bacteria, has been developed. The model, 
with working name Ib-LBioS-comp, may follow the evolution of three bacterial species competing for the 
Dissolved Organic Carbon (DOC) present in the media. The model takes also into account the mineralization of 
the Particulated Organic Matter (POM), which produce DOC that may be used by bacteria. The porous matrix is 
realistically described using 3D computed tomography images 
 
Objectives 

 
The aim of this contribution is to test the developed individual-based model investigating the effect of the 
distribution of POM in the relative abundance of thee bacterial species in the soil. 
 
Materials & methods 

 
The Ib-LBioS-comp model has been parameterized using data for three Arthrobacter species and simulations 
are performed following the temporal evolutions of DOC, POM, CO2 production, and abundance of the three 
species. The simulation scenarios of the POM initialization are taken from the literature. 
 
Results 

 
These preliminary simulation results performed show that the microscale heterogeneity of the soil porous 
matrix affects the variability of the soil organic matter mineralization and the relative abundance of soil 
bacteria. 
 
Conclusion 

 
The preliminary simulations performed in this contribution encourage the development of more sophisticated 
initialization scenarios of the soil organic matter distribution to investigate the carbon mineralization by 
bacteria in soils.  
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C-MIP: An international model inter-comparison simulating organic carbon dynamics in bare fallow 

soils 
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Introduction 
 
C sequestration in agricultural soils contributes to the achievement of the climate objectives (e.g. COP-21"s "4 
per 1000" initiative). Reliable methodologies are needed to assess the soil C sequestration potential of 
agricultural lands in different management, soil and climate conditions. Simulation models extrapolate C 
dynamics from current knowledge in both time and space. This is difficult when soil is covered by vegetation, 
for the continuous input of plant residues and root exudates, and the influence of plants on soil water and 
temperature dynamics. Long-term bare fallow (LTBF) experiments offer ideal conditions to test models 
simulating soil organic C dynamics. 
 
Objectives 

 
The aim is to assess the ability of a set of models to simulate soil C dynamics on LTBF experiments, with 
particular reference to recalcitrant pools. 
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Materials & methods 
 
The exercise, carried out by 30 modelling teams worldwide, includes the following models: AgroC, AMG (v2), 
APSIM, APSIM 7.5, APSIM 7.8, APSIM-SWIM, CANDY_CIPS, CCB_2016, Century 4.0, CenW 4.2, C-TOOL, 
DailyDayCent, DairyMod, DayCent, DayCent (v2016), DNDC v.CAN, DSSAT, ECOSSE (v. 5.0.1), EPIC, ICBM and 
modifications, InfoCrop, LPJmL, MONICA, ORCHIDEE, PaSim v5.3, RothC10N, RothC26.3, STICS (V8.6), Yasso07 
(yearly/monthly). They are evaluated against six LTBF experiments (Kursk, RU; Ultuna, SE; Askov, DK; Grignon-
Versailles, FR; Rothamsted, UK) in 2 steps: 1) blind evaluation using historical climate, soil, management, initial 
soil C, bulk density and C biomass; 2) with calibration against soil C content during the simulation period, final C 
pools, and other relevant field data. Model predictions are evaluated with a variety of metrics, either 
computed independently or as part of multi-metric weighted indicators. 
 

Results 
 
With the ongoing exercise we illustrate the data required, the results from the intercomparison and 
benchmarking of models, and the vision of an international soil C modelling framework. 
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Agricultural systems integrating perennial grass-legume pastures in rotation with grain crops sustain high crop 
yields while preserving soil organic carbon (Cs) with low nitrogen (N) fertilization inputs. The Cs saturation in 
the topsoil may explain the favorable C and N cycling in these systems. We simulated three contrasting crop 
and pasture rotational systems from a 20-year old experiment in Treinta y Tres, Uruguay. The systems were: 1) 
Continuous annual cropping (CC), 2) crop-pasture rotation with two years of crops and four years of pastures 
(CP), and 3) perennial pasture (PP). We evaluated the inclusion or exclusion of a Cs saturation algorithm using 
the Cycles agroecosystem model. A new module was integrated in Cycles to simulate mixed grass-legume 
pastures and inter-seeding. Pasture forage yield, and soybean and sorghum grain yield were reasonably well 
estimated with root mean square error (RMSE) of 1.5, 0.7 and 1.0 Mg ha-1, respectively. Both the field data 
and the simulations show a 10-year period of Cs accrual in the top 15-cm of soil for all systems (average 0.85 
Mg ha-1 y-1), followed by a 10-year period of C losses for CC and CP (-0.66 Mg ha-1 y-1), while PP Cs stabilized. 
Cycles captured these Cs dynamics related to changes in management, although modeled rates of Cs accrual 
and losses were subdued compared with those observed. The model performed better when using the original 
Cs saturation algorithm than when excluding saturation (relative RMSE of 14% and 22%, respectively). 
Interestingly, subsoil Cs distribution with depth was well simulated with the algorithm including saturation. 
Considering Cs saturation allowed not only for the accrual of N during the legume-grass pasture phase, but also 
for a faster N turnover and greater availability in the subsequent grain crops. The results of this research 
suggest that both Cs saturation underpins the sustainability of crop-pasture rotations, and that modeling Cs 
saturation dynamics can be critical to reliably simulate complex crop-pasture rotational systems. 
 
 



Session 2b: Next generation SOM models 

6th International Symposium on Soil Organic Matter  27 

O-2b.10 

 

Better understanding of the climatic and environmental factors that affect soil carbon 

biodegradation and stabilization 

 

*Rana Jreich1, Christine Hatte1,2, Eric Parent1,2,3 
1CEA & AgroParisTech, LSCE & MIA, Gif-sur-Yvette, France 
2CEA-LSCE, Recherche fondametale, Gif-sur-Yvette, France 
3AgroParistech-MIA, Statistics, Paris, France 
 

Introduction & Objectives 

 
Understanding the dynamics of soil carbon is a major challenge, especially as the IPCC pointed out the large 
uncertainty on soil carbon stock and its potential impact on future climate change. The increase in soil carbon 
stock is foreseen as a solution to mitigate global warming but this is relevant only if the storage is perennial. 
Therefore, content has to be used as an indicator of durability of soil carbon stock. Our aim in this study is to 
identify the climatic and environmental factors that affect the most the soil dynamics, although the many 
sources of uncertainty blurring the response. For this purpose, we investigate a statistical model selection 
procedure. 
 
Materials & Methods 

 

Our starting point is the Mathieu et al.'s (2015) profile, that describes the soil dynamics as a parametric 
function of depth (z): 
xx missing equation xx 
In this study, the estimation of the latent variables, i, is performed using Bayesian inference via MCMC 
algorithms. This approach has the advantage to take into account parameter uncertainties as well as 
experimental errors. We apply the Stochastic Search Variable Selection introduced by George and McCulloch 
(1993), in order to define the probabilistic contribution of each of the 8 potentially explanatory variables (land 
use, soil t pe, te pe atu e, p e ipitatio , a idit …  o  soil d a i s. 
 
Results 

 
Two major results: 1- the statistical model nicely reflects the observations and mimics the general shape of 
with depth and 2- the selection algorithm highlights that soil type has a greater influence on deep soil and the 
depth incorporation (100%), than on topsoil (75%). As Fig. 1 shows, temperature seems to be a more impacting 
parameter than precipitation. Further results will be discussed at the conference. 
xx missing figure xx 
Fig.1: Posterior selection probability for the latent variables. The highest the probability is, the most the 
explanatory variable explains the 14C fate. 
 
Conclusion  

 
Our result confirms that soil type and temperature greatly affect the deep soil carbon age with respective 
selection posterior probabilities close to 100% and 68%. For the first time, factors that impact soil carbon 
dynamic are not only highlighted but their relative importance is quantified. 
 
Figure 1 
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Figure 2 
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Recognition of the ubiquity of black carbon (BC, the product of incomplete vegetation and fossil fuel burning) in 
soils and its importance to carbon modelling is increasingly accepted. Meanwhile it is generally recognised that 
investigating the physical location of BC in soils through physical fractionation of SOM into functional pools will 
help enhance soil C models. However, process based models such as Roth-C [1] tend to use conceptual pools 
that do not directly correspond to experimentally isolated fractions. We examined a long-term grassland site in 
south-west Scotland, which contained 5% of total C as BC. Average 14C age, mean residence time (MRTs) and 
chemical characteristics were assessed for SOM fractions obtained using three procedures frequently 
referenced in the literature. Applying 14C accelerated mass spectrometry (AMS) showed light fractions isolated 
after aggregate disruption to be of high to extreme average age (between 1932 and 7272 years before present 
(BP)) indeed older than the mineral bound fractions. Although a relatively small proportion of soil C is in these 
fractions – in our example 1.2–9.7% – the reactivity assigned to the corresponding modelled pools has a large 
effect on short-term C and N cycling. Purification and direct analysis for whole soils and selected fractions by 
hydropyrolysis confirmed the presence of BC. The average age of BC isolated from particulate organic matter 
(POM) was for example, dated at 18610 ± 89 years BP. BC was present in fractions characterised by different 
levels of physical protection and recovered in low density as well as mineral-associated fractions, regardless of 
the procedure that is used. Our conclusion is that even rural soils can contain BC. It may be necessary to 
measure whole soil BC and define the effect of soil texture on a default partitioning between fractions and 
incorporate this into conceptual pool based models. 
[1] Coleman, K. and D. Jenkinson (1996) RothC-26.3-A Model for the turnover of carbon in soil. In: Evaluation of 
soil organic matter models. Springer, p237–46. 
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Soil structure provides a home to large numbers of microorganisms offering them a food base, support, access 
to water, air and nutrients and protection from predators. To be able to function, soils need to deliver these 
essential requirements for life, at micro-habitat scales. Soil structure is the soil characteristic that makes this 
possible. Therefore, soil structure holds the key to life in soil, regulates many ecosystem services and ultimately 
underpins sustainable life on Earth. Despite this, the exact way in which soil structure exerts its control is not 
fully understood and considered to be too complex to be explicitly included in modelling of key processes such 
as SOM dynamics. 
 
In this study we ask: can we develop a predictive framework for fungal ecology in heterogeneous soil that 

bridges scales, and what benefits would it bring? 

 
To address this question we developed a model that considers fungal interactions at scales directly relevant to 
the organisms (micro-meters) in order to predict ecosystem services, such as the evolution of CO2, as an 
emergent property of these interactions. The model is based on fungal traits, and explores through scenario 
modelling how these impact upon exploration of pore networks as determined by X-ray CT, and how this is 
affected by the location of particulate organic matter and the distribution of water within the pore space. The 
model predicted two important behaviours that are not captured by other models: (i) the evolution of CO2 
increases in a non-linear way with increasing organic matter content. This response suggests a critical 
behaviour could be expected in microbial processes involved in the decomposition of SOM; (ii) the same 
amount of SOM in a soil sample (e.g. represented as a bulk property) can lead to substantial different CO2 
evolutions, predicted to differing by a factor 200, depending on the spatial distribution and accessibility within 
the soil structure. This is the first modelling framework that is capable of combining fungal dynamics in 
structured soil with SOM dynamics and evolution of CO2. The advantage of the modelling approach is that 
scenarios can be rapidly explored beyond what is experimentally tractable, and as such can explore parameter 
spaces where soil functioning and biodiversity may be resilient to change, and can guide further experimental 
testing. 
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The importance of effective hydrological representation in soil organic carbon turnover modelling.  
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The representation of soil organic carbon stability in many commonly used soil organic carbon models is, in 
part, determined by an approximation of the composition of its carbon compounds. With soils often being 
characterised as being comprised of several pools with different reactivities. Recent experimental work has 
shown that in many cases the persistence of soil organic matter is governed more by its physical accessibility. 
Hydrology plays an important role in the physical availability of soil organic carbon. To this end we present an 
evaluation and comparison of two hydrological approaches in a pool based soil organic carbon model (ECOSSE). 
The original approach, a piston flow routine, is compared with a more detailed Hydrus based update. We 
investigate and evaluate their performances by comparing their simulations with measurements made in a 
subtropical Chinese agricultural soils. Our results show that the new model simulated soil water significantly 
better than the original one. We then show how changes to the modelled hydrology affect simulations of soil 
organic carbon turnover in different crop types. We found that using the more detailed approach resulted in a 
16% increase in simulated soil carbon dioxide emissions over the two-year simulation period. In addition to 
changes in the turnover of soil organic carbon the improved hydrology also routes the hydrological movement 
of soil organic carbon from and within soil. The difference in the performance of the components and the 
effect this difference has on carbon turnover highlights the importance of an effective hydrological 
representation when modelling soil organic carbon turnover in agricultural soils. 
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Combined turnover of carbon and soil aggregates using rare earth oxides and isotopically labelled carbon as 

tracers 
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This study used a combined tracer approach of isotopically labelled carbon (C) and rare earth oxides (REO) to 
determine soil aggregate transfer paths following input of organic matter. A model quantifying aggregate 
turnover rates over time was verified by a controlled incubation study. Four natural soil aggregate size ranges 
(<0.053 mm, 0.053-0.25 mm, 0.25-2 mm and 2-5 mm) were labelled with different REO tracers and packed to 
form a composite soil sample. The organic input was 1 mg 13C g-1 soil of 13C-labelled glucose. There were four 
treatments: i) soil without REO and 13C as a control, ii) soil labelled with REO, iii) soil without REO but amended 
with 13C-glucose, and iv) soil labelled with REO and amended with 13C-glucose. Aggregate stability, REO 
concentrations, soil respiration and 13C were measured after 0, 7, 14 and 28 days incubation. REOs were found 
to not impact microbial activity (P > 0.05). Based on the 84%-106% recovery of REOs after wet sieving of 
aggregates, and a close 1:1 relationship between measured aggregates and model predictions, REOs were 
found to be an effective tracer for studies of aggregate dynamics. A greater portion of aggregates transferred 
between neighbouring size fractions. The turnover rate was faster for macroaggregates than for 
microaggregates, and slowed down over the incubation time. The new C was accumulated more but 
decomposed faster in macroaggregates than in microaggregates. A positive relationship was observed between 
the 13C concentration in aggregates and the aggregate turnover rate (P < 0.05). The relative change in each 
aggregate fraction generally followed an exponential growth over time in the formation direction and an 
exponential decay in the breakdown direction. We proposed a first order kinetic model for aggregate dynamics 
which can separate aggregate formation, stabilization and breakdown processes. This study demonstrates that 
REOs can track aggregate life cycles and provide unique and important information about the relationship 
between C cycling and aggregate turnover. 
Keywords: Aggregate turnover; Modelling, Organic amendment; Rare earth oxide; Soil aggregation 
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The nitrogen mineralisation potential of soils across climatic environments 
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Soil organic matter (SOM) pool concepts for modelling are controversially discussed within the soil science 
community. However, the majority of todays crop growth models in industry and science mimic the turnover of 
SOM as a concept of several pool dynamics with varying life times and inter-pool exchange rates. As a matter of 
their development and funding history, most of these models were tested against data from temperate 
environments. Nevertheless, these models are used for simulations of sites and crops in all parts of the world, 
with only a few instances of calibration against data from tropical and subtropical climates. Considering climate 
as one of the dominant driving forces for the turnover of SOM, ergo its nitrogen release rate, the lack of 
detailed calibration data results in uncertainties when simulating the soil-to-crop N supply in low-input systems 
of warm and humid tropical and subtropical ecosystems. We extensively reviewed literature data on N 
mineralisation from agricultural soils in order to find patterns across different environments and quantify the 
size of the actively overturning SOM pool, which contributes to mid-term N release to the benefit of crops. As 
hypothesised we found distinct differences in the nitrogen mineralization potential (N0) between soils from 
warm & humid compared to dry and to cold regions. We were further able to calculate models, with moderate 
to high coefficients of determination, for the prediction of N0 using basic soil data like TOC, Nt and clay content 
for each climate zone. Increasing the model input variables by adopting raster data of the Regridded 
Harmonized World Soil Database v1.2, enabled the generation of a map, showing the nitrogen mineralization 
potential of agricultural soils on a global scale. Our findings have the potential to inform crop modellers of a 
background N supply from any soil to the crop and thus reduce calibration uncertainties when applying their 
models to various climatic environments. 
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Controls of microbial regulated soil organic carbon decomposition at the regional scale 
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Even small changes in microbial decomposition rates of soil organic carbon (SOC) at the regional scale have the 
potential to modify land-atmospheric feedbacks at the global scale. Consequently, limited knowledge on 
regulation of microbial driven processes has led to major predictive uncertainty in earth system models. As a 
prerequisite for future parameterization of SOC turnover models, we examined the influence of SOC quantity, 
its quality, as well as soil physical and biochemical properties on soil basal respiration and temperature 
sensitivities (Q10) of soil respiration and enzymes (β-glucosidase and xylanase) at two scales: landscape (from 
two individual areas of around 27 km-2) and regional scale (pooled data of both areas). Soil samples (0-30 cm) 
originated from 41 agricultural sites distributed in two areas in southwest Germany differing in climatic and 
geological conditions, Kraichgau and Swabian Alb. We used a two-step data analysis procedure: variable 
selection through random forest followed by shortlisting of significant explanatory variables using linear mixed-
effect models. Microbial biomass drove soil basal respiration at both scales, whereas soil C: N ratio played an 
important role only at the regional scale based on mixed-effect models. Soil texture (clay and silt) was a 
significant driver of temperature sensitivity of soil respiration at both scales, whereas soil properties controlling 
the temperature sensitivity of soil enzymes were scale-specific. We found pH as the main factor affecting β-
glucosidase Q10 at the landscape scale. The scale-specificity of variables may depend on homogeneity of the 
study areas and it should be considered during selection of relevant controls for SOC modeling. Overall, our 
study provides vital information about the direct or indirect controlling factors of soil basal respiration and its 
temperature sensitivity, which might help to improve SOC model parameterization at the regional scale and 
even more at the landscape scale. 
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Applying DNDC and modified Rothamsted model for a long-term experiment in a paddy soil in 
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Soil organic carbon(SOC) models are being assessed the dynamics of soil organic carbon. Further validation is 
required for applying SOC model in regions where the climate, soil type, land use and agricultural management 
practices are different. The objective of this study was to test SOC models using data from long-term paddy soil 
with a single rice cropping system in Korea. The models were used DNDC (De-Nitrification and De-Composition) 
and RothC-26.3_p(modified Rothamsted version). DNDC was developed for predicting crop growth, soil 
temperature and moisture regimes, soil carbon dynamics, nitrogen leaching, and emissions of trace gases. The 
model simulations were compared with three treatments: no fertilization (No fert.), inorganic fertilization 
(NPK), inorganic fertilizer plus rice straw compost (NPK+C) from long-term paddy experiment field conducted 
for sixty-four years in Korea. The annual mean air temperature, precipitation, initial SOC concentration were 
11.7℃, 1,334 mm, 20.6 g kg-1, respectively (Table 1). The estimates of DNDC and RothC-26.3_p model in 
NPK+C treatment with rice straw compost are highly correlated with the observed values (r = 0.65 to 0.70), but 
treatments (No fert. and NPK) without rice straw compost were low (r = -0.33~ 0.44). Especially, DNDC model in 
NPK+C plot was verified to simulate the long-term change in SOC well as considering the sufficiently low RMSE 
between the observed and mode1led values (Fig. 1). The RothC26.3_p model estimates were underestimated 
SOC in all treatments. DNDC were simulated the changes in SOC over time well in plots with organic matter 
application, but both model underestimated SOC in the plots without organic matter application. DNDC and 
Roth-26.3_p for rice cropping site without input of organic matter need further modification. 
 

Figure 1 

 

 
 
 
Figure 2 
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Analysis of soil carbon using diffuse reflectance spectroscopy: A comparison between mid-infrared 

(MIR) and visible, near-infrared (VNIR) diffuse reflectance spectroscopy 
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Diffuse reflectance spectroscopy (DRS) coupled with multivariate regression modelling has been found to be a 
cheaper, faster and non-destructive potential alternative to the current traditional soil carbon analytical 
procedures, particularly where large numbers of samples are involved. The majority of modelling studies on 
carbon have used either visible, near-infrared(VNIR) or mid-infrared(MIR) spectra of separate soils with only a 
few comparing the predictive accuracies of VNIR and MIR derived regression models, more so on the same soil 
samples. This study investigated the potential for carbon prediction using VNIR and MIR DRS. It also compared 
the predictive qualities of partial least squares regression (PLSR) models generated for soil carbon from VNIR 
and MIR spectra obtained from the same soils. The sample set consisted of 53 top soils collected from 
Southwest England with carbon content measured by an organic analyser ranging from 1.87% to 30.90%. VNIR 
spectra exhibited broad absorptions with features associated with -OH, H2O, C-H, C-H3, N-H3 and Iron oxide 
minerals. MIR spectra were less affected by shifting baselines and contained distinct features that can be 
associated with C-H and C-O of organic compounds and /or clay minerals. PLSR models for both VNIR and MIR 
spectra had excellent model quality parameters especially after a Log10 1/R transformation of spectra prior to 
PLSR model calibration. Model validation R2 values of 0.90/0.90; root mean square error (RMSE) values of 
0.07/0.08 Log10 %C and relative percent difference (RPD) values of 3.12/3.09 were obtained for VNIR and MIR 
respectively. This result affirms that DRS can be used as an efficient alternative to current carbon analytical 
procedures. This study also shows that VNIR DR modeling is capable of generating models with robust 
predictions comparable with MIR despite the presence of broad absorption features and reduced soil 
processing. This study also suggests that the choice of spectra range used for modeling may not have a 
significant effect on the accuracies of prediction models. 
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Impact of biodiversity of microbial communities on soil respiration 
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Introduction 
 
Despite the knowledge that microorganisms play a crucial role in soil processes, they are not directly 
considered in biogeochemical models. Crucial aspects such as biodiversity are not implemented in model 
approaches that simulate soil processes such as respiration. This gap will be addressed in the study presented 
here, which uses lab experiments to calibrate and validate model approaches that describe microbial growth 
and simulate soil respiration. 
 
Objectives 

 
Simple model approaches are calibrated and validated on lab experiments to provide a basis for development 
of modules for more complex biogeochemical models. 
 

Materials & methods 

 
The model approaches used are a simple bacteria growth model and a modification of a soil organic carbon 
model, with two carbon pools. The models will be calibrated and validated on lab experiments, which 
investigated activity of microbial communities of different origin and with varying diversities. These laboratory 
experiments measured activity, biomass, respiration rates and growth of bacteria and fungi over the period of 
four weeks. 
 
Results 

 
The experiments show a positive relation of biodiversity and activity. Also, more diverse communities show 
higher respiration rates. The application of a carbon model, which was developed for the site scale, requires 
some adaptations to be applicable on laboratory experiments. However, preliminary results of the model runs 
show a fairly good fit to the measurements. 
 

Conclusion 

 
This bottom-up approach provides a useful basis to develop model approaches for larger scales. The models 
used are too detailed and require too many input parameters, which are not available at the large scale and are 
also too heterogeneous to implement them directly into a biogeochemical model. 

 
Acknowledgments 

 
The study is coordinated by the Soil Security Program. The study is part of the NERC funded project U-GRASS. 
 
 



Session 2b: Next generation SOM models 

6th International Symposium on Soil Organic Matter  39 

P-2b.08  
Looking for an ideal soil in Arctic, Antarctic and alpine tundra 

 

*Tymur Bedernichek1, Natalia Zaimenko1, Victor Schwartau2, Pavlo Khoyetskyy3 
1M.M. Gryshko National Botanical Garden, Kyiv, Ukraine 
2Institute of Plant Physiology and Genetics, Kyiv, Ukraine 
3National Antarctic Scientific Center of Ukraine, Kyiv, Ukraine 
 
Introduction 

 
Most of SOM models, including Roth-C and CENTURY, were elaborated for agricultural purposes. We think that 
novel SOM models should be based on much more primitive, initial soils. This study is focused on soils of Arctic, 
Antarctic and alpine tundra. We consider these soils to be the most suitable because: i) they are primitive in 
terms of profile differentiation; ii) they function in a narrow temperature range; iii) plants that grow on such 
soils are usually small (dwarf) and therefore the whole ecosystem of soil, below- and aboveground biomass can 
be studied in microcosms. 
 
Methods 

 
In our search for the ideal soil as a prototype for modeling we wanted to exclude all interfering factors, in 
particular the impact of herbivores and carnivores. For this purpose, content of macro- and microelements that 
are not typical for parent material was determined (ICP-MS). Additionally, content of steroid acids (markers of 
zoogenic soils) was evaluated. 
 
Results 

 
In all of the studied samples from Coastal Antarctica we found some evidence of their ornithogenic origin. We 
described an intensive biogenic flux of nutrients from marine to terrestrial ecosystems in the food-chain: 
pla kto  + i o e thos → N. concinna → L. dominicanus → gua o + pellets N. concinna shells  → soil, hi h 
strongly affected soil formation in Antarctica. In Arctic we found soils with no visible signs of zoogenic 
influence. Concentrations of Ca, Sr and Cd that were used as markers in Antarctica were lower than in parent 
material. However, presence of steroid acids, in particular bile acids, supports the idea that these soils are or 
were affected by zoogenic processes before. Among all the studied soils, those of alpine tundra fit the 
requirement of this study the best. High-alpine territories, as close to nival level as possible, should be 
preferred for taking samples. 
 
Conclusions 

 
An important limitation of the current study is that soil samples from polar and sub-polar regions were taken 
on the islands and coastal areas with high concentrations of birds and mammals. It is therefore suggested to 
study soils from the continental parts of these regions. Soils of high-alpine environments, located close to snow 
level, are considered to be the best prototypes of ideal soil: they are primitive, shallow, with limited and 
predictable factors of soil formation. 
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Manures and composts supply many nutrients for crop production. In addition, they are valuable sources of 
organic matter that improves many aspects of soil quality. Proper utilization of these waste streams is essential 
from both a production and environmental standpoint. Insufficient amounts can lead to nutrient deficiency and 
low yields, whereas excessive amounts may cause leaching and runoff of nutrients into water bodies. Thus, 
knowledge about the nutrient content of manure is critical. This study explored the application of Fourier 
Transform Infrared Spectroscopy (FTIR) and X-ray fluorescence spectrometry to rapidly estimate the total 
element contents, as well as a range of other characteristics of several types of manures and composts. 
Calibration models were developed for both analytical tools to enable the high throughput analysis of new 
samples of similar origin. In addition, a classification model is proposed to enable the identification of the 
materials" sources, and assign unknown manures and composts to defined classes. 
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ABSTRACT 

 
Agroforestry systems, in which woody vegetation is integrated into farmland and rangeland, are characterized 
by increase the carbon sequestration in the woody biomass and the soil. Quantifying the effect of agroforestry 
systems on soil carbon is important to reduce global warming. However, research through field experiments is 
expensive and time consuming when tree and crop measurements have to be taken into account. Therefore, 
models are needed to overcome these drawbacks. In this context, to determine the soil carbon in agroforestry 
systems in a long term, a soil carbon dynamics module (RothC) was integrated into Yield-SAFE, a parameter 
sparse model to estimate aboveground biomass in agroforestry systems. To model the effect of the trees and 
the crops on soil carbon, the soil carbon dynamics module required some improvements to be made in Yield-
SAFE. The improved aspects were focused on the estimation of plant carbon input material into soil (i.e. tree 
leaf fall and fine root mortality from trees and crops). These aspects were linked to existing state variables in 
Yield-SAFE and acted in the carbon soil module. Moreover, as the RothC is a monthly time step model, some 
adaptations were made to fit it to the daily time-step used in Yield-SAFE, in particular the decomposition rate 
constants that needed to be converted into daily rates. Yield-SAFE can now be used to assess how the 
establishment of agroforestry systems in agronomic and forest lands impact on the carbon storage in soil, 
which could have an important role to play in the fight against climate change. 
Funding: European Commission through the AGFORWARD FP7 research project (contract 613520) and XUNTA 
DE GALICIA, Consellería de Cultura, Educación e Ordenación Universitaria (Programa de axudas á etapa 
posdoutoral DOG nº122, 29/06/2016 p.27443, exp: ED481B 2016/071-0) 
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Estimating historical agricultural SOC pool  
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The depletion of soil organic carbon (SOC) pools is causing high emissions, which are so far not well-
represented in global land-use and integrated assessment models. While SOM models often represent well the 
biophysical processes that lead to the accumulation or decay of SOC, the management of soils that drives these 
biophysical processes is still little investigated. Here we trying to fill this gap between biophysical and economic 
models by combining data from the dynamic global vegetation and hydrology model LPJml (Bondeau et al. 
2007) with estimates for crop residue and manure management (Bodirsky et al. 2012) to create soil organic 
carbon budget for cropland, pasture and natural vegetation from 1965 to 2010 on country level. The carbon 
budget model features the production of crop residues and their use for feed, soil amelioration or fuel, the 
estimation of manure excretion and carbon recycling rates within animal waste management, the litterfall in 
natural vegetation, as well as the soil mineralisation depending on the climatic conditions and irrigation (see 
figure 1). Future development of the model should include further major processes causing depletion of SOC 
like erosion as well as accumulation of carbon though e.g. biochar application. The introduced model can be 
integrated into the optimization model MAgPIE (Popp et al. 2016), an agro-economic scenario model for 
agriculture and land use, which unifies economic and biophysical processes. The possibility of simulating 
complex changes in mass balances under carbon pricing could be a starting point for detailed analysis for GHG 
mitigation potential of SCS given the interdependency with environmental, social and economic sustainability 
targets in the future[BB1] [KK2] [BB3] 
Bodirsky, B. L. et al., 2012. N2O emissions from the global agricultural nitrogen cycle – current state and future 
scenarios. Biogeosciences 9, 4169–4197. doi:10.5194/bg-9-4169-2012 
Bondeau, A. et al., 2007. Modelling the role of agriculture for the 20th century global terrestrial carbon 
balance. Global Change Biology 13, 679–706. doi:10.1111/j.1365-2486.2006.01305.x 
Popp, A. et al., 2016. Land-use futures in the shared socio-economic pathways. Global Environmental Change. 
doi:10.1016/j.gloenvcha.2016.10.002 
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Figure 1 
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Introduction 

 
Agricultural activities can lead to either losses or gains of soil organic carbon (SOC) in croplands and grasslands. 
Increasing SOC stocks improves soil fertility and is seen as a short- to mid-term solution to mitigate greenhouse 
gas (GHG) emissions. Emerging ecological and societal challenges (climate change, food security, ecosystem 
sustainability) require improved knowledge of C pools and fluxes, and greater confidence in the biophysical 
models to assess C balances and implement effective policies in agriculture. 
 

Objectives 
 
An inter-comparison and benchmarking modelling exercise aimed at improving estimates of C storage and GHG 
fluxes in agricultural systems. 
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Materials & methods 
 
Field trials from four continents, established in five temperate pastures and five crop rotations with contrasting 
pedo-climatic conditions, were selected to assess 24 process-based models (16 for crops, 12 for pastures) 
against SOC and C-N emission data. Model calibration consisted of five stages, from stage 1 (observed outputs 
unavailable to modellers) to stage 5 (with all observed outputs). We combined the estimates from the 
individual models (aggregated on annual basis) by computing median values for each output. 
 

Results 
 
Taking the coefficient of variation (CV) as a degree of the variability of simulations, for all the modelled C fluxes 
(GPP, gross primary production; RECO, ecosystem respiration; NEE, net ecosystem exchange) CV was reduced 
with calibration. Moving from stage 1 to 5, CV was reduced from 28.3% to 25.1% for RECO, from 45.7% to 
34.6% for GPP and from 461.3% to 72.4% for NEE. The greatest decrease obtained at stage 3 responds to the 
need of calibrating the models against production and phenology data. 
 

Conclusion 
 
The uncertainty envelops of simulated C fluxes (NEE) was reduced with more detailed calibration (improved 
estimates of GPP and, to a lesser extent, of RECO). We conclude that, to reduce parametric uncertainties in C 
estimates, production and phenology data are the minimal level requirements for model calibration. 
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Sugarcane (Saccharum spp.) is a common bioenergy crop due to its large biomass production and high sugar 
content, from which ethanol can be produced and used in place of fossil fuels for transport, thereby providing 
benefits for greenhouse gases. Brazil is currently the largest producer of sugarcane and the area currently 
cultivated with sugarcane is undergoing significant expansion due to the growing demand for bioethanol, 
driven by environmental, geopolitical and economic issues. This is considered one of the main causes of land-
use change in the central-southern region and it has raised concerns about the potential environmental 
impacts of land-use change in Brazil. Therefore, it is necessary to investigate the effects of land-use change on 
soil carbon sequestration. The ECOSSE model was developed to simulate soil carbon dynamics and greenhouse 
gases emissions in mineral and organic soils. It has been successfully applied to estimate the effects of land-use 
changes to bioenergy crops, such as Miscanthus and Willow, in the United Kingdom and could therefore be a 
useful tool to study the effect of sugarcane plantations in Brazil. Here we parameterise and evaluate the 
ECOSSE model for its ability to simulate soil carbon under sugarcane plantations. We apply the model on 
selected Brazilian sites and investigate the effect of land-use change to sugarcane on carbon storage. The 
results of the present work revealed a good correlation between modelled and measured soil carbon and soil 
carbon change after transition to sugarcane at 0-100 cm soil depth. Site measurements and model simulations 
indicated that converting pastures to sugarcane will lead to soil carbon losses, whereas the substitution of 
annual crops will result in soil carbon accumulation. This work provides confidence for using ECOSSE for 
quantitatively predicting the impacts of future land-use change to sugarcane, at site level, as well as at national 
level. 
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Agriculture, and its impact on land, contributes almost a third of total human emissions of greenhouse gasses. 
At the same time, it is the only sector which has significant potential for offsetting of emissions via the supply 
of feedstock for energy and biomass production. Perennial crops systems represent 30% in area of total global 
crop systems. Furthermore, perennial crops have a major standing both in the bioenergy and global food 
industries. In perennial crops, sequestration of atmospheric carbon via biomass enhances organic soil carbon 
increase via root senescence and organic matter inputs to the soil. Besides, reduced annual soil disturbance in 
perennial cropping systems means reduced soil aeration and breaking of soil aggregates which means reduced 
evolution of carbon dioxide. This will have the net effect of increasing soil carbon stocks. However, 
inconsistency in accounting for biomass and the changes in soil carbon can undermine efforts to assess the 
benefits of such cropping systems when applied at scale, meaning that efforts to manage this important carbon 
stock are often neglected. 
Detailed information on carbon balance is crucial to identify the main processes responsible for greenhouse gas 
emissions in order to develop strategic mitigation programs. In this study, we investigate the effect of perennial 
crops on soil organic carbon (SOC) changes. We gathered a global data-set containing both food and bioenergy 
perennial crops. From this data-set, the most extensive to date, we carried out a meta-analysis to investigate 
changes in SOC – if any - during the perennial plantation life cycle. We explore the main drivers of SOC change, 
and answer the following questions: Can we identify the pattern of SOC changes in perennial crops? What is 
the main factors controlling SOC change in perennial crops - is it the crop, previous land use, climate, initial soil 
conditions or other? When does SOC stabilize after plantation? What is the net effect on SOC of stabilising and 
maintaining a perennial crop plantation? 
This information will be crucial to assess the effect of perennial crops on SOC, and identify whether they are 
they carbon source, sink, or if it depends on the particular conditions. This is key knowledge to develop 
effective climate change mitigation options. Besides, it will inform us on whether an increase in perennial crops 
or "perennialization", one of FAO"s (Food and Agriculture Organization of the United Nations) strategies to 
enhance food security and ecosystem service delivery, is an effective strategy. 
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Facing population growth and consequent increase of agriculture intensification, new technologies are sought 
to stabilize soil organic matter (SOM), and mitigate climate change, while maintaining elevated crop yields. An 
innovative approach can be the stabilization of SOM through a photo-oxidative catalysed free-radical coupling 
among humic molecules, that reduces SOM mineralization while increasing soil aggregate stability. We applied 
this catalytic technology on Italian soils under wheat production at three different experimental stations. The in 

situ polymerization of SOM under solar irradiation was obtained in 4 replicates of cropped soil parcels by 
adding at sowing 10 kg.ha-1 of a laboratory-synthesized water-soluble iron-porphyrin photo-oxidative catalyst 
for three consecutive years. Results showed that the catalyst-assisted in situ photochemical polymerization of 
humic matter enabled a yearly sequestration of soil organic carbon that ranged from 2.2 to 3.9 t ha-1 y-1, 
despite the periodical soil disturbance due to a conventional tillage management. This significant stabilization 
of SOM was observed not only for bulk soils but also for water-stable aggregates, whose loss of organic carbon 
during separation was significantly reduced in the catalyst-treated soils, where the organic matter was 
composed of humic molecules of larger molecular mass. While crop yields were the same in treated and 
control soils, measurements of phospholipids fatty acids (PLFA) and soil enzyme activities indicated that the 
catalysed in situ photo-oxidative coupling of humic molecules did not alter the structure and activity of 
microbial communities and the biological functions of soils. This ecological catalytic technology may be 
developed as an useful soil management practice to stabilize SOM in situ in arable soils, while concomitantly 
ensuring soil functions and sustainability of crop production.  
 
Table 1. Sequestered carbon (Mg ha-1 y-1) in bulk soil and sum of separated water-stable aggregates (WSA) at 
3 sites (Torino, Piacenza, Napoli) for 3 consecutive years. Values were the difference in average OC content (g 
kg-1) between catalyst-treated and untreated soil samples multiplied by tilled soil depth (0.3 m), soil bulk 
density and hectare surface (m2). Asterisk indicates significant difference (P<0.05). 
Figure 1 
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Introduction 
 
 Agricultural land-use has caused significant decline in soil organic matter (SOM) and organic carbon (SOC). 
Reversing this decline represents a significant potential for carbon sequestration and an opportunity to 
increase soil fertility. However, due to the complex interplay between climate, soil and management practices 
as they impact on SOC dynamics. It is unclear what could be achieved, particularly for Australian cropping 
systems that is operated under dryland conditions and great inter-annual climate variability. 
 

Objectives: 
 
The objectives of this study were to assess the potential SOC sequestration potential across Australian grain 
growing regions and to identify management options that have the potential to increase SOC, crop yield while 
reducing the total greenhouse gas emissions. 
 

Materials & methods 
 
Long-term crop and SOC data from 28 sites across the Australian grain growing regions were used to constrain 
the farming systems model APSIM. APSIM simulates crop and soil processes, including SOC 
decomposition/formation and N2O emissions from soil in response to climate and management drivers at a 
daily time step. A Bayesian approach was used to derive model parameters for simulating SOC dynamics. 
Detailed soil profile data from 613 sites were used, together with broad soil class information, representative 
cropping systems and historical climate data, to simulate SOC dynamics in response to nitrogen (N) and residue 
management changes. The SOC sequestration potential, crop productivity and greenhouse gas budget under 
different management scenarios were assessed. 
 

Results 
 
The results indicated that SOC sequestration potential exists, particularly in the cooler and wetter regions in 
Australian dryland grain growing regions. Improved N and residue management strategies could increase 
average grain yield while substantially reducing net soil CO2 and N2O emissions compared with current farming 
practice. 
 

Conclusion: 
 
The results emphasize the opportunity for well-managed intensification to simultaneously increase SOC and 
crop yield, while reducing soil CO2 and N2O emissions in Australian rainfed cropping regions. The "win-win" 
management recommendations should, and can be specified according to local climate and soil conditions. 
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Observing extraordinary rates of carbon capture into calcium carbonate (inorganic C fixation or "carbonation", 
85 tCO2/ha/yr [1]) has led to new measurements at a wide range of urban brownfield sites and 
experimentation with designed soils, within the EPSRC project SUCCESS [2] . This work is confirming that 
unsealed anthropogenic (post-demolition) sites exposed to rainwater do indeed provide effective capture of 
photosynthetic C in soil (stable isotope ratios and AMS analysis). Such formation of carbonate minerals offers 
long-term storage of biogenic C and – alongside biochar manufacture – some radical new options are emerging 
for the contribution of soils to a general strategy of greenhouse gas removal (GGR).  
To predict direct and indirect soil C storage arising from use of such storage technologies – and to ultimately 
design management plans optimised for urban, rural and horticultural uses – current simulation models require 
elaboration. In this preliminary work, we have extended the traditional five-pool C model exemplified by Roth-

C [3] to simulate carbonation and biochar C storage. 
In the extended model CASPER, the fate of CO2 from decomposition in organic C pools is considered, assuming 
that a proportion partitions into the soil solution where it forms bicarbonate. This combines with Ca released 
from weathering of calcium silicates (for which reaction rates are known). We then use a simple geochemical 
model to predict saturation of the soil solution by the calcium carbonate mineral calcite (Figure 1). Calcite 
saturation leads to precipitation and the measurable change in soil carbonate content. 
Published rates of Ca dissolution cannot explain the rapid rates of carbonate C accumulation observed in our 
field sites or our designed soils. A key use of our experimental data and modelling is, therefore, to infer a new 
rate for Ca dissolution, as it occurs in-situ in soil. This initial calibration enables further development and use of 
the model in increasingly complex and interesting GGR applications. 
[1] Washbourne, C.-L., E. Lopez-Capel, P. Renforth, P.L. Ascough, and D.A. Manning, Rapid removal of 
atmospheric CO2 by urban soils. Environmental science & technology, 2015. 49(9): p. 5434-5440. 
[2] www.ncl.ac.uk/success 
[3] Coleman, K. and D. Jenkinson, RothC-26.3-A Model for the turnover of carbon in soil, in Evaluation of soil 
organic matter models. 1996, Springer. p. 237-246. 
Figure 1 
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Introduction 
 
Understanding the processes of soil organic carbon (SOC) dynamics in the "past to the present" is important to 
devise management practices that can sustain SOC for the agricultural production in the future. 
 

Objectives 
 
Understand the effect of agricultural intensification on SOC dynamics under arable and grassland systems in 
the UK during the historical to current (1800-2010) and the future (2010-2100) periods. 
 

Methods 
 
Agriculture model (Roth-CNP) was developed as part of an Integrated Model (IM) to simulate SOC cycling for 
the whole of UK, comprising atmospheric, terrestrial, hydrological and hydro-chemical models. We estimated 
SOC stocks and stock changes from arable and grassland systems in the UK on a 5x5 grid across the whole of UK 
taking into account arable and improved grass areas, crop areas (winter wheat, potato, oilseed rape, spring 
barley and fodder maize) and livestock numbers in each grid. For the future, we compared two scenarios (RA1 
and RA2) within the A2 emission scenario of climate change. In both the scenarios, we assumed improved 
genetics in crop and grass varieties would become available that are adapted to climate change. In RA1, we 
intensified the system by adding more nitrogen fertilizer inputs. We increased the N-fertilizer application rate 
linearly by increasing to more of the current rate by 2050 and constant thereafter. In RA2, we assumed a 
constant N-fertilizer application rate throughout equal to current rates. 
 

Results and Discussion 
 
Overall, arable lands in the UK has lost “OC − .  to − .  Mg C ha −  he eas u de  g assla d “OC sto k 
i eased .  to .  Mg C ha −  du i g diffe e t ti e pe iods -1950, 1950-1970 and 1970-2010) 
within the historical to current period. It is quite possible that SOM builds up when a soil with little SOM is 
planted to permanent grass and may decrease under arable crops. In RA2, SOC loss continues, but at a lower 
rate of -0.015 to - .  Mg C ha −  du i g , , a d , he eas i  ‘A , “OC ha ge is − .  to 
0.  Mg C ha −  du i g these pe iods. U de  g ass “OC i eased f o  .  to .  Mg C ha −  u de  oth 
the scenarios during these time periods. 
 

Conclusions 
 
A relatively simple agriculture model described in this work was able to capture variability in the dynamics of 
SOC at the national scale coupled to other large scale models of atmospheric deposition, hydrology and soil 
erosion. Simulated SOC decline under arable land and increase under grass during the historical period (1800-
1970), which approaches an equilibrium during current to the future (1970-2100) period. 
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The no-tillage system has been widely adopted in Brazil. Besides the absence of soil tillage, this conservationist 
system is comprised of crop rotations and permanent soil cover, with benefits such as low consumption of 
fossil fuels, increased soil carbon sequestration, and mitigation of water and wind erosion. Biogeochemical 
models can be used to evaluate the effects of different agricultural management practices considering site-
specific conditions such as soil texture, soil water dynamics and different agricultural input types and rates. The 
aim of this study is to evaluate the long-term effects of crop rotation and soil tillage systems in soil C stocks, 
using the DAYCENT model. The experiment was conducted in Botucatu, Sao Paulo State, Brazil, on a Typic 
Rhodudalf clay soil. The experiment began in 2003 with sunflower grown in fall/winter (plots), followed by 
pearl millet, forage sorghum, and sunn hemp in spring (subplots). Soybeans were grown in the full area in the 
summer. A fallow treatment was included, where chiselling was carried out in 2003 and 2009. Soil samples 
were collected in 2003, 2013 and 2015. Samples were air-dried, sieved through a 2-mm mesh, and analysed for 
total carbon by dry combustion. The DAYCENT model simulates fluxes of C and N between the atmosphere, 
vegetation, and soil. Site-specific climate, soil and management data was used to parameterize the model, and 
the management from the experiment period (2003-2015) was extended to the long-term simulation period 
(2015-2050). The use of cover crops, especially a legume crop, led to higher soil C stocks. The absence of N 
input and plant residues in the spring, as observed in the chiselled/fallow treatment, reduced the accumulation 
of soil C. The DAYCENT model adequately simulated the general trends in soil C (0-20 cm) in the study site 
(figure 1). These results highlight the importance of cover crops and N inputs in the sustainability of agricultural 
systems in the tropics. 
Figure1. Modelled (lines) and measured (points) soil carbon stocks (0-20 cm). Rotations: Sunflower-
Fallow/Chisel- Soybeans (SF-FC-“B, □ ; “u flo e -Forage Sorghum- Soybeans (SF-FS-“B, ◊ ; “u flo e -Millet- 
Soybeans (SF-MT-“B, ∆ ; “u flo e -Sunn Hemp- Soybeans (SF-SH-SB, о). 
 

Figure 1 
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Question  
 
In temperate agroforestry systems, soil organic carbon (SOC) stocks are generally increased [1], but is difficult 
to disentangle the different factors responsible for this SOC storage. Organic carbon (OC) inputs to soil may be 
larger, but SOC decomposition rates may also be modified owing to physical protection, microclimate, or 
priming effect from tree roots. Our objective was therefore to assess if organic inputs could be the main driver 
of SOC storage in agroforestry systems. 
 

Methods  
 
This study was performed in an 18-year-old silvoarable system associating hybrid walnut trees and durum 
wheat, and in an adjacent agricultural control plot. SOC stocks and all OC inputs to the soil, i.e., leaf litter, tree 
fine root senescence [2,3], crop residues, and tree row herbaceous vegetation were quantified down 2 m 
depth [4]. We then adapted a model [5] to simulate SOC dynamics in agroforestry accounting for both the 
whole soil profile and the lateral spatial heterogeneity. 
 

Results  
 
Measured OC inputs to soil were increased by about 40% (+ 1.11 t C ha-1 yr-1) down 2 m depth in the 
agroforestry plot compared to the control, resulting in an additional SOC stock of 6.3 t C ha-1 down to 1 m 
depth (Fig. 1). The model described properly the measured SOC stocks and distribution with depth, especially 
when priming effect was taken into account (Fig. 2). 
 

Conclusions  
 
Modeling showed that the observed SOC storage in an agroforestry system would result from increased OC 
inputs, which were measured, and from an acceleration of SOC decomposition. This compensatory mechanism 
could reduce a lot the potential of agroforestry soils to store SOC, especially at depth. Deep-rooted trees 
modify OC inputs to soil, a process that deserves further studies given its potential effects on SOC dynamics. 
 

References 
[1] Cardinael et al., 2017, Agric. Ecosyst. Environ. 236, 243–255. 
[2] Cardinael et al., 2015b, Plant Soil 391, 219–235. 
[3] Germon et al., 2016, Plant Soil 401, 409–426. 
[4] Cardinael et al., 2015a, Geoderma 259–260, 288–299. 
[5] Guenet et al., 2013, Biogeosciences 10, 2379–2392. 
Figures 
Figure 1. Measured SOC stocks and OC inputs to the soil a) in the agricultural control plot, b) in the 18-year-old 
agroforestry plot. 
Figure 2. Measured and modeled soil organic carbon contents (kg C m-3) in an agricultural control plot and in an 
18-year-old silvoarable system with a two pools model without priming effect (no PE), with a two pools model 
with priming effect (PE) and with a three pools model without PE. 
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Question 
 
Agroforestry (AF) is an intensive land-use combining trees and/or shrubs with crops. AF practices are gaining 
attention in the last decades because of their strong contributions to ecosystem stability and resilience. 
However, the C sequestration stocks, processes and mechanisms in AF have not been reviewed. 
 

Methods 
 
We collected the literature data to C sequestration (354 pair comparisons: AF vs. cropland) above and 
belowground in four main AF systems: Alley cropping, Windbreaks (Shelterbelts), Silvopasture, and 
Homegardens, for three main climate groups: temperate (23 studies), subtropics (10) and tropics (36 studies). 
 

Results 
 
Compared to cropland, (1) the C sequestration of AF systems in Asia was higher than in other continents; (2) 
the greatest aboveground C sequestration was in Silvopasture, while the greatest C sequestration in soil was in 
Homegardens; (3) AF carried out in temperate zone harbored higher aboveground C, while sub-tropical AF 
harbored higher soil C; (4) aboveground C stocks were the highest in the younger AF (< 30 years), and soil C 
stocks were highest in the older AF (20-50 years old); (5) the average soil C stocks are 17% (0-20 cm) and 20% 
(20-60 cm) higher than under cropland; (6) the soil C sequestration were correlated with changes of soil N, clay 
and slits contents between AF and cropland. 
 

Conclusions 
 
The meta-analysis indicated that C sequestration in AF systems varied between aboveground and belowground 
parts, and affected by geographical locations, climate zones, AF types, tree properties and soil characteristics. 
These higher C stocks are connected not only with the C input by trees, but also with decreased erosion, better 
microclimatic conditions for crop growth and improved soil aggregation for organic matter stability. 
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As aboveground biomass of perennial grasses is harvested for feedstock or bioenergy production, root biomass 
C and N become main C and N inputs for enhancing soil C and N sequestration. Information is scanty about root 
biomass C and N and subsequent soil C and N stocks under perennial grasses applied with various N rates. We 
evaluated the effect of perennial grass species and N fertilization rates on root biomass C and N and soil total C 
(STC) and total N (STN) stocks at the 0-120 cm depth from 2011 to 2013 in northern Great Plains, USA. 
Perennial grasses were intermediate wheatgrass (Thinopyrum intermedium [Host] Barkworth and Dewey), 
smooth bromegrass (Bromus inermis L.), and switchgrass (Panicum virgatum L.), and N fertilization rates were 
0, 28, 56, and 84 kg N ha-1. Root biomass C and N at 0-15 and 0-120 cm were greater with intermediate 
wheatgrass and switchgrass than smooth bromegrass in 2011, but the trend reversed for root biomass C at 0-
15 cm in 2012. Root biomass C at both depths varied with N rates and years. The STC at 0-15, 30-60, and 0-120 
cm also varied with grass species and years. At 30-60 cm, STC increased with increased N rates for intermediate 
wheatgrass and switchgrass, but decreased for smooth bromegrass. At 60-90 cm, the trend for STC reversed. 
The STN at 15-30 cm was greater under intermediate wheatgrass than smooth bromegrass and switchgrass and 
at most depths was greater in 2012 than 2013. Overall root biomass C and N at 0-120 cm were 12-15 times 
greater and STC and STN 8-9% greater for perennial grasses than adjacent annual spring wheat. Both STC and 
STN varied with grass species and N rates, although intermediate wheatgrass returned more root C and N 
inputs to the soil than other grasses. Increased root C and N inputs, however, increased STC and STN under 
perennial grasses than annual spring wheat. 
 

Figure 1 
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Introduction 

 

Undisturbed peatland soils store huge amounts of soil organic matter (SOM), which is preserved under 
anaerobic conditions. By human impact, these highly organic soils (Histosols) are often drained for agricultural 
purpose. This leads to a so-called "secondary soil development" including peat shrinkage, decomposition and 
mineralization. 
Particularly shallow minerotrophic fen soils might develop into "relict" or "post-fen' soils with remarkable 
depletion of SOM. Post-fen soils are not well investigated and only few studies exist (Table 1). 
Table: Chemical and physical characteristics of agricultural post-fen soils with SOM contents < 30 % (w/w). 
In spite of their reduced SOM contents, agricultural post-fen soils still contain considerable amounts of SOM 
after decades of use and these amounts are higher than in adjacent mineral soils. This fact implies a 
stabilization of certain parts of SOM. However, a general understanding of mechanisms and controls of SOM 
stabilization in these soils is missing. 
 
Objectives 

 

The aim of the present study was to fractionate SOM of different agricultural post-fen soils into functional 
pools of different stability. 
 
Materials & Methods 

 

We fractionated various post-fen soils under grassland and arable use by density, particle-size and ultrasonic 
energy. All fractions (free Light Fraction = fLF, occluded Light Fraction = oLF and Heavy Fraction = HF) were 
analysed for dry mass, C and N. 
 
Results 

 

The majority of organic C was stored as particulate organic matter in the fLF. 
Figure: C distribution (mass-%) in different fractions (free Light Fraction = fLF, occluded Light Fraction = oLF and 

Heavy Fraction = HF) of an agricultural post-fen soil (8 % Total organic C) under long-term arable use. 
The occluded and heavy fractions also contained noticeable amounts of C. There were clear differences 
between fractions under different land-use. 
 
Conclusion 

 

The results show SOM stabilization through interaction with the mineral phase in agricultural post-fen soils. 
High amounts of SOM in free, physically unprotected fractions could be due to relative high amounts of older 
and/or more recalcitrant, peat-derived compounds with greater recalcitrance. In addition, our fractionation 
also shows that common protocols for mineral soils cannot simply be adapted to post-fen soils. 
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Soil carbon (C) is an important regulator for the soil fertility and global climate and represents the balance 
between formation and decomposition of soil organic matter (SOM). The SOM decomposition can be strongly 
affected by labile C inputs which usually termed "priming effect" and that can predict environmental and land-
use change effects on SOM dynamics and soil C-balance. It has been reported that labile C inputs such as 
glucose can prime the decomposition of native SOM or recently added litter, little is known about the 
simultaneous effects of glucose on SOM versus litter decomposition. We used dual 13C/14C isotopic labeling 
approach to partitioning soil CO2 efflux and C pools into three sources: glucose, litter and SOM. Soil consisting 
of 30 days (pre-incubated) partially decomposed 13C-labeled wheat litter (leaves or roots) were amended with 
or without 14C-labeled glucose solution (160 µg C g-1) over an incubation period of 3 months. Approximately 
74% (of total mineralized) glucose derived CO2 efflux was produced during the first 3 days of application. 
Glucose mineralization rate increased up to 17% when amended with partially decomposed leaves litter. 
However, leaves decomposition rate declined up to 65% and of roots remained unaffected by glucose 
additions. Despite such differences in litter decomposition, the SOM priming effect remained comparable 
between litter plus glucose amendments. Glucose-induced a cumulative positive SOM priming effect of 0.193 
mg C g-1, a much higher (42%) effect than sole litter-induced priming. Microbial biomass carbon significantly 
increased by glucose additions, which was mainly due to the SOM decomposing microorganisms. Increased 
SOM- but not litter-derived C in microbial biomass suggested that glucose caused preferential SOM utilization 
over plant litter. In general, glucose showed opposite effects on SOM vs litter decomposition: i.e. negatively 
primed litter (leaf) and positively primed SOM. We propose that in response to labile C inputs the intensity of 
SOM priming increases strongly either labile C is added with or without the presence of relatively recalcitrant 
substrates such as plant litter. 
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The biogeochemical mechanisms underlying the "forest island" phenomenon in open savanna landscapes in 
West Africa remain critically under investigated despite the potential of utilizing such information in 
community carbon offset programs in the era of climate change. In this study, we report carbon and nitrogen 
stocks of nine forest islands across a range of landscapes in three West African countries of Ghana, Nigeria and 
Burkina Faso. Soils were sampled in each forest island using stratified random sampling technique at half 
canopy radius from tree trunks (T) and at half the maximum distance between two adjacent trees (G). 
Comparisons between the forest islands and adjacent managed farmlands were made. Soil carbon stock of the 
forest islands ranged from 9.90 to 45.47 Mg ha-1 at 0-5 cm depth and from 17.59 to 273.61 Mg ha-1 at 0-30 cm 
depth across all sites in all three countries. The corresponding soil N stock of the forest islands were in the 
ranges of 0.78 to 3.29 Mg ha-1 and 1.34 to 19.75 Mg ha-1. The C and N stocks of the adjacent farmlands were 
markedly lower than that of the forest islands. These respectively ranged from 2.51 to 8.60 Mg C ha-1 and 0.22 
to 0.78 Mg N ha-1 across all sites at the 0-5 cm depth. Values ranging from 11.89 to 56.64 Mg C ha-1 and 1.03 
to 5.03 Mg N ha-1 were observed at the 0-30 cm depth. Results showed higher distribution of C and N at T than 
at G positions. Soil total C and N concentrations of the forest islands varied from 2.34 to 10.37% and 0.17 to 
0.75%, respectively across all sites at the 0-5 cm depth which were remarkably higher than average values 
characteristic of West African soils. The study has established the potential of forest islands as huge carbon 
sinks for climate change mitigation in Africa 
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Introduction 

 
Understanding the factors that influence the soil organic carbon (SOC) sequestration potential is important to 
develop strategies to increase the SOC stock and offset agricultural greenhouse gas emissions. Knowledge of 
the vulnerability of soil to SOC loss and the factors influencing it is also important to maintain current SOC 
stocks and enhance SOC gains. 
 
Objectives 

 
The aim of this study was to estimate the SOC stabilisation capacity of Allophanic and non-Allophanic topsoils 
(0-15 cm) and to predict the sequestration potential of pastoral soils across New Zealand. A secondary aim was 
to investigate soil properties that affected the vulnerability of SOC to loss. 
 
Materials & methods 

 
The SOC stabilisation capacity was estimated using a quantile regression model with surface area and 
extractable aluminium. The C sequestration potential calculated using the SOC deficit (calculated as the 
difference between stabilisation capacity and current C stock) and the land area of New Zealand"s agricultural 
soils. Vulnerability of SOC to loss was assessed by (a) measuring C mineralisation in a laboratory incubation, and 
(b) quantifying C loss in soils with long-term history of "C-depletive" management (continuous arable or 
vegetable cropping). 
 
Results 

 
The mean saturation deficit under long-term pasture of Allophanic soils (20.3 mg C g-1) was greater than non-
Allophanic soils (16.3 mg C g-1) and the saturation deficit of cropped soils was greater than pasture soils. 
Nationally, the C sequestration potential of pastoral land in New Zealand (~6 M ha) was estimated at 124±37 
Mt C. 
The vulnerability of existing SOC to loss (as estimated using C mineralisation) was negatively correlated to 
properties that influence the C-protective capacity of soils (surface area and extractable aluminium). 
 
Conclusion 

 
Despite their high SOC stocks, New Zealand agricultural soils are capable of storing more stable SOC. Increasing 
soil C stocks by targeting improved management practices to those soils with the greatest C sequestration 
potential could contribute significantly to off-setting New Zealand"s agricultural greenhouse gas emissions (11 
Mt C in 2014). Soils containing C that is particularly vulnerable to loss should be identified so that appropriate 
C-conservation practices can be implemented. 
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Microbial soil respiration is a major flux in global carbon dioxide (CO2) emissions and small changes in the vast 
flux may seriously modify global climate. The amount of CO2 released during decomposition of soil organic 
carbon (C) is determined by the microbial community"s carbon-use efficiency (CUE). This property is defined as 
the fraction of microbial utilized C that is allocated to biosynthesis, with the remaining being respired. 
Therefore, CUE regulates C sequestration and experimental evidence suggests that it decreases with warming 
and varies among land-use systems. Still, most soil C models consider CUE as a constant property. We 
hypothesized that (i) the temperature response of CUE differs across land-uses and (ii) that such dissimilarities 
significantly affect projections of soil C stocks under future temperature conditions. To test our hypotheses, we 
applied a microbial thermodynamics approach using isothermal calorimetry and integrated our findings in a soil 
C model. Soils were sampled from arable, grassland, ley-farming, and forest research sites exposed to a boreal 
climate (64°07´N, 19°27´E). The samples were amended with two carbon substrates of different molecular 
complexity and incubated at a set of temperatures ranging from 5 to 20 °C. CUEs were calculated from 
cumulative heat production and residual substrate when 15 % of the added substrate was utilized. Land-use 
specific temperature response functions were fitted to the CUE data and incorporated into the Q model using 
Swedish soils in Northern and Southern Sweden. In the arable soil system, CUE stayed constant over the range 
from 5 to 20 °C, while in ley farming, grassland and forest soils CUEs were constant from 5 to 12.5 °C, but 
decreased non-linear beyond 12.5 °C. The decrease in CUE was most pronounced in forest soil, and our general 
findings were independent from the substrate amendment. Implementing this hitherto unrecognized 
phenomenon into the Q model revealed considerably different responses of soil C stocks across land-uses to 
changes in climate conditions. Our findings emphasize the need to understand temperature responses of 
microbial CUE. Further studies should establish reliable proxies for CUE which can be exploited in modelling 
approaches. 
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Fires hit about 4% of the earth"s vegetated surface every year1. The organic residue of these wildfires, named 
pyrogenic organic carbon (PyC), has a long mean residence times (MRT) in the soil ranging from decades to 
millennia2. In the meantime, PyC represents, one of the largest identifiable fractions of soil organic carbon 
(about 14%3). It is thus crucial to understand why PyC persists so long in soils, how it is stabilized or controlled 
by ecosystem properties and how these mechanisms differ from more labile organic carbon. 
We conducted an identical set of field experiments in a wide range of ecosystems (arctic, temperate and 
tropical) where we studied the stabilization and decomposition of PyC and its labile parent material. We 
applied highly 13C labelled perennial ryegrass and it related char (grass pyrolysed at 450°C) 2 cm below the soil 
surface and left them to decompose. The experimental design was identical in all sites: 3 input treatments 
(control, grass, PyC) and two varying soil properties treatments: moist and dry conditions in the boreal system, 
regular and reduced rainfall in the tropics and higher and lower pH at temperate site. We collected the samples 
after one to two years and analysed the carbon recovery rate as well as the location of the added carbon with a 
density fractionation method and subsequent 13C measurement. 
We will present the results of these measurements and show the differences between PyC and its parent 
material, as well as soil parameter treatments in regard to the decomposition, stabilization in aggregates and 
stabilization on mineral surfaces. We will furthermore discuss the potentials and limitations of PyC to act as a 
sink for carbon in different ecosystems.  
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Introduction 

 
Understanding the temperature sensitivity (Q10) and priming of organic matter with different stabilities in a soil 
with aged biochar is required to enable better forecasting of biochar C sequestration potential in a warmer 
world. 
Objectives 

 
This study aimed to quantify the Q10 and priming of C mineralization in a Vertisol from: (i) newly added labile 
organic matter (LOM) in the presence of aged biochars; and (ii) stable ("aged") native soil organic matter in the 
presence of aged biochars or new LOM. We also quantified the Q10 of aged biochar-C (BC) or aged soil organic 
carbon (SOC)+BC mineralization. 
 
Materials & methods 

 
Leaf litter from Eucalyptus saligna (a source of LOM) was applied at 4% w/w ( 13C – ‰  to a Ve tisol 13C –

‰ , o tai i g eithe  ood, leaf o  poult  litte  io ha  13C –25 to – ‰ , p e iousl  i u ated fo   
years. The 4-year aged biochar-soil mixtures, including control soil (nil aged biochar but also previously 
incubated for 4 years) with or without LOM, were re-incubated at 10, 20, 30 and 40°C for 252 days; the CO2-C 
and associated 13C were periodically analyzed. 
 
Results 

 
Carbon mineralization increased with increasing temperature, with 22–39% of LOM-C, 0.10–2.81% of aged BC 
and 2.4–77.0% of aged SOC mineralized over 252 days. The Q10 values (calculated from the Arrhenius function) 
of C mineralization response to climate warming were: LOM (1.17–1.21) < SOC (1.23–1.66), SOC+BC (1.23–1.60) 
< aged BC (1.92–2.26). Our results showed a significant decrease in the Q10 of aged SOC or SOC+BC 
mineralization in the presence of LOM, possibly induced by its positive priming effects. The aged biochars 
caused negative priming of LOM-C mineralization, which was greater at 10°C (cf. 20-40°C). Further, the aged 
biochars did not impact the Q10 of LOM-C mineralization. 
 
Conclusion 

 
The results suggest that climate warming may lower the C sequestration potential of biochar, by reducing its 
capacity to slow the mineralization of LOM-C, while increasing the mineralization of aged BC and stable native 
SOC. 
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Introduction 

 
In the past century, agriculture has grown and developed based on the expansion of new areas for cultivation, 
leading to deforestation of large areas of native forests and natural ecosystems and causing the loss of 
environmental services. Despite the great importance of the sector to the Brazilian economy and recognized 
change that it has undergone in recent years, agriculture still uses production practices that promote large 
impacts in natural resources. Therefore, it is necessary to change agriculture paradigm with the use of 
management practices that allow physical and chemical soil properties balance, such as carbon increase and 
nitrogen soil content. Several studies indicate that the use of integrated production systems, such as 
Integration Crop-Livestock-Forest (ICLF), improve Soil Organic Carbon (SOC) accumulation. 
 
Objectives 

 
The aim of this article is evaluated the potential of carbon stock and the quality of this stock in different types 
of management (eucalyptus forest, crop, livestock and ICLF) in Sinop, Mato Grosso State (Brazil). 
 
Material and Methods 

 
Soil samples were obtained in 2010 and 2014 for five layers 0-5, 5-10, 10-30, 30-60 and 60-100 cm at each site. 
Several analyzes were made: evaluation of carbon and nitrogen stocks, organic matter density fractionation 
and 13C of soil organic matter, in the top 30 cm. I 
 
Results 

 
CLF and livestock were the treatments that had the highest stock values of C and the largest percentage gain of 
SOC, and were also the treatments that had the largest nitrogen increase. ICLF was the only treatment that had 
an increase of N in all three evaluated layers and which had the highest percentage of carbon gain (5,5MgC/ha) 
in three years of experiment. This was because in ICLF the consortium pasture with crop (corn and soybeans) 
and the grass contributes with large amounts of biomass high C/N, increasing soil cover persistence. 
Management systems, such as ICLF, with low soil inversion and higher plant residues in soil, in quantity and 
quality in different soil layers by materials with different C/N ratios, provide an increase in the soil organic 
matter amounts. 
Conclusion 
The carbon stock data show that Crop-Livestock-Forest integration systems has a great potential to act as a 
low-carbon technology. 
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Anthropogenic factors strongly influence the processes of humification and dehumification. Environments of 
anthropogenic factors irrigation, soil cultivation, fertilization, crop rotation, cultivated crops are most 
important in regulating the humus balance of the soil. Our expeditionary and stationary field studies show that 
different types of crop rotation and cultivated crops have different effects on the humus regime of the soil. 
Depending on this, the cultivated crop changes the humus state of the soil. At the same time, the root system, 
its mass and volume, biomass and its chemical composition are also determining factors in the processes of 
humus formation and mineralization of soil organic substances. Expeditionary researches in the Zerafshan 
valley of Uzbekistan show that under humus and garden conditions the humus condition of the soil improves, 
when cultivating tilled crops, for example cotton, tobacco, maize for grain, beets, deteriorates. Intensive soil 
cultivation in the aisles of cultivated crops leads to an increase in the rate of mineralization of humus. When 
cultivating alfalfa and in orchards, soil cultivation is not carried out for several years. At the same time, the 
processes of humus formation are improving. In addition, nitrogen fertilizers are not used in the cultivation of 
alfalfa. This also favorably affects the formation of humus and reduces its mineralization. In the field 
experiment, when introducing nitrogen fertilizers, especially at high doses, the humification ratio of alfalfa 
mass labeled with C14 isotope was reduced. At the same time, the mineralization of the organic remains of the 
alfalfa mass increased. In other stationary field experiments with cotton, winter wheat, corn and beet, the 
introduction of nitrogen fertilizers in high doses contributed to a decrease in the content of humus. At the 
same time, with a decrease in the humus content, the content of total nitrogen decreased. Consequently, the 
introduction of high doses of nitrogen fertilizers reduces the content of total nitrogen. Instead of unilateral 
application of mineral nitrogen fertilizers, must an integrated of nitrogen nutrition of plants, in which nitrogen 
fertilizers are minimally used and nitrogen of organic fertilizers and biological nitrogen are widely used, will 
lead to a shift in the humification-dehumification balance towards humus formation. 
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The microbial contribution to soil organic matter has been shown to be much larger than previously thought 
and thus its role in carbon cycling may also be underestimated. Among soil microorganisms, chemoautotrophs 
can fix CO2 without sunlight and can glean energy through the oxidation of reduced elements such as sulfur. 
Here we show that the addition of sulfur to soil results in an initial surge in production of CO2 through 
microbial respiration, followed by an order of magnitude increase in the capture of carbon from the 
atmosphere as elemental sulfur is oxidised to sulfate. Thiobacillus spp., take advantage of specific conditions to 
become the dominant chemoautotrophic group that consumes CO2. We discern the direct incorporation of 
atmospheric carbon into soil carbohydrate, protein and aliphatic compounds and differentiate these from 
existing biomass. These results suggest that chemoautotrophs can play a large role in carbon cycling and that 
this carbon is heavily influenced by land management practices. 
 
 



Session 2c – C sequestration and climate change 

6th International Symposium on Soil Organic Matter  71 

P-2c.03 

Carbon sequestration and soil restoration potentials of grazing lands under exclosure management 

in Tigray region, northern Ethiopia 

 

*Tessema Zewdu Kelkay1 
1Haramaya University, Dire Dawa, Ethiopia 
 
Exclosures are used to regenerate native vegetation as a way to reduce soil erosion, increase rain water 
infiltrationand provide fodder and woody biomass. Therefore, we studied vegetation biomass, carbon 
sequestration and soil nutrients on grazing lands under five and 10 years grazing exclosures and freely grazed 
areas in Tigray, northern Ethiopia. Vegetation biomass, carbon stocks and soil nutrients increased with 
increasing grazing exclusion. However, open grazing lands and five years exclosure did not differ in woody 
biomass, above-and-belowground carbon stocks. Moreover, 10 year grazing exclosure had a higher (P<0.01) 
grass, herb and litter carbon stocks compared to five years exclosure and open grazing lands. The total carbon 
stock was higher (P<0.01) for 10 years exclosure (193.3 tCha-1) than the five years exclosure (154.0 tCha-1) and 
in open grazing areas (146.6 tCha-1). Grazing lands closed for 10 years had a higher (P<0.05) soil organic 
carbon, organic matter, total N, available P, and exchangeable K+ and Na+ compared to five years exclosure 
and open grazing lands. Therefore, we concluded that establishment of grazing exclosures had a positive effect 
in restoring degraded grazing lands, thus improving vegetation biomass, carbon sequestration potential and 
soil nutrients under the changing climate and global warming. 
 
Keywords: Carbon stocks; Land degradation; Organic carbon; Soil fertility; Vegetation biomass 
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The Paris Agreement emphasises enhanced mitigation measures, reducing greenhouse gas (GHG) assessment 
uncertainties, better quantified sinks, and the tailored use of different offsetting mechanisms. The soil organic 
carbon (SOC) pool has the potential to act as a major source or sink of GHGs. Due to the lack of spatially explicit 
activity data, the Annex-I countries use the Tier-1 methodology (IPCC, 2013: CUP-UK,1535p) for inventory 
reporting. To attain Tier-2, data generated previously for Ireland through overlaying land use (LU) and soil maps 
using ArcGIS (Khalil et al., 2013: Geoderma, 193-194:222-235) were reprocessed to develop depth-distribution 
models and pedotransfer functions (R2=0.53-1.00), for estimation of SOC concentrations and bulk densities. 
Then, databases/maps for two soils and a historical agricultural LU (2000-2014) were overlaid to categorize key 
LUs on mineral, organo-mineral and organic soils, and to identify historical LU changes. The SOC density was 
higher in the organic than in the organo-mineral and mineral soils, and for the LUs in the order of rough grazing 
(R)>grassland (G)>rotation/ley (Rota-GT)>tillage (T). The corresponding value (t-C-ha-1) for LUs in the 0-30 cm 
was 242, 215, 162 and 80 measured in 2006; and 236, 192, 168 and 99 estimated reference (SOCref) for 1990. 
Based on the SOCref, its density difference showed a sink for G and R whereas T and GT as sources. The 
average SOC balance (25 years) for the 0-30 cm was 1.56 t-C-ha-1yr-1, indicating overestimation for the organo-
mineral soils with the IPCC default LU system factors used. Similar was observed for national agricultural SOC 
stock (Density*LU areas) and the total SOCref stock was 750 Tg for the 0-30 cm. An estimated potential of 
offsetting GHGs through SOC sequestration was 3.75 Tg-yr-1. The findings imply that the approaches could 
provide robust assessment of SOC for agricultural LULUC accounting, offsetting and achieving an increase to 

‰ pe  ea . 
Figure 1 
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Humus state is one of the important factors determining the fertility of the soil. The study shows that in the 
serozem soils nitrogen fertilizers increases the activity of the microbiological processes of the nitrogen cycle. 
The increase of mineral nitrogen in the soil due to application nitrogen fertilizers alters the nature of the 
microbiological processes in the soil, towards the decomposition of humic substances. Organic fertilizers 
contributes to changing the direction of microbiological processes to the side in the synthesis of humic 
substances. Especially in the application of organic fertilizer with a wide aspect ratio of carbon to nitrogen (C: 
N). When using wheat straw direction of microbiological processes change much towards the synthesis of 
humic substances and the immobilization of mineral nitrogen. The negative effects of high doses of nitrogen 
fertilizer on microbiological processes of synthesis of humic substances can be reduced by increasing the 
multiplicity of their introduction, with which it is possible to reduce the dose of nitrogen fertilizer at the same 
time. When applying nitrogen fertilizers should be taken into account is the ratio of C: N in the soil. Nitrogen 
fertilizer should be in such a quantity to make an amount that the ratio C: N it was was not less than 25-30:1. If 
when using nitrogen fertilizers, this ratio is narrowed to 15-20:1, then a intensify microbiological processes of 
decomposition of humus. Fertilizing nitrogen fertilizer with nitrification inhibitor also reduces the negative 
effect of nitrogen fertilizer on microbiological processes of humus formation. By inhibiting the soil nitrification 
process, ammonium more expended on recovery processes, that is, on the formation of soil organic matter. 
Since, at serozem soils as a result of application very high doses of nitrogen fertilizers, microbial processes of 
soil change in the direction of strengthening the decomposition of humus and this resulted in a decrease of 
humus content and total nitrogen. How much higher than the norm of nitrogen fertilizer, much higher rate of 
decline of humus and total nitrogen. This shows the complexity of nitrogen fertilizer fixation in the soil. Thus, 
the character and the direction of microbiological processes strongly affect the synthesis and decomposition of 
the humic substances. 
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The distribution of cereals crops in Chile cover a wide range of climate regions, from the semiarid climates in 
the North-Central region to the humid-temperate climates in the South. These crops are of great importance in 
Chile, and cover most of the agricultural land. On the other hand, previous studies have demonstrated that the 
changes in soil organic carbon (SOC) stocks are mainly explained by the climate, land use and management, and 
soil type. Our previous research in the Chile's semiarid region have shown that SOC stock has decreased up to 
50% in the last three decades. Interestingly, in the South region SOC contents have almost not been impacted. 
In this study, we analyzed a series of Andisols from the southern region, derived from volcanic ash with a low 
bulk density, high aggregate stability, and high SOC content (up to 13%). Therefore, the objective of this study 
was to evaluate the SOC changes between year 1980 and 2016 as a function of the climate condition and crops 
cultivation. With this purpose we used the Rothamsted Carbon model (RothC) with 36 years of actual climate, 
soil properties, management, and yield records. The RothC model performed well, but tends to underestimate 
the carbon stocks in areas with humid climate and in soils with higher carbon content. In order to overcome 
this limitation, a water aggregates stability (a soil physical property) was used to fit the modeled carbon data to 
the measured ones. In addition, our results showed that the cereal crops have a different impact soil carbon 
stocks depending on the climate conditions. These and other related findings are discussed in this paper as the 
increments in soil carbon stocks in cereal crops are highly limited in semiarid environments and in response to 
climate change scenarios. 
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In semiarid Spain, irrigated agriculture is important for the economic profitability of farming activity. In 
northeastern Spain, summer crops such as maize and alfalfa are extensively cultivated. In the case of maize, the 
shift from traditional to pressure irrigation systems (i.e., sprinkler irrigation) together with the application of 
large quantities of N fertilizers have resulted in large increases in crop yields. However, this increase in crop 
yields could be offset by environmental problems associated to the large additions of N fertilizers.The objective 
of this study was to evaluate the performance of the model Daycent model to predict soil N2O emissions, C 
inputs and soil organic carbon changes in irrigated maize systems in Mediterranean conditions. Two maize 
experiments located in NE Spain were chosen. In the first experiment, located in Zaragoza, different soil tillage 
treatments were compared (no-tillage with residue removal, no-tillage without residue removal and 
conventional tillage). In the second experiment, located in Lleida, two tillage treatments (no-tillage and 
conventional tillage) and three N fertilization rates were compared (0, 200 and 400 kg N ha-1). Soil N2O 
emissions, aboveground C inputs and crop yields measured during two years (2015 and 2016) were used to 
evaluate the performance of the Daycent model.The first results showed that, at both sites, the model 
predicted well above-ground C inputs. The cumulative N2O simulated was fairly similar to the observed values 
in all three treatments. However, during the fertilization events, daily N2O peak values measured were lower 
than the simulated values. According to the results, the Daycent model is a viable option to simulate soil C and 
N dynamics in Mediterranean irrigated maize systems. 
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Reduction of rewetting CO2 pulse in water-repellent soils – The impact of soil water repellency on 

the "Birch effect" 

 

*Carmen Sanchez-Garcia1, Emilia Urbanek1, Stefan Doerr1 
1Swansea University, Department of Geography, Swansea, United Kingdom 
 
Soil water repellency (SWR) is known to cause restricted infiltration and non-uniform water movement in soil 
resulting in a small percentage of pores actively transporting water. The "Birch effect" is a well-known short-
term pulse of CO2 after the rewetting of dry soil. One of the sources of this pulse is attributed to the 
displacement of CO2 in air-filled pores during the process of wetting. The "Birch effect" has been extensively 
studied in wettable soils where immediate infiltration and homogeneous wetting is expected. Some studies 
reported lack of CO2 followed by rewetting of soil exposed to long term drought and suggested that soil water 
repellency could have caused it.  
The aim of this study is to test the hypothesis that soil water repellency reduces CO2 pulse after rewetting of 
dry soils. Dry homogeneous soils at water-repellent and wettable states were subjected to increasing amounts 
of wetting. CO2 flux as a response to rewetting was continuously monitored above and below soil samples with 
the CO2 flux analyser. Severely reduced infiltration, overland and preferential flow was observed in water-
repellent soils. Majority of applied water quickly drained through the soil and only a small portion of water 
retained in the soil pores. In contrast, nearly 98% of applied water retained in pores in wettable soils. Typical 
"Birch effect" observed in wettable soil was not detected in water repellent soil. The amount of applied water 
during the rewetting was found to be a dominant parameter controlling the total CO2 released, increasing with 
the amount of water. 
The main conclusion of this study is that soil water repellency substantially reduces CO2 pulse after rewetting, 
affecting gas transport in soils. Hence SWR becomes an important parameter to consider during site monitoring 
and modelling of gas fluxes. 
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Decadal soil carbon accumulation across Tibetan permafrost regions 

 

*Yuanhe Yang1, Jinzhi Ding1, Leiyi Chen1, Pete Smith2, Jingyun Fang1 
1Institute of Botany, Chinese Academy of Sciences, Beijing, China 
2School of Biological Sciences, University of Aberdeen, Aberdeen, United Kingdom 
 
Permafrost may represent a critical carbon (C)-climate feedback under increasing permafrost thaw and a 
synthesis of warming experiments suggests that climate warming will cause substantial reductions of top soil 
organic carbon (SOC) stocks. However, a lack of regional-scale observations of changes in cold-region SOC 
stocks, still limits our ability to make fully credible projections of changes in SOC under future climate warming. 
Here we assessed decadal changes in SOC stock in the upper active layer (0-30 cm depth) across Tibetan alpine 
permafrost regions by developing a unique resampling dataset of SOC stock based on two field campaigns in 
the 2000s and 2010s. We observed an overall accumulation in SOC stock, which was found irrespective of 
vegetation type, with a mean rate of 28.0 g C m-2 yr-1 (the 95% confidence interval: 15.2, 40.8) across Tibetan 
permafrost regions. This SOC accrual only occurred in the subsurface soil (10-30 cm), mainly induced by the 
increase of SOC concentration. These results demonstrate a significant regional soil C sink in the upper active 
layer under a changing climate, implying that in some permafrost regions, projected losses of deeper and older 
permafrost C may be offset by significant increases in upper active layer SOC stocks. 
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Evidence of actual soil organic carbon sequestration in East Africa 

 

Kristin Piikki1,2, *Sara Namirembe3, Rolf Sommer1, Mats Söderström1,2 
1International Center for Tropical Agriculture (CIAT), Nairobi, Kenya 
2Swedish University of Agricultural Sciences (SLU), Soil and Environment, Skara, Sweden 
3International Center for Tropical Agriculture (CIAT), Kampala, Uganda 
 
A key message of the 2015 International Year of Soils was that Soils help to combat and adapt to climate 

change by playing a key role in the carbon cycle. Expectations are high that little changes in soil organic carbon 
(SOC), if implemented worldwide, could offset significant amounts of anthropogenic carbon emissions into the 
atmosphere. While, for instances, the 4p1000 initiative1 strives for a complete offset through increasing global 
topsoil “OC sto ks   ‰ pe  ea , ost e e tl  pu lished figu es state a –35 % global mitigation potential 
(Minasny et al., 2017). Such numbers bear the risk of oversimplifying the issue and making untenable promises 
to policymakers. Firstly, it is a mere assumption that SOC stocks can be increased in all soils of our planet. Even 
if this was physically and technically possible, it may not be economically feasible nor realistically be 
implementable – at once, globally. Secondly, sequestration potentials, i.e. turning a soil into a net carbon sink, 
are often confused with avoided losses, i.e. a reduced loss rate. The poor connection between policy and 
science and the confusion of potential for SOC sequestration and potential for avoided SOC losses reveals the 
need for a systematic review in order to disseminate real-world evidence of SOC sequestration to policymakers. 
The overall aim of this study was to address the current lack of summarized knowledge on SOC sequestration in 
the sub-humid and humid parts of East Africa. The specific objectives were to describe what is known about the 
SOC sequestration potential in East Africa (Kenya, Tanzania, Uganda) by summarizing published data, e.g. from 
long-term trials; review and summarize documented sequestration rates of different management practices in 
smallholder farming systems; and identify and summarize knowledge gaps on SOC sequestrations in order to 
guide on-going and future research initiatives. 
Evidence for significant SOC sequestration soils in East Africa is limited. The majority of studies indeed merely 
report observed treatment differences without detailing further whether observed differences are avoided 
losses only or constitute a true C-sink. It hence seems that reaching sequestration rates required to meet the 
aforementioned aspirations is a long shot. 
1 http://4p1000.org/ 
Minasny, B. et al., 2017. Soil carbon 4 per mille. Geoderma 292: 59-86. 
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Study on the distribution and adsorption behaviors of the soil DOC from wetlands of subtropical 

monsoon climate zone of China 

 

*Yunfeng He1, Jinyu Gao1, Qian Chen1 
1Zhejiang University, Hangzhou, China 
 
Introduction 

 
In the process of wetland carbon cycle, the SOC can not only be converted into gases and releases into 
atmosphere, but also can be carried into the water as the form of DOC. Studies about wetland carbon cycle 
mainly focused on CO2 and CH4 emissions, while migration and transformation of DOC were rarely mentioned. 
 

Objectives 
 
The objective of this study is to characterize the distribution and adsorption characteristics of DOC in the 
wetland soil and to investigate the mechanism of DOC adsorption by soil. 
 

Materials & Methods 
 
The soil samples used in this study were collected from three kinds of wetland ecosystems (urban wetland, lake 
wetland and paddy field) in the subtropical monsoon climate zone of China. In every sampling site, surface soil, 
middle layer soil and subsoil were collected. 
Soil physical and chemical properties were determined. In addition, the soil samples were also used for the 
adsorption experiment. In order to investigate the mechanism of DOC adsorption by soil, electron microscopy 
analysis, X ray diffraction analysis and Fourier transform infrared spectrum analysis of the soil samples were 
also conducted. 
 

Results & Conclusion 
 
(1) The DOC content in the wetland soils was in the range of 125.72-512.92 mg/kg, and the average content 
was 269.72 ± 119.01 mg/kg, accounting for about 2% of the TOC average content. It presented a trend that 
DOC content decreased with the increase of soil depth. In addition, the DOC content in different wetlands was 
in the following order: paddy field > urban wetland > lake wetland. 
(2) When the initial concentration of the adsorbate was between 0 and 45 mg/L, three of the adsorption 
models including IM isotherm, Freundlich and Temkin could simulate the adsorption process properly. Among 
them, IM isotherm was the most suitable one. The partition coefficient m indicated that the subsoil owned the 
largest adsorption capacity. The DOC adsorption capacity of the wetland soil was positively correlated with the 
soil pH value, the physical clay and the active Al content. 
(3) It was observed that the particles with larger specific surface area, pore diameter and pore volume tended 
to adsorb and store more DOC. And part of the DOC adsorbed by the particles gathered in the pore structure. 
Thus it could be deduced that physical absorption was one of the absorption mechanism. In addition, the ligand 
exchange of hydroxyl was proved to be the chemical adsorption mechanism. 
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Effect of carbonized biomass on CO2 and N2O emissions from orchard soil in laboratory experiment 

 

*Sunil Lee1, Eunjung Choi1, Jongsik Lee1, Hyuncheol Jung1, Gunyeob Kim1 
1National Institute of Agricultural Sciences, Climate Change and Agroecology, Wanju, South Korea 
 
Carbonized biomass is a carbon-rich solid product obtained by the pyrolysis of biomass. It has been suggested 
to mitigate climate change through increased carbon storage and reduction of greenhouse gas emission. The 
objective of this study was to evaluate carbon dioxide (CO2) and nitrous oxide (N2O) emissions from soil after 
carbonized biomass addition. The carbonized biomass derived from pear tree pruning was a mobile pyrolyzer 
with field scale, which a reactor was operated about 400~500℃ for 5 hours. The treatments were consisted of 
a control without input of carbonized biomass and two levels of carbonized biomass inputs as 6.06 Mg/ha, C-1 
and 12.12 Mg/ha C-2. Emissions of CO2 and N2O from orchard soil were determined using closed chamber for 
13 weeks at 25℃ of incubation temperature. Soil moisture contents were retained to 70% water holding 
capacity (WHC) during the incubation period. Emissions of CO2 and N2O from the soils were periodically 
measured and cumulative CO2 and N2O emissions were calculated. It was shown that the cumulative CO2 were 
209.4 g CO2/m2 for C-1, 206.4 g CO2/m2 for C-2 and 214.5 g CO2/m2 for the control after experimental 
periods. The cumulative CO2 emission was similar in carbonized biomass input treatment compared to the 
control. This indicated that carbonized biomass could function as a stabilizer for soil carbon. It was appeared 
that cumulative N2O emissions were 4,478 mg N2O/m2 for control, 3,227 mg N2O/m2 for C-1 and 2,324 mg 
N2O/m2 for C-2 at the end of experiment. Cumulative N2O emission contents significantly decreased with 
increasing the carbonized biomass input. Consequently, the carbonized biomass from byproducts such as pear 
branch residue could suppress the soil N2O emission. The results from the study imply that carbonized biomass 
can be utilized to reduce greenhouse gas emission from the orchard field. 
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A comparison of soil organic matter physical fractionation methods 

 

*Sarah Duddigan1, Chris Collins1, Liz Shaw1, Paul Alexander2 
1University of Reading, Geography and Environmental Science, Reading, United Kingdom 
2Royal Horticultural Society, Wisley, United Kingdom 
 
Question 

 
Selecting a suitable physical fractionation method to investigate soil organic matter dynamics from the 
plethora that are available is a difficult task. Here we ask whether the physical fractionation method used has a 
significant effect on the results obtained. 
 
Methods 

 
An initial investigation of four different physical fractionation methods was conducted (i) Six et al. (2002); (ii) 
Zimmermann et al. (2007); (iii) Sohi et al. (2001); and (iv) Plaza et al. (2013). Soils used for this were from a 
long-term organic matter field plot study where a sandy loam soil was subjected to the following treatments: 
Peat (Pt), Horse Manure (H), Garden Compost (GCf), Garden Compost at half rate (GCh), and a bare plot control 
(BP).  
Although each of these methods involved the isolation of unique fractions, in the interest of comparison, each 
fraction was categorised as either being (i) physically protected (i.e. in aggregates); (ii) chemically protected 
(such as in organo-mineral complexes); or (iii) unprotected by either of these mechanisms (so-called free 
organic matter). 
 
Results 

 
Regardless of the fractionation method used, a large amount of the variation in total C contents of the different 
treated soils is accounted for by the differences in unprotected particulate organic matter. When comparing 
the methods to one another there were no consistent differences in carbon content in the physically protected, 
chemically protected, or unprotected fractions as operationally defined across all the five organic matter 
treatments. Therefore fractionation method selection, for this research, was primarily driven by the 
practicalities of conducting each method in the lab. 
 
Conclusions 

 
All of the methods tested had their limitations, for use in this research. This is not a criticism of the methods 
themselves but largely a result of the lack of suitability for these particular samples. For example, samples that 
contain a lot of gravel can lead to problems for methods that use size distribution for fractionation. Problems 
can also be encountered when free particulate organic matter contributes a large proportion of the sample, 
leaving insufficient sample for further fractionation. This highlights the need for an understanding of the nature 
of your sample prior to method selection. 
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Effect of management of Eucalyptus harvest residue on soil carbon content  

 

*Deborah Dick1, Juscilaine Martins1,2, Cimélio Bayer1,2 
1Federal University of Rio Grande do Sul, Physical-Chemistry Department, Porto Alegre, Brazil 
2UFRGS, Soil Science, Porto Alegre, Brazil 
 
Introduction 
 
Soil organic matter (SOM) has an important role in soil quality. Therefore, is relevant comprehend SOM 
dynamics to define management. Eucalyptus are usually cultivated in soils of poor fertility like sandy soils. 
Harvest is the main responsible for carbon (C) loses, being a critical point for soil conservation. 
 
Objective 

 
The objective of this study was to evaluate the influence of harvest residue management on SOM by comparing 
C content and humic substances (HS) fractions and to define the most appropriate harvest residue 
management for sandy soil. 
 
Materials & Methods 

 
The experiment was conducted in a sandy Entisol used for silviculture in the last 30 years (3 culture cycles), 
Southern Brazil, under humid subtropical climate. Three treatments were tested in randomized complete block 
design, with triplicated blocks: With residues (WR) – maintenance of forest residues (branches, leaves and 
litter layer from the previous rotation) on soil surface. No residues (NR) – removal of all forest residues from 
soil surface. No residues + shade net (NRS) – removal of forest residues and current cultures litter, by means of 
a shade net above soil to prevent residues input on soil. Seven years after the new plantation, soil was sampled 
in six layers (Table 01). C content was determined by elemental analysis and HS were fractionated and 
quantified according to Swift (1996) and Dick et al. (1998), pH was determined in water (1:1) and cation 
exchange capacity (CEC) in pH 7. 
 
Results.  

 

Treatments didnt affect soil pH (mean = 4.5). Despite the lack of statistical difference CEC was higher in WR 
treatment. The upper layer showed difference for C content among treatments. For HS there were differences 
in layers 0-2.5 and 10-20. Humic acid (HA) content was, in general, higher than the fulvic acid (FA). Dissolved C 
(H2O and HCl fractions) was a smaller portion of SOM in all treatments. 
Conclusion.  

 

Although results didnt show significant differences, there was a tendency for higher C accumulation in WR 
treatment. Due to the low content of SOM, it is possible that the C inherited from previous plantations has 
been enough to mask the effect of residue removal, mainly in depth. The sharp decrease of C in depth (Fig. 01) 
indicates a fast cycling on surface. Thus, WR treatment seems to be an option for improvement the quality of 
soil. 
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Simulations of Danish mineral soil organic carbon at the national level - upscaling the point model 

to the national inventory model 

 

*Arezoo Taghizadeh-Toosi1, Steen Gyldenkærne2, Jørgen Olesen1 
1Aarhus University, Agroecology, Viborg, Foulum, Denmark 
2Aarhus University, Department of Environmental Science - Emission modeling & environmental geography, 
Roskilde, Denmark 
 
Soil organic carbon (SOC) is beneficial for soil fertility and soil structure and is in active exchange with the 
atmosphere. The amount of organic carbon (OC) input into the soil and SOC turnover rate are important for 
predicting the carbon (C) sequestration potential of soils subject to changes in land-use and climate. The C-
TOOL model was developed to simulate the SOC storage on medium- to long-term trends in the whole soil 
profile. C-TOOL defines three discrete soil carbon pools that comprise the SOM of mineral soils; and by 
considering the degradation and transformation between these pools, it simulates the dynamics of SOM in 
whole soil profile (0-100 cm). In Denmark, a national 7 × 7 km grid net was established in 1986 for soil C 
monitoring down to 100 cm depth, and was sampled 3 times with approximately 10-year intervals in 1986, 
1997, and 2009. C-TOOL was parameterized using SOC and radiocarbon data from selected long-term field 
treatments in North West Europe. Additionally, C-TOOL was verified against measured values from Danish grid 
monitoring network. 
 
Under the Kyoto protocol article 3.4, Denmark has chosen to report the greenhouse gas (GHG) emissions from 
agricultural mineral soils at the Tier 3 level. Reporting at the Tier 3 level requires the use of a dynamic model, 
and Denmark uses C-TOOL model for this purpose. The simulations with C-TOOL have been performed at 
national level, although the country was divided into three main soil types and seven regions for simplicity. The 
initial values for SOC were derived from soil samples from a 7 x 7 km square national soil classification grid. The 
reginal management was obtained from Denmark statistic data combined with a GIS analysis for the exact 
position of field crops from the farmers reporting to the Danish AgriFish Agency under the EU regulation. Then, 
soil C input was estimated from crop yield, animal type and animal heads in each region from Denmark statistic 
reports. Regional temperature data were extracted from central weather station of each area. The national 
simulations consist of separate simulations for each selected soil type and region. The results from all the 
simulations will be aggregated and will be compared with measured SOC contents of Danish monitoring 
network. Further scenarios will be also performed to find out the sensitivity of changing the agricultural 
management practices (particularly straw handling), and the sensitivity for the temperature change on SOC 
stock changes at national level in future.  
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Root carbon - What is the contribution and stability? 

 

Ivanah Oliver1, *Brian R. Wilson1,2, Richard Flavel1, Oliver Knox1 
1University of New England, School of Environmental and Rural Science, Armidale, Australia 
2NSW Office of Environment and Heritage, Armidale, Australia 
 
In recent years, considerable research interest has focused on soil carbon (C), particularly with respect to the 
potential for soils to store additional C in the context of climate change mitigation. To fully understand this 
potential, it is necessary to quantify the C contributed from various sources and the stability of each source. 
Roots and root exudates have received little attention with regard to their contribution to the soil organic C 
pool. 
 
We aimed to determine the amount of 'new' C inputs from the root system and their stability down the soil 
profile across multiple growth and decomposition phases. Specifically, our objectives were to investigate 1) 
whether the amount of 'new' C reflects the amount of root biomass found across the depths, 2) how long this 
'new' C persists in the soil, and 3) do the multiple growth and decomposition phase's results in an accumulation 
of 'new' C. 
 
We utilised a pot experiment using a soil with a characterised history of C3 plant growth, in which we grew 
Rhodes grass (Chloris gayana), a C4 subtropical species, to label the contribution of C inputs from the root 
system. The experiment ran for two seasons, with each season consisting of a growth phase and decomposition 
phase of three months. The above-ground biomass was removed at the end of the growth phase and 
subsamples were destructively harvested for soil and roots at four depths (0-10cm, 10-20cm, 20-40cm and 40-
60cm) at the end of each phase. Using Isotope Ratio Mass Spectrometry (IRMS) and the difference in 13C 
signature between the C3 and C4 vegetation, we quantified the amount of C4 derived C and its distribution 
down the soil profile. No-plant control samples (i.e. only soil) were included to account for any changes in the 
soil C and its 13C signature over time in the absence of 'new' C input. Root mass and soil 13C value were 
quantified for each depth and across time to provide insights into the contribution and rate of turnover of root-
derived C in this soil under the experimental conditions. The current root mass results show that after a 
relatively short decomposition phase, the root mass on average has decreased by at least half across all depths. 
We will describe the relationship between total root growth, total root C input, soil depth and the relative 
stability of the C across time. 
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Bicarbonates dissolved in irrigation water contribute to soil CO2 efflux 

 

*Kirsten Hannam1, Andrew Midwood1, Melanie Jones1 
1University of British Columbia, Okanagan, Biology, Kelowna, Canada 
 
Introduction 

 

Irrigation is critical for food production and is required to meet the needs of an ever-expanding global 
population. Irrigation is particularly critical in arid to semi-arid regions, such as the Okanagan Valley (Canada), 
where the use of irrigation water containing dissolved inorganic carbon (in the form of bicarbonates) is 
widespread. Although irrigation with bicarbonate-containing water is known to liberate CO2, the proportion of 
overall soil CO2 efflux derived from inorganic C, and its contribution to atmospheric CO2, remains unknown. 
 

Objectives 

 

To characterize and quantify the release of bicarbonate-derived CO2 from an irrigated apple orchard in a semi-
arid region. 
 

Materials and Methods 

 

Bicarbonates are generally enriched in 13C and are, thus, isotopically distinct from the more 13C-depleted CO2 
released from respiring roots and decaying soil organic matter. Using a chamber system with on-line 13C 
analysis, we used novel stable isotope measurement techniques to partition the soil surface CO2 efflux into 
organic and inorganic C sources during real-time individual irrigation events in the field. To confirm that 
dissolved inorganic C was a significant source of CO2 efflux, we also compared the effect of irrigation with 
bicarbonate-containing water and deionized water containing no bicarbonates.  
 

Results 

 
Irrigation with bicarbonate-rich water effectively doubled the pre-irrigation soil surface efflux rate. A marked 
increase in the 13C content of the soil CO2 efflux, from –  ‰ to - ‰, i di ated that i o ga i  C as the 
primary source of this additional CO2.  
 

Conclusion 

 

Stable isotope analysis is a useful tool for identifying and quantifying the contribution of organic and inorganic 
C to the release of CO2 from the soil surface. Using this technique, we have demonstrated that bicarbonate-
containing irrigation water can contribute significant quantities of CO2 to soil surface efflux immediately 
following individual irrigation events. Ongoing work will determine the importance of inorganic C to GHG 
emissions in this irrigated horticultural system. 
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Benefit of compost utilization on reducing greenhouse gas emission in rice cultivation system 

through whole management chain 

 

*Seung Tak Jeong1, Gil Won Kim2, Hyun Young Hwang1, Hyo Suk Gwon1, Jeong Gu Lee1, Song Rae Cho1, Jin 
Ho Lee1, Pil Joo Kim2,1 
1Gyeongsang National University, Division of Applied Life Science (BK21+ Program), Jinju, South Korea 
2Gyeongsang National University, Institute of Agriculture and Life Science, Jinju, South Korea  

 
Manure application can significantly increase greenhouse gas (GHG) emission, in particular methane (CH4) in 
flooded rice paddy soil. Instead of fresh organic matter (OM) addition the stabilized OM like compost is 
strongly recommended to suppress CH4 emission during rice cultivation. However, since composting is bio-
decomposition process of OM, huge amounts of GHGs might be emitted during composting and transport 
processes, but the effect of composting process on total GHG emission budget was not evaluated yet. To 
compare the effect of compost application on reducing GHG emission the compost treatment was selected as 
the main treatment, and no-manure and fresh manure treatments were added for comparison. Fluxes of GHGs 
from manure composting to land application processes were calculated by LCA method and the direct 
measurement. The model framework was composed with GHG (CH4, N2O and fossil CO2) fluxes from industrial 
activities and biogenic GHG (CH4 and N2O) fluxes from composting and rice cultivation processes. One swine 
manure composting plant was selected as a model to calculate the GHG emissions from composting process. 
Air-dried swine manure was composted using a conventional static composting chamber method. To evaluate 
the effect of compost application on GHG emission during rice cultivation, 3 different treatments (control, fresh 
and composted swine manures) were installed in a typical mono-rice paddy. In all treatments the same levels 
of chemical fertilizers (N-P2O5-K2O=90-45-57 kg ha-1) were applied, and 5 Mg ha-1 of fresh and composted 
manures (dry weight) were applied in 2 manure treatments. Two biogenic GHG fluxes were monitored using a 
closed chamber method during composting and rice cultivation processes. Fresh manure application was 
effective to increase rice yields, but significantly increased CH4 and N2O emissions during rice cropping period. 
Manure composting and transport processes added 3 Mg CO2-eq. of GHGs to make 5 Mg of compost (dry 
weight) from 8 Mg of fresh manure. However, the compost application decreased more than 50% of CH4 
emission during rice cultivation, and then decreased net GWP by 30% over the fresh manure treatment 
through whole manure management processes. In comparison GHG emissions added from manure composting 
and transport processes did not strongly affect net GWP scale in rice paddy condition. In conclusion manure 
composting and compost application could be very good soil management way to improve rice productivity 
with minimizing GHG emission increase in rice paddy environment. 
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Soil carbon balance at various landscape positions in Dedelow, Northeastern Germany 

 

*Rochelle Joie Saracanlao1, Mathias  Hoffmann2 
1University of the Philippines Los Banos, Soil Science Division, Los Banos, Philippines 
2Leibniz Center for Agricultural Landscape Research, Muncheberg, Germany 
 
The influence of soil erosion on the development of soil organic carbon (SOC) stocks in agricultural lands is up 
to now uncertain. Eroding landscapes are thought to contribute to the "missing terrestrial carbon sink" as 
explained by the assumption that carbon (C) sequestration happens at the eroded sites due to dynamic 
replacement. Furthermore, this offsets the potential soil C losses from other landscape positions like the 
depression and hilltops. CO2 measurements were carried out at a hummocky ground moraine site grown with 
winter wheat in 2015 using automatic chambers. CO2 fluxes were calculated using the empirical gap-filling 
model (Figure 1) of Hoffmann et al. (2015), which uses temperature and radiation to simulate ecosystem 
respiration (Reco) and gross primary production (GPP) and to calculate net ecosystem exchange (NEE). 
NPPshoot, derived from the C content of the aboveground biomass, is then added to NEE to evaluate SOC. 
Returning crop residues in the field (NEEresidual) should also be considered in SOC calculation. 
Results showed that four measurement (hilltops, backslope, midslope and depression) acts as a C source. More 
CO2 is emitted from the depression releasing 314 g C m-1 yr-1 of CO2 (Figure 2). Emissions from the hilltop and 
midslope does not vary significantly and is twice lower compared to the depression. Lastly, the midslopes 
showed the lowest emission by four times with respect to the emissions from the depression. Crop residue 
addition and its effects on SOC are difficult to isolate with erosion effects. Addition of crop residue sequestered 
C from -123 in the backslopes to -139 g C m-1 yr-1 of CO2 in the depression. Eroding landscapes showed a 
higher potential of C storage compared to the depressions and hilltops. But in the event of returning crop 
residues to the field, that erosion effect is negated. Regardless of the landscape position which is shaped by the 
erosion events, agricultural lands become C sink to the same degree when this particular farming practice is 
imposed.  
Figure 1 
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Changes in soil carbon stock in the inner Mongolia semi-arid grasslands between 2002 and 2015 

 

Dan Kou1,2, Wenhong Ma3, Beibei Zhang1, Jinzhi Ding1,2, Huifeng Hu1, Jianchun Yu1,2, *Shuqi Qin1,2, Kai Fang1,2, 
Jingyun Fang1,4, Yuanhe Yang1 
1Institute of Botany, the Chinese Academy of Sciences, Beijing, China 
2University of Chinese Academy of Sciences, Beijing, China 
3Inner Mongolia University, Inner Mongolia, China 
4Peking University, Beijing, China 
 
Drylands cover about 45% of the global terrestrial surface, and are still expanding under climate change. Thus, 
the carbon cycle in drylands exerts important role in regulating the magnitude of carbon-climate feedback in 
terrestrial ecosystem. However, previous studies in these regions mainly focused on the responses of soil 
carbon fluxes to climate change, with little empirical evidence from soil carbon stock dynamics. Based on 
repeated soil carbon measurements in the early 2000s and 2015, here we explored decadal changes in soil 
organic carbon stock in arid and semi-aid grasslands in northern China. We observed an overall accumulation of 
soil organic carbon in the upper 50 cm. The increase was found in meadow steppe and alpine steppe, while 
with no change in desert steppe. Moreover, our results indicated that the SOC dynamics in surface soil were 
positively correlated to aridity index, mean annual precipitation and clay content, but negatively correlated to 
mean annual temperature and sand content. Different from surface soil, the relationship between SOC 
dynamics and environmental variables weakened with increasing soil depth. Taken together, these results 
suggest that soil in arid especially semi-arid area currently represents a carbon sink, which will trigger a 
negative feedback to climate warming.  
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Does the distribution of the size and functions of microbial community in soil particles follow the 

pattern of organic C turnover? 

 

*Wenting Feng1, Yiqi Luo2, Minggang Xu1 
1Chinese Academy of Agricultural Science, Institute of Agricultural Resources and Regional Planning, Beijing, 
China 
2University of Oklahoma, Plant Biology and Microbiology, Norman, United States 
 
Soil micro-habitats, such as aggregates and soil mineral surfaces, are important for soil organic carbon (SOC) 
stabilization, and induce varying C turnover times in soil particle of different size. Although microbes mediate 
SOC turnover, it remains unclear how microbial communities vary among soil particles. Do microbial 
communities in soil particles follow the same pattern as SOC turnover? Therefore, quantifying the distribution 
of microbial community in soil particles will advance our understanding of the controls on SOC dynamics in soil 
micro-habitat, and further inform us how to present microbial communities and C stabilization mechanisms to 
SOC models. In this study, we aim to quantify the distribution of the size (i.e. microbial biomass C: Cmic) and 
functions (i.e. enzyme activity) of microbial community in soil particles of different size across region, land use, 
and soil types. We searched for studies that meet the following criteria: (1) conduct physical soil fractionation 
to generate a series of soil particles of different size, (2) assess Cmic of each soil particle using chloroform 
fumigation extraction, and (3) measure enzyme activity for each soil particle. We found 42 articles about Cmic 
and 65 articles about enzyme activity in different soil particles, and synthesized results from these studies. The 
preliminary results show that Cmic per soil particle reduced with decreasing soil particle size as predicted, but 
this pattern depends on land use and vegetation types. We also observed that P related enzyme activities 
increased with deceasing soil particle size, but C and N related enzyme activity did not follow the similar 
pattern. 
 
Our further analyses will quantify the relative contribution of soil particles to Cmic and enzyme activity of bulk 
soil across climate, land use, and soil types, and identify the controls of the relative contributions of soil 
particles. Synthesizing microbial community distribution in soil particles globally will give hints about the 
potential links between C turnover, chemistry, and microbial community, and illustrate microbial roles in Corg 
in the soil micro-habit. 
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Conversion of amazon rainforest to pasture: Effects on carbon stocks and soil physical properties 
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2Embrapa, Embrapa Soils, Rio de Janeiro, Brazil 
3Universidade Federal de Mato Grosso, Cuiabá, Brazil 
 
Introduction 

 
The conversion of native forest to pasture is associated to changes in soil C dynamics. The maintenance, 
reduction or increase in soil carbon content in pastures compared to the natural ecosystems are dependent on 
several factors, including climate, soil type, tillage methods and residue and nutrient management.  
 
Objectives 

 
The objective of this experiment was to evaluate the effect of conversion of Amazon rainforest to pasture 
including well-managed pasture on carbon stocks and physical properties in a Haplic Ferralsol in the southern 
of Brazilian Amazon. 
 
Materials & Methods 

 
The study sites were located on three farms in the Amazon humid tropical forest, Alta Floresta-MT municipality 
– Brazil. Treatments corresponded to poorly managed pasture (PM1, PM2, PM3) and well-managed pasture 
(WM1, WM2, WM3) with 3 replications. A natural forest closed to the studied areas with the same soil 
characteristics was used as reference. WMP sites were all established in 2012, on previously poorly managed 
pasture areas, which was cultivated over the past 20 years after forest deforestation. WMP treatments 
comprehend the use of nutrient management strategies as well as adequate animal stock rate. On PMP 
treatments, there were no fertilizers or lime applications and animal grazing was continuous without stocking 
rate control. Soil samples were obtained in 2014 for five layers 0-5, 5-10, 10-30, 30-60 and 60-100 cm at each 
site. 
 
Results 

 
WMP2 obtained C stock similar to the native Forest in the 0-30 cm layer. However, C stocks on well-managed 
pasture (WM2 and WM3) were, on average, 27% higher than native forest. In the other treatments, even 
poorly managed pasture (PMP1 and PMP3) presented C stocks slight higher than native forest. The density of 
the soil in all assessed areas, were higher than those presented in the native forest, especially in the surface 
layers of 0-5, 5-10 and 10-30 cm, with values close to were close to the critical limit for root growth. 
 
Conclusion 

 
Conversion of Amazon rainforest to pasture can contribute to maintain soil C stocks; however C stocks may 
increase when well-managed pasture is used as a strategy for pasture management. 
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Camelina (Camelina sativa L.) and carinata (Brassica carinata): Agronomic performance and 

impacts on soil properties and greenhouse gas emissions. 

 

*Thandiwe Nleya1, Sandeep Kumar1 
1South Dakota State University, Agronomy, Horticulture, and Plant Science, Brookings, SD, United States 
 

Camelina (Camelina sativa L.) and carinata (Brassica carinata) are non-food oilseed crops that have a potential 
to be used for biofuel production. The introduction of camelina and carinata into cereal-based cropping 
systems in the Northern Great Plains of the U.S. could potentially diversify current cropping systems and 
increase fa e s revenues, benefit soils, and address food vs. fuel challenges. Currently, little is known about 
the agricultural and environmental impacts associated with the production of these non-food oilseed crops. 
This study determined the yield potential of the two crops under different nitrogen fertilizer rates and the 
impacts of growing camelina and carinata on soil properties, and soil surface greenhouse gas (GHG) emissions. 
The study was conducted at two locations in South Dakota, U.S.A. and included five nitrogen fertilizer rates (0, 
28, 56, 84, and 140 kg/ha) applied immediately after planting the crops. Soils samples were collected at the 
start of the experiment and at harvest from 0-10, and 10-20 cm depths and analyzed for soil organic carbon 
(SOC), total carbon (TC), total nitrogen (TN), pH, and EC. Soil surface GHG fluxes were also monitored. Both 
carinata and camelina showed a positive, statistically significant yield response to applied N. The best yields 
were observed at the N rate of 84 kg/ha for carinata and at the N rates of 56 to 84 kg/ha for camelina. Impacts 
of N rates on selected soils properties were different in 2014 and 2015. Nitrogen rate impacted soil N2O fluxes 
in camelina and carinata fields with N2O fluxes increasing with increase in N rate. Nitrogen rate did not impact 
soil CO2 and CH4 fluxes. 
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Sensitivity of soil organic matter decomposition of biochar-amended soil to moisture varies with 

biochar type 

 

*Tatiana Rittl1, Camila  M Basile1, Lorena  Pereira1, Victoria Alms1, Eduardo  G Couto2, Carlos Eduardo Pellegrino 
Cerri1 
1São Paulo University, Soil Science Department, Piracicaba, Brazil 
2Universidade Federal do Mato Grosso, Soil Science, Cuiabá, Brazil 
 
Introduction 

 

Despite the impact of soil carbon (C) decomposition to climate change their sensitivity to changing on 
environmental conditions remains uncertain, and the sensitivity of biochar-amended soils is even less clear.  
 

Objective 

 

To assess the sensitivity of soil organic matter decomposition of soil amended with different types of biochars 
to moisture conditions. 
 
Materials & Methods 
 
Biochars were produced from agricultural residues and included (i) swine manure, (ii) eucalyptus sawdust, (iii) 
sugarcane filter cake, and (iv) cotton bark. The biomasses were pyrolysed at 400°C and 600°C. Miscanthus 

biochar pyrolysed at 450ºC was added as a reference biochar. The treatments and control (soil only) were 
incubated at 20ºC for 90 days under two field water capacity (FWC) conditions, 60 and 100%. The cumulative 
CO2-efflux from the treatments was measured as a proxy for decomposition rate. 
 
Results 

 

CO2 efflux greatly varied with biochar type (Fig. 1). Biochars derived from nutrient rich materials (filter cake 
and swine manure) showed a higher C-CO2 efflux than biochar derived from nutrient poor biomass (cotton 
bark, eucalyptus sawdust, and Miscanthus). Net C-CO2 flux was positively correlated with FWC in the control 
and treatments, indicating that when soil was wetter there was a higher flux of CO2 from soil to the 
atmosphere per unit of C in the SOC. Eucalyptus sawdust had the highest increase (51%) and filter cake the 
lowest (6%). Addition of biochar to the soil decreased CO2 flux from treatments when compared to their 
controls, except for filter cake 400 and 600ºC at 60% FWC and swine manure 400ºC at 60% FWC. 5. Conclusion: 
The findings of this study suggest that water conditions affect SOC decomposition of biochar-amended soil. Our 
results show that: (i) nutrient rich biochars had a higher C-CO2 efflux than biochars derived from nutrient poor 
biomass; (ii) poor nutrients biochars seem more sensitivity to change in moisture than rich nutrients biochars; 
(iii) biochar-amended soils had a lower or similar cumulative C-CO2 efflux than their controls (soil only) at 
different water conditions.  
 
Fig. 1. Total CO2-C efflux from 90-day laboratory incubation of a sandy soil amended with different types of 
biochars under two moisture conditions. FWC = field water capacity. Vertical bars are standard errors of means 
(n=4).  
 

Figure 1 
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Increased soil carbon sequestration and reduced greenhouse gas emissions from paddy fields with 

biochar amendment: A three-year field study 

 

*Jianlin Shen1, Cong Wang1, Jieyun Liu1, Yong Li1, Jinshui Wu1 
1Institute of Subtropical Agriculture, Chinese Academy of Sciences, Changsha, China 
 
Paddy field is one of the most important emission sources of greenhouse gas (GHG), particularly CH4. In the 
present study, a field experiment was performed in a paddy field with double rice cropping in subtropical 
central China with the aim to quantify the annual NGHGE and greenhouse gas intensity (GHGI) in a double rice 
cropping system with the different biochar amendment rates. The field experiment was carried out over the 
three annual cycles (a cycle included early rice, late rice and fallow seasons) from April 2012 to April 2015 in a 
typical double rice paddy a.   old  i  Ji ji g of Cha gsha Cou t  i  Hu a  P o i e, Chi a ° ′N, 

° ′E, ele atio  of  . The e pe i e t o sisted of th ee t eat e ts ith th ee epli ated field plots ×  
m2), in a randomized block design. The treatments were as follows: (1) control treatment (no biochar 
amendment) (CK), (2) low biochar amendment rate (24 t ha-1) treatment, corresponding to 1% of the topsoil 
weight (0-20 cm) (LB), (3) high biochar amendment rate (48 t ha-1) treatment, corresponding to 2% of the 
topsoil weight (0-20 cm) (HB). CH4 and N2O fluxes were determined using the static opaque chamber-gas 
chromatograph method. We found persistent decreased CH4 emissions in six rice-growing seasons and three 
fallow seasons with biochar amendment compared with the control treatment (Fig.1). In contrast, the annual 
N2O emissions were increased with the biochar amendment. Soil organic carbon change rates were increased 
in the CK treatment, while showed decrease in the LB and HB treatments, which indicates the amended biochar 
was decomposed though the decomposition rate is low. The annual total CO2e emissions of CH4 and N2O 
decreased by 42% and 32% at the two biochar application rates of 24 and 48 t ha-1, respectively (Fig. 2); the 
NGHGE and GHGI decreased significantly with the increase of biochar amendment rates. Our results suggest 
that biochar amendment can reduce CH4 emissions and may be a viable C sequestration measure in the double 
rice cropping system. 
 
Fig. 1 Seasonal variations of CH4 flues from the paddy field during the 2012-2013 (a), 2013-2014 (b) and 2014-
2015 (c) cycles, respectively. 
Fig. 2 Cumulative CH4 (a), N2O (b) and CO2-equivalents of CH4 and N2O (CO2e) (c) emissions from 2012 to 
2015. 
 

Figure 1 
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Figure 2 
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Estimating the C input and SOC effects from livestock manure within Canada from 1976 to 2014 

 

*Brian McConkey1, Jianling Fan1, Chang Liang1 
1Agriculture and Agri-Food Canada, Science and Technology Branch, Swift Current, Canada 
 
Introduction 

 
Although livestock manures represent an important input of C onto agricultural land, it is rarely included in 
national estimates of C input to estimate SOC change. The C input from manure changes due to 1) change in 
population of livestock, the type and amount of feed intake and bedding, and the type of handling and storage 
of manures and 2) change in location of where livestock manure is applied due to geographical shifts in 
livestock production. Both of these effects have been important in Canada in recent decades.  
 
Objective 

 
Our objective was to estimate the C input from livestock manure from 1976 to 2014 within Canada and to 
model the SOC impact using the Introductory Carbon Balance Model (ICBM). 
 
Materials and Methods 

 
We estimate the amount of C in manure from diet, organic livestock bedding materials, and management of 
livestock manures. As much as possible we build of data used for National Inventory Reports of greenhouse gas 
emissions, so methods can be applicable to other countries. The effects of manure C input and crop residue C 
input on SOC were modelled using ICBM for 3500 spatial units in Canada having agriculture. 
 
Results 

 

Practically all the C in manure was derived from agricultural land so livestock manure C input is a transfer and 
processing of C rather than a new input. Beef cattle dominate the manure C input and their population has 
gone up and down several times since 1976. Generally manure C production per animal has decreased due to 
use of less bedding and more efficient feed conversion. There has been an important increase in C input and 
hence modeled SOC for farmland in parts of Western Canada since 1976 due to increasing livestock population.  
 
Conclusions 

 
The portion of C derived from grain can be considered a net C input that increases SOC, since without return of 
C from livestock manure, all this C would likely be exported. Within country shifts in livestock production are 
also important since it reduced C input and relative SOC to land where livestock populations have decreased 
while increased input were populations increased. 
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Proper nitrogen fertilization can reduce greenhouse gas intensity in rice paddy soil 

 

Gil Won Kim1, *Hyo Suk Gwon2, Jeong Gu Lee2, Song Rae Cho2, Pil Joo Kim1,2 
1Gyeongsang National University, Institute of Agriculture and Life Science, Jinju, South Korea 
2Gyeongsang National University, Division of Applied Life Science (BK21+ Program), Jinju, South Korea 
 
Nitrogen fertilization is accepted as an essential agricultural practice to improve rice productivity in the 
intensive farming system. However, N loss by excess N fertilization can decrease N use efficiency and make 
environmental problems such as water contamination and greenhouse (GHG) emission. Therefore, the 
appropriate N fertilization could be important for sustainable farming with low net global warming potential 
(GWP) and GHG intensity (GHGI) at high crop productivity. However, the overall impacts of N fertilization on 
net GWP and GHGI were not evaluated well in rice paddy soil. To evaluate the impact of N fertilization on net 
GWP and GHGI, four different levels (0, 45, 90, 180 kg N ha-1) of urea was applied in a typical temperate paddy 
soil. Rice yield properties and two GHG (CH4 and N2O) emission rates were investigated for two years field 
studies. The net GWP was calculated as CO2 equivalent multiplying 25 and 298 to seasonal CH4 and N2O fluxes, 
respectively. Rice grain productivity was significantly increased by N fertilization, maximized at 112-119 kg N 
ha-1 to 6657-6825 kg ha-1, which was 50-52% higher than that in the control. Nitrogen fertilization markedly 
increased seasonal N2O flux with the rate of 4.56-7.11 g N2O kg-1 N, but this N2O flux negligibly contributed the 
net GWP with less than 7%. The net GWP was mainly decided by CH4 flux, which was changed by N fertilization 
with quadric response. The seasonal CH4 flux was increased with N application, peaked at 124-138 kg N ha-1 of 
N fertilization, and thereafter, clearly decreased. As a result the net GWP was increased by N fertilization with a 
quadric equation, peaked at 122-130 kg N ha-1 of urea fertilization. In constrict, the GHGI (kg CO2-eq. kg-1 grain 
yield) which means the net GWP per grain yield was clearly decreased by N fertilization with a quadric 
equation, and recorded the lowest at 104-112 kg N ha-1 of urea fertilization with 1.10-1.28 kg CO2-eq. kg-1 grain 
yield, which was 19-20% lower than that in the control. Conclusively the proper N fertilization (104-112 kg N ha-

1) could be essential for sustainable rice farming with low net GWP and GHGI at high rice productivity. 
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Influence of nitrogen fertilization on net ecosystem carbon budget in temperate more-rice paddy 
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1Gyeongsang National University, Institute of Agriculture and Life Science, Jinju, South Korea 
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In temperate rice paddy fields mono-rice is cultivated under flooding for less than 120 days during summer 
season, and thereafter, the soil is maintained under dried upland condition during cold fallow season. In this 
region rice is generally cultivated by only chemical fertilization without organic amendment. Furthermore, 
almost the whole rice straw is removed for livestock feeding material, and then soil organic carbon (SOC) stock 
might be rapidly depleted with cropping practices. However, the seasonal and annual variation of soil C balance 
has not been evaluated in this paddy field. To investigate the nitrogen (N) fertilization effect on SOC stock 
changes in mono-rice paddy fields, urea was applied with different levels (0-180 kg N ha-1) as N fertilizer, and 
annual C balances were determined analyzing the net ecosystem C budget (NECB) for 2 years. The annual NECB 
was negative value (minus 1192-1434 kg C ha-1 year-1), irrespective with N fertilization rates. This means these 
levels of SOC stock could be depleted with cropping practices. The negative NECB was mainly influenced by 
highly mineralized C loss during the fallow season and harvest removal during the rice cultivation season. More 
specifically the seasonal NECB was big negative (minus 1679-1969 kg C ha-1) during the dried fallow season, but 
slightly positive (375-661 kg C ha-1) during the flooded rice cultivation. However, the annual and seasonal 
NECBs were changed by N fertilization with a quadratic response model. It was increased with increasing N 
fertilization level, maximized at 113-127 kg N ha-1, and thereafter, decreased. This indicates that the optimum 
level, not excess level, of N fertilization is favorable to increase soil C stock in temperate mono-rice paddy soil. 
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Comparison of carbon dioxide emission factor from urea between warm & cold cropping seasons in 

upland soil 

 

Gil Won Kim1, *Hyo Suk Gwon2, Seung Tak Jeong2, Jeong Gu Lee2, Hyun Ji Song2, Ji Yeon Lim2, Pil Joo Kim1,2 
1Gyeongsang National University, Institute of Agriculture and Life Science, Jinju, South Korea 
2Gyeongsang National University, Division of Applied Life Science (BK21+ Program), Jinju, South Korea 
 
Urea [(NH2)2CO] is synthesized by combining ammonia (NH3) and carbon dioxide (CO2). The extent of 
atmospheric CO2 consumption from urea manufacturing process was considered as carbon (C) removal by the 
Industrial Processes and Product Use sector (IPPU sector). In contrast, the Intergovernmental Panel on Climate 
Change (IPCC) newly proposed a value of 0.2 Mg C per Mg urea (available in 2006 revised IPCC guidelines for 
greenhouse gas (GHG) inventories), which is the mass fractions of C in urea, as the CO2 emission factor from 
urea for the agricultural sector. However, all C in urea might not be released to the atmosphere during 
cropping season, since some of bicarbonates can be leached and washed out from agricultural fields. To 
provide an accurate value of the CO2 emission coefficient from urea fertilization in the upland ecosystem, two 
seasonal crops, red pepper and garlic for warm and cold season, respectively, were sequentially cultivated, and 
each CO2 emission factor from urea was evaluated under different levels of 13C-urea application during 
cropping season. The seasonal CO2 fluxes increased significantly with increasing urea application, maximized at 
268-273 and 233-250 kg N ha-1 of urea application for red pepper and garlic, respectively, and thereafter, 
decreased. However, the 13CO2-C emissions from 13C-urea significantly and proportionally increased with 
increasing urea application. From the relationships between urea application levels and seasonal 13CO2-C fluxes 
from 13C-urea, the CO2-C emission rates from urea were estimated to be 0.0617-0.0631 and 0.0497-0.0524 Mg 
C per Mg urea for red pepper and garlic cultivation, respectively. The real CO2-C emission factor from urea in 
the fields was much less than that of the value proposed by IPCC. Therefore, we suggest revising the current 
IPCC default value (0.2 Mg C per Mg urea) of CO2-C emission factor from urea as 0.0617-0.0631 and 0.0497-
0.0524 Mg C per Mg urea for red pepper and garlic in Korean upland soils. 
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Simulation on the future change of soil organic carbon from arable black soils under different 

management practices in Northeast China 

 

Maoxin Zhang1,2, Jing Zhang1, *Liping Guo1, Mingguo Liu3, Anping Yun1 
1Chinese Academy of Agricultural Sciences (CAAS), Institute of Environment and Sustaianble Development in 
Agriculture (IESDA), Beijing, China 
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3Shenyang Agricultural University, College of Forestry, Shenyang, China 
 
Black soil region is the important grain production base of China and the soil fertility has declined under long-
term cultivation. Studying soil organic carbon (SOC) change in the upland black soil of Northeast under 
different tillage modes has great theoretical and practical significance for reducing greenhouse gases emission, 
increasing soil carbon stocks and ensuring food security. This study applied the DayCent model to simulate 6 
long-term experiment sites in the black soil region, and through calibration and validation analysis, it has been 
concluded that DayCent model can effectively simulate the dynamic change of SOC in upland black soil, and 
hence the relevant parameters of each site were determined. Under the future climate scenarios 
(Representative Concentration Pathway 4.5, RCP 4.5), SOC change in agricultural soils (the 0-20 cm topsoil) of 
four different management scenarios (fertilizer application, manure amendment, straw return, no-tillage) was 
simulated. The overall simulated trend was no-tillage> straw return > manure amendment > fertilizer 
application. Fertilizer had no evident effect on increasing SOC but the effect would be better if combined with 
manure; both straw return and no-tillage had the general effect of improving SOC and the simulated values 
rose rapidly with a large increasing rate within a short period, however, the increasing rate became gentle after 
2050 and reached a relatively stable level after 2080 and then gradually reached carbon saturation. Till 2100, 
the SOC content of each site reached a relatively higher level by adopting the no-tillage treatment, among 
which the SOC contents of Harbin, Hailun, Nehe, Dehui, Gongzhuling and Lishu were 2.36, 2.81, 2.22, 2.38, 1.97 
and 2.01 g/100g, respectively. The SOC contents have increased by 52.47% compared with initial value and the 
simulated average annual increase of SOC for 84 years was 0.0082 g/100g. 
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Characteristics and attainable sequestration potential of carbon and nitrogen in fine fractions 

under agricultural upland across China 

 

*Andong Cai1, Hu Xu1, Wenju Zhang1, Minggang Xu1 
1Chinese School of Chinese Academy of Agricultural Sciences, Institute of Chinese Agricultural, Beijing, China 
 

Our objective is to investigate the impact of different fertilizer regimes on mineral-associated organic (MOC) 
carbon and nitrogen (MN) with fine fraction (<20 m). Soil samples from 21 long-term experiments in 
agricultural upland across China with four groups of fertilizer regimes were collected. (1) No fertilizer (CK); (2) 
Chemical fertilizers (CF); (3) Chemical fertilizers combined with straw (S+CF); (4) Chemical fertilizers combined 
with manure (M+CF). Result showed that there was significant difference among the treatments for the TSOC 
and TN content in bulk soil, whereas only the M+CF treatments showed significantly higher content in MOC and 
MN in fine fraction. There was no significant difference in the C/N ratios of between bulk soil and fine fraction 
under the four treatments. The ratios of MOC/TSOC under the CK and S+CF (0.69-0.72) were significantly 
higher than the CF and M+CF treatments. The ratio of MN/TN in the control treatment (0.91) was highest of all 
treatments and two-fold higher of manure treatments, highlight the importance of the N deposition in 
aggregates. The concentration of MOC and MN were significantly positively correlated with soil fine particles 
<20 m across all treatments (P<0.01), varying among soil types. Compared with the slope of Hassink (1997) 
and boundary line (upper) analysis, the attainable capacity of MOC and MN by fertilization was 32%, 52% and 
34%, 61% respectively. The attainable MOC and MN contents were significant different among six soil types 
and ranged from 7.20 to 17.83 g kg-1 and 0.75 to 1.71 g kg-1, respectively. Ultisols and Vertisols had a relative 
larger MOC and MN saturation deficit, with 5.93-8.16 g kg-1 and 0.57-0.64 g kg-1, respectively. This study 
demonstrates that manure application can significantly influence the characteristic of MOC and MN. The 
attainable sequestration potential of MOC and MN were driven by soil texture and soil types. This outcome 
indicated that agricultural upland had greater potential to sequester MOC and MN. Manure addition was the 
best fertilization for improving soil fertility in Chinese croplands. 
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Manure application increased grain yield and soil organic carbon across China's agricultural land 

 

*Minggang Xu1, Guiying Jiang1, Wenju Zhang1, Jinzhou Wang1, Daniel V. Murphy1,2 
1Chinese School of Chinese Academy of Agricultural Sciences, Institute of Chinese Agricultural, Beijing, China 
2University of Western Australia, Perth, Australia 
 
Application of manures to soil has declined globally due to increased availability of inorganic fertilizers; which 
have a key role in feeding the growing population. Here we used a combination of long-term field trial data (22-
32 years, 20 sites) and both climate change and soil organic carbon (SOC) models to quantify the importance of 
manure application to grain yield and SOC sequestration across China"s agricultural soils (122 M ha). During the 
past three decades inorganic fertilizers (37-450 kg N ha-1 yr-1) have increased grain yield (91-183%) but with 
little contribution to SOC sequestration (4-17%). In contrast manure (2010 rates; 0.4-4.0 t C ha-1 yr-1) when 
applied with inorganic fertilizer provided a small benefit to grain yield (6-19%) but doubled SOC sequestration 
(8-41%). Modelling to the end of this century predicted that an additional 0.23 t C ha-1 yr-1 can be derived 
from these levels of manure use (Manure-C retention coefficient=10%) compared to 0.53 t C ha-1 yr-1 for 
inorganic fertilizer only; an average 43% more SOC is sequestered when inorganic fertilizer used in conjunction 
with manures. We conclude that the use of manures with inorganic fertilizers is essential for soil to maintain 
the dual functions of increased food production and SOC sequestration. 
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Soil organic carbon accumulation, climate variability and crop production in a semi-arid agro-

ecological zone: A case study of the Kongwa District in Tanzania 
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2University of Western Australia, School of Biological Sciences, Crawley, Australia 
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Introduction 
 
Various ecological and environmental indicators, such as climate change, soil fertility, water availability and 
proper agronomic practices, should be integrated to increase crop production. Among them, climate change 
and soil fertility are the major limiting factors to affect crop yield, particularly in semi-arid agro-ecological 
zones. 
 
Objectives 
 
Soil organic carbon (SOC) accumulation, climate variability and crop yield trends in the semi-arid Kongwa 
District of central Tanzania wereanalyzed for their potential to enhance crop production. The expected results 
could provide promising examples to improve adapted agronomic practices against climate change impacts in 
semi-arid areas. 
 
Materials/methods 
 
Single or group household surveys/discussions and literature reviews were employed for data cross check at 2 
Kongwa"s representative villages (Mnyakongo & Ugogoni). SOC from these 2 villages" fields was analyzed with 
the Walkley-Black Method. Crop yield, climate and climate-smart agriculture analyses were performed by the 
Mann-Kendall and Sen"s Slope Test. Qualitative data were analyzed using the theme content analysis and 
Community-based Risk Screening Tool-Adaptation and Livelihoods. 
 
Results 
 
SOC accumulation was significantly greater under organic fertilization than under no-fertilization (1.15 & 0.80 
vs. 0.35 & 0.30 MgC ha-1 at 0-20 & 20-30cm depth) and decreased with increasing soil depth. So did crop yield 
(2.0 t ha-1 under organic fertilization vs. 0.87 t ha-1 under no-fertilization). The mean annual rainfall or 
te pe atu e ‒2015) fluctuated at a decreasing (R2=0.21) or an increasing trend (R2=0.30). Meanwhile, 
crop yield of maize, sorghum and millet fluctuated at a decreasing trend (R2=0.07, 0.05 and 0.85, respectively). 
In whole, rainfall variability positively correlated with SOC or crop yield. 
 
Conclusion 
 
Results demonstrate that the studied semi-arid area is among the most vulnerable regions to climate change 
impacts. To limit such vulnerability, a district adaptation plan is proposed to increase the resilience of 
smallholder farmers, and more proactive practices will be then called to apply manure, irrigation and drought-
tolerant crop seed for increasing crop yield in Tanzanian and other semi-arid areas under global environmental 
change scenarios. 
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Controlling factors of carbon dynamics in mountainous grassland soils in a changing climate 

 

*Noelia Garcia-Franco1, Anna  Kühnel 1, Martin Wiesmeier1,2, Ralf  Kiese3, Michael  Dannenmann 3, Benjamin 
 Wolf3, Robert  Brandhuber2, Melanie  Treisch2,4, Ingrid Kögel-Knabner1,4 
1Technical University of Munich, Chair of Soil Science, Freising, Germany 
2Bavarian State Research Centre for Agriculture, Freising, Germany 
3Karlsruhe Institute of Technology, Institute of Meteorology and Climate Research, Garmisch-Partenkirchen, 
Germany 
4Institute for Advanced Study, Garching, Germany 
 
Management practices and climate change are the principal controlling factors of the storage of carbon (C) in 
mountainous grassland soils. In most cases, these soils may become a source of greenhouse gas emissions 
under global warming due to large amounts of labile C. In this regard, mineral associated and aggregate-
occluded C may play a key role in the mitigation of climate change. Nevertheless, few studies have focused on 
different soil organic matter (SOM) pools and their main controlling factors in mountainous grassland soils. We 
analyzed the C development of long-term (1986-2012) monitoring grassland sites in Bavaria (Germany) using 
Random Forest models. Sites with high initial C contents showed an increase of C, whereas the opposite trend 
was observed for sites with low initial C contents. Different controlling factors were related with the two main 
C trends. In addition, we determined the principal mechanisms involved in the build-up and stabilization of 
different C pools using a promising physical fractionation method. This method enables the separation of five 
different SOM fractions by density, ultrasonication and sieving separation: fine particulate organic matter 
(fPOM), occluded particulate organic matter (oPOM>20µm and oPOM<20µm) and mineral associated organic 
matter (sand and coarse silt, > 20 µm; medium + fine silt and clay, < 20 µm). The final aim is the determination 
of a diagnostic fraction that can be used as an indicator for future C changes in mountainous grassland soils 
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The impact of cultivation on greenhouse gas fluxes from organic soils in Sweden 

 

*Achim Grelle1, David Hadden2 
1Swedish University of Agricultural Sciences, Ecology, Uppsala, Sweden 
2Swedish University of Agricultural Sciences, Forest Ecology and Management, Umeå, Sweden 
 
Cultivated organic soils are large contributors to global greenhouse gas emissions. We measured carbon 
dioxide (CO2) and methane (CH4) fluxes from two organic soil plots in central Sweden between 2012 and 2016 
using the eddy covariance technique. One site was cultivated with a sacrificial crop to feed wildlife whilst the 
other had been set aside for decades with no cultivation occurring. The aim was to establish the impact that 
cultivation had on the carbon balance. The annual course of CO2 fluxes reflected the natural cycle of the 
continuous vegetation cover on the set-aside site, with little inter-annual variations. Fluxes from the cultivated 
site reflected impacts of cultivation with low emissions during periods of bare soil, emission peaks following 
tillage, and strong uptake during the short vegetation period. Over the five-year period the set aside field acted 
as a net carbon source whilst the cultivated site was seen to be a small carbon sink. The set aside was further 
seen to act as a small methane sink over a 36 month period, which reduced the CO2 source by ca. 10% in terms 
of CO2 equivalents. Considering exported biomass, both sites were carbon sources in terms of Net Biome 
Production (NBP). Emissions of nitrous oxide (N2O) were small at both sites. 
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Soil carbon in grazed grasslands 

 

*Ciska Veen1, Judith Sitters1, Liesbeth Bakker1 
1NIOO, Wageningen, United Kingdom 
 
Large herbivores are key drivers of many ecosystem processes in grasslands worldwide. However, how they 
affect soil carbon stocks and carbon cycling is still poorly understood. Yet, it is highly relevant to understand the 
impact of herbivores on carbon stocks and cycling, because this may have important feedback impacts on 
atmospheric carbon levels and because herbivore populations are changing rapidly due to extinction or 
reintroduction. Here, we study how herbivores affect soil carbon stocks and carbon cycling across a range of 
environmental conditions using a network of long-term herbivore exclosures in Dutch (semi) natural 
grasslands. We study soil carbon stocks, plant carbon stocks, decomposition rates and potential carbon 
mineralization rates inside and outside exclosures in 12 different sites, ranging from salt marshes and coastal 
dunes to river floodplains, ex-arable fields and heathlands. We aim to link changes in carbon stocks and cycling 
to changes in biotic and abiotic environmental conditions, such as site fertility, productivity or soil texture. We 
use our results to better understand how changes in herbivore populations may affect soil carbon cycling and 
thereby climate change. 
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Tree species not mycorrhizal types control the rhizosphere effects 

 

*Xiao Chen1 
1Peking university, Beijing, China 
 
The rhizosphere effect refers to the promotion or inhibition of the living roots of plants to soil organic matter 
decomposition and nutrient cycling. The latest evidence suggests that rhizosphere effect is a major factors 
affecting soil organic matter decomposition and nutrient cycling in. In my experiment, we systematically 
studied the intensity and mechanism of the 12 common tree species (6 entophytic mycorrhizal tree species, 
AM and 6 ectomycorrhizal tree species, EM) in the temperate secondary forests of the northeastern China. We 
found that no matter AM or EM trees, roots had positive effect on most soil properties, such as soil available 
nitrogen, soil total nitrogen and carbon, as well as soil processes (C and N mineralization rate) and the 
stoichiometric ratio of total nutrient. However, Stoichiometry ratio of BG (C-cycling enzyme) and NAG (N-
cycling enzyme) had negative rhizosphere effect. As for different kinds of microbial groups, roots all had 
positive effect, especially to fungi in EM trees. In addition, roots had a positive effect on soil extracellular 
enzymes, except oxidase in AM trees. Totally, we found that soil (rhizosphere or bulk soil) affected all the 
properties. It is the tress types but not the mycorrhiza type that affected these properties. The interaction of 
tree types and soil were not significant. The results of our study filled the gaps in the field of rhizosphere effect 
of different mycorrhizal types in temperate forests, emphasizing the importance of tree species rather than 
mycorrhizal types. 
 
Figure 1 

 

 
 
 
Figure 2 
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Variation of soil organic matter over time in silvopastoral systems under Pinus radiata D. Don 

 

*Maria Rosa Mosquera Losada1, Francisco Rodríguez-Rigueiro1, Antonio Rigueiro-Rodríguez1, Nuria Ferreiro-
Domínguez1,2 
1Univ. Santiago Compostela, Crop Production Engineering Project, Lugo, Spain 
2Univ. Santiago Compostela, Lugo, Spain 
 
In silvopastoral systems (SS) established in Galicia (NW Spain), the availability of nutrients to the pasture and 
trees may be limited by the high soil acidity. The use of sewage sludge as organic fertiliser could increase the 
tree and pasture growth as well as modify the soil organic matter (SOM) content, being the SOM the most 
important pool of carbon storage in terrestrial ecosystems. The aim of this study was to evaluate during twelve 
years the evolution of SOM in a silvopastoral system established with Pinus radiata D. Don in Galicia (NW 
Spain) which was fertilised with three doses of sewage sludge (160, 320 and 480 kg total N ha−  o i ed 
with lime (2.5 t CaCO3 ha–1) or without lime. To estimate the concentration of SOM a composite soil sample 
per plot was collected at a depth of 25 cm each year in December. In the laboratory, the SOM was determined 
by using the Saverlandt method. Data were analysed with repeated measures ANOVA. The results obtained 
showed that in the second year of the study the SOM decreased compared with the first year probably due to 
the activation of SOM mineralisation caused by the inputs of Ca to the soil from the fertilisation and by the 
tilling process carried out at the beginning of the experiment. From the second year of the study the SOM 
increased which could be explained by the incorporation of litter into the soil from the establishment of the 
pasture and trees. However, in the last years of the experiment, it was again observed that the SOM decreased 
probably because the trees allowed the passage of light to the undergrowth due to the fall of the needles 
which could have increased the soil temperature and therefore the mineralisation rate. It is important to be 
aware that the SOM levels were high in all years (11.26-15.0%) compared with exclusively agricultural systems. 
This result demonstrates the great potential of the SS to enhance C sequestration in the soil compared with 
common agricultural systems, and therefore its implementation should be considered as a land use option in 
Europe. 
 
Funding: XUNTA DE GALICIA (Consolidation funds and Consellería de Cultura, Educación e Ordenación 
Universitaria (Programa de axudas á etapa posdoutoral DOG nº122, 29/06/2016 p.27443, exp: ED481B 
2016/071-0)) 
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Carbon sequestered in the soil fractions of a silvopastoral system established under Junglans Regia 

L. 

 

*Nuria Ferreiro-Domínguez1,2, Dario Arias-Martinez1,2, Antonio Rigueiro-Rodríguez2, *Maria Rosa Mosquera 
Losada2 
1Univ. Santiago Compostela, Lugo, Spain 
2Univ. Santiago Compostela, Crop Production Engineering Project, Lugo, Spain 
 
Agroforestry practices are an important mechanism of mitigation to climate change mainly due its capacity to 
retain and increase the sequestered carbon in the soil. It is important to be aware that the retention of carbon 
in the soil depends, among other factors, on the size of the soil fractions. The aim of this study was to evaluate 
during three years the evolution of the carbon stored in the soil fractions (250–2000, 53–250, and <53 m) in a 
silvopastoral system established with Junglans regia L. in Galicia (NW Spain) which was fertilised with different 
types of sewage sludge (anaerobic, pelletised and composted sewage sludge). To estimate the amount of C in 
each soil fraction a composite soil sample per plot was collected at a depth of 25 cm at the end of each year. In 
the laboratory, the C in the different soil fractions was estimated in a LECO C.N.H.S. and the data were analysed 
with ANOVA. The results obtained showed an increase of the C associated to the smallest fraction (<53 m) 
over time. This result could be explained by the fertilisation and the establishment of the pasture and trees. 
Moreover, this result is very important because the small aggregates are more stable than the 
macroaggregates and therefore C linked to the smallest soil fractions is a C very stable when there are 
management changes. 
 
Funding: XUNTA DE GALICIA (Consolidation funds and Consellería de Cultura, Educación e Ordenación 
Universitaria ("Programa de axudas á etapa posdoutoral DOG nº122, 29/06/2016 p.27443, exp: ED481B 
2016/071-0")) 
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Roots control soil carbon sequestration under the perennial bioenergy crops Salix and Miscanthus 

 

*Andrew Gregory1, Jennifer Dungait2, Ian Shield1, William Macalpine1, Jennifer Cunniff3, Mark Durenkamp1, 
Rodger White1, Adrian Joynes2, Goetz Richter1 
1Rothamsted Research, Harpenden, United Kingdom 
2Rothamsted Research, Okehampton, United Kingdom 
3CABI, Wallingford, United Kingdom 
 
Dedicated bioenergy crops have a secondary benefit if they increase soil organic C (SOC) levels through C 
capture and allocation to below-ground biomass. Two low-input bioenergy crops frequently planted in 
temperate regions such as the UK are species of Salix (willow) in short-rotation coppice (SRC) systems, and 
species of the perennial grass genus Miscanthus. The effects of genotypes of SRC willow and Miscanthus on 
root production and SOC in a temperate agricultural soil were quantified to test the hypothesis that below-
ground biomass controls SOC dynamics. 
 
Soil cores (silty clay loam) were collected to 1-m depth directly under plants (plant) and between plants (gap) 
of willow (Terra Nova and Tora) and Miscanthus (M. × giganteus (Giganteus) and M. sinensis (Sinensis)) 
genotypes from two field experiments at Rothamsted Research (UK). Cores were collected in two years when 
the stand ages were 4 and 6 years in a recent experiment, and 16 and 18 years in an older experiment 
(Miscanthus only). Root and soil properties were quantified. 
 
In the recent experiment, root density was greater under Miscanthus for plant (up to 15.5 ± 3.1 kg m–3; mean ± 
standard error) compared with gap (up to 2.7 ± 0.4 kg m–3) whereas willow had less root density for both 
locations (up to 3.7 ± 1.1 and 2.9 ± 0.2 kg m–3, respectively). SOC density increased over the two years below 
0.2 m (3.6-12.2 to 4.6-14.3 kg m–3) with the greatest being associated with Sinensis (24.8 ± 1.6 kg m–3, 0-0.1 m). 
Miscanthus-derived SOC density increased under both genotypes over time being greater under plant than gap 
for Sinensis (11.6 ± 1.8 vs. 3.1 ± 0.2 kg m–3). Estimated SOC stock change rates over the two-year period to 1-m 
depth were 6.4 ± 1.9, 7.4 ± 2.5, 3.1 ± 2.1 and 8.8 ± 3.4 Mg ha–1 year–1 for Terra Nova, Tora, Giganteus and 
Sinensis, respectively. In the older experiment, root density after 18 years increased to up to 11.6 ± 3.4 and 
10.3 ± 3.9 kg m–3 under Giganteus and Sinensis, respectively, and SOC stocks in the full 1-m profile were 107 ± 3 
and 99 ± 4 Mg ha–1, respectively. 
 
SOC matched changes in root mass down the profile, particularly under Miscanthus which developed distinct 
plant and gap zones, indicating that perennial root systems are an important contributor to SOC. Willow and 
Miscanthus offered both biomass production and C sequestration when planted in temperate arable soil. 
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Upland soil carbon stocks more vulnerable to drought than warming 

 

*Sabine Reinsch1, Timo Breure1,2, Miles Marshall1, Bridget  Emmett1, David  Robinson1 
1Centre for Ecology and Hydrology, Bangor, United Kingdom 
2Wageninigen University, Wageningen, Netherlands 
 
Introduction 
 
Soil carbon (C) stocks have been shown to decrease globally with warming1. High latitude areas with a large soil 
C stocks show the greatest risk of losing C in a changing environment. This C loss is likely to be driven by 
changes in soil water content (SWC). High SWC connects the soil matrix, facilitates the movement of organisms 
and facilitates the exchange of carbon (C) and nutrients; but it decreases microbial, plant and faunal activity 
due to lack of oxygen. Low SWC reduces soil connectivity within the soil matrix. Changes in rainfall and air 
temperature affect SWC. 
 

Objectives 
 
We aim to: 
i) understand why high altitude regions with large C stocks are highly vulnerable to environmental change; 
ii) develop mechanistic understanding of the effects of drought and warming on permanently waterlogged 
soils; 
iii) identify the effects of drought and warming on seasonal patterns of soil C loss in a UK upland. 
 

Materials and methods 
 
Summer drought and passive-night time warming has been imposed on a UK upland heath since 1999. The soil 
has a 15 cm organic layer over a shallow mineral layer. Soil respiration, SWC and soil temperature were 
measured bi-weekly from 1999 to 2008. Thereafter, SWC and temperature were recorded hourly. A vegetation 
survey was carried out annually at maximum growth. Soil water release curves were measured in 2013. Hydrys-
1D, a one-dimensional model simulating the movement of water, heat and multiple solids in soil, was used to 
model soil C efflux under control, drought and warming conditions. 
 

Results and conclusions 
 
Drought plots respired more soil C than warmed plots. This was reflected in soil C stores being higher in 
warmed than in drought plots. The loss of soil C in drought plots correlates with faster drainage2 (caused by a 
change in soil structure), compared to warmed plots. In warmed plots, SWC was higher than in control plots, 
possibly due to an extensive moss layer. The moss layer either increased SWC, and/or decreased evaporative 
water loss. The Hydrus model suggests that increased respiration in drought plots occurred during winter when 
SWC is usually high and oxygen content is low. The change in soil structure in drought plots increased soil 
drainage, decreasing oxygen limitation in winter. 
References: 1Crowther et al. (2016) Nat 540: 104-108; 2Robinson et al. (2016) Sci Rep: 20018. 
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Submicron characterization associations of organic and mineral components in long-term 

contrasting fertilized soils 

 

*Guanghui Yu1, Wei Ran1 
1Nanjing Agricultural University, College of Resources & Environmental Sciences, Nanjing, China 
 
Mineral binding is a major mechanism for soil carbon (C) stabilization, and mineral availability for C binding 
critically affects C storage. Yet, the mechanisms regulating mineral availability are poorly understood. Here, we 
applied nano-scale secondary ion mass spectrometry (NanoSIMS), micro X-ray fluorescence (µ-XRF) and 
synchrotron-radiation-based FTIR (SR-FTIR) spectromicroscopies to examine submicron effects of inorganic 
versus organic fertilization on associations of organic and mineral components in soils. The results showed that 
organic amendments in three long-term (two in China, one at Rothamsted Research) field experiments 
significantly increased mineral availability, particularly of short-range-ordered (SRO) phases. Isotopic labelling 
experiments with NanoSIMS images provided direct evidence that citric acid, a major component of root 
exudates, promoted the formation of SRO minerals, and that SRO minerals acted as "nuclei" for C retention. 
Furthermore, correlative µ-XRF and SR-FTIR spectromicroscopies showed that minerals and organic functional 
groups were heterogeneously distributed at the micro-scale in soil colloids. NanoSIMS images also showed the 
su i o  ele e tal dist i utio  a d spatial hete oge eit  i  the soil olloids a d the atios of C− / 

Al O− a d C− / Fe O− atios e e highe  u de  o ga i  fe tilizatio  tha  those u de  he i al 
fertilization. Together, these findings indicate that soil organic amendments initialize a positive feedback loop 
by increasing mineral availability and promoting the formation of SRO minerals for further C binding, thereby 
possibly serving as a management tool for enhancing carbon storage in soils.  
 
Figure 1. Effects of long-term organic amendments on the Al and Fe concentrations in soil colloids at the 
Qiyang (a), Park Grass (b), and Broadbalk (c) Experiments. 
Figure 2. Effect of the presence of roots and organic amendments on mineral dissolution and the formation of 
SRO minerals. 
Figure 3. Isotopic labeling experiment illustrated retention of labile C by Al and Fe minerals. 
Figure 4. Correlative SR-FTIR, µ-XRF, and EPMA analysis of the thin section from the different fertilized soils. 
Figure 5. Box plots of 12C-/27Al16O- (a, b) and 12C-/56Fe16O- (c, d) ratios reflecting the 12C- rich ROIs (a, c) 
and 12C- less rich ROIs (b, d) of the soil colloids. 
Figure 6. Proposed mechanisms for mineral availability as the key regulator of soil C storage. 
Figure 1 
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Multidecadal persistence of organic matter in soils: Insights from STXM-NEXAFS and nano-SIMS 

investigations 

 

*Pierre Barré1, Suzanne Lutfalla1,2, Isabelle Basile-Doelsch3, Sylvain Bernard4, Corentin Le Guillou5, 
Laurent Remusat4, Claire Chenu2 
1CNRS, Geology laboratory, Paris, France 
2AgroParisTech, Ecosys, Thiverval-Grignon, France 
3INRA, CEREGE, Aix, France 
4CNRS, IMPMC, Paris, France 
5CNRS, UMET, Villeneuve d'Ascq, France 
 
The mineral matrix and clays in particular protect soil organic matter (SOM) from decomposition by micro-
organisms. Better understanding the mechanisms responsible for the pluri-decadal persistence of carbon in 
soils requires constraining the dynamics, the distribution and the chemical nature of both SOM and associated 
mineral phases. Benefiting from the unique opportunity offered by a long-term bare fallow (LTBF) experiment 
having started in 1928 in Versailles (France), we report C and N decline with time for six different particle-size 
fractions (sand [>50µm], coarse silt [20-50µm], fine silt [2-20µm], coarse clays [0.2-2µm], intermediate clays 
[0.05-0.2µm] and fine clays [0-0.05µm]). We also report spatially resolved characterization at the 
submicrometer scale of SOC dynamics using STXM-based NEXAFS and nano-SIMS. As expected, total C and N 
declined with time in all fractions. The lowest declines were observed for intermediate size clays [0.05-0.2µm] 
in which only 53 % of C and 63% of N were lost between the initiation of the bare fallow and 2008. C/N ratios of 
SOM associated to clays significantly decreased with time whereas C/N ratios of SOM associated to silt 
fractions remained constant. SOM associated to intermediate and fine clays were notably very low (below 5) 
after 8 decades of bare fallow. Bulk-scale C-NEXAFS data reveals that the speciation of SOC remained almost 
constant with LTBF duration. STXM-based NEXAFS investigations at the submicrometer scale revealed that all 
smectitic clays were associated to OM coatings at all dates whereas illite particles became progressively SOM-
free with increasing bare fallow duration. STXM-based NEXAFS investigations also revealed that particles of 
organic matter can be observed within the coarse clay fractions even after 8 decades of bare fallow. Nano-SIMS 
investigations on bulk clay fractions showed that OM decline was similar for Si-, Al- and Fe-rich regions. Our 
study provides new lines of evidence for the higher protection of N-rich SOM by minerals and is the first direct 
observation of the specific ability of smectites to protect SOM at a pluri-decadal timescale. 
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Nanoscale characterization of mineral-organic interfaces in soil using cryogenic electron 

microscopy and spectroscopy 

 

*Angela R. Possinger1, Michael J. Zachman2, Akio Enders1, Barnaby D.A. Levin2, Lena F. Kourkoutis3, David 
A. Muller2, Johannes Lehmann1 
1Cornell University, Soil and Crop Sciences, Ithaca, NY, United States 
2Cornell University, Applied and Engineering Physics, Ithaca, NY, United States 
3Cornell University, Applied and Engineering Physics, Kavli Institute at Cornell for Nanoscale Science, Ithaca, NY, 
United States 
 
Surface adsorption, co-precipitation, and other mineral-soil organic carbon (SOC) interaction processes are 
important components of long-term SOC stabilization. However, alternative pathways of mineral-SOC 
stabilization (e.g., surface adsorption vs. co-precipitation) are not well described, quantified, or differentiated, 
especially at the scale of mineral-SOC interfaces. Increased understanding of divergent mineral-SOC 
stabilization mechanisms may improve the ability to predict the response of mineral-stabilized SOC to 
environmental changes. Structural and chemical characterization of mineral-SOC interfaces may improve 
understanding of interaction mechanisms, but current imaging and spectroscopy methods do not capture the 
high spatial and chemical heterogeneity of mineral-SOC interactions and are limited by a number of 
methodological challenges. Further, improved approaches to scaling up nm-scale measurements are needed to 
better link observations of the mineral-SOC interface to the aggregate cross-section scale. High-resolution 
Scanning Transmission Electron Microscopy with Electron Energy Loss Spectroscopy (STEM-EELS) is a 
characterization technique that can describe SOC-mineral interfaces at the necessary sub-nm scale. In order to 
prevent sample damage and eliminate use of C-based resins that interfere with SOC signal, we developed a 
method of thin-section preparation and STEM-EELS imaging under cryogenic conditions. Using these cryogenic 
techniques, we show C and metal chemistry at the nm spatial scale in model natural soils with important 
mineral controls on SOC stabilization, including 350 kyr-old volcanic soils and forested Spodosols. Elemental 
mapping by Electron Dispersive X-ray (EDX) spectroscopy and nanoscale Secondary Ion Mass Spectrometry 
(nanoSIMS) will be coupled with nm-scale structural and chemical information obtained by cryo-STEM-EELS to 
inform interpretation of mineral-SOC interaction processes. 
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Carbon transfer from root and shoot litter to microorganisms in earthworm casts –TEM and NanoSIMS 

analyses. 

 

*Alix Vidal1,2, Francoise Watteau3, Laurent Remusat4, Thanh Thuy Nguyen Tu2, Sylvie Derenne2, Katell Quénéa2 
1TUM/Germany, BodenKunde, Freising, Germany 
2UPMC, CNRS, EPHE, UMR METIS, Paris, France 
3Université de Lorraine, LSE ENSAIA, Nancy, France 
4 Sorbo e U i e sité, UPMC, I‘D, Muséu  d Histoi e atu elle, IMPMC UM‘ CN‘“, Pa is, F a e 
 
Earthworm feces (casts) are among the most complex and dynamic structures in soils. Casts are recognized as 
potential sink of carbon in the long term. Litter quality influences the rate of plant incorporation and 
decomposition in casts. Litter decomposition is achieved thanks to the mutualistic relationship between 
earthworms and microorganisms, inducing initial hotspots of microbial activity. This study aimed at monitoring 
the fate of root and shoot litters incorporated within earthworm casts by visualizing at the microscale 1- 
decomposition states of plant tissues and 2- microorganisms implied in this decomposition. Casts were 
collected after 8 and 54 weeks of soil incubation in the presence of 13C labelled Ryegrass root or shoot litters. 
Characterization of plant tissues and microorganisms involved in plant decomposition within casts were 
achieved by combining Transmission electron microscopy (TEM) and Nano-scale secondary ion mass 
spectrometry (NanoSIMS)yielding organic carbon and 13C images of cast samples. 
Labelled shoots-derived carbon tended to be incorporated more rapidly in organo-mineral aggregates 
compared to roots, the latter exhibiting a reduced state of degradation after two months (Fig1). After one year, 
labelled plant residues and microorganisms were still detected in aggregates that potentially protected them 
from degradation. Bacteria exhibited various physiological states, from intact cells to residues (Fig2). Abundant 
bacterial features were identified in pores on TEM images and they probably partly contributed to the diffused 
labelling observed on NanoSIMS images. Thus, living or dead, microorganisms play a determinant role in casts, 
as degrading agents and/or potential source of carbon. These results illustrated the mechanisms implied in cast 
formation and evolution, depending on litter quality; and confirmed the advantage of TEM and NanoSIMS to 
study soil processes. The transfer of carbon was visualized from plant residues to microorganisms, which were 
enclosed in cast aggregates and potentially represented a key contribution to soil stable carbon in the longer 
term.  
 
Fig.1 NanoSIMS images - contrasted degradation stages of labelled plant tissues and microorganisms  
Fig.2 TEM micrograph - organo-mineral aggregates with bacteria, from intact cells to residues 
Figure 1 
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From plants to microorganisms and soil minerals – the fate of organic carbon in the rhizosphere 

 

*Carsten W. Mueller1,2, Alix Vidal1, Steffen Schweizer1, Juliane Hirte3, S. Franz Bender4, Jochen Mayer3, 
Andreas Gattinger2, Carmen Höschen1 
1TU Munich, Chair of Soil Science, Freising, Germany 
2FiBL, Frick, Switzerland 
3Agroscope, Zurich, Switzerland 
4University of California, Dept. of Land, Air, and Water Resources, Davis, CA, United States 
 
Due to its large interface between soils and plants, the rhizosphere, the volume of soil around living roots 
directly influenced by root activity, plays a key role in soil formation. Especially the root derived input of 
organic carbon into the soil matrix triggers a multitude of soil processes. The soil structure formation, i.e. 
aggregation of solid soil particles into three dimensional clusters, is the key process for the formation of a soils 
pore space and specific surface area, determining the air, water and nutrient balance and thus shaping both 
plant and microbial habitats. The formation of associations built by the interaction of minerals with organic 
matter supplied by the degradation of plant/root residues and plant or microbial exudates is unique to soils. 
The high input of organic carbon in the rhizosphere (both from plants and microorganisms) in contrast to root 
free bulk soil, promotes the formation of micro- and macro-aggregates, and thus the development of a 3D soil 
structure. As the rhizosphere is a hot spot for organic carbon input and microbial activity, it becomes evident 
that it also plays a special role for the development and turnover of mineral-associated organic matter within 
micro-aggregate structures. Besides the rhizosphere, decomposing plant residues also form biogeochemical hot 
spots for the formation of micro-aggregates and thus the long term stabilization of soil organic carbon. Using 
the combination of classical chemical analysis (e.g. elemental analyses, 13C-CPMAS NMR spectroscopy) in 
concert with state of the art imaging techniques (e.g. scanning electron microscopy (SEM), nano-scale 
secondary ion mass spectrometry (NanoSIMS)) allows to trace photosynthetically fixed plant derived organic 
carbon into the rhizosphere microbiome and the mineral soil constituents. We will demonstrate the special 
role of the rhizosphere for the formation of mineral associated organic matter together with the development 
of micro-aggregate soil structures. While for instance NMR spectroscopy can reveal the chemical composition 
of distinct organic matter fractions derived from the rhizosphere, NanoSIMS and stable isotope labelling 
illustrates the highly active biogeochemical interfaces at the rhizoplane with its associated microbiota and 
mineral particles. 
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Prediction of 3-dimensional distribution of chemical elements at the micro-scale by combining SEM-EDX and 

X-ray CT. 

 

*Wilfred Otten1, Philippe Baveye2, Simona Hapca3, Murray Lark4, Clare Wilson5 
1Cranfield University, cranfield, United Kingdom 
2AgroParis tech, Paris, France 
3Dundee University, Dundee, United Kingdom 
4British Geological Survey, Nottingham, United Kingdom 
5University of Stirling, Stirling, United Kingdom 
 
Major advances have been made in recent years in understanding of the micro-habitat of soil. This 
advancement, however, has often been made through the use of specialised equipment. Whereas this has 
often given great insight into specific properties in soils, it has come at the expense of a more integrated 
understanding of the physical, chemical and biological characteristics of such micro-habitats. Therefor there is 
currently a need to integrate physical, chemical and biological measurements on soils at microscopic scales. 
Because of technological limitations, most chemical and biological measurements can be carried out in most 
detail on exposed soil surfaces or 2-dimensional cuts through soil samples. Such information lacks insight into 
pathways through which phases are interconnected. We therefor describe here a method to produce 3D maps 
of soil properties, based on spatial sequences of 2D maps. Specifically we sought to generate 3D maps of soil 
chemical properties at the microscale by combining 2D SEM-EDX data with 3D X-ray computed tomography 
images. 
 
A small sample was resin impregnated and scanned in 3D using X-ray CT. This produces a 3D density map of the 
soil sample. 2D slices were obtained sequentially to analyse the distribution of chemical elements using SEM-
EDX. The spatial correlation between the X-ray greyscale intensities and the chemical maps, made it possible to 
develop a tool that predicts the 3D chemical composition. A statistical approach using the regression tree 
method and ordinary kriging applied to the residuals resulted in successful predictions of the 3D spatial 
distribution of carbon, silicon, iron, and oxygen at the microscale. For some chemical elements, e.g. iron that 
was more sparsely distributed in the soil the regression-tree model provides a good prediction. However, for 
chemical elements that are more homogenously distributed, an additional kriging of the regression tree 
residuals was required to improve the prediction achieving R2 values of 0.324 for carbon, 0.423 for silicon, and 
0.374 for oxygen respectively. The present research develops for the first time an integrated experimental and 
theoretical framework, which combines geostatistical methods with imaging techniques to unveil the 3-D 
chemical structure of soil at very fine scales. 
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Biochars improve water retention, aggregate stability and aggregate porosity of a rainfed cropland 

 

*Chong Ma1, Genxing Pan1 
1Nanjing Agriculture University, Resource and Environment Science College, Nanjing, China 
 

Biochar used as a soil amendment can improve soil physical structure and chemical properties. The quality of 
soil physical structure is commonly evaluated by aggregate stability which is indicated by mean weight 
diameter (MWD) and size distribution. Ideal soil structures are beneficial to moisture retention, C sequestration 
and microbial diversity by appropriate distribution of soil organic matter and microorganism among pores 
within and between aggregates. So a reasonable pore size distribution is of crucial importance. To investigate a 
shift of aggregate morphology and pore distribution within aggregate after biochar input, maize biochar was 
applied at rates of 0 and 20t / ha to a rainfed cropland. The application of maize biochar significantly enhanced 
water content by 3.7% relative to the control treatment. The application of maize biochar increased MWD, 
implying that the biochar increased the aggregate stability. We use the scanning electron microscope (SEM) to 
visualize the aggregate morphology, the results show that after biochar inputting, microaggregates (53-250 m) 
were of more rough surface compared with the control treatment. Results indicate that biochar can improve 
water retention, aggregate stability and aggregate porosity of a rainfed cropland. But there is still something to 
do in our research, in the future, we will use a synchrotron-based microtomograph to quantify the pore size 
distribution of aggregate. Furthermore, integrating the physical structure of aggregate and chemical characters 
of SOM in different size aggregates to better understand the SOM turnover in soil. 
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Digital image processing and NanoSIMS: Aggregates are built of a few recurring types of functional 

microdomains 

 

*Markus Steffens1,2, Derek Rogge3, Angelika Kölbl2, Carmen Höschen2, Johan Lugmeier2, Carsten W. Mueller4,5, 
Ingrid Kögel-Knabner2,6 
1Research institute of organic agriculture (FIBL), Soil Sciences, Frick, Switzerland 
2Technische Universität München, Lehrstuhl für Bodenkunde, Freising, Germany 
3German Aerospace Center, Department Land Surface, Oberpfaffenhofen, Germany 
4TU Munich, Chair of Soil Science, Freising, Germany 
5FiBL, Frick, Switzerland 
6Technische Universität München, Institute of Advanced Study, Garching, Germany 
 
Soil aggregation is a key factor for a number of important biogeochemical processes (e.g. soil organic matter 
stabilization and nutrient and pollutant sorption) in soils. Although there is a large number of studies on the 
factors controlling such soil processes, it is still challenging to study these processes in-situ. However, it can be 
assumed that the spatial arrangement of organic and mineral soil constituents in soil aggregates and thus the 
aggregate structure determine the processes happening at the aggregate scale. Using nanoscale secondary ion 
mass spectroscopy, we extensively analyzed the spatial distribution of ions characteristic for mineral and 
organic soil components (12C, 12C14N, 28Si, 27Al16O, 56Fe16O) at 40 locations in a cross-section of an intact 
soil macro-aggregate. The aggregate was taken from the loamy topsoil of an agriculturally-managed plot in 
southern Germany. We applied a novel digital image processing approach to identify and map the different soil 
components across all 40 images. Cluster analyses were used to assess the spatial distribution of the soil 
components, identify possible spatial interactions between them, and characterize the architectures in the 40 
images. 
 
We were surprised that the 40 spatially independent measurements could be statistically clustered in just two, 
complimentary types of micrometer-sized domains. Each domain is characterized by a micro-architecture built 
of a definite mineral assemblage with distinct organic matter forms and a specific pore system, each fulfilling 
different functions in soil. Our results demonstrate that the manifold mineral and organic soil components 
arrange in a limited number of micro-architectures because of self-organization and feedback mechanisms. 
These microdomains are the smallest units in soil that fulfill specific functionalities. Furthermore, we present a 
powerful statistical tool for the comprehensive analyses of NanoSIMS images. 
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Osmium staining enabled analysis of spatial gradients in soil organic matter 

 

*Alexandra Kravchenko1, Andrey Guber1, Michelle Quigley1, Mark Rivers2 
1Michigan State University, Plant, Soil and Microbial Sciences, East Lansing, United States 
2University of Chicago, Chicago, United States 
 
Computed micro-tomography ( CT) has allowed for the in situ visualization of soil pores, particulate organic 
matter (POM), and plant roots. However, due to the small size of soil organic matter (SOM) and carbon having 
a similar x-ray absorbency to air and water, identifying SOM in CT images has not been possible. Recently, use 
of osmium (Os) as a staining agent was proposed to visualize soil organic carbon (both SOM and POM) in CT 
images (Peth et al, 2014). Long used in scanning electron microscopy, Os binds strongly to C=C bonds, 
ubiquitous in SOM and POM, while having a high x-ray absorbance. By taking CT scans above and below the K-
edge of Os (73.8 keV) with a monochromatic beam and subtracting the two images, a map of SOM and POM in 
a sample can be created. Here we used the Os staining technique to explore spatial patterns in SOM 
distribution within intact soil samples. Specifically, we assessed SOM gradients with respect to pores of 
biological and non-biological origin (Fig. 1). Highest SOM levels were observed in direct vicinity of the biological 
pores, decreasing with distance; while no spatial gradients were observed for non-biological pores. In addition, 
we explored possibilities of using pink beam options at APS, Argonne National Lab to facilitate scanning of Os 
stained samples, e.g., to decrease the scanning time and to increase the size of the scanning window. For the 
pink beam scanning we used a 1-mm Al window to produce a spectrum with most x-rays below the Os K-edge 
and a 1-mm Cu filter to produce a spectrum with most photons above the Os K-edge. The scanning time with 
each filter was less than 1 minute. Subtracting the images obtained using the two filters allowed us to visualize 
selected POM fragments. However, soil particles interfered with identification of SOM. Overall, using the pink 
beam allowed reduction of scan time by almost two orders of magnitude, but further research is required to 
make its usage more efficient. 
 
Fig. 1. a) CT image with labeled Os levels (high-blue, medium-red, low-green). b) Graph of SOM gradients from 
biologic and non-biologic origin pores. 
Peth, S., Chenu, C., Leblond, N., Mordhorst, A., Garnier, P., Nunan, N., Pot, V., Ogurreck, M., & Beckmann, F. 
2014. Localization of soil organic matter in soil aggregates using synchrotron-based x-ray microtomography. 
Soil Biol. Biochem. 78: 189-194. 
Figure 1 
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Study of spatiotemporal soil organic matter dynamics using X-ray µCT and contrast agent 

 

*Ilaria Piccoli1, Nicola Dal Ferro1, Patrice J. Delmas2, Antonio Berti1, Francesco Morari1 
1Padova Univeristy, DAFNAE, Legnaro (PD), Italy 
2University of Auckland, Computer Science, Auckland, New Zealand 
 
Soil organic matter (SOM) plays a key role in soil structure formation, although the bidirectional relationship 
existing between SOM and soil pore network is complex and needs further investigations. The knowledge gap is 
due to limitations to study the microscopic physical SOM-pore network arrangement as well as their temporal 
dynamics as related to microbial activity. Despite potentials offered by X-ray computed microtomography 
(µCT), only a few used it to investigate the SOM spatial location within the soil matrix. Indeed results are based 
on the X-ray linear attenuation coefficient (α): mixtures of organic with soil mineral fractions (SMF) imply 
overlapping of information that makes any segmentation procedure difficult. Some Authors proposed a 
number of possible contrasting agents that increase SOM mass (i.e., α) simplifying segmentation operations, 
although the toxic effect on microorganisms may compromise the spatiotemporal arrangement of organic and 
mineral particles. By using phosphomolybdenic acid (PMA) as contrast agent, the aim of this study was to 
visualize, segment and quantify SOM inside the soil matrix through X-ray µCT and evaluate its effect on 
microbial communities. A silty loam soil was air-dried, sieved at 2 mm and placed in a muffle furnace (550 °C, 4 
h) for SOM removal. Maize silage (MS) (2 mm sieved) was shaken overnight with a PMA solution, centrifuged 
for 10 min at 1000 RPM and oven-dried at 105 °C for 24 h. Stained MS was added into the soil in two 
concentrations (w/w), 1% and 5%. Successively, samples were subjected to X-ray µCT scan operating at 67 kV 
and 147 µA, with a 3.7-µm image resolution. Scanning was performed twice, after SMF-SOM mixture procedure 
and following incubation. 
 
Preliminary results showed that PMA increased α of SOM, simplifying its identification and the following 
segmentation. SOM was discriminated from SMF (Fig.1) and estimated at comparable values to those initially 
weighted. This procedure showed the high potential to study spatiotemporal SMF-SOM interactions as related 
to microbial activity, although specific studies are needed to better evaluate PMA toxicity on microorganisms 
(Research funded by PROTINUS H2020 project N°645717). 
Figure 1 Stained SOM inside the soil matrix: sample's slice (sx) and volume redendering (dx). 
 

Figure 1 
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Visualizing tar oil contamination in soil by FTIR microscopy 

 

*Pavel Ivanov1, Karin Eusterhues1, Thomas Ritschel1, Thilo Eickhorst 2, Anna Georgiadis 3, Thilo Rennert3, Kai 
Uwe Totsche1 
1Friedrich-Schiller-University Jena, Institute of Geosciences, Jena, Germany 
2University of Bremen, Department of Biology / Chemistry, Bremen, Germany 
3University of Hohenheim, Institute of Soil Science and Land Evaluation, Stuttgart, Germany 
 
Tar-oil is a waste product of coal carbonization on manufactured gas plants. It is one of the main hydrocarbon 
soil contaminant in Europe and North America. We studied the soil on one of the former plant"s basin. On the 
macroscale, the contaminant seemed to be evenly distributed. On the microscale, tar-oil was heterogeneously 
concentrated in some of the aggregates. Thus, a better understanding of the spatial distribution of tar-oil and 
its chemical composition on a microscale will help to find the spots of ongoing remediation and frame the 
approaches to promote it. The microstructure of undisturbed contaminated and control soil was studied on 
thin sections using FTIR-microscopy. This allows collecting maps of FTIR spectra with a spatial resolution 10*10 
µm2. To evaluate these maps, multivariate mathematical approaches to data processing are needed. One of 
the approaches is supervised factor analyses based on Positive Matrix Factorization (PMF). Factorization of the 
data matrix yields component spectra, which are typical for all the spectra in the file. By fixing spectra of known 
components using both internal and external standard spectra (resin, quartz, clay minerals, carbonates, alkane 
oil), we got a residual component spectrum, which represented mainly carboxyl vibrations. Carboxylic acid is 
the product of alkane (as well as plant tissue) biodegradation. As the result of factorization, temperature maps 
for each component were created; their analysis allowed distinguishing between mineral aggregates, pores, 
contaminant, plant tissue, and newly formed organic matter. 
 
The analyses showed that in the most contaminated layers, some aggregates were enriched in tar oil while 
others remained uncontaminated. At some spots, the oil-bearing aggregates were associated with newly-
formed organic matter, especially on root coatings. In the layers below the contamination, root channels and 
macropores were coated with tar oil, suggesting that they acted as preferential pathways for contaminant 
transport. The FTIR microscopy proved to be a powerful tool for spatially resolved organic matter analysis in 
contaminated soil. For a better understanding of the ongoing processes, it needs to be accompanied by SEM-
EDX, Raman microscopy and the imaging of microbial cells by FISH. 
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Manipulation of bulk density and particle size distribution to study soil pore network structure 

control on N2O emission: An X-ray µCT & qPCR study  

 

Peter Maenhout1, Stefaan De Neve1, Jan Vandenbulcke2, Stefanie Schultz3, Michael Schloter3, *Steven Sleutel1 
1Ghent University, Soil Management, Gent, Belgium 
2Ghent University, Forest and Water Management, Ghent, Belgium 
3Helmholtz Zentrum München, Neuherberg, Germany 
 
Introduction 

 
Soil pore structure determines the distribution of O2 and water and thereby indirectly controls microbial 
activity. Intense heterotrophic activity often depends on fresh substrates like plant litter fragments and so 
traits of local pore space of discrete OM particles may be a stronger determinant than bulk soil physical 
properties. Soil N2O production is the resultant of a sequence of enzymatically mediated N-reduction 
processes and terminal N2O-reduction. All steps depend on O2 availability but it is unclear which process is 
most strongly influenced by soil pore network architecture.  
 
Objectives 

 To isolate the effect porosity and distribution of pore neck sizes in bulk soil and near substrate 
particles on soil N2O emission in artificial sandy loam soils. 

 To identify dependency of N-reduction steps on pore network structure. 
We set up microcosm soil incubations combined with X-ray µCT and qPCR analysis of genes encoding for 
denitrification step enzymes. 
 
Materials & Methods 

 
We created miniature soil cores (H:1.2cm and diam. 1.2cm) with three soil textures at coarse sand: fine 
sand:silt and clay mixtures of 60:10:30, 35:35:30 and 10:60:30, resp. These particle size treatments were shown 
to impact volumes of pores with 3-30µm necks (Sleutel et al., 2012, SBB 45, 40-48). Sand fractions were OM 
free and so there was a constant proportion of silt+clay OM. Treatments were established at 1.35 & 1.50 g cm-
3, differing in pores with necks<300µm. Soils were prior mixed with maize-leaf particles (C: N=13.6 & 500-
1000µm size) and brought to a WFPS 75% with 15N-KNO3 (98%) @ 125 mg N kg-1. 
Soils are now incubated in triplicate at 20°C for 2.5 weeks in a nearly vapour-saturated atmosphere. Emission 
of CO2 and N2O is measured with GC-TCD/ECD. On 5 times 15N-N2O &-N2 and 13C-CO2 are measured (TG-
IRMS). X-ray µCT will be performed at the UGhent Centre for X-ray CT to firstly quantify soil pore network 
properties of all 18 cores and in a second stage local pore space of substrate particles. 2 parallel batches enable 
destructive qPCR-analysis at onset and end of NarG NapA NirS NirK and NosZ gene abundance at the Helmholtz 
Zentrum München. 
 
Results 

 
The incubation experiment is running at time of abstract submission. Soil emission and qPCR results will be 
presented as well as dependency on soil pore neck size distributions. 
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MATLAB tool to identify soil particulate organic matter from x-ray computed microtomography 

images of intact samples 

 

Kenneth Stewart1, *Alexandra Kravchenko2, Dirk Colbry3 
1Michigan State University, Computer Science and Engineering, East Lansing, United States 
2Michigan State University, Plant, Soil and Microbial Science, East Lansing, United States 
3Michigan State University, Computational Mathematics, Science and Engineering, East Lansing, United States 
 
Particulate organic matter (POM) is the biologically and chemically active fraction of soil organic matter that 
generates many agricultural and ecological benefits and often serves as an early indicator in changes in soil 
organic matter status. POM is operationally defined as organic particles 0.053 to 2 mm in size; and 
conventional POM determination is based on this definition and is destructive. The use of computed 
microtomography (µ-CT) has been proposed for non-destructive POM determination in intact soil samples1. 
Here we present a MATLAB software tool developed to enable for efficient and effective identification of POM 
from 3D µ-CT images. The tool accomplishes the analysis of multiple samples through a multi-step workflow 
navigable by an intuitive graphic user interface. First the user selects a folder containing the set of images they 
want to analyze. Then preprocessing is done using user provided initial parameters, including the minimum size 
for POM particles, the range of image gray-scale values (GVs) for POM, etc., with defaults provided to inform 
the user about the required inputs. The preprocessing gives preliminary identification of likely POM based on 
the range of GVs, shape, and size of POM pieces. After, the user opens another GUI to create a training data set 
for POM determination based on visual examination of the preliminary results. Statistical and geostatistical GVs 
characteristics for each POM piece are calculated for both the training and the entire data sets. Then, a linear 
discriminate analysis model is generated based on the training data set, and per user"s prompt is applied to the 
entire image(s) to provide the final POM identification. Once discriminate analysis is done, images showing only 
POM are generated and can be reviewed by the user. The MATLAB tool along with a brief user manual is 
available upon request. 
Figure 1: The tool showing the POM labeling GUI being used. The images shown are the results of the 
preprocessing steps being applied to µ-CT images of an intact soil sample. 

1. Kravchenko AN, Negassa W, Guber AK, Schmidt S. New Approach to Measure Soil Particulate Organic 
Matter in Intact Samples using X-Ray Computed Microtomography. Soil Sci Soc Am J 2014, 78(4): 1177-
1185. 

Figure 1 
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Influence of soil structure on nutrient cycling using microfluidics 

 

*Carlos Arellano Caicedo1, Pelle Ohlsson2, Edith Hammer1 
1Lund University, Biology, Lund, Sweden 
2Lund University, Biomedical Engineering, Lund, Sweden 
 
Evidence suggests that micro-scale biogeochemical interactions could play a highly significant role in the 
persistence of organic matter in soils, thus, soil physical structure might play a decisive role in preventing 
accessibility of nutrients to microorganisms. For studying effects of spatial microstructure on soil nutrient 
cycles, we have constructed artificial habitats for microbes that simulate soil structures. Microfluidic, so called 
Lab-on-a-chip technologies, are one of the tools used to achieve our purpose and simulate various stages of soil 
aggregation at a microscale. The changes inside the soil chip was followed using microscopy and analytical 
chemistry. In this way, we followed the growth of microorganisms inoculated into the soil chip as well as the 
chemical degradation of organic matter. The parameters tested in the experiments were: porosity, pore size 
distribution and level of complexity. 
 
Porosity effect was studied using pillars inside the chip that simulated soil particles. Pore size distribution was 
tested by arranging randomly the pillars inside the system. This random arrangement was compared to the 
designs that had the same porosity and pillar diameter, but a symmetrical disposition inside the chip. Finally, 
level of complexity was evaluated using a continuous fractal space-filling curve called Hilbert curve. The 
number of iterations of the Hilbert curve determines the level of complexity of the area inside it. Our first 
results showed a succession of organisms colonizing channels into dead-end arenas, and modifying the habitat 
gradually. This was evident due to the high presence of bacteria inside the chip during the first days. Fungal 
hyphae growth gradually inside the channels until it finally occupied the big majority of the spaces isolating 
bacteria which dramatically decreased in number.  
 
Moreover, the structure inside the soil chip changes dynamically due to the creation of biofilms. These findings 
suggest that a highly significant part of the soil structure is microbial biomass. Understanding small-scale 
processes in the soils is crucial to predict carbon and nutrient cycling, and to enable us to give 
recommendations for soil management in agriculture, horticulture and nature conservation. If 
parameterization of soil structure as a central determinant for carbon sequestration is possible, it will allow 
strong argumentation for management practices that conserve and foster soil structure, such as low-tillage, 
support of mycorrhizal fungi, and reduction of heavy machinery usage. 
Figure 1 

 

 
Figure 2 
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Global soil carbon residence times and their correlation with climate and soil properties 

 

*Zhongkui Luo1, Enli Wang1 
1CSIRO, Agriculture & Food, Canberra, Australia 
 
Question 

 

Soil organic carbon (SOC) dynamics can provide significant positive or negative feedbacks on climate change, 
impacting on the uncertainty in climate change predictions. The magnitude and direction of these feedbacks 
are largely determined by the residence times of SOC and the key drivers represented by climate and soil 
properties in situ. 
 
Methods 

 

We estimate the residence times (τ) of SOC in the topsoil (0–0.3 m) and subsoil (0.3–1 m) at the global scale at 
the resolution of 0.0083º × 0.0083º (equal to ~1 km × 1 km near the Equator) by combining global, spatially 
explicit observational SOC and NPP databases. We further quantify the relative importance of climate, soil 
properties and biome types in controlling local τ by conducting local boosted regression trees (BRT) and partial 
correlation analysis (PCA). 
 
Results 

 

The results show that the global mean τ is ~50 yr and >1000 yr in the topsoil and subsoil respectively. On 
average, SOC resident shorter in low latitudinal regions, with the shortest and longest SOC residence found in 
tropical forests (<20 yr) and arctic tundra (>100 yr) respectively. As expected, τ negatively correlates with 
precipitation and temperature. However, these climatic variables explain a smaller fraction of the variability in 
τ than soil properties. At the global scale, preliminary results suggest that the relative influence of temperature 
and precipitation is ~40%, while it is ~60% for soil properties (e.g., bulk density, clay and cation exchange 
capacity), in spite of the great spatial variability across different climate zones and biomes. The BRT enables us 
to show a global map of the relative importance of climate and soil properties, while the PCA assesses the 
interactive dependency of climate and soil properties in controlling τ. 
 
Conclusions 

 

This is the first observational-based estimation of SOC residence times in the topsoil and subsoil at the global 
scale. The findings highlight that the vulnerability of SOC to climate change may be largely determined by soil 
properties other than climate. As soil properties closely relate to SOC residence and are relatively stable under 
climate change, the soil may buffer the response of SOC turnover to climate and other environmental changes. 
The observational estimation of SOC residence times also provide a reference to judge the credibility of 
predictions by current Earth System Models, which are the dominant approach projecting future SOC dynamics 
under global change. 
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Imaging natural organic matter coatings on Fe oxides and clay minerals by AFM and C1s STXM 

 

*Karin Eusterhues1, Jürgen Thieme2, Sneha Pradip Narvekar1, Tim Mansfeldt3, Kai Uwe Totsche1 
1Friedrich-Schiller-Universität Jena, Institut für Geowissenschaften, Jena, Germany 
2Brookhaven National Laboratory, NSLS II, Upton, United States 
3Universität zu Köln, Department für Geowissenschaften, Köln, Germany 
 
Sorption of organic matter on minerals will entirely change the surface properties and the reactivity of these 
minerals. We used atomic force spectroscopy (AFM) and X-ray absorption spectromicroscopy (STXM-NEXFAS) 
at the C1s and Fe2p absorption edges to quantify extent, mechanical properties, and chemical composition of 
organic coatings on Fe oxides (and clay minerals if present). The investigated Fe oxides came from three 
settings, which differed in the origin of the available organic material: (1) synthetic goethites, that had been in 
contact with biofilms, (2) natural Fe oxides, which precipitated from Fe-rich springwater, most likely triggered 
by microbial oxidation, and (3) natural, goethite-rich Fe oxides from the Bg horizon of a Gleysol. First results 
show that the mineral associated organic matter from the three settings is rather different in composition: The 
organic matter on goethite from biofilms is dominated by proteins and alkyl C. In comparison, the organic 
coatings on Fe oxides from the spring are clearly enriched in aryl C and O-alkyl C, but depleted in alkyl C. 
Coatings on Fe oxides from the Gleysol are rich in alkyl C and carbonyl C. In addition to the Fe oxides, the 
Gleysol also contains chlorites. On these chlorites the carbon specific absorption at the C1s edge is much 
weaker than on the Fe oxides and the adhesion between AFM-tip and mineral surface is clearly higher than on 
the Fe oxides. We therefore assume, that the chlorites bind less organic matter than the Fe oxides. On the scale 
of the spatial resolution of AFM (2 nm) and STXM (30 nm), the organic coatings are not patchy, but stretch 
continuously across the mineral surfaces. Our observations are in accordance with the high reactivity of Fe 
oxides towards organic matter sorption. Even when found in close proximity to bacterial cells, like in the spring 
samples, the Fe oxide associated organic matter has a strong contribution of OM of non-microbial origin. 
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Aridity and plant community changes drive shifts in organic matter chemistry 
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Introduction 

 
Climate change affects soil function directly by altering biogeochemical processes and the microorganisms that 
control them, and indirectly through shifts in plant community structures that change the chemistry of inputs 
and foster different microbial communities. As soil organic matter (SOM) has a central role in soil function, it is 
important to quantify how the chemistry of organic matter inputs and SOM may change with increasing aridity. 
 
Objectives 

 
In order to address our main objective of understanding the effects of aridity on SOM chemistry and function, 
we sampled an established bioclimatic transect following the mainland portion of the Adelaide Geosyncline in 
South Australia, from the temperate Fleurieu Peninsula for ca. 800 km north to Murnpeowie Station in the arid 
zone. 
 
Materials and Methods 

 
Samples were collected from 42 long-term monitoring sites along the transect in the 2016 Austral autumn, 
comprising a composite of 20 individual surface soil samples from within a 25×25 m plot established at the 
corner of each site. Soil organic matter chemistry was quantified by 13C-CP/MAS NMR and mid infra-red 
spectroscopy. Soluble and extractable N pools were quantified to provide a snapshot of the N status at each 
site, and microbial biomass C&N were also measured. 
 
Results 

 
We found significant relationships between plant community structure and both litter and soil OM chemistry as 
quantified by NMR. Though latitude (and thus aridity) had no impact on plant diversity, there were significant 
(P  .  et opposi g elatio ships et ee  latitude a d alk l:O-alkyl ratio (A:OA), with SOM A:OA with 
increasing with aridity, while litter A:OA decreased with aridity. 
 
Conclusions 

 
Our results demonstrate that soil and litter OM chemistries are related to vegetation community structure 
across a large climate gradient, and this is despite differences in soil types along the gradient. Further ongoing 
work to quantify microbial community structures and N cycling processes will improve our understanding of 
how increasing aridity might be expected to influence SOM chemistry and its impact on soil nutrient cycling. 
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Carbon in Swedish forest humus layers and soils 
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Below ground carbon stocks in Swedish forests display a strong latitudinal gradient with higher stocks towards 
the south/south west, but the regulating factors are unclear (Fig. 1). Approximately 1/3 of the below ground 
carbon in northern coniferous forests is found in pure organic humus layers of mor type, which is tightly 
coupled with the rest of the forest ecosystem and provides much of the nutrients. The mean age of this humus 
is ca 30-40 years (Fröberg et al. 2011), which is within the time of one forest rotation. Accumulation of humus 
depends on litter input and decomposition, but increasing evidence indicates that the decomposition processes 
are more influential (Wardle et al. 2003). Current forest soil models, mainly influenced by litter input fail to 
e plai  the a iatio  i  a o  sto ks Ťupek e al.  i di ati g that ette  p o ess u de sta di g is eeded 
to predict the carbon stocks. 
Using extensive data from the Swedish Forest Soil Inventory from across the entire boreal latitudinal range, the 
importance of drivers of soil carbon accumulation was explored; i.e. climate, vegetation, edaphic factors and 
soil chemistry. Soil chemical factors overshadowed productivity and climatic variables in explaining the 
variation in carbon stocks. Nutrients directly associated with microbial decomposition processes could be 
singled out. Complex interactions involving for fungal community seem to be critical for the turnover of boreal 
forest humus layers. 
 
Figure 1. Belowground carbon stock in Swedish forests for the humus layer, the soil to 50 cm depth and the 
sum of both. 
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Quantitative mapping of particulate organic matter in soil profiles 
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Organic matter (OM) is an important soil component controlling many chemical and physical properties ranging 
from nutrient and pollutant sorption to aggregate stability. Advanced techniques and procedures have been 
developed to characterise and separate different fractions of soil organic matter (SOM). Despite its importance 
and the methodological progress, two main deficiencies still constrain the comprehensive analysis of OM in 
soils: 1) Many techniques are destructive so that the sample is lost after the measurement; and 2) SOM 
quantity and quality generally show a heterogeneous spatial distribution across many scales which is not 
considered in an adequate way in most studies. Therefore, a fast imaging technique that measures SOM 
quantity and quality in a non-destructive way with a high spatial resolution on the pedon scale is required. We 
sampled two adjacent, but differently managed sites in a semiarid steppe in Inner Mongolia, China - one 
continuously grazed and the other ungrazed since 1979, and the soils of both sites were classified as calcic 
Chernozems. Long-term grazing is expected to decrease carbon content, most pronounced in labile particulate 
organic matter (POM) fractions. Stainless steel boxes (100×100×300 mm³) were used to sample undisturbed 
soil profiles. Two hyperspectral cameras recorded the visible, near and short wave infrared reflectance (400-
2500 nm) of the profiles with a ground sampling distance of 63×63 µm² per pixel for VisNIR and 256×256 µm² 
per pixel for SWIR. This procedure was repeated over three vertical slices at a lateral distance of 25 mm 
through the soil boxes. After each image recording the profile was divided into ten equal squares (each 50×60 
mm2) and bulked samples were extracted from each square to a depth of 5 mm. We used physical fractionation 
to extract different fractions of soil organic matter and an elemental analyser and a VisNIR spectrometer to 
analyse their chemical composition. We used the VisNIR spectra of the extracted fractions as spectral library to 
identify and quantify different SOM fractions in the recorded images and validate these results with density 
fractionation. Imaging spectroscopy enabled not only the spatially resolved quantification, but also important 
information on particle size and chemical composition of soil organic matter. We show the potential of 
laboratory imaging VisNIR-SWIR spectroscopy for the qualitative and quantitative mapping of SOM fractions on 
the pedon scale. Furthermore, we present a fast but robust procedure for the identification of POM in VisNIR 
images. 
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reserve in Sri Lanka  
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Estimates and mapping of spatial distribution of soil organic carbon (SOC) stores in tropical landuse types are 
critical to understand the function of soil in the global carbon cycle and assess its responses to climatic 
changes. This study aimed at estimating and mapping the spatial variability of soil carbon stocks among major 
vegetation types in the Knuckles Forest Reserve (KFR), located in the central massif of Sri Lanka. Sampling was 
carried out (0-15 and 15-30 cm) in each vegetation type; montane forest (MF), sub-montane forest (SMF), 
moist monsoon forest (MMF), open and sparse forest (OSF), grassland (GL) and forest plantation (FP). The 
estimated total organic C (TOC), microbial biomass C (MBC), KMnO4 oxidizable C (POC) and water soluble C 
(WSC) were analyzed using ANOVA-GLM in Minitab 16. The highest carbon stock was recorded in MF soils (72.9 
Mg/ha) followed by SMF (59.0 Mg/ha). Carbon stocks were comparatively less in FP (45.4 Mg/ha). The highest 
POC and WSC were also recorded in MF soils (0.071%, 0.047%, respectively), whereas the lowest were 
recorded in FP (0.062%, 0.014% respectively) in the 0-15 cm layer. MF contained the highest TOC content 
(4.52%) with the lowest MBC (0.035%). FP contained the lowest TOC (2.70%) and relatively higher MBC 
(0.049%) content. Soil carbon stocks were digitally mapped using GIS (ArcMap 10). Results concluded that MF 
contained higher carbon stocks compared to other vegetation types in KFR, indicating its importance to global 
C cycle. However, the lowest MBC at MF perhaps due to its location in high elevation (>1300 m asl). This 
baseline information will address the dearth of data on soil carbon sequestration potentials by different 
ecosystems in the tropics, hence useful in future climate change mitigation programs. 
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Alpine grasslands of the Neotropical Andes are characterized by large soil organic carbon (SOC) stocks, and they 
received increasing research attention because of their vulnerability to global change. However, most studies 
on SOC in the Andean region focus on volcanic-ash soils, but non-volcanic ash soils that cover large areas of 
Andean region as well, are less well studied. We aimed to fill this knowledge gap by qualifying SOC stocks and 
identifying C stabilization in an Andean region (7°11"S, 78°35"W) with C-rich, non-ash soils. We sampled 69 
plots to evaluate SOC stocks with factors linked to lithology, land use, grazing intensity and topography. We 
selected 6 well-developed plots with contrasting lithologies (3×limestone and 3×granite) to study C 
stabilization, using selective extractions (oxalate, pyrophosphate and BaCl2) and measured Fe, Al, Mn, Ca, Mg 
and C in these extracts. Analysis of covariates (ANCOVA) was applied to identify factors that explain SOC stock 
patterns, and partial correlation was used to find fractions that contribute to C stabilization. 
 
Our results showed that average SOC stocks were 215± 21T ha-1, which were higher than global average levels 
(50-150 T ha-1). Lithology and soil depth were major factors controlling SOC stocks patterns. In both limestone 
and granite soils, pyrophosphate fractions, which indicate C stabilized by OM-metallic complexes and cation 
bridges, explained C stabilization, because of high ratios of pyrophosphate extracted C to SOC and positive 
correlations between pyrophosphate fractions and SOC. We did not find evidence for a large contribution of 
amorphous metal oxides to C stabilization, because of the loss of correlations between SOC and oxalate 
fractions after removing correlations between SOC and pyrophosphate fractions. In limestone soils, 
exchangeable Ca and Mg, which are related to aggregates formation by cation bridges, were positively 
correlated to SOC regardless of the removal of correlations between SOC and other fractions. Our results 
suggested OM-metallic complexes and/or cation bridges (pyrophosphate fractions) rather than amorphous 
metal oxides (oxalate fractions) control C stabilization in both soils, whereas soil aggregation related to Ca2+ 
and Mg2+ bridges may be an important stabilization mechanism in limestone soils only. 
 
 



Session 3b: Spatial variability of SOM concentration, composition, and persistence 

6th International Symposium on Soil Organic Matter  139 

O-3b.08 

 

Spatial variability of stabile and labile SOC proportions in German agricultural soils 

 

*Cora Vos1, Angelica Jaconi1, Axel Don1 
1Thünen Institute, Climate-Smart Agriculture, Braunschweig, Germany 
 
As soil organic carbon (SOC) in agricultural soils does not only contribute to soil fertility but possibly also to the 
mitigation of climate change through carbon sequestration, it gained increasing interest in soil research. The 
sequestration of atmospheric carbon is influenced by land-use and management but this influence is not the 
same over the whole soil matrix. It differs between conceptual SOC pools of various stabilities. This is why not 
only the bulk SOC stocks need to be assessed when discussing stabilization and storage of SOC, but also 
different SOC pools. These are approximated in the laboratory using SOC fractionation schemes. As those are 
quite time consuming and therefore expensive, we tried to predict SOC fractions using near infrared 
spectroscopy (NIRS) and chemometric methods. We aimed to answer the following research questions: 
 

 How accurately can the SOC fractions be predicted using NIRS? 
 How is the SOC distributed among the fractions on national scale and which drivers influence the 

distribution? 
 Can regions with high potential for carbon sequestration be identified by this approach? 

 
The study was conducted as part of the German Agricultural Soil Inventory. A set of 145 topsoil samples, 
representative for German agricultural soils, was fractionated and these samples were used to calibrate NIRS 
predictions of the according fractions for over 2500 mineral aricultural soils all over Germany. Additional 
climate, management and geographical data were gathered for all sites. A machine learning algorithm (cforest) 
was used to identify the mean drivers for the distribution of soil carbon among the fractions. When predicting 
SOC in two different fractions with NIRS the coefficient of determination (R²) between measured and predicted 
values ranged between 0.92 and 0.94. The cforest algorithm revealed that land-use history and soil texture 
were the main drivers of the carbon distribution among the labile and stabile SOC fractions. There was a strong 
latitudinal gradient in the distribution, which could mainly be ascertained to the distribution of soil texture and 
land-use history patterns in Germany. The predictive approach allowed creating a map of the fractions 
contribution to bulk SOC from which regions with higher/lower content of stabile/labile SOC can be 
distinguished. 
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By storing carbon in the soil, forests can play an important role in climate mitigation. We studied how the SOM 
composition was affected by conversion of deciduous stands to mono-culture spruce plantations in the 
Mullerthal in Luxembourg and the Gaume in south-east Belgium. Both regions have a known and similar 
vegetation history on different lithologies, ranging from calcareous marls to decalcified sands. Lignin and 
cutin/suberin biomarkers were identified with thermally assisted hydrolysis and methylation (THM) using tetra 
methyl ammonium hydroxide (TMAH). Lignin was used to distinguish deciduous and coniferous litter sources, 
whereas cutin and suberin indicated the respective input of above- and belowground litter input. A twinplot 
setup was used to be able to independently evaluate the effect of edaphic factors versus input differences on 
SOM composition. pH values and SOC stocks reflected the lithological gradients in both study areas. The 
difference was subtler in the Gaume where the gradient is much narrower. 
 
We observed differences in molecular composition and also in decomposition state of lignin that were caused 
solely by input differences between adjacent deciduous and coniferous forest plots. Furthermore, we found a 
legacy effect, a signal of former deciduous forest in the deeper soil layers (15-20 cm) under the current spruce 
plantations, in the loamy substrate plots of the Gaume, which was not observed in the Mullerthal, despite the 
similar vegetation history of both regions. This can be explained by differences in environmental conditions, 
such as the pH, between both areas. This is in line with the new paradigm that the (soil) environment rather 
than molecular composition is in many situations a dominant factor in determining the lignin turnover rate. 
Lastly, in both study areas within most twin plots SOC stocks were similar for both forest types, while SOC 
stocks were higher on a marl or limestone substrate than on a sandy substrate. We therefore argue that 
edaphic factors are of vital importance when considering forests to effectively mitigate climate change and that 
litter quality, and therefore the molecular composition of the organic matter, cannot be ignored when 
discussing organic matter persistence and carbon sequestration. 
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Enhanced soil respiration (CO2 efflux) in response to spatially variable soil water repellency 
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Soil water repellency (SWR) restricts water infiltration and strongly affects water distribution in soil pores. SWR 
is already a common feature of many soils and is expected to become even more spread according to current 
climatic prediction. Given that soil CO2 emissions are strongly dependent on water distribution in soil pores it 
can be expected that water repellency can affect soil carbon dynamics. Based on previous laboratory 
experiments it has been suggested that water repellency reduces soil respiration, but the responses of soil CO2 
efflux to naturally varying hydrological conditions created by SWR are not yet known. Here we present the 
results of the first field-based study testing the hypothesis that water repellency indeed reduces soil CO2 efflux. 
In situ field measurements of soil CO2 fluxes, temperature, water contents and water repellency were carried 
out over three consecutive years at a grassland and pine forest site under the humid temperate climate of the 
UK. 
 
SWR was observed for the majority of the warmer period, but exhibited high spatial variability. Soils showed 
similar levels of extreme water repellency only on a few occasions following long dry spells and this indeed 
resulted in reduction in CO2 efflux. Spatially patchy SWR with variable soil moisture content induced the 
highest respiration rates, significantly higher than when SWR was absent. This rather unexpected behaviour 
can be explained by SWR-induced preferential flow which created flow paths with water and nutrients supply 
to the microorganisms, while water repellent zones provided air-filled pathways to facilitate soil-atmosphere 
gas exchanges. This study demonstrates that SWR can have contrasting effects on CO2 fluxes and, when 
spatially-variable, enhance CO2 efflux.  
 
Keywords: CO2 flux, soil respiration, soil water repellency, pore water distribution 
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Soil organic matter is a key property as it influences soil ecosystem services like productivity, water storage, 
etc. In particular, the labile soil organic carbon (SOC) fraction plays a central role in short- to medium-term 
nutrient availability and soil structural stability. There is little evidence to differentiate the relative importance 
of factors influencing the labile SOC fraction in contrasted pedological and vegetation conditions. Soil 
respiration tests and particulate organic matter (POM) obtained by different fractionation schemes are 
considered as classical indicators of the labile soil organic carbon (SOC) pool. Thermal analyses, in particular 
Rock-Eval 6 (RE6) analysis, have also shown promising results in the determination of SOC biogeochemical 
stability. 
 
Using a large set of samples of French forest soils representing contrasted pedoclimatic conditions we assessed 
the effects of depth (n = 5; up to 1 m), soil class (entic Podzol; dystric Cambisol; Calcisol) and vegetation types 
(deciduous; coniferous) on SOC biogeochemical and thermal stability. We explored how respired-C isolated by 
a 10-week laboratory soil respiration test, POM-C isolated by a physical SOC fractionation scheme (particle-size 
> 50 µm and d < 1.6 g·cm− ) and four RE6 parameters, correlated to short- or long-term SOC persistence, 
evolved in a set of 233 soils samples from 53 forest sites. Results showed that depth was the dominant 
discriminating factor, affecting significantly all parameters. With depth, we observed a decrease of both 
classical labile SOC indicators and the thermally labile SOC pool and an increase of the thermally stable SOC 
pool, along with an oxidation and a depletion of hydrogen-rich moieties of the SOC. Soil class and vegetation 
type had contrasted effects. For instance, entic Podzols and dystric Cambisols had relatively more thermally 
stable SOC in the deepest layer than Calcisols but more labile SOC in the surface layer than Calcisols. Soils in 
deciduous stands tend to contain a higher proportion of thermally stable SOC than soils in coniferous stands. 
This study shows that both vegetation and soil types influenced SOC stability at various depths and thus should 
be considered when mapping soil climate regulation ecosystem service. 
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Introduction 

 
Soil organic matter (SOM) forms the largest terrestrial reservoir of organic carbon, and in the context of 
ongoing global change an improved understanding of the (drivers of) spatial variability in soil carbon is crucial. 
This study encompasses a wide range of spatial scales – from mountains to molecules. 
 
Objectives 

 
This project combines bulk and pool-specific radiocarbon and compositional analyses in the top and deep soil in 
forested soils that span a large climatic gradient (MAT 1.3-9.2°C, MAP ~600 to 2100 mm m-2y-1). It includes 
investigations of plot-scale and regional-scale spatial variability on and between well-studies sites which are 
part of the Long-Term Forest Ecosystem Research (LWF) program of the Swiss Federal Institute for Forest, 
Snow and Landscape research (WSL). On a subset of sites, more detailed analyses regarding specific carbon 
pools (e.g. dissolved organic matter under drought) and specific compounds (fatty acids and alkanes) were 
done. 
 
Materials and Methods 

 
Radiocarbon measurements of the bulk and sub-pools provide powerful insights into the stability and amounts 
of soil carbon across different scales. Ancillary site data (climate, soil texture, mineralogy) coupled to the 
radiocarbon data provides information about to what extend drivers influence variability at various scales. 
 
Results 

 
Results regarding soil carbon spatial variability show that the plot-scale variability can be of same magnitude as 
the region-wide variability. Correlation with drivers reveal a weak correlation with climate: only a weak positive 
correlation between 14C and temperature at 0-5 cm depth. Radiocarbon measurements on dissolved organic 
carbon (DOC) during a drought indicate aging of the DOC as the drought proceeds. Compound-specific 
radiocarbon measurements on soil lipid markers imply that they may constitute apt markers for the most 
stabilized soil carbon, potentially more so than operationally-defined density fractions. 
 
Conclusions 

 
This study explores SOM stability and concentration across a wide range of spatial scales and explores the 
drivers behind these changes. This provides insights into SOM stability and potential response to global 
environmental change. 
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Synchrotron-based Infrared-microspectroscopy reveals the impact of land management on carbon 

storage in soil micro-aggregates. 
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Carbon stabilization in soil microaggregates results from chemical and biological processes that are highly 
sensitive to changes in land use. Indeed, such processes govern soil capability to store carbon, this being 
essential for soil health and productivity and to regulate emissions of soil organic carbon (SOC) as CO2. The 
identification of carbon functionalities using traditional mid-infrared analysis can be linked to carbon 
metabolism in soil but differences associated to land use are generally limited. The spatial resolution of 
synchrotron-based Infrared-microspectroscopy allows mapping microaggregate-associated forms of SOC. These 
maps can contribute to better understand molecular organization of SOC, physical protection in the soil 
particles and co-localization of carbon sources with microbial processes. Spatially-resolved analyses of carbon 
distribution in micro-aggregates (20 years). Soils were gently screened (250 m) to obtain intact 
microaggregates which were humidified and frozen at -20°C, and sectioned (200 m thickness) using a 
diamond knife and a cryo-ultramicrotome. The sections were placed between CaF2 windows and the spectra 
were acquired in transmission mode. The maps obtained (5 µm step-size over ca. 150 × 150 µm) revealed 
carbon distribution in microaggregates from soils under contrasting land management, namely undisturbed 
and cropping land. Aliphatic-C in the Oxisol was still closely associated with the clay minerals, confirming the 
resilience of this C-form and its importance on the preservation of SOC via organo-mineral interactions. 
 

Figure 1 
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Soil structure is known to play a vital role for a large number of soil functions including the long term 
sequestration of organic carbon (OC). The restricted bioavailability of OC in intact soil aggregates is related to 
the reduced diffusion of water and enzymes and to the restricted accessibility by microbial cells itself. The use 
of density fractionation protocols allows to differentiate between free soil organic matter (SOM) particles and 
such entrapped in aggregated soil structures, the occluded particulate organic matter (oPOM) fractions. 
Besides a rather undecomposed large oPOM fraction, an operationally defined small oPOM fraction 
(oPOMsmall) turned out to represent an old and often relative stable SOM fraction. By just using a 20 µm sieve 
to rinse off excessive Sodium Polytungstate from the oPOM fraction it is possible to obtain a highly 
decomposed oPOMsmall with low 14C contents but large contents of either aliphatic or aromatic OC. This leads 
to the question where this fraction ends up in fractionation protocols which do not separate these specific OM 
compartments. Is it just lost, or does it affect assumptions about the composition, amount and turnover of 
other SOM fractions?  
 
To discuss the distribution, composition and fate of the oPOMsmall I will present a range of analytical 
approaches reaching from incubation experiments, to the analyses of the chemical composition (e.g. Cu-oxide 
extraction, 13C-CPMAS NMR spectroscopy) and isotope analyses (e.g. 13C, 14C). In parallel the use of state of 
the art imaging techniques (e.g. scanning electron microscopy (SEM), nano-scale secondary ion mass 
spectrometry (NanoSIMS)) allows to locate the small OM particles within intact soil microscale structures. It is 
demonstrated that the oPOMsmall represents an important OC pool in soils reaching over a wide range of 
climatic regions (e.g. Alaska, Central Europe), and over diverse land management systems. For OC rich soils in 
Central Russia and Permafrost soils it even can represent the most important particulate OM fraction. At the 
same time, it can also be demonstrated that these micro scale OM particles represent an important agent in 
the formation of soil aggregates and thus soil structure development. 
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environment to investigate soil-C dynamics 
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Introduction 

 
Labelling plants with 13CO2 can provide information on the quantity of assimilated C partitioned to roots and 
enable its subsequent transformations in soil to be followed. However, in-field labelling is laborious and can 
result in unsatisfactory labelling of soil C pools. 
 
Objectives 

 
The aim of this work was to design a chamber that would maximise 13CO2 labelling of plants and soil C so that C 
dynamics under differing management practices of New Zealand agriculture could be investigated. 
 
Materials & Methods 

 
A large chamber (2 m × 1.2 m × 1 m) was constructed using clear acrylic plastic. Side panels were removable to 
allow easy access to the plants. A control system was used to maintain CO2 concentrations within the chamber 
and continuous measurements of both 12C and 13C-CO2 were made with a gas analyser (Picarro). 13CO2 was 
generated in the chamber by acidifying 13C-labelled sodium carbonate. Air was circulated throughout the 
chamber in a closed loop and temperature and relative humidity were controlled using a simple heat exchange 
unit. 
 
Results 

 
We successfully constructed a simple, yet effective, chamber to continuously pulse label plants within a 
controlled environment. This design is unique in that the 12C and 13C-CO2 concentrations were able to be 
monitored in real-time using a gas analyser linked to a data logger. Temperature and relative humidity within 
the chamber were maintained at similar levels to the ambient environment. 
 
Conclusion 

 
We constructed an effective chamber to continuously pulse label plants with 13CO2 and do real-time monitoring 
of both 12C and 13C-CO2. This design allows soil C dynamics to be investigated in a controlled environment. 
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Soil organic matter and its water-extractable fraction in organically managed soil 

 

Peeyush  Sharma1, Yael Laor2, Michael Raviv3, Shlomit Medina2, Ibrahim Saadi2, Arkady  Krasnovsky2, Maggie 
 Vager4, Guy Levy4, Asher Bar-Tal4, *Mikhail Borisover4 
1FoA Chatha, SKUAST-Jammu, Division of Soil Science and Agricultural Chemistry, Jammu, India 
2Newe Ya'ar Research Center, ARO, Institute of Soil, Water and Environmental Sciences, Ramat Yishay, Israel 
3Newe Ya'ar Research Center, ARO, Institute of Plant Sciences, Ramat Yishay, Israel 
4The Volcani Center, Institute of Soil, Water and Environmental Sciences, Bet Dagan, Israel 
 
Introduction 
 
Organic management of cultivated soils includes regular incorporation of a variety of organic residues as well as 
green manure (GM) into the soil. This may change composition of soil organic matter (SOM) and water-
extractable organic matter (WEOM) in top and sub-surface soil layers thus affecting the agroecosystem 
functioning.  
 
Objective  
 
Of this study was to quantify changes in the composition of SOM and WEOM up to a soil depth of 60 cm in a 
soil subjected to multiple compost applications followed by GM management. 
 
Materials and Methods 
 
Soil samples were collected from the top 60 cm (0-5, 5-15, 15-30 and 30-60 cm layers) in the organically 
managed field after 3 years of variable compost application and one month after the GM incorporation into the 
soil. The SOM in the collected samples was characterized by FTIR absorbance associated with hydrophilic SOM 
functional groups and aliphatic CHs, and total organic C content. WEOM was characterized for its fluorescent 
components, dissolved organic C (DOC) concentration and UV absorbance. 
 
Results  
 
Compost addition enriched the soil by hydrophobic organic matter and water-extractable humic-like 
components. In the compost-amended soil, SOM was depleted of hydrophilic groups and enriched by 
hydrophobic aliphatic C-H-rich substances. However, the content of hydrophilic organic matter in SOM 
increased with increasing depth. Under GM management, the SOM became aromatic, with aliphatic CH-
containing structures contributing to a greater extent to SOM composition at deeper layers. GM management 
resulted in a substantial increase in DOC concentration, with WEOM enriched by hydrophilic aliphatic organic 
compounds, aromatic and fluorescent components increasingly found at deeper soil layers and hydrophilic 
aliphatic components at the surface soil. Fluorescent fraction of WEOM became enriched by relatively less 
biodegradable and weaker-soil adsorbing humic-like components, especially in the deeper soil layers. The 
effects of past compost application rates on the changes in SOM and WEOM characteristics after GM 
management were either non-significant or negative. 
 
Conclusions 
 
Growing and incorporating plant biomass masks, at least on a short time scale, the effects of earlier compost 
applications on changes in SOM and WEOM compositional characteristics. 
 
 



Session 3b: Spatial variability of SOM concentration, composition, and persistence 

6th International Symposium on Soil Organic Matter  148 

P-3b.03  

 

Root and carbon allocation into the subsoil of cultivated land in Germany 

 

*Florian Schneider1, Cora Vos1, Axel Don1 
1Thünen Institute of Climate-Smart Agriculture, Braunschweig, Germany 
 
Subsoil organic matter contributes significantly to total soil carbon stocks. Yet, the origin and turnover rates of 
subsoil organic matter remain poorly understood. In this study, we examined the carbon pools in 50 to 70 cm 
depth on 40 sites covering all major mineral soil types under agricultural use in Germany. Depending on total 
organic carbon concentrations, between 70 g and 210 g of dried (40 °C), sieved (< 2 mm) soil was fractionated 
by particle density and size resulting in the following three fractions: particulate organic matter, sand and 
silt+clay. Each fraction is currently analysed for Corg, Ntot, 13C and 15N. We will discuss the effect of physico-
chemical soil properties and land-use (grassland vs. cropland) on deep root allocation and the relevance of the 
latter for carbon stocks of cultivated land in Germany.  
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Thermal stability of soil organic carbon does not correlate with its biological stability  

 

*Marcus Schiedung1, Axel Don1, Patrick Wordell-Dietrich1,2, Viridiana Alcantára1,3, Petra Kuner4, 
Georg Guggenberger4 
1Thünen Institute of Climate-Smart Agriculture, Braunschweig, Germany 
2TU Dresden , Institute of Soil Science and Site Ecology , Dresden, Germany 
3FAO, Rom, Italy 
4Leibniz University Hannover, Institute of Soil Science, Hannover, Germany 
 
A range of thermal analysis techniques have been developed to determine and quantify soil organic carbon 
(SOC) pools of differing thermal stability. Some studies reported a correlation between thermal and biological 
stability, while other studies reported inconsistent or even no relationship. This study examined whether 
thermal oxidation (with an O2-atmosohere) at temperature levels between 200°C, and 400°C, combined with 
evolving gas analysis and isotope ratio mass spectrometry, can identify SOC pools with differing biological 
stability in mineral soils. Three soil samples with different texture from sites that were under constant 
Miscanthus (C4-plant) cultivation for more than 17 years were used. Due to natural shifts in 13C content, young 
and labile Miscanthus-derived SOC could be distinguished from stable and old C3-plant-derived SOC. Density 
fractions were used to validate the thermally oxidized SOC from bulk soil samples. The amount of SOC oxidized 
at each temperature level showed no significant differences between the three soils. This contradicted the 
results from density fractionation which showed higher portions of heavy mineral associated SOC with 
increasing clay content. The proportion of Miscanthus-derived SOC increased significantly with increasing 
temperatures up to 350°C in bulk soil samples, indicating increasing oxidation of labile and young SOC with 
increasing temperatures. The suggested biologically labile light fraction from density fractionation was clearly 
enriched in Miscanthus-derived young SOC. The thermal oxidation patterns revealed preferential oxidation of 
these biologically labile fractions not at low temperatures, but rather at higher temperatures. The reverse was 
found for the biologically stable mineral-associated density fraction. It was concluded that the thermal stability 
of SOC between 200°C and 400°C is not a suitable indicator of the biological stability of SOC in mineral soils and 
thus thermal oxidation is not capable of fractionating SOC pools with differing biological stability. All results are 
presented by: Schiedung, M., Don, A., Wordell-Dietrich, P., Alcántara, V., Kuner, P., Guggenberger, G. (2017): 
Thermal oxidation does not fractionate soil organic carbon with differing biological stabilities. J. Plant Nutr. Soil 

Sci. 180, 18-26. 
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Pyrene fluorescence probe - the application of a chemist's tool to characterising the organic matter 

on soil grains in model and sandy soils 

 

*Helen BALSHAW1, Peter Douglas2, Matthew Davies1, Stefan Doerr3 
1Swansea University , Engineering , Swansea, United Kingdom 
2Swansea University , Chemistry Group, College of Medicine, Swansea, United Kingdom 
3Swansea University , Geography , Swansea, United Kingdom 
 
Food security and production is one of the key global issues faced by society. The failure of soil to absorb 
water, soil water repellency, can lead to major environmental problems such as increased overland flow and 
soil erosion, poor uptake of agricultural chemicals and increased risk of groundwater pollution. 
 
Organic compounds deposited on soil mineral or aggregate surfaces have long been recognised as a major 
factor in causing soil water repellency. It is generally accepted that the main groups of compounds responsible 
are long-chain acids, alkanes and other organic compounds with hydrophobic properties1. 
 
Fluorescent probes are widely used in chemistry and biochemistry due to their sensitive response to their 
physical and chemical environment2. Here we present our work evaluating the fluorescent probe pyrene as a 
tool to interrogate the nature of the organic layers which surround the mineral grains in model and natural 
soils, so that we can understand (i) the polarity and viscosity of the organic layers adsorbed onto soils; (ii) the 
changes in polarity at soil surfaces as water drops infiltrate. 
 
Preliminary fluorescence studies show that pyrene gives measurable fluorescence when adsorbed into the 
organic layer around natural soils. For model soils, made by coating acid washed sand with organics, the pyrene 
fluorescence response varies with the polarity and viscosity of the organics used. We have also examined 
steady-state and time-resolved emission spectra of pyrene adsorbed onto natural soils and also model soils, 
prepared by adsorption of specific organics onto acid washed sand. When co-deposited with the typical 
hydrophobic compounds found on soils, pyrene gives emission spectra and excimer formation kinetics which 
indicates environments of varying polarity and fluidity depending on the organic compounds present. When 
natural soils are used there are differences in both the efficiency of pyrene adsorption and polarity of the 
pyrene environment. 
 

References 
1. Mainwaring, K., Hallin, I.L., Douglas, P., Doerr, S.H. and Morley, C.P. The role of naturally occurring organic 
compounds in causing soil water repellency. Eur J Soil Science. 2013, 64 (5), 667-680. 
2. Evans, R.C and Douglas, P. Optical Sensors and Probes, in Applied Photochemistry (Eds. R.C. Evans, P. 
Douglas, H.D. Burrows). 2013, Springer-Verlag. 
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Is Rock-Eval 6 thermal analysis a good indicator of soil organic carbon lability? – A method 

comparison study in forest soils 

 

*Laure Soucémarianadin1, Lauric Cécillon2, Claire Chenu3, François Baudin4, Manuel Nicolas5, Cyril Girardin3, 
Pierre Barré1 
1CNRS-ENS, Geosciences, Paris, France 
2IRSTEA, Grenoble, France 
3AgroParisTech-INRA, UMR ECOSYS, Thiverval-Grignon, France 
4Université Pierre et Marie Curie, ISTEP, Paris, France 
5Office National des Forêts, R&D, Fontainebleau, France 
 
Soil respiration tests and particulate organic matter (POM) obtained by different fractionation schemes are 
considered as classical indicators of the labile soil organic carbon (SOC) pool. However, there is still no widely 
accepted standard method to assess SOC lability and the pertinence of these two time-consuming methods to 
characterize SOC turnover can be questioned. Alternate ways of determining the labile SOC component are 
thus well-needed. Thermal analyses, in particular Rock-Eval 6 (RE6) analysis has shown promising results in the 
determination of SOC biogeochemical stability. Using a large set of samples of French forest soils representing 
contrasted pedoclimatic conditions, including deep samples, we compared three different techniques used for 
SOC lability assessment. We explored whether respired-C isolated by a 10-week laboratory soil respiration test, 
POM-C isolated by a physical SOC fractionation scheme (particle-size > 50 µm and d < 1.6 g·cm− ) and several 
RE6 parameters were comparable and how they correlated. As expected, respired-C and POM-C fractions 
strongly decreased with depth. RE6 parameters showed that SOC from deeper soil layers was also thermally 
less labile, more oxidized and H-depleted. Indeed, SOC from deeper soil layers had lower CL + CI (proportion of 
thermally labile SOC), higher T50_HC_PYR (temperature at which 50% of the pyrolizable hydrocarbons were 
effectively pyrolyzed), larger oxygen index, and smaller hydrogen index. Surprisingly, the two classical 
indicators of the labile SOC pool (respired-C and POM-C) were only marginally correlated (p = 0.051) and 
showed layer-specific correlation. Similarly, respired-C was poorly correlated to RE6 parameters. The POM-C 
fraction showed a strong negative correlation with T50_HC_PYR (ρ = − .  a d good o elatio s ith othe  ‘E  
parameters. 
 
Our study showed that RE6 parameters were good estimates of the POM-C fraction, which represents a labile 
SOC pool (residence time of ca. a couple decades) that is meaningful regarding SOC stock changes upon 
modifications in land management. RE6 thermal analysis could therefore be a fast and cost-effective 
alternative to more time-consuming methods used in SOC pool determination, and may be integrated into soil 
monitoring networks to provide high-throughput information on SOC dynamics. 
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Extract and detect biomarker molecules in organic matter of paddy soils under long-term rice 

cultivation 

 

*Yuanjun Ding1, Genxing Pan1, Chong Ma1 
1Nanjing Agriculture University, the College of Resource and Evironmental Science, Nanjing, China 
 
Introduction and Objectives 

 
This study gets three different age (0a, 50a, 300a) paddy soils that from same sources as samples to searching 
the experimental conditions of extracting biomarkers sequentially (extracting free lipids by total solvent 
extraction; extracting bound lipids by base hydrolysis; extracting lignin"s phenol by CuO oxidation ) and makes 
qualitative. At last, the study has try to explain the chemical mechanism of Organic Carbon Stabilization in 
some paddy soils. 
 
Materials & Methods  

 
The study reported here examined a series of soils along a paddy chronosequence, which were shifted from 
tidal marsh to rice cultivation for different lengths of time on a coastland area located in Cixi Municipality, 
Zhejiang Province, China. We choose the paddy soils under the age of 0a, 50a and 300a. 
The study adjusts the experimental conditions of extracting biomarkers sequentially (extracting free lipids by 
total solvent extraction; extracting bound lipids by base hydrolysis; extracting lignin"s phenol by CuO oxidation) 
in order to march the paddy soils. 
 
Results  

 
The main results are as follows: 
The major source of n-alkanols in biomarkers is suberine of plant roots. The major source of n-alkanes in 
biomarkers is fungi. The major source of steroids in biomarkers is lignin. The major source of trehalose in 
carbohydrates is predominantly fungi in soil. 
The lipids and lignin phenols extracted in paddy soils in transition (50a) have the characteristic of 0a and 
300a.the types of biomarkers in in -20cm of 50a are dropped, that is different from 0a and 300a. 
In this study, the dominant plant species of Virgin soil (0a) are coniferous gymnosperms in the early and later 
evolved into herbaceous Angiosperms. The part of below -20cm soil of 50a has some same characteristic with 
0a. 
The types of phenolic acid lignin monomers will rise by the depth of soil. 
 
Conclusions 

 
With the increase of planting time, we found that the stability of organic carbon in deep soil was improved. In 
the mature paddy soils, a stable microbial population has been formed, which is different from natural original 
soil. Compared with the natural wetland soil, the activity of organic matter content in the upper layer(<20cm) 
of the paddy soil was better than that in the underlying soil(>20cm), which was beneficial to the growth of the 
plant, and also to hold more organic carbon in the deep soil. 
 

Figure 1 
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Quantification of the labile C fraction in agricultural soils 

 

Elena García-Campos1, Fernando Gil-Sotres1, *Carmen Trasar-Cepeda1 
1IIAG-CSIC, Soil Biochemistry, Santiago de Compostela, Spain 
 
Introduction 

 
SOM is known to vary spatially; however, relatively little is known about the concomitant variation in SOM 
composition or stability. The labile C fraction is an important but poorly defined fraction of the SOM and is 
usually estimated by measurement of solubilized C under different conditions and/or with different 
extractants. The objective of this study was to determine the spatial variability of labile C in agricultural soils as 
well as the variation due to the extraction protocol. 
 

Material and methods 

 
Twenty-five different agricultural soils dedicated to corn were selected for study in an area close to Santiago de 
Compostela (Galicia, NW Spain). The labile C was extracted with 0.5 M K2SO4 (SSC), cold water (CWSC), hot 
water (80 ºC) (HWSC), 0.033M KMnO4 (KMnSC) and then in H2SO4 5 N followed by an extraction with H2SO4 
26N (yielding fractions F1C and F2C, respectively; Rovira and Vallejo, 2002). Total soil organic C (Ct) and 
extracted C with all the extractants were determined by digestion with dichromate in acid medium.  
 
Results and discussion 

 
Total C and extracted C varied between soils, with coefficients of variation of between 29 and 47% (Table 1). 
The lowest amounts of C were extracted with SSC and CWSC, with similar mean values, followed in increasing 
order by HWSC, KMnSC, F1C and F1C+F2C (the sum of fractions F1C and F2C). The findings clearly showed that 
a) each extractant dissolves different types of organic matter, and b) the spatial variation is mainly due to the 
different Ct contents of the soils. However, the variation is greatly reduced when the proportion of total C 
extracted by each of the extractants is considered. Thus on average, SSC represents the 0.3-0.4 % of the Ct, 
CWSC the 0.4-0.8%, HWSC the 2-4%, KMnSC the 8-10%, F1C the 12-20% and F1C+F2C the 35-45% (Table 1). 
 
Conclusions 

 
The protocols used to determine the labile C fraction yielded very different values, thus confirming the poor 
definition of this fraction. 
The high spatial variability in the C extracted using all protocols tested was greatly reduced when the values of 
the C extracted were expressed relative to the Ct content of the soil. 
 

References 

 
Rovira P., Vallejo R. 2002. Labile and recalcitrant pools of carbon and nitrogen in organic matter decomposing 
at different depths in soil: An acid hydrolysis approach. Geoderma 107, 109-141. 
Table 1. Mean + standard deviation, range of variation and coefficient of variation of total C and C extracted 
with the different extractants. 
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Tracing geogenic carbon 

 

*Fabian Kalks1 
1Thünen Institue for climate smart agriculture, Braunschweig, Germany 
 
Subsoils only contain low amounts of organic carbon. But due to their great thickness they contribute to more 
than two thirds of total soil carbon pools (Batjes, 2014). There is a lively debatte about the question why this 
carbon seems so inert and old (Rumpel and Kögel-Knabner, 2011; Schmidt et al., 2011). A possible explanation 
could be the increasing contribution of 14C free geogenic organic carbon (GOC) from sediment derived soils. 
Corti et al. (2002) have already shown that rock fragments from soil skeleton in sediment derived soils contain 
significant amounts of GOC. But currently there are no techniques for a satisfying fractionation of GOC (Graz et 
al., 2010). Studies about the vertical contribution and vulnerability of GOC are largely missing. To fill this gap 
we are going to extract deep soil and bedrock cores down to 10 m with a diameter of 10 cm at four sites. Site 
selection criteria were profiles derived from a single substrate (bedrock) and will be soft sediments on the one 
hand (sand and loess) and hard sediments on the other (sandstone and limestone). The extracted cores will be 
separated into depth increments and analysed for OC, nitrogen, 13C and 15N. Furthermore incubation 
experiments will be conducted including different treatments (addition of easily available OC sources, physical 
disruption and control). The idea behind is to reveal the behaviour of samples with assembly 100 % GOC from 
the deep core and with subsoil samples that contain a mixture of geogenic and biogenic OC. Together with 
additional 14CO2 measurements we will be able to determine the vulnerability and contribution of GOC with 
increasing depth. Preliminary results will be discussed. 
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Investigating the physical and chemical controls on hillslope to flood plain erosion and burial of soil 

organic carbon in a midwestern US agricultural watershed 

 

*Timothy Filley1, Tingyu Hou1, Thanos Papanicolaou2 
1Purdue University, Earth, Atmospheric, and Planetary Sciences, West Lafayette, United States 
2University of Tennessee, Civil and Environmental Engineering, Knoxville, United States 
 
Intensively managed agricultural landscapes (IML) cover nearly half of the Earths land surface and are now 
essential for feeding our growing population. Over the last century, intensive management (IM) has severely 
degraded the underlying soils of approximately 20% of the world's vegetated land, often leading to a decline in 
productivity and soil organic carbon (SOC). The most rapid loss or redistribution of SOC usually occurs 
immediately after natural ecosystems are put into IM, as was the case with the mollisol regions of the world. 
The exact role of erosion and deposition in C budgets is still in debate as significant stocks of eroded SOC are 
buried and presumably stabilized in flood plain deposits. Within the IML Critical Zone Observatory we are 
investigating the physical and chemical controls on hillslope to flood plain erosion and burial of soil organic 
carbon in midwestern US agricultural watersheds. Combining spatially-resolved surface and deep (~ 1.5 m) soil 
sampling we document the loss and accumulation of upper hillslope carbon in flood plain deposits due to 
agricultural activities since the late 1800s. This presentation compares the chemistry and stocks of mobilized 
and in-situ buried carbon and compares current studies investigating chemical changes to mobilized particulate 
carbon to infer mechanistic controls of post settlement buried SOC. 
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Effects of biochar application on formation and transport of dissolved organic matter (DOM) from 

a farmland entisol 
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2Sichuan Academy of Chinese Medicine Science, Chengdu, China 
 
Introduction 

 
Among current studies with a focus on biochar's effects on carbon sequestration in soil, there have been 
relatively fewer investigations on its effects on the leaching of dissolved organic matter (DOM) that can result 
in export of excessive soil C to the ambient aquatic environmentt. 
 
Objectives 

 
Experiments were conducted with aims to examine biochar's effects on the DOM fluxes in surface runoff and 
leachate from the soil upon nature rainfall events and to characterize potential compositional changes by the 
use of spectrofluorimetric techniques. 
 
Materials and Methods 

 
Crop straw biochar was applied (16 t ha-1) to the plough layer of plots (3×8 m2, triplicates). Surface runoff, soil 
pore water (at depths of 10 and 40 cm) and leachate were collected upon rainfalls, 0.45 m filtered and 
analized for DOC concentration and excitation/emission matrix (EEM) fluorescence. For comparison purpose, 
soil samples were also taken from the plots, freshly added with biochar and water-extracted to obtain DOM 
species. 
 
Results 

 
DOM concentration of soil pore water responded strongly toward the amount of rainfalls, and both treatments 
(control vs. biochar) showed very similar trends. There was no obvious difference of DOM flux in surface runoff 
between the two treatments. On the other hand, biochar significantly increased DOM leaching from the soil, 
with the total DOC flux of observed rainfalls in biochar plots being 11.62 ± 2.39 kg/ha, which was 32.6% higher 
than that of the control (8.76 ± 1.26 kg/ha). EEM-PARAFAC analyses indicated that the soil DOM consists of 
three components that are classified as two humic-like that is terrestrial and similar to those representative of 
soil humic substances and one protein-like (tyrosine) that is microbial-related. For two application rates, there 
was no obvious compositional change in the DOM due to biochar addition after ageing process. 
 
Conclusions 

 
After two years of biochar application, the chemical properties of the soil tended to be stable that already 
made no obvious changes in the composition of soil DOM. However, biochar's effects on soil's porosity 
distribution, particularly on hydraulic conductivity of macropores that perform as major contributing pores to 
soil fast drainage, led a significant increase in DOM leaching from the soil. 
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The composition of soil microbiota in distance to different plants species: Effects on extracellular 

polymeric substances and aggregation 

 

*Antje Bettermann1, Jeroen Zethof2, Cordula Vogel2, Erik Cammeraat3, Karsten Kalbitz2, Kornelia Smalla1 
1Julius Kühn-Institut - Federal Research Centre for Cultivated Plants (JKI) , Institute for Epidemiology and 
Pathogen Diagnostics, Braunschweig, Germany 
2Dresden University of Technology, Institute of Soil Science and Site Ecology, Tharandt, Germany 
3University of Amsterdam, Institute of Biodiversity and Ecosystem Dynamics (IBED), Amsterdam, Netherlands 
 
Soil microbial communities that are shaped by vegetation and soil properties are known to produce diverse 
extracellular polymeric substances (EPS) contributing to aggregation and soil structure. Until now it is unknown 
to what extent changes in the composition of microbial communities and hence the amounts and composition 
of EPS affect aggregation. In a pre-experiment, we observed clear shifts in the bacterial community 
composition by a molecular fingerprinting technique and in contents and composition of EPS in soils 
supplemented with different substrates. We hypothesize therefore that differences in the stability of soil 
aggregates depend on the composition of the bacterial community and its capability to produce EPS which are 
influenced by plant species and parent material. 
 
In order to test this, we sampled soils in Almería Province, Spain, which are strongly affected by water erosion, 
on two different parent materials. On each of these sites, 5 plots were defined and their geographic and 
geological parameters were recorded. Within each plot, one Anthyllis cytisoides individual and one Stipa 

tenacissima tussock was chosen as the two most abundant plant species at both field sites. Around the plants, 
a gradient in distance to the stem/outer border of the tussock along the contour lines of the hillslope was 
sampled (70cm). After gravel crust removal, the soils were sampled up to a depth of 5cm and EPS as well as 
total community DNA will be extracted and characterized to study the functional and structural composition of 
the soil microbiota. Additionally, a cultivation-dependent approach will be carried out to perform functional 
tests on the obtained bacterial and fungal isolates. The experiment is ongoing, but we assume that the factors 
plant species and distance to the plant (and its rhizosphere, where root exudates influence soil microbiota) 
have significant effects on EPS amount and composition and thus on soil aggregation. Seeds of those plants 
and/or soils from the Spanish field sites will be inoculated with EPS-producing bacterial strains and incubated 
under greenhouse conditions. Thereby, the effect of interactions between microbial community, inoculum, 
plant species and soil type on aggregate formation can be examined in more detail. 
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Export and characteristics of dissolved organic matter via surface runoff and subsurface fracture 

flow from a sloping farmland: Use of EEM fluorescence-PARAFAC method 
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Question 

 
Purple soil, a dominant soil in the upper Yangtze River region, China, has a thin thickness (less than 1 m), a low 
organic matter content and poor aggregate structure. Preferential flow prevails in this loamy entisol and the 
underlying fractured parent rock. However, the export and characteristics of dissolved organic matter (DOM) 
from farmland to waters are still not clear. 
 
Methods 

 
In this light, a field study was carried out in a sloping farmland plot (1500 m2, 6°) located in the hilly central 
Sichuan Basin, which has a thin purple soil layer with fractured mudrock underlying. The export dynamics and 
compositional characteristics of soil DOM from the plot in response to five representative rain events were 
monitored (Table 1). Ten tensiometers were installed on the upslope, mid-slope and downslope of the plot at 
four depths from 15 to 45 cm to measure soil water potential. The discharge of surface runoff and subsurface 
fracture flow was recorded with tipping buckets and collected for the measurement of DOM concentration and 
DOM compositional characterization by excitation-emission matrix (EEM) fluorescence spectrum. 
 
Results 

 
Flow dynamics and relative importance of various hydrological processes were dependent on antecedent soil 
wetness and the intensity and duration of rainfall. DOC export via both surface runoff and fracture flow 
responded rapidly to rainfall, with rainfall intensity being the most important factor controlling the extent of 
DOM"s fluctuation (Fig. 1). According to EEM-PARAFAC analyses, the soil DOM consists of two major 
components with peaks located at Ex/Em 260/480 and 245/400 nm that belong to humic and fulvic species, 
respectively. The response of the concentrations (loadings) of the two DOM components in flows to rainfalls 
was consistent with that of DOC values. However, there was no obvious compositional change of DOM in terms 
of fluorescence index, humidification and biological indices. 
 
Conclusions 

 
DOM export from the sloping farmland soil showed strong response to rainfalls, and rain intensity was the 
most important factor affecting its dynamics. Also, EEM-PARAFAC can be used as a potential tool for its online 
DOM monitoring for soil pore water and stream water. 
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Metal binding in soil humic acid 

 

*Sanjib Kar1 
1University of Calcutta, Department of Agricultural Chemistry and Soil Science, Kolkata, India 
 
Abstract 

 
In this work, an attempt was taken to find the nature of matal-humic acid bonding as it occurs in nature 
("untreated") as compared to the samples where from the metal ions has been removed ("treated"). Si-O 
absorption reduced on treatment to remove metal ions, but it remains strong in the treated samples indicate a 
strong Si-O linkage with humic acid (HA). Treated samples showed stronger -bands. DTA analysis indicated 
structural strain on the humic molecule induced by complexation with metal ions. Treated HA"s had higher 
acidity compared to the untreated samples. Treatment for removal of metal ions caused an increase in cation 
exchange capacity with the reduction of E4/E6 ratio. Treated HA"s also showed higher molecular weights (Mv) 
compared to untreated samples. These data provide evidence that matal ions do not acts as bridge between 
humic molecules. Removal of metals renders certain groups free which from intermolecular bonds. There is still 
some silicon bonds with in humic molecule, even after removal of silicon by forcing conditions. The association 
of metal ions, particularly Si4+ with humic acid in soils is quantitatively and qualitatively different from that 
which occurs in purified systems. In humic acid molecule there is a strong metal-humus bond (mainly silicon) 
like pure organometallic compounds, at the same time humic molecule remain in nature as an inner matallic 
complexes. 
 
Keywords: Humic acid, metal cation bonding, silicon and organometallic compounds. 
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Fate of pyrogenic carbon in dynamic landscapes: How erosion controls residence time of PyC in soil 

 

*Asmeret Asefaw Berhe1, Rebecca Abney1, Fernanda Santos1 
1University of California, Merced, Life and Environmental Sciences, Merced, United States 
 
Erosion of topsoil, and associated bulk soil organic matter (SOM) and pyrogenic carbon (PyC) impose significant 
controls on dynamics of SOM in eroding, dynamic landscapes. As of yet, the relative lateral distribution and 
export of bulk SOM vs. PyC from eroding upland, fire-affected forested ecosystems has been poorly quantified. 
The extent of both bulk and PyC erosion from eroding watersheds depends on SOM concentration, 
composition and stability in eroding slope profiles, the type and rate of erosion, and time since and severity of 
past fires. Here we will present results that demonstrate how and why erosion affects soil carbon dynamics and 
the interactive effects of fire and erosion in dynamic fire-adapted landscapes, with examples drawn form the 
Sierra Nevada mountain range of California. 
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Characteristics of soil organic matters in typical soils of the southwest China Karst area and its 

implications 

 

*Baohua Xiao1, Xinyue Di1, Liangang Ma1, Shijie Wang1 
1Institute of Geochemistry, Guiyang, China 
 
The Karst area of southwestern China is the largest Karst area with continuous carbonate rock outcrops in the 
world. The increasing human activities, such as farming, mining and urbanization, had caused urgent issues of 
Karst rocky desertification in this area. Variable rocky desertification statuses were observed at locations with 
different types of soils, even their geographic, climatic and vegetation conditions are similar, indicating that soil 
types or soil qualities could play roles besides other macro-environment factors in the occurrence of rocky 
desertification, however, the related studies were seldom found. This study selected two typical soil sites, one 
yellow soil (YS) site and one limestone soil (LS) site, both with natural vegetation covers from Guizhou, the 
center province of the southwest China Karst area; collected soil samples from three layers of the vertical soil 
profiles, named top layer (0-12 cm), middle layer (12-24 cm) and bottom layer (24-36 cm), extracted bulk humic 
acids (BHAs) from each soil sample, fractionated BHAs of the top layer soils (YSBHA1 and LSBHA1) into sub-
fractions according to their nominal molecular weights, and systematically characterized SOM, BHAs and HA-
fractions to distinguish and compare the composition and distribution variations of SOM and HAs along two soil 
profiles. The results showed that, from top to bottom, measured total organic carbon (TOC) contents and total 
nitrogen (TN) contents decreased sharply along the YS profile but gently along the LS profile, indicating 
different distributions of SOMs in two soils; the elemental compositions of BHAs in YS and LS profiles also 
showed different trends, the atomic ratios of C/N of YSHAs decreased along the profile while those of LSHAs 
changed little, implying different characteristics of HAs in two soils; the results for sub-fractions (HAFs) from 
YSBHA1 and LSBHA1 further confirmed the differences, not only elemental and chemical function group 
contents but also distributions of different nominal molecular weight HAFs were remarkably different. In 
summary, we believed that the characteristics and evolutions of SOMs in the two soil were different which may 
be resulted from the different textures of the soils, and the properties of SOMs in the limestone soil may be 
conductive to Karst rocky desertification when the limestone soil sites undergo a certain degree of artificial 
disturbances. 
 
Table 1 The basic physicochemical properties of soil samples. 
Figure 1 The distribution of HAs with different molecular weights in YSBHA1 and LSBHA1. 
Figure 1 
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Impact of different types of irrigation and organic amendments on organic carbon in soil profile 

and physical fractions under greenhouse vegetable production 

 

*Mansoor Ahmed Bughio1,2, Fanqiao Meng2, Qing Chen2, Toqueer Ahmed Shaikh1 
1Agriculture, Supply and Prices Department, Government of Sindh, Pakistan, Agriculture Extension Wing, , 
Sindh Secretariat Building # 2, Ground Floor, Saddar, Karachi-74100, Pakistan 
2China Agricultural University, College of Resources and Environmental Sciences, Beijing, China 
 
Introduction 

 
Intensive agriculture is imperative to ensure global food security. This highlights the importance of greenhouse 
vegetable production that is widely popular and ever expanding in China and worldwide. 
 
Objectives  

 
To understand the factors influencing soil organic carbon (SOC) storage change in response to different 
irrigation and fertilizer management practices in these systems. 
 

Materials & methods 

 
Experiment was started in 2008 at Shouguang, Shandong province, China with tomato-tomato cropping 
system. The main treatments were drip irrigation with reduced optimized fertigation (D) and furrow irrigation 
with conventional excessive fertilization (F). There were three organic amendments applied in same quantities 
in both the irrigation plots which included manure only (M), manure plus wheat straw (MWS) and manure plus 
corn straw (MCS). Prefix of D and F were used to identify these amendments under different irrigation 
methods. 
Soil samples were collected in July 2014 to measure SOC content and stocks down to 200 cm, soil particle size 
fractions were analyzed for OC at 0-30 cm, 13C and 15N were also measured in entire soil profile to evaluate 
the dynamics of SOC in these systems. 
 

Results  

 
SOC stocks within drip irrigated plot were significantly increased down to 200 cm, which were in order of: 
DMWS > DMCS >DM. In furrow irrigated plot SOC stocks also followed same order but only FMWS had 
significantly higher stocks than other two organic amendments at 0-100 cm. Considering all the treatments drip 
irrigated plot accumulated 3.98 and 1.53 Mg SOC hac-1 yr-1 at 0-100 and 0-200cm respectively than furrow 
irrigated plot. The particle size fractionation revealed that this increase in the OC was more stable as this was 
associated with the silt and clay size particles. Furthermore 13C and 15N isotopic evaluation of entire soil 
profile revealed that this increase in SOC in drip irrigated plots was not due to reduced decomposition but it 
was due to the addition of fresh carbon materials. 
 

Conclusion 

 
Drip irrigation with optimized fertigation is a potential option to improve sustainability of greenhouse 
vegetable production systems. It not only saves the carbon cost on conventional irrigation and fertilization but 
also increase SOC sequestration by addition of fresh OC through improved biomass production. 
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Organic carbon mineralization rates with depth in a calcareous soil under an agroforestry system  

 

Thomas Cozzi1, Rémi Cardinael2, *Cyril Girardin3, Tiphaine  Chevallier4, Claire  Chenu1 
1AgroParisTech, Thiverval Grignon, France 
2CIRAD, Harare, Zimbabwe 
3INRA, Campus AgroParisTech, Thiverval Grignon, France 
4IRD, Montpellier, France 
 
Agroforestry systems, i.e. agroecosystems in which trees are intercropped with annual crops or with 
grasslands, have the capacity to store more carbon in the soil in comparison to reference systems [1, 2, 3]. The 
residence time of the carbon additionally stored in the soil is critical in the perspective of mitigating 
greenhouse gas emissions. To our knowledge, the temporal stability this carbon has not been assessed yet. To 
do so, we used a long term agroforestry experiment located in southeast France, where hybrid walnuts have 
been planted 18 years ago, with a density of 110 trees ha-1 and are intercropped with durum wheat. The soil is 
a silty and carbonated deep alluvial Fluvisol. Soil OC stocks have been measured on this site and we sampled 
the tree row, the inter-row and the reference plot down to 180 cm. Samples have been incubated in the 
laboratory at pF 2.5. The evolved CO2 was monitored as well as its 13C. The measurements were performed 
in order to quantify the contribution of soil organic matter and carbonates to the evolved CO2. We found that 
carbonates made an important contribution to the evolved CO2, with up to 70% of evolved CO2 presumably 
originating from the carbonates. There was no different of SOC mineralization rates between the tree row, 
inter-row and control plot except in the 0-10 cm layer where it was larger in the former. This could be 
explained by the abundance of SOC in this layer of tree rows corresponding to particulate organic matter. The 
mineralization rates of SOC decreased with depth, showing the increased stability of SOC in the subsoil.  We 
found no evidence of increased stability of the organic carbon stored in agroforestry plots. Most of the 
additionally stored organic C occurs in the surface layer and is labile (particulate organic matter). Below 10 cm 
rates of mineralization as measured in vitro are similar, but more SOC is present in the agroforestry plot, in 
particular in the tree row. This study also shows the importance of accounting for inorganic carbon when 
measuring mineralization rates of organic matter in calcareous soils. 
 

1. Cardinael, R. et al . 2015. Geoderma, 259–260 p. 288–299. 
2. Cardinael, R.et al. 2017. Ecosystems and Environment, 236: p. 243–255. 
3. Lorenz, K., Lal, R., 2014. Agron. Sustain. Dev. 34, 443–454. 

 
 



Session 3b: Spatial variability of SOM concentration, composition, and persistence 

6th International Symposium on Soil Organic Matter  170 

P-3b.20 

 

Evaluation of soil compaction effects on hydraulic and physical properties of soils in Belgium 

 

*CHIHEB KHEMIS1, Khaoula Abrougui2, Lidong Ren 1, Eunice Ann Mutuku's1, Sayed Chehaibi3, Wim Cornelis1 
1 Faculty of Bioscience Engineering, Ghent University, Gent, Belgium 
2Higher School of Engineers, Jendouba University, beja, Tunisia 
3Higher Institute of Agronomy, Sousse, Tunisia 
 
Evaluation of soil compaction effects on hydraulic and physical properties of soils in Belgium Soil compaction 
affects hydraulic and soil physical properties, and thus can impair soil and environmental quality. This study 
evaluated the effects of soil compaction on the hydraulic properties of soils with varying textures from various 
fields in Flanders region in Belgium. Soil samples were collected from the topsoil (0–10 cm), the compacted 
subsoil (30-60 cm) and the deeper subsoil (60-90 cm) from all the sites. Soil compaction level was determined 
by penetration resistance using a penetrologger in the center and the head of the field. Saturated hydraulic 
conductivity (Ks) and soil water retention and (unsaturated) hydraulic conductivity curves were then 
determined, using the KSATTM falling head and HYPROPTMevaporation methods, respectively. The high 
compaction level at the fields headland was caused by the excessive number of tractor passes, which 
significantly changed soil bulk density resulting in values of up to around 1700 kgm-3 in the topsoil and 
compacted subsoilof loams and sandy loams. The high level of compaction significantly affected the water 
retention curves and hydraulic conductivity curves of both the topsoil and subsoil layers in each site. Saturated 
hydraulic conductivity (Ks) was significantly reduced by the high compaction level. The results prove that 
different degrees of soil compaction could greatly in[U+FB02] uence hydraulic properties in different ways.  
 
Keywords: Soil compaction; Hydraulic conductivity; Soil water retention; Penetration resistance; bulk density. 
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Mapping and monitoring soil organic carbon in Africa's cropland biome 

 

*M.G. Walsh1, J. Leenaars2, K.D. Shepherd3 
1Columbia University , Earth Institute (EI), New York, NY, United States 
2International Soil Reference and Information Center (ISRIC), Wageningen, Netherlands 
3World Agroforestry Centre ICRAF, Land Health Decisions, Nairobi, Kenya 
 
The level of soil organic carbon (SOC) relative to what may be attainable under a given set of environmental 
conditions is a central indicator of ecosystem productivity, hydrology, nutrient retention capacity and 
greenhouse gas (GHG) emission potentials. Patterns and changes of SOC in landscapes reflect the long-term 
balance and feedbacks between net primary production, organic matter decomposition and lateral transfers 
(e.g., erosion) that are governed by at least five external state-factors namely: climate, organisms, parent 
material, topography and time (or age). 
 
Human activities have altered the first two of these, i.e., climate and organisms, on a global scale, creating new 
boundary conditions for the carbon cycle and impacting the delivery of ecosystem services from which people 
derive benefits. This is of particular concern in Africa because of the rapidly growing demands for ecosystem 
services of its human population, which is expected to double over the next 25-30 years. Given the large 
volume of Africa's soil carbon pool, there is also considerable potential for accelerated CO2 and other GHG 
emissions from soils as Africa is expected to warm by 1-4°C over the next 100 years. Our main objective of this 
contribution is to quantify and map the combined effects of the "cl, o, r, p, t, …" state fa to  i di ato s o  the 
space-time distribution of SOC in Africa. The intent is to develop a set of reference and baseline parameters 
that describe SOC depth distributions and (temporal) inventory potentials. We use a geospatial dataset of SOC 
measurements sampled at >18,500 locations in Africa between 1938 and 2011 and model SOC space-time 
distributions with an ensemble machine-learning approach conditioned on soil and remote sensing covariates. 
To distinguish between cropland and other biomes, we use the most recent AfSIS GeoSurvey results, which 
have been used to establish an accurate cropland mask for Africa. Based on the analyses presented, we 
illustrate ongoing improvements in data collection efforts as well as needed extensions to model inference 
procedures to improve future SOC mapping and monitoring efforts. 
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Soil organic carbon determination as influenced by biomass crops grown in Ontario 

 

*Jordan Graham1 
1University of Guelph, School of Environmental Science, Guelph, Canada 
Advisors: Dr. Naresh Thevathasan and Dr. Paul Voroney  
Association: University of Guelph – School of Environmental Sciences 
 
Abstract 

 

Biomass crops such as switchgrass and miscanthus, suitable for Ontario"s marginal land, can create a supply of 
feedstock to help sustain Ontario"s emerging bioeconomy. At the same time, these crops also have the 
potential to sequester atmospheric carbon into the soil as soil organic carbon (SOC). Increases in SOC improve 
the health and fertility of the soil and can also help to mitigate the effects of climate change. This project seeks 
to quantify current levels of SOC in existing switchgrass and miscanthus fields across Ontario and facilitate the 
long-term monitoring of SOC. This will be completed by creating a GIS enhanced database of current SOC levels 
and developing SOC computer simulation models for approximately 20 biomass fields across Ontario. This 
research will contribute towards improving our understanding of soil health in biomass cropping systems and 
the potential of biomass crops to mitigate climate change. This research will also help project partners such as 
the Ontario Biomass Producers Cooperative and its members potentially claim carbon credits in the future 
within the context of Ontario Government"s new cap/trade initiatives.  
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Using geostatistics for modelling and mapping soil organic matter in forest soils: An application in 

southern Italy 

 

*Gabriele Buttafuoco1, Massimo Conforti1, Giorgio Matteucci1 
1National Research Council of Italy, Institute for Agricultural and Forest Systems in the Mediterranean, Rende, 
Italy 
 
Sustainable use of forest and soil resources is one of the ways to manage climate change and mitigate global 
warming. The release and conversion into carbon dioxide or methane of even small proportion of soil organic 
matter (SOM) can determine relevant quantitative variations in their atmospheric concentrations. 
Management policies of the forest ecosystems require a deeper understanding of the spatial distribution of 
SOM and it is crucial quantifying and understanding the spatial variation of SOM in forests. Geostatistics 
provides the tools to quantify the spatial variability of SOM taking into account data spatial autocorrelation and 
to produce continuous maps from sparse data. The main objective of the study was to quantify and map the 
spatial distribution of SOM in forest soils in southern Italy. The study area is a forest beech (332,000 m2) 
located in the Biogenetic Natural Reserve Marchesale (southern Italy) (Fig. 1a). It has a mean elevation of about 
1180 m a.s.l. and soils are coarse-textured, relatively young (Entisol and Inceptisol). They are strongly 
dependent on the nature of the parent rock (Paleozoic granitoid rocks) and their depths range from shallow to 
moderately deep whereas soil profiles are characterized by A-Bw-Cr and/or A-Cr horizons. Generally, the upper 
A horizon has a high accumulation of organic matter (umbric epipedon) and a very dark brown colour. Surface 
soil samples were collected at 231 locations within the study area using a metallic core cylinder with a diameter 
of 7.5 cm and a height of 20 cm. Organic carbon content was measured using a TOC-L analyzer (Shimadzu 
Corporation, Kyoto, Japan) and converted to SOM using a factor of 2. A variogram was modelled to capture the 
main spatial features of SOM and used with ordinary kriging to estimate SOM values at the nodes of a 1 m x 1 
m interpolation grid. SOM values varied from 2.9% to 28.2%, with a mean value of 11.4%, whereas the 
distribution did not depart significantly from normality. A bounded isotropic nested variograms model was 
fitted to experimental variogram including a nugget effect and two spherical model a short (52 m) and long 
(418 m) ranges. The spatial distribution of SOM is showed in Fig. 1b. The study provided a detailed knowledge 
about the spatial pattern of SOM in the forest topsoils in a representative site within the Biogenetic Natural 
Reserve Marchesale (southern Italy). 
 
Fig. 1. Location of the study area and soil samples (a); map of soil organic matter (b) 
Figure 1 
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The status and dynamics of organic carbon stock in Estonian arable soils 

 

*Kerttu Tammik1, Karin Kauer1, Priit Penu2, Elsa Putku2, Alar Astover1 
1Estonian University of Life Sciences, Tartu, Estonia 
2Estonian Agricultural Research Centre, Saku, Estonia 
 
Soil organic carbon (SOC) is strongly affected by agricultural management and intensification of agriculture are 
generally known to deplete SOC stock. The aim of this study was to evaluate long-term dynamics and stocks of 
SOC in Estonian arable soils. The study is based on Estonian National Soil Monitoring Database (1983-2016) 
which consisted of 79 fields which were mainly under cereal-based crop rotations with autumn plowing. All 
major Estonian soil types were represented. The soil samples were collected during 1983-1987 and 2011-2016. 
In each of the fields four parallel (one or two parallel in 2011-2016) transects were established at the distance 
of 20 m. Each transect comprised of ten 1 m2 monitoring plot. The thickness of humus horizon of each plot was 
measured and soil samples were collected. The SOC contents were determined by Tjurin method and SOC stock 
changes of humus horizon during study period were calculated. The thickness of the humus horizon and SOC 
concentration of fields varied from 8-100 cm and 4.12-96.7 g kg-1, respectively. The SOC content was higher in 
Gleysols and gleyic soils than automorphic soil and soils formed on carbonate-rich soils compared to carbonate-
free soils. Since the beginning of soil monitoring (1983-1986) the stocks of SOC in Estonian arable soils 
increased from 114.4 t ha-1 to 138.7 t ha-1, averagely. Also the thickness of humus horizon increased from 27.2 
cm to 32.0 cm. The SOC concentration didn"t increase significantly during study period (18.7 g kg-1 vs 19.2 g 
kg-1). The SOC stock changes ranged from -1.72 to 3.43 t SOC ha-1 y-1 (averagely 0.72 t SOC ha-1 y-1). The 
study revealed that since the beginning of soil monitoring the stocks of SOC in Estonian arable soils have 
increased. The increase of SOC stock was related mainly with the increase of thickness of humus horizon, at the 
same time the SOC content didn"t change during study period compared to initial content. 
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Aboveground biomass as an indicator of soil organic matter in natural forests: Carbon trading 

opportunities for southern Africa 
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Soil organic matter (SOM) in natural forests constitutes the largest terrestrial carbon pool. The capacity of 
natural forests to sequestrate carbon is limited by deforestation which often results in soil degradtion as well 
as reduction of aboveground live biomass (AGLB). In developing countries, monitoring and verification of SOM 
is critical for the implementation of the emerging carbon trading market. However, the heterogeneity of SOM 
and soil properties presents challenges for delivery of accurate estimations. This study aims at measuring SOM 
across natural forests with different levels of disturbance and management practise, in Luanshya (Zambia) and 
Bushbuckridge (South Africa). The study also assesses whether AGLB can act as an indicator of SOM. From each 
study area, sixty-three 30 x 30 m plots were sampled in which tree diameters at breast height (1.3 m) were 
measured and soil from 0-10, 10-20 and 20-30 cm depth were sampled for estimation of AGLB and 
determination of bulk density, and SOM, respectively. An allometric model was applied to all individual trees 
per plot to estimate AGLB. We found a positive correlation (r2 = 0.67 to 0.76) between AGLB and the amount of 
SOM from 0-10 and 10-20 cm depth, but the correlation was lower for 20-30 cm depth. The results showed 
significant difference in the partitioning of SOM within the three soil layers (ρ > 0.007) and across the three 
different state of natural forests (ρ > 0.003), classified as primary, secondary and regeneration growth. Taking 
into consideration precipitation, temperature, elevation, soil type and its associated properties (pH, 
conductivity, dissolved oxygen, NO2+, and oxidation-reduction potential), principal components analysis 
revealed that AGLB can be used as an indicator of SOM. The differences in SOM indicate that forest disturbance 
alters SOM and thus total organic carbon storage in natural forest ecosystems. These findings suggest that 
remote sensing mapping of natural forests can also inform on forest management practices, in particular for 
monitoring carbon storage changes and REDD+ schemes. 
 
Keywords: Aboveground biomass, carbon trading, indicator, natural forests, soil organic matter 
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Synchrotron-based Infrared-microspectroscopy reveals the impact of land management on carbon 

storage in soil micro-aggregates 

 

*Maria Hernandez-Soriano1 
1University of East Anglia, Norwich, United Kingdom 
 
Carbon stabilization in soil microaggregates results from chemical and biological processes that are highly 
sensitive to changes in land use. Indeed, such processes govern soil capability to store carbon, this being 
essential for soil health and productivity and to regulate emissions of soil organic carbon (SOC) as CO2. The 
identification of carbon functionalities using traditional mid-infrared analysis can be linked to carbon 
metabolism in soil but differences associated to land use are generally limited. The spatial resolution of 
synchrotron-based Infrared-microspectroscopy allows mapping microaggregate-associated forms of SOC. These 
maps can contribute to better understand molecular organization of SOC, physical protection in the soil 
particles and co-localization of carbon sources with microbial processes. Spatially-resolved analyses of carbon 
distribution in micro-aggregates (<200 m diameter) have been conducted using FTIR microspectroscopy 
(Infrared Microspectroscopy beamline, Australian Synchrotron). Two soil types (Ferralsol and Vertisol, World 
Reference Base 2014) were collected from undisturbed areas and from a location(s) immediately adjacent 
which has a long history of agricultural use (>20 years). Soils were gently screened (250 m) to obtain intact 
microaggregates which were humidified and frozen at -20°C, and sectioned (200 m thickness) using a 
diamond knife and a cryo-ultramicrotome. The sections were placed between CaF2 windows and the spectra 
were acquired in transmission mode. The maps obtained (5 µm step-size over ca. 150 × 150 µm) revealed 
carbon distribution in microaggregates from soils under contrasting land management, namely undisturbed 
and cropping land. Accumulation of aromatic and carboxylic functions on specific spots and marginal co-
localization with clays was observed, which suggests processes other than organo-mineral associations being 
responsible for carbon stabilization. 
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Soil organic matter induced systematic errors in estimation of clay and silt by gravitational 

sedimentation 

 

*Johannes Lund Jensen1, Per Schjønning1, Christopher W. Watts2, Bent T. Christensen1, Lars J. Munkholm1 
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2Rothamsted Research, Sustainable Agriculture Sciences, Harpenden, United Kingdom 
 
Reliable estimates of clay (<2 µm) and silt (2-20 µm) content are crucial when used in attempts to define critical 
low soil organic carbon (SOC) contents in agricultural soils. The ratios RD=clay/SOC and RH=Fines20 (<20 
µm)/SOC are increasingly used as functionally based indicators of sustainable conditions for securing soil 
ecosystem services. Further the increasing use of soil spectroscopy and pedotransfer functions to establish soil 
textural composition rely on precise reference values from conventional texture analysis. Although most 
protocols recommend the removal of soil organic matter (SOM) before texture analysis, previous studies to 
quantify the effect of SOM removal suffer from confounding effects such as mineralogy and textural 
composition. This study quantifies the effect of SOM removal by pretreating with H2O2 before determination of 
clay and silt-sized particles using the hydrometer method. The study used soil samples from the Highfield long-
term ley/arable experiment (Rothamsted, UK), a silt loam with a SOC range of 0.008 to 0.043 kg kg-1 minerals 
due to contrasting long-term management. Without SOM removal, clay was underestimated and silt 
overestimated, and the error increased with increased SOC. For clay, the limit below which SOM removal 
became unnecessary was 0.02 kg SOC kg-1 minerals, while SOM removal was crucial for an unbiased estimate of 
silt regardless of the SOC content. Thus, pretreating soil with H2O2 prior to soil texture analysis is needed to 
obtain exact estimates of soil particles <20 µm. For this soil, with 0.03 kg SOC kg-1 minerals, clay was 
underestimated by 0.05 kg kg-1 minerals and silt overestimated by 0.08 kg kg-1 minerals when SOM was not 
removed. This has important implications for calculating the RD ratio since studies have shown a deterioration 
in soil physical properties for soils with RD>10. In this example, the calculated RD ratio would change from 9 to 7 
when SOM is not removed, changing the soils status from just below the critical threshold of 10 to a soil in a 
more sustainable condition. For the soil texture-based erodibility index used with the Revised Universal Soil 
Loss Equation (RUSLE), the effect of not removing SOM before texture analysis may translate into a > 20 % 
increase in sediment mobilization by water.  
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1Irstea, Grenoble, France 
2CNRS-ENS, Paris, France 
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The organic carbon reservoir of soils is a key component of climate change, calling for an accurate knowledge 
of the residence time of soil organic carbon (SOC). Existing proxies and models of the size of SOC labile and 
persistent pools are time consuming and inaccurate. Thermal analyses such as Rock-Eval 6 (RE6) of bulk soil 
samples have recently been shown to provide useful and cost-effective information regarding the long-term in-
situ decomposition of SOC. The objective of this study was to build RE6 based regression models to predict the 
size of two SOC kinetic pools with a residence time lower than 20 years (labile SOC) or greater than 100 years 
(persistent SOC). We used soil samples from 4 long-term agronomic experiments in North-Western Europe with 
bare fallow and associated non bare fallow treatments. We built 2 reference sample set with known sizes of 
the labile (observed SOC loss over a 20-year period, n=36) or persistent (Bayesian curve fitting estimation of 
centennially persistent SOC, n=118) SOC pools. The size of the labile SOC pool ranged from 0.8 to 14.3 gCkg -1 
(concentration data), representing 8.6 to 50.6% of total SOC (proportion data). The size of the persistent SOC 
pool ranged from 14 to 100% of total SOC. Simple linear regression models were used to predict the size of the 
labile SOC pool (concentration and proportion data) while a random forest multivariate regression model was 
used to predict the size of the persistent SOC pool, using a series of RE6 parameters. The RE6 HI parameter 
yielded the best simple linear regression model for the prediction of the size of the labile SOC pool, for both 
concentration (R2 > 0.7) and proportion (R2 > 0.6) data. The random forest multivariate regression model 
showed an excellent predictive performance for the size of the persistent SOC pool with validation R2 > 0.9 and 
validation error of prediction below 6%. This study demonstrated that the RE6 thermal analysis method can 
predict the sizes of SOC labile and persistent SOC pools, as assessed by long-term in-situ decomposition 
experiments. RE6 appears to be a more accurate and convenient proxy of the size of labile and persistent SOC 
pools than other existing methodologies. Future developments include the validation of these RE6 models on 
soils from contrasted pedoclimatic conditions. 
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Soil carbon development in the recently deglaciated foreland of Midtre Lovénbreen, Spitsbergen 
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2Université de Toulouse, , Toulouse, France 
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Global warming is leading the rapid retreat of glaciers in the high Arctic, exposing new land. The accumulation 
of soil organic carbon (SOC) in the proglacial environment is initiated after microorganisms and plants settle 
down. Studies in glacier forelands have mostly focused on the chronosequential changes in soil, plants, and 
microbes following glacier recession. However, SOC accumulation over the glacier foreland is affected not only 
by time but also by several environmental factors. Furthermore, proglacial land is dynamically reworked by 
runoff activity of glacier streams. However, those influences have not yet been thoroughly investigated. 
Therefore, we were aiming to understand the distribution pattern of SOC and to estimate the SOC stock and 
carbon storage in different soil fractions from the foreland of the Midtre Lovénbreen, Spitsbergen (79°N, 
12°W). We considered the deglaciated years and several environmental factors such as microtopography, 
runoff activity, etc. as influencing factors on SOC. A total of 36 sampling points were selected to collect soil for 
0-30 cm depth, and vegetation was surveyed from 93 points. The SOC stock was estimated from concentration 
of SOC and bulk density calculated from soil texture. Soil was fractionated based on density and size. The SOC 
stock for 30 cm depth ranged from 1.5 to 15.4 Mg/ha in this foreland. The SOC content among 5-10, 10-20, and 
20-30 cm was not different, neither was there any variance in bulk density through all depths. Thus, SOC stock 
was closely related to the SOC content of the top soil (0-5 cm). In addition, the sum of vascular plants 
frequency showed the highest correlation with the SOC content of top soil and SOC stock. However, there was 
no correlation between the SOC stock and soil age. The active and intermittent runoff sites showed significantly 
lower SOC content compared to sites with no runoff. Glacier/snow meltwater would have washed out 
previously established vegetation and accumulated SOC. We are currently using multivariate statistics to figure 
out the relationship between SOC stock and environmental variables acquired by DEM and remote sensing 
data in-depth and analyzing SOC in each to scrutinize soil C development in the foreland. These results will help 
to understand the SOC dynamics and distribution in recently deglaciated soil. 
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In the Lesotho highlands, southern Africa, soil erosion is a significant problem due to a combination of geologic, 
climatic, ecological and human factors. Soil erosion results in soil organic carbon (SOC) depletion, resulting in 
loss of soil fertility. SOC as a proxy for soil fertility is crucial in order to maintain agricultural activities. 
Measuring SOC at different spatio-temporal scales using field sampling is difficult due to poor accessibility 
(mountains) and the heterogeneity of the region. Therefore, field spectral measurement is the most suitable 
approach because they are practical and fast. The aim of this study was to predict SOC using field spectral 
measurements and random forest regression techniques. To achieve this aim, the performance of random 
forest regression was assessed by comparing it with one of the most popular models in spectroscopy, partial 
least square regression. Laboratory spectroscopy measurements of the soil samples were used to assess the 
accuracy of field spectroscopy measurements. Soil reflectance spectra were acquired by a portable field 
spectrometer and the loss ignition method (LOI) was used to quantify SOC concentration. Results indicate that 
random forest regression can accurately predict SOC in an independent dataset using in situ spectroscopy data 
(RPD = 3.77, Rp2= 0.88, RMSEP = 0.64%). The overall best predictive model was achieved with the derivative 
laboratory spectral data using random forest with the optimum number of key wavelengths. In contrast, partial 
least square regression was likely to overfit the calibration dataset. Important wavelengths to predict soil 
organic contents were localised around the visible range (400-700 nm). The most implication of this research is 
that SOC can be accurately estimated using in situ spectroscopy measurements and random forest regression 
with key wavelengths. However, more investigation needs to be done in term of impacts of season and altitude 
on the models. 
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SOC stocks of alluvial and dredged sediment soils near tidal rivers in Flanders (northern Belgium) 
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Alluvial soils near rivers are often characterised by high soil organic carbon (SOC) stocks. Small changes in these 
stocks may result in significant C sequestration or emission and thus these areas play an important role in 
climate regulation. We carried out a comprehensive soil survey of alluvial soils that are designated as 
controlled flooding areas near tidal rivers in Flanders (northern Belgium). Additionally, we collected a large 
number of C measurements in soils where historical deposition of dredged sediments occurred. The aim of the 
present study is to estimate SOC stocks in natural alluvial and dredged sediment soils and to evaluate their 
relative importance for total SOC stocks in Flanders. The importance of other measured soil variables (texture, 
pH, sulfates, iron) and landscape variables (such as elevation and land use) on soil carbon stock was studied. 
Soil samples (N = 2178) were collected in 23 controlled flooding areas (2682 ha). Most measurements were 
limited to the upper 10 cm. Soil organic matter was measured by loss-on-ignition (LOI). In order to compute 
TOC values from LOI, a linear model with covariates LOI, % clay and CaCO3 content was constructed. Soil bulk 
density was estimated based on the covariates TOC and % clay. Dredged sediment soils were sampled up to a 
depth of maximum 2 m. In total 1187 soil samples from 597 sample points on dredged soils were analysed (541 
ha). Organic matter was measured by LOI or the Walkley-Black (W-B) method. A linear model was constructed 
to derive TOC from either LOI or W-B measurements. Linear mixed effect models were applied to evaluate the 
importance of soil and landscape variables on the SOC stocks. Alluvial soils store on average 4.1 kg C/m² in the 
upper 10 cm, dredged soils store 4.1 kg C/m² on average as well. However, dredged sediment soils store high 
amounts of C up to a considerable depth. In the upper 20 cm, 8.2 kg C/m² is stored, while in the upper 1 m, 
these soils contain a fourfold (36.9 kg C/m²). SOC stocks of dredged sediments and alluvial soils along tidal 
rivers are large. Although the C content of did not differ in the upper 10 cm of soil, deeper layers of dredged 
sediment soils contain high C concentrations, which creates a large total SOC stock. Obviously, the limited area 
of these soils will always constrain their importance for total stock calculation on the scale of Flanders. 
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Introduction 

 
The UK and China are experiencing environmental problems from agriculturally-derived nitrogen (N). In 
response, China aims to stabilize fertilizer usage by 2020. To maintain soil quality and agricultural yields, 
suitable land management practices need to be evaluated and implemented. 
 
Objectives 
 
The UK-China Virtual Joint Centre for Improved Nitrogen Agronomy (CINAg) aims to: 
i) develop novel indicators of N use efficiency (NUE) based on metrics of soil health and quality; 
ii) use these indicators to test practices and systems which lead to sustainable intensification (e.g. innovative 
fertilisers, manure management); 
iii) transfer knowledge of these developments to farmers. 
 

Materials & Methods 

 
Inorganic fertiliser and N inhibitors were applied in a wheat-clover trial across three UK farms in 2016. In 2017, 
manure and inhibitors were applied to winter wheat grown at two of the farms. Soil samples were taken at 0-
15, 15-30 and 30-60 cm soil depths. Besides N-gases and soil N forms, soil physical properties (texture, 
hydraulic conductivity (K)) were measured. These physical properties were linked to soil chemical properties 
(soil carbon (C), soil organic matter content (SOM), permanganate oxidizable C (POCX), phosphorus, pH, electric 
conductivity (EC)) and soil microbial biodiversity (amplicon sequencing, transcriptomics). 
 

Results and conclusions 

 
Soil depth affected soil parameters in a predictable way. Inorganic fertilizer and the inhibitor treatments did 
not affect soil physical properties or N-expressing genes in 2016. Little effect on soil chemical properties 
besides N-forms has been observed. In contrast, manure and applied inhibitors (2017 experiment) affected K. K 
was affected differently by the treatments at the two farms as were EC and pH. POCX correlated with SOM 
content, but the strength of correlation varied between farms. Differences in soil texture, especially clay 
content, may be a dominant soil property in determining the speed of soil erosion and recovery. Further work 
includes examining how soil clay content correlates with topsoil hydraulic properties, SOM, POXC, pH, and 
microbial diversity across the UK. These soil properties will be linked to ecosystem services related to yield, 
NUE, C-sequestration and water quality. 
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Towards a better understanding of the within field variability of SOC dynamics as a function of 

water and tillage erosion in sloping agricultural landscapes. 

 

*Jeroen Meersmans1, Tim Quine2 
1Cranfield University, Institute of Soil & Agrifood, Cranfield, United Kingdom 
2University of Exeter, Geography, Exeter, United Kingdom 
 
Agricultural intensification since 1950"s increased the lateral fluxes of sediments and organic matter across the 
landscape to large extent. Therefore, quantification of SOC within field-variability in sloping cropland regions 
has become crucial in order to assess associated climate change mitigation potential. In this study, we present 
an improved methodology to untangle the influence of tillage versus water erosion on SOC dynamics. More 
precisely, a novel radionuclide (137Cs) – erosion conversion mass balance method and improved water and 
tillage erosion model have been developed. Subsequently, associated results have been used to study the 
within-field heterogeneity in biomass productivity, SOC depth distributions and mineralization capacity as a 
function of the type of erosion. 
 
The integration of a vertical diffusive mixing parameter in a 137Cs – erosion conversion mass balance method 
as well as a new water-erosion related depositional model-component taking into account the sediment 
concentration and the deposition potential allowed detailed assessments of water versus tillage erosion 
contributions. Research outcomes indicate that the type of erosion results in fairly different SOC depth 
distributions in areas characterized by depositions due to water erosion (i.e. very high SOC values near the 
surface, but steep decline with depth) versus areas characterized by depositions due to tillage erosion (i.e. 
moderate SOC values, but constant until ca. 50 cm depth). Aboveground biomass productivity (i.e. grain, stem 
and leaves) are mostly linked to water erosion with lowest values at the steepest slope positions, whereas root 
biomass has highest values in areas characterized by depositions due to tillage erosion. C-mineralization 
measurements indicate SOC is very unstable in surface-layers of areas characterized by depositions due to 
water erosion, but this C becomes very stable once buried at great depths in these environments. In 
conclusion, this study underlines the importance of considering the type of erosion when studying SOC 
dynamics in sloping agricultural landscapes. Hence, the quantification of the relative contribution of water 
versus tillage erosion is essential in order to obtain a better understanding on the role of soil erosion in the 
global C sink-source question. 
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A novel method coupling pyrolysis with mid-infrared spectroscopy (Py-MIRS) was developed to be able to 
rapidly characterize variability of soil organic matter (SOM) quality in soils with different management and land 
use types. The set-up generates pyrolysis fingerprint spectra from which individual pyrolysis products can be 
related to biochemical SOM quality. Pyrolysis temperature, heating rate and pyrolysis time were optimized 
ensuring maximum pyrolysis yield efficiency, while reducing the formation of secondary compounds. Soil test 
samples were taken from (i) Static Fertilization Experiment, Bad Lauchstädt, Germany (Chernozem), (ii) Frame 
Experiment Ultuna, Sweden (Cambisol), (iii) Observatory for Environmental Research Experiment, Lusignan, 
France (Cambisol), and (iv) spatially distributed samples from agricultural fields in two regions in Southwest 
Germany. The pyrolysis products consisted mainly of organic compounds with aliphatic and aromatic 
structures, polysaccharides and carboxyl groups, alkenes as well as methane, carbon dioxide, carbon monoxide. 
Differences in peak areas of the different SOM compounds were observed providing insights into management 
and land use type related biochemical SOM quality. Py-MIRS results indicated that the SOM quality in soils 
receiving organic and mineral fertilizer inputs differed from that in samples of bare fallow and control soils. 
However, the absence of distinct effects of fertilization and land use on aromatic compounds evolved in the 
soils could not be explained. Notwithstanding, the coupling of pyrolysis with mid-infrared spectroscopy allowed 
via semi-quantification of pyrolysis products a rapid monitoring of SOM biochemical quality changes due to 
management and land use type with high degree of reproducibility. The proposed technique has considerable 
potential for the initialization of SOM pools in dynamic SOM models. Moreover, the observed high Py-MIRS 
stability index of SOM defined as the ratio of aromatic to aliphatic compounds suggested that it is more 
sensitive to changes in SOM quality than other spectroscopic techniques like diffuse reflectance mid-infrared 
spectroscopy (DRIFTS). It was concluded that Py-MIRS represents an effective and reproducible technique to 
map spatial variability of SOM biochemical quality changes. 
 



Session 4 

 

6th International Symposium on Soil Organic Matter  186 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Session 4:  

Methods 2: Quantifying pools and 

fluxes of SOM 



Session 4a: Mass spectrometry – The ke  to the soil orga ic atter Black Bo  

6th International Symposium on Soil Organic Matter  187 

Mass spectrometry – The key to the soil organic matter Black Bo  

Oral Presentation: O-4a.01-O-4a.09 

O-4a.01 

 

Examination of residual chloroform interference in the measurement of microbial biomass C by 

fumigation-extraction in surface and subsoils 
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1Volcani Center, Agricultural Research Organization (ARO), Institute of Soil, Water and Environmental Sciences, 
Rishon LeZion, Israel 
 
Introduction 
 
Chloroform fumigation-extraction (CFE) is the most widely used method for determining microbial biomass in 
soils. Using CFE, it is presumed that chloroform becomes fully evacuated from the fumigated soil before 
extraction. Otherwise, the C-containing fumigant may comprise an unknown part of the extractable C flush, 
resulting in certain overestimation of soil microbial biomass. 
 

Objectives 
 
To examine residual chloroform interference in the measurement of microbial biomass C in relation to: 1) soil 
clay content; 2) soil organic matter (SOM) content; 3) soil moisture (SM) level during fumigation; and 4) soil 
depth. 
 
Materials & Methods 

 
In the first part of the study, a series of surface soils varying in clay and SOM contents was used for quantifying 
extractable residual chloroform after fumigation using GC-MS, over a broad range of SM conditions. In the 
second part, the influence of soil depth on residual chloroform interference was evaluated using a series of soil 
profiles (depth 0-100 cm) collected from sites varying in soil type and texture. 
 

Results 

 
At SM equivalent to 40% water-holding capacity (WHC), the proportion of chloroform-C in the extractable-C 
flush ranged between 2 and 4% for surface soils, not being affected by soil type. In contrast, the proportion for 
subsoils (30-100 cm) ranged 0.7-3.0%, being positively affected by clay content. Fumigation performed at 20% 
WHC yielded higher residual chloroform levels (reflecting reduced competition by water over sorption) and 
further elucidated the role of soil clay in chloroform retention. At even lower SM, a positive influence of SOM 
content on chloroform retention was also elucidated. Increasing SM above 60% WHC commenced the buildup 
of residual chloroform, probably due to dissolution. The intensity of the evacuation process following 
fumigation was found decisive as well. 
 

Conclusion 
 
The results support the validity of the CFE method, demonstrating the insignificance of biomass overestimation 
arising from residual chloroform. However, attention should be given for effective evacuation and keeping SM 
at ~30-50% WHC (consistent with the original protocol) due to potential chloroform sorption at lower SM and 
dissolution and/or sorption interactions at higher SM- interactions which can lead to resistance to evacuation. 
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Cycling of phosphorus (P) in the environment plays a fundamental role in agricultural production and the health 
of soil and freshwater ecosystems. However, the contribution of organic phosphorus (Po) species to biological 
processes is not fully understood. Characterisation of Po in soil quality testing is based on operational 
definitions. This is sufficient for studying bulk chemistry processes, but provides limited insights into the role of 
organic phosphorus in the environment. Attempts to characterise soil Po in more detail have mostly focused on 
the use of nuclear magnetic resonance (NMR) spectroscopy. NMR can identify classes of Po compounds, for 
example phosphate monoesters, or diesters, however, potentially many tens or hundreds of compounds can 
contribute to a given signal in an NMR spectrum, since individual molecular species of Po cannot be resolved. In 
contrast, high resolution mass spectrometry (HRMS) has become a powerful tool in the analysis of complex 
biological samples and is being widely used in the field of metabolomics. Thousands of compounds can be 
resolved simultaneously with the capability being extended still further by combination with liquid 
chromatography (LC) to provide enhanced characterisations and quantitative determinations. This paper 
presents results to date from the development and application of electrospray-HRMS and LC/HRMS techniques 
to the determination of Po from complex environmental matrices, including soils and agricultural manures, i.e. 
pig manure, cow manure, and poultry litter. We aim to demonstrate how molecular characterisation of Po 
opens up the possibility of studying the transformation and transport processes involving Po in the 
environment to better understand the role Po plays in the P cycle. 
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Molecular dynamics of soil humeome as a function of conventional tillage 
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Soil organic carbon (SOC) mineralization signifies reduction in soil fertility and release of greenhouse gases1. An 
effective technology for soil carbon stabilization requires an extended knowledge of SOC turnover dynamics at 
a molecular level. To reach this goal, we applied the novel humeomics methodology on a maize-cropped soil 
after 1 and 3 years of conventional tillage and characterized the molecular development of soil humeome2. 
Humeomics solvated organo- and hydro- soluble SOC fractions3, including humin4, and used advanced 
analytical techniques, such as ESI-Orbitrap- and GC- MS, to identify the molecules comprised in the 
supramolecular SOC structure2. While % SOC remained similar despite crop litter addition over time, SOC losses 
during humeomics fractionation rose from 0.1 (1st year) to 11% (3rd year), mainly represented by newly formed 
N-rich hydrosoluble compounds. Such increase of hydrosoluble material with tillage cycles was also revealed by 
the larger hydrosoluble/organosoluble ratio in the 3rd year soil humeome than for the 1st year. Amides, amines, 
heterocyclic nitrogen compounds, fatty acids, phenolic esters and sugars were the main identified compounds. 
Some of these molecules were lost, some remained the same and some were anew in the 3rd year. High-
resolution ESI-Orbitrap-MS revealed several specific molecules with high affinity to Fe in soil oxides, especially 
those which were constant in soil despite tillage, thereby implying an important sequestration mechanism. As 
compared to the capacity of humeomics to distinguish SOC molecules upon soil changes, the traditional SOM 
alkaline extraction (eSOM) did not reveal equal variations in molecular distribution. Our findings show that 
molecular identification of soil humeome by humeomics represents a sensitive, reproducible and rapid method 
to follow molecular dynamics of SOC compounds with changes in soil managements and functions. 

1. Piccolo A. Carbon Sequestration in Agricultural Soils (Springer-Verlag, Berlin, 2012). 
2. Drosos M., Nebbioso A., Mazzei P., Vinci G., Spaccini R. & Piccolo A. Sci. Tot. Environ. 586, 807-816 

(2017). 
3. Nebbioso A. & Piccolo A. Basis of a Humeomics science: Biomacromolecules 12, 1187-1199 (2011). 
4. Nebbioso A., Vinci G., Drosos M., Spaccini R. & Piccolo A. Biol. Fertil. Soils 51, 443-451 (2015). 
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Introduction 

 
Decomposition of soil organic matter (SOM) is mainly attributed to microbial action, but the organisms and 
pathways involved are poorly understood. Furthermore, the relative role of different soil proteins in 
decomposition processes requires further elucidation. Different protein extraction methods likely enrich for 
particular proteinaceous fractions of the soil, but it is unclear which methods are most suitable for elucidating 
mechanisms of OM decomposition. 
 
Objectives 

 
The objective of this study was to determine the impact of different extraction buffers, clean up processes and 
fractionation methods on soil protein quantity, profile, and composition. It also sought to investigate 
proteinaceous fractions in light of potential decomposition activity. 
 
Materials & methods 

 
The efficacy of Na-PPi, water, K2SO4, and EDTA based buffers in extracting proteins from grassland soil was 
assessed. Further the impact of two clean up variants with Trichloroacetic acid-Deoxycholate (TCA-DOC), anion 
exchange, and different size fractions obtained with ultrafiltration were investigated. Protein extracts were 
quantified by Lowry and Qubit methods. The polyphenol and phenolic-acids content and the degree of 
humification was determined. Select proteinaceous extracts were analysed with mass spectrometry 
proteomics. 
 
Results 

 
Total protein quantities measured by the Lowry and Qubit method varied between buffers (table 1). However, 
protein measured varied substantially depending on the measurement method used. This may be due to 
differential effects by co-extracting contaminants or a quenching effect. The highest yielding buffer varied with 
the type of clean-up. Degree of humification between buffers and for TCA-DOC precipitation differed. Phenolic 
content was selectively reduced by anion exchange. Proteomic analysis of size fractions from PAGE of Na-PPi 
and water extract yielded respectively 471 and 219 identified proteins and the protein composition differed 
(figure 1). 
 
Conclusion 

 
The quantity, profile and composition of proteins extracted is method specific and varied with extraction 
method. Currently potential enzymatic decomposition activity of the extracted protein from the different 
buffers is being investigated. 
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Microbial carbon cycling processes in soils are revealed by high resolution mass spectrometry and 

metagenomics  
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Our current understanding of the microbial C cycle in soil is largely based on decomposition processes, with C 
inputs derived from plant residues that then decompose to "intermediate decomposition products" and CO2 or 
CH4. However, C cycling in soil is more accurately a complex network of processes through which C is 
assimilated into microbial biomass, transformed into critical biomolecules, and cycled through interconnected 
metabolic pathways within a relatively small volume of soil. Our objective was to resolve a metabolically-
specific, microbially informed understanding of the soil microbial C cycle. We used three soils, collected from 
Alaska, Washington State, and Florida to identify metabolic pathways that are commonly expressed in different 
soils. We simultaneously interrogated soil metagenomes and highly-resolved C profiles (Fourier-Transform Ion 
Cyclotron Resonance mass spectrometry; FTICR-MS) to identify the potential microbial processes (metagenome 
analyses) for which there is chemical evidence of actual execution (metabolites and products of the processes). 
Novel applications of statistical tools identified the chemical and biological signals of recent metabolic 
processes from the "noise" derived from past soil biogeochemical cycles. This approach has revealed that 
processes such as amino acid biosynthesis (particularly lysine biosynthesis) may be particularly sensitive to 
disturbances such as climate change. Coupled analysis of chemical and biological data in soils has the potential 
to reveal key pathways that underpin robust C cycling in a broad suite of soils, and also the pathways most 
sensitive to disruption.  
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Return-on-investment: Linking microbial communities with energetics profiles of soil organic 

matter 

 

Louis Dufour1,2, *Anke M. Herrmann1, Naoise Nunan2 
1Swedish University of Agricultural Sciences, Soil & Environment, Uppsala, Sweden 
2Institute of Ecology and Environmental Sciences, Paris, France 
 
Energy is continuously transformed through the metabolic activities of living organisms and the flow of energy 
is therefore a fundamental property of soil ecosystems. We recently devised a thermodynamic approach [1] 
and suggested the use of the average nominal oxidation state of carbon (NOSC) as a universal metric of the 
bioenergetics potential for microbial metabolism [2]. The present work aimed to (i) better understand how 
energy flows in soil were related to chemical composition of organic matter and different microbial 
communities, and (ii) further develop a bioenergetics framework in soils. Water extractable organic matter 
(WEOM) fractions were separated from various soil systems and their molecular composition was 
characterized by Fourier transform ion cyclotron resonance mass spectrometry. This high resolution mass 
spectrometry was used to calculate NOSC of the WEOM fractions. WEOM fractions were added cross-wise to 
soils and heat flows as well as soil respiration were measured by isothermal calorimetry and gas 
chromatography, respectively, for a period of 23h. The composition of the microbial communities was analysed 
by DNA next generation sequencing. The relationships between these measures and the dynamics of energy 
dissipation were then determined using multi-variate statistics. Differences of the total metabolic heat flows 
after the addition of different WEOM were related to the energy density of the organic matter. In some cases, 
differences in the dynamics of energy dissipation between soils were related to the composition of the 
microbial communities, but were not related to the molecular composition of WEOM. The data suggest that 
different soil microbial communities do not have the same thermodynamic response to a change in available 
organic matter. The mineralisation of organic matter was strongly related to a return-on-investment parameter 
which was calculated as the ratio of the activation energy over the free energy of oxidation in the organic 
matter. Overall, our results suggest that microbial communities preferentially use organic matter with a high 
return-on-investment. We will present this bioenergetics framework and evaluate its significance for terrestrial 
carbon cycling in soils. 
[1] Herrmann et al. 2014 Env Sci Tech 48:4344 
[2] Nunan et al. 2015 Soil Biol Biochem 88:128 
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Ultrahigh-resolution mass spectrometry to elucidate the variability in δ13C signatures of water-

extractable organic matter in soils 

 

*Julien Guigue1, Philippe Schmitt-Kopplin2, Marianna Lucio2, Mourad Harir2, Olivier Mathieu3, Jean Lévêque3 
1NARO Institute for Agro-Environmental Sciences, Soil Biogeochemistry and Modeling Unit, Tsukuba, Japan 
2Helmholtz Zentrum Muenchen, Analytical BioGeoChemistry, Munich, Germany 
3Université Bourgogne Franche-Comté, UMR 6282 Biogeosciences, Dijon, France 
 
The molecular characterization of natural organic matter is a challenging objective, because of the great 
heterogeneity of this material. Fourier transform ion cyclotron resonance mass spectrometry (FT-ICR MS) is an 
advanced non-targeted investigation technique allowing an ultrahigh-resolution molecular analysis of complex 
organic systems. On the basis of a previous study conducted on 120 soil samples from the Burgundy region that 
revealed clear differences in the C stable isotopes concentrations between water-extractable organic matter 
(WEOM) samples from soils with different land covers (cropland, grassland and forest), our hypothesis is that 
the relative contribution of the vast assemblage of molecules constituting WEOM regulates this variation in the 
C isotope composition. We analyze the WEOM samples of these 120 soils using FT-ICR MS and used 
multivariate statistical analysis to link specific molecular assemblages with the variability in 13C for each land 
cover class. Our objective was to determine if similar molecular patterns are responsible for the 13C variability 
in the different land cover classes. For the whole dataset, 13C values showed clear differences in the C isotope 
composition between the three land covers, as well as variations of the C isotope abundances within each 
category. The WEOM of grassland soils, with an average 13C of -27.1±0.7 (mean±SD), is isotopically lighter than 
WEOM of forest soils, averaging at -24.2±0.9. In cropland soils, we measured intermediate 13C-WEOM values 
(-25.8±1.1). We evaluate the relation between molecular formulas (m/z as X variables) values and 13C (y 
variable) by setting up an OSC-PLS (Orthogonal Signal Corrected - Partial Least Square) model for each of the 
three different land-covers. This approach revealed that hundreds of molecular formulas, mainly specific to 
each land cover (for about 80%) but also few common to two or three land-cover classes, were correlated with 
the variation in the 13C-WEOM. The assigned molecular formulas were composed of CHO, CHON, CHOS and 
CHONS molecular categories. We determined that variations in the WEOM- 13C values under each of the three 
land cover is primarily controlled by different compound classes and molecular trends, while formulas found 
for several land covers are much more scarce. 
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Which is the best method to isolate soil organic carbon fractions with distinct turnover times? 

 

*Christopher Poeplau1, Axel Don1, the SOMFrac team1 
1Thünen Institute of Climate-Smart Agriculture, Braunschweig, Germany 
 
A myriad of methods to fractionate soil organic carbon (SOC) exists, which have been developed based on 
different research questions and views of SOC stabilization mechanisms. A major goal of SOC fractionation is to 
separate the bulk SOC into fractions having discrete turnover times. The lack of a comprehensive method 
comparison impedes the choice for a method. For an international methods comparison study (SOMfrac) we 
used soils from three experimental sites with long-term C3-C4 vegetation changes (22, 22 and 36 years ago) 
and tested 21 different SOC fractionation methods. Using the natural abundance of 13C, we were able to 
track the enrichment of C4-derived carbon in different SOC fractions as an indirect measure for turnover time. 
The methods that apply a combination of physical (density, size) and chemical (oxidation, extraction) were 
most effective to obtain fractions with a wide range of turnover times. Coarse light fraction SOC and oxidation 
resistant SOC were the most and least C4-carbon enriched fractions, respectively. Surprisingly, even after 36 
years of C4-plant cultivation (Maize and Miscanthus), no method was able to isolate a fraction were the C3-
carbon was completely replaced by C4-carbon. This hampers the direct link between any fractions of SOC and 
the most active and labile pool in SOC models. Particles with a density of >2.8 g cm³ showed similarly low C4-
carbon enrichment as oxidation resistant SOC, indicating the importance of metal-oxides for SOC stabilization. 
Particle size fractionation significantly outperformed aggregate size fractionation because of the fact that larger 
aggregates contain smaller ones. Using further quality criteria such as redundancy in turnover time, recovery 
and reproducibility, an evaluation scheme was established to identify and evaluate the strengths and 
weaknesses of the 21 different methods. 
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Distribution and radiocarbon age of total and dissolved organic carbon under contrasting land uses 

in NSW Australia 

 

*Rubeca Fancy1, Brian R. Wilson1,2, Quan Hua3, Heiko Daniel1, Yui Osanai1 
1University of New England, Armidale, Australia 
2NSW Office of Environment and Heritage, Armidale, Australia 
3Australian Nuclear Science and Technology Organisation (ANSTO), Menai, Australia 
 
Interest in the storage and cycling of organic matter in soils has increased in recent years, particularly in 
relation to its importance in the global carbon (C) cycle. Although the accumulation of C in the topsoil is well 
documented, very little is known about the mechanisms that result in C accumulation and long term storage in 
the deeper soil profile. In Australia and internationally, research attention is now focused on the importance of 
dissolved organic carbon (DOC) to C transport, distribution and accumulation under different land-use systems 
and management practices. We therefore investigated the quantity and distribution of total organic carbon 
(TOC) and DOC through the profile under three contrasting land uses (woodland, improved pasture and 
cultivated) in northern New South Wales, Australia. Within each land use, we determined the concentration of 
TOC and DOC down the soil profile to a depth of 100 cm using six soil depth increments. We found that close to 
the soil surface, TOC had larger concentrations when compared to TOC at deeper layers, in the order of 
woodland>improved pasture>cultivated. However, DOC was found in significantly larger concentrations in the 
woodland soils at all soil depths. Subsequently, we are determining the radiocarbon (14C) age of TOC and DOC 
to explore the mechanism of transporting C to the deeper soil profile. So far radiocarbon age of TOC 
demonstrates younger C (higher 14C content) in woodland compared to cultivated and improved pasture at 
least for the top 20 cm and the bottom of the soil profiles (70-100 cm). In every land use, topsoil had younger C 
than deep soil. Interestingly, there are several age reversals in the soil profile that will be unravelled through 
further investigation on 14C analysis of DOC explaining the C movement pathway through the soil profile. Our 
results will provide new insights into the mechanisms and importance of DOC to the soil C cycle in Australian 
soils. 
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Substrate chemistry determines the pathways for the formation of mineral-associated organic 

matter 

 

*Luis Almeida1, Luis Colocho 2, Ivo  Silva1, Emanuelle  Soares 1, Leonardus  Vergutz1 
1Federal University of Viçosa, Soil Science Department , Viçosa, Brazil 
2Technische Universität München, Soil Science Department , Freising, Germany 
 
Soil organic Carbon (SOC) is mostly derived from plant material. However, a large proportion of this material 
needs to pass through microbial biomass before being stabilized into soil organic matter (SOM). The 
biochemical compounds present on plant litter have different decomposition rates in soil and their relative 
abundance in distinct plant organs is also variable. For this reason, is thought to have a large influence of litter 
quality on decomposition and SOM formation process. Despite recent advances in the understanding of SOM 
formation and stabilization, the effect of plant litter quality on more stable SOM formation is still controversial 
and needs to be studied in more detail. In this sense, the aim of the present study was to evaluate the 
decomposition and 13C transfer from chemically distinct labeled litter fractions from Eucalyptus plants to the 
SOM. An incubation experiment was carried out with four chemically distinct and sequentially extracted litter 
fractions, namely: Hot Water Extractable (HWE); Total Solvent Extractable (TSE), Cellulosic Fraction (CF) and 
Acid Unhydrolysable Residue (AUR); from plant litter components (leaves, twigs, bark and roots). At the end of 
the incubation period, the SOM was physically fractionated, the total content of C and the relative abundance 
of 13C of each SOM fraction were measured in IRMS, and the litter-C contribution to each SOM fraction was 
assessed through an isotope mixing model. The litter-derived C transfer to the total SOC as well as for the 
MAOM from the different plant organs presented no significant differences. The AUR fraction had the highest 
proportion of C transferred to total SOC, followed by TSE, HWE and CF. Even materials relatively more resistant 
to decomposition, such as lignin and lipids, were effective precursors for the more stable silt and clay mineral-
bound SOM fraction. With the current study we observed that not all labile compounds were equally effective 
at promoting organic-mineral associations. Our findings led us do refuse our initial hypothesis that microbial 
labile litter fractions are more effective at promoting MAOM formation. They also do not support the 
propositions that mineral-bound SOM is mainly dependent on labile compounds and that recalcitrant materials 
are mineralized or contribute mostly for the particulate organic matter. 
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GC-MS analysis of volatile organic compounds from bambara groundnut rhizobacteria and their 

anitbacterial properties 

 

*Caroline Fadeke Ajilogba1, Olubukola Oluranti Babalola1 
1North-West University Mafikeng, Biological Sciences, Mafikeng, South Africa 
 
Bacterial metabolites have been observed to be important in new drug formulation for both plant, animals and 
humans. The aim of this study was to identify the different bioactive compounds found in three rhizobacteria 
isolates (BAMhi, BAMli and BAMr) from the rhizosphere of Bambara groundnut and to assay for their 
antibacterial properties. Gas chromatography mass spectrometry (GC-MS) was used to carry out the analysis 
using three extraction solvents. Solvents used were benzene, hexane and butanol. In the GC-MS analysis, 
compounds were identified based on peak area percentage, Retention time, then the molecular weight and 
formula. Among the bioactive compounds produced by the three selected isolates were carbaxazide, tropone, 
phthalan and p-xylene. Antibacterial analysis revealed that compounds of butanol extracts are more potent 
and inhibited the growth of the 2 test organisms, B. cereus and E. faecalis. These results suggest that the 3 
isolates are quite rich in the production of bioactive compounds that are also very effective antibacterial 
agents. These volatile organic compounds are promising compounds for more antibacterial bioactivity 
development. 
Figure 1 

 

 
Figure 2 
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Position specific labeling as a tracer of free lipid transformations in soils 

 

*Joshua Bostic1, Michaela Dippold1 
1Georg-August-Universität Göttingen, Biogeochemistry of Agroecosystems, Göttingen, Germany 
 
The assumed long-term preservation of soil lipids distinguishes them as important contributors to the stability 
of soil organic matter (SOM) and has led to their use as biomarkers of plant and microbial carbon (C) sources. 
While the turnover time of bulk lipids and individual lipid fractions have been extensively studied, little is 
known about their metabolic transformations by soil microorganisms. Potential transformations pathways 
include: 1.) Degradation followed by re-incorporation into microbial lipid compounds (resynthesis) or 2.) Intact 
incorporation of the alkyl chain with subsequent modification (recycling). Determining the prevalence of these 
transformation pathways in soils is essential for accurate interpretation of lipid biomarkers, as modification of 
original biomarker signatures by microbial processes may represent a significant source of error if not 
accounted for in biogeochemical models. 
 
To determine the utilization and transformation of n-alkyl lipids in soil microbial metabolism, we applied 
position-specifically 13C-labeled palmitate to an agricultural Luvisol and traced the C incorporation from 
individual positions into lipid fractions via compound specific stable isotope analysis. Using this novel approach, 
our group previously revealed a high rate of intact uptake and incorporation of palmitate into the fast-cycling 
pool of microbial phospholipid fatty acids (PLFAs) over a 10-day period, with subsequent modifications of the 
intact alkyl chain (e.g. branching, elongation) increasing with time (Dippold & Kuzyakov, 2016). Building on this 
research, the current study sought to identify 13C incorporation from the labeled palmitate into various n-alkyl 
free lipid fractions (fatty acids, hydroxy acids, alkanes, ketones and alcohols) to determine the extent of lipid 
transformations over long time scales. Here, we detail the results of these analyses over a 3-year period and 
answer the question: Does recycling and subsequent modification of intact alkyl chains within microbial 
metabolism represent a significant source of free lipid transformations in soils? 
 
References 
Dippold, M. A., & Kuzyakov, Y. (2016). Direct incorporation of fatty acids into microbial phospholipids in soils: 
Position-specific labeling tells the story. Geochimica et Cosmochimica Acta, 174, 211-221. 
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From a "black box" to a "grey box": non-target screening of soil derived DOM using LC-QTOF-

MS/MS 

 

*Olaf Brock1, Boris Jansen1, Rick Helmus1, Karsten Kalbitz2 
1UvA-IBED, ELD, Amsterdam, Netherlands 
2TU Dresden, SRLU, Dresden, Germany 
 
Non-target screening using high resolution QTOF-MS (Quadrupole Time-of-flight Mass Spectrometry) is often 
used in e.g. surface water chemistry research. However, in the field of soil science, it is still a relatively new 
approach. We aimed at developing a rapid non-target screening method for high-resolution LC-QTOF-MS/MS 
data of dissolved organic matter (DOM) extracted from soil material and compared it with other existing OM 
characterization techniques such as NMR. With those techniques molecular characterization has been 
successfully applied, although information is limited to a distinction in broad chemical groups such as aromatic 
and carbonyl groups. QTOF provides the possibility to measure mass fragments in MS/MS mode and derive 
structural information on a molecular level and combine this with insights from bulk information as visualized 
in Van Krevelen and related plotting techniques. The value of information of OM characteristics on a molecular 
level is shown for instance in the discussion on the role of molecular characteristics in SOM stabilisation, e.g. 
for the formation of mineral-associated organic matter or aggregates. 
 
The method we developed can be divided into two parts; (1) measuring pre-treated samples with LC-QTOF-
MS/MS, and (2) semi-automated analyses of the data. Samples were pre-separated by ultra-high performance 
liquid chromatography (UHPLC) and eluting compounds were ionized by electrospray ionization (ESI) operating 
in positive (+) and negative (-) mode. Part two is controlled from a script, programmed in R, and utilizes Data 
Analysis (Bruker Daltonics) identification software. After mass calibration of the data, features are extracted 
from the dataset by automatic identification of chromatographic peaks. Related features found across samples 
are grouped after retention time alignment. Those grouped features are filtered first on intensity and presence 
in replicates and blanks. As a last step, formulas are calculated from accurate mass data for the grouped 
features. Candidate formulas that do not fulfil basic chemical criteria are removed. Our method represents one 
way to open the SOM black box and turn it into a grey box and expands the possibilities for OM 
characterization from often used techniques such as NMR. 
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Stable isotope techniques: Recent developments in tracing changes in C and N cycling and 

biodiversity using uniformly 13C-labelled plant materials 

 

*Ton Gorissen1, Ries de Visser1, Henri Veroude1 
1IsoLife, Wageningen, Netherlands 
 
Introduction 

 
Stable isotopes like 13C and 15N have been used in ecology for decades in tracer studies of plant materials in 
organic environments like natural soils. They are used to study distribution of recently added organic matter 
amongst POM and SOM fractions, fluxes of C and N between SOM pools, or to unravel biodiversity and food 
web interactions in complex soil ecosystems. The stable-isotope labelled plant materials (single-labelled with 
13C or double-labelled with 13C+15N) that IsoLife produces have been used in many papers describing the 
dynamics of SOM. These materials opened up new ways in studying decomposition dynamics, trophic 
interactions, and functional relationships in complex soil ecosystems. Moreover, their application also 
improved the sensitivity of mass spectrometry techniques. 
 
Developments 

 
i) Decomposition studies have been carried out with uniformly 13C-labelled plant parts or extracted 
plant materials like lignin or cellulose yielding detailed information about fractions respired, 
distribution among SOM pools, and SOM transformation. Issues on decomposition efficiency, 
substrate availability, priming, stabilisation of SOM and microbial utilisation can now be better studied 
in detail, providing useful data for e.g. carbon sequestration related to climate change. 
ii) Stable Isotope Probing enables the detection of functional organisms in complex ecosystems at 
species level using U-13C substrates and density gradient centrifugation to separate 12C- from 13C-
DNA or -RNA. Subsequent sequencing of the 13C-bands reveals the active, functional species. This 
technique yields information in complex soil ecosystems with high background 12 Community 
structure, trophic interactions, biodiversity, and symbiotic associations have been studied with a 
renewed focus. 
iii) Methods for tracing C and nutrient transfer between hosts and organisms can be measured in situ 

using continuous 13C-labelling at extreme enrichment levels (>97 atom %) or visualised by direct 
imaging using microscopy techniques such as NanoSIMS or FISH. 
 

Achievements 

 
During the last few years, many papers have been published based on the use of uniformly 13C-labelled plant 
materials. The poster shows an overview of the achievements during the last 3 years of using U-13C-labelled 
substrates in SOM-studies. 
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Cross-reactivity of a colorimetric method will overestimate urea in the environment: Development 

of a reference LC/MS assay 

 

*Michaela Reay1, Davey Jones2, Richard  Evershed1 
1University of Bristol, OGU, School of Chemistry, Bristol, United Kingdom 
2Bangor University, Environment Centre Wales, Bangor, United Kingdom 
 
Urea is an important organic compound in the catabolism and excretion of nitrogen containing metabolites. It 
is ubiquitous in environmental matrices with sources including fertiliser and in-situ production by bacteria, fish 
and zooplankton (1,2). High nitrogen inputs can lead to detrimental impacts, particularly eutrophication of 
water bodies. It is therefore vital to determine urea concentrations in order to evaluate the impact of 
agriculture on soils and aquatic systems. The colorimetric diacetyl monoxime (DAM) method is the most 
commonly used technique for the determination of urea (3); however, assessment of the reaction suggests it 
may not be urea-specific. Cross-reactivity was tested using a range of nitrogen compounds known to be 
present in environmental matrices. We showed allantoin, hydantoin and biuret were all detectable using this 
method. The relative responses were influenced by the nature of the substituents to the ureido moiety of the 
various analytes. This cross-reactivity with nitrogen compounds, other than urea, indicates that the measured 
concentrations of urea in environmental matrices, such as soil and water, can be overestimated using the DAM 
colorimetric approach. These findings highlight the need for an alternative method to quantify urea in 
environmental matrices. This study summarises the results obtained to date for the development of an LC/MS 
method to determine urea in complex environmental matrices. Once fully developed, this approach will allow 
quantification of urea, and other nitrogenous compounds, which may contribute to urea determinations using 
the DAM method. Our LC/MS method will provide a reference method allowing more reliable determination of 
urea in environmental matrices by the DAM method. 
 
References: 

1. Bristow, A. W., Whitehead, D. C. & Cockburn, J. E., J. Sci. Food Agric., 1992, 59, 387. 
2. Satoh, Y., Int. Rev. of Hydrobiology.1980, 65, 295. 
3. Francis, P. S., Lewis, S. W. & Lim, K. F., TrAC Trends Anal. Chem. 2002, 21, 389. 
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GeoPhenomics- high-throughput soil and crop screening to link crop nutrition and fertiliser uptake 

to soil physical and chemical properties. 

 

*Cathy Thomas1 
1Rothamsted Research, SAS, Harpenden, United Kingdom 
 
Precision agriculture is a major goal for achieving more sustainable agriculture. GeoPhenomics aims to link crop 
nutrient composition and fertiliser uptake to the range of soil physical and chemical properties, including 
organic matter (OM) content, pH, exchangeable cations and total elemental concentration. Nutrient transfer 
functions could then serve to develop a predictive framework for fertiliser recommendation based on soil 
properties. Dry spectroscopic techniques including mid-infrared (MIR), x-ray diffraction (XRD), x-ray 
fluorescence (XRF) and laser particle size analyses enable high-throughput screening of soil, plant and fertiliser 
properties, with complete analyses taking less than 30 minutes per sample. In a field trial experiment with 
wheat, different organic amendments: compost, FYM (farmyard manure), anaerobic digest (AD) or straw were 
applied to the same plots for 4 seasons along with N fertiliser. Soil, straw and grain were sampled at the 
baseline point in 2013 and again 4 years on. Using the spectroscopic techniques, the effect of amendments on 
soil physical and chemical properties and shoot and grain N uptake and nutrient composition were assessed. A 
glasshouse experiment was also conducted, where wheat was grown in six different soils with contrasting 
properties of OC, pH, soil type, and with or without fertiliser NPK. Analysis was made of the shoot and grain 
nutrient composition using the spectroscopic techniques. It was hypothesised that crop fertiliser uptake and 
nutrient composition would be strongly correlated with soil characteristics particularly OM content. 
 

Figure 1 
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Soil carbon saturation controls soil carbon decomposition and carbon retention of decomposing 

residues 
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3Instituto Nacional de Investigación Agropecuaria, Colonia, Uruguay 
 
The theory of soil organic carbon (Cs) saturation establishes that soils can store a limited amount of Cs. This 
theory has implications for the C turnover in soils that have not been thoroughly explored. Among them are an 
expected increase in the Cs decomposition rate (k, d-1) and a reduction in the residue C decomposition 
retention or humification (h, kg kg-1). In this research, soils with different saturation ratios derived from 
different sites (La Estanzuela = LE and Palo a Pique = UEPP, Uruguay), long-term management (continuous 
annual cropping to regenerated pastures) and horizons (A1, A2, and B), were incubated with 13C labelled fresh 
residues with a C:N ratio of 13. Residues were added at rates that vary from a typical input rate in field 
conditions (1 g C soil kg-1, termed 1x) and at 3x, 9x and 27x reflecting larger inputs of fresh residues. The 
hypotheses to be tested were that k increases and h decreases as the saturation ratio increases. Results 
indicate that k increases linearly with the saturation ratio. In the range of saturation ratio (range 0.2 to 0.8) in 
this experiment, k increased between 3- (LE) and 7-fold (UEPP). The humification rate depended on the 
saturation ratio as well, becoming larger the lower the saturation ratio. The effect was strong at UEPP, but only 
expressed at the C input rate of 1x at LE. The average h across sites was approximately 0.25 kg kg-1. In 
conclusion, both models and empiric interpretation of C cycling in soil need to address the phenomena of 
carbon saturation, which strongly suggest a non-linear dependence of k and h on the existing level of Cs. 
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Organic composition and stable isotopic analysis of active, degrading and restored blanket bog. 

 

*Laura McAnallen1, Rory Doherty1, Neil Ogle1 
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Introduction and Objectives  

 
The Garron Plateau is one of the best examples of intact blanket bog in Northern Ireland. Analysis undertaken 
by the Department of Agriculture and Rural Affairs (DAERA) in 2004, determined the site to be in unfavourable 
condition. A restoration programme has since been put into place. The main objective of the project was to 
retrieve peat, water and gas samples from the previously assessed active, degrading and restored areas to 
show how land use and related changes in peatland hydrology have altered the degree of decomposition and 
to determine if restoration processes will reverse degradation. 
 
Materials and Methods  

 
The composition of the SOM at various depths was studied using Fourier Transform Infrared Spectroscopy 
(FTIR). The information gained via this technique can be used to identify humification processes with depth 
based on the increase in the relative abundance of recalcitrant moieties such as aliphatics or aromatics 
compared to labile fractions, such as carbohydrates (Cocozza et al. 2003). Principle component analysis (PCA) 
was used to analyse the spectra and is a well-known technique used for reducing the dimensionality of 
multivariate data whilst preserving most of the variance (Harrison et al. 2006). Stable isotope analysis of 13C 
and 15N in the solid (peat), D and 18O in the liquid (pore-water) and 18O and 13C in the gas (soil gas) phase can 
give an indication of fractionation of isotopes and the biogeochemical processes occurring at each location. 
 

Results and Discussion  
 
When comparing the IR spectra from the solid samples, results have shown that humification increases with 
depth and that humification is lowest in the degrading area. The FTIR results have also shown a zone of high 
decomposition in both the active and degrading samples, but not the restored. Solid phase stable isotope 
analysis has also shown this depth trend and that the degrading area is depleted in both 13C and 15N. Liquid 
phase stable isotope analysis has shown the active and restored samples are enriched in deuterium, whereas 
the degraded and active areas are enriched in 18O. Gas analysis has shown that the restored peat is highly 
depleted in both 18O and 13C. 
 
Conclusions  

 
Preliminary results have shown that the act of re-wetting degraded peats partially returns them back to an 
actively accumulating state and that they are highly complex systems where water table fluctuation plays a 
significant role. 
 
References: 
Cocozza, C. et al., 2003. Characterization of solid and aqueous phases of a peat bog profile using molecular 
fluorescence spectroscopy , ESR and FT-IR , and comparison with physical properties. , 34, pp.49–60. 
Harrison, B. et al., 2006. Differentiation of peats used in the preparation of malt for Scotch whisky production 
using Fourier transform infrared spectroscopy. Journal of the Institute of Brewing, 112, pp.333–339. Available 
at: http://onlinelibrary.wiley.com/doi/10.1002/j.2050-0416.2006.tb00739.x/abstract. 
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Microbial anabolism: An emerging area of significance in microbial control over soil carbon storage 

 

*Chao Liang1,2 
1Chinese Academy of Sciences, Institute of Applied Ecology, Shenyang, China 
2UFZ - Helmholtz Center for Environmental Research, Leipzig, Germany 
 
Studies of the decomposition, transformation and stabilization of soil organic matter (SOM) have dramatically 
increased in recent years due to growing interest in studying the global carbon (C) cycle as it pertains to climate 
change. While it is readily accepted that the magnitude of the organic C reservoir in soils depends upon 
microbial involvement because soil C dynamics are ultimately the consequence of microbial growth and 
activity, it remains largely unknown how microbe-mediated processes link litter decomposition, and then SOM 
formation, turnover, and sequestration. Here, we define two pathways, ex vivo modification and in vivo 

turnover, which jointly explain soil C dynamics driven by microbial catabolism and/or anabolism. Accordingly, 
we demonstrate a conceptual framework, in which we raise the concept of the soil microbial carbon pump 
(MCP) to describe how microbes act as an active player in soil C storage by coupling production of a set of 
organic compounds that are derived from microbial residues and further stabilized, defined as the entombing 

effect. This integration captures the cumulative long-term legacy of microbial assimilation on SOM formation, 
with mechanisms (whether via protection by physical interactions or a lack of activation energy due to chemical 
composition) that ultimately enable the entombment of microbial-derived C in soils. We discuss potential 
influential factors that change the entombing effect. We propose the need for increased efforts and seek to 
inspire new studies that utilize the soil MCP as a conceptual guideline for improving mechanistic 
understandings of soil C dynamics to the responses of the terrestrial C cycle under global change. 
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Using molecular spies and multidimensional NMR to unravel the molecules contained within soil 

organic matter 

 

*Nicholle Bell1 
1University of Edinburgh, School of Chemistry, Edinburgh, United Kingdom 
 
Soil Organic Matter (SOM) - the most complex mixture on Earth - presents one of the greatest challenges to the 
analytical chemistry. Nevertheless, in order to understand the many roles of SOM in the environment, we need 
to have a better understanding of its molecular composition. The most promising tools for this task are the high 
resolution techniques, Nuclear Magnetic Resonance (NMR) spectroscopy and mass spectrometry (MS). Recent 
advances in MS have led to its increased application in characterisation of SOM. On other hand, standard NMR 
techniques cannot easily deal with the sheer number of compounds making up SOM. Thus in order to 
characterise individual molecules in a chromatography inseparable mixture some form of spectroscopic 
separation is required. Introducing an NMR spy, which removes the vast majority of resonances and reports 
only on its immediate surroundings is one promising approach to achieve this goal. The methodology 
presented characterises the molecules within SOM by introducing 13C enriched tags (spies) -O13CH3 and -
COO13CH3 groups by methylation. These molecular spies can reveal their surrounding molecular structure 
through the use of novel multidimensional NMR experiments, designed specifically for SOM. Each experiment 
provides a unique set of chemical shifts and coupling constants that can be used to build individual structures 
contained in complex mixtures like SOM. Applying this approach we have determined the first set of 
unambiguous structures of phenolic molecules in methylated peat fulvic acid extracted from a lowland raised 
bog located at Red Moss, Balerno, outside Edinburgh. Our approach is not limited to methylation as the way of 
introducing molecular spies. We are currently exploring several different approaches based on the principles 
outlined here. 
 
References 
(1) Bell, N.G.A.; Murray, L.; Graham, M.C.; Uhrín, D. Chem. Commun., 2014, 50, 1694-1697. 
(2) Bell, N.G.A.; Michalchuk, A.L.; Blackburn, J.W.T.; Graham, M.C.; Uhrín, D., Angew. Chem. Int. Ed., 2015, 54, 
8382-8385. 
(3) Bell, N.G.A.; Graham, M.C.; Uhrín, D., Analyst, 2016, 141, 4614-4624. 
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The energetic and chemical fingerprints of persistent soil organic carbon 

 

*Pierre Barré1, François Baudin2, Sylvain Bernard3, Lauric Cécillon4, Bent T. Christensen5, Sabine Houot6, 
Thomas Kätterer7, Suzanne Lutfalla1,6, Corentin Le Guillou8, Andy Macdonald9, Folkert van Oort6, Alain 
F. Plante10, Katell Quénéa11, Alix Vidal11, Claire Chenu6 
1CNRS, Geology laboratory, Paris, France 
2Université Paris 6, ISTEP, Paris, France 
3CNRS, IMPMC, Paris, France 
4IRSTEA, Grenoble, France 
5Aarhus University, Department of Agroecology, Tjele, Denmark 
6AgroParisTech, Ecosys, Thiverval-Grignon, France 
7Swedish University of Agricultural Sciences, Uppsala, Sweden 
8CNRS, UMET, Villeneuve d'Ascq, France 
9Rothamsted Research, Harpenden, United Kingdom 
10University of Pennsylvania, Earth and Environmental Science, Philadelphia, United States 
11Université Paris 6, METIS, Paris, France 
 
The absence of convincing physical or chemical procedures to characterize or isolate relatively labile versus 
persistent soil organic carbon (SOC) pools makes the study of persistent SOC difficult. Long-term bare fallow 
(BF) experiments, in which C inputs have been stopped for decades, provide a unique opportunity to study 
persistent SOC without the inherent artefacts induced by extraction procedures, the hypothesis being that SOC 
is gradually enriched in persistent C with time as labile components decompose. We determined the evolution 
of thermal and chemical characteristics of bulk SOC in five long-term BF experiments across Europe (Askov, 
Grignon, Rothamsted, Ultuna and Versailles), using a multi-technique approach involving Rock-Eval pyrolysis 
(RE), thermogravimetry and differential scanning calorimetry (TG-DSC), Near Edge X-Ray Absorption Fine 
Structure (NEXAFS) and pyrolysis gas chromatography-mass spectrometry (TMAH-Py-GC-MS). Results of RE and 
TG analyses showed that the temperature needed to combust the SOC increased with BF duration at all sites. 
Conversely, SOC energy density (in mJ mg-1 C) measured by DSC decreased with BF duration. RE results 
showed that hydrogen index (HI) tended to decrease with BF duration whereas the oxygen index (OI) did not 
show consistent trends across sites. NEXAFS signals presented little differences and were dominated by 
carboxyl peak. TMAH-Py-GC-MS results showed a strong relative decrease in lignin-derived compounds with BF 
duration and a small decline in cutin and suberin-derived compounds. Conversely, the relative intensity of 
alkanes increased with bare fallow duration. Our results showed that in spite of the heterogeneity of the soils 
at the 5 long-term BF sites, SOC that has persisted in soils for several decades have similar and defined thermal 
and energetic properties: persistent SOC burns at higher temperature and its combustion generates less 
energy. Persistent SOC in the studied temperate soils also shares some chemical properties: it has a lower HI 
values and is depleted in lignin-derived compounds. The increased burning temperature and lower energy 
density of persistent SOC suggest that SOC stability may be a function of the high energy cost and low energy 
gain from decomposition of this material. 
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Are humic substances the residue of soil microbial activity or new chemical compounds? 

 

*Sen Dou1, Xiangyun Song2 
1Jilin Agricultural University, College of Resource and Environmental Science, Changchun City, China 
2Qingdao Agricultural University, College of Resources and Environment, Qingdao, China 
 
There are several different formation theories of humic substances (HS), but soil microorganisms and enzymes 
are important during the formation of these substances. The key point is HS the residue of soil microbial 
activity or new chemical compounds? Which is more important between chemical stability and physical 
protection? There are lots of inherited humin (HM) and humic acid (HA) which indicates the HA maybe the 
residue of microbial activity. Soil organic matter (SOM) is not static, but undergoes mineralization and 
humification. The decomposition and transformation is natural characteristic of SOM and the beginning is 
decomposition, but humification is not the end because of the continuous mineralization. Non-humic 
substances (nHS) are organic compounds whose chemical structure is simple or complex and has been 
described clearly in chemical books, while the structure of humic substances (HS) is not known. This is one of 
the important reasons for soil science to be an independent natural science. Though the heterogeneity of HS is 
still under debate, the viewpoint that humified SOM is the main part of SOM as well as the management of 
SOM has not changed. The nature of HS is complex. Extractable organic materials that are formed during the 
humification and the chemical structure of HS are different from the materials before humification. The 
heterogeneity of HS is a significant characteristic. Scientists are trying to confirm HS heterogeneity, but it is 
difficult because of the limits of analytical technique and large polydispersion of HS. The formation of humic 
like substances (HLS) from different base materials by solution culture method showed that the H/C ratios of 
humic like acid (HLA) and was more than 1.5, but was 1.0 for soil humic acid (HA) (Figure 1). Therefore, the 
materials that are going to form HS or their productions in simple incubation do not absolutely have 
characteristic of HS. New HS are formed in clay protected SOM. In addition, the differences between macro 
aggregates and particle size fractions are more significant than micro aggregates (Figure 2). 
 

Figure 1 

 

 
 
 
Figure 2 
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Towards meaningful quantification of Glomalin Related Soil Protein (GRSP) 

 

Lur Moragues Saitua1, Luis Merino-Martin2, Alexia Stokes2, *Siobhan Staunton3 
1NEIKER-Tecnalia Basque Institute for Agricultural Research and Development, Derio, Spain 
2INRA, AMAP, Montpellier, France 
3INRA, Eco&Sols, Montpellier, France 
 
Glomalin, reputed to be a protein of arbuscular mycorrhizal origin, has been much studied since it was first 
reported in 19961. It is now evident that this operationally defined fraction of soil organic matter, obtained by 
autoclaving soil in neutral or alkaline citrate solution is not purely protein and is not solely of fungal origin2. The 
often extravagant claims about the properties it confers to soils are also certainly exaggerated; however, it may 
nevertheless be an interesting fraction of soil organic matter and possibly a probe of stable organic matter. It is 
usually quantified using the colorimetric non-specific Bradford method based on protein complexation with the 
Coomassie Blue dye at acid pH. Quantification is limited by the short working range of this method, the 
nonlinear response and interference, both positive and negative, from co-extracted compounds. These effects 
result in dilution effects complicating the exact quantification of the protein component 3-5. We have compared 
the easily extractable and total GRSP in five top-soils with contrasting texture, organic carbon content and land-
use. Protein was assayed with Bio-Rad Quick-StartRM) with various methods of calibration. 
 
The major findings of this study may be summarized as follows 

 Nonlinear calibration decreases the effect of dilution. 
 The linearization of the calibration curve6 requires the subtraction of the sample blank. Sample blank 

is sensitive to both dilution and pH (the Bradford reaction is carried out at pH 1). An apparent dilution 
effect arises from small changes in sample blank spectrum. 

 Both the Coomassie Blue dye reactant and its complex with protein formed complexes with non-
protein soil extracts leading to shifts of peaks towards longer wavelengths (red-shift). These 
complexes are labile. 

 
In conclusion, protein quantification in soil extracts is complicated by complex formation of the dye with other 
soil components that cause spectral shifts in the peak of the protein-dye complex. 
 

1. Wright & Upadhyay 1996. Soil Scii, 161, 575-586 
2. Gillespie et al. 2011 Soil Biol Biochem, 43 766-777 
3. Redmile-Gordon et al. 2013 Soil Biol Biochem 67 166-173 
4. Reyna & Wall 2013 Biol Fert Soils, 50 395-400 
5. Jorge-Araújo et al. 2015. Eur J Soil Sci; 66: 311-319 
6. Zor & Selinger 1996 Anal Biochem, 236 302-308 
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Analysis of soil humic acids by RP-HPLC with multi-wavelength absorbance and fluorescence 

detection following by SEC – PAGE fractionation  

 

*Olga E. Trubetskaya1, Oleg A. Trubetskoj2 
1Institute of Bioorganic Chemistry, Molecular Ecology, Pushchino, Russian Federation 
2Institute of Biological Problems, Molecular Spectroscopy, Pushchino 
 
Introduction 

 
Soil humic acids (HAs) possess fluorescence properties, and fluorescence spectroscopy has been applied for 
their characterizing for the last several decades. This technique yields important information on the dynamics 
and chemical nature of soil HAs. However, until now the localization of soil HAs fluorophores still remains 
uncertain. Taking into account soil HAs heterogeneity on molecular sizes (MS), it is possible to predict two 
variants: (i) the fluorophores are randomly distributed among different MS fractions or (ii) they are contained 
in specific MS fractions. The clearing up of distribution of fluorescent species between different MS compounds 
should be very promising for understanding the structural organization and fluorescence origin of soil HAs. 
 
Objectives  

 
The IHSS soil HA standard (1S102H) and chernozem soil HA (Russia) were the objectives of present study. 
 

Materials & methods 

 
Soil HAs of different genesis were fractionated by preparative low pressure SEC on Sephadex G-75 in 7M urea. 
After electrophoretic analysis of chromatographic profiles three fractions A, B and C+D were obtained. The MS 
of fractions varied in the order A>B>C+D and electrophoretic mobility in opposite order. Analytical RP-HPLC on 
C18 column using stepwise gradient of methanol with multi-wavelength absorbance and fluorescence 
detections at ex=270 nm was used for analysis of soil HAs and their fractions. 
 

Results 
 
RP-HPLC chromatograms of bulk HAs and fractions A, B and C+D exhibit the resolution of seven peaks with 
increased hydrophobicity from first to seventh due to the increasing of methanol concentration. Based on the 
total chromatogram area and area of peaks we conclude that high MS fraction A is essentially more 
hydrophobic than medium MS fraction B. The lowest hydrophobicity belongs to low MS fraction C+D. The most 
of humic-like fluorescence (Ex/Em - 270/480-450 nm) was located in fraction C+D. Protein-like fluorescence 
(Ex/Em - 270/300-350 nm) was detected in the most hydrophobic peaks of fractions A and B only. 
 

Conclusion 
 
The two-step fractionation of soil HAs using combination SEC/electrophoresis and RP-HPLC with multi-
wavelength fluorescence detection enhance the fundamental knowledge about the origin of fluorescence and 
chemical structure of soil HAs. 
 
 



Session 4b: What is humified organic matter? 

6th International Symposium on Soil Organic Matter  213 

P-4b.02 

 

Electrophoresis of soil humic acids – what are electrophoretic zones present itself? 

 

*Oleg A. Trubetskoj1, Olga E. Trubetskaya2 
1Institute of Biological Problems, Molecular Spectroscopy, Pushchino, Russian Federation 
2Institute of Bioorganic Chemistry, Molecular Ecology, Pushchino, Russian Federation 
 

Introduction 

 
The presence of negative charge resulting from the ionization of functional groups is a fundamental property of 
soil humic acids (HA) and electrophoretic techniques should be applicable for their investigation. One of the 
electrophoretic approaches, which have been successfully used in the last 40 years, is polyacrylamide gel 
electrophoresis (PAGE) where a few electrophoretic zones (EZ) were ordinary observed. In biochemistry a 
distinct EZ in PAG matrix ordinary means individual substances with certain molecular properties. On the other 
hand by using practically all known analytical techniques a huge number of individual molecular structural 
components were detected in soil HA and they are unlikely could represent only a few distinct EZ of soil HA. On 
this reason the principal question concerning to EZ of soil HA is - what they are present itself? 
 
Objectives  

 
Twelve soil HAs of different genesis were the objectives of present study. 
 

Materials & methods 

 
Trubetskoj et al. (1991, 1992) has developed the new method of PAGE in the presence of denaturating agents 
(7M urea and 1% SDS) which allowed separation of soil HA into four quite reproducible and lacking diffusion 
distinct EZ. The coupling PAGE with low pressure SEC allowed to obtain preparative quantities of EZ from 
different soil HAs (Trubetskoj et al. 1999, 2004). This procedure is called tandem SEC-PAGE. Only after 
application of SEC-PAGE for fractionation of soil HA thorough study of physical–chemical properties of their EZ 
was possible. 
 

Results 

 
We followed systematically this method over the last 25 years with different analytical tools and this allowed 
us to obtain physical-chemical characteristics EZ of different soil HA with clear differences in terms of (1) 
electrophoretic mobility, (2) molecular size, (3) fluorescence and UV-vis spectra, (4) humic-like and protein-like 
fluorophores distributions, (5) amino acids weight content, (6) plant and/or microbial long chain fatty acids 
content, (7) aromatic/aliphatic components ratio, (8) hydrophobicity, (9-10) photosensitizing and 
phytohormone-like activities. 
 

Conclusion 

 
EZ of soil HA independently on the soil origin consist of predominantly aromatic or aliphatic structures and 
possess different physical–chemical properties and biological activities. 
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Incorporation of nitrogen in soil humic fractions: A stable isotope study 

 

Tihana Vujinovic1, Tanja Mimmo2, Paolo Ceccon3, Stefano Cesco2, Marco Contin3, *Maria De Nobili3 
1University of Canterbury, Di4A, Christchurch, New Zealand 
2University of Bozen, Bolzano, Italy 
3University of Udine, Di4A, Udine, Italy 
 
We followed N incorporation into soil humic fractions (HS) after addition of mineral or organic amendments. 
Our aim was to study N dynamics in soil humic compartments and to determine N source contributions to HS 
formation. The experimental set up allowed us to trace contributions from microbially mediated (labelled urea) 
and residual (maize residues) organic N in humic fractions. A field lysimetric experiment was set up in a 
randomized block design. The soil was an eutrochrept under continous maize. Two 15N-enriched sources were 
applied: maize residues (15R, 15N 4.866%); urea (15U, 15N 10.668%). Application rates are reported in table 1. 
A two steps extraction was carried out, five-months after addition of tracers, to extract free HS with 0.5 M 
NaOH and bound HS, from the residual soil with 0.1 M Na4P2O7 plus 0.1 M NaOH. Total N and 15N abundance 
were measured by a Delta V Advantage Thermo Scientific CF-IRMS spectrometer, coupled to an EA - Flash 2000 
Thermo Scientific elemental analyzer. Reference standards were run four times during measurements. We 
found that 90% of the N applied with maize residues was recovered in the HS compartment. The strongest 
immobilization occurred in HA (insoluble acid fraction). Only about 14% of mineral fertilizer N was immobilized 
in soil HA and its contribution to FA (acid soluble fraction) formation was negligible. This reveals not only a 
strong effect (p<0.001) of the quality of the N source applied on its incorporation in HS, but also a significant 
interaction (p<0.001) between the chemical form of N and the soil humic compartment. Our results suggest 
that there is no preferential pathway for the chemical rather than the biochemical stabilization of N derived 
from mineral and organic sources in the different fractions of humic substances (p=0.81). This was in line with 
the distribution observed for C, indicating a direct involvement of N in C immobilization. The mechanisms 
triggered by residue incorporation are complex and involve dynamic exchange among humic compartments 
and therefore need further accurate investigation. 
Table 1: Labelled and unlabelled N application rates and their isotope composition. 
Figure 1 

 

 
 
 



Session 4b: What is humified organic matter? 

6th International Symposium on Soil Organic Matter  215 

P-4b.04 

 

Fractionation of soil organic matter under pastures and agrosilvopastoral systems in the Brazilian 

Cerrado 

 

*Leidivan Almeida Frazão1, Igor Costa de Freitas1, Nayara Christina Almeida Araújo1, Márcia Vitória Santos2, 
Carlos Eduardo Pellegrino Cerri3 
1Federal University of Minas Gerais, Montes Claros, Brazil 
2Federal University of Vales of Jequitinhonha and Mucuri, Diamantina, Brazil 
3University of São Paulo, Piracicaba, Brazil 
 
The adoption of integrated production systems constitutes an alternative to maintain or even maximize 
production, without the need to incorporate new areas into the production process. The aim of this study was 
to compare the contents of soil organic carbon (SOC) from the physical and chemical fractions of soil organic 
matter (SOM) in a Rhodic Ferralsol that was used as pastures, agrosilvopastoral system and native vegetation 
of Cerrado, in Minas Gerais State, Brazil (Figure 1). Samples were collected at 0–5, 5–10, 10–20, and 20–30 cm 
soil depths from the following areas: integrated crop-livestock-forest system including eucalyptus, maize, and 
Brachiaria brizantha cv. Marandu (ICLF), with 13 months of implementation; marandu grass monoculture 
(MAR) with 13 months of implementation; pasture with low productivity mainly comprising Brachiaria 

decumbens (PAST), utilized for approximately 20 years by dairy and beef cattle; and native vegetation (NV) that 
is also referred to as Cerrado. The contents of total SOC as well as from the of the physical (free light [FLF], sand 
[F–sand], and silt+clay [F–silt+clay]) and chemical (humin [HUM], humic acid [HAF], and fulvic acid [FAF]) 
fractions of SOM were measured. The ICLF system promoted an increase of total SOC at 5-10 and 10-20 cm 
depth layer to levels close to those observed in the NV. The SOC content of the FLF under the ICLF system 
increased, reaching values similar to the NV, at a depth of 20 cm. SOC content was higher in the HUM for all soil 
depth layers and areas analyzed, whereas the ICLF system performed remarkably compared to PAST regions at 
a depth of 5-10 cm. Cluster analysis revealed that the MAR and PAST systems were similar, whereas the ICLF 
system proved to be more close to NV, indicating that over time this system contributes to organic matter 
input at a similar rate to that observed in the native Cerrado area. 
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Interactions of soil organic matter with P speciation, availability and losses: What has a better soil 

organic matter status got to offer? 

 

*Marc Stutter1, Philip Haygarth2 
1The James Hutton Institute, Craigiebuckler, Aberdeen, United Kingdom 
2Lancaster University, Lancaster Environment Centre, Lancaster, United Kingdom 
 
The linkages in the cycles of soil organic carbon and phosphorus should be better understood to promote 
sustainable agriculture. In the context of soil phosphorus there may be a number of biogeochemical factors 
linking an enhanced soil organic matter (SOM) status with indicators of a "healthy" soil with regard to 
regulating phosphorus availability and losses. As well as physical factors (e.g. aggregate stability and erosion P 
pathways) the presence and nature of SOM drives microbial processes and interacts with geochemical 
processes to govern P cycling with indicators that can be observed through P speciation and the distribution of 
P leachate in inorganic and organically-complexed forms. It could further be proposed that arable soils 
(monocultured, regular ploughing, agrochemicals inputs) suffer "carbon burn-out" and have lost some of the 
beneficial P cycling processes that occur in more permanent grassland and edge of field soils. This presentation 
uses several national-scale soil datasets to explore these arguments. One dataset explores P speciation using 
31P NMR spectroscopy, another dataset links agronomic P status to the P loss pathway by drainage waters. The 
P speciation, availability and loss factors are examined alongside the land cover and management of these soils, 
together with indicators of the SOM status (content and composition). In the summary, we assess what may be 
learnt about soil "health" in the context of linking agronomic P and C cycles. Using these data that show 
processes in space we ask what can inform better management of soils to balance production with better 
efficiency of P use and reduced off-site impacts (e.g. leaching). In particular, are there opportunities to 
manipulate SOM status in time to improve soils currently showing weaknesses in some of these "health" 
factors with regard to P cycling.  
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Application Chromolaena odorata (L.) kings and robinson mulch and mycorrhizal arbuscular fungi 

on latosol soil to growth and production Centrosema pubescens 

 

*Dwi Rihana1 
1IPB, Animal Nutrition and Feed Technology, Bogor, Indonesia 
 
Land available for development, especially livestock forage planting is largely marginal land that nutrient-poor, 
one of which is mineral phosporus. Phosporus availability in the soil minerals essential for plants because the 
effect on cell division, development and fertilization including seed formation, root development, trunk 
strength, crop quality and immunity to certain diseases (Buckman and Brady, 1990). Less fertile land conditions 
certainly affect livestock conditions due to the low quality of forage produced. One alternative is to increase 
the availability of P in the soil minerals other than through fertilization is organic mulching material and 
inoculation of arbuscular mycorrhizal fungi (AMF). Organic mulch materials whose potential is Chromolaena 

odorata weeds. Chromolaena odorata contains organic minerals, especially P is quite high and it is easier to 
decompose in the soil so it can more quickly supply nutrients to plants. To improve the absorption capability of 
plant nutrients, especially the elements P, one is to infect plant roots with arbuscular mycorrhizal fungi. This 
study aimed to determine the effect of combinations of organic material mulching Chromolaena odorata and 
arbuscular mycorrhizal fungi in the soil on the growth and production latosol Centrosema pubescens. 
Experiments using a randomized block design (RAK) were divided into two groups: group I (without 
mycorrhiza), consisting of two treatments, C0 = control and C1 = Chromolaena odorata mulch 6%. Group II (the 
AMF), consisting of two treatments, C2 = AMF and C3 = Chromolaena odorata mulch 6% + AMF. Each 
treatment consists of ten repetitions. Data were analyzed by analysis of variance (ANOVA), then if the different 
real test of Duncan. Parameters measured were as height vertical plant, shoot dry stools, dry stools roots, 
uptake P, the percentage of root infection, the number of spores and spore identification. The results obtained 
showed that the combination of mulching Chromolaena odorata 6% and inoculation AMF increase the vertical 
height of plant, shoot dry weight, root dry weight (P <0.01) and P uptake (P <0.05). 
 
Keywords: Mulch, Chromolaena odorata, Centrosema pubescens, Mycorrhiza, Phosphorus, Latosol. 
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Extracellular proteins produced by soil microorganisms during the decomposition of plant 

materials 

 

*Masakazu Aoyama1 
1Hirosaki University, Faculty of Agriculture and Life Science, Hirosaki, Japan 
 
Introduction 

 
Microorganisms release proteins outside of the cells as extracellular enzymes and extracellular polymeric 
substances. It is presumed that such proteins are constantly produced by microorganisms in the soil as well as 
being a major source of mineralizable organic nitrogen. The objective of this study was to investigate the 
amount and origin of extracellular protein produced by microorganisms in soil.  
 
Materials and Methods 

 
An alluvial soil was incubated with pulverized clover or orchard grass for 6 weeks at 25°C. Proteins were 
extracted using a commercially available protein extraction kit (NoviPure Soil Protein Extraction Kit) at time 
intervals of 0, 1, 2, 4, and 6 weeks. The proteins extracted were separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and detected by Coomassie Brilliant Blue staining. The amount of the 
proteins extracted from the soil was estimated by comparison with markers of known concentration. For 
protein identification, protein bands were excised and digested in-gel with trypsin. The resulting tryptic 
peptides were analyzed using reversed phase HPLC directly coupled to an ion trap mass spectrometer (LC-
MS/MS). Microbial biomass carbon in the soil was measured by the chloroform fumigation-extraction 
procedure at the same time intervals. 
 
Results 

 
Protein bands appeared at 60, 45, 32, and 16 kDa, irrespective of the incubation period and the amendment of 
plant materials. The amount of protein extracted from the soil was in the range of 30 to 240 mg kg-1 soil. The 
increase in the amount of proteins due to the amendment of plant materials was at most around 200 mg kg-1 
soil in the amendment of clover and around 100 mg kg-1 soil in the amendment of orchard grass, which 
corresponded to 7 to 8% of the nitrogen contained in the amended plant materials. A significant positive 
correlation was found between the amount of protein and the soil microbial biomass carbon. The protein 
bands at 60 and 45 KDa contained extracellular protease of Pseudomonas sp. 
 
Conclusion 

 
The present results clearly indicate that a considerable amount of extracellular proteins is produced by soil 
microorganisms during the decomposition of organic matter. These microbial extracellular proteins are 
considered to play a major role as a source of mineralizable organic nitrogen in the soil. 
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Introduction 
 
Dissolved organic nitrogen (DON) play an important role in soil N cycling. DON, as a collective term, refers to a 
diversity of organic N compounds which can operationally be grouped into high molecular weight (Mw) DON 
(Mw > 1 kDa) and low Mw DON (< 1 kDa). Mineralization of low Mw DON is relatively fast, e.g., the turnover 
rate of free amino acids in soil solution ranges from minutes to hours. On the other hand depolymerization of 
high Mw DON (to result in low Mw DON) may be a bottleneck of the N cycle. The depolymerization is an 
enzymatic process in which extracellular enzymes are released from the soil microbial biomass to cleave higher 
Mw ON releasing, e.g., amino acids, amino sugars, nucleic acids, etc. These low Mw ON are bioavailable and 
can be used directly by plants and microorganisms. 
 
Objectives 

 
In this study, we investigated the fate of high Mw DON when it enters a soil, here in a model system without 
plants. We focused on the influences of different management histories on the turnover of high Mw DON. 
Further, we distinguished between several classes of high Mw DON, i.e., 1-10 kDa and >10 kDa. 
 

Materials and Methods 

 
With the use of micro-lysimeters, the turnover of triple-labeled (15N, 14C and 13C) high Mw DON was studied 
in a sandy soil with three distinct pH levels. The soil was from the long-term field experiment on liming and P 
fertilization established in 1942 at the Jyndevad Experimental Station, Denmark. The present laboratory 
experiment was initiated by adding a pulse of triple-labeled high Mw DON to the micro-lysimeters. Data are 
presented for 14CO2 evolution during 14 days of incubation. 
 

Results and Conclusion 

 
Results showed that the turnover rate of high Mw DON was dependent on both the Mw size of DON and on the 
soil liming history. Evidence showing where in the DON Mw sizes the bottleneck lies will be presented. 
 
Figure 1: Accumulated emission of 14CO2, % of total 14C added. Soil from Jyndevad Experimental Station with 
pH 4.1. The Mw size fraction 1-10 kDa was degraded more rapid than the Mw size fraction >10 kDa. 
 

Figure 1 
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Effect of different levels ofnitrogen on rhizosphere bacterialcommunity structure in 

intensivemonoculture of greenhouse lettuce 

 

*Jiangang Li1, Minchong Shen1, Yuanhua Dong1 
1Institute of Soil Science, Chinese Academy of Sciences, Nanjing, China 
 
Pyrosequencing-based analyses revealed signifcant effects among low (N50), medium (N80), and high (N100) 
fertilization on community composition involving a long-term monoculture of lettuce in a greenhouse in both 
summer and winter. The non-fertilized control (CK) treatment was characterized by a higher relative 
abundance of Actinobacteria, Acidobacteria, and Chloroflexi; however, the average abundance of Firmicutes 
typically increased in summer, and the relative abundance of Bacteroidetes increased in winter in the N-
fertilized treatments. Principle component analysis showed that the distribution of the microbial community 
was separated by a N gradient with N80 and N100 in the same group in the summer samples, while CK and N50 
were in the same group in the winter samples, with the other N-level treatments existing independently. 
Redundancy analysis revealed that available N, NO3--N, and NH4+-N, were the main environmental factors 
affecting the distribution of the bacterial community. Correlation analysis showed that nitrogen affected the 
shifts of microbial communities by strongly driving the shifts of Firmicutes, Bacteroidetes, and Proteobacteria 
in summer samples, and Bacteroidetes, Actinobacteria, and Acidobacteria in winter samples. The study 
demonstrates a novel example of rhizosphere bacterial diversity and the main factors influencing rizosphere 
microbial community in continuous vegetable cropping within an intensive greenhouse ecosystem. 
 

Figure 1 

 
Figure 2 
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Soil greenhouse gases emissions responded to climate warming and management on a temperate 

grassland 

 

*Arlete Simoes Barneze1,2, Jeanette Whitaker2, Niall McNamara2, Nick Ostle1 
1Lancaster University, Lancaster, United Kingdom 
2Centre for Ecology & Hydrology, Lancaster, United Kingdom 
 
Globally populations are expected to reach 9 billion by 2050 meaning that intensification of agricultural land for 
food and fuel will increase. At this same time, global changes including climate warming are likely to impact on 
terrestrial carbon (C) and nitrogen (N) cycling. Improved understanding of the mechanistic response to these 
drivers of change, including their interactions, is therefore required. The aim of this study was to investigate 
how climate warming and grassland management interact to affect greenhouse gases (GHG) emission from the 
soil. The experimental was located at Lancaster University, Lancaster, UK under maritime temperate climatic 
conditions. The field experiment used a full-factorial design to test the interactive effects of warming, N-
addition and above-ground biomass (AGB) removal totalling eight treatment combinations with five replicates. 
Warming treatments used open-top passive warming chambers based on the ITEX design (Marion et al., 1997). 
N-addition was applied as ammonium nitrate at a rate of 100 kg N ha-1 y-1. AGB removal was achieved by 
cutting and removing the biomass. For two growing seasons, greenhouse gas emissions (CO2, N2O and CH4) 
were measured using a closed static chamber approach. During the first year, a synergistic interaction 
occurred; warming increased the N effect increasing respiration rates. While in the second year, AGB removal 
interacted to N reduced respiration. Warming decrease the N effect (first year), in an antagonist interaction 
reducing N2O fluxes. In addition, AGB removal increased the N effect, increasing N2O emissions from the soil. 
CH4 was consistently a sink; N-only increased the sink by 45% (first year), AGB removal reduced the CH4 
consumption by 44% (second year) as well warming-only. N availability was an important factor affecting the C 
fluxes in grassland, and GHG emissions were highly influenced by the singular treatments while interactions 
showed weaker relationships. 
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Soil organic P and microbial functional diversity as affected by perennial energy crops 

 

*Andrea Ferrarini1, Enrico Martani1, Flavio  Fornasier2, Stefano Amaducci1 
1Università Cattolica del Sacro Cuore, Department of Sustainable Crop Production, Piacenza, Italy 
2Council for Agricultural Research and Economics, Gorizia, Italy 
 
Phosphorus (P) fractions play a key role in sustaining the productivity of agroecosystem. In particular, soil 
organic P is an important resource with the potential to supply crops with P during the years. Assessment of 
soil phosphorus composition and microbial functional diversity under perennial energy crops (PECs) is essential 
to understand the role of SOM storage derived from PECs in regulating organic P cycling. The objective of this 
study was to elucidate the contribution of plant-derived SOM to soil phosphorus forms and microbial functional 
diversity under the soil profile of six different PECs. A marginal soil cultivated with the following six PECs has 
been used for this study: three herbaceous crops, giant reed, switchgrass, and miscanthus, and three woody 
crops, poplar, willow and black locust. Soil and root samples were taken after plant harvest (late winter) from 
three soil profiles with increasing distance to the stems (centre of the plant, edge of the plant and interrow) at 
different depths (0-10, 10-20, 20-30 and 30-60 cm). Root, standing litter layer and aboveground biomass were 
also collected and analysed for total P content. NaOH-EDTA soil extracts were analysed on 96-well microplates 
through a high-throughput method based on enzymatic hydrolysis for quantitatively measuring four classes of 
soil phosphorus (monoester P, diester P, inorganic P and inorganic pyrophosphate). Soil samples were also 
analysed for SOM (loss-of-ignition), community-level physiological profile (CLPP) using the MicroResp soil 
respiration system (MicroRespTM), enzyme activities using a 384-well microplate-, desorption-based 
fluorometric enzyme assay and for microbial biomass through a high- throughput method based on the 
fluorimetrically quantification of dsDNA. Preliminary results showed that the amount and distribution of 
organic P forms and microbial activity clearly reflected the root system of the different PECs. SOM storage 
significantly affected organic P distribution, microbial P cycling activities and CLLP of microbial communities. 
During the conference, particular attention will be paid to the role of SOM storage promoted by PECs in the 
increase of activities of soil microorganisms that control soil P cycling and thus plant P uptake. 
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Humic substances and lettuce productivity: Is there a synergic effect with mineral fertilizer? 

 

*Deborah Dick1, Andressa Bender1,2, Daniel Hanke1,2,3 
1Federal University of Rio Grande do Sul, Physical-Chemistry Department, porto alegre, Brazil 
2UFRGS, Soil Science, porto alegre, Brazil 
3UNIPAMPA, Soil Science, Dom Pedrito, Brazil 
 
Introduction 

 

Due to their bioactivity, humic substances (HS) may be used as soil fertilizer, thus decreasing the required 
amount of mineral fertilizer (NPK). Hence, HS may represent a sustainable strategy to improve agricultural 
production. This work evaluated the effect of HS soil conditioners derived from Leonardite in combination with 
mineral fertilization on lettuce plant productivity. 
 
Material and Methods 

 

A mineral fertilizer NPK and two soil conditioners were used, Growmate Soil® (GS), rich in humic acids (16.0% 
w/w) and Growmate Plant® (GP) rich in fulvic acids (35.5% w/w). The experiment was conducted with an 
Acrisol under natural pH (4.9) and after liming (pH= 5.5) in a randomized block design. The following 
treatments (three replicates) were performed in each pH condition: 1) Control (no addition of fertilizer); 2) 
NPK, with 100% of the recommended dose of NPK (180 kg N ha-1, 240 kg P2O5 ha-1, 150 kg K2O ha-1); 3) GS, 
with the recommended dose; 4) GS + 100% of NPK; 5) GS + 75% of NPK, 6) GS + 50% of NPK; 7) GP on the 
recommended dose; 8) GP + 100% of NPK; 9) GP + 75% of NPK; 10) GP + 50% of NPK. Lettuce yield (Lactuca 

sativa) was evaluated after 30 days in terms of the fresh and dry mass of leaves and roots. 
 

Results 

 

Yields from GP and GS did not differ from the control in both soil pH levels (Figure 1). In the limed soil, yield of 
leaves fresh biomass (LFB) from GP + 75% NPK was larger than LFB of the NPK (Figure 1.1). The same behavior 
occurred with the leaves dry matter (LDB) and total dry biomass (TDB). The yields of GP+50%NPK and GP+ 
100% NPK did not differ from that of the NPK. In the case of GS, all GS + NPK treatments (Figure 1.2) did not 
differ from NPK in yield. In the soil with pH 4.9, the evaluated yields of NPK (Figure 1.3 and 1.4) were greater 
than those obtained in the limed soil (Figure 1.1 and 1.2). Yields of the treatments with association of NPK + GP 
and NPK+ GS did not differ from those of the NPK in the soil pH level of 4.9. 
 
Conclusions 
 
The studied HS conditioners when used in association with NPK reduced about 50% the needed amount of NPK 
to attain the same productivity in the pH range from 4.9 to 5.5. These results indicate that HS based 
conditioners optimize the effect of the NPK fertilizer. In the specific case of the conditioner rich in fulvic acids a 
synergic effect with the NPK fertilizer may be occurring in the limed soil. Aknowledgements: Growmate 
International LCC. 
Figure 1. Fresh and dry biomass of leaves (LFB and LDB) and roots (RFB and RDB) of lettuce obtained with the 
different fertilization treatments. 
 
Figure 1 
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Organic nitrogen breakdown in soil along a primary productivity gradient 

 

*Lucy Greenfield1, Paul Hill1, Eric Paterson2, Elizabeth Baggs3, Davey Jones1 
1Bangor University, Banogr, United Kingdom 
2James Hutton Institute, Aberdeen, United Kingdom 
3University of Edinburgh, Edinburgh, United Kingdom 
 
Organic nitrogen (N) is the largest store of N in the soil and is comprised of predominantly proteinaceous 
material. Therefore, the breakdown of proteins and amino acids to mineral N in soil represents a key constraint 
in the soil N cycle. In a laboratory-scale experiment, we investigated how soil properties affect organic N 
mineralization along a plant productivity gradient. Soil was collected at two depths at ten points along a catena 
sequence in Abergwyngregyn, U.K. Rates of protein and amino acid mineralisation were measured by adding 
14C-labelled plant protein and 14C-labelled amino acid mixture respectively and measuring 14CO2 evolution over 
a two-month period. Rates of mineralisation along the sequence correlated with various soil properties. 
Overall, mineralisation occurred at higher rates in the topsoil compared to the subsoil. However, there was no 
clear trend of mineralization along the catena sequence suggesting that the rate of N supply rather than N 
breakdown was the rate limiting factor.  
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Biochemical approach to study molecular structure and stability of humified SOM  

 

*Anna Zavarzina1, Alexander Lisov2, Lilit Ovsepyan3 
1Faculty of Soil Science, Lomonosov Moscow State University, Soil Chemistry, Moscow, Russian Federation 
2Institute of Biochemistry and Physiology of Microorganisms, Puschino, Moscow region, Russian Federation 
3Institute of Biological and Physico-Chemical Problems of Soil Science, RAS, Puschino, Moscow region, Russian 
Federation 
 
Introduction 

 
Accumulation and stabilization of plant-derived organic carbon in soils forms the basis for terrestrial life. 
However, the nature, composition and structure of dark-colored humified material making up the majority of 
SOM is under the debate. Humification process creating large and biochemically recalcitrant humic substances 
(Kononova, 1963; Stevenson 1994) is questioned (Piccolo et al 2002; Sutton and Sposito, 2005; Lehmann and 
Kleber, 2015). Preservation of SOM is considered as a result of physico-chemical protection rather than 
chemical stability (von Lutzow et al., 2006). 
 

Objectives 

 
In the present study interactions with fungal laccase were used to: 1) address the problem of biochemical 
stability of natural alkali-extractable SOM (humic acids); 2) show the role of covalent bonds in macromolecular 
organization of natural humic acids (HA); 2) readdress the role of oxidative free-radical reactions in formation 
of humified matter. 
 

Materials & methods 

 
To achieve the first two goals we have studied decolorization and depolymerization of HA preparation from 
soddy-podzolic soil by laccase-producing fungus P.tigrinus. To address the third goal we have measured laccase 
activities in soils and synthesized dark-colored macromolecules from monomeric precursors using laccase 
immobilized on clay minerals. Gel-filtration in presence of 0.1% SDS was used to determine MW of humic 
matter. 
 

Results  

 
Laccase catalyse depolymerization reactions of phenolic substrates by cleavage of C-C and C-O bonds. Here we 
show that laccase of P.tigrinus can efficiently depolymerize HA fraction with MW of 75 kDa to smaller 
molecules. The effect of laccase was similar to that of Mn-dependent peroxidase. Laccase also catalyze 
polymerization of phenolic substrates. Enzyme activities in studied soils are higher in comparison to 
peroxidase. Interaction of phenolic acids with immobilized laccase resulted in formation of dark-colored 
molecules with MW ranging from 10 to 75 kDa. In presence of free laccase smaller molecules (10 kDa) were 
formed. 
 

Conclusion 

 
Alkali-extractable SOM contain large macromolecules formed by covalent linkages. This material is unstable to 
oxidative enzymes unless physically protected. High molecular humic molecules can be formed from 
monomeric precursors in presence of laccase and mineral phase. Laccases seem to play significant role in C 
sequestration in soils. 
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Free-versus protected organic matter in mediterranean forest soils: Differences in their 

biochemical composition, revealed by TMAH-thermochemolysis gas chromatography mass 

spectrometry 

 

*Pere Rovira1, Laurent Grasset2 
1Centre Tecnològic Forestal de Catalunya, Ecology of Silvopastoral Systems, Solsona, Spain 
2CNRS, UMR 5159, Poitiers, France 
 
Our aim is to give insight about how the degree of biochemical evolution of soil organic matter (SOM) depends 
on its position within the soil matrix (free- versus protected SOM), on its position within the soil profile (surface 
horizons versus deep horizons), and on pedological constraints largely related to the parent material. We 
studied a series of profiles, over either limestone, marl, or calcareous sandstone. All profiles were under stands 
dominated by Quercus ilex L., with presence of Pinus halepensis. After air-drying and sieving at 2 mm, soil 
samples were submitted to density fractionation with Na-polytungstate. Five fractions were obtained: Free-
light (FL), extracted at d = 1.6 without ultrasonic treatment, three occluded fractions (OC1, OC2 and OC3), 
extracted at d = 1.6, 1.8 and 2.0 after ultrasonic treatment, and dense fraction (DF), of d > 2.0, which is the 
residue after the previous treatments. The FL and DF fractions were by far the dominant ones, and the only 
obtained at all soil samples in amounts enough to be studied in detail. The FL and DF fractions were studied by 
off-line thermochemolysis with tetramethyl ammonium hydroxyde, coupled with gas chromatography mass 
spectrometry (TMAH-tcl GC-MS). Our interest focused on several groups of compounds: carbohydrates, 
phenolic compounds, linear alkanoic acids, linear alkanedioic acids, and branched alkanoic acids. From these 
compounds we derived a series of signatures, meant to quantify the degree of SOM microbial reworking. The 
combined use of a variety of signatures gives a panoramic view about the degree of biochemical evolution of 
each fraction as a whole. The degree of microbial reworking varied with the fraction, but changes were also 
affected by the position within the soil profile (surface versus deep horizons), and also by the parent material. 
Our data pointed out the need of studying simultaneously a variety of signatures (lipids, carbohydrates, 
phenolics), avoiding the use of a single group of compounds as indicator of biochemical evolution. Indicators of 
advanced biochemical evolution coexist, within a given fraction, with indicators of preservation of fresh, plant-
derived and poorly evolved compounds. 
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Using constructed technosols as experimental models to test the importance of compost, plants 

and earthworms on SOM dynamics 

 

Maha Deeb1, Anne Pando1, Eskani Siruguet1, Agnes Gigon1, *Thomas Lerch1 
1IEES-Paris, Créteil, France 
 
Technosols provide an alternative to the use of agricultural soils to build urban soils. They may also contribute 
to the sequestration of carbon in cities as urban soils have been reported to stock about 10% of the terrestrial 
soil C. Here, we performed a mesocosm experiment to test the importance of compost, plants and earthworms 
on SOM dynamics in a Technosol constructed with carbonated excavated deep horizons of soils (EDH) mixed 
with green waste compost (GWC) at six different proportions (0 to 50%). Each of the 6 constructed Technosol 
was submitted to four treatments: 1) control 2) presence of earthworm Aporrectodea caliginosa 3) presence of 
plant Lolium perenne and 4) with earthworm and plant. The CO2 evolved was measured by micro-GC and its 
isotopic signature by GC-IRMS so we were able to distinguish CO2 originated from the CaCO3 of EDH from that 
originated from the compost decomposition. The environmental DNA was extracted and quantified, the 
abundance and the diversity of bacteria, fungi and archae were estimated using qPCR and T-RFLP, respectively. 
Enzymatic activities were measured as well as catabolic profiles using Biolog Ecoplates®. Kinetics of 
mineralization clearly showed that the more EDH in Technosols, the less CO2 emitted. Soils that were 
incubated with earthworm mineralized less CO2 from GWC, while plants stimulated the emission of CO2, 
probably by adding more labile organic carbon trough roots exudates. Interestingly, a significant interaction 
was observed between plant and earthworm, with a negative effect on the mineralization. Results also showed 
a strong and positive correlation between the bacterial and fungal biomass and the amount of compost in all 
Technosol treatments. The effect of Aporrectodea caliginosa and Lolium perenne were both significant on 
microbial structures and activities but the effect of the latter was more important. Constructed Technosols 
represent good models to test the relative importance of biotic and abiotic factors on the microbial 
communities and the dynamics of C in soils since their composition can be easily manipulated by mixing 
different proportions of parent materials and introducing soil organisms. 
 
 



Session 5a: Ecosystem engineers 

6th International Symposium on Soil Organic Matter  230 

O-5a.02 

 

Do interactions between extracellular polymeric substances and clay minerals affect soil 

aggregation? 

 

*Cordula Vogel1, Folasade Kemi  Olagoke 1, Antje Bettermann2, Marc Redmile-Gordon 3, Kornelia Smalla 2, 
Karsten Kalbitz1 
1TU Dresden, Institute of Soil Science and Site Ecology, Dresden, Germany 
2Julius Kühn-Institut - Federal Research Centre for Cultivated Plants , Institute for Epidemiology and Pathogen 
Diagnostics, Braunschweig, Germany 
3Rothamsted Research, Sustainable Soil and Grassland Systems, Harpenden, United Kingdom 
 

Introduction 

 
Soil aggregation is crucial for carbon (C) sequestration and microbial processes have been recognized as 
important control of aggregate turnover. However, how microorganisms contribute to these processes is still a 
matter of debate. An enthralling mechanism determining aggregation could be exudation of extracellular 
polymeric substances (EPS) as microbial glue, but effects of EPS on aggregation are largely unknown. Moreover, 
interdependencies between important aggregation factors like clay content, organic matter decomposability 
and microbial community are still poorly understood. 
 
Objectives 

 
The main objective was to study the complex interactions between these aggregation factors and their role in 
aggregate turnover. It was hypothesized that an increase in microbial activity, induced by the input of organic 
substrates and the increase in clay content will stimulate EPS production and therefore the formation and 
stability of aggregates. 
 
Material and methods  

 
To test this hypothesis, an incubation experiments has been conducted across a gradient of clay contents 
(montmorillonite) and substrate decomposability (starch or cellulose) as main drivers of the microbial activity. 
A combination of aggregate separation and stability tests was applied. These results were examined with 
respect to the obtained microbial parameters (CO2 emission, microbial biomass, total community-DNA, EPS) to 
disentangle the mechanisms and factors controlling aggregation. 
 
Results 

 
The gradients in clay content and decomposability clearly changed the microbial parameters. The increasing 
clay content and the lower decomposability delayed and reduced the CO2 emission as well as the microbial 
biomass. The microbial community composition shifted also due to two gradients. Furthermore, we found that 
temporal dynamics of EPS (sugars and proteins) depended on clay addition, with the highest EPS protein found 
in response to the highest clay mineral addition. Early results also indicate a small effect of microbial 
parameters on aggregate stability. 
 
Conclusions 

 
The study is ongoing, but we expect to i) provide insights on the role of EPS in the stabilization of aggregates 
and ii) elucidate interactions with other aggregation factors, both in terms of physical results, and determine 
feedback effects on EPS production. 
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Microbial engineering of soil physical characteristics 

 

*Marc Redmile-Gordon1 
1Rothamsted Research, SAS, Harpenden, United Kingdom 
 
Biological binding agents, exuded by soil microbes, are thought to be essential factors in the creation of stable 
soil habitats or "microaggregates" (Tisdall and Oades, 1982). In complementary sciences, these exudates or 
biological binding agents have been termed "extracellular polymeric substances" (or EPS) and include a range 
of structural biopolymers including polysaccharides, proteins, and glycoproteins. We modified existing 
techniques used in water sciences to estimate the EPS content in soil. EPS content was estimated in 
randomised samples taken from 27 plots (9 treatment combinations; 3 replicates) of the Highfield Reversion 
Experiment at Rothamsted. Treatments consisted of a factorial combination of long-term historic and short-
term current managements (3 x historic managements: grassland/arable/fallow; > 50 years to 2008) where 
each plot was then subdivided and allocated 1 of 3 current managements (3 x current managements: 
grassland/arable/fallow). In this way, we were able to contrast strength of short-term recent effects with long 
term historic effects. Management effects on EPS concentrations, total organic C and aggregate stability 
(water-stable mean diameter) were compared. We found that while total organic C content was determined 
primarily by the historic management, EPS content was determined by the current management. As with EPS, 
soil aggregate stability was also more influenced by the current management. EPS-polysaccharide and EPS-
protein content were both found to be significantly correlated with aggregate stability, with proteinaceous EPS 
showing the closer relationship. These findings support the notion of Tisdall and Oades (1982) that biological 
binding agents are transient, through the absence of historic management effects on both EPS and aggregate 
stability. Proteinaceous moieties in EPS are thought to be the most important structural components of EPS in 
biofilms from a range of other studies from cell cultures to the stability of flocs in bioreactors. These findings in 
soil: that the EPS content responds more quickly than total organic matter content, and that it appears to 
contribute more to the physical stabilisation of soil is cause for optimism: with a current management of 3 
years being more relevant that what was done in the past. 
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Now you see it, now you dont: Interpretation of protein detection in soil and its relationship with 

protein biological activity 

 

*Siobhan Staunton1, Hervé Quiquampoix1 
1INRA, Eco&Sols, Montpellier, France 
 
Proteins are important components of soil organic matter: as enzymes they control the biogeochemical cycles 
of important nutrients and are often used as probes of soil quality; they account for a large stock of both 
carbon and nitrogen; and a small number of proteins, such as the prions and the so-called Bt-toxin produced by 
Bacillus thuringiensis, have pathogenic properties. Proteins are notoriously difficult to extract from soils and 
this greatly hampers their quantification and characterization. One illustration of this hurdle is the slow 
progress of soil metaproteomics, in contrast to other fields. Another is the controversial soil protein of reputed 
fungal origin, glomalin, that is now known to consist of proteins from various sources and non proteinaceous 
compounds such as humic substances and tannins. In many cases, soil proteins are assessed by their biological 
or biochemical activity and tiny amounts suffice to produce measureable effects. This may lead to the 
erroneous assumption that activity is a simple function of the amount present and that a decline in activity 
results from a decline in that protein in soil. The biological activity of proteins is determined by their three-
dimensional conformation, that is in turn influenced by the physicochemical environment, in particular pH, 
ionic strength and the presence of mineral surfaces. Several examples of changes in protein activity in contact 
with soil organo-mineral surfaces, both immediately following adsorption and over a period of days or weeks 
following adsorption will be presented. The examples will be taken from recent studies of fungal phosphatases 
and of Bt toxins spiked onto various soils. By altering the microbial activity of the soils using various sterilization 
techniques or the addition of anti-protease, we will demonstrate that the observed declines in biological 
activity (catalytic activity for phosphatase and insecticidal activity for Bt toxins) may not result simply from 
degradation of the protein. 
 
Hung et al 2016. Pest Management Sci, 72, 2247–2253. Hung et al 2016. Environ. Poll, 208, 318-325.  
Hung et al 2016. Eur J Soil Sci, 67, 90-98. 
Kedi et al 2013. Soil Biol. & Biochem, 56, 13-20. 
Kedi et al 2013. Soil Biol. & Biochem, 56, 69-74. 
Helassa et al 2011. J. Colloid Interface Sci., 356, 718–725.  
Helassa et al 2011. Soil Biol Biochem 43, 1089-1097. 
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Role of organic matter in the remediation of cadmium contaminated farmland soil 

 

*Qiaoyun Huang1, Wenli Chen2, Zhenqian Xiong1, Peng Cai1 
1Huazhong Agr Univ, Faculty of Resources and Environment, Wuhan, China 
2Huazhong Agricultural University, College of Life Science and Technology, Wuhan, China 
 
Pollution of heavy metals especially cadmium in agricultural soils has attracted increasing public concerns in 
China over the past years. In situ immobilization of Cd has been considered as a cost-effective and non-
disruptive remediation technology for Cd-contaminated farmlands. In this study, a field experiment was 
conducted in a Cd-contaminated soil, Daye, Hubei Province, to compare the stabilizing effect of organic matter 
with several other immobilization agents. The soil bears a total Cd concentration of 2.01mg/kg and was treated 
with different combinations of the immobilizing agents such as biochar (C), rice straw (RS), lime (L), ground 
phosphate rock (P) and engineered bacteria P. putida X4/pIME (B). The plant yield and cadmium uptake by 
lettuce as well as soil cadmium fractionations were investigated. The cadmium content in the leaves and roots 
of lettuce was decreased by 46.8%~67.2% and 36.8%~60.2%, respectively. Among the 5 treatments, the 
combination of rice straw, lime and engineered bacteria showed the lowest cadmium concentration 
(0.16mg/kg) in lettuce leaves and highest lettuce yield (21.5 t/ha). The remediation effect of rice straw + lime + 
engineered microorganisms was assigned to the increases in both organic matter content and pH of the soil 
which cause the transformation of water soluble and exchangeable cadmium to humic acid bound, strong 
organic bound and residual Cd. As low-cost and environment-friendly materials, crop residues may have broad 
application prospect in the remediation of heavy metals-contaminated farmland soils. 
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How fungal conditioning of leaf litter affects substrate quality and detritivore feeding activity 

 

*Mark Tibbett1, Hilary Harrop-Archibald2, Rachel Standish3, Raphael Didham4, Richard Hobbs4 
1University of Reading, Agriculture, Reading, United Kingdom 
2Invasive Species Council Of British Columbia, Victoria, Canada 
3Murdoch University, Perth, Australia 
4UWA, Perth, Australia 
 
Saprotrophic fungi are one of the primary groups of organisms responsible for decomposition and nutrient 
cycling processes. Aside from their direct effects on litter decomposition, these organisms may indirectly affect 
litter invertebrate activity via fungal-mediated conditioning (i.e. priming) of litter substrates. While this priming 
effect is generally assumed to take place, this assumption is based on correlative observations and feeding 
preference trials rather than experimental discrimination of the mechanisms driving the process. We used a 
microcosm experiment of brown–rot (Fistulina hepatica, Fomitopsis lilacinogilva) and white–rot (Pycnoporus 

coccineus) fungi on two sclerophyllous leaf litters (Eucalyptus loxophleba and Acacia acuminata) to test if a 
fungal-mediated change in plant litter increased the nutritive value of the food source, and if a change in cell-
wall (structural) compounds reduced the toughness of leaves, resulting in increased feeding activity by 
invertebrates. Brown– and white–rot fungal colonization had significant and diverse effects on the total 
nutrient concentrations and proportions of cellulose, lignin and hemicellulose of the leaf litter–fungi complex. 
However, significant decreases in leaf toughness and increases in mass loss and leaf fragmentation associated 
with detritivorous millipede (Ommatoiulus moreletii) activity only occurred in white–rot primed microcosms 
relative to the control. The mechanisms by which the white–rot fungus affected both leaf toughness and 
millipede feeding activity differed between leaf litters. In Eucalyptus loxophleba microcosms, reduced leaf 
toughness and increased millipede grazing were mediated by relative changes in litter inorganic chemistry, 
rather than structural compounds, whereas in Acacia acuminata microcosms the effects of fungal priming were 
not mediated by either. These results suggest that, in the early stages of decomposition, fungal priming effects 
on leaf litter nutrients are a more important determinant of litter–invertebrate interactions than changes to 
litter structural compounds. Furthermore, different species of fungi interact with different litter types and 
invertebrates in functionally different ways 
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Evaluation of mesofauna communities as soil indicators in a national-level monitoring programme 

 

*Paul George1,2, Aidan Keith3, Robert Griffiths4, Simon Creer1, David Robinson2, Davey Jones1 
1Bangor University, Bangor, United Kingdom 
2Centre for Ecology & Hydrology, Bangor, United Kingdom 
3Centre for Ecology & Hydrology, Lancaster, United Kingdom 
4Centre for Ecology & Hydrology, Wallingford, United Kingdom 
 
Introduction 

 
Soil biota is often overlooked despite its critical role in ecosystem functioning. The Welsh Government is 
funding monitoring of soil biodiversity as part of national surveys to monitor the Glastir agri-environment 
scheme, along with data on soil type, organic matter content, habitat and a range of soil quality indicators. 
 
Objectives 

 
Specifically, our aim was to evaluate how mesofauna communities, including abundances of various groups of 
mites and Collembola, differ between habitats and soils with diverse physico-chemical properties across an 
intensively sampled national landscape with many contrasting habitats. Materials & Methods: 684 samples 
were collected in late spring and early autumn of 2013 and 2014 for mesofauna identification. Community 
composition was determined using NMDS and differences in abundance and diversity were calculated using 
linear mixed models. Correlations between soil biota and properties were calculated.  
 
Results 

 
Mesofauna communities were largely similar across Wales, with differences being driven by relative 
abundances of Collembola and predatory mites. Oribatid mites were correlated with most soil properties, 
including soil water repellency. Mesofauna communities were more sensitive to local levels of soil organic 
matter than soil type. 
 
Conclusions 

 
We found soil type to be a poor indicator of mesofauna community composition at the national-level. 
Mesofauna were better correlated with habitat type but this was mostly driven by extremely divergent 
habitats. Relationships between local soil properties and organic matter were most informative. The collection 
of mesofauna in national surveys should therefore be performed to explore local biotic-environmental 
interactions. 
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Reponses of community composition and metabolic carbon of soil nematodes to long-term tillage 

systems in the black soil of Northeast China 

 

*Shixiu Zhang1, Shuyan Cui2, Ping Liu1, Qi Li2, Donghui Wu1, Xiaoping Zhang1 
1Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun, China 
2Institute of Applied Ecology.Chinese Academy of Sciences, Shenyang, China 
 
The response of soil organism to tillage system is important in evaluating the function and sustainability of soil. 
The community composition and metabolized carbon (biomass carbon and respiration carbon) of soil 
nematode assemblages were assessed under a long-term tillage experiment site (initiated in 2001) in the black 
soil (Typic Hapludool) of Northeastern China. The tillage experiment involving conventional tillage (CT), ridge 
tillage (RT) and no-tillage (NT) systems was a randomized complete block design with four replicates in a 
soybean-maize rotation. Soil samples were taken in April, June and August of 2015 at 0-5 and 5-15 cm depths 
during the growing stages of soybean. The abundance of total nematode and most trophic groups (except 
omnivores-predators at 0-5 cm and plant-parasites at 5-15 cm) were greater in NT than in CT at all depths 
across sampling times. In total, fifty nematode genera were identified. Filenchus, Helicotylenchus, 
Prismatolaimus and Rhabditida at 0-5 cm, and Acrobeloides, Tylenchus, Amplimerlinius, Aphelenchoides, 
Filenchus and Helicotylenchus at 5-15 cm were the most sensitive to tillage. NT and RT had greater metabolic 
footprints than CT in April and June at 0-5 cm, for 5-15 cm only NT had the greatest footprints in all sampling 
times. Compared with CT, NT and RT increased the biomass carbon of bacterivores and total nematode at 0-5 
cm and bacterivores, fungivores, omnivores-predators and total nematode at 5-15 cm across sampling times. 
Consequently, the respiration carbon trends of bacterivores in April and June at 0-5 cm, bacterivores in April 
and August and fungivores in August at 5-15 cm were similar to the biomass carbon with greater in NT and RT. 
Although the metabolized carbon of bacterivores, fungivores, omnivores-predators and total nematode were 
generally greater in NT and RT than in CT across sampling times at all depths, the ratios (respiration carbon: 
biomass carbon) of these trophic groups and total nematode were lower in NT than in RT and CT. The results 
suggested that both NT and RT favored a more diverse and stable nematode community structure 
development, but only NT allocated more available carbon to biotic tissue production with little respiration 
carbon produced after 15 years application in the black soil of Northeastern China. 
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The influence of organic amendments on earthworm populations and crop yield 

 

*Tom Sizmur1, Jackie  Stroud2, Chris Watts2, Shibu  Muhammed Ebrahim2, Joanna  Carter2, Mark  Pawlett3, 
Jim Harris3, Karl Ritz4, Phil  Wallace5, Ethel  White6, Ron  Stobart7, Blair  McKenzie 8, Andrew Whitmore2 
1University of Reading, Geography and Environmental Science, Reading, United Kingdom 
2Rothamsted Research, Harpenden, United Kingdom 
3Cranfield University, Cranfield, United Kingdom 
4University of Nottingham, Sutton Bonington, United Kingdom 
5Soil science and environmental consultancy , Suffolk, United Kingdom 
6Agri-Food and Biosciences Institute, Crossnacreevy, United Kingdom 
7National Institute of Agricultural Botany , Cambridge, United Kingdom 
8The James Hutton Institute, Aberdeen, United Kingdom 
 
Earthworms are the most abundant animal, by biomass, in most soils and benefit agriculture by providing 
several ecosystem functions and services. Therefore, strategies to increase earthworm abundance and activity 
in agricultural soils should be identified, and encouraged. Many agricultural practices such as tillage, pesticide 
application, and the removal of crop decrease the biomass and abundance of earthworm populations. 
Conversely, the addition of organic amendments to soils increases earthworm populations, even when tillage 
operations and pesticide applications are maintained.  We conducted field and laboratory experiments to test 
the hypothesis that organic amendments (farmyard manure, compost, anaerobic digestate and crop residues) 
increase the biomass and activity of earthworms which, in turn, modify the structure of the soil such that the 
roots of crops can establish more quickly and access nutrients and water, ultimately increasing crop yield. We 
found that although manures increased earthworm populations more than crop residues in the field, straw 
increased earthworm biomass more than manures when milled and applied to microcosms in the laboratory. 
Earthworm growth rates in laboratory microcosms were positively correlated with the calorific value of the 
amendment and crop residues had a much higher calorific value than manures. Reducing the particle size of 
crop residues by milling to < 3 mm made their energy more accessible to earthworms. Adding organic 
amendments to soil in field experiments was found to change the yield response of crops to N. Amendments 
increased yields, but we did not find a clear relationship between earthworm populations, soil structure and 
crop yield. 
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Microbial inoculation with engineered biocarbon: Effects on nutrient availability and crop yield  

 

*Erika J. Foster1, Peter Baas2, Matthew D. Wallenstein3,4, Francesca Cotrufo3,1 
1Colorado State University, Soil and Crop Sciences, Fort Collins, CO, United States 
2Growcentia, Inc, Fort Collins, United States 
3Colorado State University, Natural Resource Ecology Lab, Fort Collins, CO, United States 
4Colorado State University, Ecosystem Science and Sustainability, Fort Collins, CO, United States 
 
In degraded agricultural soils, restoring soil health often requires increasing organic matter and reestablishing a 
diverse microbial community. By inoculating soil with microorganisms such as plant growth promoting bacteria, 
it may be possible to return sufficient nutrient cycling to the system. However, the efficiency of such microbial 
additions depends on the soil environment and the method of inoculation. In a corn field trial, we tested the 
efficacy of a phosphorus solubilizing plant-growth promoting bacteria (MAMMOTH Pä) inoculated directly onto 
the soil along the crop rows three times, as recommended by the manufacturer Growcentia. We compared this 
application to an innovative experimental inoculation method: mixing phosphorus solubilizing bacteria with 
CoolTerraä biocarbon, an engineered biochar product. When banded 5 cm into the soil within the corn rows, 
this porous product adds organic carbon and the bacterial inoculum directly next to the seed. After the 
application, at two key phases of crop growth, we measured plant nutrient content, soluble soil nutrients (with 
ion strips), and the rhizosphere bacterial community via next-generation DNA sequencing, and results will be 
presented at the conference. We found that biocarbon alone increased corn yield by 11% overall and when 
used as carrier reduced the need for reapplication of the microbial inoculum during the growing season. Our 
results will reveal if these biotic and organic amendments promote crop yield and overall soil health. 
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Plant root changes soil structure to regulate water flow pattern in agricultural subsoils 

 

*Yi Wang1, Bin Zhang2 
1Chinese Academy of Sciences, Institute of Subtropical Agriculture, Changsha, China 
2Chinese Academy of Agricultural Sciences, Institute of Agricultural Resources and Regional Planning, Beijing, 
China 
 
Question 

 

Plants root is an important ecosystem engineer of soil structure that determines water flow in the soil profiles, 
however, the mechanism how plant root changes soil structure and soil water flow pattern is still unknown. 
 

Methods 

 

A mono-cropping system (MC) and an agroforestry system (AF) were compared to explore the mechanism 
using dye tracing, rainfall simulation, and Hydrus-2D modeling. 
 
Results 

 

The dye staining before rainfall simulation suggested that preferential flow occurred through isolated 
macropores with fine tree roots in AF and through connected cracks in MC. The dye coverage area and depth 
indicated greater vertical preferential flow in AF than in MC. The dye staining during the rainfall simulation 
indicated that preferential flow contributed to greater subsurface lateral flow in MC than in AF, which was 
attributed to deep roots and no physical barrier from plough pan in AF and the presence of the plough pan in 
MC. The simulated rainfall also induced heavy vertical preferential flow in both systems, but it induced a higher 
temporary water table in AF than in MC, due to the macropores created by big tree roots in subsoils. After 
rainfall, the temporary water table decreased slower and more infiltrating water was retained in AF than in MC, 
resulting from the greater soil water retention capacity probably associated with the development of soil 
structure induced by tree roots activities. The more retained infiltrating water as soil water storage leaded to 
the less subsurface lateral flow in AF than in MC. This indicates that AF reduces subsurface lateral flow through 
the mechanism of increasing soil water retention capacity, and this mechanism could be validated using 
hydrus-2D modeling. 
 
Conclusions 

 

Plant root had strong water partitioning effects and regulated water flow pattern in the agricultural subsurface 
soils. Therefore, plant root effects in agricultural ecosystems needs be carefully considered for subsoil 
hydrological and resulting material transport processes. 
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Cover crop roots to bio-engineer soil 

 

*Sarah De Baets1, Robert Simmons1 
1Cranfield University, Soil and Agrifood Institute, Cranfield, United Kingdom 
 
Question 

 
The River Wye and Lugg are designated as Sites of Special Scientific Interest (SSSIs). Phosphate (P) compliance 
assessments have determined that parts of the River Wye Lugg and Clun are currently not meeting the required 
P-target. In addition, it is estimated that 70-85% of the sediment load in the River Clun, Wye and Lugg 
catchments is associated with the erosion of catchment soils. Soil management practices such as cover crops, 
compost and straw are increasingly used to manage the runoff and erosion problems, but there is a lack of data 
to demonstrate their efficacy. Few recommendations exist on cover crop or companion crop seeding rates. 
Farmers often try at low-medium seeding rate and if germination is poor, reseed, which is not cost effective. 
There is also a lack of data on cover crop mixtures: what are the advantages compared to mono cover crops 
and how to make sure all the seeds in a mixture germinate? 
 
Methods 

 
The aim of this study is to critically evaluate mean germination time, seed proportion rates for optimised plant 
establishment in monocrops and CC mixtures for a range of growth conditions (temperature, moisture, drilling 
depth). Stem density, ground cover and resilience to erosion stresses are measured after 6 weeks, 8 weeks and 
10 weeks of growth for two mono cover crops and two cover crop mixtures. Two different temperature-
moisture and drilling depth scenarios will be simulated. Plants are grown in controlled growth chambers. 
Erosion rates of the cover crops trays will be compared to bare soil and to two other management practices: 
compost and straw. 
 
Results and Conclusions 

 
The results will be used to formulate recommendations on cover crops seeding rates, to advise on seed 
proportions for cover crop mixtures and to design best practices for protection against erosion. 
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Development of a random mutagenesis method for R. irregularis for research and development of 

novel AM strains for sustainable agriculture. 

 

*Kenza Samlali1, Soon-Jae Lee2 
1KU Leuven, Bioscience Engieneering, Leuven, Belgium 
2Université de Montréal, Biology, Montréal, Canada 
 
Introduction 

 
Rizophagus irregularis, an arbuscular mycorrhiza (AM) of the phylum of the Glomeromycota, lives in symbiosis 
with plants, providing them with nutrients, protecting them from (a)biotic stress, and building a key part of the 
underground ecosystem. Although its advantages in agriculture are commonly known, and inoculants are more 
and more used for agricultural applications. Yet, the organism"s own high physiological and genetic complexity 
limits the study of the basic biology of AM. This lack of understanding limits both a response to the demand for 
transformed or engineered AM strains, as well as basic biological research on the genetics and physiology of 
AM. 
 
Objectives 

 
Here, a first method for random mutagenesis on arbuscular mycorrhizal fungi was developed, based on the 
mutagen ethyl methanesulfonate (EMS), to address previously mentioned demands. We want to obtain 
optimal treatment conditions, prove the genetic mutational strength of EMS (GC to AT transitions contributing 
to genetic functional change) on R. irregularis DAOM-197198, and the fact that it creates viable strains. This 
protocol for the treatment of AM spores that can easily be reproduced. 
 
Materials and Methods 

 
Spores are treated under time and concentration series with EMS. Two viability assays, a germination assay and 
a tetrazolium salt assay (MTT), allowed for verification of the cytotoxicity of EMS. Following germination and 
mycorrhization testing with D. carotus Ti-DNA transformed monoxenic in vitro cultures. 
 
Results 

 
Optimal spore treatment was obtained. The treated spores showed germination, and mycorrhization of in vitro 
Daucus Carota L. DC4 Ri T-DNA transformed root organ culture (ROC) (4,12% in original and 100% in F1 
generation). 
 
Conclusion 

 
This marks a first successful step in the development of random mutagenesis method for AMF strains. 
Treatment has an adequate success rate for application on a large scale and can be used for mainly for the 
development of novel strains or bioinformatics SNP analysis. 
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Carbon inputs and priming in plant residue-induced hot-spots 

 

*Alexandra Kravchenko1, Ehsan R. Toosi1, Andrey Guber1, Mark Rivers2 
1Michigan State University, Plant, Soil, & Microbial Science, East Lansing, MI, United States 
2Center for Advanced Radiation Sources, The University of Chicago, Argonne National Lab, Chicago, IL, United 
States 
 
Hotspots of microbial activity can develop in soil around plant residues, fragments of particulate organic 
matter, plant roots, or inside soil aggregates. Plant residues appear to be particularly potent hotspot sources. 
New carbon (C) inputs added to soil via plant residue incorporation define prospects for C sequestration as well 
as fate of the native soil organic matter (SOM), by mitigating magnitudes and directions of priming effect (PE). 
Transport of gaseous and liquid products of plant residue decomposition can play an important role in 
processing of new and native C; and soil pore characteristics, i.e., pore size distributions (PSD), are major 
drivers of soil gas and liquid transport in plant residue-induced hotspots. The goal of this study is to assess the 
effect of PSD on decomposition of plant residue, spatial extent of the plant residue's influence on the 
surrounding soil, and PE. We built soil microcosms with two contrasting PSD, namely, PSD dominated by 5-10 
µm pores, and PSD dominated by <5 µm and >30 µm pores. The microcosms were incubated with 13C labeled 
corn and soybean leaves to estimate movement of plant residue decomposition products and to assess the PE; 
and X-ray computed micro-tomography scanning was utilized to quantify changes in plant residue during 
decomposition and to visualize patterns of liquid distribution within the microcosms. We also addressed the 
role of (i) soil moisture, (ii) characteristics of the plant residue, and (iii) inherent soil differences in SOM on the 
magnitude of the PSD effects on plant residue decomposition and PE. In microcosms with prevalence of small 
(5-10 µm) pores corn residue decomposed slower, movement of residue decomposition products into the 
adjacent soil was greater, and proportion of CO2 of plant residue origin was lower than in the microcosms with 
prevalence of large pores. Greater positive PE took place in the microcosms with small than with large pores. 
While these tendencies were observed in all studied soil moisture levels, management practices, and plant 
residue substrates, they were most pronounced in microcosms with plant residue of low C:N ratio (soybean) in 
the soil from long-term organic management of higher SOM. 
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Coarse woody debris as hotspots of forest soil development 

 

*Kenton Stutz1, Klaus Kaiser2, Fernanda Santos3, Asmeret Asefaw Berhe3, Friederike Lang1 
1University of Freiburg, Chair of Soil Ecology, Freiburg, Germany 
2University Halle-Wittenerg, Soil Science and Soil Protection, Halle/Saale, Germany 
3University of California, Merced, School of Natural Sciences, Merced, CA, United States 
 
Hotspots of concentrated and intensified process rates occur at many scales such as soil rhizospheres to 
remote ocean islands. In soils, microbial hotspots have been researched extensively, but our understanding of 
meso-scale hotspots in forests and soils is limited. Coarse woody debris (CWD) is one such meso-scale hotspot 
for biodiversity in forest ecosystems due to their multitude of habitats and niches. Such concentrated biological 
activity would affect underlying soil as well, yet their biogeochemical dynamics in forest soil ecosystems is 
hitherto unknown. To investigate the effect of CWD in forest soil ecosystems, we sampled 42 pairs of test and 
reference points with and without CWD, respectively, in ten Fagus sylvatica (L.) stands in Southwest Germany. 
The quantity of soil organic matter (SOM) in soil pores and unaggregated soil depended on site conditions 
while SOM occluded in aggregates increased with progressed decay of CWD. Soil water-extractable aliphatic, 
carbohydrate and aromatic compounds along with decayed lignin biomarkers changed too. Soil pH, 
exchangeable cations, and available phosphorus increased congruently with CWD decay and their associated 
SOM transformations. Soil porosity and pore structure were altered as well.  Altogether these results indicate 
that the addition of decayed organic matter from CWD alters nutrient exchanges and aggregate dynamics 
through interlinked microbial, meso- and macrofauna communities. Continued nutrient cycling and forest 
regeneration during and after CWD decompose would influence mineral weathering and lead to horizon 
differentiation. Such processes mean CWD are spatially limited centers of biogeochemical and –physical 
processes that alter forest soil development and functioning. We thus propose CWD to be understood as 
pedogenic hotspots. 
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Vertical gradients of decomposition and water dynamics in sugarcane mulches, as affected by trash 

removal rate under subtropical conditions 

 

Guilherme Dietrich1, *Sylvie Recous2, Patrick Leal Pinheiro1, Adriane Schu1, Roberta Giovelli1, Sandro 
José Giacomini1 
1Federal University of Santa Maria (UFSM), Departamento do Solos, Santa Maria, Brazil 
2INRA, UMR FARE, Reims, France 
 
Introduction 

 
Sugarcane is a worldwide crop that leaves a considerable amount of crop residues (called trash) on the soil 
surface after green cane harvesting. The recent industrial valorization of these residues raises the question of 
how much trash to leave as mulch after harvest to maintain sustainable management of soil fertility and 
conservation.  
 
Objectives 

 
We investigated how the thickness of the trash, which varies according to the initial mass, creates gradients of 
the decomposition process within the mulch and explain its overall dynamics of decomposition at the soil 
surface.  
 

Material and Methods 

 

We studied the decomposition of three different trash quantities (4, 8 and 12 Mg ha-1) left on the soil after 
sugarcane harvest, at Santa Maria, Rio Grande do Sul state, Brazil, under subtropical climate over one year. 
After harvest, we placed sugarcane trash into open-wooden frames and we stacked either a single layer of 4 
Mg DM trash ha-1 (L/T), or 2 layers (L+T) or 3 layers (L+M+T) on the surface of the soil, so as to reconstitute the 
3 trash quantities. Layers were separated by a maneable 10-mm synthetic mesh to sample every layer 
separately for analysis. We quantified the dry matter (DM), carbon (C) and nitrogen (N) contents and water 
content of the remaining mulch in each layer, at intervals ranging from 15 to 70 days.  
 

Results 

 
Our results showed that mulch degradation was proportional to the initial amount of trash (on average, 67% of 
the trash degraded after 12 months in all treatments). L, M and T layers were all decomposing, but the rate of 
decomposition differed according to their position in the mulch (L>M>T). The striking result is that the upper 
layer of mulch (T) evolved in the same way for the three treatments, i.e., whatever the quantity and thickness 
below it. On the other hand, the lower layer (L), in contact with the soil, decomposed all the more quickly as 
the quantity of trash was thick above it, which also corresponded to a higher moisture (L12> L8> L4). The 
slightest contact with the soil with the thicker mulches appears to be compensated by a better conservation of 
the moisture of the mulch, which accelerates the decomposition of the lower layer of the mulch.  
 

Conclusion 

 

Our work shows that the dynamics of the mulch is primarily driven by the dynamics of water, driven itself by 
mulch characteristics (thickness) and the rain-evaporation regime. 
 
Acknowledgement: The bilateral Brazilian and French collaboration was funded under Program CNPq—
Ciências sem Fronteiras 
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Hydraulic characteristics of plant residues facilitate hotspots 

 

*Andrey Guber1, Turgut Kutlu2, Mark Rivers3, Alexandra Kravchenko1 
1Michigan State University, Plant, Soil and Microbial Sciences, East Lansing, MI, United States 
2Bilecik Seyh Edebali University, Soil Science Department, Bilecik, Turkey 
3Argonne National Lab, Center for Advanced Radiation Sources, Lemont, IL, United States 
 
Plant residues are sources of carbon for microbial decomposers and can serve as particularly potent hotspot 
initiators when incorporated into the soil. Among the presently identified factors affecting the decomposition 
intensity of the plant residue and the activity of resulting hotspots are the chemical composition of the residue, 
and the physical characteristics of the soil surrounding it. Here for the first time we identified and explored an 
additional factor of influence on activity of plant residue-induced hotspots: residue's hydraulic properties and 
their interactions with characteristics of the surrounding soil. We examined water retention by plant residue in 
microcosms constructed from soil fractions with contrasting pore-size distributions (PSD) obtained by dry-
sieving to 0.01–0.05 mm, 0.1–0.5 mm and 1-2 mm. Microcosms were assigned to one of two plant residue 
treatments (corn or soybean leaf disks), and to one of six water content levels. Soil water retention was 
measured using a ceramic pressure plate extractor. X-ray computed micro-tomography (X-ray µ-CT) provided in 

situ characterization of plant residue decomposition dynamics and soil PSDs. Dual energy scanning of an 
additional set of microcosms withKI solution enabled visualization of liquid distribution in soil and leaf pores. 
Consistent with previous studies, we observed greater decomposition of plant residue in the large soil fraction 
(1-2 mm) than in the small fraction (0.01-0.05 mm). Our results demonstrate that an important underlying 
reason for this phenomenon is absorption of water from the surrounding soil by the residue. At soil water 
contents of 0.1-0.4 cm3 cm-3 gravimetric water contents of leaf residue fragments were in 1.5-4.0 g g-1 range. 
For soil water contents in the range from 0.2 to 0.4 cm3 cm-3 the leaves tended to adsorbed considerably more 
water from large pores of 0.1–0.5 mm and 1.0-2.0 mm soil fractions, then from the 0.01–0.05 mm fraction, the 
fraction that was dominated by fine pores with stronger capillary forces. Essentially, the plant residue remnants 
within the soil matrix served as a sponge that accumulated water. This enables the plant residue fragments to 
act as a local spot of high moisture for microbial heterotrophs, thus as potent hotspots. 
 
 



Session 5b: Hot moments, hotspots and hotspheres 

6th International Symposium on Soil Organic Matter  246 

O-5b.05 

 

Soil organic matter decomposition coupled by biotic and abiotic oxidation 
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Soil organic matter (SOM) biotic degradation can be coupled with the abiotic oxidation by Fenton reaction. 
Recalcitrant SOM degradation is catalyzed by phenol oxidases and peroxidases, while Fenton occurs in 
presence of iron. These two coupled mechanisms can explain the high rate of decomposition in temperate rain 
forest soils of southern Chile. Most forest occurs in Allophanic soils in the Andean range and kaolinitic-illitic 
soils derived from metamorphic uplift in Coastal Cordillera. Both soils (mean annual precipitation >5000 mm) 
have quick redox fluctuations over scales of hours to weeks. In the present study we hypothesized that anoxi-
abiotic process involving Fenton accounts for significant proportion of recalcitrant SOM oxidation in temperate 
rainforests soils. The objective was to study the C release by Fenton and biotic (enzymes activities) mechanisms 
in a microcosm experiment. Top mineral Ah horizons were sampled (5-15 cm) and incubated at 20 ºC in dark 
under anoxic conditions. Fenton was evaluated by adding different peroxide: Fe2+ ratios 5:1-10:1-20:1 at 
different pH 3.0-3.5-4.0. The release of CO2, H2O2 consumption and iron oxidation were measured. Hydroxyl 
adi al •OH  as esti ated usi g a fluo es e e p o e o fo al i os ope . Phe ol o idase a d pe o idase 

enzymes activities were also measured. About 33% of total CO2 was released by purely abiotic C mineralization 
in both soils. Kaolinitic-illitic soil mineralized released three times more CO2 than allophanic soil in abiotic way, 
probably by the large presence of Fe. Peroxide: Fe2+ ratio 10:1 induced the highest C mineralization,> 43 % 
o e  the o t ol at pH .  i  ste ilized soil. Fe to  e ha ed the p ese e of •OH. Bioti  i e alizatio  
through phenol oxidative activity increased linearly with Fe2+ concentration in the soil and the opposite being 
true for the peroxidase activity. Iron abiotic oxidation coupled to biotic organic matter decomposition 
contributes to explain the rapid turnover time of soil C across temperate rainforests soils ecosystems. 
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Straw biochar's persistent impacts on organic carbon stabilization and microbial diversity of paddy 

soils 

 

*Haifei Lu1, Genxing Pan1 
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China 
 
Soil carbon is regulated by soil microorganisms, and biochar is known to exert a strong influence on soil organic 
carbon and microbial diversity of different soil types in a short-time scale, but few studies focus on biochar"s 
persistent influence on soil after amendment, especially in the field condition. In this research, we chose the 
plot of paddy soils located at Yixing City, Jiangsu Province of China, which has been treated with straw biochar 
for more than 6 years. Bulk soil samples of control and biochar-amended plots were collected after rice harvest 
in October, 2015. Then part of each bulk soil sample was fractionated using wet sieving to macroaggregates 
(2000-250 m), microaggregates (250-53 m), coarse silt (53-20 m), fine silt (20-2 m) and clay particle (<2 m). 
We measured microbial communities via high-throughput sequencing and basic chemical properties, enzyme 
activities of bulk soils and aggregates samples. For bulk soil, the content of soil organic carbon, total nitrogen 
and most soil enzyme activities were increased after biochar amendment, while more macroaggregates and 
microaggregates were formed with the decrease in silt fraction. And for aggregates samples, biochar treatment 
also increased the content of soil organic carbon in each fraction, and most enzyme activities increased in silt 
fraction after biochar amendment. Soil microbial community structure were separated by different particle size 
of aggregates and biochar treatment. In conclude, after biochar amendment for 6 years, the content of soil 
organic carbon was increased with higher organic carbon stability Also, biochar treatment promoted soil 
microbial activity, while biochar amendment and particle size of aggregates shifted the microbial community. 
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Micro habitat-based hot spots and hot moments of nitrous oxide emissions (N2O) from floodplain 
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Claire  Guenat5, Philip  Brunner4 
1Swiss Federal Research Institute WSL, Birmensdorf, Switzerland 
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Introduction  

 
We experimentally investigated the relative effects of soil aggregation, plant-soil-earthworm interactions and 
litter accumulation on the emissions of nitrous oxide (N2O) from floodplain soils. On the micro scale, these 
processes can lead to niches with elevated or reduced N2O production. 
 
Materials and Methods  

 
In a restored section of the Thur River (NE Switzerland) we carried out a manipulation experiment in a 
frequently flooded and by Phalaris arundinacea dominated zone with loamy sand. We compared separated 
plots with the following experimental variants: (i) control, (ii) kept free from vegetation, (iii) earthworm 
population reduced by expulsion with mustard, (iv) combination of (ii) and (iii). In the laboratory we performed 
a flooding experiment in mesocosms using silty-loamy soil from the Thur floodplains, applying the following 
treatments: (i) soil 250µm-4mm, (ii) (i) planted with salix viminalis, (iii) (i) mixed with willow leaves, (iv) to (vi) 
as (i) bis (iii) but soil < 250µm. 
 
Results, Discussions and Conclusions  

 
The results show that plant-soil interactions can have different effects depending on soil texture and 
environmental conditions. In the laboratory experiment, the emission of N2O during the "hot moments" after 
flooding was reduced in the planted treatment, very likely due to aeration of the rhizosphere via aerenchyma. 
In the field experiment, the vegetated plots emitted more N2O under moist conditions and the "hot moments" 
after flooding occurred for a longer period. In this case, probably stimulation of microbial activity by root 
exudation is the dominant rhizosphere effect. On the other hand, under dry conditions, the additional drying 
effect due to plant water uptake leads to lower N2O emissions from plots with vegetation. Results from the 
laboratory experiments indicate that the formation of large aggregates increases the intensity of the hot 
moments during the drying phase after a flood. This could be due to the development of good conditions for 
coupled nitrification – denitrification. A local increase in C availability due to litter accumulations appears to 
lead to a further increase of N2O production only under concurrent protection in large aggregates. Temporary 
lower emissions from field plots with earthworms suggest that in sandy soils the aeration effect of earthworm 
activity is larger than the one on aggregate formation. The isotopic signatures of the emitted N2O indicate that 
different micro habitats affect the dynamics of N2O producing and consuming processes differently.  
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The Automated Root Exudate System (ARES): Exploring the priming effects of root exudation on 

soil organic carbon cycling. 
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4Smithsonian Tropical Research Institute (STRI), Balboa, Panama 
 
Root exudation is a key component of soil organic carbon and nutrient dynamics in terrestrial ecosystems. 
Plants release labile organic solutes and ions into the soil for priming the soil food web and speed up the 
mineralization and transfer of nutrients. Understanding the impact of changes such as CO2 fertilization on root 
exudation rates and their knock-on effects on soil biogeochemistry is still elusive, due to the difficulty to i) 
extrapolate results from soil lab incubations to ecosystem level, and ii) manipulate rhizosphere inputs at field 
scale. To address this, we devised an Automated Root Exudate System [1] to replicate in small field plots (1 m2) 
the realistic inputs of labile substrates within the rooting zone. We installed two ARES subplots within existing 
leaf litter manipulation plots in a temperate deciduous woodland, applying either an artificial root exudate 
solution (RE) or a procedural control solution (CP) to control for water effects on soil, during two growing 
seasons from April 2015 to September 2016. The application of RE solution (equivalent to 1.7 µg C g soil-1 day-1, 
i.e. 4% NPP of the site) did not affect pH, root biomass or soil water content over the course of the experiment. 
However, it had a clear effect on soil carbon dynamics but the response was dependent on the presence of 
aboveground forest litter. RE inputs consistently increased soil organic matter mineralization (2- to 3-fold 
higher) in absence of forest leaf litter inputs, but not when litter was present. By contrast, we observed a 
significant increase in soil microbial biomass carbon and (especially) nitrogen due to RE inputs when litter was 
present, suggesting that changes in C:N stoichiometry played a role in determining whether the additional C 
inputs by ARES were used for priming soil organic matter decomposition or incorporated into the microbial 
biomass. Analyses of soil PLFAs and extracellular enzymatic activity showed minor variations as a result of the 
additional RE inputs. The ARES is an effective method to assess in real field conditions the effects of root 
exudation on soil organic matter cycling.  
 

[1] Lopez-Sangil et al. (2017). Methods in Ecology and Evolution, doi: 10.1111/2041-210X.12764 
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5TU Munich, Chair of Soil Science, Freising, Germany 
 
The rhizosphere represents a hotspot for organic carbon inputs, microbial activity and carbon turnover in soil. 
The complex mosaic of microenvironments occurring at soil-plant interfaces requires observations at the 
smallest scale of organism interaction, i.e. at the level of root cells and bacteria. Nano-scale secondary ion mass 
spectrometry (NanoSIMS) is a spectromicroscopic method with a high spatial resolution providing elemental 
and isotopic images of organic and mineral materials. This technic has recently proved its potential to 
investigate rhizosphere processes. In the present study, NanoSIMS was used to study organo-mineral 
interactions and carbon transfers occurring in the rhizosphere at the microscale. Undisturbed rhizosphere 
samples were collected from a field experiment in Switzerland where wheat plants were pulse-labelled with 
13C-CO2. Secondary ion images of 12C, 13C, 12C14N, 16O and 56Fe16O were obtained for both resin embedded and 
soil suspension deposited on a silica wafer samples. In immature wheat roots, the carbon circulated through a 
passive pathway, via the cell walls, from the stele to the cortex. Carbon was transferred to substantial microbial 
communuties (Fig1, 2), mainly represented by bacteria surrounding the peripheral root cells. These bateria 
respirated, released and assimilated part of the carbon derived from roots, resulting in a lower 13C:12C ratio of 
bacteria (0.016) compared to root cell walls (0.024) (Fig1). Few 13C enriched fungal cells (0.014) were observed 
within the plant cells. Microorganisms and root cells were intimately associated to the soil particles (Fig2). Iron 
oxides formed bridges between roots and bigger mineral particles, such as quartz, and surrounded bacteria in 
microaggregates surrounding the root surface. Mineral particles were also associated to fungal hyphae, 
observed on the soil suspension sample. This hyphae did not present direct 13C enrichment, but were most 
likely colonized by enriched bacteria. These results illustrate the transfer of assimilate carbon from root tissues 
towards microbial communities and the fate as organo-mineral associated organic carbon in soil 
microaggregates. 
Fig.1 13C:12C Ratio image, carbon transfer in the rhizosphere 
Fig.2 Organo-mineral interactions at the surface of a root cell (Blue-16O, Green-12C14N) 
Figure 1 

 

 
 
 
Figure 2 
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Does pore scale biogeography exist in different soil types? 
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Microbial activity is largely controlled by the abiotic conditions prevailing in their habitats, which are very 
heterogeneous at the microscopic scale. A few studies have demonstrated a microbial biogeography at the 
pore scale. Different regions in the soil pore network can be considered to be different microbial habitats and 
these different regions have been shown to be well correlated with organic carbon mineralization rates. We 
aimed to test whether such a functional biogeography exists for different soil types and whether it is consistent 
across soils. We selected six topsoils with contrasted texture, soil organic matter content and pH (2 cambisols, 
3 luvisols and 1 podzol under different managements). We added a 13C labelled, easily mineralisable organic 
substrate, pyruvate, to soil samples previously equilibrated at different matric potentials, in order to place the 
substrate preferentially in soil pores with neck diameters of 3 to 10 µm or 30 to 10µm, according to the Jurin-
Laplace law. The soil samples were then incubated at pF 1.5 for 3 weeks and CO2 and 13C-CO2 were 
monitored. At the end of incubation, total and 13C-PLFA were extracted and analysed. Basal mineralisation, 
expressed as % total organic C was affected by soil type, mainly related soil pH and the quality[NN1] of the 
organic matter. The 6 soils exhibited contrasted microbial community composition, as shown by their PLFA 
profiles. The addition of pyruvate did not induce any priming effect in soils, except in the long term bare fallow 
soil, where the mineralization of SOM was presumably limited by energy. In the long term bare fallow soil, 
pyruvate mineralization was the same whatever the region it was placed in, suggesting other controls of its 
mineralization than the characteristics of pore scale habitats. In four soils out of six, the mineralization of 
pyruvate was more rapid when it was initially placed in large pores (30 to 100µm) than in small pores (3 to 10 
µm), suggesting that pore scale biogeography may be a general feature in soils and that coarser pores are more 
favourable habitats for soil organic matter mineralization. 
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Rhizosphere priming effect (RPE) is the acceleration in mineralization of native soil organic matter (SOM) in the 
presence of roots owing to supply of fresh energy by the roots to energy-limited soil microorganisms. The RPE 
may reach up to 400 % of the original SOM mineralization rates. Therefore, the importance of the RPE on 
ecosystem scale has been recognized recently and it is being included in the soil C cycle models. However, the 
knowledge about which microbial groups mediate the RPE and how they control the rates of RPE is scarce. We 
designed three different studies where the overarching objective was to unmask the microbial groups driving 
the RPE. Grassland plants were grown on two different types of soils in PVC tubes and were kept under 
different management regimes i.e. opposing plant cutting regimes, availability of different amounts and types 
rhizodeposition to soil microbes and varying soil depths. The plants were kept under continuous 13C labelling 
in a mesocosm throughout their growth period. Respiration coming from soil-plant systems was periodically 
measured and the isotopic signature allowed distinguishing SOM-derived CO2-C from plant-derived (13C 
labelled) CO2-C thereby permitting the calculation of the RPE. The results showed that the seven grassland 
species used in the experiments induced varying amounts of the RPE. Furthermore, the amounts of the RPE 
varied in response to management practices and soil depth. The phospholipids fatty-acid analyses showed that 
microbial community structure varied in response to management practices and soil depth. Generally, gram-
negative bacterial groups were in general favored down the soil profile and in the treatments where 
rhizodepositions were lessened. Conversely, gram-positive bacterial groups and saprophytic fungal groups 
were favored in the conditions of high rhizodeposition availability. The saprophytic fungi followed by gram 
positive bacteria were the strong predictors of the RPE across the treatments and experiments. 
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Enzyme kinetics: Indicators for SOM decomposition by earthworms 
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The kinetic parameters (Vmax and Km) express the "quantity" (Vmax) and the substrate affinity (Km) of an 
enzyme, which are useful for assessing the changes in microbial activities. The ratio of these two parameters 
(Vmax/Km) is termed the catalytic efficiency (Ka), revealing changes in microbial community compositions via 
alteration in soil enzymes. Lumbricus terrestris L. is an anecic earthworm accumulating soil organic matter 
(SOM) in their burrows and excreting cast and mucus to their burrow (biopore) walls. Our hypothesis is that 
during burrowing, earthworms directly alter microbial communities but the mechanisms are different between 
topsoil and subsoil. These mechanisms can be assessed through consideration of Vmax, Km and Ka. To test the 
hypothesis, we measured total organic C (Corg), total N (TN), total P (TP) and enzyme kinetics involved in C-, N-, 
and P-cycling (cellobiohydrolase, β-glucosidase, xylanase, chitinase, leucine aminopeptidase and phosphatase) 
in biopores and bulk soil of topsoil (0-30 cm) and subsoil (45-75 cm, 75-105 cm). Enzyme activities (Vmax) and 
the catalytic efficiency (Ka) were higher in biopores compared to bulk soil, indicating that the most active 
microbial community occurred at this site. Negative correlations between some enzymes and Corg or TN in 
bulk soil are explained by higher content of fresh organic C in the topsoil, and the corresponding C and nutrient 
limitations in the subsoil. The positive correlation between enzyme activities and Corg or TN in biopores, 
however, was associated with the decrease of C and TN with pore age in the subsoil. The differences of Km 
between biopores and bulk soil proves a change of enzyme system released by microorganisms under 
earthworm effects in both topsoil and subsoil. We conclude that enzyme kinetic parameters are key indicators 
to quantify below-ground microbial activities influenced by soil fauna. 
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Does microbial community composition affect soil organic carbon turnover? 
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Soil organic carbon (SOC) turnover is the most ubiquitous and ecologically fundamental process in soils. While 
some metabolic transformations require specialised microbes, the mineralisation of organic matter in soils is an 
ubiquitary process that might be performed equally well by soil microbial communities. To challenge this 
assumption, incubation experiments were conducted to analyse the community specific effects on SOC 
turnover for six mineral soils under different land-use. The microbial community composition was 
characterised using real-time qPCR and high-throughput pyrosequencing. Comparisons of respiration by a 
native soil community and an alien community both inoculated to sterilised soils revealed 29±18% higher 
respiration by the native community ("home-field advantage"). Increased soil microbial community 
biodiversity, as generated by mixing several microbial inoculants, did not result in increased mineralisation 
rates. Even under impaired conditions, in the presence of aged engine-oil as a less decomposable toxic 
substance, communities with higher diversity did not show higher respiration rates. Also in non-sterilised soils 
we detected the influence of the microbial community composition on respiration rates: Investigations on the 
effect of mixing two communities in a 50:50 untreated soil mixture showed declining respiration in three out of 
six cases (by 23.9±5.9%) and increased respiration in one case (by 57%) compared to the mean respiration of 
the two un-mixed soils. These effects were highly related to the microbial community capability, with only 
communities with low capability profiting from mixing with a second community. Results have been recently 
published (Don et al. 2017). This study showed that manipulation of the microbial community affects soil 
carbon turnover beside to the well-known major impact of soil physico-chemical properties. Our results 
question the assumption of redundancy of microbial community's functionality for SOC mineralisation in soils. 
Relations between characteristics of the microbial community as revealed by high-throughput pyrosequencing 
and their functionality for soil carbon turnover will be discussed. 
 
Reference 

Don A, Böhme I, Dohrmann AB, Poeplau C, Tebbe C (2017) Microbial community composition affects soil 
organic carbon turnover in mineral soils. Biol Fertil Soils, DOI:10.1007/s00374-017-1198-9 
 
 



Session 5b: Hot moments, hotspots and hotspheres 

6th International Symposium on Soil Organic Matter  256 

O-5b.14 

 

The controlling mechanisms of soil microorganisms to carbon sequestration and stabilization 

during the early pedogenesis of Mollisols 

 

*Na Li1,2, Xiaozeng Han1 
1Northeast Institute of Geography and Agroecology, CAS, Harbin, China 
2University of Muenster, Institute of Landscape Ecology, Muenster, Germany 
 
Soil microbes play crucial role in sequestration and stabilization of SOC. But the controlling mechanisms are 
largely unknown at the initial stage of soil formation. Using a field experiment established to study soil 
development from parent material under different agricultural practices, the aims of this study were: 1) to 
determine the effects of agricultural practices on SOC, soil microbial community and their residues; 2) to assess 
the contribution of microbial necromass to SOC accrual; and 3) to elucidate the microbial processes that 
controlling the C sequestration. The treatments included two natural soils supporting perennial fallows, and 
four arable soils under the same cropping system, with or without chemical fertilization and crop residue 
amendment. The content of SOC increased with restoration time and the amount of organic inputs, being 
restored to about 40% that of surface Mollisol (MO). The chemical structure of SOC varied strongly among field 
soils after 2 years of restoration, but the differences became smaller over time, soils that received higher C 
input were more similar to MO, with increased proportions of O-alkyl and alkyl C groups, but decreased 
proportions of nonpolar alkyl C, aromatic C and COO/N-C=O groups. Soil microbial community structures 
represented by PLFAs were affected by tillage and/or organic inputs, and further separated by aggregate sizes 
irrespective of differences in land use, tillage and organic inputs, and the arable soils with more organic C 
inputs more developed towards MO. The biomass of living bacteria dominated over fungi, but the fungal 
derived necromass were larger than bacterial derived necromass, resulting the microbial contribution to SOC 
was larger in necromass than in living biomass. The contribution of fungal derived necromass to SOC was 
dominant in soils and showed the same order with restoration years. Soil properties, especially microbial 
biomass and related residues, correlated well with the functional groups of SOC. The results suggested that 
newly-plant derived C entered into SOC through microbial processes, indicating an inherent resilience of soil 
microorganisms and possible shortcuts such as agricultural managements to hasten soil development and 
restore both the quantity and chemical structure of SOC through microbial processes. 
Figure 1 

 

 
 
 
Figure 2 



Session 5b: Hot moments, hotspots and hotspheres 

6th International Symposium on Soil Organic Matter  257 

 

 



Session 5b: Hot moments, hotspots and hotspheres 

6th International Symposium on Soil Organic Matter  258 

O-5b.15 

 

Bacterial community composition associated with PyOM varies with pyrolysis temperature and 
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ABSTRACT 

 
Pyrogenic organic matter (PyOM) is widely distributed in soil ecosystems. Microbes that colonize PyOM play an 
important role in PyOM mineralization and crucially affect soil biogeochemical cycling, while the community 
composition associated with PyOM is poorly understood. 
 
Introduction 
 
Many studies have reported changes in soil microbial communities stimulated by PyOM [1,2], but very little is 
known about the microbial communities associated with PyOM. Two main factors might modulate microbial 
colonization in PyOMs: pyrolysis temperature and colonization environment. 
 

Objectives 

 
Examine the bacterial community composition associated with PyOM particles, and elucidate how pyrolysis 
temperature and colonization environment affect bacterial community composition in PyOM. 
 

Materials and Methods 

 
(i) PyOM preparation and soil collection 
Swine manure was pyrolyzed at temperatures of 300°C and 700°C and was designated PyOM300 and 
PyOM700, respectively. Two types of soil with distinct properties, a Psammaquent soil (Ps soil) and an 
Argiustoll soil (Ar soil), were collected. 
(ii) Microbial colonization 
PyOM300 and PyOM700 were added to soils and incubated for 240 days. 
(iii) PyOM extraction 
PyOMs were extracted from soils using the modified method by Lin et al. (2012) [3]. 
(iv) DNA extraction and community analysis 
DNA was extracted using a Mo Bio PowerSoil DNA isolation kit and differential abundant OTUs were identified 
by R package DESeq2 [4]. 
 

Results 

 Actinobacteria, particularly Actinomycetales, was the dominant taxon in PyOM particles. 
 Ps soil induced more differential bacterial communities than Ar soil. 
 PyOM300 had more differential bacterial communities than PyOM700. 

 Some specific OTUs thrived on PyOM700. 
 

Conclusions 

 
Bacterial community composition associated with PyOM was influenced by pyrolysis temperature and 
colonization environment. 
 
6. Refs. 
[1] Whitman et al. 2016. ISME J 10 
[2] Xu et al. 2014. EST 8 
[3] Lin et al. 2012. Plant Soil 357 
[4] Love at al. 2014.Genome Biol 15 
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Organic manure fertilization decreases environmental filtering on soil bacterial community assemblage with 

Bacillus asahii coming to the fore 

 

*Youzhi Feng1 
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Organic manure (OM) fertilization has a profound impact on agroecosystems. However, little is known about 
the ecology processes that cause variations in microbial assemblage, as well as temporal responses and roles of 
the specific soil microbial guilds involved in the increases of soil fertility and crop yield triggered by OM 
fertilization. To unravel these interactions, a series of fresh and archived soil samples from a fertilization 
experiment started in 1989 in North China Plain (NCP) was systematically investigated. Mean pairwise 
phylogenetic distance (MPD) and nearest relative index (NRI), characterizing phylogenetic signal and the 
undergone ecological process to evaluate the community assembly of soil bacterial phylotypes in 
contemporary fertilized fresh soils found that the bacterial community assembly is structured by environmental 
filtering, regardless of fertilization regime and soil phosphorous (P) availability imposes selection on community 
assemblage. When P nutrient lacks, the effect of environmental filtering becomes stronger, hence bacterial 
phylogenetic turnover rate slows down and functional traits become more coherent; this process results into 
increased intraspecific interactions characterized by co-occurrence network analysis. Amongst microbial guilds, 
Bacillus asahii responded most distinctly to OM fertilization, while no shifts in microbial community structure 
were observed between chemical fertilizations and the control without fertilization. A series of archived soil 
samples from 1989-2009 further reveal that the indigenous B. asahii took 2-4 years to become specifically 
dominant and its ratio fluctuated between 40% and 72% during 20 years. Culture-dependent assessments of 
isolated B. asahii strain further indicate that its rise subsequently played a key role in the increases of both crop 
yield and soil fertility, especially via accelerating carbon and P cycling. This knowledge could close microbial 
knowledge gaps of influences of OM fertilization on agroecosystem and is of importance for the development 
of more sustainable agricultural practices. 
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Soils play a major ecosystem service through the biodegradation of many pollutants, including agricultural 
pollutants like pesticides. Understanding such soil functions is an important leverage to achieve ecologically-
based improvement of agricultural practices. Soils are however among the most heterogeneous microbial 
habitats with great uncertainty on their bulk activity. Especially, initial separation between pesticides and 
pesticide degraders might critically limit their degradation capacities and services. We investigate the relative 
efficiency of diffusive and advective transport processes as primary controls of degradation. With initial cm-
scale separations, diffusion would induce only very limited degradation both because of large transport times 
and high dilution. Advective transport are more effective to increase the probability of contact but, with short 
contact times, may limit degradation depending on the dynamics of the microbial community. Based on cm-
scale experiments performed on the degradation of 2,4D in natural repacked soils (Fig. 1A) under controlled 
advection and diffusion conditions (Pinheiro et al., 2015), we develop an effective reactive transport model 
broadly aimed at investigating the interplay between microbial activity, chemical interactions and transport 
processes (Babey et al., 2016). Strong differences between advectively-dominated and diffusively-dominated 
conditions indicate intricate spatiotemporal couplings and some partial flush of the microbes with advection. In 
such settings, "Hotmoments" are specifically induced by "Hotspots". Using different scenarios (Fig. 1B), we 
synthetically test the effect of transport intermittency on microbial activity and transport. We frame our results 
within unifying indicators of probability and duration of contact between substrate and microorganisms. We 
show how their "harvesting capacities" evolve with drainage timing, frequency and intensity. 
 
References: 
Babey T, Vieublé-Gonod L, Rapaport A, Pinheiro M, Garnier P, de Dreuzy J-R. Spatiotemporal simulations of 2,4-
D pesticide degradation by microorganisms in 3D soil-core experiments. Ecol Model. 2017 Jan; 344:48–61. 
Pinheiro M, Garnier P, Beguet J, Martin Laurent F, Vieublé Gonod L. The millimetre-scale distribution of 2,4-D 
and its degraders drives the fate of 2,4-D at the soil core scale. Soil Biol Biochem. 2015 Sep; 88:90–100. 
 

Figure 1 
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rainfed agro-ecosystem 
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Increasing intensification of production systems has led to loss of soil biodiversity which resulted in progressive 
deterioration of sustained agricultural productivity. Interaction between soil fauna and plants, control pattern 
and rates of soil organic matter decomposition, nutrient immobilization and nutrient uptake by plants together 
with abiotic factors regulate soil fertility. With this background, a long term experiment was initiated in the 
year 2001 and continued till 2016 to know the impact of biodiversity conservation practices on the soil fauna 
and sustainability of nutrients in red sandy loam soil under rain fed situation. The treatments were 
recommended FYM(10 t ha-1)+Rec.fertilizer(25:60:25 kg NPK ha-1)+Phorate 10G@1kg a.i. ha-1 + seed treatment 
with fungicide (Thiram+Bavistin-2g each kg-1)+Herbicide (Lasso 10G@2kg a.i. ha-1)(T1) , 12.5t FYM ha-1+ 75 % of 
Rec.fertilizer (T2), 15t FYM ha-1+ 50 % of Rec.fertilizer (T3), 17.5t FYM ha-1+ 25 % of Rec.fertilizer (T4), 20t FYM 
ha-1 (T5), 10t FYM ha-1 (T6), 10t of partially decomposed FYM ha-1 (T7),10t FYM ha-1+ Mulching (Gliricidia leaves)-
@ 2 t ha-1 (T8), Rec.fertilizer alone (T9) and 5t FYM ha-1 alone (T10). Inputs were incorporated in the respective 
fixed plots before sowing in the month of July. In addition to these, native soil fauna present in the undisturbed 
grass land soil were introduced @ 1kg soil /21.6 sqm and soybean seeds treated with Rhizobium culture were 
sown in all the treatments. The land was fallow from December to July months. The results of the fifteenth year 
experiment indicated significantly higher abundance of soil mesofauna (101.33/400g soil), microbial biomass 
carbon (4947.95µgg-1), rhizobium nodulation (39.67 nodules /plant), organic carbon (0.92 %), available 
nitrogen(396.85 kg/ha), available phosphorus(89.17 kg/ha) , available potassium(278.66 kg/ha),ex. Calcium 
(6.30 meq/100 g), ex.Magnesium (3.27meq/100g) and grain yield (38.87 q/ha) in treatment 5 compared to 
treatment 1( mesofauna 88.33/400g soil , organic carbon 0.72 % with grain yield of 33.53q/ha) and 9 ( 
mesofauna 41.66/400 g soil, organic carbon 0.62% with grain yield of 33.88 q/ha) during cropping season . 
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Question 

 
Indigenous grasses have effectively been used to rehabilitate degraded African drylands. Despite their success, 
studies to establish their impact on soil bioindicators e.g. on microbial biomass C and enzyme activities are 
absent. This study elucidates the effects of drought and phenological stages of a typical indigenous African 
grass - Enteropogon macrostachyus on microbial biomass and enzyme activities (β-glucosidase, 
cellobiohydrolase and chitinase) in the rhizosphere soil. 
 
Methods 

 
E. macrostachyus was grown under controlled conditions and rhizosphere soil was sampled after 40 (seedling 
stage), 70 (elongation stage) and 80 days (simulated drought). Drought stress (partial watering) was simulated 
during the last 10 days of plant growth, along with optimum moisture conditions. 
 
Results 

 
High root/shoot ratio at seedling stage compared to elongation and reproduction stages demonstrated that E. 

macrostachyus invested more on root biomass in early development to maximise the uptake of nutrients and 
water. Microbial biomass and enzyme activities increased with root biomass during plant growth. Ten-day 
drought at reproduction stage increased microbial biomass and enzyme activities accompanied with decrease 
in binding affinity and catalytic efficiency.  
 
Conclusion 

 
In conclusion, drought slowed down soil organic matter decomposition and nutrient mobilization. 
 

Keywords: Rhizosphere; Enzyme system; Catalytic efficiency; β-glucosidase; Cellobiohydrolase; Chitinase; 
African grasslands 
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The rhizosphere is one of the most dynamic habitats on Earth because living plants stimulate microbial and 
enzyme activity by releasing labile carbon and other rhizodeposits. Microbial diversity differs between the 
rhizospheres of plant species, cultivars or even along the roots and over the course of root development. 
Enzymes, produced by both roots and microbes, are the main biological drivers of SOM decomposition. 
However it is unclear about the spatial distributions of enzyme activities in the rhizosphere over root 
development and between different plant species. We used, a non-destructive in situ technique -zymography 
measured the spatial distribution of four kinds of enzyme activities (glucosidase, cellobiohdrolase, phosphatase 
and lecine-aminopeptidase) in the rhizosphere of two legumes( lupine and lentil) and two non-legume(maize 
and wheat) during plant growth. We found the spatial distribution of enzyme activity related with enzymes 
species, plant development and the size of roots. 
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Understanding plant nitrogen (N) nutrition is crucial for producing effective ecosystem models. Whilst it has 
long been established that plants take up and assimilate organic N (e.g. amino acids) at the root: soil interface, 
the acquisition mechanisms and effects of competition from soil microbes remain poorly-characterised. One of 
the principal barriers to research is the difficulty of experimentally simulating production of amino acids in the 
soil. Hydrolysis from spot sources of naturally occurring protein, such as soil flora and fauna residues, may 
occur in close spatial proximity to the root surface and constitute an important source of amino acids and 
peptides released early on during microbial mineralization. Gaining insight into the quantity of amino acids 
released at this stage shall increase the resolution of current ecosystem models. This study aimed to quantify 
amino acids hydrolysed from various decomposing protein sources using the novel method of microdialysis. 
CMA20 PES 10 mm Microdialysis probes, positioned in 1.5 ml Eppendorf tubes filled with < 2 mm sieved soil, 
were used to collect amino acids non-invasively via diffusive flux; hydrolysed from a 1:10 w/w addition of a 
protein source (casein, earthworm, and clover residue) to soil, over a sampling period of 48 h. Initial results 
indicate that levels of amino acids diffusing over the probe membrane (which in this case simulates a plant 
root) are higher than previously shown using invasive extraction techniques. High levels of amino acids up to 
11.5 mM soil solution were observed after 30 min, declining slowly over 48 h to 6.3 mM in soil solution. Our 
knowledge of protein hydrolysis and the significance of protein microsites to plant nutrition remains 
incomplete. This research suggests that the quantities of amino acids released during hydrolysis at these sites 
may be higher than previously thought, and therefore of quantitative importance for plant acquisition of 
organic N. 
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The whole-soil carbon flux in response to warming 
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Eoin Brodie1, Peter Nico1, William J. Riley1 
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The impact of warming on soil decomposition and CO2 flux is a major uncertainty in predicting ecosystem-
climate feedbacks. More than half of all SOC globally resides below 20 cm depth, yet the effect of warming on 
subsoil decomposition has not been tested in situ. We conducted a deep soil-warming experiment in mineral 
soil, to test the response of decomposition, microbial activity, and microbial community composition across the 
whole soil profile. Heated plots were warmed by 4°C relative to control plots, to 1.25 m, by a ring of 22 vertical 
heating cables. Soil respiration was measured by chambers at the surface and gas tubes at 5 depths. We found 
that soil CO2 production increased significantly with 4°C warming; annual soil respiration increased by 34-37%. 
Decomposition at all depths responded to warming with similar temperature sensitivity and--based on 14C of 
CO2 and soil fractions—the warming response was dominated by decadal cycling carbon. Microbial enzyme 
and community data confirm the sensitivity of the deep soil to warmer temperatures. This whole-soil warming 
experiment found a larger respiration response than many other controlled experiments, most of which only 
warm the surface soil, and than models, most of which use lower values for temperature sensitivity. These 
results suggest that currently the strength of the soil carbon-climate feedback may be underestimated. 
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The low SOC content and high mean residence time of SOC in subsoils indicate that subsoils may have the 
potential to sequester additional C on the long-term. Nevertheless, the mechanisms controlling SOC turnover in 
subsoils are poorly understood. It is often assumed that microbial activity in subsoils is limited due to different 
environmental conditions. Subsoils macro environmental conditions are characterized by a more constant 
temperature and moisture regime, higher CO2 and lower O2 concentration and a reduced C input. Micro 
environmental conditions are also different in subsoils than in topsoils with a lower C density and less 
particulate organic C. However, there is lack of experimental evidence for the influence of environmental 
constraints on C mineralization under field conditions. We carried out a reciprocal soil translocation experiment 
in a beech forest with a Dystric Cambisol in order to assess the impact of subsoil conditions on the 
decomposition of root litter in comparison to surface soil conditions. Subsoil samples were translocated to 
topsoil horizons and vice versa. If the macro environmental condition in subsoils hamper the decomposition of 
root litter, the translocation to topsoil horizons is supposed to remove these environmental constraints and 
increase the mineralization of the root litter. Also the micro environmental conditions of subsoils vs. topsoils 
were assessed with their effect on root liter decomposition. 13C labeled beech root litter was placed into 
microcosms for field incubation at three depths (5, 45 and 110 cm) for 3 and 12 months. A combined size and 
density fractionation was used to follow the transfer of root litter into different C pools. The transfer of subsoil 
to topsoil horizons slightly increased the mineralization of the added roots. After 12 months of field incubation 
on average 45% of the initial labeled root C remained in subsoil samples incubated in the topsoil, whereas on 
average 60% of the initial root C remained in the subsoil in 110 cm. This indicates that SOC turnover in subsoils 
might hampered by macro environmental conditions. However, also the micro environmental conditions 
strongly controlled root litter decomposition. Only 30% of the labeled root C remained in topsoil samples, 
regardless of the incubation depth. SOC mineralization in the investigated subsoil was thus more influenced by 
the micro environmental conditions such as a larger spatial segregation between decomposers and substrate 
than by the macro environmental conditions. 
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In the high rainfall zone of south-eastern Australia, crop yields are often constrained by naturally dense, heavy 
clay subsoils that are poorly structured, restrict the movement of air and water and impede root growth. 
Subsoil manuring – the practice of incorporating high rates of nutrient-rich organic amendment into the subsoil 
by deep ripping – has been shown to significantly increase crop yields through improvement of the physical, 
chemical and biological properties of the subsoil. Although soil microorganisms are considered to be key to this 
process there has been minimal research into their role in subsoil amelioration. To address this, a series of 
laboratory and field experiments were conducted to test the effect of subsoil manuring with a range of 
amendments, crops and soil types. Community fingerprinting, metagenomics and metaproteomics were used 
to assess changes in the structure and function of the soil microbial community after addition of organic 
matter. Soil and plant data were also collected in order to understand the relationship between the microbial 
community, soil physicochemical characteristics and crop performance. It was found that subsoil manuring 
resulted in rapid and lasting changes in the bacterial and fungal communities, with significant differences in 
abundance and diversity observed between untreated subsoils and those amended with organic matter. 
Addition of the amendment altered the microbial population of the subsoil so that it more closely resembled 
that of the topsoil. The nitrogen content of the amendment appears to be the key driver of changes in the 
structure of the native microbial community, and increases in plant growth, after subsoil manuring. The next 
stage of this project aims to utlise integrated multi-omics technologies to investigate structural changes in 
more detail and identify the functional roles of the key species involved, as well as clarify the impact of 
amendments with differing carbon and nutrient contents. It is hoped that understanding the microbiological 
processes involved – and their plant and soil interactions – will ultimately lead to the ability to engineer these 
systems for enhanced productivity and profitability of agricultural production. 
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Subsoil microbial communities may react differently to root litter addition than topsoil communities. Our study 
aimed to analyze the composition and activity of microbial communities after addition of 13C labeled wheat 
root litter to a loamy soil under grassland at 30, 60 and 90 cm depths, during a three-year field experiment. We 
investigated C degradation, enzyme activities and changes in litter composition and related it to the dynamics 
of bacterial and fungal abundances and community structures studied by genetic tools. The abundance of 
fungal and bacterial communities (16S and 18S rDNAs and PLFA) and the potential activities of enzymes 
involved in the C- and N-cycles were significantly higher at the top 30 cm compared with deeper soil 
throughout the experiment. Both were stimulated by fresh litter input. A trend to decreasing bacterial and 
fungal richness was noted after root litter addition at 30 cm, while richness of bacteria at 90 cm and those of 
fungi at 60 and 90 cm increased. Moreover, root litter addition caused a reduction of the Shannon Weaver 
Diversity index and a shift in microbial community structure at all three depths, which was more pronounced 
for bacteria at 30 and 60 cm and for fungi at 90 cm. The changes during litter degradation resulted in similar 
dynamics of most enzyme activities at all depths. Chitinase activity was enhanced after 29 months compared to 
initial conditions indicating the availability of high amounts of microbial detritus. The degrading microbial 
community as assessed by 13C PLFA showed similar temporal dynamics at all three depths. Fungal contribution 
to this community decrease during later stages of litter degradation, while the contribution of Gram+ bacteria 
increased. We conclude that litter addition leads to convergence of microbial communities of top- and subsoil 
through stimulation of copiotrophic populations. 
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Question 

 
Soil organic matter (SOM) decomposition is governed by organic C input, activity of soil microorganisms, 
availability of nutirients, and spatial distributuon of so-called hot spots down the soil profile. Rhizodeposits are 
known to stimulate microbial activity and SOM decomposition in topsoil, while their role in deep horizons has 
not been sufficiently estimated. We hypothesized that the increased microbial activity in rhizosphere was 
linked with higher diversity of soil microbial communities in rhizosphere, with more pronounced rhizosphere 
effect in the top than in deep soil. 
 
Methods 

 
We determined C turnover rates, nutrients stoichiometry in SOM pools, and microbial community structure in 
podzolic soil under spruce trees (Tver region, Russia). The rhizosphere factors (Rf) expressed as a ratio of soil 
characteristics in rhizosphere to those in bulk soil were determined in the top AEL and deep EL horizons. 
 
Results 

 
The most prominent rhizosphere effect (Rf > 1.5) was revealed for microbial biomass C, basal respiration, and 
SOM turnover. Intensified SOM turnover was related to the increase in polysaccharides percentage in 
rhizosphere SOM, as indicated by NMR spectroscopy. C:N:P stoichiometry in microbial biomass might also 
affect the SOM decomposition; the C:N ratio in rhizosphere microbial biomass was higher than that in bulk soil, 
while C:P showed the opposite trend. Rf for SOM turnover in top soil was about 1.5, while it reached 6 in the 
deep soil horizon. 16S rRNA amplicon sequencing revealed considerable differences in microbial community 
structure for rhizosphere and bulk soils. Rhizosphere soils were found to have higher microbial diversity, with 
significant contribution of both Gram-positives and Gram-negatives, including Acidobacteria, 
Alphaproteobacteria, Betaproteobacteria, Gammaproteobacteria, Solibacteres, and Spartobacteria. Bulk soil 
showed dominance of Gram-positive bacterial orders Bacillales and Clostridiales with the total relative 
contribution of more than 80% and 50% for top and deep horizons, respectively. 
 
Conclusions 

 
Thus, we confirmed our first working hypothesis that high microbial diversity in rhizosphere stimulates 
microbial activity and turnover, and rejected the second one: Rf values for microbial activity in deep soil were 
higher than in topsoil. 
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Soil microbial biomass is considered to be the eye of the needle through which soil organic matter (SOM) 
passes more than once for its formation by decomposition of plant residues and re-mineralization of SOM for 
release of plant nutrients. Soil microorganisms are not evenly distributed throughout the soil profile. Turn-over 
and distribution in surface and subsoil depends on many factors like type of amendments, nutrient availability 
and other abiotic factors. Seasonal variation in temperature, soil moisture, rainfall, etc. plays an important role 
in distribution and turnover of SOM than treatment effects. It is generally considered that substrate quality is 
inferior in subsoil as compared to that in the top soil. It is widely thought that both substrate pool and 
microbial biomass generally decline and activity also decreases with increasing soil depth. Sub-surface soils 
have a greater potential to store carbon, as a result, any management driven factor for stimulation or 
repression of microorganisms in subsoil could impact biogeochemical cycling in agricultural sites. The present 
paper deals with investigating the effect of some non-traditional essential oil bearing crops viz mint (Mentha 

arvensis), Palmarosa (Cymbopogon martinii) and traditional crops like wheat and mustard (Brassica juncea), 
and management (fertilizer and no fertilizer) on microbial community composition and its activity at two 
depths (0-15 cm) and (15-30 cm) in an arable soil belonging to subtropical Indo-gangetic alluvium. In this study, 
we investigated the effects of two different treatments as above on microbial community and its function at 
two different depths in an arable field which was under cultivation following some cropping system for more 
than 20 years. The crops grown had a significant influence on soil microbial biomass and microbial communities 
in top soil and sub-surface soil. This is presumed to be due to crop specific root distribution, root-exudation and 
root derived compounds. We further observed a significant translocation process of microbial substrate, which 
was affected by the seasonal changes. Specific enzyme activity was observed to be increased in the subsoil. It is 
necessary to quantify turnover times of enzymes and their respective substrates in subsoil and to understand 
the importance of subsoil microbial ecology for C dynamics in arable soil profile. 
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Soils are the largest terrestrial store of carbon; however current estimates of soil organic carbon (SOC) are 
based largely on surficial measurements from 0.3 to 1 m deep. Many of the world"s soils greatly exceed 1 m 
depth and there are numerous reports of biological activity to depths of many metres. As a result, global soil 
carbon stores are likely to be much greater than generally recognized. The extent to which carbon may be 
stored in deep soil profiles is currently unknown and we provide the first detailed analysis of these previously 
unreported stores of carbon. Although several studies report carbon storage to depths of up to 8 m, our results 
suggest that carbon is stored within deep soil profiles to bedrock, here 5 to 38 m deep, and thus comprise in 

toto stores two to five times greater than would normally be reported. This finding has major implications for 
estimates of global carbon storage and modelling of the potential global impacts of climate change and land-
use change on carbon cycles. Our work also demonstrates the need for a reassessment of the current arbitrary 
soil sampling depths for assessing carbon stocks, a revision of global SOC estimates and elucidation of the 
composition and fate of deep carbon in response to land use and climate change. 
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Modelling carbon cycling in surface soils and subsoils requires knowledge of microbial components (pools and 
process rates) to accurately predict feedbacks between soil habitats and organic matter decomposition. Our 
project provides the analytical basis needed to improve the parameterization of biogeochemical models. For 
that we conducted a field experiment with 13C-labelled leaf litter at the Grinderwald study site in a beech forest 
in Lower-Saxony, Germany, to trace the fate of litter-derived dissolved organic carbon (DOC) from the soil 
surface to deep soil environments and the contribution to soil organic matter (SOM) pools and turnover with 
increasing depths. Starting in January 2015, labelled leaf litter was applied on the soil surfaces of three plots 
surrounding soil observatories, where DOC fluxes and habitat conditions such as soil temperatures and water 
contents were continuously measured in different soil depths. After almost 2 years of litter decomposition and 
input of DO13C into the soil, the labelled litter was completely removed in November 2016 and the original non-
labelled litter was applied to set a second (unlabelled) DOC pulse to follow the temporal and spatial 
development of DOC turnover and storage in different C pools. After litter replacement, soil samples were 
taken in 15 different soil depths from the soil surface to a depth of 180 cm in three sampling campaigns. We 
follow the release of 13C-carbon from specific groups of soil microorganisms (based on 13C-phospholipid fatty 
acids) in the field to account for acclimation of soil microbial communities to different soil resources as well as 
abiotic and climatic conditions at different soil depths. Our results will help to better constrain the contribution 
of microbially derived carbon and the effectiveness of the microbial loop. 
 
 



Session 5c: Biology of deep soils: The final frontier? 

6th International Symposium on Soil Organic Matter  273 

P-5c.04 

 

Microbial regulation of carbon cycling in topsoil and subsoil: A reciprocal soil translocation 

experiment separated the response of root addition from environmental conditions 

 

*Sebastian Preusser1, Christian Poll1, Sven Marhan1, Jörg Bachmann2, Ellen Kandeler1 
1University of Hohenheim, Institute of Soil Science and Land Evaluation, Stuttgart, Germany 
2Leibniz-Universität Hannover, Institute of Soil Science, Hannover, Germany 
 
More than 50 % of soil organic carbon (SOC) is stored below 30 cm soil depth. Not only carbon (C) contents and 
dynamics, but also microbial communities as key players of C processing differ in abundance, distribution and 
diversity between top- and subsoil. Nevertheless, the impact of changes in habitat conditions on microbial 
decomposers and microbial functioning in subsoil is largely unexplored. A reciprocal translocation experiment 
with additions of 13C-labelled beech root litter allowed us to distinguish between micro-climatic/micro-
environmental and substrate effects on microbial decomposer groups under in situ conditions in top- and 
subsoil habitats. Top- and subsoil samples of an acid and sandy Dystric Cambisol under beech (Fagus sylvatica 
L.) forest in Lower Saxony, Germany, were buried into three soil depths (5 cm, 45 cm and 110 cm) and thus 
exposed to depth-dependent habitat conditions. The objective was to investigate the microbial abundance and 
root decomposition activity (13C microbial biomass and 13C phospholipid fatty acids) in three month intervals up 
to a maximum exposure time of one year. Additionally, micro-environmental conditions in different soil depth 
such as soil temperature and water content were recorded. Root additions increased the microbial biomass in 
all soil layers, which could largely be attributed to enhanced growth of preferentially root-decomposing fungi. 
Furthermore, altered micro-environmental conditions such as different C-inputs into top- and subsoil habitats 
affected both fungal and bacterial (gram+ and gram- bacteria) decomposer groups with highly increased 
abundances of all microbial groups in samples translocated to topsoil habitats. We concluded from our 
reciprocal field experiment that bacterial abundance is driven to a higher extend by substrate availability than 
by micro-climatic conditions. In contrast, fungi showed also high sensitivity to spatial and temporal pattern of 
the micro-climatic conditions in the soil profile. Consequently, the reciprocal translocation experiment clarified 
the habitat and substrate preferences of bacterial and fungal decomposer groups within the soil profile. 
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Increasing concentrations of atmospheric CO2 are currently causing concern globally in relation to climate 
change. Soils contain approximately 2500 Gt of organic carbon globally and represent the largest terrestrial 
pool of organic carbon. Cultivation and management of agricultural soils globally and the associated liberation 
of carbon as CO2 have been cited as major factors contributing to this atmospheric CO2 increase. It is widely 
acknowledged that soils that are degraded, or carbon depleted offer the potential to store significant 
additional quantities of carbon by implementing judicious land management practices. Soil analysis has 
typically focused on the 0-30 cm soil layer, but it is now known that as much as 50% of soil carbon can be 
stored below 30 cm. Knowledge concerning the factors responsible for the stability of carbon stored in deeper 
soils is a key knowledge gap. There is also a need to examine factors affecting soil carbon storage at depth 
under specific land-uses and land use management strategies to assess their capacity for soil C sequestration. 
This project seeks to characterize the carbon storage in soils under a range of current land uses in UK down the 
whole soil profile, to determine the stability of SOC in these soils and to identify potential land management 
changes that can be implemented to store additional soil carbon deep in soils. This study will quantify, compare 
and mechanistically explain soil carbon storage under woodland, grassland and arable land in the UK. Soils will 
be sampled down the soil profile under each land use and analysed for total organic carbon (TOC). Physical 
fractionation methods will be employed to quantify stabilisation due to physical protection (in aggregates) and 
chemical protection (due to sorption on clays) along with soil chemical status (N availability, pH, C: N ratio), the 
chemical composition of organic carbon (NMR, FTIR) and the soil biological community (microbial biomass, 
activity and structure. Further work will focus on the resilience of carbon stored in deep soils and its 
susceptibility to decomposition in response to land management or environmental change. 
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Deployment of deep-rooted crops is suggested to contribute to climate change mitigation by stimulating soil 
organic carbon (SOC) storage in deep soil layers where turnover of SOC is generally slower than in topsoil. Yet, 
there are few systematic studies on underlying mechanisms and how to optimize SOC content through deep-
rooted crops. The aims of this study were to investigate the role of root chemical composition on carbon (C) 
mineralization dynamics in topsoil (20 cm) and subsoil horizons (60 and 300 cm) of a cultivated sandy loam, and 
to test the influence of root and soluble C input on soil microbial and enzymatic activities in the different 
horizons. We firstly analyzed the chemical properties of root fractions from divergent plant species and 
selected specific samples for an incubation study to measure the turnover of root-derived C in topsoil and 
subsoils under controlled laboratory conditions at 20 °C during an incubation period of 20 weeks. During the 
incubation period, soil respiration (CO2 production rate), enzyme activity (β-glucosidase) and C substrate 
utilization (MicroRespTM) were measured. Our results substantiated that root-derived C mineralization was 
significantly higher in topsoil than subsoil horizons. However, notable C mineralization also occurred in the 
subsoil horizons after a lag period of 2-3 days. The initial C mineralization rate varied greatly among root 
materials in all three soil depths, not at least for CO2 production in subsoil horizons. This could be partly related 
to the root chemical quality, notably the nitrogen (N) content, which suggests that root N facilitated the 
microbial activity. Overall, the addition of root materials increased enzyme activities in all three soil depths 
after incubation for 1, 5 and 20 weeks compared to the initial stage of 2 h after incubation. When the response 
was tested to added soluble C substrates, i.e., glucose, N-acetyl-D-glucosamine (NADG) and vanillin, it was 
found that turnover of at least glucose and NADG was stimulated in the subsoil horizons after longer time 
incubation with root materials. Specifically, the turnover dynamics of the N-containing substrate NADG 
supported that the C mineralization potential in deep soil horizons may generally be limited by low soil N 
content. 
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Depth-related variation in the composition of hot water soluble carbon in forest soils 

 

Elena García-Campos1, Fernando Gil-Sotres1, *Carmen Trasar-Cepeda1 
1IIAG-CSIC, Soil Biochemistry, Santiago de Compostela, Spain 
 
Introduction 
 
The fraction of soil organic matter (SOM) that is soluble in hot water (usually at 80º C) is considered one of the 
most labile fractions and one of the most rapidly used by the edaphic microbiota, although this depends on the 
chemical composition, amongst other factors. In the present study, we investigated the depth-related 
distribution (0-50 cm) of the total carbon, carbohydrates and polyphenols extractable in hot water in forest 
soils. 
 

Material and Methods 
 
Three forest soils developed over alluvial material and covered by deciduous species (Populus spp. and Quercus 
spp.) were selected for study. The upper 50 cm of soil were sampled and separated into 0-10, 10-20, 20-30, 30-
40 and 40-50 cm layers for analysis. The hot water (80 ºC) soluble fraction was extracted following the method 
described by Ceccanti et al. (1993). The carbon soluble in hot water (HWSC) and the total soil organic carbon 
(Ct) were analyzed by digestion with dichromate in acid medium. The carbohydrates and polyphenols (CH-C 
and PP-C, respectively) present in the hot water-soluble fraction were analyzed by the methods described by 
Ceccanti et al. (1993). 
 
Results 
 
In general, Ct, HWSC, CH-C and PP-C decreased gradually with depth and were found at much lower 
concentrations at a depth of 50 cm than at the surface. The proportions of HWSC, CH-C and PP-C relative to C 
and those of CH-C and PP-C relative to HWSC also decreased with depth. However, although the decrease in 
the proportion of PP-C occurred gradually throughout the soil profile, the percentage of CH-C relative to that of 
HWSC was fairly constant in the upper 40 cm of soil and decreased sharply in the lowest layer of soil analysed. 
In all three soils the CH-C/PP-C ratio increased in the mid section of the profile and decreased sharply at depth. 
 

Discussion and conclusions 

 
Although depth-related variations were expected, the variation in the CH-C/PP C ratio revealed that 
enrichment of carbohydrates relative to polyphenols occurred at a depth of 10-40 cm, possibly due to the 
presence of root exudates. 
 

References 
Ceccanti, B., Masciandaro, G. and García, C., 1993. Anaerobic digestion of straw and piggery waste water: I. 
Preliminary studies. Agrochimica 47, 147–156. 
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Impact of plant litter addition on microbial community composition and functioning at different 

soil depths under field conditions 

 

*Muhammad Sanaullah1, Abad Chabbi2, Cornelia Rumpel2 
1University of Agriculture, Faisalabad, Institute of Soil and Environmental Sciences, Faisalabad, Pakistan 
2BIOEMCO, Thiverval-Grignon, France 
 
Addition of plant litter in soil at different depths may cause shifts in microbial community composition and 
activity. These effects have up to now been investigated mainly in laboratory studies, which may not be able to 
consider complex in situ conditions. We analyzed the composition and activity of microbial communities after 
addition of 13C labeled wheat root litter to a loamy soil under grassland at 30, 60 and 90 cm depths, during a 
three-year field experiment. We investigated the dynamics of bacterial and fungal abundances and community 
structures by DNA genotyping and pyrosequencing of 16S and 18S rDNAs. The genetic structures of bacterial 
and fungal communities were evaluated by automated ribosomal intergenetic spacer analysis. The functions of 
these communities were analysed by determination of extracellular enzyme activities and viable microbial 
communities involved in 13C labeled organic matter decomposition studied by 13C PLFAs. The abundance of 
fungal and bacterial communities (16S and 18S rDNAs and PLFA) and the potential activities of enzymes 
involved in the C- and N-cycles were significantly higher at the top 30 cm compared with deeper soil 
throughout the experiment. Both were stimulated by fresh litter input. A trend to decreasing bacterial and 
fungal richness was noted after root litter addition at 30 cm, while richness of bacteria at 90 cm and those of 
fungi at 60 and 90 cm increased. Moreover, root litter addition caused a reduction of the Shannon Weaver 
Diversity index and a shift in microbial community structure at all three depths, which was more pronounced 
for bacteria at 30 and 60 cm and for fungi at 90 cm. The changes during litter degradation resulted in similar 
dynamics of most enzyme activities at all depths. The degrading microbial community as assessed by 13C PLFA 
showed similar temporal dynamics at all three depths. Fungal contribution to this community decreased during 
later stages of litter degradation, while the contribution of Gram+ bacteria increased. We conclude that litter 
addition led to convergence of microbial communities of top- and subsoil through stimulation of copiotrophic 
populations. Soil microbial community structures are thus connected with the amount of fresh litter input. 
Enzyme activities and 13C PLFA reflect to some extent the changes occurring during degradation, i.e. exhaustion 
of fresh plant material and accumulation of detritus. 
 
 



Session 5c: Biology of deep soils: The final frontier? 

6th International Symposium on Soil Organic Matter  278 

P-5c.09 

 

The use of 13C enriched CO2 to determine how vegetation affects carbon cycling and sequestration 

in organic topsoil and deep mineral soil  

 

*Lorenzo MW Rossi1, Alexia Stokes1, Rémi Cardinael2,3,4,5, Luis Merino-Martin1, Olivier Taugourdeau6, 
Alexandru Milcu7,8, Jacques Roy8, Delphine Derrien9, Giacomo Russo10, Zhun Mao1 
1INRA, AMAP, Montpellier, France 
2CIRAD, UPR Aida, Montpellier, France 
3IRD, UMR Eco&Sols, Montpellier, France 
4AgroParisTech, UMR Ecosys, Thiverval-Grignon, France 
5CIRAD, Harare, Zimbabwe 
6Valorhiz, montpellier, France 
7CNRS, CEFE, Montpellier, France 
8CNRS, Ecotron, Montpellier, France 
9INRA, Biogéochimie des Ecosystèmes Forestiers, Nancy, France 
10UNICAS - University of Cassino and Southern Lazio, Geotechnical engineering, Cassino, Italy 
 
Within a geotechnical context, deep mineral soil in road embankments has increasingly been moved to the 
surface and used as topsoil. The impact of this technique on carbon (C) cycling across the plant-soil-microbial 
community interfaces and C sequestration has rarely been investigated. In this study, we aim to investigate the 
C cycling and storage processes when subsoil is moved to the surface and then planted with herbaceous 
species. To do this, we have carried out an experiment at the Ecotron (http://www.ecotron.cnrs.fr/) microcosm 
facilities using isotope labeling techniques. Three continuously labeled chambers where CO2 is enriched with 
13C will be used to grow two plant species: Medicago sativa and Plantago lanceolata, both of which are 
routinely chosen to plant on road embankments. The two species will be grown in pots with two soil regimes: i) 
organic topsoil and ii) mineral subsoil, and bare soil will be used as a control. The soils originated from the same 
clay soil profile in Pisciotta (Italy), and were taken at different depths: 0-30 cm for topsoil and 120-150 cm for 
subsoil. Air enriched with 13C in CO2 will be continuously infused in the growth chambers for 6 months. The 
following analyses will be performed: i) weekly respiration tests and percentage of 13C in the respired CO2, ii) 
soil analyses e.g. physical separation of soil organic matter into aggregate, particle-size and density fractions, 
iii) assessment of soil organic carbon (SOC) stock and concentration and 13C percentage in the different soil 
fractions and iv) microbial biomass and functional diversity. The expected results are the determination of the 
origin and quantification of respired and sequestered C for the two different soils. Mineral soil is expected to 
store C more rapidly due to its low initial C content and lower microbiological activity. Mineralogy analysis and 
differences between soil microbiological communities between soils will be measured to help explain any 
differences in the rates of soil respiration and C distribution and stock in different soil fractions. 
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Agroforestry as a tool to mitigate climate change 

 

*Maria Rosa Mosquera Losada1, José Javier Santiago Freijanes1, *Nuria Ferreiro-Domínguez2,1, 
Antonio Rigueiro-Rodríguez1 
1Univ. Santiago Compostela, Crop Production Engineering Project, Lugo, Spain 
2Univ. Santiago Compostela, Lugo, Spain 
 
ABSTRACT 

 
Agroforestry practices (AP) can be defined as a way of sustainable land management which are characterised 
by favouring the ecointensification, understood as the optimization of the resources use per unit area. The 
ecointensification implies an increase the biomass production per hectare which is translated into a C storage, 
mainly in the soil that stores more than 80% of the C of terrestrial ecosystems. Recently, different international 
institutions such as the FAO and the European Commission have highlighted the need to extend the use of the 
AP as a mechanism to mitigate the climate change. The European Union Decision 529/2013 points to AP as a 
form of mitigation on agricultural lands. This decision also encourages the grazing in the forest areas in order to 
reduce the emissions from the forest fires but without identify this management type as an AP. All these 
aspects are very important in the context of the fight against climate change through the CAP because after a 
public consultation organized by the European Commission among the member states, it is concluded that the 
promotion of the mitigation and the adaptation to climate change must be carried out through the direct 
payments of the CAP. In terms of adaptation, the search for varieties adapted to develop under the shade of 
trees is currently being promoted in order to improve biomass production and resilience to extreme 
temperatures. The major problem of the agroforestry systems is the lack of knowledge on how, when and 
where to mix the species, including the woody species. For this reason, the AFINET project has recently been 
approved, which aims to compile practical and scientific knowledge of AP, in different languages, to make it 
available to the owners of the farms. 
 
Funding: European Commission through the AFINET project (contract 727872) and XUNTA DE GALICIA, 
Consellería de Cultura, Educación e Ordenación Universitaria (Programa de axudas á etapa posdoutoral DOG 
nº122, 29/06/2016 p.27443, exp: ED481B 2016/071-0) 
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Size and drivers of the topsoil microbial biomass pool across China's ecosystems 

 

*Kun Cheng1, Xiangrui Xu1, Genxing Pan1, Pete Smith2, Qian Yue1 
1Nanjing Agricultural University, Nanjing, China 
2University of Aberdeen, Institute of Biological and Environmental Sciences, Aberdeen, United Kingdom 
 
The size and activity of soil microbial biomass is critical for organic decomposition and biodiversity, which drive 
earth"s biogeochemical cycling and ecosystem functions provided by soils. However, knowledge of regional 
pools and the driving factors of microbial biomass in soils across a wide range of ecosystems is limited. In this 
study, the size of the microbial biomass pool in China"s soils were quantified and characterized in terms of land 
uses and climate regime, using data from 252 observations retrieved from published literature. On average, the 
microbial biomass carbon (MBC) concentration in China"s soils were 292.20 mg/kg. Among ecosystem types, 
wetlands had the highest MBC (583.75 mg/kg) while arable soils had the lowest (216.32 mg/kg). While the 
MBC/SOC ratio was on average 1.68% across all the types, it was as high as 2.42% in rice paddy, being 
significantly higher than in other ecosystems. Factorial analysis indicated that mean annual precipitation, SOC, 
total nitrogen (N) concentrations and soil C to N ratio had positive impacts, but pH and bulk density had a 
negative impact on microbial biomass carbon concentration. However, the main drivers for the microbial 
quotient (MBC/SOC ratio) included mean annual temperature, SOC and total N concentrations, as well as soil C 
to N ratio. Finally, based on the estimation of mean microbial quotient, we estimated a MBC pool of 498 TgC 
for the topsoil of China"s soils. A statistical model was developed for predicting the MBC pool variation with 
soils among the studied ecosystems of China, which explained 48% of the variance. This study also shows a 
distinct pattern among SOC-microbial biomass-microorganism in paddy rice soils, which is very different to 
other soils. 
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O-6a.01 

 

Decomposition and turnover of rice shoot and root residues, rhizodeposits, and microbe-

assimilated carbon in paddy soil 

 

*Zhenke Zhu1, Tida Ge1, Olga Shibistova2, Georg Guggenberger2, Jinshui Wu1 
1Institute of Subtropical Agriculture, Chinese Academy of Sciences, Changsha, China 
2Leibniz Universität Hannover, Institute of Soil Science, Hanover, Germany 
 
Question  
 
The input of recently photosynthesized carbon (C) has significant implications on soil organic C (SOC) 
sequestration. However, there is limited information about the decomposition and turnover of the plant- and 
soil microbe-derived C in paddy soil. 
 
Methods  
 
We conducted a 300-day incubation study with four different 13C–labeled substrates: rice shoots (Shoot-C), 
rice roots (Root-C), rice rhizodeposits (Rhizo-C), and microbe-assimilated C (Micro-C). 
 
Results  
 
The efflux of both 13CO2 and 13CH4 indicated that the mineralization of C in shoot-C, root-C, rhizo-C, and 
micro-C treated soils rapidly increased at the beginning of the incubation and decreased gradually afterwards. 
The highest cumulative C mineralization was observed in root-C-treated soil (45.4 %), followed by shoot-C- 
(31.9 %), rhizo-C- (7.90 %), and micro-C treated (7.70 %) soils. Throughout the incubation period, the priming 
effect of shoot-C on CO2 and CH4 emission was strongly positive; however, root-C did not exhibit a significant 
positive priming effect. Soil organic C-derived emissions were lower in rhizo-C- and micro-C treated soils than in 
untreated soil. Shoot- and Root-C were initially rapidly transformed into the dissolved organic C (DOC) pool, 
while their recovery in microbial biomass C (MBC) and SOC increased with incubation time. The percentages of 
Rhizo- and Micro-C recovered in DOC, MBC, and SOC pools slowly decreased over time. Shoot and Root-C 
greatly increased the amount of 13C–PLFA in the initial 50 d incubation, which concerned PLFA being indicative 
for fungi and actinomycetes while those assigning gram-positive bacteria decreased. The dynamic of soil 
microbes utilizing Rhizo- and Micro-C showed an inverse pattern than those using Shoot- and Root-C. Principal 
component analysis of 13C–PLFA showed that microbial community composition shifted obviously in the 
Shoot-C and Root-C treatments over time, but that composition changed little in the Rhizo-C and Micro-C 
treatments. 
 
Conclusions  
 
The contrasting behaviour of the different photosynthesized C substrates derived by soil microorganism 
suggests that recycling rice roots in paddies is more beneficial than recycling shoots and demonstrates the 
importance of increasing rhizodeposits and microbe-assimilated C in paddy soils via nutrient management. 
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Root morphology interacts with nutrient availability in shaping rhizosphere processes 

 

*Amit Kumar1, Manisha Koirala2, Yakov Kuzyakov1,2, Johanna Pausch3,2 
1University of Goettingen, Agricultural Soil Science, Goettingen, Germany 
2University of Goettingen, Soil Science of Temperate Ecosystems, Goettingen, Germany 
3University of Bayreuth, Department of Agroecology, Bayreuth, Germany 
 
Rhizosphere processes are driven by roots and soil microorganisms. Microbial activity in the rhizosphere 
increase nutrient mobilization and consequently net primary productivity of plants. Rhizodeposition is 
intimately linked to root morphology. The presence of root hairs, for instance, increases root exudation. 
Furthermore, root hairs play crucial role for nutrients" acquisition, but their effects on SOM turnover and 
nutrient cycling in soil still remains unknown. We investigated the effects of root hairs, with or without P-
fertilization, on maize biomass production and nutrient cycling in soil. We hypothesized that 1) root hairs 
increase rhizodeposition, which stimulates microbial activity and enhance nutrient turnover, and 2) in P-limited 
soils, microbes mine for P by producing exoenzymes mineralizing SOM. Maize (Wild type and roothairless 3 
mutants) was grown in P-limited soil with or without P-fertilization. Plants were harvested 30 days after 
planting (DAP) (T1), 45 DAP (T2), and 64 DAP (T3) corresponding to tillering, stem extension, and heading stage. 
Before harvesting, total soil CO2 was trapped in NaOH to estimate soil CO2 efflux. Thereafter, plant biomass, 
microbial biomass (Cmic, Nmic, Pmic), activities of β-1,4-glucosidase (BG), β-1,4-N-acetylglucosaminidase 
(NAG), L-leucine aminopeptidase (LAP), and acid phosphatase (acP) were determined. P-fertilization increased 
plant biomass similarly for the wild type and the mutants at all harvesting times. Root activity increased Cmic, 
Nmic, Pmic, and soil CO2 efflux. P-fertilization decreased Pmic and Nmic especially at T2 and T3 for wild type 
and rth3 mutants. At tillering, when plants are sufficiently supplied with nutrients, no change or 
downregulation of enzyme activities (except for BG) in rhizosphere soils demonstrates microbial utilization of 
available nutrients. When nutrients become scarce (stem elongation and heading), root hairs intensified plant-
microbial competition for P and N, which is shown by higher enzyme activities under the wild type especially in 
unfertilized soils. Our study supports the theory of microbial activation through living roots by release of 
rhizodeposits. In nutrient poor soils, root hairs enhance net primary production, intensify plant-microbial 
interactions and regulate nutrient cycling. 
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Litter quality and agricultural practices impact the CNP stoichiometric homeostasis of the soil 

microbial biomass 

 

*Haijing Yuan1,2,3, Philippe Hinsinger2, Stephan Hattenschwiler4, Alex Milcu4,5, Isabelle Bertrand2 
1Fujian Agriculture and Forestry University, Fuzhou, China 
2UMR Eco&Sols, Montpellier, France 
3Center for Agricultural Resources and Research, CAS, Shijiazhuang, China 
4CEFE UMR 5175, CNRS - Université de Montpellier - Université Paul-Valéry Montpellier - EPHE, Montpellier, 
France 
5 CNRS-Ecotron, UPS 3248, Campus Baillarguet, Montferrier sur-Lez, France 
 
In the context of agroecology, decreasing nutrients (N and P) inputs whilst increasing their recycling is a major 
challenge. There is thus a need for better understanding the legacy effect of agricultural practices on soil 
microbial abilities to mineralize litter with contrasted CNP contents. Indeed, studies on the dynamic 
interactions between litter quality, soil microbial biomass and agricultural practices have been mainly focused 
on C and N so far, with little for P. Using the framework of ecological stoichiometry, we investigated the legacy 
effect of three contrasted land uses on the functional relationships between soil microbial biomass CNP, their 
nutrient acquisition strategies through CNP enzyme excretion and the decomposition of litter of contrasting 
quality. To this end, an in-situ litter bag experiment was conducted using a reciprocal transplant design across a 
land use gradient in the Southern France under the same Mediterranean climate. Land uses corresponded to i) 
low disturbed soil of 25-year old walnut plantation without fertilization and pesticides, ii) agricultural plot with 
organic practices, without fertilization and pesticides, since 2009 and iii) the same soil type as in the organic 
treatment but with conventional management. A total of 180 litter bags of wheat straw, pea and walnut leaves 
were buried at 8 cm depth into the three land use plots. Litter and microbial biomass C:N:P ratios, enzymes 
related to CNP cycles and available nutrients (dissolved organic C, mineral N, Olsen P) were monitored after 0, 
60 and 130 days of decomposition. Results showed that the decomposition rate of pea leaves was significantly 
(P<0.001) higher than that of wheat straw and walnut leaves, irrespective of soil type. The legacy of the soil 
management rather than litter type played the dominant role (variation source > 50%) in controlling the 
dynamics of soil available CNP elements and microbial biomass. The microbial CNP stoichiometric analysis 
showed that soil microorganisms were varied their degree of homeostasis with the organic matter resource 
and soil type. The vector analysis of soil enzyme activities indicated that the microbes were mining for N rather 
than for P during organic matter decomposition. 
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Control of soil organic matter on sorption of phosphate in acid sandy soils at different saturation 

degrees 

 

*Lisa Mabilde1, Stefaan De Neve1, Steven Sleutel1 
1Ghent University, Soil management, Ghent, Belgium 
 
Introduction 

 
While short-lived displacement of ortho-phosphate (o-P) by exogenously applied organic matter (OM), e.g. 
organic acids, manure has been studied widely, the manifestation of long-term competition between OM and 
o-P in soil is not clear. Especially in acid sandy soils with very low clay% and historical excessive P-fertilization, 
as in Flanders, Al- and Fe-(hydr)oxides are the most important o-P adsorbents. Competition with native soil OM 
for these binding sites could be very pertinent. If so, o-P saturation degree (PSD) could exert an important 
control on accumulation and mobility of soil OM. Analogously, soil OM status of these soils could determine P-
availability and proneness for leaching. 
 
Objectives 

 
The primary aim is to test if the silt+clay fraction OM content affects de novo P-sorption. Secondly, the 
interactive effect of PSD on this effect is tested. A final objective is to see if additional factors like ratio of Fe 
and Al and if OM quality affect soil P-sorption. 
 
Methods 

 
By way of o-P-sorption experiments, the competition between o-P and native OM for binding on these mineral 
surfaces are indirectly analysed. 50 sandy cropland soils varying in soil OM content and within three PSD-ranges 
(10-25, 30-40, 55-65%) were selected. All selected soils showed no co-variation in PSD and soil OC%, otherwise 
often linked for agriculturally managed soils. In addition, soil pH, NH4-oxalate and DCB-extracted Al, Fe and P, 
total and particulate C% were measured to investigate factors such as soil mineralogy and texture involved in 
the adsorption process. At the US-NREL, Py-MBMS is used to probe the bulk SOM molecular-level composition. 
 
Results 

 
Experimental results are currently being analysed and will be presented during the symposium. Comparison of 
sorption characteristics of soils all within a similar PSD-range will elucidate the control of soil OM level on 
further P sorption. In soils with high PSD, the impact of soil OM level on o-P sorption is hypothesized to be 
larger than soils with lower PSD%, because available mineral surface is critically limited. We expect a greater 
control of hydrophilic OM on P sorption, as carbohydrates and proteinaceous N and not lipids are known to be 
selectively bound with pedogenic oxides. Future sorption experiments will use 32P-PO4, to cope with the P-
desorption in soils with high PSD. 
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Varying effects of six gramineae and one leguminous grassland species on soil organic matter 

cycling 

 

*Tanvir Shahzad1, Sabir Hussain1, Faisal Mahmood1, Sébastien Fontaine2 
1Government College University Faisalabad, Department of Environmental Sciences & Engineering, Faisalabad, 
Pakistan 
2INRA, Grassland Ecosystem Research Unit, Clermont Ferrand, France 
 
Plant species vary in terms of the amounts and quality of rhizodeposition they produce. Depending on their 
exploitative or conservative growth strategy, they also differ in terms of the amounts of and the duration for 
which mineral N they retain in their body mass. Consequently, plants may affect the soil organic matter (SOM) 
processes by these two ways which needed to be explored. We selected six gramineae species i.e. Trisetum 

flavescenes, Poa trivialis, Lolium perenne, Festuca arundinacea, Bromus erectus and Brachypodium pinnatum as 
well as a legume i.e. Trifolium repens that can fix atmospheric N and thus impose positive or the least negative 
N balance. It was hypothesized that the plants depositing higher amounts of fresh C will induce higher 
mineralization of SOM and more C will be stocked under the plants which impose least negative N balance in 
soil. All the plants were grown in monocultures in pots whereas bare soils were used as controls. All the pots 
were placed in a continuous 13C labelling environment in a mesocosm. The isotopic labelling allowed 
distinguishing soil-derived CO2 efflux from plant-derived CO2 and calculation of rhizosphere priming effect 
(RPE, soil-derived CO2-C from planted soils minus CO2-C from bare soils). The respiration measures were 
regularly carried out for planted as well as bare soils. After ~400 days of plant growth, soils were destructively 
sampled and analysed for various C and N pools i.e. microbial biomass, particulate organic matter, soluble 
carbon, mineral N, total N, nitrogen mineralization and immobilization rates. 
 
The presence of plants accelerated the SOM mineralization significantly i.e. RPE was induced. All the gramineae 
species induced ~ 2 times whereas the legume induced ~ 4 times the SOM mineralization when compared to 
control soil. The RPE, when expressed per unit of fresh C respired from soil-plant system, varied across species 
and was the lowest for the legume. Whereas, fine and coarse POM contents, nitrogen mineralization rates and 
microbial biomass were significantly highest in legume treatment. All the gramineae species induced similar 
rates of RPE despite varying in terms of rhizodeposition indicating the importance of quality of rhizodeposition 
in inducing the RPE. Moreover, the legume plant induced the highest RPE in contradiction to our hypothesis. 
However, when RPE was expressed per unit of fresh C respired from soil-plant system, an indicator of 
rhizodeposition, the legume plant induced the lowest amount of RPE, suggesting that the legume plant is 
inducing net storage of fresh C in soil. 
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Degree of aggregation and soil organic carbon content affect priming effect in a mollisol in 

northeast China 

 

*Mengyang You1, Xiaozeng Han1, Jun Yan1, Xu Chen1, Na Li1, Wenxiu Zou1, Xinchun Lu1 
1Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Harbin, China 
 
The degree of protection provided by aggregation against decomposition of soil organic carbon (SOC) depends 
in part on the size of aggregates. However, it is not clear how aggregate size distribution affects the priming 
effect (PE) of substrate additions on mineralization of SOC in aggregates. To better understand this, we 
conducted a 60-day incubation with soils varying in SOC content and aggregation: a grassland, a farmland, and 
a bare soil with 51, 32, and 27 g kg-1 SOC, respectively. Soils were separated into undisturbed (bulk) and 
disturbed treatments. Substrate additions consisted of 13C-labeled glucose and alanine, and the 13C content 
respired CO2 was monitored. Overall mineralization of SOC was accelerated 20% from disturbed soil aggregates 
in the grassland, indicating that macroaggregates afford some protection in this soil, which has more water-
stable aggregates (WSA >0.25 mm) than the other soils. Application of glucose and alanine increased CO2 
production in all treatments with varying SOC contents. The production of CO2 derived from glucose and 
alanine was mainly observed in the first 15 days; relatively less was observed in the grassland soil due to the 
existence of more easily decomposable SOC compared to the farmland or bare soils. The short-term PE was 
positive and was accompanied by a rapid reduction in dissolved organic C and microbial biomass. Compared 
with glucose, a negative PE was observed in the supply of alanine in grassland, resulted in the lowest PE occur 
than that of other soils. Cumulative PE was higher for the undisturbed treatments in bareland, and a greater PE 
was seen in farmland and grassland with glucose applying. We conclude that the differential contribution of old 
and recent C sources to PE is determined by the native biochemistry and physical structure, and the magnitude 
of the PE depends on SOC content and the nature of the substrate addition. 
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Introduction 

 
Identifying the impact of management practices on soil organic matter (SOM) mineralisation is critical to 
appropriately manage plant available nutrients at farm scale. There is however limited understanding of the 
interactive influence of tillage intensity and residue type on native soil organic C (SOC) mineralisation and 
availability of crop nutrients [nitrogen (N), phosphorus (P) and sulphur (S)] in contrasting soils. 
 
Materials & Methods 

 
Crop residues [canola (Brassica napus: 13C ‰  o  heat Triticum aestivum: 13C ‰  ste ] e e added 
into a Luvisol ( 13C - . ‰  a d a Ve tisol 13C - . ‰  o tai ed f o  t o "lo g-term" field experiments, and 
incubated for 126 days under controlled environment. The three treatments in the Luvisol were: conventional 
tillage (CT) and reduced tillage (RT) under mixed farming and no-till (NT) under continuous cropping. The two 
treatments in the Vertisol were: CT and NT under continuous cropping. 
 
Results 

 
The residue input significantly stimulated SOC mineralisation in both soils via the "positive priming" effect, 
which was greater (p < 0.05) in the CT than RT or NT in the Luvisol, but was similar in the CT and NT in the 
Vertisol. The SOC mineralised after 126 days was 2.6–3.7 and 1.5–2.3 times higher in the canola and wheat 
residue-amended soils, respectively, than the unamended control soils. The CT or RT versus NT had a higher net 
available N in the Luvisol only. Further, crop residue input did not increase net available N cf. no residue 
control, possibly due to N immobilisation exceeding mineralisation. On the other hand, significant amounts of 
available P and S were released in both residue-amended soils after 28–53% of the residue C was mineralised, 
at 126 days, and the Vertisol had a greater net available P than Luvisol. Our results suggest that, in addition to P 
and S release from the residues via mineralisation, considerable quantities of available P and S may be released 
from the soil reserves, for example, via positive priming of SOM mineralisation and possibly via 
dissolution/desorption reactions in the soils. 
 
Conclusion 

 
Crop residue input enhanced the supply of available P and S (with the pattern of CT or RT > NT) and the level of 
net available N, P and S varied with residue and soil type. 
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The rhizosphere represents a zone of elevated microbial activity and enhanced nutrient cycling. Central to this 
activity is the flow of organic compounds, with a relatively high C-to-N ratio, from roots to soil and 
consequences for microbial processes affecting mineralisation of soil organic matter (SOM). This interaction 
between roots and microbial communities is evident in altered rates of SOM turnover, and mobilisation of 
nutrients into plant-available forms, and is termed as the rhizosphere priming effect (RPE). Through application 
of a combination of stable isotope (13C and 15N) labelling approaches we are investigating the coupling of 
plant and microbial processes, and how these interactions are affected by the relative availability of C and 
nutrient resources in the rhizosphere. Our hypothesis is that rhizodeposition may shift the limitation on 
microbial growth and activity from availability of labile C-substrate to the availability of nutrients required to 
balance growth requirements. Under this circumstance, microbial communities may be expected to direct 
activities toward acquisition of limiting nutrients held within SOM (i.e. positive priming). Therefore, a second 
hypothesis is that when mineral nutrients are abundant, this microbial mining response may be reduced, or 
inhibited resulting in reduced SOM mineralisation (i.e. negative priming). We have tested these hypotheses in a 
series of experiments manipulating the relative availabilities of C, N and P to microbial communities and 
quantified impacts on SOM mineralisation. Although priming effects are also affected by intrinsic soil 
properties, our results support the importance of the stoichiometric availability of resources to microbial 
communities in determining the magnitude and direction of rhizosphere priming effects. We have also shown 
that under conditions of N-limitation, but C abundance, the stoichiometry of C and N fluxes from SOM shifts, 
suggesting a directed microbial response mobilising N-rich fractions. Intriguingly, there is also increasing 
evidence that plants have a degree of control over these microbial processes in the rhizosphere, and that 
variation across mapping families of barley is consistent with this having a genetic basis. 
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Decomposition of soil organic matter (SOM) is a result of a tense competition between large numbers of 
microbial groups with various growth strategies. We hypothesised that possible strategy of some microbial 
populations under substrate limitation, is a strong decrease in microbial biomass, e.g., necromass formation. 
Microbial necromass, it turns, serves as labile substrate for surviving microorganisms and, therefore, affects 
decomposition of SOM causing priming effect (PE). To reveal the role of microbial residues as SOM primers, we 
applied 14C- glucose and 13C-plant residues to the range of natural and agricultural soils and partitioned the 
carbon sources (native SOM and substrate-originated C) in CO2 and in microbial biomass. We further related 
the PE observed to kinetic parameters of microbial growth. Positive PE corresponded up to 50% decrease in 
microbial biomass and comprised for about 45% of microbial C losses. This confirmed our hypothesis that 
microbial necromass can be considered as a possible PE source. Surprisingly, such a PE related to decrease in 
microbial biomass was solely observed in soil with domination of fast-growing populations. Our study 
emphasized 1) the role of fast-growing microorganisms in necromass formation in soil and 2) the dual role of 
microbial necromass either serving as a significant source of SOM, or as labile substrates for living 
microorganisms inducing priming effect. 
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Introduction 

 
Simulation models describing C and N turnover in the soil are used to predict and compare the effects of 
manure management practices. The proper calibration of these models requires knowing the sensitivity of their 
outputs (C respiration, CR; and net N mineralisation, NNM) to variations of model parameters. 

 
Objectives 
 
The objective was to study the sensitivity of parameters in C and N modules of four models simulating crops 
and grasslands: STICS, APSIM, EPIC and CN-SIM. 

 
Materials & Methods 

 
First, the statistical distributions of the parameters were derived from the literature. Second, we compared the 
statistical distributions of measured and simulated CR and NNM (uncertainty analysis); measured data were 
taken from 16 published incubation experiments (674 data points). Third, we adjusted the statistical 
distribution of manure relative decomposition rates to better match measured outputs. Finally, we run 
sensitivity analysis (SA) using the method of Sobol" for three manures differing in C/organic N ratio (8, 21 and 
34). The simulations had a duration of 180 days and were carried out under constant soil temperature and 
water content. 

 
Results 
 
With the calibrated decomposition parameters: we obtained a satisfactory agreement between measured and 
simulated output distributions, e.g. the relative root mean square error for EPIC ranged (in various dates) 
between 4 and 8% for CR, and between 3 and 11% for NNM; we established the most appropriate distributions 
for the parameters of each model to be used in the subsequent SA. The SA indicated that only limited 
interactions exist among parameters and that microbial C-use efficiency and C/N ratio of microbial biomass are 
the most influential parameters. 
 
Conclusion 

 
Microbial C-use efficiency should not be treated as a standalone parameter because its values are distributed 
over a broad range and it has a high impact on model outputs. To reduce uncertainty, appropriate values for 
this parameter should be derived from manure or soil parameters. 
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Empirical studies show that the increase of nitrogen (N) availability often reduces microbial respiration and has 
a positive impact on the stabilization of soil organic carbon (SOC). However, no evidence proves that the lack of 
N availability would decrease the stabilization of soil organic carbon. The role of N in stabilization mechanisms 
is still unclear. The N uptake of root is the main process of N loss in soil. Rhizosphere is the hotspot of soil 
microbial activity. Thus, the decrease of soil N availability in rhizosphere strongly impacts the SOC stability via 
changing microbial decomposition. Whereas, the effect of root N uptake in SOC stabilization mechanism has 
been neglected for a long time because of the technical difficulties. We incubated seven grassland soils for 200 
days with ion exchange membrane to imitate the root N uptake. The incubated soil carbon dioxide (CO2) 
release rate was measured to evaluate the effect of N uptake on SOC stability. The associated variables 
including substrate properties, microbial attributes and environment factors were also measured. Our results 
indicated that N uptake had a negative effect on the stabilization of labile SOC, regardless of the N availability 
in soils. Whereas, N uptake had a positive effect on the recalcitrant SOC stabilIty when the soil N availability is 
rarely low or relatively high. We found no significant effect of N uptake on microbial enzyme activity, biomass 
or community. The effect of N uptake on SOC stability was regulated by the substrate properties and 
environment factors. Our research improves the comprehensive understanding of the people on the important 
role of N in SOC stabilization mechanism, and predicts the response and acclimation of soil carbon stability to 
environmental changes. 
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Increased CO2 emissions and global warming may alter the composition of fungal communities through faster 
nitrogen (N) cycling, changes in the stoichiometry of soil organic matter and alterations in the carbon (C) 
allocation of host plants to the rhizosphere. At an alpine treeline in Switzerland featuring two key high-
elevation tree species, Larix decidua and Pinus uncinata, the effects of multiple years of free air CO2 
enrichment (ambient concentration +200 ppm) and soil warming (+4 °C) on fungal communities were analysed 
by high-throughput 454-pyrosequencing of ITS2 amplicons. In addition, we assessed the ectomycorrhizal 
community composition on root tips and monitored changes in sporocarp productivity of fungal species during 
the course of the experiment. Experimental warming at the alpine treeline altered the composition of the 
fungal community in the organic horizons, whereas CO2 enrichment had only weak effects. The considerable 
reorganization of the fungal community composition correlated with a suite of environmental factors affected 
by warming, such as increased N availability and drying of the litter horizon. Tree species influenced the 
composition of the fungal community, and the magnitude of the responses of fungal functional groups to soil 
warming differed across organic horizons with different organic matter quality. The abundance of 
ectomycorrhizal fungi was positively correlated with N availability, and ectomycorrhizal taxa specialized for 
conditions of high N availability proliferated with warming. Several fungal taxa known to be involved in needle 
degradation responded positively to the warming treatment corresponding to a sustained stimulation of soil 
CO2 effluxes to the atmosphere. These findings provide novel insights into the spatial distribution of functional 
groups of fungi both vertically in the soil and between rhizospheres of trees with different soil organic matter 
quality. Moreover, they indicate that traits related to N utilization are important in determining responses of 
ectomycorrhizal fungi to warming in cold regions with low N availability. Shits in the overall fungal community 
composition in response to higher temperatures may alter fungal-driven processes with potential feedbacks on 
ecosystem N cycling and C storage at the alpine treeline. 
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Introduction 

 
Soil ecologists have long sought to understand why novel organic inputs lead to inconsistent effects on soil 
organic matter (SOM). Organic inputs are known to stimulate SOM decay, especially where microbial 
decomposers are nitrogen (N)-limited and soil organic N is unprotected from microbial degradation. However, 
where inorganic N is available or organic N is protected, microbial decomposers may have little incentive to 
degrade SOM and organic inputs may therefore build up SOM. Invasive plants represent an ideal system for 
investigating the context-dependent effects of novel organic inputs because they inhabit a wide range of soils. 
 

Question 

 
We investigated how the impact of an invasive grass on SOM depends on the dominance of ectomycorrhizal 
(ECM) versus arbuscular mycorrhizal (AM)-associated tree species in several forest plots. Given evidence that 
ECM-dominated soils have low N availability and a high proportion of unprotected SOM compared to AM-
dominated soils, we hypothesized that invader-derived inputs would drive SOM losses in ECM-dominated plots 
and SOM accrual in AM-dominated plots. 
 

Methods 

 
We quantified the effects of the invasive grass, Microstegium vimineum, on soil carbon (C) and N pools in 
arbuscular mycorrhizal (AM)-dominated and ectomycorrhizal (ECM)-dominated plots within three temperate 
forests. In addition, we used M. vimineums unique 13C signature to partition M. vimineum-derived and native 
SOM dynamics. 
 
Results 

 
ECM soils contained less inorganic N and greater unprotected organic N, and experienced greater invasion-
induced losses of particulate organic matter (POM) than AM-dominated soils. We observed a greater signature 
of M. vimineum-derived C in AM-dominated soils, though there was no evidence that this led to SOM 
accumulation in AM-dominated plots. Rather, we observed an invasion-associated increase in the putatively 
more-protected mineral associated organic matter (MAOM) pool in ECM-, but not AM-dominated plots. 
 

Conclusion 

 
Our results suggest that organic inputs to low inorganic N soils fuel microbes to process unprotected SOM, 
leading to declines in the POM pool, but a buildup of the MAOM pool. The differential response of SOM pools 
with different residence times suggests that short-term effects of novel organic inputs likely do not reflect long-
term changes in SOM. 
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Human-induced global environmental changes have significantly altered the biogeochemical cycles of carbon, 
nitrogen and phosphorus in terrestrial ecosystems. Soil extracellular enzyme activities (EEA) play a critical role 
in terrestrial biogeochemical processes, such as carbon and nutrient cycling. However, the responses of soil 
EEA to global change remain elusive. Here we performed a meta-analysis of soil EEA to global change. We 
included 122 peer-reviewed papers, eight enzymes involved in carbon, nitrogen and phosphorus cycling, and 
seven global-change factors. Our results showed that elevated CO2 concentration and increased temperature 
had no significant effects on soil EEA. Nitrogen addition stimulated β-1,4-glucosidase (BG, 8.8%) and acid 
phosphatase (AP, 8.3%) activity, but suppressed phenol oxidase (POX, 15.4%) and peroxidase (PER, 5.9%) 
activity. Phosphorus addition increased PER activity (11.1%) and decreased AP activity (19.8%), while combined 
nitrogen and phosphorus addition increased BG (45.9%) and urease (32.7%) activity and decreased β-1,4-N-
acetyl-glucosaminnidase (NAG, 18.3%) activity. Moreover, decrease in precipitation suppressed urease activity 
by 30.6%, but increase in precipitation stimulated NAG (25.2%) and LAP (leucine amino peptidase, 24.5%) 
activity. Overall, our results provide some evidence (with exceptions) for the resource allocation theory of 
microbial enzyme production. We have shown that global environmental changes (other than elevated CO2 
and warming) have significantly altered soil enzyme activities, which have implications on soil carbon storage, 
nutrient cycling, and plant productivity. Further researches are needed to elucidate the underlying mechanisms 
driving the responses of soil enzyme activities to global change. 
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Question 

 
There is a perception that arable-ley (grass) rotations and that the inclusion of livestock in mixed farming 
represent sustainable agricultural land management. These perceptions are based on the benefits of grass for 
retaining or increasing soil organic matter and the contribution livestock make to returning organic matter to 
the soil and promoting nutrient turnover, but their universal veracity of these assumptions needs be examined. 
 
Methods 

 
We have examined the soil carbon and nutrient (N, P and K) contents, the decomposition rate of organic 
matter, and the soil physical conditions (bulk density, water infiltration and visual evaluation of soil structure 
[VESS]) through an intensive four-course annual rotation (pigs - cereal - cereal - grass) in an "organic" farming 
system in the southwest of England. The "organic" status of the pig production systems means that residues 
are recycled within the system, no chemical fertilizers are added and only accredited "organic" animal feed is 
supplied. 
 
Results 

 
The soil organic matter content and turnover, and the nutrient concentrations were greatest immediately 
following the pigs, and the nutrients from faeces and urine were carried-over for the subsequent two courses 
of cereal cropping. However, nutrient dynamics were driven largely by the inputs from the animal feed and the 
involvement of the underlying soil organic matter was minimal. The effect of the grass course on soil organic 
matter contents was negligible and any benefits were lost during the subsequent pig course when the soils 
suffer significant physical damage. Although the soil physical conditions improved during the subsequent cereal 
and grass courses, the recovery was only partial before the pigs were reintroduced. 
 
Conclusions 

 
Whilst additional feed inputs are necessary to improve livestock and arable production in the "organic" system, 
the animal feed inputs masked the underlying deterioration of soil conditions. We acknowledge that the 
farming system investigated here is a single example, but it illustrates the need to evaluate common 
assumptions about the sustainability on a case-by-case basis 
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Despite our current understanding of soil C and N interactions, less is known about the response and feedback 
of C mineralization to soil P availability driven by microorganisms. In the first incubation experiment, soils with 
long-term P-sufficient NPK fertilization (available P: 13.4 mg kg-1) and P-deficient NK fertilization (available P: 
0.96 mg kg-1) were added with and without glucose. CO2 emissions were monitored to characterize C 
mineralization. Soil bacterial community structure and microbial metabolic activity were evaluated using high-
throughput sequencing and microcalorimetric dynamics, respectively. Compared with P-sufficient soils, P-
deficient soils had significantly lower basal respiration, but a significantly higher net mineralization of added 
glucose, probably due to higher energy cost of soil microorganisms. Added glucose promoted microbial 
biomass and activity, particularly in P-deficient soils, and this improvement was maintained for at least 70 days. 
Shifts in bacterial community composition were induced by a predominance of several specific taxonomic 
groups, all of which were capable of solubilizing P in soils. Adding labile C to P-deficient soils may shift P from 
relatively unavailable soil-bound pools into microbial biomass pools through pool cycling. In the second 
incubation experiment, in addition to treatment NK and NPK, we designed one more treatment NK+P by adding 
8 mg kg-1 P to the NK soil. Soils in three treatments were added with and without maize straw. Basal respiration 
and net C mineralization in the NK+P treatment was significantly higher than NK, but lower than NPK. Along 
straw mineralization, increase in microbial biomass and metabolic activity in the NK+P treatment were 
between the NK and NPK treatments. It indicated that complementing P in P-deficient soils can recover soil 
functions and profit C mineralization, but it is not enough to remedy the effects of native SOC and soil microbial 
communities. Our results reflect a clear "Matthew effect" of C and P in arable soils, with negative effects of P-
deficiency on soil C retention, as well as positive effects of labile C on soil P availability in arable soils. 
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Introduction 

 
Plant roots can influence the mineralisation of soil organic carbon via rhizosphere priming effects. However, 
the factors controlling priming are poorly understood, and we lack longer-term datasets on priming effects, 
especially under field conditions. 
 
Objectives 

 
First, to establish a system for monitoring plant and soil carbon fluxes and rhizosphere priming effects at a scale 
representative of field conditions and over multiple growing seasons. Second, to investigate the role of 
nitrogen in rhizosphere priming and the importance of nitrogen mining as a mechanism behind priming.  
 
Methods 

 
Our experimental system comprises 24 lysimeters (100-cm deep, 80-cm diameter) containing two contrasting 
soil types and connected to systems for near-continuous measurements of net ecosystem C exchange and its 

13C signature. Only C3 plants have been grown in the soil hitherto; we are currently replacing the previous C3 
grasses with a non-native C4 pasture grass, and applying two different nitrogen treatments. We will exploit the 
contrasting 13C signatures of respiration from C4 and C3 sources to partition carbon fluxes between existing 
soil organic matter and new labile carbon inputs. We will measure C fluxes and 13C signatures multiple times 
each day in each lysimeter. Soil temperature and moisture will be monitored continuously at four depths, 
together with local weather conditions. Soil solution will be sampled at four depths periodically and analysed 
for dissolved organic and inorganic C and N. The whole soil at different depths will be sampled periodically and 
analysed for the C content and 13C of organic matter fractions. 
Figure 1. Lysimeters with gas flux chambers. 
 
Results 

 
By September we will have 2-3 months of data and expect to be able to demonstrate that using a C3 to C4 
species change in this way is a viable technique for partitioning sources of soil respiration. We will also assess 
the impact of N treatments on soil carbon fluxes over this period. 
 
Conclusion 

 
We will draw conclusions on the success of using a C4 pasture grass to enable tracing soil carbon fluxes, and 
regarding the wider system as a proof-of-concept for larger-scale investigations of priming effects and soil C 
fluxes. Furthermore, we expect to assess the role of nitrogen in priming of soil carbon mineralisation during 
seedling establishment. 
Figure 1 
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Slope-scale erosion not only redistributes soil particles along slopes, but also creates spatially varying micro-
climate conditions that potentially affects soil carbon decomposition. Previous studies have reported the 
spatial re-distribution of SOC-rich particles along slopes. However, how slope-induced spatial distribution of soil 
water has not been fully understood. This is of essential relevance for farmlands on steep slopes on the semi-
arid Chinese Loess Plateau, where local annual precipitation is about 500 mm, 50% of which falls between July 
and September. In this study, erosion plots with three slope gradients (5°, 10°, 20°) were set up on the Chinese 
Loess Plateau. A sediment trap was connected to the lower end of each slope, and three replicates were set up. 
Precipitation, runoff, sediment, soil moisture, soil temperature, in-situ CO2 emission rate were consecutively 
measured in 2015 and 2016. Our results show that 1) the seasonal patterns of soil CO2 emission rates were in 
general regulated by soil temperature, with the peaks observed in summer (5°: 3.95; 10°: 3.57; 20°: 3.98 

mol·m-2·s-1) and the lowest values in winter (5°: 0.13; 10°: 0.17; 20°: 0.23 mol·m-2·s-1). This agrees well with 
previous reports from flat farmlands where erosion induced spatial variations were limited. 2) However, on the 
eroding slopes as in this study, the soil CO2 emission rates were evidently less than that at the sediment traps 
(5°: 1.40 vs. 1.65; 10°: 1.25 vs. 1.68; 20°: 1.11 vs. 1.75 mol·m-2·s-1), and such differences were more 
pronounced on steeper slopes. On the one hand, after receiving comparable amount of natural precipitation, 
more water was prone to be lost from the steeper slopes (20°) and accordingly accumulated in the sediment 
traps, providing more favorable soil water conditions for SOC decomposition at the sediment traps beneath the 
steeper slopes. On the other hand, the selective transport of SOC-rich particles from the eroding slopes into the 
sediment traps also resulted in SOC enrichment in the sediment traps, ensuring the abundancy of SOC to be 
mineralized. Since no rills were readily observed on any of the eroding slopes, such spatial variation of SOC was 
more pronounced as the runoff on the steeper slopes carried greater amount of SOC downward the slopes into 
the sediment traps. 
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Introduction 

 
The application of nitrogen (N) fertilizer affects the biomass and its chemical composition of roots. However, it 
remains unclear whether the different N fertilizer rates would affect the decomposition of root in soil. Plant 
roots in soil are the main income of soil organic carbon (C), especially for arable land. The objective of this 
study was to evaluate the effect of the N fertilizer application on the chemical composition and their 
decomposition of maize roots in soil. 
 
Materials & Methods 

 
Maize roots in the 0-20 cm soil depth after their harvest were collected from the different three N rate 
treatments (0, 120, and 240 kg N ha-1, and referred as R0, R120, and R240) of an 8-yr long-term experiment at 
the Loess Plateau, Shaanxi, China. The incubation methods, litter bag method in field were used to evaluate the 
decay dynamics of maize roots. 
 
Results 

 
Compared to the treatment without any N fertilizer addition (R0), the root weights of R120 and R240 were 
increased by 38% and 45%, respectively. The total N content of R120 and R240 was increased significantly by 
90%~104%, and the root C to N ratio decreased by 43%~50%. The lignin to N ratio was 51%~57% less in the 
R120 and R240 compared with R0. After the 105-d incubation, the cumulative CO2 released was significantly 
greater in R120 and R240 than that of the R0; and there was no obvious difference between the R120 and 
R240. The litter bag method found that after 1-yr decay, the portion of remaining root C in R0, R120, and R240 
was 36.3%, 25.2%, and 28.7% in the 15 cm depth; and was 38.4%, 30.6%, and 31.1% in the 45 cm depth. 
Portion of root C remaining was positively correlated with its lignin content, C to N and lignin to N ratios, and 
negatively correlated with the total N content of root. The amount of the remaining root C in soil after 1-yr 
decay was also dependent on the research sites. The black loessial soil with low temperature accumulated 
more than 21%~44% than in the Lou soil with high temperature. 
 
Conclusion 

 
The long-term application of N fertilizer not only affected the composition of maize roots, but also their 
decomposition in soil. The increased root N content and decreased C to N ratio with N fertilization resulted in 
slightly faster root C decomposition. N fertilization had a positive impact on carbon sequestration due to their 
higher root-C input. 
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Sampling date and tillage practices influence on soil properties, microbial activity and c use 

efficiency in a semiarid agroecosystem 

 

*Diana Martin-Lammerding1, Maria del Mar Albarrán1, José Luis Tenorio1 
1INIA, Environment, Madrid, Spain 
 
Semiarid soils are prone to degradation when intensive tillage is applied (Fernández Ugalde, et al, 2009). 
Reducing tillage intensity often result in an increase of soil organic matter and promote soil aggregation 
resulting in better soil structure and higher fertility. The main objective was to examine the influence of 
different soil management practices on soil microbial metabolic quotients and on some enzyme activities 
during a cropping season. The study was conducted in a long term experimental field where different tillage 
practices, Conventional Tillage, CT, Minimum Tillage, MT and No Tillage, NT, have been tested since 1994 in a 
semiarid Calcic Haploxeralf (Martín Lammerding et al, 2015). Soil samples (0-7.5 cm) were collected in October 
2013, April 2014 and October 2014. Soil Organic C, SOC, Microbial Biomass C, MBC, soil Basal Respiration, CO2-
C, FDA hydrolysis, Potentially Mineralizable N, PMN, and β-glucosidase and urease activities were measured. 
Metabolic quotient, qCO2= CO2-C/CMB and microbial C use efficiency, qCO2/SOC were calculated. ANOVA was 
done and significant mean effects were separated, α=0.05. 
 
Soil properties presented high seasonality and most of them were influenced by tillage (Fig 1). In Oct13, 
probably due to high soil water content, FDA hydrolysis, urease activity and CO2-C values were higher 
compared to Apr14 and Oct14, whereas MBC did not increase. Thus, in Oct13 we found the highest qCO2/SOC 
values meaning that microbial communities were relatively inefficient in C use. Oct14 presented the lowest 
qCO2 and qCO2/SOC values. β-glucosidase activity, PMN and MBC contents were higher in autumn than in 
spring, probably due to straw accumulation after harvest. NT presented higher SOC, PMN, MBC, CO2-C 
contents, FDA hydrolysis and β-glucosidase and urease activities than MT and CT and the lowest qCO2/SOC 
value. Fig 2 represents Date*Till interaction for qCO2 and qCO2/SOC. qCO2 and qCO2/SOC were useful to 
relate microbial communities status and other soil properties among dates. NT improved microbial C use 
efficiency and increased enzyme activity when compared to CT.  
Fernández Ugalde, O., Virto, I., Bescansa, P., Imaz, M.J., Enrique, A., Karlen, D.L., 2009. Soil Till Res 106, 29-35. 
Martín Lammerding, D., Navas, M., Albarrán, M.M., Tenorio, J.L., Walter, I., 2015. Appl Soil Ecol 96, 296-305. 
 

Figure 1 

 
 
Figure 2 
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Soil type effect on leaf litter quality, quantity and decomposition under different tree species 

 

*Garazi Benito Carnero1, Ander Arias Gonzalez1, Elena Vanguelova2, Jack Forster2, Nahia Gartzia Bengoetxea1 
1NEIKER Basque Institute for Agricultural Research and Development, Ugao Miraballes, Spain 
2Forest Research, Farnham, United Kingdom 
 
Decomposition of litter is a complex suite of processes that strongly affect the mineralization and 
immobilization of mineral nutrients and their cycling, and is a principal pathway for the return of nutrients to 
the soil. Chemical composition of litter, environmental conditions and especially characteristics of the soil 
environment are the key factors that influence decomposition rates of litter. The main objective of this study 
was to evaluate the influence of soil type on leaf litter quality and quantity in addition to determine the effect 
of litter quality on forest floor and mineral soil respiration in 3 different forest types. We hypothesized that 
same tree species growing in different soil type develop different leaf litter quantity and quality. Likewise, we 
expect that respiration in different forest types be different due to litter quality and soil type. Soils and leaf 
litter (L, F and H layers) of semi-natural forests, where the dominant species were Quercus robur, Fagus 

sylvatica and Pinus sylvestris, were sampled in England on heavy clay and sandy soils. In each forest type, we 
took litter from a previously determined surface to estimate litter quantity. Litter quality was determined in all 
litter samples measuring fibers (lignin, cellulose and hemicellulose), minerals and C and N content. Finally, to 
determine heterotrophic respiration, 5-month incubation was carried on, in which respiration rate was 
measured weekly the first 3 months and monthly the last two. We observed that in both soil types litter 
quantity under Pine was higher than the litter found under oak and beech. No differences for soil type were 
found though. In terms of respirations, we observed that each layer had a different tendency. In mineral soil 
we found differences between tree species and soil types, being higher under oaks for the former and in clay 
soil for the latter. However, in F layer, we did not found differences between soils and tree species, but we 
found an interaction between these two factors. The respirations in L layer did not differ significantly. 
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Cover crop mixtures: Do they reduce greenhouse gas emissions? 

 

*Sytske Drost1, Wietse de Boer1, Paul Bodelier1 
1NIOO-KNAW, ME, Wageningen, Netherlands 
 
Cover crops are used to reduce nutrient losses, weed suppression, protection against erosion and stimulating 
soil biota. The goal of this project is to test whether mixtures of cover crop species with complementary traits 
have a more positive effect on the soil functioning and plant performance than individual species. However, 
next to all beneficial effects Cover cropping may increase carbon and nutrient input in the soil, leading to 
increased greenhouse gas (GHG) emissions. Recently, we demonstrated that agricultural fields can be turned 
into strong methane sinks (Ho et al., 2015, Global Change Biology) by the application of residues. Yet, it 
remains to be investigated if cover crop mixtures increase or reduce this potential. To test this, GHG fluxes 
were measured over time in a field experiment with three cover crops (Avena strigosa, Raphanus sativus and 
Vicia sativa) in all combinations as monoculture, bi-culture and three species mixture. GHG fluxes were 
measured during plant growth every month. After mixing the plant material in the soil (in March), GHG fluxes 
were measured weakly. GHG fluxes were not significantly different during the growth of cover crops between 
the treatments as well as compared to the fallow. Measurements and analysis of the GHG fluxes during 
decomposition will show how GHG fluxes in cover crop mixtures are affected with a possible climate benefit by 
stimulation of atmospheric CH4 uptake, analyses which are ongoing at the moment of submission.  
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The molecular quality of compost controls the development of soil microbial community 

composition and affects growth of plant and arbuscular mycorrhizal fungi  

 

*Vincenza Cozzolino1,2, Vincenzo Di Meo1, Hiarhi Monda2, Riccardo Spaccini1,2, Alessandro Piccolo1,2 
1University of Naples Federico II, Department of Agricultural Sciences, Napoli, Italy 
2University of Naples, CERMANU, Napoli, Italy 
 
Introduction 

 
The rising application of recycled organic biomasses as current practice to increase the sustainability of 
cropping systems requires to extend the current knowledge of the effects of organic matter quality on soil 
microbial communities composition, and on the symbiotic relationship between arbuscular mycorrhizal fungi 
(AMF) and crop plants. 
 
Objectives 

 
The aim of this work was to evaluate the effect of municipal organic wastes after composting at different 
degrees of maturity, on maize growth, AMF root colonization, and composition of soil microbial communities. 
To this purpose, we combined the molecular characterization of compost samples with information on 
microbial community composition. 
 
Materials & Methods 
 
The organic fraction of urban wastes was composted at different days of maturation (C60, C90, C120), and the 
composts added to a clay-loam soil in a mesocosm experiment at a rate of 15 ton ha-1. Soil and plant samples 
were harvested at 60 days after sowing. Molecular properties of compost were provided by 13C-CPMAS-NMR 
spectroscopy and off-line thermochemolysis—gas chromatography–mass spectrometry, while the composition 
of soil microbial community was assessed by neutral (NLFA) and phospho-lipids (PLFA) analyses. Multivariate 
elaboration was used to determine the relationships between microbial groups, as identified by PLFA analysis, 
and molecular properties of composts.  
 
Results 

 
Although compost amendments increased soil total C and N, and available P, soil addition of both C60 and 
C120 compost samples was detrimental to plant and AMF growth, while all composts modified the composition 
of soil microbial communities. The high content of biolabile compounds in C60 and C120 composts decreased 
the C16:1ω5 NLFA, that was related to AMF and Gram (+)/Gram −  a d AMF/sap ot ophi  fu gi atios. A li ea  
correlation was found between compost molecular indexes and microbial groups in soil, thereby suggesting 
that the molecular composition of compost strictly controls the development and abundance of soil microbial 
communities. 
 
Conclusion 

 
These findings highlight the importance of controlling the molecular quality of recycled biomass added to soil, 
in order to predict their effects on crop yields and soil biotic composition. 
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Stoichiometric and litter quality effects on microbial communities along the decay continuum of 

perennial energy crops 

 

*Andrea Ferrarini1, Flavio  Fornasier2, Maria Almagro3, Stefano Amaducci1 
1Università Cattolica del Sacro Cuore, Department of Sustainable Crop Production, Piacenza, Italy 
2Council for Agricultural Research and Economics, Gorizia, Italy 
3Spanish National Research Council (CSIC), Murcia, Spain 
 
Leaf litter degradation is a very interesting case study for examining stoichiometric and litter quality control 
over microbial-mediated C, N and P cycling processes in the litter-soil continuum. Few studies have examined 
how microbial communities on decomposing leaf litter of perennial energy crops (PECs) change in relation to 
litter stoichiometry (C:nutrient ratios) and litter chemistry and how the microbial communities of underlying 
soil respond to changes in leaf litter input. We hypothesized that leaf litter C:nutrients ratios of different 
bioenergy crops may cause changes in microbial biomass and enzymes stoichiometry, thus leading to feedbacks 
in SOM storage and soil nutrient cycling. We investigated for one herbaceous PEC (miscanthus) and three 
woody PECs (black locust, poplar and willow), through an aboveground litter manipulation experiment, two key 
aspects related to the litter-soil continuum: (1) the role of litter stoichiometry and chemistry in shaping 
different responses of litter microbial community during the early, mid and late stages of leaf litter 
decomposition; (2) the effects of litter type and stage of decomposition on soil microbial communities and on 
soil C and nutrients cycling.Total and dissolved soil C:N:P ratios, fungal biomass C, microbial biomass C:N:P, 
dsDNA, ten hydrolytic enzymes activities (acid and alkaline phosphatase, phosphodiesterase, pyrophosphate 
phosphodiesterase, β-glucosidase, cellobiosidase, xilanase, chitinase, leucine aminopepditase and esterase) 
and extractable nutrients (NO3, NH4 and PO4) were examined both in soil and in litter at 1, 3, 5,7,9,12 months 
after autumnal litterfall. Therefore, ash, cellulose, hemicellulose and lignin contents were determined in litter 
samples. During the conference particular attention will be paid on the implications that these results could 
have on the understanding of how hot moments of microbial activity along the litter-soil continuum affect C 
and nutrient cycling processes in bioenergy cropping systems. 
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Use of microbiological indicators and indices of soil organic matter pools to assess impacts of 

agricultural practices on soil fertility. 

 

*Caroline Petitjean1, André Reynaud1, Vincent Manneville1, Bernard Amiaud2, Katja Klumpp3, Lauric  Cecillon4, 
Pierre  Barré5, François Baudin6, Séverine Piutti7 
1Institut de l'Elevage, Laxou, France 
2UMR 1137 Université de Lorraine-INRA, Nancy, France 
3INRA-UREP, Clermont-Ferrand, France 
4IRSTEA, Grenoble, France 
5CNRS, UMR 8538, Paris, France 
6UPMC, ISTEP, Paris, France 
7UMR 1121 Université de Lorraine-INRA, Nancy, France 
 
To preserve and/or to improve soil fertility is essential in order to guarantee agricultural productivity in the 
current context of sustainable intensification and reduced chemical fertilizers inputs. Soil fertility is defined as 
the ability of soils to provide required conditions for plant growth; soil fertility depends on combination of 
physical (e.g. soil texture), chemical (e.g. soil pH) and biological (e.g. microbial diversity) properties that in turn 
influence the dynamics of soil organic matter (SOM) and thus nutrients for plants. In particular, heterotrophic 
microorganisms are known to synthesize several classes of enzymes that are the proximate agents of SOM 
decomposition (Sinsabaugh et al., 2009). The synthesis of these enzymes could be modulated by the quantity 
and/or quality (labile vs persistent pools) of SOM. In agroecosystems, high production levels can be only 
maintained by soils which have the ability to store or sequester carbon (C) and nitrogen (N) in SOM. As for 
many soil functions, these soil properties are difficult to measure directly, identifying indicators such as 
quantity and decomposition of SOM, or the abundance and activity of microbial decomposers has thus become 
of growing interest. Here we aim to assess the impact of different agricultural practices (e.g. ley-arable crop 
rotations, organic matter inputs as animal manure, reduced tillage) on soil fertility by measuring 
microbiological indicators and indices of SOM pools. Soil samples (from 0 to 15 cm depth) were collected from 
57 agricultural plots located in different pedoclimatic regions of France. We measured soil physico-chemical 
parameters, a series of microbiological indicators (potential nitrogen mineralisation, microbial carbon and six 
potential enzyme activities involved in the biogeochemical cycles of C, N, phosphorus and sulfur). SOM pools 
were analyzed by two methods: a size and density SOM fractionation scheme isolating various particulate 
organic matter fractions and Rock-Eval 6 thermal-analysis. First results of microbial biomass and enzyme 
activities show that physico-chemical parameters, especially soil clay content, have a great impact on soil 
fertility. Statistical analyses are in progress in order to link agricultural practices, microbiological indicators and 
indices of SOM pools. 
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Thermokarst-induced changes in priming effect in upland permafrost depend on N availability 

 

*Leiyi Chen1, Li Liu1, Qiwen Zhang1, Futing  Liu1, Yuanhe  Yang1 
1Institute of Botany, Chinese Academy of Sciences, Beijing, China 
 
Question 

 

Carbon (C) release from thawing permafrost may trigger a major postive feedback to warming. The magnitude 
of this C loss remains high uncertain since the enhanced nitrogen (N) availability after thaw could either offset 
the C loss through increase plant C input or accelerate the soil C loss via a response referred as priming. While 
enhanced plant growth after thaw are relatively well understood, the postthaw priming effect of permafrost-
affected ecosystems remains largely unexplored. 
 
Methods 

 

To address this gap, we examined the priming effect, N availability, extracellular enzymes activity and microbial 
C use efficiency (CUE) along a ~20-y permafrost thaw gradients on the Tibetan Plateau. 
 
Results 

 

Concentration of total dissolved N (TDN) in the soil exhibited first increasing and then subsequent decreasing 
trend at the early stage of permafrost collapse. Correspondingly, positive priming effect and microbial N 
limitation decreased significantly at the early stage, but increased substantially with the collapse time, reaching 
the maximum at the late stage site. The correlation analysis indicated that the variations in priming effect along 
the permafrost thaw chronosequence was positively regulated by N availability and microbial N limitation. 
Moreover, addition of 13C-labeled glucose led to a maximal increase in the exoenzyme activity (i.e., β-
glucosidase, N- acetyl-glucosaminidase) and metabolic quotients of soil organic matter derived C (SOM-qCO2) 
at the late stage, suggesting increasing microbial activity and decreasing microbial CUE were the potential 
mechanisms underlying the observed high priming effect at the late stage. These results were further 
comfirmed by a subsequent N addition experiment. Glucose addition with N was accompanied by relieved 
microbial N limitation, moderative SOM decomposition, decreased activities of N-acquiring exoenzyme and 
increased microbial CUE. These indicated that increased N availability would substantially inhibit the SOM 
decomposition after permafrost thaw. 
 
Conclusions 

 

Taken together, our findings imply that the future C balance of Tibetan upland permafrost hinge largely on the 
enhanced N availability for vegetation growth and subdued priming after permafrost collapse. 
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Nutrient availability regulates soil organic matter decomposition depending on land use  

 

*Menuka Maharjan1, Huadong Zang1, Evgenia  Blagodatskaya1, Yakov  Kuzyakov1 
1University of Goettingen, Göttingen, Germany 
 
Land use and input of nutrients (N and P) strongly affect C dynamics and storage in soil. However, the 
magnitude and mechanistic understanding of the effects of labile C and fertilization input on soil organic matter 
(SOM) decomposition among land use remains incomplete especially for tropics. 14C labeled glucose together 
with nutrients were added to soils (0 - 20 cm) from forest, organic and conventional farming systems. The 14CO2 
and total CO2 emission were measured over 45 incubation days and microbial biomass was measured at the 
end. Labile C addition without nutrients strongly increased SOM decomposition in soil under organic farming 
(for 13%), while only slight increase (0.19 and 2%) were observed in soils under forest and conventional 
farming. C with N addition decreased SOM decomposition by 3%, 12% and 21% compared to C addition alone 
in organic, conventional and forest soil, respectively. This decreased SOM-derived CO2 emission may ascribe to 
the increased C use efficiency under high N availability, which is more pronounced in strong N limited soil (i.e. 
conventional and forest). In contrast to the negative effects of N, C addition with P increased SOM 
decomposition for 6%, 2%, 4% compared to C addition alone in organic, conventional and forest soil, 
respectively. Microbes are more limited by N than by P after P fertilization, thus, added glucose could be 
utilized to mine N from SOM and increased SOM-derived CO2 emission. However, microbial biomass was not 
affected by N fertilization, but was increased by P fertilization (P < 0.05). C addition with N and P increased 
SOM decomposition in organic soil (10%) while decreased in conventional soil (12%) and forest soil (7%). This 
mainly because of the effect of N fertilization, which led microbial shift from mining SOM to utilize added N and 
decreased SOM mining in forest and conventional soil. However, the P fertilization effect dominated in organic 
soil, where N was not strongly limited. Thus, positive effect of N and P fertilization on SOM decomposition was 
occurred in organic soil. Overall, SOM decomposition is promoted by P and reduced by N fertilization in soils 
under forest and under organic and conventional management. The interactions of N and P fertilization were 
sensitive to nutrients availability and depended on land use. 
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Functional links between SOC, biomass and decomposition of vetiver (Chrysopogon filipes) grass in 

soils of different texture 

 

*Bezaye Tessema1, Brian R. Wilson1, Heiko Daniel1, Jeff Baldock2 
1The University of New England, Ecosystem Management, Armidale, Australia 
2CSIRO, Agriculture, Adelaide, Australia 
 
Carbon in deeper soils is believed to be more stable than at the surface soil layers. Belowground biomass is an 
important plant component and a primary vehicle that can contribute to soil carbon sequestration. Hence, 
perennial grasses such as Vetiver due to their deep root system are likely to increase soil carbon. Vetiver is a 
fast growing, C4 perennial tropical grass that can produce a large and productive root system penetrating deep 
into the soil profile. It might therefore be expected that it will increase soil organic carbon particularly in 
deeper soils. However, we still don't know how the root and shoot behaviour in the soil differs. In this study, 
we examined the above- and below-ground biomass production and the relative decomposition rate of vetiver 
(Chrysopogon filipes) shoot and root biomass. Vetiver plant material was grown under glasshouse conditions 
and subsequently incubated in three soil types (sand, silt and clay) for 206 days to determine the CO2 evolved 
over time. We used ANCA-GSL a combined elemental analyser for analysis of the evolved gasses. Shoot to root 
biomass production ratio was 1.49 and 1.28 for the fresh and the DM biomass production respectively. Analysis 
of variance showed that shoot decomposition was affected by soil type, where the difference was described by 
a higher carbon release from vetiver shoot material in the clay and silt soils compared with in the sand soil. Soil 
type and time were also limiting factors affecting the rate of root decomposition which was described by a 
higher carbon release from root biomass in clay compared with both silt and sand soil types specially the first 
seven days. The results from this study suggest that vetiver could indeed produce large biomass and could be a 
potential means for soil carbon storage particularly in root material at depth in the soil. 
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Testing soil carbon models in Scots pine and Norway spruce forests of varying nutrient status 

 

*Boris Tupek1, Mikko Peltoniemi1, Aleksi Lehtonen1 
1Natural Resources Institute Finland, Helsinki, Finland 
 
We evaluated factors that caused soil carbon Yasso07 (Tuomi et al. 2009), Yasso15 (Liski et al. in preparation), 
and CENTURY (Parton et al. 1994) models to deviate from the measured heterotrophic soil respirations (Rh) 
and SOC stocks in two pine and two spruce forest sites in Finland. We measured soil respiration, and soil 
temperature and moisture on four intensively monitored forest sites in Finland for approximately two years 
(2015 and 2016) during the vegetative season (without snow on the ground April – November). To evaluate the 
models we first run Yasso07, Yasso15, and CENTURY models from zero SOC stock to equilibrium using mean 
measured litter input from the last ten years and mean climate over last 30 years (data from the nearest 
weather station). We run the models from equilibrium SOC stocks for 36 months with mean measured site-
specific litter input and monthly meteorological data.  The up-scaled monthly Rh measurements were in the 
same level of magnitude than simulated CO2 outputs of models. However, the CO2 emissions of the soil carbon 
models were lower than Rh mainly during summer but also during winter depending on temperature function 
(Parton et al. 1994 or Adair et al 2008). The modeled CO2 depended on the temperature and moisture factors 
that affect decomposition. Due to the lack of precipitation during summer CENTURY reduced decomposition 
and carbon dioxide emissions more compared to the upscaled measurements and the outputs from Yasso07 
and Yasso15 models. 
 
Adair, E. C., Parton, W. J., Del Grosso, S. J., Silver, W. L., Harmon, M. E., Hall, S. A., Burke, I. C. and Hart, S. C.: 
Simple three-pool model accurately describes patterns of long-term litter decomposition in diverse climates, 
Global Change Biol., 14, 2636-2660, 2008. 
Parton, W., Ojima, D. and Schimel, D.: Environmental change in grasslands: Assessment using models, Clim. 
Change, 28, 111-141, 1994. 
Tuomi, M., Thum, T., Järvinen, H., Fronzek, S., Berg, B., Harmon, M., Trofymow, J. A., Sevanto, S. and Liski, J.: 
Leaf litter decomposition—Estimates of global variability based on Yasso07 model, Ecol. Model., 220, 3362-
3371, 2009. 
Fig. 1. Simulated monthly forest floor heterotrophic respiration (Rh, gCO2 m-2 month-1) for trenched plots and 
for models. Comparison between monthly soil organic carbon stocks simulated by models and measured SOC 
levels. Red dotted vertical line in October 2014 shows the trenching of the forest soil when tree roots were cut. 
Figure 1 
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Rhizosphere priming effects under Zea Mays - A field study 

 

*Thomas Splettstoesser1, Johanna Pausch1, Amit Soni1, Yue Sun1 
1Georg-August University Goettingen, Soil Science of Temperate Ecosystems, Goettingen, Germany 
 
We conducted a field experiment at a location near Goettingen. We investigated the priming effects in the 
rhizosphere of maize plants by introducing three plant densities and a bare fallow control and two fertilization 
levels. Each resulting treatment was carried out in four 5x5 m field replicates. We collected long term soil CO2 
using NaOH traps. Short term soil CO2 accumulation was measured with a CO2 chamber system. In order to 
investigate the CO2 fluxes inside the soil, two silicon CO2 collectors were installed between the plant rows on 
each plot in depths of 10, 20 and 30 cm. All CO2 samples were analyzed for concentration and Carbon-13 
signature with a mass spectrometer. The field has been cropped with C3 plants only in the last decades. With 
the introduction of maize plants and their distinct isotopic composition we are able to differentiate the plant 
derived CO2 in the rhizosphere from soil derived CO2. Hence we are able to calculate a priming effect utilizing 
only natural abundance Carbon-13 in the CO2 samples. Root samples were taken in between the rows to 
estimate root biomass in different depths, to analyze the isotopic composition and to determine root length 
density. Also above ground plant samples were taken to determine above ground biomass three times 
throughout the experiment. Temperature was monitored on the field over the whole growing season using 
temperature sensors which were installed in the three measurement depths. Soil water status was monitored 
on the main sampling events. Additionally, we collected soil samples to determine the isotopic composition of 
the organic carbon on each plot and depth, to analyze enzyme activity and to determine microbial biomass and 
microbial communities via PLFA extraction. We compared all three CO2 collecting techniques for their 
applicability in the field and present an in-depth view on priming effects on field sites. 
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The constituents of soil organic matter in arable soils in Central Russia 

 

*Olga Sukhoveeva1 
1Institute of geography RAS, Moscow, Russian Federation 
 
There are two main parts of soil organic matter (SOM) in soils: input that consists of plant residues, fertilizers, 
manure, root exudation, and output due to leaching and emissions of methane and carbon dioxide (CO2). The 
aim of our research is to analyze opportunity of modelling approach for indirect evaluation of the input with 
plant residues and CO2 emission in arable soils in Central regions of Russia. Two long-term field experiments 
located in Moscow region (Baribino), and Tver region (Torzhok) were used for plant biomass evaluation (data 
provided by V.A. Romanenkov, the Pryanishnikov All-Russian Scientific Research Institute of Agrochemistry, 
Moscow). The experiment in Moscow region (Pushchino) was used for verification of CO2 emission modelling 
(data provided by I.N. Kurganova, Institute of physical-chemical and biological problems of soil science, 
Pushchino). 
 
The modelling done with the running of the process-based DNDC model (DeNitrification-DeComposition). The 
program Modeval applied to evaluate of modelling efficiency. The proportions between parts of plant biomass 
production – grain, stems, leaves and roots – were recalculated for winter wheat and barley in Baribino and for 
spring wheat, barley, and oat in Torzhok. The best results of simulating obtained for spring crops. For the 
Torzhok the modelling of above-ground biomass was more accurate than for under-ground one. In Baribino the 
most correct results of modelling obtained for plant residues – shoot and root. CO2 emission is equivalent to 
the soil respiration and consists of root and microbial respiration (in Pushchino 33% and 67%, respectively). 
Annual dynamic of modelled microbial respiration is in a good agreement with measured annual soil 
respiration dynamics. Modeled soil respiration is characterized by opposite dynamics. There are maximums in 
spring (after snow melting) and autumn (through input of plant residues into soil after harvesting) and 
minimum in summer (due to water and nitrogen stresses). In our research specific coefficients for Central 
regions of Russia were calculated and created. The DNDC model may be used for evaluation of components of 
SOM: plant biomass (input flow) and CO2 emission (output flow) for spring crops in Central regions of Russia. 
 
Аuthor would to thank A.A. Romanovskaya (Institute of global climate and ecology of Roshydromet & RAS) for 

scientific consultations, I.N. Kurganova, and V.A. Romanenkov for field experiments data. 
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Investigating the controls on soil organic matter decomposition in tussock tundra soil and 

permafrost after fire 

 

*Sarah De Baets1, Marjan van de Weg2, Ruth Lewis3, Natascha Steinberg4, Jeroen Meersmans1, Gus Shaver5, 
Tim Quine4, Iain Hartley4 
1Cranfield University, Soil and Agrifood Institute, Cranfield, United Kingdom 
2Changeworks, Edigburgh, United Kingdom 
3Metoffice, Exeter, United Kingdom 
4University of Exeter, Exeter, United Kingdom 
5Marine Biological Laboratory, Woods Hole, MA, United States 
 
Question 

 
Rapid warming in Arctic ecosystems is resulting in increased frequency of disturbances such as fires, changes in 
the distribution and productivity of different plant communities, increasing thaw depths in permafrost soils and 
greater nutrient availability. These factors have the potential to strongly affect soil C decomposition rates, with 
implications for the globally significant stores of carbon in this region. However, uncertainty remains regarding 
how C decomposition rates are controlled. 
 
Methods 

 
In this study we investigated how temperature, nitrogen availability and labile C addition affected rates of CO2 
production in short (10-day) and long-term (1.5 year) incubations of samples collected from burned and 
unburned sites in the Anaktuvuk river burn on the North Slope of Alaska from different depths (organic 
horizon, mineral horizon and upper permafrost). The fire in this region resulted in the loss of several cms of the 
organic horizon and also increased active layer depth allowing the impacts of four years of thaw on deeper soil 
layers to be investigated. 
 
Results 

 
Respiration rates did not decline substantially during the long-term incubation, although decomposition rates 
per unit organic matter were greater in the organic horizon. In the mineral and upper permafrost soil horizons, 
CO2 production was more temperature sensitive, while N addition inhibited respiration in the mineral and 
upper permafrost layers, especially at low temperatures. In the short-term incubations, labile C additions 
promoted the decomposition of soil organic matter in the mineral and upper permafrost samples, but not in 
the organic samples, with this effect being lost following N addition in the deeper layers. These results highlight 
that (i) there are substantial amounts of labile organic matter in these soils (ii), the organic matter stored in 
mineral and upper permafrost in the tussock tundra is less readily decomposable than in the organic horizon, 
but that (iii) its decomposition is more sensitive to changes in temperature and that (iv) microbial activity in 
deeper soil layers is limited by labile C availability rather than N. 
 
Conclusions 

 
Collectively, these results indicate that increasing fire frequency also has the potential to indirectly promote 
the release of soil C to the atmosphere in the years following the disturbance. 
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Methane emission and biomass yield in rice fields with different fertilizer application in Yangtze 

River Delta, China 

 

*Sheng Zhou1, Huifeng Sun1, Jining Zhang1, Guifa Chen1 
1Shanghai Academy of Agricultural Sciences, Shanghai, China 
 
A field experiment was performed to investigate the effect of chemical fertilizer (CF), chemical fertilizer + 
wheat straw (CF-WS), slow-release chemical fertilizer + wheat straw (SCF-WS) on CH4 emission and biomass 
yield in rice paddies from 2013 to 2016 in Yangtze River Delta, China. The plots without any fertilizer (Non-F) 
were also conducted as control. The applied rate of wheat straw was 3000 kg ha-1. Except SCF-WS treatment, 
the N fertilize  appli atio  ate as  kg·ha− , hi h as applied at a atio of : :  / /  as ase, tille i g 
and heading applications, respectively. The slow-release chemical fertilizer was applied at 225 kg ha-1 at one 
time. The rice variety (Oryza sativa L.) was cultivated under a conventional water regime with once summer 
middle drainage. The fluxes of CH4 were monitored at 9:00-10:00 with a static chamber method once a week 
throughout the whole rice growing season. The total aboveground biomass including grain yield and straw 
biomass were also measured. 
 
The average total CH4 emission in Non-F plots during the whole rice growing season for 4 years was 32.1±14.2 
kg CH4 ha-1, while that was 62.6±47.4 kg CH4 ha-1 in CF plots. Compared to the CF plots, the total CH4 
emission were increased by 215% and 207% in CF-WS and SCF-WS, respectively. It is suggested that organic 
matter applied with chemical fertilizer would enhance CH4 emission. The average grain yield in Non-F plots for 
4 years was 4.3±0.4 ton ha-1, while that was 9.0±1.3 ton ha-1 in CF plots. The average grain yield in CF-WS plots 
was 9.3±1.1 ton ha-1, similar with that in CF plots. However, the average grain yield in SCF-WS plots for 4 years 
was 10.3±1.0 ton ha-1, which was 14% higher than that in CF-WS. It was obviously that slow release fertilizer 
applied with wheat straw could stably increase grain yield. Additionally, the straw biomass of each treatment 
also showed the similar trend with grain yield. 
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An n-alkane δ13C for assessing source of terrestrial organic matter in the small catchment 

 

*Yanhua Wang1, Hao Yang1 
1Nanjing Normal University, Nanjing, China 
 
Anthropogenic activities influence on terrestrial organic matter transportation. In the present study, n-alkanes 
distributions and stable carbon isotopic compositions in the sediments of the Dongdahe catchment in 
southwest China were measured to characterize source inputs. Results show the sediments are dominated by 
odd numbered n-alkanes (n-C16～n-C33), maximizing at n-C29 and n-C31. The values of δ13C29 and δ13C31 of 

n-alkanes exhibit a range of - . ‰～- . ‰ a d - . ‰～- . ‰, espe ti el . T o e o ds st o gl  o a  
with depth, reflecting a mainly C3 land plants origin. Organic carbon to nitrogen (OC/N) ratio indicates a strong 
terrestrial influence on the organic matter. In the small catchment, the terrestrial higher plant-derived long 
chain n-alkanes were also evidenced by the variation of CPI27–31, OEP, ACL27–33, Paq, Pr/Ph, (C27 + 
C29)/2C31, nC16–23/nC24–33 and 3C17/ (C21 + C23 + C25). The changes of land use types and cropping 
system would be main reason. For the cropping system, the paddy rice-broad bean was dominant in the past. 
However, in the 2000s, plastic greenhouse cultivation of vegetables and flower plants were started in the 
Dounan Country (near the study area) for the high economic benefit. These cropping varieties incremented 
cropping intensity and were more dependent on chemical fertilizer. The domestic animals number had also 
increased in the catchment (Statistical Bureau of Yunnan, 1985-2012). The excreta were sold for the farmers as 
manure in their cultivable lands. A constant CRS model gave the accumulation rates ranging from 2.69 to 8.46 
mm a-1 spanning 1885-2010. It was concluded that organic matter transport in the catchment was influenced 
strongly by human activities. 
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The incorporation of clovers in combined with organic fertilizers for maintain soil fertility in organic 

farming systems 
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3Institute of Agriculture, Lithuanian Research centre of Agriculture and Forestry, Department of Plant Nutrition 
and Agroecology , Akademija, Lithuania 
 
The number of farmers who operating stockless organic crop rotations has been increased in many countries of 
Europe, in Baltic – Nordic countries also. Management and maintenance of soil fertility without livestock is 
difficult. Legumes are an important source of N and plays substantial role in maintain the soil organic matter in 
organic farming systems. However management of legumes are complicated and use in crop rotations is 
insufficient. On the other hand using only the nitrogen fixed by legumes, it is not easy to meet the nitrogen 
needs of crops at the right time. It is therefore important to find out measures that may contribute to grain 
yield and quality improvement. The study aims to evaluate influence of incorporation of clovers and newer 
forms of organic fertiliser as cow manure pellets on the spring cereals productivity and soil fertility. The 
experiment was carried out on Endocalcari-Ephypogleyic Cambisol i  Dot u a ˚ ' N, ˚ ' E . The soil 
was with pH(KCl) of 7.1 and soil organic carbon content was 2,1-2.6 % at 0-25 cm surface. Three types of 
cereals were included in experiment. Oats were sown sole, with undersowing of red clover or in mixture with 
pea and fertilized or not with organic manure pellets (2 t ha-1 or 60 kg N ha-1) in year 1. In second year of 
experiment was sown spring wheat with fertilizing of organic manure pellets or without. In third year was 
grown barley. Grain yield of spring wheat was affected by the using of manure pellets and biomass of 
incorporated red clover. Cattle manure pellets used for cultivation of oats and spring wheat had a positive 
impact on barley yield. Our results indicate that incorporation of clovers as green manure and in combination 
with manure pelelts affect the quality of soil, hovewer carried off nutrients from the soil with the yield did not 
compensate. The content of N and C in soil sligtly decreased, and the C:N ratio was obtained higher and K 
content increase. Results confirm findings by other researchers that to maintain soil fertility with legume 
nitrogen and with low input of organic fertilizers in organic stockless crop management is not easy, but for 
more reliable conclusions need to be more experiments. 
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The role of organic matter in ameliorating acidity of red soils (Ferralic Cambisol) 
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1Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing, 
China 
 
Introduction  

 
Organic matter as potential amendments for ameliorating soil acidity have been focused on in past decades, 
but their effectiveness and mechanisms are still not fully understood. 
 
Objectives 

 
The aim of this study was to examine two types of straws (corn, and soybean) in comparison to manure (pig) 
and their application rates on soil acidity changes in low pH red soil (Ferralic Cambisol). 
 
Materials & Methods  

 
Two soils were collected in a 21-year field experiment from either no fertilization history (soil pH 5.46), or 
received chemical N (soil pH 4.18). After incorporation of the straws or manure at 0, 5, 10, 20, and 40 g kg-1 
(w/w), the soils were incubated and examined for changes in pH, exchangeable acidity, and nitrogen speciation 
(NH4+, NO3-+ NO2-) for 105 days. 
 
Results  

 
All three organic materials significantly decreased soil acidity, and the higher straws or manure application rate, 
the lower exchangeable acidity and higher pH and base cations were in the soil. Pig manure decreased 
exchangeable aluminum of N soil from 5.79 cmol (+) kg-1 to 0.50 cmol (+) kg-1 at 40 g kg-1 treatment, but to 
2.82 and 4.19 cmol (+) kg-1 for soybean and maize straws, respectively. As soil pH increased, exchangeable 
aluminum decreased at the rate of 4.48 coml (+) kg-1 per pH unit for both straws compared to 6.25 coml (+) kg-
1 per pH unit from manure. Pig manure significantly increased the NO3-+NO2- concentration of the soils, but 
markedly decreased for straws treatments. 
 
Conclusion  

 
Our results indicated that pig manure exhibited much higher ameliorative effect (about 2-20 times) in 
exchangeable aluminum than that from straws; straws with high C/N ratio could immobilize soil residue NO3-
+NO2-, contributing to pH increase. 
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Linking greenhouse gas fluxes to soil organic matter properties in tropical peatlands 

 

*Nick Girkin1, Nick Ostle2, Benjamin L. Turner3, Christopher Vane4, Sofie Sjogersten1 
1University of Nottingham, Agricultural and Environmental Science, Sutton Bonington, United Kingdom 
2University of Lancaster, Lancaster Environment Centre, Lancaster, United Kingdom 
3Smithsonian Tropical Research Institute, Panama City, Panama 
4British Geological Survey, Keyworth, United Kingdom 
 
Tropical peatlands are an important part of the global carbon cycle but are under significant threat from land 
use and climate change (Page et al., 2011). In this context, there is an urgent need to understand how different 
vegetation types affect soil organic matter stability and greenhouse gas production. We assessed trends in 
greenhouse gas fluxes and soil organic matter properties under a palm (Raphia taedigera) and a broadleaved 
evergreen tree (Campnosperma panamensis) with increased distance from plant stems, in San San Pond Sak 
peatland, Panama. We identified significant negative trends in methane fluxes with increased distance from 
plant stems, but contrasting trends in peat humification under both species as identified by Rock-Eval pyrolysis, 
possibly driven by differences in the chemical characteristics of plant litter from both species (Hoyos-Santillan 
et al., 2016). We also assessed trends in soil organic matter thermostability and identified a significant large 
intermediate pool most likely driven by the presence of lignin and cellulose polymers. Methane fluxes, but not 
carbon dioxide fluxes, were found to be strongly correlated with this pool under both species, highlighting its 
contribution to net emissions from peatlands. 13CO2 labelling shows, however, that while gradual 
decomposition of soil organic matter is an important driver of methane fluxes, recent photoassimilates, 
released as root exudates, also make a significant contribution to net fluxes. Collectively, these results highlight 
the relationships between vegetation inputs, soil organic matter composition and greenhouse gas production, 
with implications for our understanding of the consequences of land use change in tropical peatlands. 
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The role of macro-aggregation in regulating enzymatic depolymerization of soil organic nitrogen 

 

*Liz Shaw1, Jumpei Fukumasu1,2 
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2Okayama University, Graduate School of Environmental and Life Science, Okayama, Japan 
 
Question 

 
We know that extracellular enzymatic depolymerization of polymeric organic nitrogen (PON) is a rate-limiting 
step in N mineralization. However, we do not know the extent to which the accessibility of PON to extracellular 
enzymes, and therefore N mineralization, is regulated by physical occlusion of the PON during aggregate 
formation. 
 
Methods 

 
To examine the extent to which enzymatic accessibility to PON is regulated by soil aggregation, we put forward 
a new approach involving the comparison of relationships between potential N depolymerase activity 
(protease and β-glucosaminidase; as an estimate of the potential to produce depolymerized products) and net 
N mineralization (as a bioassay for actual low molecular weight dissolved ON production) in aggregated and 
corresponding disaggregated soil. Soils were sampled from grassland (GL) and arable land (AL), separated by 
dry sieving into fractions (4.75-2, 2-0.25 and 0.25-0.063 mm) and fractions mixed (4:4:1 by mass, respectively) 
to obtain constructed aggregated soils. Corresponding disaggregated soils were prepared using a mortar and 
pestle. This procedure mainly disrupted the 4.75-2 mm (large macro-aggregate) fraction. 
 
Results 

 
Disaggregation significantly promoted (p<0.05) net N mineralization rates by 1.3 times and 1.5 times in GL and 
AL soil, respectively. When net N mineralization - potential N depolymerase relationships for GL were 
examined, a greater slope parameter for disaggregated compared to aggregated soil (p=0.001; ANCOVA) 
quantified the extent to which this promoted N mineralization could be attributed to dis-macro-aggregation 
increased enzymatic accessibility to PON. For AL, promoted N mineralization rate could not be attributed to 
increased protease + β-glucosaminidase accessibility to PON reflecting a possible role for other N 
depolymerases and/or osmolyte/lysate effects. 
 
Conclusions 

 

By proposing how differences between mineralization-depolymerase relationships for soils differing in 
aggregation status might, with assumptions, be interpreted to identify the role of physical occlusion in 
protection of PON, we give new insight on the regulation of enzymatic depolymerization by physical protection 
through macro-aggregation for soils from contrasting land use. 
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Which fraction of soil organic matter is more sensitive to nitrogen fertilization? 

 

Imran Mehood1, *Huadong Zang2, Mingsheng Fan1 
1China Agricultural University, Department of Plant Nutrition, Beijing, China 
2University of Goettingen, Agricultural Soil Science, Goettingen, Germany 
 
Agricultural soils receive large amounts of anthropogenic nitrogen (N), which directly and indirectly affect soil 
organic matter (SOM) stocks and CO2 fluxes. However, our current understanding of mechanisms on how N 
fertilization affects SOM pools of various ages and turnover remains poor. The 13C values of SOM after 21 
years grassland (C3) - Miscanthus (C4) vegetation change were used to calculate the contribution of C4-derived 
C (new C) and C3-derived C (old C). A loamy (Cambisol) from grassland and Miscanthus was pre-incubated at 
20°C and 50% water holding capacity for 10 and 180 days of pre-incubation, which created a decrease in the 
relative proportion of active vs. slow SOM in the remaining soils. Then we added increasing N fertilization (4 
levels up to 300 kg N ha-1) to these soil. The CO2 efflux, microbial biomass, dissolved organic carbon and their 

13C were measured after N addition over 63-days incubation. In both grassland and Miscanthus soils, as the 
pre-incubation proceeded from 10 to 180 days and the soil changed from freshly-sampled soil to six-month 
pre-incubated soil, the intensity of negative priming effect caused by N fertilization decreased significantly 
(from 20-40% to 11-26%). This CO2 decrease was mainly caused by the retardation of new C mineralization in 
fresh soil, whereas similar retardation of new and old C was observed in pre-incubated soil. These results 
suggest that the active fraction and new C pool of SOM is likely more sensitive to N fertilization. N fertilization 
decreased the contribution of new C to microbial biomass, where the threshold is 150 and 300 kg N ha-1 in 
fresh and pre-incubated soil respectively. Generally, contrast behavior of new and old C decomposition was 
observed in fresh soil, whereas similar behavior were found in pre-incubated soil. This indicates that the 
processes determining the fate of soil C are similar irrespective of C age after relative labile C (around 20% of 
SOC in present study) was respired, corroborating the idea that C dynamics is dominated by recycling processes 
rather than by C stabilization. We conclude that the contribution of new C to CO2 and to microbial biomass is 
highly dependent on N fertilization; increased N fertilization facilitates C sequestration mainly by decreasing 
new SOM decomposition. Relative labile and new C pools are more sensitive to N fertilization. 
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Drivers of C cycling and sequestration on plant-soil system in a grazed mountain grassland of 

Sierras Grandes of Córdoba 
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1Instituto Multidisciplinario de Biología Vegetal, Córdoba, Argentina 
 
Introduction 

 
Studies of decomposition and stabilization of soil organic matter (SOM) have been historically separated. 
Recently there have been several efforts on integrating those aspects of SOM dynamics but we are still far from 
a common ground for work on it. 
 
Objectives 

 
We aim at contributing in this sense by studying some of the mechanisms by which changes in vegetation 
affect C pools and C fluxes on plant-soil systems. 
 
Methods 

 
We measured litter and root dry mass and C:N ratio on two vegetation physiognomies (thick tussocks and 
grazing lawns) at 5, 15 and 30 cm soil depth. At 5 cm depth we also determined fluorescein diacetate activity of 
microbial communities. Within the following months we will determine microbial community structure (PLFA 
analysis) and SOC content in particulate OM and mineral associated OM. 
 
Results 

 
We found over 200 times more C in aboveground litter in tussock patches than in grazing lawns, while C in 
roots was almost 5 times higher in grazing lawns compared to tussock. Thin roots were between half of total (in 
grazing lawns 0-5 cm depth) and 50 times (in tussock 15-30 cm depth) more abundant than thick roots. C:N 
ratios were around 40 and 50 for thin and thick roots, respectively. Microbial activity was similar in the two 
physiognomies. 
 
Conclusion 

 
Contrasting C inputs to soil like those found here, has been found in other grazed grasslands without nutrient 
and water deficit. This pattern makes difficult to predict their impact on SOC. If roots are the main source of 
SOC, as many studies have shown, SOC should be higher in lawns. However, even if only a fraction of 
aboveground litter is incorporated to SOC it may counteract the pattern of root C and we may find no 
differences between SOC from the physiognomies. In addition, the higher proportion of fine roots (a more 
labile input) in tussocks compared to lawns may also enhance the impact of that source of C on SOC. We hope 
our future results will help to shed light on this. 
Figure legend. Plant carbon inputs to soil in physiognomies under study in Sierras Grandes, Córdoba. 
 

Figure 1 

 



Session 6a: SOM decomposition: links between carbon and nutrient cycling 

6th International Symposium on Soil Organic Matter  322 

 
 
 



Session 6b: Managing soil organic matter decomposition and stabilization for carbon sequestration and 

improved soil health 

6th International Symposium on Soil Organic Matter  323 

Managing soil organic matter decomposition and stabilization for carbon sequestration and 

improved soil health 

Oral Presentation: O-6b.01-O-6b.27 

O-6b.01 

 

The potential to accelerate soil C sequestration through use of full inversion tillage when renewing 

permanent pastures In New Zealand 

 

*Mike Beare1, Erin Lawrence-Smith1, Denis Curtin1, Frank Kelliher2 
1New Zealand Institute for Plant & Food Research, Soil, Water & Environment, Lincoln, New Zealand 
2AgResearch, Lincoln Research Centre, Lincoln, New Zealand 
 
Introduction 

 
Relative to 1990, New Zealand"s CH4 and N2O emissions have increased by the equivalent of 1.1 Mt C/yr. It is 
estimated that, worldwide, soil C sequestration could offset GHG emissions by 400–1200 Mt C/yr. Many NZ 
pastoral top soils (0-15 cm) are approaching SOC saturation, whereas subsurface soils (15-30 cm) have a 
greater saturation deficit and the potential to sequester additional SOC. Consequently, management practices 
that place soil organic matter in closer proximity to under-saturated mineral subsoils may enhance SOC 
sequestration. Pasture renewal is practiced by livestock farmers to improve pasture performance. Renewal 
represents an ideal point in the management of grassland systems to use full inversion tillage (FIT; ploughing to 
30-40 cm) as a one-off event to bury C-rich topsoil (slowing its decomposition) and bring under-saturated 
mineral soil to the surface where the high inputs of C from shallow, dense rooted pasture can fill the SOC 
saturation deficit over time, leading to increased SOC storage. 
 
Objectives 

 
Our aim was to conduct a critical analysis of the potential for FIT pasture renewal to enhance SOC 
sequestration in NZ based on a review of the international literature and empirical modelling. 
 
Methods 

 
We reviewed available literature and applied a simple empirical model to predicting changes in soil C stocks 
following a one-off application of FIT (30 cm) during pasture renewal. The model accounts for the 
decomposition of SOC in buried topsoil and the accumulation of C in the new topsoil (inverted subsoil) and was 
used to derive national estimates of soil C sequestration under different scenarios of pasture renewal. 
 
Results 

 
Our results indicate that pastures renewed with FIT could sequester an additional 3 -10 Mt C in NZ high 
production grassland (HPG) soils over 30 years (0.4 to 1.2 t C/ha/yr). This conservative estimate was based on 
10-20% farmer adoption on flat and rolling land (<20o slope; 6-12% of HPG) at the recommended 10% annual 
renewal rate. The increase is significant in relation to the increase in NZ agricultural GHG (CH4 & N2O) 
emissions of 1.1 Mt CO2-C eq/yr (relative to 1990). We discuss the direct and indirect evidence to support 
these estimates and other potential benefits and trade-offs of using FIT pasture renewal. 
 
Conclusion 

 
Adoption of FIT pasture renewal has the potential to accelerate SOC sequestration in NZ pastures but direct 
experimental evidence is need to verify our predictions and any other benefits or trade-offs of its adoption. 
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Terracing in semi-arid agricultural landscapes promotes the recovery of soil organic matter levels 

to those of semi-natural ecosystems 
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Klaus Butterbach-Bahl5 
1Imperial College London, Department of Life Sciences, Ascot, United Kingdom 
2International Livestock Research Institute, Nairobi, Kenya 
3University of Eldoret, Eldoret, Kenya 
4University of Lancaster, Lancaster, United Kingdom 
5Karlsruhe Institute of Technology, Garmisch-Partenkirchen, Germany 
 
Introduction 

 
A comprehensive assessment of soil organic matter (SOM) dynamics in sub-Saharan agricultural sites 
implementing soil and water conservation (SWC) measures is still lacking despite their extent, ecological and 
economic significance. Specifically, the effect that long-term established SWC measures may have on SOM-
related properties is not yet known. 
 
Objectives 

 
We studied farms with SWC measures established for over 40 years. The objectives of the study were to: (i) 
assess the influence of specific SWC cultivation practices on SOM dynamics; and (ii) study the variation of SOM-
related properties over different land uses. 
 
Materials & Methods 
 
The study was conducted across a semi-arid agricultural landscape in south Kenya. 132 households were 
surveyed to obtain baseline information about agricultural practices and identify potential sampling sites. 
Three main land uses were selected: (i) croplands having SWC structures, (ii) croplands not having SWC 
structures (conventional agriculture), and (iii) semi-natural vegetation. Soil sampling took place in a stratified 
random manner. At each sampling location four replicate samples were taken at four depth intervals. 
Elemental abundances of carbon and nitrogen and their stable isotopic composition were determined in over a 
thousand samples. 
 
Results 

 
Conventional agricultural sites contained less than 21 Mg C ha-1 in the soil profile under consideration (0.85 m), 
while sites with SWC measures and semi-natural vegetation stored above a third more. The variations in 15N 
values along the soil profile were similar to those exhibited by 13C. There was a negative relationship between 

15N values and C/N ratios across the different land uses, with sites implementing SWC cultivation practices 
showing the broadest variation. 
 
Conclusion 

 
Besides increasing food security, the establishment of SWC structures in semi-arid, erosion-prone, agricultural 
landscapes results in the recovery of SOM levels comparable to those observed in neighboring semi-natural 
ecosystems. The significant differences observed in C/N ratios as well as in 13C and 15N values between SWC 
agricultural practices classified according to the presence of trees in dugout trenches, strongly suggest the 
existence of contrasting SOM dynamics caused by vegetation-related effects. 
 



Session 6b: Managing soil organic matter decomposition and stabilization for carbon sequestration and 

improved soil health 

6th International Symposium on Soil Organic Matter  325 

Figure 1 

 
 
 



Session 6b: Managing soil organic matter decomposition and stabilization for carbon sequestration and 

improved soil health 

6th International Symposium on Soil Organic Matter  326 

O-6b.03 

 

Defining critical soil organic matter levels in agricultural soils: Evidence from the Rothamsted 

Highfield Ley-Arable Experiment  

 

*Johannes Lund Jensen1, Per Schjønning1, Christopher W. Watts2, Bent T. Christensen1, Peter Bilson Obour1, 
Clément Peltre3, Lars J. Munkholm1 
1Aarhus University, Agroecology, Tjele, Denmark 
2Rothamsted Research, Sustainable Agriculture Sciences, Harpenden, United Kingdom 
3University of Copenhagen, Plant and Environmental Sciences, Copenhagen, Denmark 
 
Soil organic matter (SOM) is important for maintaining soil properties and functions, but so far critical levels of 
SOM have not been defined across soil types. We hypothesize that the degree of saturation of clay and silt 
particles with soil organic carbon (SOC) is more critical for sustaining soil physical properties than the total SOC 
content. Here the ratios RD=clay/SOC (Dexter ratio) and RH=mineral fines <20 µm/SOC (inspired by Hassink) 
were tested as indicators of critically low SOC content for soil physical properties. Soils with a wide range of 
SOM (0.0080-0.0427 kg C kg-1 minerals) were retrieved in spring 2015 from treatments established in the 1940s 
and 50s as part of the Highfield long-term ley-arable experiment at Rothamsted. On this silt loam, four 
treatments were sampled: 1) Bare-fallow maintained free of plants by regular tillage, 2) Continuous arable 
rotation predominantly winter cereals, 3) Ley-arable rotation; three-year grass/clover ley followed by three 
years arable, and 4) Reseeded grass. We measured clay dispersion of 1-2 mm aggregates adjusted to a water 
potential of -100 hPa, disintegration (the ratio between clay content without and with SOM removal), pore size 
parameters and aggregate strength. Clay dispersion increased significantly when SOC<0.0234 kg kg-1 minerals, 
and disintegration decreased when SOC>0.0225 kg kg-1 minerals. Lowered disintegration can be interpreted as 
an increase in soil structural stability. We found a strong positive linear relationship between SOC and void 
ratio <30 µm, whereas void ratio >30 µm was related to differences in tillage between treatments. Aggregate 
tensile strength showed negative and specific rupture energy a positive linear relation to SOC. The friability 
indices were not related to SOC or to mineral fines saturation. The SOC change point found for clay dispersion 
and disintegration corresponds to RD=10 and RH=20, which is in line with previous studies identifying critical 
thresholds based on SOC saturation with fine particles across soil textures. In contrast, the saturation 
hypothesis was less convincing in explaining changes in pore size and aggregate strength parameters. 
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Cover crop and nitrogen fertilization effect on soil carbon and nitrogen under bioenergy forage 

sorghum  

 

*Upendra Sainju1, Hari Singh1, Bharat Singh1 
1Agricultural Research Service, USDA, Sidney, MT, United States 
 
Little is known about the effects of cover crop and N fertilization on soil C and N under forage sorghum 
(Sorghum vulgare Pers.) used for feedstock or the bioenergy production. We examined the effects of cover 
crops (hairy vetch [Vicia villosa Roth], rye [Secaele cereale L.], hairy vetch/rye, and the control [no cover crop]) 
and N fertilization rates (0 and 90 kg N ha-1) on soil organic C (SOC), total N (STN), NH4-N, and NO3-N contents 
at the 0- to 30-cm depth from 2010 to 2014 in the southeastern USA. Cover crop biomass yield and C and N 
contents were greater with vetch/rye than rye and the control in 2013 and 2014. At 0-5 and 0-30 cm, SOC was 
greater with vetch/rye than rye and vetch and STN greater with vetch or vetch/rye than the control at 0 kg N 
ha-1. At 0-30 cm, SOC increased at 2.62 Mg C ha-1 yr-1 and STN at 0.35 Mg N ha-1 yr-1 with vetch/rye 
compared to nonsignificant increases with other cover crops from 2010 to 2014. The NH4-N content at 5-15 cm 
was greater with rye than other cover crops in 2012 and NO3-N content at 5-15 and 0-30 cm was greater with 
vetch and vetch/rye than rye and the control in 2011 and 2012. Because of increased C and N inputs, SOC, STN, 
and NO3-N contents increased with vetch/rye and vetch than rye and the control, but N fertilization had little 
effect on soil C and N under forage sorghum. A mixture of hairy vetch and rye cover crop can be used to 
enhance soil C and N storage and optimize N availability to forage sorghum where aboveground biomass is 
harvested for livestock feedstock or bioenergy production. 
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Sequestration of root-derived carbon in soil aggregates as influenced by rice (Oryza sativa L.) 

cultivars in a paddy soil 

 

*Haishi Ji1, Genxing Pan1 
1Nanjing Agricultural University, Nanjing, China 
 
Super rice with higher root biomass can promote soil stabilization and suberin diacid could be used as 
biomarkers for root-derived carbon (root-C). We hypothesized that the super rice could increase the 
sequestration of root-C in soil aggregates. Therefore, rhizosphere soil (0–15 cm) was sampled at the harvest of 
different rice (Oryza sativa L) cultivars in the middle and lower reaches of the Yangtze River. Soil aggregates 
were fractioned into different sizes of coarse sand (200–2000 m), fine sand (20–200 m), silt (2–20 m) and 
clay (< 2 m), using separation with a low-energy dispersion protocol. After removal of free lipids with 
sequential extraction, the residual bound lipids in the soil were obtained with saponification and derivatization, 
the α, ω-dicarboxylic acids (diacids) from the lipids, were quantified by gas chromatography. The results 
showed that there was a significant correlation between the diacids and organic carbon contents of individual 
size fractions for the rhizosphere samples (R2=0.83, p<0.00). The content and sum of total diacids was 4.2 to 
10.1 mg kg-1 and 180 to 2400 g in aggregates respectively, while the sequence was fine sand>coarse 
sand>silt>clay sized and fine sand >silt>coarse sand>clay sized fractions, respectively. After 8 years of 
continuous cultivation of super rice, when compared with hybrid rice CL, the mean weight diameter (MDW) of 
soil aggregates increased, and the sequestration of root-C (C16-22 diacids) in rhizosphere aggregates improved. 
However, more research is needed to study the long-term effect of root-derived diacids in rice soil. 
 

Figure 1 

 
Figure 2 
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The fate of carbon from soil amendments in horticultural systems 

 

*Sarah Duddigan1, Chris Collins1, Liz Shaw1, Paul Alexander2 
1University of Reading, Geography and Environmental Science, Reading, United Kingdom 
2Royal Horticultural Society, Wisley, United Kingdom 
 
Question 

 
The commonplace practise of application of organic soil amendments to soil to improve fertility and augment 
the soil carbon pool has been of increasing interest in recent years. However, little is known about the fate of 
carbon in soil amendments after application to horticultural soils. 
This research focuses on soil carbon dynamics, and interactions with soil microbial ecology in a practical 
horticultural context. Specifically, the effects of the use of soil amendments on: (i) soil physico-chemical 
properties, and therefore yield; (ii) the quantity and composition of soil; and, (iii) the microbial community 
structure, and the ability of this community to decompose organic matter. 
 
Methods 

 
Ten different treatments (8 replicates) have been applied annually (and plants grown), since 2008, in a 
randomised block arrangement to 80 plots at the Royal Horticultural Societys (RHS) Deers farm at Wisley, 
Surrey (UK). Amendments that are commonly used by and/or available for use in the wider horticultural 
community were selected (peat, garden compost etc.). Soil physical and chemical properties (e.g. pH, bulk 
density, nutrient concentrations etc.), along with plant yield data, are obtained annually. 
 
Results 

 
Organic amendment treatment began to have a significant effect on plant yield 3 years after initial application. 
However the best performing treatment depends on the plant species in question. A combination of physical 
fractionation techniques and nuclear magnetic resonance (NMR) analysis indicatethe difference in total C 
concentration between treatments result from an increase in unprotected particulate organic matter (POM), 
rather than an increase in SOM being occluded in aggregates or in organo-mineral complexes, and persist as a 
result of accumulation in the alkyl C region. A method known as the Tea Bag Index (TBI) was used to determine 
decomposition rate constants in each of the plots. The differences seen in decomposition rate in the plots is 
largely determined by the C:N ratio of the amendment, and the presence of plants on the plots that compete 
with microorganisms for N. 
 
Conclusions 

 
This research shows that the soil amendment used influences plant yield, the quantity of soil C, and microbial 
activity on the experimental plots, research that is of great value to the gardening community. 
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Plant residue quality mediate soil organic matter stabilization in an organic rainfed Mediterranean 

woody cropping system 

  

*María Almagro1, Elvira Diaz-Pereira1, María Martínez-Mena1 
1CEBAS-CSIC, Soil and Water Conservation, Murcia, Spain 
 
The incorporation of plant residues in rainfed Mediterranean agroecosystems can be a powerful strategy to 
mitigate the current atmospheric CO2 increase, through soil carbon sequestration and stabilization. The 
objective of this study is to assess how the type (leaves and stems vs roots) and quality (green manure vs 
spontaneous native vegetation) of plant residues incorporation affect soil aggregation and organic carbon 
stabilization in an organic rainfed almond (Prunus dulcis Mill.) orchard under different soil management 
practices (reduced tillage, RT, reduced tillage plus green manure, RTG, reduced tillage plus organic manure, 
RTOM, and no tillage, NT) after ten years from implementation. We set up a full-factorial experiment in the 
laboratory to evaluate the effect of soil-plant residue mixing after tillage operations on decomposition, soil 
aggregation and OC physico-chemical stabilization. Soil from the plow layer (0-15 cm depth) and inter-crop 
plant biomass were collected at each management practice in spring 2016. Soil was immediately homogenized 
and sieved through a 5-mm mesh sieve to remove stones and large plant residues, and plant biomass was 
cleaned, separated by above- and below-ground components and cut into 2-3 cm pieces. Three types of 
homogeneously plant residues (leaves and stems, roots, and the combination of both) from each management 
practice were mixed with soil at 1:40 litter to soil ratio and incubated under controlled conditions (28 °C, 60% 
water holding capacity), and CO2 release was measured regularly over 243 days. One no-plant residue (that is, 
containing only soil) microcosm per treatment x block x replicate combination (n = 36) was also incubated to 
correct for the soil contribution to CO2 production. At the end of the incubation, water-stable macroaggregates 
(>250 m), free micro-aggregates (53–250 m), silt plus clay size fractions (<53 m), as well as the micro-
aggregates occluded within macro-aggregates, were isolated by sieving and associated OC content was 
measured. Preliminary results show that leaves and stems mineralised faster than roots, and that soil 
aggregation and OC stabilization increase with higher-quality plant residues. 
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Carbon sequestration on arable land: Results obtained in multi-year field experiments 

 

*Tommy D'Hose1, Koen Willekens1, Bart Vandecasteele1, Thijs Vanden Nest1, Victoria Nelissen1, 
Greet Ruysschaert1 
1ILVO, Plant Sciences, Merelbeke, Belgium 
 
Question 

 
As soil organic carbon (SOC) content is regarded as a major indicator for soil quality and as its management is 
crucial for agricultural production, improved SOC management is required. Two main strategies haven been 
identified to counterbalance SOC depletion: (i) increasing organic matter inputs and (ii) decreasing soil 
disturbance. Several agricultural management practices can be considered for realizing those strategies: non-
inversion tillage, the use of wider crop rotations and the application of organic amendments such as animal 
manures, compost and biochar. 
 
Methods 

 
Therefore, six multi-year field experiments (2 to 7 years) were established at/monitored by ILVO at sandy loam 
soils in Flanders to investigate if the SOC content can be increased by applying (a combination of) the 
management practices mentioned above. Next to the total carbon content, also the hot-water extractable 
carbon and microbial biomass carbon, which are considered as early indicators for SOC change, were 
determined. 
 
Results and Conclusions 

 
To increase the SOC content, using organic amendments such as animal manures, compost and biochar 
appeared to be the most effective. Depending on the type and composition of the amendment, the amount of 
carbon that was retained in the soil differed substantially. Animal slurry showed the lowest carbon retention 
ratio with values around 20%. Applying farmyard manure and different types of compost resulted in similar 
carbon retention ratios of 25-60% while the highest carbon retention was noticed after a single biochar 
application (55-80%). Moreover, both compost and biochar succeeded in increasing the SOC content in the 
short term without increasing the risk for N and P-leaching to ground- and surface water. The repeated 
application of non-inversion tillage caused a redistribution of SOC in the 0-30 cm layer but no significant 
differences in SOC stocks. The increased SOC content in the 0-10cm soil layer in the non-inversion tillage 
treatments was closely linked with improved aggregate stability and higher bacterial and fungal populations. 
Finally, no significant effect on SOC content that could be ascribed to the introduction of a grass-ley or an 
extended crop rotation compared to a monoculture of forage maize could be observed after a study period of 5 
years. 
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No-tillage with residue retention and conventional tillage with residue burning reduce soil carbon 

stocks after 37 years of wheat production 

 

*Nondumiso Zanele Sosibo1,2, Pardon Muchaonyerwa1, Toi John Tsilo2 
1University of KwaZulu-Natal, Soil science, Pietermaritzburg, South Africa 
2Agricultural Research Council, Bethlehem, South Africa 
 
Introduction 

 
Soil organic carbon (SOC) is central to sustainable management of soil quality. Carbon (C) sequestration in soil 
contributes to climate change mitigation. Tillage and residue management may affect C stocks. Field studies on 
soil and crop management effects on C rarely explore the whole rooting depth because of sampling difficulties. 
 
Objectives 

 
The objectives of this study was to determine the long-term effects of tillage and residue management on C 
stocks in the rooting depth of wheat. 
 
 
Materials & Methods 

 
We used a 37-year old factorial experiment on dryland wheat at Bethlehem, South Africa. The mean annual 
rainfall is 743 mm and average temperatures ranges from 7.1 - . ˚C. The soil as a  a i  pli thosol W‘B, 
2015). The experiment was based on combinations of residue management, tillage, weed control and nitrogen 
fertilization. A full description of the trial is in Loke et al. (2012). Soil was sampled from the 3 tillage 
(conventional (CT), stubble mulch (SM) and no-tillage (NT)) systems x 2 residue (burnt and unburnt) 
management at 20 cm increments to 100 cm depth. Soil OC was analyzed by the Walkely-Black method and 
bulk density by the core method. The stocks were calculated for each layer, before summing for the 100 cm 
depth. The data were subjected to analysis of variance. 
 
Results 

 
With no burning, the tillage systems had similar C stocks at 0–40 cm, but NT had the lowest C stocks at deeper 
layers. Where residues were burnt, NT had the highest stocks in the 0-20 cm depth but had similar stocks with 
SM at deeper layers. With residue burning, CT had the lowest C stocks at all depths. Without residue burning, 
NT had the lowest total C stocks, which was similar to CT with residue burning. 
 
Conclusion 

 
No-tillage with residue burning and CT with residue retention reduce soil C stocks under dryland wheat. 
Stubble mulch, CT with residue retention and NT with residue burning increase C stocks. 
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Irrigating grazed pasture decreases soil carbon and nitrogen stocks 

 

*Paul Mudge1, Frank Kelliher2, Trevor  Knight2, Denis O'Connell2, Scott Fraser1, Louis Schipper3 
1Landcare Research, Soils and landscapes , Hamilton, New Zealand 
2AgResearch, Lincoln, New Zealand 
3University of Waikato, Hamilton, New Zealand 
 
Introduction 

 

The sustainability of using irrigation to produce food depends not only on the availability of sufficient water, 
but also on the soils response to irrigation. Stocks of carbon (C) and nitrogen (N) are key components of soil 
organic matter (SOM), which is important for sustainable agricultural production. While there is some 
information about the effects of irrigation on soil C stocks in cropping systems, there is a paucity of such 
studies in pastoral food production systems. 
 
Objective 

 
Determine whether irrigation impacts on SOM stocks in grazed pasture systems 
 
Methods 

 

We sampled soils from 34 paired, irrigated and unirrigated pasture sites across New Zealand (NZ) and analysed 
these for total C and N. 
 
Results 

 

 On average, irrigated pastures had significantly (P<0.05) less soil carbon (C) and nitrogen (N) than adjacent 
unirrigated pastures, with differences of 6.99 t C ha–1 and 0.58 t N ha–1 in the uppermost 0.3 m. Differences in 
C and N tended to occur throughout the soil profile, so the cumulative differences increased with depth, and 
the proportion of the soil C lost from deeper horizons was large. There were no relationships between 
differences in soil C and N stocks and the length of time under irrigation. 
 
Conclusions 

 

This study suggests SOM will decrease when pastures under a temperate climate are irrigated. On this basis, 
increasing the area of temperate pasture land under irrigation would result in more CO2 in the atmosphere, 
and may directly and indirectly increase N leaching to groundwater. Given the large and increasing area of land 
being irrigated both in NZ and on a global scale, there is an urgent need to determine whether the results 
found in this study are also applicable in other regions and under different land management systems 
 
Ongoing work 

 
We are currently in the process of sampling 50 more paired irrigated and unirrigated pasture sites, and are also 
exploring potential mechanisms for the previously observed losses of SOM under irrigated pastures. 
Preliminary data indicate significant differences in microbial function and community structure between 
irrigated and dryland soils. 
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The impact of soil fauna on C turnover and formation of organo-mineral associations 

 

*Justine Barthod1, Cornelia Rumpel1, Marie-France Dignac2 
1IEES-PARIS, Thiverval-Grignon, France 
2INRA, Ecosys, Thiverval-Grignon, France 
 
Question 

 

Soil fauna are key to soil organic matter formation and turnover. However, their role in the formation of 
organo-mineral interactions is poorly understood. In this study, we used co-composting of organic matter and 
different types of minerals in presence and absence of worms as a model system to investigate in detail the 
impact of worms on physico-chemical C stabilisation. We aimed to elucidate the impact of worms on the 
nature and stability of different types of organo-mineral interactions. Moreover, we determined the impact of 
worms on the total C balance. 
 
Methods  
 
To this end, we produced composts without worms and vermicomposts with worms with and without addition 
of minerals during 6 months in the laboratory. We used a mixture of common organic wastes and different 
amounts of clay minerals (montmorillonite and kaolinite) as well as a mixture of clay (kaolinite) with an iron 
oxide (goethite). We monitored the CO2 emissions during composting as well as after the soil exposure of the 
materials, determined the materials" chemical signatures (lignin, sugar, 13C CPMAS NMR spectroscopy, organic 
phosphorus) and investigated the morphology of the interactions formed by transmission electron microscopy. 
 
Results 

 

During composting the highest amounts of CO2 were emitted in the presence of worms, regardless the added 
mineral. After exposure to soil, CO2 emissions of vermicomposts were lower than those of regular composts. 
Indeed, a close correlation was found between CO2 emissions before and after soil exposure. These results 
indicate that commuting and processing of organic matter by worms is intense, thereby accelerating the 
transformation and stabilisation processes of organic matter through organic transformations as well as 
through interactions with minerals. Montmorillonite appeared to reduce CO2 emissions more than kaolinite. 
The addition of kaolinite + goethite showed opposite effects in treatments with and without worms: in the 
absence of worms, this mixture induced a higher mineralization than the traditional compost, conversely in the 
presence of worms, the amount of mineralized carbon from this mixture was decreased. 
 
Conclusions 

 

The presence of worms influenced the nature and chemical composition of organo-mineral associations 
formed. Strongest interactions between Fe-oxides and sugars seemed to be formed in presence of worms. 
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Differential gene expression in the model Actinomycete Streptomyces coelicolor A3(2) during soil 

organic carbon priming 

 

Damien Finn1,2, Kerrilyn Catton3, Marijke Heenan3, Peter Kopittke1, Hinsby Cadillo2, Diane  Ouwerkerk4, 
Athol Klieve4, *Ram Dalal1,5 
1The University of Queensland, School of Agriculture and Food Sciences, Brisbane, Australia 
2Arizona State University, Tempe, AZ, United States 
3Department of Science, Information Technology and Innovation, Dutton Park, Australia 
4Department of Agriculture and Fisheries, Dutton Park, Australia 
5The University of Queensland, School of Agriculture and Food Sciences, Brisbane, Australia 
 
Introduction 

 
Soil organic carbon (SOC) loss adversely affects productivity as well as emit carbon dioxide (CO2) to the 
atmosphere. SOC loss occurs through a number of mechanisms, one of which is SOC priming due to either an 
increase in microbial catabolism of SOC from basal levels (positive) or a decrease from basal levels (negative) 
when fresh organic matter (OM) is added. Here we demonstrate SOC priming in the model Actinomycete 
Streptomyces coelicolor A3(2) in response to substrates of varying carbon:nitrogen stoichiometry. 
 
Materials and Methods  

 
Three substrates of varying C:N stoichiometry were incubated in gamma-irradiated agricultural soils inoculated 
with S. coelicolor A3(2) for 105 days. Respired CO2 was extracted periodically from the gas headspace of 
Hungate tubes and analyzed with gas chromatography and isotope ratio mass spectrometry. A weighted 
isotope mixing-model was used to determine priming of SOC. Total RNA was extracted during priming, and the 
transcriptome was sequenced on the Illumina HiSeq platform. Differential gene expression of S. coelicolor A3(2) 
was determined with DESeq2 in R. 
 
Results 

 
There was a positive priming of SOC under high C:N stoichiometry or a negative priming of SOC under low C:N 
stoichiometry. Positive priming resulted in significant increases in genes associated with: a) extracellular 
decomposition of polysaccharides; b) uptake of mineral N and cellobiose; c) transcriptional regulators of 
extracellular enzymes and nitrite reductase; and d) core C and N metabolism (Fig. 1). Expression of glutamate 
dehydrogenase, glucose-6-phosphate isomerase and fructose bisphosphate aldolase decreased. 
 
Conclusions 

 
Under positive priming and SOC loss, N acquisition depends on soil-associated inorganic N and chitin, C 
decomposition increases. Conversely, under negative priming and preferential catabolism of plant-OM, amino 
acids play a greater role in N metabolism. Hence C:N stoichiometry regulates microbial function and cycling of 
soil C and N. 
 
Fig. 1: A model of gene expression during priming. Positive priming (▲) vs negative priming (▼); P = 0.05 (*); 

.  ** ; < .  *** . → sho  di e tio al flo  of eta oli  i te ediates a d e t a ellula  e z es, a d - 
- putative interactions between transcriptional regulators and target genes that encode for corresponding 
proteins. 
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Investigating the effects of pre-incubation on microbial responses in soils under various storage 

periods 

 

*Andrew Jones1, Vadakattu Gupta2, Ram Dalal1, Susanne Schmidt1, Richard Brackin1 
1The University of Queensland, School of Agriculture and Food Science, Brisbane, Australia 
2CSIRO Agriculture & Food, Adelaide, Australia 
 
Questions 

 
1. Assess losses of soil microbiological responsiveness and activity after wetting due to storage of air-

dried soil samples. 
2. What is the ideal pre-incubation period for wetting of air-dry stored soils for incubation studies? 

 

Methods 

 
This experiment involved a 10-day soil incubation, testing soil CO2 respiration, extracellular enzyme activity 
and microbial biomass C after moistening surface 0-10 cm Alfisol samples from a single location in south-west 
Queensland that had been sampled, sieved to 2 mm, air-dried at 40oC and subsequently stored over different 
periods; 30 years, 3 years, 3 weeks and 0 time (fresh) since sampling. Fresh soils, taken 3 days prior to 
experiment, provided baseline measurements to compare with the effects of soil storage. Large subsamples of 
fresh soils were air-dried (40oC) after sieving and stored for 3 weeks to represent soils of 3-week storage 
period. 
 
Results 

 
Fresh and 3-week old soils responded immediately to moistening, with peak CO2 respiration rates occurred 
within the first hour. In contrast, 3-year and 30-year old soils demonstrated a delayed response to reach peak 
CO2 respiration rate (in the course of 8 to 14 hours, respectively). All soils declined after peaking to reach 
steady and similar respiration rates within 5 to 10 days. While trends in C and N cycling enzymes differed 
amongst soils, most reached similar activity by day 10. Microbial biomass C was similar between soils. 
 
Conclusion 

 
1. Immediate response of soil microorganisms to moistening was varied depending upon soil storage 

periods, with 30-year old soils having a delayed response in some measurements (CO2 respiration, 
microbial activity) while nearly identical response in others (microbial biomass, phenol oxidase). 
Delayed responses, however, generally reached similar functionality as fresher soils by 5 or 10 days of 
incubation suggesting high resilience of soil microorganisms. 

2. Ten days of "pre-incubation" appears to be considerably effective at reviving native-soil microbial 
activity and function in air-dried soils that have been stored for over 30 years. 

 

Figure 1: a) CO2 respiration rate over (log)hours, b) cumulative CO2 production after wetting of soils after 
various periods of air-dried storage. 
Figure 2: Enzyme activity of soils at day 0, 5 and 10 after wetting; a) microbial biomass C, b) fluorescein 
diacetate (FDA) c) b-glucosaminidase, d) phenol oxidase, e) urease, f) protease. 



Session 6b: Managing soil organic matter decomposition and stabilization for carbon sequestration and 

improved soil health 

6th International Symposium on Soil Organic Matter  338 

Figure 1 

 
Figure 2 

 

 



Session 6b: Managing soil organic matter decomposition and stabilization for carbon sequestration and 

improved soil health 

6th International Symposium on Soil Organic Matter  339 

O-6b.14 

 

Soil biotic legacy effects of agricultural practices influence microbial C use efficiency 

 

Sauvadet Marie1, Lashermes Gwenaelle2, Alavoine Gonzague2, Recous Sylvie2, Chauvat Matthieu3, *Bertrand 
Isabelle4 
1IRD, UMR Eco&Sols, Montpellier, France 
2INRA, FARE, Reims, France 
3Université de Rouen, ECODIV, Rouen, France 
4INRA, UMR eco&Sols, Montpellier, France 
 
Increasing soil organic matter in cropped soils is a major challenge. Soil carbon in arable systems is mainly 
acquired through above and below-ground litter decomposition, with an efficiency depending both on litter 
chemical characteristics and on the composition and activity of the soil microbial communities; however, the 
interactions between these two factors remain poorly understood. To answer to this question, we selected 
fields from a same soil type which underwent different agricultural practices during 5 years. We tested whether 
the impacts of these practices on soil biotic characteristics will have legacy effects on Litter-C microbial 
assimilation strategy. The study was conducted at the long-term experimental site SOERE ACBB, located in 
Northern France (49.873 N, 3.032 E), on a loamy soil (Orthic Luvisol, FAO classification) where six treatments 
varying by their tillage, N fertilization and crop residues management were set up in 2010 (Coudrain et al., 
2016). We sampled in 2015 the 0-5 cm layer of the deep-tillage (CONV) and the reduced-tillage (RT) 
treatments. A laboratory incubation was performed during 29 days with, for each soil, three litter treatments, 
i.e. (i) no litter added (control), and uniformly (ii) 13C-labelled mature wheat (recalcitrant litter), and (iii) 13C-
labelled flowering wheat residues (labile litter), mixed into the soil at the rate of 3 mg C g-1 dry soil. Dynamics 
of C-CO2 and 13C-CO2, microbial biomass C and 13C, and hydrolytic enzymatic activities were measured during 
the decomposition. Non amended RT soil (control) showed higher total C content, C-CO2 emitted, microbial 
biomass C and enzymatic activities than CONV soil. RT litter-amended treatments exhibited both higher carbon 
use efficiency (proportion of the litter-13C decomposed incorporated into 13C-microbial biomass) and 
enzymatic efficiency (amount of litter-13C mineralized per amount of enzymes produced), yet had lower or 
equivalent priming effects than CONV treatments. These results suggest legacy effect of agricultural practices 
such as reduced tillage on the microbial C assimilation strategy in soil. We observed also that differences 
between CONV and RT microbial activities and carbon use efficiency increased with the recalcitrance of the 
decomposing litter.  
 
Keywords: soil, litter decomposition, microbial CUE, enzymes, 13 C 
 

Reference: 
Coudrain, V. et al. 2016. Temporal differentiation of soil communities in response to arable crop management 
strategies. Agriculture, Ecosystems & Environment 225, 12–21. 
 
 



Session 6b: Managing soil organic matter decomposition and stabilization for carbon sequestration and 

improved soil health 

6th International Symposium on Soil Organic Matter  340 

O-6b.15 

 

Turnover of soil organic matter under energy crop Miscanthus: Repeated 13C natural abundance 

approach and generalization 
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2University of Goettingen, Soil Science and Temperate Ecosystems, Goettingen, Germany 
3Institute of Physicochemical and Biological Problems in Soil Science, Pushchino, Russian Federation 
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6University of Goettingen, Centre for Stable Isotope Research and Analysis, Goettingen, Germany 
 
Stability and turnover of soil organic matter (SOM) is very important but most unknown part of carbon (C) 
cycling between terrestrial ecosystems and the atmosphere. Conversion of C3 grassland to C4 plants (e.g. 
Miscanthus gigantheus) provides an ideal approach to quantify dynamics of SOM without disturbance (like 
plowing) due to the natural shift of 13C values, under long-term Miscanthus cultivation. We used the repeated 
13C natural abundance approach to measuring the C turnover in a loamy Gleyic Cambisol up to 100 cm depth 9 
and 21 years after land use change from C3 grassland to Miscanthus. To our knowledge, this is the longest C3-C4 
vegetation study focused on C turnover in soil under energy crops. The SOM stock under Miscanthus (about 
140 Mg C ha-1) was similar to the reference grassland through the soil profile 21 years after the conversion. 
Correspondingly to Miscanthus growth, the contribution of C4-C to total soil C within 100 cm depth increased 
strongly from 7.5% in the first 9 years to 45% after 21 years of Miscanthus plantation. The C3-C was replaced by 
Miscanthus-derived C at a rate of 1.8 Mg C ha-1 yr-1 that is about 2 times faster compared to grasslands. The 
mean residence time (MRT) of C in SOM increased from 14 years in the upper 10 cm, to 33-35 years for 10-50 
cm, up to 330 years below 90 cm. The MRT after 21 years of Miscanthus cultivation was about 2-5 times faster 
than after 9 years of vegetation change, indicating increased C input and accelerated SOM turnover with 
Miscanthus growth. To generalize our results, we analyzed literature data to C input and MRT from 41 paired 
comparisons by conversion of croplands or grasslands to Miscanthus. The average total SOC increase after 
conversion from croplands and grasslands to Miscanthus was 6.4 and 0.4 Mg ha-1, respectively. After five years 
of Miscanthus plantation, the MRT of C in soil remained stable ~ 60 years (in the top 30 cm). We conclude that 
growing Miscanthus on C-poor soil (e.g. cropland) caused immediate SOC sequestration, because of higher root 
C input and decreased SOM decomposition without cultivation. However, C sequestration in soil by replacing 
grasslands with Miscanthus was of minor importance. The turnover of SOC was accelerated with time (because 
of increasing C input) and strongly decreased with depth. Concluding, the application of repeated 13C natural 
abundance approach allowed analyzing the changes of C turnover during plant growth and so, to assess the 
period of C sequestration under energy crops. 
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Decomposition of old peat and young organic matter in degrading organic soils of different land-

use 
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1Agroscope, Climate / Air Pollution Group, Zurich, Switzerland 
2Bern University of Applied Sciences, School of Agricultural, Forest and Food Sciences , Zollikofen, Switzerland 
3ETH, Institute of Terrestrial Ecosystems, Zurich, Switzerland 
 
About half of European peatlands are drained and managed, resulting in substantial and long-lasting losses of 
organic carbon, mostly as CO2, as well as impairment of other soil functions. Although drainage induces visible 
loss of peat, these soils also receive fresh plant residues, resulting in respired CO2 that is composed of 
unknown shares of old and young C. Assigning the contribution of old, peat-derived C to overall decomposition 
and its response to addition of fresh organic matter is needed for developing adjusted management practices. 
Here we study the origin of CO2 from incubated soils taken from five sites in three replicates under different 
land use (cropland, grassland, forest) and management utilizing its radiocarbon content as compared to that of 
soil carbon. In all cases, the evolved CO2 was isotopically younger than the bulk carbon, indicating a 
preferential loss of younger C. To soils from three sites fresh maize stalks were added to study the response of 
peat (priming) (Fig. 1). The relative contribution of old peat C to the overall CO2 release consistently decreased 
after maize stalk addition, suggesting that young and old C pools in these managed organic soils respond 
differently to the addition of fresh plant residues: Fresh organic residues can effectively reduce the 
decomposition of old peat. In soils from the other two sites, we additionally could make use of a previous C3-
C4 vegetation change 20 years ago, enabling quantification of the amount of old vs. young C using the 13C 
signature in addition to 14C. Though C4-C substantially accumulated over decades, it was still more labile than 
the old peat. In conclusion, degraded organic soils reveal a clear 2-pool pattern in terms of age. The younger 
pool is easier to decompose and addition of fresh plant litter rather stimulates its decomposition whereas it 
suppresses decomposition of old peat. 
 
Legend Fig. 1. Radiocarbon signature (pMC) of SOC and decomposing SOC emitted from soil samples without 
and with maize addition (n=3). Radiocarbon signature of CO2 emitted from samples with maize addition are 
given for the total CO2 emitted, as well as for the decomposing SOC. 
 

Figure 1 
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C and N mineralization and microbial parameters following soil incorporation of conventional and 

novel biofertilizers 
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In addition to the conventional organic inputs in the soil, numerous new materials have become available 
during the last decades following novel agricultural industries applications and processes. For a sustainable use 
of these organic materials, knowledge on their agricultural value and environmental risk is needed for the 
farmers and policy makers. We conducted two incubation experiments using 11 conventional and novel organic 
fertilizers (OF) spanning a wide range of C:N ratio (6.5:1-60:1), consistency (liquid and solid) and sources 
(digestates, crop residues, phytoremediation plants and transformed food wastes). The objectives of the study 
were to quantify the N availability and stable carbon fraction and to assess the impacts on microbial activity, 
biomass and community structure upon incorporation into the soil. The OF were anaerobic digestates from 
cattle manure only (AD_Man), AD from cattle slurry activated with crop residues (ActivatedAD), crop residues 
(AD_Crop), pig slurry-crop residue mixture (AD_SluCrop); Composts from rice bran (RB), olive prunings (Olive), 
municipal wastes (MunicipW); Phytoremediation plant biomass (PhytoR), fresh crop residues of wheat (W-
straw), sugar beet (SugarbtR) and insect poo (Frass). A total of 273 PVC tubes were filled in with sandy loam soil 
and appropriate rate of OF was added considering farmers practices. The impacts of each OF on potential 
carbon and nitrogen mineralization and the microbial parameters such as enzyme activities, microbial biomass 
C, community composition (through PLFA fingerprinting) were determined seven times during five-month 
incubation at a constant temperature and moisture content. The N mineralization experiment showed that N 
availability was significantly higher in samples with digestates (low C:N ) compared to RB, SugarbtR, W-straw, 
Frass, and unamended control. Samples with straw and Frass (high C:N and also the highest total organic 
carbon) resulted in lower available N compared to the other treatments and the control. On the other hand, 
Frass and W-Straw treatments resulted in higher dehydrogenase activity and microbial biomass carbon. 
Findings on C mineralization and stable carbon fraction of each OF and other parameters from the second 
incubation experiment are being analyzed and will also be presented during the conference.  
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The temperature sensitivity of soil organic matter decomposition is constrained by microbial 

access to substrates 
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Soils can be sources or sinks of carbon depending on the balance between carbon inputs from plants and losses 
from the decomposition of soil organic matter (SOM). In agro-ecosystems, this balance can be modified by 
changes in farming practices and environmental factors, such as temperature. Increasing carbon storage 
enhances sustainable productivity as well as other ecosystem services, and also contributes to mitigating the 
rate of increase in atmospheric carbon dioxide concentration. Describing the temperature sensitivity of SOM 
decomposition is critical for forecasting whether soils in a warming world will lose or gain carbon, but the 
question remains debated. The chemical nature of SOM has often been described to largely determine the 
sensitivity of decomposition to temperature. We provide new evidence to show that this may be constrained 
by substrate availability to microbial decomposers. We measured the temperature sensitivity of SOM 
decomposition using laboratory incubations of a grassland soil where substrate availability was either 
maintained or reduced by adding allophane, a clay-size mineral with a high capacity for binding SOM. In the soil 
with no added allophane, the decomposition rate increased by about seven-fold as temperature was increased 
from 1 to 40° C. With added allophane, decomposition rate increased only by about three-fold over the same 
temperature range. We then used a non-disruptive, natural abundance isotopic technique to partition root 
respiration and rhizosphere decomposition (newly released SOM, 13C-depleted) from the decomposition of 
more stable SOM (older SOM, 13C-enriched) for the same soil at the field site. We found no increase in the 
decomposition rate of the 13C-enriched pool of SOM between 11 and 28° C. We conclude that the large 
temperature sensitivity observed in the laboratory was due to substrate becoming readily availability as a 
result of the disturbance involved in collecting the soils. In undisturbed field conditions, the limiting step for the 
decomposition of the more stable SOM pool may be the rate at which decomposable substrate becomes 
available for decomposition. If our findings are extrapolated to soils globally, they imply that the response of 
soil organic carbon stocks to global warming may be low. 
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Introduction 

 
Improvement of soil organic carbon (SOC) sequestration, such as through the concurrent addition of carbon 
(C)-rich crop residues and balanced nutrients (nitrogen, phosphorus and sulfur) in agro-ecosystems, has 
recently received increasing interests. However, there is a knowledge gap on microbial processes and 
mechanisms relating to the priming effect (PE) on native SOC mineralization due to interaction between crop 
residue and nutrients added at varying levels to enhance soil organic matter (SOM). 
 
Materials & Methods 

 
During a 126-da  i u atio  of heat esidue d C ‰ , ith o  ithout ut ie ts oth amendments 
applied at different levels) in two soils (Luvisol and Vertisol), we quantified the priming of native SOC 
mineralization and the correlation of PEs with microbial growth, enzyme activity and gene abundance of four 
major taxa at different times. 
 
Results 

 
Our study showed an increase in positive PE with increasing residue input (with or without nutrients) during 
the 126-day incubation. At the early stage of incubation, there was a 46–140% increase in positive PE at the 
high residue input without nutrients (cf. with nutrient). In addition to "co-metabolism", where fresh residue 
would enhance the ability of microorganisms to metabolize native SOM, the positive PE also resulted from 
"microbial nutrient mining" of SOM. This mechanism seems to be supported by the lack of nutrient input and 
the high gene abundance of β-Proteobacteria, Acidobacteria, Eubacteria, and Fungi in the residue-amended 
soils. However, the positive PE in the residue-amended soils with nutrient supply increased to the same 
magnitude as without nutrient supply over time, likely due to dominance of "microbial stoichiometry 
decomposition", once the availability of added nutrients would have decreased due to immobilization, as 
indicated by the increased activity of EEAs involved in C and N cycle. Our findings suggested that the 
dominance of microbial mechanisms relating to the PE varied with the input levels of residue or residue by 
nutrients, and correlated to the dynamics of microbial community response with time. 
 
Conclusion 

 
Our study provided insights into the PE dynamics and microbial mechanisms, with a potential to underpin the 
modelling of SOC dynamics and to guide residue–nutrient input management for SOC sequestration. 
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Organic soil management enhances litter decomposition, but is dependent on historic organic 

amendment type 
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Question 

 
Crop residue decomposition is important in agricultural systems to maintain soil fertility. Organic agriculture 
may enhance decomposition and nutrient cycling by increasing the ability of the microbes to decompose 
substrates of varying quality. Here we studied the effect of 10 years of organic and conventional agriculture 
(chitin and compost), and the legacy effect of two additional organic amendments on the decomposition of 
litter from 4 maize cultivars with different chemical properties. We aimed to identify the main aspects of litter 
decomposition in agricultural systems, and how these are modified by soil management, which included the 
legacy effect of organic amendments. We expected both agricultural management and litter quality to be main 
drivers of the abundance of saprotrophic fungi colonizing the decomposing litter and in turn, to determine 
litter mass loss and litter N mineralisation (Fig. 1). 
 
Methods 

 
We used litter of 4 different maize cultivars with different chemical quality (C/N, % lignin) and buried 3 
litterbags per cultivar in each experimental plot (conventional/organic x chitin/compost/fallow). The organic 
amendments were added 7 years before the start of the experiment and fallow plots were used as controls. 
We collected the litterbags at three times during the decomposition process (1, 2 and 3 months). We assessed 
litter mass loss, C and N litter content and soil chemical properties across the experiment, and fungal 
abundance on decomposing litter after 3 months of decomposition. 
 
Results 

 
Litter mass loss of all maize cultivars was higher in the organic than in the conventional plots that received 
chitin (Fig. 2a). N loss was lower in the organic than in the conventional plots that received compost (Fig. 2b), 
which is consistent with a lower litter C:N ratio (Fig. 2c). The litter decomposition rates differed between the 
maize litter cultivars but the quality indicators did not explain these differences. 
 
Conclusion 

 
The predicted enhancing effect of organic agriculture on litter decomposition was dependent on the legacy of 
the organic amendment. Our results highlight the importance of soil management history for the 
decomposition of new litter. The underlying mechanisms we propose are changes in soil chemistry and in the 
abundance of saprotrophic fungi, which is the subject of ongoing research. 
Figure 1 

Figure 2 
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different improved agricultural management practices in Austria and Sweden 
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Austria 
2Swedish University of Agricultural Sciences (SLU), Department of Ecology, Uppsala, Sweden 
3Research Institute of Organic Agriculture (FiBL Austria), Vienna, Austria 
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Sustainable Agricultural Systems, Vienna, Austria 
 
Long-term agroecosystem field experiments (LTAEs) are essential to quantify the effects of different 
management techniques and cropping systems on soil properties. The Tea Bag Index (TBI) measures litter 
decomposition rates (k) and stabilization (S) parameters. The approach is climate- and time-relevant, and easy 
to use by simply burying two types of commercial nylon tea bags in soil for a standard period of three months 
(Keuskamp et al., 2013). The objective of this study was to investigate the effect of improved management 
practices on litter decomposition rates and stabilization in Austria and Sweden. The TBI was measured at 7-8 
cm soil depth in a total of 24 LTAEs, 11 in Austria (in 2014, 2015 and 2016) and 13 in Sweden (in 2016). In The 
Austrian LTAEs investigated mineral nitrogen fertilization (4), mineral potassium fertilization (2), tillage (1), 
organic fertilizers (2) and crop residue incorporation (2). The management practices studied in the Swedish 
LTAEs included perennial forage (4), mineral fertilization (6) and different tillage practices (3). In Austria, TBI 
differed more between the LTAE locations than between treatments for a given LTAE, except for tillage in 2015. 
Minimum tillage treatment had significantly higher decomposition rates compared to reduced and 
conventional tillage treatments (0.014, 0.010 and 0.09 g d-1, respectively). In Sweden, fertilized plots showed 
higher stabilization (S) than unfertilized plots, but there were no differences on decomposition rates (k). The 
effect of different tillage practices on k and S were variable across sites and treatments, although ploughing 
tended to result in slightly lower decomposition rates, compared to direct drilling or shallow cultivation 
treatments. The TBI in Sweden was most sensitive to perennial forage cropping systems, where the 
measurements indicated higher S values and lower k values compared to annual crops. We conclude that the 
TBI approach is a useful tool to characterize decomposition dynamics and to identify improved agricultural 
management practices under different environmental zones. Further research will focus on more data 
collection at different (local, regional and global) scales, and to analyze the influence of pedo-climatic 
conditions in order to better understand the carbon cycle. 
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Introduction 

 
Soil management practices such as return of crop straw residues along with input of nutrients in soil continue 
to be a topic of great interest, with the aim to improve soil organic matter (SOM), soil structure, and plant 
available nutrients to support crop productivity. However, there is still a lack of knowledge on how the 
interaction of crop residue and balanced supplementary nutrients (such as nitrogen, phosphorus and sulfur), 
and their varying input levels, impact on mineralization of residue carbon (C) and its fate and stabilization in 
modelling-relevant SOM pools. 
 
Materials & Methods 

 
Mineralization of wheat residue C ( 13C ‰  follo i g diffe e t i put le els of heat ste  esidue a d 
nutrients in two soil types (Luvisol and Vertisol) was quantified over a 245-day incubation period under 
controlled conditions. The influence of different input levels of residue and nutrients on (i) the fate of residue C 
in sequentially-separated labile, less labile and stable SOM pools (light and heavy fractions, aggregate-occluded 
particulate OM, silt+clay associated OM, clay-protected or biochemically-stabilized OM) and (ii) microbial use 
efficiency of residue C has also been quantified. 
 
Results  

 
The results show that, at the low residue addition (6.7 g kg-1 soil), nutrient input at different levels did not 
influence Residue-C mineralization in both soils. However, at the high residue addition (20.0 g kg-1 soil), both 
low and high nutrient inputs significantly increased Residue-C mineralization (cf. no nutrient) within three 
months, followed by a relatively rapid plateauing of residue C mineralization at the high nutrient input, 
compared to either no or low nutrient treatments in both soils. Consistently, mean residence times of Residue-
C (2.82 years in the Vertisol and 6.50 years in the Luvisol) at the high residue–nutrient input were higher 
compared to the no or low nutrient input treatments (1.01–1.51 years). 
 
Conclusion 

 
Residue C mineralization was influenced by the interaction of varying input levels of wheat residue and 
nutrients, with a trend of rapid residue C stabilization only at the high balanced input of nutrients along with 
the high residue return in both soils (Luvisol and Vertisol). The results on the fate of residue C in modelling-
relevant SOM pools/fractions may substantiate these findings. 
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The roles of soil microbial community and soil aggregate on the new organic carbon decomposition 
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Soil microorganism additionally affects the stabilization and destabilization of soil organic matter (SOM) and 
soil carbon dynamics. Importantly, the physical protection of SOM in soil aggregates plays the dominant role 
for long-term soil organic carbon (SOC) stabilization. We used the label 13 C maize straws as the new input 
carbon to estimate the sources on which the microbial biomass is feeding. The protection of soil aggregates on 
soil new input carbon was analyzed under incubation experiments. The results showed that (1) During the 60 
days incubation, the emission of soil 13CO2 under bulk soil were always higher than that under >0.25mm and 
<0.25 mm soil aggregates, the peak of the emission occurred at day 7 in all treatments. (2) The accumulation of 
soil 13CO2 under bulk soil was highest with the highest total soil microbial PLFA contents, followed by <0.25 
mm soil aggregate, and >0.25mm soil aggregates showed the lowest accumulation of soil CO2 with the highest 
soil fungi PLFA content at the end the incubation. The content of 13C in fungi PLFA under >0.25mm soil 
aggregates was highest among the treatment. Those results suggested that >0.25mm soil aggregates with the 
highest soil fungi PLFA were better to protect the stabilization of new carbon than < 0.25 mm soil aggregates 
during the incubation experiment. 
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Opposing effects of different soil organic matter fractions on crop yields 
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Question 

 
Soil organic matter is critical to sustainable agriculture because it provides nutrients to crops as it decomposes 
and increases nutrient- and water-holding capacity when built up. Fast- and slow-cycling fractions of soil 
organic matter can theoretically have different impacts on crop production because fast-cycling fractions 
rapidly release nutrients for short-term plant growth and slow-cycling fractions bind nutrients that mineralize 
slowly and build up water holding capacity. 
 
Materials and Methods 

 
We explored the controls on these fractions in a tropical agroecosystem and their relationship to crop yields. 
We performed physical fractionation of soil organic matter from 48 farms and plots in western Kenya and 
analyzed these fractions for carbon, nitrogen, and isotopic values. We also analyzed microbial functional 
capacity with enzymatic potential assays. 
 
Results 

 
We found that fast-cycling, particulate organic matter was positively related to crop yields, but did not have a 
strong effect, while slower-cycling, mineral-associated organic matter was negatively related to yields. 
 
Conclusion 

 
Our finding that slower-cycling organic matter was negatively related to yield points to a need to revise the 
view that stabilization of organic matter positively impacts food security. Our results support a new paradigm 
that different soil organic matter fractions are controlled by different mechanisms, potentially leading to 
different relationships with management outcomes, like crop yield. Effectively managing soils for sustainable 
agriculture requires quantifying the effects of specific organic matter fractions on these outcomes. 
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Soil macropores regulate the quality rather than the quantity of soil organic matter  
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Soil macropore system is gaining more interests as it affects not only soil hydraulic properties but also the 
decomposition and turnover of soil organic matter (SOM). X-ray micro-computed tomography (micro-CT) 
scanning has been recognized as a powerful tool to visualize and characterize soil macropores. This study aims 
to understand whether soil macropore structure affects organic matter by comparing varying soils distributed 
across a large spatial scale, and if so, how it works. Along the Upper Yangtze River, soils from sites at Gongga 
Mt., Zoige grassland and the Three Gorges Reservoir area (TGR) were collected. We measured the 
concentration of SOM, its composition (includes the dissolved organic matter (DOM), humic acid (HA), fulvic 
acid (FA) and humin (HM)) and the 13C value of air-dried soil samples, as well as the soil macropore 
characteristics by micro-CT imaging using intact soil cores. For DOM, its fluorescence spectra were determined 
and the SUVA254, FI, HIX, and BIX indices were analyzed (Figure 1). Most of the soil properties we measured 
showed significant differences among soil types (forest, grassland and tillage) (P<0.05). DOM, HA, FA and HM 
fractions share 0.84%, 32.27%, 9.11% and 57.78% of SOM content, respectively. Data from fluorescence 
spectra showed a significantly higher HIX in grassland soil and a higher BIX value in tillage soil from TGR, 
indicating more complex structure of DOM in grassland soil and higher micro-availability of DOM in tillage soil, 
respectively. Strong correlations of soil macropore characteristics (includes total porosity, macro-porosity and 
the total macropore volume) with the 13C value of bulk soil were found (P<0.01). Soil porosity showed 
significantly positive correlation with the concentrations of DOM, HA, FA and HM (P<0.01), while the bulk 
density (BD) showed significantly negative correlation with all SOM fractions (P<0.01). We also found both soil 
porosity and BD had strong correlations with FI, HIX and BIX indices (P<0.01). However, the correlations of soil 
macropore stucture with SOM concentration were weak. Moreover, the data of 13C was significantly related 
to soil macropore shape (represented by the shape factor) (P<0.01). From our results, it can be concluded that 
soil macropores strongly regulate the quality rather than the quantity of SOM, possibly by affecting SOM 
composition and its availability. 
Figure 1 
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Soil organic carbon (SOC) is the largest reservoir of organic carbon (OC) on the Earths surface and 
understanding factors controlling SOC stability is critical to quantify changes in the SOC balance and developing 
novel methods to enhance C sequestration. Alkaline soils (pH>8) cover one third of the worlds land area, a 
large part of which are used for agricultural production. Soil alkalinity affects chemical fertility, in particular, the 
ability to provide nutrients to plants. While the interest in research on the dynamics and fate of SOC in acidic 
forest soils and slightly acidic arable soils has increased, little work has been undertaken on assessing the 
chemistry of SOC in alkaline soils. Despite the wide distribution of alkaline soils and the recognition that their 
properties limit plant productivity, detailed studies on the chemistry and agronomy of alkaline soils are rare 
and published data on effects of high pH on SOC cycling are inconsistent. Consequently, limitations to SOC 
accumulation in alkaline soils are poorly understood. We used C (1s) near-edge x-ray absorption fine structure 
(NEXAFS) and synchrotron-based Fourier transform infrared (FTIR) spectroscopy to investigate the C speciation 
in soil and dissolved fractions of alkaline soils. In another series of experiments, we defined threshold pH values 
for OC solubility and buffering capacity of alkaline soils. Together, this information is not only useful in terms of 
understanding the mechanisms responsible for SOC retention/dissolution but also in terms of nutrient 
bioavailability, as this is strongly related to SOC speciation. In this presentation, analyses of SOM chemistry in 
relation to its speciation and stability and implications for sequestration and nutrient cycling will be discussed. 
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Forty-four percent of the organic carbon (OC) in the world's forests are stored in the soil, mostly occluded 
within aggregates. However, the role of aggregates in regulating OC stability, and whether such role varies with 
climate, remains largely unclear, which hinders our understanding and the accurate prediction of 
biogeochemical cycles in forest ecosystems in a changing world. To address these uncertainties we measured 
OC contents and mineralization in both bulk soils and aggregates collected from broadleaved and coniferous 
forests along a climatic gradient in China, and related these to experimental N addition, and climatic 
conditions. We hypothesized that, compared with corresponding bulk soils, OC in macroaggregates (> 0.25 
mm) are more stable, and respond less to increased N supply and warmer and wetter climatic conditions that 
might accelerate mineralization. In support of these hypotheses, the mineralization rate of OC in 
macroaggregates was only 34% of those in bulk soils across all sites and forest types. Nitrogen addition resulted 
in a 21% increase of OC mineralization in bulk soils, but a 12% decrease in macroaggregates. The mineralization 
of OC was more sensitive to mean annual precipitation and temperature in bulk soils than in macroaggregates. 
The mineralization of OC and its responses to N addition and climate, however, were unaffected by forest type. 
Overall, macroaggregates significantly enhanced the stabilization of OC in the forest soil and interfered the 
climatic effect. More attention should be paid, therefore, to conversion of forest to cropland or grassland, 
because this could lead to the breakdown of macroaggregates and thus to a decrease in OC stability, increasing 
CO2 in the atmosphere. 
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Black-carbon for carbon storage, pollution abatement and improved soil health 
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4Chinese Academy, Research Center for Eco-Environmental Sciences, Beijing, China 
 
The use of contaminated irrigation water represents a common pathway for pollutants associated with 
industrial activities to be transferred to soil. When present in sufficiently high concentrations, these pollutants 
can damage soil health, be transferred (through phytoaccumulation) from soil to crops, and, though this 
mechanism, reach at risk populations. Dietary exposure to pollutant, through consumption of tainted produce, 
is particularly acute in Chinas so called Cancer Villages. Poverty can be serious in these villages and as a 
consequence pollution abatement approaches must be inexpensive. With this in mind we have undertaken 
several studies [e.g. 1-3] to investigate the potential for black-carbon (BC) materials (produced from waste crop 
residues and sewage sludge) to increase soil carbon, sequester (or decrease pollutant availability) and to 
mitigate pollutant transfer to different food crops. Result indicate i) BC to alter pollutant availability, ii) BC to 
decrease arsenic and cadmium concentrations in food crops by up to 60%, iii) the conversion of sewage sludge 
to BC to be an effective approach to entrain (or destroy) toxicants associated with sewage sludge, and iv) the 
efficacy of BC (derived from sewage sludge) to abate (30-80%) the transfer of persistent organic pollutants 
(polycyclic aromatic hydrocarbons) from polluted soil to food crops. We highlight that these black carbon 
amendments not only improving soil health per se but also the health of populations who are reliant upon 
polluted soils to sustain food production. Furthermore, the amendment of BC to soil brings collateral benefits 
in terms of carbon sequestration and repurposing of waste organic residues. 
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Introduction 

 
Biochar is a carbon rich product derived from pyrolysis of organic material which improves soil biogeochemical 
properties and crop production (Lehmann and Joseph, 2008). Biochar increases the carbon (C) status in the soil 
plant systems (Novak et al., 2009; Lal, 2016).  
 

Methodology 

 
We used surface soil (0-15 cm; <0.1% organic matter) of an agricultural field under rice-wheat cultivation. The 
treatments included un-amended control, and biochar and corncob residue either alone or combined at total 
rate of 45 tons ha-1. Treated soils were incubated in microcosms at 70% water holding capacity for 54 days and 
soil C mineralization was quantified by measuring soil respiration. Soil samples were analyzed for soil C and N 
mineralization indicators, and physico-chemical properties. 
 

Results & discussion  

 
Application of biochar had significant effects on soil chemical and biological properties. Biochar reduced 
decomposition of fresh organic matter and resulted in lower cumulative respiration by inducing negative 
priming effect (Fig. 1). Decrease in C mineralization in biochar amended soil could be due to the strong 
adsorption of soluble soil C, nutrients and microbes on the surface of biochar resulting in enhanced C use 
efficiency and reduction in activity of C mineralization enzymes (Lehmann et al., 2011). Another mechanism for 
the reduced rate of C mineralization could be CO2 adsorption on biochar surface as carbonate (Joseph et al. 
2010). Low decomposition rates of biochar have also been reported in many studies (e.g. Kuzyakov et al., 2009; 
Zavalloni et al., 2011; Dempster et al., 2012). The decrease in mineral N in the presence of biochar could 
indicate that organic N was assimilated into microbial biomass rather than being mineralized (Prayogo et al., 
2014). Therefore, biochar could reduce the rates of N2O emissions, NH3 volatilization and N leaching by 
immobilization and, concurrently, increasing the rate of N fixation by biological organisms (Clough et al., 2013). 
 

Conclusions 

 
We conclude that biochar could decrease C mineralization but enhanced microbial C use efficiency and, 
therefore, offer an important management strategy to improve C sequestration in nutrient and organic C 
deficient alkaline soil. Biochar could reduce the rates of N2O emissions, N leaching by N immobilization and 
fixation by microorganisms. 
Figure 1 
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Introduction.  
 
The main task of this research was to identify differences in content of soil organic carbon (SOC) and its labile 
components: water extracted organic carbon (WEOC), mobile humic acids (MHA) of natural and 
anthropogenically affected Cambisol.  

 
Objectives.  
 
Natural and anthropogenically affected Cambisol.  
 

Materials & Methods. 

 

Soil samples for chemical analyses were taken from the genetics soil horizons. Chemical analyses were carried 
out at the Chemical Research Laboratory of Institute of Agriculture, LRCAF. SOC was determined by the Tyurin 
method modified by Nikitin with spectrophotometric measure procedure at wavelength 590 nm using glucose 
as a standard. MHA were extracted using 0.1 M NaOH solution. WEOC was measured by IR-detection method 
after UV-catalysed persulphate oxidation. Soil pH was measured in 1M KCl. 
 
Results and Conclusions.  
 
The research data suggests that transformation of soil chemical composition is going through the genetic soil 
horizons. The morphology of upper layers of soil profile, formed under natural conditions, has changed into 
anthropomorphic structure due to anthropogenic activities, where mechanical and biochemical disturbances 
have destroyed the natural characteristics of soil formation and complicated the interpretation of soil 
development. Due to the intensive tillage, the soil pH values have changed compared with natural Cambisol. 
Cambisol affected by agricultural activities was characterized by decrease in the absolute amount of humic 
substances in the genetic horizons of soil profile. Moreover, it was found that SOC in anthropogenically 
affected soils was lower, but more sustainable, and there was formed a thicker humus horizon, compared with 
forest Cambisol. 
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carbon emission of maize production 
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While biochar use for soil amendment has been widely tested in world agriculture, little is known on crop 
production, greenhouse gases (GHG) emissions and economic performance of biochar used as compound 
fertilizer (BCF) combined with chemical nutrients. Using a field experiment in a low fertility Inceptisol from 
North China Plain, changes under different combinations with BCF in maize (Zea mays L.) growth, in grain yield 
and in GHGs emission were examined, as well as economical net farm income impact was analyzed. The 
treatments included: No fertilizer (Blank), inorganic compound fertilizer in 100% N dose (ICF-N) as control, 
combination of BCF and ICF in 100% N dose (BCFj-N, 40% of N derived from BCF) and in 80% N dose (BCFj-Nr, 
50% of N derived from BCF) as well as BCF in 100% N dose (BCF-N, all N derived from BFC). Soil properties, 
agronomic traits and grain yield were measured at harvest while soil GHG emissions monitored across the 
whole growing season as well as cost-benefit analysis performed using the sale prices of all fertilizer inputs and 
grain outputs, for a single maize production cycle. Results showed that BCF significantly increased grain yield by 
10.7% and carbon efficiency by 46.2%% of maize production, compared to the ICF. Meanwhile, BCF with full N 
provided exerted a 43.1% increase in nitrogen agronomic use efficiency, a 12% increase in net income and in 
cost efficiency, over the ICF. However, the fertilization partly combined with BCF did not exert positive effects. 
These benefits of BCF fertilization could be attributed partly to soil improvement especially of moisture regime 
and phosphorus supply for maize growth, apart from its potential to slow nutrient release for prolonged supply 
to plant nutrition. Our findings suggest that biochar compound fertilizers can substitute chemical fertilizers for 
maize production in North China and allow farmers to receive higher net income via increased yields. 
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The spatial heterogeneity of soil respiration poses great challenge to accurately estimating carbon flux in global 
carbon cycling, especially in responses to potential climate changes in the future. Despite the globally large 
area of sloping land, spatial variability of soil respiration has been researched mostly on flatlands but little in 
hillslope ecosystem. Based on a steep-slope grassland (35°) on the Chinese Loess Plateau established in 2003 
with monoculture of Bothriochloa ischaemum L., soil respiration was in situ measured for three years (2014–
2016) at upper and lower positions with three replicates, as well soil moisture and soil temperature, soil 
biochemical and microbial properties. Results showed that 1) over the three years" experiment, the soil 
respiration rate (Rs) highly varied between slope positions, being 44.2% greater at lower than at upper slope 
(2.6 vs. 1.8 mol m–2 s–1; P < 0.05). 2) Soil moisture significantly improved at lower slope relative to upper 
slope (by 15%, P < 0.05). So did the fine root biomass (by 72.5%, P < 0.05). Soil carbon contents such as SOC, 
DOC, SMBC, DOC/SOC, occurred enrichment at the bottom slope. 3) Major fungal phylum differences between 
slope positions most noticeably involved Zygomycota, which was significantly greater at lower vs. upper slopes 
(by 7.7 times, P < 0.05) and positively related to soil respiration (r2=0.76, P < 0.05). 4) Principal component 
analysis showed that soil moisture, SOC and labile C substrates and Zygomycota abundance cumulatively 
contributed 91.1% to spatial variation in soil respiration along the hillslope. Such spatial variations along slopes 
must be properly accounted for when estimating the carbon budget and feedback of future climate changes to 
hillslope ecosystems. 
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Changes in the levels of soil organic matter (SOM), and consequently in soil microbial activity, are very common 
in areas of mining activity, and have a significant influence on soil CO2 flux. Tree species are used in the 
recovery of these areas with the aim of increasing C stocks in the soil, but the dynamics of CO2 flux are not well 
known. The aims of this study were to determine CO2 flux in soil used for mining and revegetated with tree 
species, the contribution of heterotrophic and autotrophic respiration, and the influence of biotic and abiotic 
variables on CO2 flux. The study was carried out in an area of bauxite mining, revegetated with monocrops of 
eucalyptus (EUC) and angico (ANG); in a mixed plantation of 16 native forest species (NAT); and in two 
reference areas, one used for mining with no ground cover (NCV), and the other not used for mining, and 
under secondary native plant regeneration (SNP). In the three areas planted with forest cover, soil CO2 flux was 
evaluated for the presence and absence of litter. The treatments were arranged in randomised blocks with 
subdivided lots and three replications. Soil CO2 flux was evaluated every two months between September 2014 
and July 2015, and soil temperature and humidity determined at the time of the evaluations. Soil CO2 efflux 
increased with the increase in ground cover by forest species, being greater in the area of natural vegetation 
(NVG) and less in areas with no cover (NCV) during the months of both low and high soil moisture. Among the 
planted species (eucalyptus, angico and the mixed plantation of native species), there was no significant 
variation in CO2 efflux during each period, however, a significant increase was found between the months of 
less soil moisture and those of greater soil moisture. Soil heterotrophic respiration contributed the most to 
total soil CO2 efflux, in this case associated with litter decomposition. Among the abiotic variables, increases in 
soil moisture had the most influence on CO2 efflux, contributing to its increase. 
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Introduction.  
 
The abundant content of clay particles in the plough layer determines high potential productivity of clay loam. 
Different materials are used both as fertilizers and ameliorants in a heavy clay soils as a tool to improve 
negative properties of clayey soils. Tillage depth and intensity has a negative impact on the quality and quantity 
of soil organic carbon (SOC). 
 
Objectives.  
 
To determine the effect of management practices on SOC across soil depth in clay loam soil. 
 
Materials & Methods.  
 
The field experiment was set up at the Joniskelis Experimental Station (56o ′ N, o ′ E  o  a la  loa  
according to following design: 1) deep mouldboard ploughing (DP); 2) ploughless tillage (PT); 3) ploughless 
tillage with lime sludge insertion (PT+LS); 4) cover crop for mulch without autumn tillage (PT+M), in order to 
determine effects of the reduced tillage as well as its combinations with practices for soil improvement on SOC 
content and quality in different soil layers. 
 
Results.  
 
The use of lime sludge three times during the period 2007–2016 appreciably improved the soil quality. The 
significant decrease of mobile humic and fulvic acids content in 0–30 cm layer, and simultaneously increase the 
content of humic and fulvic acids bounded with calcium in 0–20 cm layer was depended on the use of lime 
sludge. The use of the mulch had the opposite effect – content of mobile humic substances increased and 
bound with calcium humic substances showed the clear tendency to decline. 
 
Conclusions.  

 

All reduced tillage systems have led to an increase of SOC content in the 0–10 cm layer, but the trend of SOC 
declining was observed in deeper layers (10–20 and 20–30 cm), compared with DP. More than 50% of humified 
SOC was accumulated in the fraction strongly bound with soil clay minerals, and the used tillage systems did 
not have an appreciable effect on content of this fraction. 
 
Acknowledgements 

 
The research findings were obtained through the project "The influence of long-term contrasting intensity 
resources management on genesis of different soils and on other agro-ecosystems components" (SIT-9/2015) 
funded by the Research Council of Lithuania. Part of this study was conducted under the research programme 
"Productivity and sustainability of agricultural and forest soils" implemented by Lithuanian Research Centre for 
Agriculture and Forestry. 
 
 



Session 6b: Managing soil organic matter decomposition and stabilization for carbon sequestration and 

improved soil health 

6th International Symposium on Soil Organic Matter  362 

P-6b.08  

 

Using cover crops, crop rotation, and poultry manure to increase soil health 
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Public interest has been stimulated by increasing awareness that soil is a critically important component of the 
earth"s biosphere, functioning not only in the production of food and fiber but also in the maintenance of local, 
regional, and global environmental quality. A healthy soil is also the basis of agricultural and of natural plant 
communities. We investigated a management practice that integrates crop rotation, animal manure utilization, 
and use of winter cover crop to improve soil health and crop yield. Crop rotation involved corn and soybeans 
that received chemical fertilizer or poultry litter to provide 212 kg/ha of plant available N applied to corn but 
only half the amount (106 kg/ha) was applied to soybeans. After harvesting corn or soybeans, cover crops, a 
mixture of cereal rye, crimson clover, and hairy vetch was planted as winter cover crop. Corn grain yield was 
impacted more by cover crop and poultry litter than soybeans yield. Cover crop dry matter yield was greater 
for control treatment in 2013 and for UAN treatment in 2011. In general cover crop performed better when 
planted after corn than soybeans 
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Long-chain n-alkanes are used as biomarkers for higher terrestrial plants. A number of studies have shown that 
the dominance of certain n-alkanes and the relative abundance of odd-over-even n-alkanes in plant material 
can be used to differentiate between vegetation types. Whether the soil n-alkane characteristics provide an 
approximate record of the dominant vegetation type is influenced by a range of factors such as species 
abundance, degradation and environmental conditions. Understanding the transformation of n-alkanes will 
provide valuable information on the biogeochemical process in carbon cycling. While many n-alkane studies 
have been conducted in the Northern Hemisphere only limited information is available on the n-alkane 
characteristics of Southern Hemisphere plant families. The objective of our study were: 1) to identify the n-
alkane characteristics in leaves/needles of southern beech and conifer forests and 2) to investigate the 
differences in n-alkane characteristics between leaf/needles and soils.  Three beech and three conifer forests 
were selected in the vicinity of Queenstown, Otago, New Zealand. Mature leaves/needles and mineral soil 
samples (0-10 cm) were extracted using dichloromethane/methanol. N-alkane composition was determined by 
gas chromatography-mass spectrometry. A range of proxies such as average chain lengths (ACL) and odd-over-
even ratios were calculated. Beech leaves (mean 403.15 µg/g dry weight) had significantly higher n-alkane 
concentrations than conifers (mean 234.49 µg/g dw). Beech leaves were dominated by C25 and C27 n-alkanes. 
In contrast, conifers were dominated by C31 and C33 n-alkanes. Average chain length, C31/C27 and C31/C29 
ratios were significantly lower in beech than conifers. Soil samples under beech and conifers had considerably 
lower n-alkane concentrations than leaves/needles (beech soil: mean 53.58 µg/g dw, conifer soil: mean 
20.54µg/g dw). An increase in C25 and C27 was found in conifer soils which resulted in significantly smaller ACL 
in conifer soils compared to needles. In summary, n-alkane characteristics can be used to distinguish between 
beech and conifers. However, chain length abundance differed between plant and soil material. Reduction in 
specific chain length suggests a preferential degradation of beech derived litter input. 
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The net balance of organic carbon (CO) in watersheds depends on the losses of OC mobilized by erosive 
processes and in the form of CO2 emissions during transport due to processes of photodegradation and 
biodegradation, and the capacity of stabilization and sequestration of the buried carbon in sedimentary 
deposits of medium and long residence time. In this context, we aim to quantify CO2 emissions to estimate the 
potential for OC sequestration and stabilization from different source soils and sediments within a catchment 
representative of Mediterranean medium mountain environmental conditions. The catchment has experienced 
important land use changes since the 1970"s mainly through reforestations and agricultural abandonment, 
being nowadays approximately 80% of its area covered by forests and shrublands, and 20 % by agricultural 
land. Three geomorphological areas along the sediment cascade were sampled and analysed: i) Eroding areas 
(upland soils, lateral banks and channel); ii) Transport areas (suspended load and alluvial bars); and iii) 
depositional areas (alluvial wedges, delta and reservoir). Soils and sediments were incubated under controlled 
conditions (28 °C, 60% water holding capacity) for 90 days to estimate their potential OC mineralization rates. 
The OC stocks of different upland soils and sedimentary deposits were also estimated. The mineralization rates 
observed in sediments associated with transport (78 and 40 g C m-2 yr-1 for suspended load and alluvial bars, 
respectively) were comparable to those observed in upland soils, but mean residence times of OC were shorter 
in the formers (8 and 14 years, respectively). On the other hand, the OC deposited in the alluvial wedges 
showed the highest mineralization rate (~ 198 g C m-2 yr-1) and shortest mean residence time (5 years), while 
the delta and the reservoir showed lower mineralization rates (~ 27 and 47 g C m-2 yr-1, respectively) and 
longer residence times (~ 37 years), being their values comparable to those observed in the soils of the basin. 
Together, our results point to the importance of erosion processes and the ultimate fate of sediments for OC 
sequestration and preservation at the catchment scale. Given the potential of sedimentary deposits as OC 
sinks, an optimal management of these could lead to increased C sequestration in Mediterranean basins. 
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Quantifying the sensitivity of soil organic matter (SOM) related to global warming is critical to predict future 
impacts of climate change on soil carbon stocks (SOC) and respiration, especially in semiarid regions such as 
northeastern Brazil, where SOC stocks are naturally low. This study aimed to evaluate the effect of temperature 
on the labile and recalcitrant soil C in different soil types and land use systems in the Brazilian semiarid region. 
Three different soils and land use systems were sampled, including: i) Entisol Quartzipsamments (S1), with a 
native vegetation area, and two croplands with four and fifteen years; ii) Ultisol (S2), with a native vegetation 
and a cropland with 30 years of cultivation; iii) Entisol Psamments (S3), with an area of native vegetation, an 
cropland with four years, and a pasture with ten years. Soil samples (0-10cm) were collected in five replicates 
per area, and the samples (80g) were incubated for 169 days at 28 and 33oC, the CO2 evolved was captured by 
NaOH solution. The main results were: i) an average increase of 14.5% in the CO2 emission due to 5oC increase; 
ii) in general, native vegetation areas showed higher CO2 emissions than anthropogenic systems (Fig. 1. Total 
C-CO2 emission for different soil types/land use systems and temperatures); iii) the SOC temperature 
sensitivity varied according to soil type. In S1 and S3, the most labile fraction (LC) was more sensitive since the 
temperature increase resulted in an SOC decomposition enhance rate by 10.3 and 25.7%, respectively, while in 
recalcitrant carbon (RC), the increase was 2.2 and 15.5%. Differently, in S2 the RC was more sensitive to 
temperature with the decomposition increasing up to 32.6%, while LC presented lower decomposition rate 
(20.0%) (Table 1. Decomposition rates and decomposition rate change (DRC) for labile and recalcitrant pools). 
Our results showed that the temperature increase of 5oC substantially increased the respiration rates of soils in 
all situations. It was also observed that in the higher clay content soils the RC was more sensitive to 
temperature increase, while in sandier areas, the LC had higher sensitivity. This research was funded by the 
Foundation for Research Support of the State of Alagoas (FAPEAL), Federal Institute of Alagoas and the 
Brazilian Research Network on Climate Change (Rede Clima). 
Figure 1 
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This study was carried to evaluate the dynamic of carbon and nitrogen under different conditions. Five 
different labeled plant species (cacao, mucuna, lablab, flemingia and maize) by 15N and sandy soil were used in 
this study. About 2g of 15N residues mixed with 1.5kg of 2mm soil and were mixed into soil or were maintained 
on the surface under greenhouse condition in 7 months. In the meanwhile, approximately 2 g labelled residue 
was mixed with 500g soil in 3L closed-pot and incubated for 119 days. In general, 15N recovery from added 
residues was significantly influenced by the harvested time and the season rather than by method application. 
The amount of 15N recovery in plants at 6 weeks after planting (WAP) was higher significant than at 12 WAP in 
all treatment. After 6 WAP in the first season, the total amount of 15N recovery in almost treatments reached 
about 50% compared with following seasons. The residues application has not influenced on the N recovery, 
especially in the third season. After 3 seasons, total 15N recovery mainly depended on the residue types rather 
than the residue application and harvesting time. Linear regression analysis showed strongly related between 
total 15N recovery and the lignin content. All residue-amended treatments resulted in similar immobilisation of 
N for the first 6 weeks. After 6 weeks, following by a short mineralisation of N, the net N immobilisation was 
mainly dominant in all added residues when mixed them with soil. In contrast, there was a slightly net N 
mineralisation when applied residues on the surface after 12 weeks and this process maintained till the end of 
treatment. Over 17 weeks of the incubation, cumulative CO2-C from flemingia treatment was much higher than 
from other treatments (14325 g CO2-C kg-1 soil). During the first 4 weeks of incubation, there was a rapid 
increase of CO2-C flux release from lablab, maize and mucuna accounting for around 70% compared with the 
total amount of CO2-C flux during treatment. A negative correlation between lignin content and the CO2 
release was observed after 7 days of incubation whereas the positive relationship was found in the later of the 
decomposition. The net N mineralization was recognised from lablab and mucuna in the beginning of the 
incubation. Meanwhile this process was occurred after a short immobilisation (1st week) in other residues. 
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A key challenge for sustainable intensification of agriculture is to produce increasing amounts of food, feed and 
bioenergy for a growing world population, with minimal loss of ecosystem functioning. Soil organic matter 
plays a key role in this multifunctionality. However, there are still important questions to be solved, such as 
how much organic matter needs to be returned to the soil of what quality, and how to prevent a yield gap of a 
more organic versus conventional agriculture. In organic farming systems, fertilizing soil with only organic 
matter inputs may result in lower nitrate leaching, but this type of management also leads to lower crop yields. 
In this project, we investigate the transition of conventional to a more organic management, aiming at finding 
conditions where soil conditions favour both high crop yields and minimal impacts of farming on the 
environment. Especially, we are interested in how key soil chemical, physical and biological properties change 
over time as a result of a transition from conventional to organic farm management. We established a 
chronosequence, consisting of a series of farmers fields that have been converted from conventional to organic 
farming for various time periods, and study changes that have taken place in these fields relative to nearby 
conventionally managed fields. We test the hypothesis that organic farm management enhances nutrient 
retention governed by the soil food web due to higher C:N organic matter inputs compared to conventional 
farm management. Furthermore, we test the hypothesis that a substantial amount of organic matter is 
protected in aggregates that, when disrupted, cause the labile components to be mineralized, thereby 
increasing bioavailability of plant nutrients. In order to reduce nutrient leaching, restoration of aggregate 
formation after disruption is important. The final goal of our project is to inform about potential management 
practices that may help to shorten the transition period from conventional farming to a more organic type of 
farming that maintains high crop yields while having less negative environmental impacts. 
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Changes in quantity and stability of SOM in a chronosequence of organically managed soils 
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2Netherlands institute of ecology (NIOO-KNAW), Terrestrial Ecology, Wageningen, Netherlands 
 
Understanding ecological processes and interactions in agricultural soils is crucial to increase yields in farming 
systems that highly depend on biological activities and functions, e.g. organic agriculture. Transition from 
conventional to organic arable farming entails, amongst others, increased inputs of organic fertilizers in the 
form e.g. animal manure. The quantity and properties of SOM may therefore change with increasing time of 
organic management, a still largely unexplored process. Decomposition of SOM drives dynamic processes such 
as nutrient cycling and soil structure formation, so the size and behaviour of SOM pools with different 
decomposability and turnover rates may relate to soil functioning and in the end crop yield. Thermal stability of 
SOM can be considered as a proxy for the resistance of SOM to decomposition. We therefore aim at 
investigating changes in the total soil organic carbon pool, with a specific focus on biologically active carbon 
and decomposability of SOM. The top- (0-10cm) and sub-soil (30-40cm) in a chronosequence of organic farms 
on sand and clay soils are sampled in the Netherlands. Changes in biologically active carbon are estimated via 
permanganate oxidizable C (POX-C), and thermal stability is measured with TGA-MS. We hypothesize that with 
increasing time of organic management, the size of the total, and to a greater extent the biologically active 
carbon pool will increase, whereas thermal stability will decrease. We expect the strongest relative increase of 
biologically active carbon in sandy soils, and the highest thermal stability in clay soils. The generally lower 
biological activity in sub-soils is expected to lead to a slower SOM stabilization of incorporated organic 
residues, reflected in a lower thermal stability of SOM. Quantifying the changes in the quantity and 
decomposability of SOM with increasing time of organic management will support further research on 
unravelling causal mechanisms of bio-physical processes, such as aggregate formation, that affect the 
contribution of SOM to soil health and crop production. 
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The reactivity of dissolved organic matter towards mineral surfaces increases as the material is 

decomposed by boreal forest fungi 
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Boreal forest soils serve as an important terrestrial C sink, containing ca. 16% of the global soil C stock. We are 
still lacking a mechanistic understanding on how this soil organic matter (SOM) is preserved. An emerging view 
is that SOM is protected from decomposition by associating with minerals, and that the reactivity towards 
mineral surfaces increases as the SOM is degraded and oxidized by microorganisms. Filamentous saprotrophic 
fungi are thought to be the main decomposers of forest SOM. Recent studies have however, shown that 
symbiotic ectomycorrhizal (ECM) fungi also have the capacity to decompose SOM using oxidative mechanisms. 
Most likely this decomposition is primarily used for mobilizing nutrients including nitrogen from the SOM. Here 
we investigated whether the processing of boreal forest SOM by an ECM fungus and a closely related 
saprotrophic fungus, also increase the reactivity of the organic matter towards mineral surfaces and thereby 
may contribute to the stabilization of SOM. The experiment was performed by growing the ECM fungus Paxillus 

involutus and its closely related saprotrophic fungus (Hydnomerulius pinastri) on a boreal forest SOM extract 
supplemented with 13C-glucose. Both the undecomposed and decomposed SOM were characterized in detail 
using spectroscopic and isotopic measurements and their sorption onto goethite was then examined. In the 
presence of glucose and when acquiring nitrogen, both fungi slightly oxidized and decreased the molecular size 
of the SOM extract. During the decomposition, both fungi secreted a substantial amount (>10% new biomass C) 
of aromatic metabolites. The retention of the SOM extract onto goethite enhanced after decomposition due to 
oxidation and production of surface-reactive metabolites. The results suggest that the production of 
metabolites along with the oxidation of organic carbon during fungal decomposition may contribute to the 
stabilization of organic matter in boreal forest soils. 
Figure 1 
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Effects of soil depth and microbial community on microbial carbon use efficiency in temperate 

grasslands of northern China 
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Microbial carbon use efficiency (CUE) is a critical parameter for soil organic matter dynamics and ecosystem C 
cycling model. However, the CUE is difficult to study at the regional or larger-scale, especially focus on soil 
depth and multi-factors, due to its limitations in measuring methods. We used an indirect method based on 
stoichiometry to calculate the CUE of 195 soil samples from 13 sites along a temperature and moisture gradient 
of the grassland transect in the northern China. Meanwhile, we measure the biotic and abiotic factors 
influencing soil microbial CUE with a 1-m soil profile. The microbial CUE of desert grassland was the highest 
among three types of steppe in surface soil (0-20 cm), but the difference of CUE in deep soil (20-100 cm) was 
not obvious. There was a significant positive correlation between soil microbial CUE and root biomass, but 
negatively correlated with mean annual precipitation. Structural equation models that related environment 
factors and CUE showed that soil pH, depth and microbial community strongly influenced CUE by substrate, soil 
microbial biomass, and soil enzyme. These results will improve understanding of the patterns and drivers of soil 
microbial CUE and provide a more realistic CUE for the ecological model to improve the accuracy and utility of 
the models. 
 
 



Session 6b: Managing soil organic matter decomposition and stabilization for carbon sequestration and 

improved soil health 

6th International Symposium on Soil Organic Matter  372 

P-6b.17 

 

Sustainable soil organic matter management in Ghanaian cocoa production systems 
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Cocoa is Ghana"s major cash crop and the second biggest export commodity and foreign exchange earner, 
contributing significantly to the nation"s economic development. Globally there has been an increase in 
demand for cocoa and as the top premium quality cocoa producer, Ghana is pressured to increase its 
production. Increase in production has been driven more by an increase in cultivated area than an increase in 
yield per area cultivated. This rate of increased production is unsustainable and detrimental to the 
environment. Meanwhile a yield gap of 1.553 kg ha-1 (82% of yield potential) has been identified. To 
investigate sustainable solutions to bridge this gap, this study aims to investigate the capacity of cocoa 
production systems in Ghana to maintain soil ecological functions and to identify strategies for more 
sustainable soil fertility management. A preliminary study has indicated that about 80% of farmers apply 
fertilizer, fungicides and insecticides to increase yield and have observed a potential contribution of cocoa pod 
husks to soil fertility. However, there is a perception that cocoa pod husk incorporation contributes to the 
spread of black pod disease. To study and compare soil physical and chemical properties among production 
and management systems, 24 farms have been selected from 4 cocoa growing regions: Ashanti Region, Eastern 
Region, Brong Ahafo Region, and Western Region (Western-North and Western-South). Soils have been 
sampled from these farms and are being analysed for soil organic matter and fertility. Further studies will focus 
on studying the interactions between the organic matter (cocoa pod husk and litter) and soil organisms in 
relation to nutrients cycling and also identify the most sustainable of organic matter management strategies.  
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This project aimed to investigate the impact of claying on the turnover of carbon in soil, both existing and 
freshly added. Clay addition has proven beneficial in overcoming water repellence and increasing crop 
production and profitability in marginal cropping land in Western Australia and South Australia. Claying may 
increase turnover times of carbon in soil, thus increasing soil carbon storage. Alternatively, the increased input 
of fresh organic matter from increased crop production may increase priming and thus decrease soil carbon 
storage. We carried out an incubation experiment to address the following three aims: 1) to assess the effect of 
claying on the mineralisation of exisiting soil organic matter; 2) to assess the effect of claying on the 
mineralisation of freshly added plant residue and 3) to quantify the priming effect of freshly added residue on 
the mineralisation of existing soil organic matter in clayed and unclayed sandy soils. Clay addition to sandy soils 
significantly decreased mineralisation of existing soil organic matter and freshly added plant residue. While clay 
addition enhances crop growth, leading to increased inputs of fresh residue to the soil, the priming effect of 
increased mineralisation of the existing soil organic matter that this added residue prompts is also dampened 
by clay addition. The strength of the effect of clay addition appears to increase over time, although future time-
series studies are required to confirm this. This study suggests that net effect of clay addition will be beneficial 
for both crop production and soil carbon storage. 
Figure 1. CO2 mineralisation from residue (left) and soil organic matter (right). Letters indicate treatments that 
are significantly different from one another (p < 0.001) 2-way ANOVA, post hoc test Fishers" Unprotected LSD. 
Figure 1 
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Distribution of carbon dynamics with nitrogen and phosphorus addition in forest soil aggregate 
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Introduction  

 
Forest consists of 65% of the land area of Korea and forest soil is emerging as a prominent carbon 
sequestration sink. This carbon sequestering ability could be enhanced by continuous forest administration. In 
generally, Nitrogen and phosphorus additions influences leaf litter and organic matter decomposition and soil 
organic carbon characteristics. However indiscriminate fertilizer treats can cause greenhouse gas emission and 
soil aggregation can provide physical protection of organic matter against rapid decomposition so it is 
important to understand the soil organic carbon dynamics affected by nitrogen and phosphorus additions. 
Extractable humic substrates are ubiquitous in nature and play essential roles in soil organic carbon dynamics. 
And humic acids having various organic functional groups as affected by different degrees of humification. 
Therefore, it is important to consider changing of physical fractionation in forest soil to understand nitrogen 
and phosphorus addition effects on soil carbon dynamics such as humic substrates. 
 
Objectives  

 
We investigated the influence of nitrogen and phosphorus addition on the aggregate of soil carbon and humic 
substrates in forest soils under two contrasting tree species (Pinus koraiensis and Quercus acutissima). 
 
Materials & Methods 

 
Soil samples were taken at a Mt. Taehwa in Gwangju-si, Korea (N 37.3, E 127.3) and split into four treatment 
groups:  NH₂ ₂CO N ,  P O  P ,  i ed NH₂ ₂CO, P O  N*P ,  o t ol. Ea h soil as i u ated at 
25±2°C for 250 days. Soil samples were air-dried at room temperature, passed through a 2-mm sieve and soil 
aggregate fractionation (2000-1000, 1000-250, 250-53, 
 
Results 

 
Compared with the control soil, in the others except for the P treatment, N and N*P treatment increased the 
dissolved organic carbon with regardless of the species of trees. However, while those of dissolved organic 
carbon decreased below the control levels in all treatments for the after 15 day of incubation. The initial soil 
aggregate fraction proportion was different in Q. acutissima and P. koraiensis soil. In contrast, in after 150 day 
of incubation proportion of soil aggregate is affected the temporal variation patterns of treatment. Overall, in 
all treatment, 2000-1000 m aggregate proportion decreased and the extent of the decline was greater in Q. 

acutissima soil. Whereas, 1000-250, 250-53 m aggregate proportions increased in both two contrasting tree 
species but increased slightly in P. koraiensis soil. 
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Do maize above- and belowground residues differ in their in situ degradability? A year-round field 

study of 13C natural abundance resolved CO2 emissions 
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1Ghent University, Soil management, Ghent, Belgium 
2Flanders Institute for Agricultural, Fisheries and Food Research, Plant Sciences Unit, Merelbeke, Belgium 
 
Introduction 

 
Various carbon (C) sources affect differently the soil organic carbon (SOC) dynamics due to the chemical 
characteristics and the interaction with soil. Field studies suggested aboveground biomass less efficient than 
belowground biomass in contributing to built-up and long-term preservation of SOC (Rasse et al., 2005), but it 
was not the case for lab-based incubations. The question then emerges as to whether this contradiction is due 
to the absence of a comparable physical disturbance as introduced in any incubation. 
 
Objectives 

 
In this study, a shoot and root exclusion approach and natural-13C labeling technique are applied to confirm and 
time the differential degradation of maize (zea mays) shoots and roots under field conditions. 
 
Materials and Methods 

 
A field trial with five treatments was run in Melle, Belgium on a light-sandy loam textured soil (see in Table): 
maize field where roots were removed as Tm0, where roots were chopped and incorporated back to the soil as 
Tmr, and where roots stayed in situ as Tris; C3 crop field with maize root (TC3r) and shoot (TC3s) incorporation. Soil 
respiration was estimated based on a LI-8100 automated soil CO2 flux system and chamber-based trace gas flux 
measurements. 
 
Results 

 
Figure shows the primarily results that TC3s displayed a higher CO2 flux than the other treatments. No significant 
extra CO2 emission from rhizodeposition C inputs on soil respiration could be indirectly inferred by comparing 
bulk CO2 emissions from maize field without (Tmr) and with (Tm0) removal of roots after harvest. The Keeling 
plot approach was used to estimate 13C value of soil respiration and the fraction of maize-derived CO2 was 
further calculated. Monthly decomposed maize-derived C was evaluated based on the maize fraction in soil 
respiration and the average soil CO2 flux. 
 
Conclusion 

 
After incorporation, aboveground biomass is biologically less stable than belowground biomass in soil during 
winter and thus should contribute less to stabilized SOC. Currently, soil CO2 flux measurements are still on-
going thus more information of seasonal changes in soil respiration and its 13C value will be presented at the 
SOM 2017 conference. 
 
Reference 

 
Rasse, D.P., Rumpel, C., Dignac, M.-F., 2005. Is soil carbon mostly root carbon? Mechanisms for a specific 
stabilisation. Plant Soil 269, 341–356. 
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Cropping and soil management effects on the dynamics of soil organic matter constituents 

 

*Paul Voroney1 
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Question 

 
Crop residue inputs in agricultural soils are the primary means of sustaining soil organic matter (SOM) levels. 
Do reduced tillage practices promoted sequestion of C derived from crop residues? 
 
Method 

 
A field study was set out in 1990 to quantify the sequestration of C derived from agricultural crop residues in a 
loamy sand soil, managed under conventional (CT) and reduced tillage (RT) practices. The cropping systems 
were continuous corn, winter rye-tobacco and winter wheat-soybean. Repeated pulse-labeling in the field was 
used to produce mature 14C-labeled, above- and below-ground plant residues. Decomposition of these crop-C 
inputs and their fate was measured as labeled- 14C remaining in soil. Natural 13C abundance techniques ( 13C) 
were also used to quantify the sequestration of corn-derived C and the turnover of C3-C derived (relic) SOM. 
Results: The decay of above- and below-ground crop residues showed a pattern essentially the same as that 
described by Dr. David Jenkinson (1977), 3/4 of the added C gone with a half-life of less than 0.5 yr and 1/4 
remaining with a half-life of 8 yr. Reduced tillage, which left above-ground residues on the soil surface, slowed 
their decay for the first few years, but thereafter decay rates under RT and CT were the same. 
 
Conclusions 

 
The main finding is that reduced tillage practices do not promote sequestration of crop residue derived-C or 
slow the turnover of stable SOM. 
Figure 1 
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Soil organic matter stability in agro and forest ecosystems in Lithuania 
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Milda Mu aškie ė3 
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2Institute of Forestry, Lithuanian Research Centre for Agriculture and Forestry (LRCAF), Kaunas, Lithuania 
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Soil organic matter (SOM) is composed of organic and inorganic components. We were seeking to estimate the 
stability between organic matter inputs and outputs throughout organic matter mineralization. It was an 
obligatory admire for carbon storage evaluation in soils of agro and forest ecosystems. SOM accumulation have 
been estimated in a long-term field experiments where were adjusted: (i) arable land with conventional tillage 
and minimized tillage systems with cereal crop rotation and cover crop treatment in Planosols; (ii) arable land, 
perennial grassland and forest land in Arenosols and in Luvisols. In first experiment, over the 16 years soil 
tillage systems with permanent plant rotation and cover crop treatment have influenced the accumulation of 
SOM via soil organic carbon (SOC) stabilization. However, along the conventional tillage the pools of SOC were 
not increasing significantly. While shallow rotovating, cover cropping and no-tillage have been processed, the 
accumulation of SOC has increased on average by 1.5 times in ploughed (0-20 cm) horizon. Therefore, along the 
minimized tillage the microbial biomass accumulation has been increasing significantly, wherefore, intensified 
accumulation of SOC as well as humification were ascertained. In second experiment, it was found that in 
mineral topsoil (0-20 cm) SOC stocks were higher in soils of 50-60-yaer-old deciduous forest plantations than 
both in arable land and grassland. It was expressed by the decomposition of forest floor, higher content of 
carbon in microbial biomass and higher rate of humic acids in humus fractional composition and, to a minor 
extent, by lower intensity of soil respiration. Our observations highlighted the land use specificities to the 
contribution on the SOM. In agro ecosystems, the process of supplementing the SOM was long-term achieved 
through adapted tillage practice and the addition of crop and grass as well as microbial biomass organic 
components. While, in forest ecosystems the forest floor was as componential of the SOM and reflected in the 
SOC stocks in the mineral soil. 
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Use of knowledge of biological transformation as an effective way to improve the farmyard 

manure quality and the soil fertility 

 

*Oldři h Látal1, Ales Vesely2, Martin Brtnický3, Jan Hladký3 
1Mendel University, Geology and pedology, Brno, Czech Republic 
2Agrovyzkum Rapotin Ltd., Rapotin, Czech Republic 
3Mendel University in Brno, Faculty of Forestry and Wood Technology, Department of Geology and Pedology , 
Brno, Czech Republic 
 
The sufficient quantities and qualities of the farmyard manure (FYM) in cattle breeding are essential to ensure 
the adequate soil fertility. The application of the organic matter (OM) originated from the FYM in the Czech 
Republic, has been only 0.6 and 0.7 t/ha. One of the possibilities how to improve the soil fertility is to increase 
the production of the high-quality FYM with the utilization of the agents on the basis of the OM biological 
transformation activators. The agent (Z`fix - based on the Ca Mg (CO3)2, Mineral Inducer Process and the 
essential oils) has a positive influence on FYM quality, fermentation process and the barn condition. The aim of 
this paper is to verify the agent Z`fix efficiency from the viewpoint of the FYM higher quality. The long-term 
experiment with the FYM quality monitoring was established in 7/2014 on 2 farms - Central Bohemian Region; 
total arable land 4,000 ha with total monitored 500 LU - young cattle (1 LU = 500 kg live weight). On each farm 
the cattle was stabled in 3 barns (straw bedding) with the FYM removal frequency of 8 weeks and total annual 
production 6,200 tons. On each farm, the agent Z`fix continual application was on 2 barns to the straw (1 
kg/LU/week) and 1 barn was a control. The total amount of 450 samples (2014 - 2016) of the FYM was analysed 
for the chemical parameters (Ntot; N-NH4

+; P2O5; K2O; pH and C:N ratio) in the accredited laboratory. 

 
Our results confirmed that the agent Z`fix application (P<0.05) on the straw bedding (2014 - 2016) by the FYM 
production had a positive influence on the FYM quality. In contrast to the control, higher contents (with Z`fix 
application) of the following compounds were found (% add value and total contents) - Ntot (+20 %; 7.1 kg/t); 
N-NH4

+ (+32 %; 0.92 kg/t); P2O5 (+20 %; 4.2 kg/t); K2O (+25 %; 7.9 kg/t); C:N ratio decreased to the 15.1:1 and 
pH value increased up to the 9.3. The amount of the available Ntot (by its 65 % utilization on medium soils) 
treated with the agent Z`fix can be increased by 0.78 kg/t of the FYM and the higher average price by the 2.2 
EUR/t (calculated of the total nutrients price in the Czech Rep.). We can conclude, that the FYM quality 
production, with the use of biological activators application, is one of the ways how to improve the soil fertility, 
FYM management and also barn condition in the long term. This work has been supported by the Project 
TA04021390. 
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Are soil carbon stocks controlled by a soil's protective capacity for long-term carbon storage? 

 

*Miko U.F. Kirschbaum1, Gabriel Moinet2, Michael Beare3, Sam McNally3 
1Landcare Research, Palmerston North, New Zealand 
2Landcare Research, Lincoln, New Zealand 
3Plant and Food, Lincoln, New Zealand 
 
Introduction 

 
Increasing soil carbon (C) is one possible approach towards reducing net greenhouse gas emissions. But to what 
extent is a soil"s ability to stabilise soil organic carbon (SOC) limited by its maximum stabilisation capacity? 
Here, we present data of the effect of protective capacity in New Zealand (NZ) soils and use modelling to 
compare strategies that are optimal for maximising C stocks between soils with saturated and undersaturated 
C storage capacity. 
 
Results 

 
In NZ soils, soil C is well correlated with specific soil surface area (SSA), but there is an apparent upper limit for 
C storage at any SSA. Many soils have C below that limit, but no soils have C stocks that greatly exceed that 
limit. This suggests that this limit represents a soil"s C stabilisation capacity under the most favourable 
conditions for C storage. The storage capacity is then said to be saturated. If storage capacity is undersaturated, 
there may be other over-riding factors that lower C stocks. This is shown more directly by measurements from 
adjacent plots on a single intensively-managed dairy farm in NZ. The plots provided a good range of SSA, but 
had the same plant species and soil respiration, suggestive of the same C inputs. Soil C was tightly correlated 
with SSA (r2 = 0.84), showing the control of C stocks by the soil"s ability to protect carbon. 
 
Conclusions 

 
The extent of C saturation has important implications for mitigative efforts to increase soil C: if a soil"s 
protective capacity is saturated, it implies that C inputs exceed the amount needed to keep soil C at a steady 
state, or the soil would be moving to a lower C level. C input in excess of that needed to maintain the C balance 
would remain in an unstabilised labile form that is easily lost by respiration. If the soil received even more C, 
the excess would also be respired, without increasing C storage. Only undersaturated soils make it possible for 
C stocks to be increased by increasing C inputs. However, for soils at C saturation, it creates an alternative 
opportunity to increase C stocks by simply changing the vertical distribution of C in the profile. Even soils with C 
saturated top layers would normally have C-poor soil at depth. Those soil layers would have the potential for C 
stabilisation if C could be deposited there through deep soil inversion, earth worm activity or modified root 
growth. 
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Visual Evaluation of Soil Structure (VESS) method allows identifying soil quality changes due to 

different land use systems in Colombian Amazon 

 

*Adriana Silva Olaya1, Mauricio Cherubin2 
1University of the Amazon, Florencia, Colombia 
2University of Sao Paulo, Center for Nuclear Energy in Agriculture, Piracicaba, Brazil 
 
The adoption of agroforestry systems is being encouraged in Colombian Amazon to counteract the severe 
deterioration in soil quality (Sq) due to land use changes related to extensive cattle ranching and expansion of 
the agricultural frontier; however, no studies verifying this have been reported. Therefore, we aimed to test 
the feasibility of VESS method for assessing soil structural quality changes associated to different land use 
changes in Colombian Amazon, by correlating VESS soil quality scores with soil organic matter and other soil 
physical attributes. The study was carry out in Caquetá state, southern Colombia, an important hotspot of 
deforestation in the Amazon basin. The areas evaluated were four agroforestry systems with i) cupuassu; ii) 
cacao; iii) peach palm and iv) rubber tree, as main species, (v) one pasture and (vi) one native vegetation. 
Undisturbed soil samples (~5000 cm3) were collected for each area, then soil quality (Sq) scores ranging from 1 
(good) to 5 (poor sq) were assigned for layers using the visual interpretation chart proposed by Guimarães et 
al. (2011). Soil carbons stocks (SCS), soil bulk density (BD), soil resistance to penetration (SRP) and soil moisture 
(SM) were also measured in order to validate VESS scores.  
 
Two distinct layers were identified from native vegetation, peach palm, rubber tree and cocoa, whilst three 
distinct layers were identified under pasture and cupuassu land uses, with scores varying from Sq 1 to 4.5 
(Fig1). When comparing, VESS data and SCS we found a negative correlation between these variables, as well as 
with SM. Lower Sq scores were associated with higher total soil C stocks and SM content. Positive correlation 
was found between BD and SRP (Fig 2), suggesting this simple method can provide a good picture of the overall 
soil quality in Colombian Amazon soils. Both, key soil properties and VESS show that long-term agroforestry 
system management could contribute to improve soil quality. 
Figure 1. Average depth and Sq score of each contrasting soil layers observed in soil samples within land-use 
systems in Colombian Amazon 
Figure 2. Relationship between Visual Evaluation Soil Structure (VESS) scores and soil carbon stocks (A) bulk 
density (B), soil moisture (C) and soil resistance to penetration (D) in land use systems within Colombian 
Amazon. 
Guimarães, R.M.L, Ball, B.C, Tormena, C.A, 2011. Improvements in the visual evaluation of soil structure. Soil 
Use Manage. 27, 395-403 
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Soil structure and plant available water influenced by Eco-char application to urban roadside tree 

system 

 

*You Jin Kim1, Hyunjin Kim1, Sin Yee Yoo1, Gayoung Yoo1 
1Kyung Hee University, Department of Applied Environmental Science, Yongin-si, South Korea 
 
Urban roadside tree system is under severe stress mainly due to poor soil structure. Amendment of Eco-char to 
urban soil is suggested as a new strategy to mitigate climate change and improve soil quality. Eco-char is 
defined as a biochar made of the waste from the system where the biochar is to be added. Hence, if ecochar is 
amended to the urban roadside soil, carbon from the pruning branches and fallen leaves of street trees would 
be recycled within the system. We conducted two separate experiments in a lab and a greenhouse. In the lab-
scale study, aggregate distribution and quantification of ecochar within each sized aggregate were investigated. 
The soil was mixed with 5% of corn biochar or biomass. After 60 d and 120 d of incubation, the soil samples 
were fractionated into organo-mineral complexes (< 53 m), microaggregate (53-250 m), and macroaggregate 
(250-1000 m) using wet-sieving method, and proportions of input materials (biochar: BC, biomass: BM) within 
each sized aggregate were measured by the C13 natural abundance (soil: - ‰, o : - ‰ . The amount of 
macroaggregate in the BC treatment was only increased during the initial 60 d, while in BM treatment, it was 
constantly increasing until the 120 d. On the other hand, the other sized aggregates in the BC treatment were 
increased throughout the whole incubation, while they are not clearly increased in BM treatment. The C13 
data also confirmed that ecochar acted as an agent for macroaggregation in a similar way to organic matter, 
but there was more stable carbon sequestration in the BC than BM treatment in the forms of microaggregate 
and/or organo-mineral complexes. In the greenhouse study, we focused on the relationship between soil 
aggregate distribution and plant available water. Nine pots (32-cm diameter) planted with Ginkgo-tree, was 
filled with 25 cm depth soil mixed with ecochar at 2.5% (by weight) and soil water content was adjusted at 60% 
water filled pore space (WFPS). After 70 d, soil aggregates were separated by the same method with the lab 
experiment and pore size distribution (PSD) was measured using the sandbox. Samples are still under analysis. 
Our results would verify the ability of ecochar to improve soil structure and its relation with plant water use 
efficiency, which could be multi-benefit to soil carbon sequestration and greenhouse gas emission reduction. 
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Changes in soil carbon pools under long-term conservation agriculture in intensive cereal based 

systems of western Indo-Gangetic Plains 

 

*Hanuman Jat1, Ashim Datta2, PC Sharma2, AK Yadav2, Vishu Choudhary2, Madhu Choudhary2, 
Mahesh Gathala3, AJ McDonald4, ML Jat1 
1International Maize & Wheat Improvement Centre (CIMMYT), New Delhi, India 
2ICAR-Central Soil Salinity Research Institute, Karnal, India 
3International Maize & Wheat Improvement Centre (CIMMYT), Dhaka, Bangladesh 
4International Maize & Wheat Improvement Centre (CIMMYT), Kathmandu, Nepal 
 
In western Indo-Gangetic plains (IGP) of India, intensive tillage coupled with crop residue burning in rice-wheat 
cropping system caused soil degradation and environment pollution. Conservation Agriculture (CA) based 
sustainable intensification have shown promise in improving soil quality while raising income and efficiency of 
production resources. A replicated (3) and large plot (100m x 20m) long-term research platform with a set of 
CA based sustainable intensification scenarios in cereal based systems was established in 2009 at Karnal, India. 
Four cropping system management scenarios (Sc) were compared and their details can be obtained from 
earlier publication (Gathala et al., 2013). We analysed the soil organic carbon (SOC) pools {very labile (VL), 
labile (L), less labile (LL), non-labile (NL), active pool (AP) and passive pool (PP), particulate organic carbon 
(POC) and silt+clay associated carbon pool} in upper surface layers (0-15cm) after six years (2009-2015) of 
experimentation. 
 
Results showed that total organic carbon (TOC) was increased by 145, 86 and 36% under CA based scenarios; 
Sc4, Sc3 and Sc2, respectively compared to Sc1 (13.68 Mg C ha-1). Active pool (AP) and PP carbon was 
improved by 135 and 81% in Sc3 and Sc4, respectively compared to Sc1 (7.03 Mg C ha-1 and 6.66 Mg C ha-1). 
Highest VL (6.24 Mg C ha-1) and LL (12.76 Mg C ha-1) carbon was observed under Sc4, whereas Sc3 showed 
highest L (5.27 Mg C ha-1) and NL (5.87 Mg C ha-1) carbon. Though, highest AP and PP carbon content as per 
cent of TOC were recorded with Sc2 followed by Sc3 and Sc4. However, Sc2 showed highest VL carbon content 
as per cent of TOC compared to other scenarios (Fig. 1). Labile, LL and NL carbon were similar with Sc2 and Sc3. 
Scenario 4, 3 and 2 recorded 116, 84 and 69% higher POC and 10, 22 and 19% higher silt +clay associated 
carbon compared to Sc1 (0.47 and 0.70%), respectively (Fig. 2). CA based intensification approaches found 
effective in building SOC and performing ecosystem functions in IGP. 
 
References 

Gathala, M.K., Kumar, V., Sharma, P.C., Saharawat, Y.S., Jat, H.S., Singh, M., Kumar,A., Jat, M.L., Humphreys, E., 
Sharma, D.K., Sharma, S., Ladha, J.K., 2013. Optimizing intensive cereal-based cropping systems addressing 
current and future drivers of agricultural change in the northwestern Indo-Gangetic Plains of India. Agri. Eco. 
Environ. 177, 85–97. 
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Evidence from nuclear magnetic resonance spectroscopy of the processes of soil organic carbon 

accumulation under long-term fertilizer management 

 

*Bingzi Zhao1, Jisheng  Xu1, Jingdong Mao2, Dan C. Olk3, Yuming Zhang4, Jiabao Zhang1 
1Institute of Soil Science, Chinese Academy of Sciences, Nanjing, China 
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4Institute of Genetic and Developmental Biology, Chinese Academy of Sciences, Shijiazhuang, China 
 
Question  

 
Long-term fertilizer application strategies have been shown to have a considerable effect on the accumulation 
of soil organic carbon (SOC), but the underlying processes remain unclear. 
 
Methods  

 
The SOC of the soil of two long-term (>20 years) field experiments of a double-cropped maize–wheat rotation 
on a Calcaric Fluvisol and paddy rice on a Hydragric Anthrosol was analysed. The chemical structures of the SOC 
were characterized with multiple cross-polarization magic-angle spinning 13C nuclear magnetic resonance 
spectroscopy. The treatments included organic fertilizer (OF) only, combined mineral NPK (nitrogen, 
phosphorus and potassium) fertilizer with OF (NPKOF), mineral fertilizer pairings of NPK, NP and NK, and an 
unamended control. 
 
Results  

 
The continuous fertilizer treatments did not change the chemical composition of the Anthrosol SOC, although 
the SOC contents increased to different extents compared to that of the unamended control. Redundancy 
analysis showed that the chemical composition of the Fluvisol SOC differed significantly from that of the 
Anthrosol SOC . The Fluvisol SOC was divided chemically into three subgroups; the first subgroup consisted of 
NPK, NPKOF and OF treatments, the second subgroup Control and NP treatments, and the third subgroup NK 
treatment. The SOC content followed in the order first > second > third subgroup. The main structural changes 
from the first towards the third subgroup were a decrease in the abundance of aromatic C-O, aromatic C, 
anomeric C, O-alkyl C and OCH3/NCH, and an increase in COO/N-C=O and alkyl C, which led to an increase in 
alkyl-C/O-alkyl-C ratios and a decrease in aromaticity values. 
 
Conclusions  

 
These results suggest that balanced fertilization-propelled SOC accumulation in the Fluvisol can be attributed to 
less decomposition and more humification of the organic materials, whereas the smallest SOC content from the 
unbalanced fertilizer of treatment with NK can be ascribed to more complete decomposition to gaseous end 
products. We consider that the chemical compositions of SOC may be altered by long-term fertilizer 
treatments, depending on the soil type. 
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Modification of biochar effect on soil properties by mixing it with digestate 

 

*Helena Dvoracková1, Jakub  Elbl1, Jan Hladký1, JI dři h Kynický1, Oldři h Látal1, Aleš Veselý1, Martin Brtnický1 
1Mendel University in Brno, Geology and pedology, Brno, Czech Republic 
 
Introduction 

 
Biochar is carbonised organic matter rich in carbon. It is reported that up to 50% of carbon from the biomass is 
retained in biochar. Thus, biochar is often associated with carbon sequestration. This material is also known as 
supportive soil substance as its effect of improving water and air soil regime. Issue of its impact on biological 
activity in the soil remains unresolved. Biochar is a product of pyrolysis process wherein aromatics are formed. 
Aromatics are toxic and can inhibit the growth and activity of microorganisms. After application of biochar, 
they are degraded. However, this process is long lasting. The concentration of aromatics is strongly dependent 
on input feedstock and on parameters of combustion process. Digestate is output material of biogas plants and 
it often contains higher percentage of nitrogen, compared to manure, depending on the level of biogas. Its 
deposition to topsoil is natural end of nitrogen cycle. 
Figure number 1. Biochar in a different magnification 
 
Objectives 

 
Our aim was to compare the effect of the two organic fertilizers separately (B, D) and their mixture (B + D). 
 

Material and Methods 

 
The pot experiment was prepared and placed in a phytotron. Lactuca sativa was used as the experimental 
plant mainly due to rapid growth of its biomass and high sensitivity. At the end of the experiment, production 
of aboveground and underground biomass, root colonization by arbuscular fungi (AMF) and leaching of mineral 
nitrogen were assessed. 
 
Results 

 
The highest biomass production was measured in the variant where biochar was mixed with digestate and the 
lowest in the control variant (A <B <D <B + D). Our results indicate that mixture of the fertilizers brings 
carbonaceous (biochar) and nitrogenous (digestate) substances readily available in the soil. The highest 
colonization by AMF was determined in the variant with only digestate and the lowest in biochar (B <A <B + D 
<D). The reason, why the plant invested in symbiosis with fungi, can be explained by the presence of heavy 
metals in the digestate. The highest leaching of mineral nitrogen was measured in the control variant, the 
lowest in the variant with biochar (K <D <B + D <D). 
 
Conclusion 

 
Both fertilizers reduced nitrogen leaching, compared to the control, although statistically significant difference 
was not proven. 
 
Figure 1 
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Degradation increase responses of priming effects to temperature in Tibetan alpine grasslands 
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 Kuzyakov1,2 
1Georg-August Universität Göttingen, Agrarpedologie, Goettingen, Germany 
2Georg-August Universität Göttingen, Soil Science of Temperate Ecosystems, Goettingen, Germany 
3 Institute of Geographical Sciences & Natural Resources Research, CAS, Key Laboratory of Ecosytem Network 
Observation and Modeling, Beijing, China 
 
Kobresia grassland in Tibet plateau, with a rich storage of soil organic carbon (SOC), is very important to both 
ecosystem function and the livelihoods of local pastoral communities. But its intensive degradation in recent 
decades has led to unclear consequences for SOC stocks and dynamics. Kobresia grassland acts as a critical 
"first response region" to climate change, where the SOC decomposition is highly sensitive to temperature, and 
can produce positive C climate feedback. Priming effects, induced by inputs of labile organic carbon (LOC), can 
also affect SOC dynamic. Therefore, knowledge about how the priming effect response to temperature, and 
how their interactions affect SOC decomposition are central to understanding the carbon cycle of Tibet plateau 
under global warming. 
 
To this ends, we conducted a laboratory incubation experiment with the non-degraded soil collected from 
intact Kobresia patches, and degraded soil collected from crust patches, labeled with 14C-glucose in high/low 
level and incubated under 0 °C, 10 °C and 20 °C for 80 days. Cumulative SOC derived CO2 emission increased 
significantly with temperature. Degraded soil showed lower SOC derived CO2 emission at 0 °C, but significant 
higher CO2 emission at higher temperature compared to that of non-degraded soil. Priming positively 
responded to increasing temperature, with 79 % increment in degraded soil and 13 % in non-degraded soil on 
average, and at 20 °C, it was significant higher in degraded soil than non-degraded soil. Low-level glucose input 
led to the positive priming effects, while high-level glucose induced the negative priming. Higher temperature 
led to higher microbial activity (i.e., qCO2) and enzyme activity (i.e., β-glucosidases, chitinase, cellobiohydrolase 
and Xylosidase). Vmax of enzyme was significantly higher in degraded soil than in non-degraded soil, exhibiting 
a positive linear regression with priming effects. In conclusion, increase in temperature improved priming 
effects via higher microbe and enzyme activity it caused, and in turn strongly accelerated SOC decomposition in 
Kobresia grassland, which is particularly significant in degraded pasture. Therefore future global warming and 
grassland degradation in Tibetan Plateau may lead to positive C climate feedback to atmospheric CO2. 
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Characterization of humic substances from three Brazilian semi-arid soils in response to warming 

using FT-IR spectroscopy 
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1Embrapa Tabuleiros Costeiros, UEP Rio Largo, Maceió, Alagoas, Brazil 
2Universidade de São Paulo, Escola Superior de Agricultura "Luiz de Queiroz, São Paulo, Brazil 
3Instituto Federal de Ciência e Tecnologia de Alagoas, Campus Marechal Deodoro, Marechal Deodoro, Brazil 
4Instituto Federal de Ciência e Tecnologia de Alagoas, Campus Maceió, Maceió, Brazil 
 
The ambient temperature has a preponderant role on the functional characteristics of the soil organic matter. 
The study of the qualitative characteristics of soils humic substances (HS) will contribute to the understanding 
of the vulnerability of the soil to global warming. Qualitative changes arising from possible temperature effects 
related to climate change in humic acids (HA) and fulvic acids (FA) extracted from soils from the semi-arid 
region of Brazil were investigated by Fourier transform infrared spectroscopy (FTIR). Soils samples from 0-10 
cm layer (five replications) of an Entisol Quartzipsamment, an Entisol Psamment and an Ultisol, all from the 
semi-arid northeastern Brazil, were collected in areas of native vegetation and agricultural areas. The samples 
were subjected to a laboratory incubation experiment, at a constant temperature of 33 °C (5 °C above the 
historical average temperature on the Brazilian semi-arid region) for 170 days. 
 
The comparison of the HAs FTIR spectra (Fig. 1) extracted from native vegetation soils show the tendency to 
decrease the intensity of absorption in response to the incubation period, which was mainly observed at Entisol 
Psamment. The AH's spectra of Ultissol and Entisol Quartzipsamment under agricultural use showed little or no 
decrease in absorption intensity, in opposition to the pasture area of the Entisol Psamment where an inverse 
behavior was observed. On the other hand, the AFs spectra (Fig. 2) showed large changes in its composition 
due to incubation. The AFs extracted from the native vegetation areas and from Entisol Quartzipsamment area 
under agriculture showed the substitution of aliphatic structures and polysaccharides by carboxylic groups and 
caboxylates anions. The humified organic fractions of the of the studied soils have different sensitivities and are 
altered in different ways by the warming. 
 
This work was supported by Research Support Foundation of State of Alagoas –FAPEAL 
Fig. 1. FTIR spectra of HAs isolated from Brazilian semi-arid Entisol Quartzipsamment (S1), Entisol Psamment 
(S2) and Ultisol (S3) before (Bwi) or after warming incubation (awi). 
Fig. 2. FTIR spectra of FAs isolated from Brazilian semi-arid Entisol Quartzipsamment (S1), Entisol Psamment 
(S2) and Ultisol (S3) before (Bwi) or after warming incubation (awi). 
Figure 1 

 



Session 6b: Managing soil organic matter decomposition and stabilization for carbon sequestration and 

improved soil health 

6th International Symposium on Soil Organic Matter  390 

 
 
 
Figure 2 



Session 6b: Managing soil organic matter decomposition and stabilization for carbon sequestration and 

improved soil health 

6th International Symposium on Soil Organic Matter  391 

 

 



Session 6b: Managing soil organic matter decomposition and stabilization for carbon sequestration and 

improved soil health 

6th International Symposium on Soil Organic Matter  392 

P-6b.32 

 

Composition of surface litter microbial communities affects carbon flux patterns 

 

*John Dunbar1, Renee Johansen1, Deanna Lopez1, Rebecca Mueller1, Thomas Yoshida1 
1Los Alamos National Laboratory, Los Alamos, NM, United States 
 
Our ongoing aim is to identify traits of microbial communities decomposing surface plant litter that may 
contribute to different patterns of soil carbon storage. We found that carbon flux patterns from surface litter 
can vary dramatically with subtle changes in the composition of complex microbial communities. To achieve 
this, we monitored carbon flux patterns from plant-litter-decomposing microbial communities derived from 
100 soils from the drylands biome of the United States. We exploited the fact that soil microbial communities 
in a common biome change subtly with spatial distance. Liquid extraction of communities from each sample 
and transplantation into a common environment (sand microcosms) enabled evaluation of different 
community configurations without additional confounding factors such as geochemistry and plant cover. We 
found that communities representing the most divergent carbon cycling outcomes had common traits. This is 
the first large-scale test of microbial community composition linked to divergent soil carbon cycling patterns.  
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Diversification of tropical pastures; key to C sequestration and improved soil health? 
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Global demand for livestock products continues to increase. In Latin America, livestock production contributes 
significantly to national development and food security and reduces the vulnerability of smallholders to income 
deprivation. However, inappropriate pasture management leads to low productivity and inefficient use of land 
and nutrients and is an important driver of soil degradation and deforestation. Sustainable intensification is 
needed to increase economic benefits and resilience of pasture-based livestock systems and reduce the 
environmental footprint. Increasing soil organic carbon (SOC) levels is key to climate mitigation, improved 
productivity and soil health. Diversifying improved grasses with legume forages, including trees, can increase 
SOC and soil functioning (e.g. nutrient cycling, soil structure and plant productivity). However, quantitative 
evidence from tropical pastures is scarce. Our aims were: 

 to quantify effects of pasture diversification, including legumes, on SOC stocks and pools (Total SOC, 
POXC and aggregate-associated C) 

 to assess effects of pasture diversification on soil biological and physical parameters (characterization 
of microbial communities using 16S rRNA and ITS sequencing, macrofauna, AMF root colonization, 
compaction, aggregation) 

 to understand the relations between biological and physical parameters, SOC pools, and pasture 
productivity. 

A trial was established in Palmira, SW-Colombia in 2014 with three treatments, randomly assigned to three 
blocks: T1-Brachiaria monoculture; T2-Bracchiaria intercropped with the herbaceous legume Canavalia 

brasiliensis; and T3-Bracchiaria intercropped with C. brasiliensis and strips of the legume tree Leucaena 

diversifolia. Grazing was rotated across blocks. Soil data were collected in 2016-17 along a transect with 
increasing distance from the trees in T3. Results show that pasture production increased with pasture 
diversification. Highest C stocks (1m) were found in T3, in the tree rows. Multivariate statistics of forthcoming 
data will define trade-offs associated with pasture diversification in producing a healthy soil and may clarify 
soil-plant interactions that explain diversity-induced changes in SOC cycling. 
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Long-term effects of land use on soil organic matter fractions and carbon mineralisation 
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2Rothamsted Research, Harpenden, United Kingdom 
 
Introduction 

 
Organic matter fractionation can provide deeper insights into the dynamics of soil C (and N) than is possible 
based on measurements of the total stock of SOM. In this study we examined how (1) SOM associated with 
particle-size fractions and (2) mineralisable C respond to long-term changes in land use. 
 
Materials and Methods 

 
The Rothamsted ley-arable experiments were initiated in 1949 on sites previously in long-term grass (Highfield) 
or arable cropping (Fosters). At Highfield some plots remained in grass, others were ploughed to grow arable 
crops and an adjacent area has been in bare fallow continuously since 1959. At the Fosters site, some plots 
were converted to permanent grass in 1949, while others remained under arable cropping. In 2012, soil 
samples were collected from the continuous arable and grassland plots at both sites and from the bare fallow 
area at Highfield (0-10 and 10-23 cm depths). These soils, together with archived soils (0-23 cm) collected over 
the course of the trials, were used in a SOM fractionation study. In addition, soils were incubated (98 d @ 25°C, 
-60 kPa water potential) and evolved CO2 determined. 
 
Results and Discussion 

 
In 2012, 63 years after conversion of long-term grassland to arable cropping at Highfield, there were large 
decreases in total and mineralisable C in both the 0-10 and 10-23 cm layers (e.g., mineralisable C in the top 10 
cm decreased by 67%). Clay-associated C declined by 50% under arable cropping and by 70% under fallow (0-10 
cm) at the Highfield site. Largest decreases were in the particulate organic matter (POM; >50 µm fraction), 
considered the most labile SOM fraction. However, even after 50+ years under bare fallow, some POM 
remained, indicating that part of the POM is relatively resistant to decomposition. Measurements on samples 
collected during the course of the Highfield trial showed that the major changes in POM occurred within a few 
years of land use change from grass to arable cropping. In contrast, the decline in clay-C under arable cropping 
was more gradual. At the Fosters site, C in all fractions was substantially increased by conversion from arable 
cropping to permanent grass. However, even after 63 years, stable C (<5 µm fraction) had not increased to the 
level found in the Highfield long-term grass treatment, confirming that C stabilisation can be slow, even under 
grassland where C inputs are large. 
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The long-term fate of deposited N in conifereous forest soils and the contribution to SOC 

stabilization 
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Introduction 

 
A long-term study in Ysselsteyn, the Netherlands revealed that the mineral soil had become the major 15N sink, 
20 years after 15N application. We think that this retention of 15N in the mineral soil is related to the strong 
binding of organic N with the mineral matrix and might contribute SOC stabilization. 
 
Research question: Is this phenomenon generally valid and what are the most important regulating factors? 
 
Method 

 
We re-sampled four 15N tracer experiments across Europe at the former NITREX sites: Gardsjon (GD), Sweden, 
Klosterhede (KH), Denmark, Speuld (SP), The Netherlands and Alpthal (AH), Switzerland, more than 20 years 
after 15N tracer application. Most soils were classified as podzols, only site AH contained clay-rich Gleysols. The 
sites covered a wide range of N-deposition, varying between 4.4 to 55 kg N ha-1yr-1. The experimentally added 
N deposition was enriched with 15NH4 and/or 15NO3 at varying levels (476 - 6074 g 15N ha-1yr-1) during one year 
in 1992/93 or 1995/96. N treatments have continued uninterrupted and the fate of 15N in the soil could be 
investigated after all these years. 
 
Results 

 
First results show a wide range of 15N recovery in the organic (0 - 60%) and mineral (0 – 40%) soil layers and 
there is no consistent trend over time. We will further explore our large data-set to identify the controls of the 
15N recovery e.g., some specific soil characteristics such as, grain size distribution, moisture content, pH, CEC, 
C/N ratio, but also vegetation covers or landscape gradients. 
 
Conclusion 

 
The most important regulating factors can be used to predict the long-term 15N retention in the mineral soil, 
which can ultimately be linked to soil organic carbon stabilization. 
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The impact of the water regime of agricultural soils on stability and composition of organic matter 

protected through aggregation 
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1CNRS, IEES Paris, Thiverval-Grignon, France 
2AgroCampus Ouest, Rennes, France 
 
Protection of organic matter in aggregates is a major stabilisation mechanism in agricultural systems. Stable 
aggregation, induced by (micro-)biological is dependent on the availability of fresh organic matter and may be 
influenced by the soil water content. In the present study, we investigated the effect of different hydrologic 
regimes within an agricultural soil on the composition and stability of organic matter protected in different 
aggregate classes. We sampled agricultural soils at three locations with contrasting waterlogging conditions 
throughout the year and separated 8 different aggregate fractions. We assess the gain of stability due to 
aggregation by analysing for potential C mineralisation of intact and sieved aggregate fractions. Moreover, we 
characterised the nature of SOM present in the different fractions by biomarker analyses (lignin and 
hemicellulosic sugars). 
 
Highest C amounts corresponding to 40% of total C were associated with aggregates > 5 mm. Hydraulic regime 
induced a gradual redistribution of C to intermediate sized aggregate size fractions with increasing wetness of 
the sites. Moreover, our results indicated highest C mineralisation from 0.2-0.05um aggregate size fractions of 
all sampling plots whether intact or sieved. These samples also contained the highest concentration of plant-
derived organic matter. We conclude that the hydraulic regime within a field may influence the degree of 
protection of soil organic matter protection through aggregation. 
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Relative contribution of maize and external manure amendment to soil carbon sequestration in a 

long-term intensive maize (Zea Mays L.) cropping system 
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Introduction 

 
Application of organic amendments to soil in the form of livestock manure and returned crop residues and 
straw is commonly recommended because of their positive effects on soil organic carbon accumulation. 
 
Objectives 

 
Based on a 27-year-long inorganic fertilizer and manure amendment experiment in a maize (Zea mays L.) 
double-cropping system, we aimed to quantify the relative contributions of maize-derived and manure-derived 
carbon to soil organic carbon equilibrium and/or accumulation. 
 
Materials & Methods 

 
Soil samples (0–20 cm depth) from each plot were collected in 2003, 2007, 2010, and 2012, after summer 
maize was harvested. The contribution of maize-derived carbon (below-ground roots and residues) to soil 
organic carbon can be calculated from natural 13C abundance by using a two-end member mixed model. 
 
Results 

 
Twenty-seven years fertilizer application significantly increased total soil organic carbon compared with the 
control (P < 0.027). Regression analysis showed that the original soil organic carbon pool (i.e. the pool present 
before the experiment started) decayed at about 0.016–0.17 yr-1 in the control and NPK treatments, whereas 
the decay rate was 0.013 yr-1 for the 2NPK treatment. 
The proportion of maize-derived carbon retained was about 37% in control soil (which had the lowest total soil 
organic carbon), and 11% in soil from the mineral fertilizer treatments. This result showed that the retention 
rate of maize-derived carbon in mineral fertilizer treatments was only about one-third of that in the control. 
Assuming the priming effect of long-term continuous organic manure input on original soil organic carbon 
turnover was insignificant, our results indicate that about 5.1% of manure-derived carbon was converted into 
soil organic carbon. An alternative calculation, based on estimations of the difference in total soil organic 
carbon stock between NPKM and NPK treatments, gave a similar retention rate (4.4%) for manure-derived 
carbon. 
 
Conclusion  

 
This result emphasized that organic amendments was necessary to a win-win strategy for both SOC 
sequestration and maize production. 
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Higher Q10 of carbon decomposition in finer soil particles does not bring a long-lasting 

dependence of Q10 on soil texture 
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2Chinese Academy of Sciences, Institute of Botany, Beijing, China 
 
Soil particle-size fractionation is a reliable approach for the division of carbon (C) pools with different stabilities. 
Our previous study found that C decomposition in fine soil particles had higher temperature sensitivity (Q10) 
than in coarse particles in grassland and forest soils. However, it is not known whether this phenomenon 
occurs in cropland soils and whether it leads to a dependence of Q10 on soil texture. We conducted a 107-day 
incubation of isolated soil particles from cropland soils—including paddy and upland—with contrasting 
fertilizer applications. The incubation was conducted over three short-term cycles of sequentially changing 
temperatures between 5ºC and 30ºC at 5ºC intervals. The results indicated that C decomposition was faster in 
the sand (>50 m) fraction than in the silt (2–50 m) and clay (<2 m) fractions; however, Q10 was generally 
higher in the clay fractions than in the other two fractions for all types of cropland soils, which is in accordance 
with our previous study. A high Q10 in fine particles may be due to its high C availability. Considering the 
aforementioned Q10 pattern across soil particles, we hypothesized that fine-texture soil should have a higher 
Q10 than coarse-texture soil. However, we observed this outcome only in the 1st and 2nd temperature cycle 
but not in the 3rd cycle. In conclusion, C decomposition in finer soil particles with a higher Q10 is likely a 
widespread phenomenon, but it does not bring a long-lasting dependence of Q10 on soil texture. 
 
Highlights 

 C flux in finer soil particle had higher Q10 in grassland and forest. What happens in cropland? 
 We incubated isolated soil particle size fractions under sequentially changing temperatures. 

 Higher Q10 in the clay fractions than in the coarser particles is a widespread phenomenon. 
 Higher Q10 in finer soil particles does not bring a long-lasting dependence of Q10 on soil texture. 
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Dynamics of soil organic matter transformation to improve soil health 

 

*Collins Amoah-Antwi1, Jolanta Kwiatkowska-Malina1 
1Warsaw University of Technology, Spatial Planning and Environmental Sciences, Warsaw, Poland 
 
Soil functionality largely depends on soil organic matter (SOM), which is a natural hub for the rich biodiversity 
in the soil. The application of exogenous organic matter to soil is an investment that conserves and increases 
the SOM level, thereby augmenting the numerous functions of SOM, which include: serving as a reservoir of 
nutrients for plants; providing a source of food and energy for microorganisms essential for biological soil 
processes; complexing with ions of toxic substances to decrease their bioavailability to plants; improving 
structural stability of soil; increasing water retention and; control of climate change by sequestering carbon in 
the soil.  Understanding the dynamics of SOM transformation is essential for full realization of the benefits of 
its application. However, the long period (over 20 years) required for substantial transformation of SOM into 
humic substances is a major hindrance for carrying out such studies, resulting in the current knowledge gap. 
Current studies provide some understanding, yet, are biased towards biotic factors controlling the SOM 
transformation processes. A balance of both the biotic and abiotic factors is necessary for a comprehensive 
grasp of the dynamics of SOM transformation.  
 
Agriculture intensification and mechanization have become necessary for sustaining food production for a 
rapidly growing world population expected to peak at about 9.1 billion by the year 2050. This resolution has 
been successful in attaining the food security target, but resulted in further deterioration of the environment: 
contamination of soils and groundwater. Consequently, the European Commission"s 7th and current 
Environmental Action Programme has set out strategies for achieving various environment, climate change and 
waste management targets over the course of its implementation. With about 45% of all European soils 
estimated to have SOM content below the required minimum, and heavy metal contamination also about 35% 
and 31% of soil and groundwater contamination respectively in Europe, the application of recycled organic 
waste amendments (e.g. manure, brown coal and biochar) in the soil is considered a low-cost and sustainable 
solution. Measured changes in abiotic parameters for amended soils and humic acids can be fed in with long 
term experimental data that will be used in developing robust semi-quantitative models. Such a model will be a 
useful tool for forecasting and predicting the efficiency of organic amendments, and improving current 
understanding of SOM transformation processes. 
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Differences of biochar and straw C sequestration for humic substances in three representative soils 

of North China 
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Question 

 

Both biochar and crop straw are effective materials for carbon (C) sequestration in soils. However, the 
differences of biochar C and crop straw C sequestration are not clear.  
 
Objectives and Methods 

 

There are two types of biochar and crop straws as well as three representative soils of North China were used 
in an incubation experiment in order to investigate the differences of C sequestration in water-soluble 
substances (WSS), humic acid (HA), fulvic acid (FA) and humin (HU).  
 
Results 

 

The results showed that both biochar C and crop straw C mainly sequestrated in HU and increased with more C 
input, while there were more biochar C sequestrated in HU than crop straw C. Compared to crop straw, biochar 
C is trend to be sequestrated in FA, and crop straw C is available to be sequestrated in HA and WSS. However, it 
did not increase for FA, HA and WSS with more C input. In addition, the positive correlation between HU and 
SOC was found in 30 (R2 = 0.92, P < 0.01), 90 (R2 = 0.90, P < 0.01) and 180 (R2 = 0.90, P < 0.01) days of 
incubation. The cluster analysis also showed that HU and SOC was the same cluster. The structure of HA was 
simpler by straw treatment than biochar, while wheat straw treatment was more significant than tobacco 
straw. 
 
Conclusions 

 

It suggests that both biochar and crop straw are mainly sequestrated as HU and biochar is good for FA 
sequestration, but crop straw is favor to HA and WSS formation. The structure of HA is simpler for application 
of crop straw than biochar. 
Figure 1 
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Impact of logging-associated compaction on forest soil microbial communities and SOM 

mineralisation 
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2BEF, Champenoux, France 
3EEF, Nancy, France 
 
Heavy traffic can cause drastic changes in soil porosity and structure, but we lack a fundamental understanding 
of how this affects the soil microbiome (Hartmann et al., 2014). The optimal soil water content for aerobic 
microbial activity depends significantly on soil bulk density among others soil parameters (Schjønning et al., 
2003). Thus, alterations in soil porosity after compaction may strongly affect microbial community structure 
and activities. Here, we assessed those parameters after 7 years of soil compaction following heavy traffic. The 
site studied is located in a state-owned forest in northeast France (Azerailles, Meurthe et Moselle). The soil is a 
Luvisol developed on a silt loam layer approximately 50 cm thick laying on a clayey layer; this strong textural 
discontinuity causing limited temporary water logging (Goutal et al. 2012). In May 2007, a 8-wheel drive 
forwarder (25T) drove for an equivalent of one pass back and forth. In September 2014, soil samples were 
collected in the trafficked and undisturbed plots and gas emissions were measured in the field. The 
quantification and diversity of different microbial groups were studied by combining q-PCR and terminal 
restriction fragment length polymorphism (TRFLP), respectively targeting 16S rDNA and ITS genes for bacterial, 
fungal and archae communities (Osborn et al., 2000; Fierer et al., 2005). Microbial functions were monitored by 
measuring enzymatic activities, catabolic profiling using MicroRespTM technique (Campbell et al. 2003) and gas 
measurements. Field measurements first showed significant changes in soil processes, resulting in reduced 
CO2, and increased CH4 emissions from compacted soils. Compactions significantly reduced abundance of 
microorganisms and to a less extend microbial activities. It also persistently altered the microbial activities and 
structures of the microbiota. This study demonstrates that physical soil disturbance induces profound and long-
lasting changes in the soil microbiome and associated soil functions. 
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Effect of soil parameters on the decomposition rate of soil organic carbon in Hungarian forest soils 
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Soil organic matter affect the physical and chemical properties of soils and supply plants with nutrients. 
Therefore the better understanding of the fate of soil organic carbon is crucial not just for its effect on the 
atmospheric CO2 concentration but for altering other soil functions, such as soil fertility, on which food supply 
rely. The organic matter stability, i.e. the capability of resistance against decomposition is regulated by the 
different protection mechanisms of the soil matrix and soil minerals. Our aim was to investigate the influence 
of the basic soil properties (texture, pH, organic matter content, etc.) on the decomposition of soil organic 
carbon. Thirteen Hungarian soil samples (depth of 0-20 cm) were incubated during 163 days. The samples are 
mainly high clay and organic matter content forest soils, but three forest soils developed on sand were also 
collected to represent different textural effects. The soils are derived from C3 forests from different sites of 
Hungary. C4 maize residues were added to the soils in order to get natural 13C enrichment for stable isotope 
measurement purposes and for quantifying the priming effect caused by the crop residue addition. The 
temperature (20°C) and humidity (70% field capacity) conditions were kept constant in an incubator. The soil 
respiration was measured at specified intervals (on day 3, 8, 15, 30, 51, 79, 107, 135 and 163) and trapped in 
2M NaOH and quantified by titration with 1M HCl. Decay rate constants were calculated based on first order 
reaction kinetics. Our first results based on the cumulative CO2 respiration values show positive priming for all 
type of soils. The mineralization rate was higher for the amended sand samples (7.1-2.5 %) than for the finer 
textured soils (2.4-0.9 %). We were able to determine two phases for the soil organic carbon decomposition 
based on the decay rate constants. The decomposition is faster (2-15 times) in the first phase then in the 
second phase for all soil samples but varying extent. Texture seems to be one of the key factors affecting the 
rate of decomposition confirming the statement that fine textured soils generally considered having a lower 
rate of biomass turnover and organic matter decomposition than coarse textured soils. 
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Effects of soil organic matter content on workability: A case of silt loam soil under long-term field 

management  
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1Aarhus University, Department of Agroecology, Tjele, Denmark 
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3Rothamsted Research, Department of Sustainable Agriculture Sciences, Harpenden, United Kingdom 
 
Soil workability for seedbed preparation is the ability to produce fragments of optimal sizes without destroying 
soil structure. Tillage is satisfactorily performed when soil is friable, which occurs within a specific range of 

ate  o te t ∆θRANGE) between the upper (wet tillage limit, WTL) and the lower (dry tillage limit, DTL) critical 
water contents (in gravimetric) for tillage. Soil organic matter (SOM) is a key soil property affecting soil 
workability. It has high water absorptive capacity and affects water contents for tillage, but the quantitative 
evidence of SOM effects on workability limits is limited. In this study, we investigated the effects of SOM on 
workability of silt loam soil from the Highfield long-term, ley/arable experiment at Rothamsted, UK. The soil 
has a relatively homogeneous texture in the top (6-15 cm depth) and a large treatment related gradient in SOM 
content, increasing in the order: Bare Fallow (BF) <Arable (A) <Ley-Arable (LA) < Reseeded Grass (RG). It was 
hypothesized that; (1) soil with less SOM is stiffer than soil with more SOM at a given water content, also (2) 
soil ith o e “OM has a ide  ∆θRANGE for tillage than soil with less SOM. We measured: tensile strength (Y) of 
16-8 mm natural aggregates air-dried, then adjusted to -1000, -300 and -100 hPa matric potentials; Y of 
remolded (then air-dried) aggregates to mimic extreme mechanical damage to the soil structure, lower plastic 
limit and soil water retention characteristics. We calculated Y, specific rupture energy (Esp), Young"s 
modulus/stiffness of aggregates (E) and water contents for tillage. Results indicated that at -100 hPa matric 
potential (approx. field capacity), Esp increases in the order: BF<A<LA<RG, whereas Y did not differ significantly 
between the treatments. Both Y and Esp were lowest for the RG treatment when soil aggregates were 
remolded. The BF treatment was significantly stiffer for both remolded and natural air-dried aggregates as well 
as for natural aggregates adjusted to -300 and -1000 hPa matric potentials. The WTL, DTL, optimum water 
o te t a d ∆θRANGE for tillage increased in the order: BF<A<LA<RG. The results indicated that soils with more 

SOM are more elastic, whereas soils with less SOM are more plastic at a given water content. Moreover, 
i eased “OM ide ed the ∆θRANGE for tillage as hypothesized. 
 
 



Session 6b: Managing soil organic matter decomposition and stabilization for carbon sequestration and 

improved soil health 

6th International Symposium on Soil Organic Matter  404 

P-6b.44 

 

Impact of land use on soil organic carbon quality and dynamics, litter decomposition rate and 

stabilization factor in case of north western Ethiopia. 
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Abstract 

 
Most soil organic carbon researches in Ethiopia focus only on the actual soil organic carbon (SOC) content of 
the soil. But, prediction of SOC quality, soil organic matter (SOM) decomposition rate and litter stabilization 
factors are also useful to estimate how much carbon (C) is lost from the soil as CO2, those got less attention. 
The main objective of this study was to assess the effect of different land use types on SOC thermal quality, 
decomposition rate and litter stabilization in North Gondar, Ethiopia. Three sites (Ambober, Chiliga, and 
Gorgora) and four land use types (agroforestry, cropland, and eucalyptus plantation and grazing land) were 
selected. With three depth intervals (0-10 cm, 10-20 cm and 20-30 cm) with four replications: totally 144 
samples were collected. The soil samples were analyzed for pH, soil texture, decomposition rate (k), and 
stabilization factor (S) and SOC quality (by STG method). The croplands had generally higher clay content 
whereas agroforestry and eucalyptus plantation were higher in silt content that confirm long-term land use 
impacts on soil particle size distribution in average. Cropland showed the highest soil pH (7.07) in the top soil in 
Ambober, but contrasting, the lowest pH value (5.73) in Chiliga. Slightly higher thermo labile SOC were 
accumulated in the top 10 cm of the soil. Croplands showed lower thermo stable SOC which may be due to the 
effect of long-term tillage and fertilization. Land use affected both the litter stabilization factor (S) and the 
decomposition rate (k) significantly. Only a weak positive correlation was observed between SOC components 
and silt content, but not with clay. On the other hand, a weak negative correlation was found with sand 
content. Total SOC and thermo stable SOC were strongly positively correlated. Generally land use types had a 
significant effect both on SOC quality, litter decomposition rate and stabilization factor those may influence 
SOC dynamics. Characterization of SOM quality across land use types and ecologies should gate future research 
attentions for accurate modeling of climate change. 
 
Key Words: Labile SOM, Land Use Types, Litter Decomposition Rate, Litter Stabilization Factors, Thermo Labile 
SOC, Recalcitrant SOM Thermo Stable SOC, Tea Bag Index 
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Long-term impacts of oil palm cultivation following pasture conversion on soil carbon and 

nutrients dynamics 
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Conversion of forests into oil palm (OP) plantations results in a net loss of ecosystem carbon (C) storage owing, 
mainly, to a significant loss of C stored in the aboveground biomass of tropical forests. To mitigate these C 
emissions and to meet the projected increasing demand for palm oil, the replacement of grasslands instead of 
forests has been suggested. While the consequences of land use change (LUC) for OP development are being 
well investigated for time periods between 1-30 years (first OP-cycle) after LUC, relatively little is known about 
the effects of OP plantations in consecutive cycles where plantations are renovated. We assessed the dynamics 
of soil organic C (SOC) and other key soil indicators in a long-term chronosequence of OP plantations 
established on prior tropical cattle pastures. One cattle pasture site and five OP plantations ranging from 18 to 
57 year-old were selected for soil sampling down to 0.5 m in the Andean foothills of Los Llanos in Colombia. In 

situ estimations of net OP-derived SOC stabilization and pasture-derived SOC decomposition rates were 
obtained by taking advantage of the vegetation shift. Our results show that soil C storage in cattle pasture 
areas were as high as 118 Mg C ha-1. The conversion of such C-rich pasture areas into OP plantations implies a 
strong rate of C loss of 0.3 Mg C yr-1 in the topsoil and subsoil. By the end of the first and second OP cycle, the 
proportion of SOC derived from OP was of 57% and 70%, respectively, in the topsoil. Although there was an 
accumulation of OP-derived C of roughly 0.5 Mg C yr-1, it did not compensate for the loss of C4-derived C, 
resulting in continue SOC losses over >50 years. On the other hand, the trajectory of soil fertility followed a 
contrastive pattern compared to soil C stocks and indicators like the sum of major cations showed an increasing 
trend with time. In conclusion, replacing C-rich cattle pasture areas by OP plantations in the long-term entails 
important tradeoffs between soil functions like C storage and soil fertility. However, to fully assess the effects 
of pasture conversion to OP on ecosystem C storage, the expected gains in aboveground biomass C in OP 
plantations needs to be quantified. 
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Until recently, 2,197,000 km−  of arable land were abandoned worldwide. However, the dynamics and pattern 
of carbon (C) sequestration and stabilization in soil following natural vegetation succession after cropland 
abandonment remain incomplete, especially the changes within soil depth. A chronosequence study focusing 
on soil organic carbon (SOC) stocks and decomposition was conducted in the Pustschino region of Russia. We 
measured the SOC content and stocks in 0-5, 5-10, 10-20 and 20-30 cm depth within the Luvisol 
chronosequence of 0 (cropland as control), 9, 13, 22, 37 and 65 years of self-restoration after cropland 
abandonment. The CO2 emission from these soils was measured during 49-days incubation at room 
temperature.  
 
The SOC content in Luvisols increased for 28-192 % in 0-5 cm and for 7-99 % in 5-10 cm during abandonment. 
However, the SOC in 10-20 cm started to increase only 37 years after abandonment and below 20 cm remained 
stable during 65 years. These results suggest that the C sequestration in the top 10 cm started immediately 
after abandonment, while much more time is necessary for C sequestration in deeper soil. The SOC 
de o positio  as g aduall  de eased f o  . ‰ to . ‰ of total “OC sto ks i  -5 cm with 
chronosequence during the 49-days incubation, which reflects the increased stability of SOC with restoration 
ti e. The “OC de o positio  as de eased f o  . ‰- . ‰ i  -   a d f o  . ‰- . ‰ i  -30 cm, 
whereas the decomposition was relatively constant throughout the chronosequence. In conclusion, 
abandonment of cropland caused immediate C sequestration in topsoil because of high C input with 
aboveground litter and decreased SOC decomposition. However, the increase of SOC stocks in depth needs 
much longer periods. 
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Soil compaction is a major threat to agricultural soil, and heavy machines are responsible for damaging soil 
chemical, physical and biological properties. Among these, organic matter decomposition, mediated by the soil 
biota, is a necessary process since it underpins nutrient cycling and provision of plant nutrients. Hence 
understanding factors which impact the functionality of the biota is necessary to improve agricultural practices. 
We previously assessed whether margins affect soil biota in associated fields. Results showed that soil fauna 
was greatly reduced within the first few metres of field beyond the margin, notably where tramlines and 
wheelings were located. To understand compaction effects on soil ecology, we assessed decomposition in 
three distinct field areas: the margin, tramlines and crop. Three litters of different quality (ryegrass, straw 
residues and mixed litter) in two different mesh sizes (<0.2 and >2 mm) litter bags were buried for 1, 2, 4 and 6 
months. Soil bulk density and soil resistance were measured. Results showed lower bulk density and greater 
soil resistance greater in the compacted tramline. The greatest mass loss of buried organic matter occurred in 
the grass margin, and the lowest in the compacted tramline. Differences between treatments increased with 
burial time. No significant difference of mass loss between the two mesh sizes was detected before the fourth 
month, implying that microbial activities were the main processes involved in the early stages of 
decomposition. Decomposition in the tramline was clearly affected by the degradation of soil structure and 
limitation of water and nutrient supplies due to heavy compaction. This study shows that poor soil conditions 
at the edge of arable fields affect major soil processes such as decomposition but it also reveals that there is 
potential to mitigate these effects and there are challenges for regulators to reflect opportunity this study offer 
and to redirect farmer field practices to deliver improved ecosystem services as well as their margin. 
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The effect of humic acid on the diversity of soil microorganisms involved in the degradation of 

pentachlorophenol 
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1Institute of Geochemistry, Chinese Academy of Sciences, State Key Laboratory of Environmental 
Geochemistry, Guiyang, China 
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Environment Pollution Integrated Control, Guangzhou, China 
 
Humic substances (HSs) are ubiquitous in aquatic and terrestrial environments, and usually adsorb or chelate 
the metal and organic matters. HSs can be reversibly oxidized and reduced to act as redox mediators, 
participating in microbial metabolism, influencing the microbial activity, and consequently, impacting a direct 
effect on organic pollutants biodegradation, but the importance of HSs in soils for organic pollutants 
transformation by specific microbial taxa is unknown. In this work, the effect of huminc acid (HA) samples 
extracted from forest (CBHA), paddy (PSHA) and peat (YNHA) soils on the microbial community involved in PCP 
anaerobic mineralization were investigated by stable isotope probing (SIP) and high throughput sequencing 
methods. The results showed that all HA samples accelerated biotransformation of PCP, in which the highest 
rate was observed in HA with high carbon contents, extracted from the peat soils. The Illumina sequencing 
revealed that, Desulfovibrio and Clostridium were the dominant bacteria for dechlorination of PCP, and 
following PCP mineralization, the HA had a significant impact on the microbial communities and several 
phylotypes were enriched in the 13C heavy fractions compared to the 12C heavy fractions. Without HA, 
Methanobacterium and Spartobacteria exhibited great increase in 13C heavy fractions. Methanosarcina and 
OP11 were found to be the dominant PCP degraders in microcosms amended with CBHA, whereas, 
Burkholderia and Methanobacterium were the key PCP degraders in PSHA and YNHA-amended microcosms. 
These findings extend our knowledge of the diversity and ubiquity of HSs-utilizing microorganisms involved in 
PCP degradation and have important implications for in situ bioremediation in HSs-rich soils. 
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Rice-pastures rotations conversion to more intensive soil use systems: Soil organic carbon 

dynamics impacts. 
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Rice-pastures rotations are very unique sustainable production systems in Uruguay, but in the last decade 
appeared an increased interest to intensify them. Soil Organic Carbon (SOC) is an important soil quality 
indicator and key to mitigate greenhouse gases. We evaluated soil use intensity impacts on total SOC, 
particulate organic carbon (C-POM; 53-2000 µm) (0-5; 5-15 cm depth) and microbial biomass (MB) (0-10 cm 
depth) in a field-scale rice rotation systems experiment (Natraquoll) (33° 16' 23'' S; 54° 10' 24'' W; 22 MASL). 
Treatment were established in a 20yrs rice-pasture rotation field and included: 1) rice monoculture (RM, 1yr), 
with Trifolium alexandrinum in winter; 2) rice-soybean (RS, 2yr) with Lolium multiflorum and Trifolium 

alexandrinum in winter; 3) rice-row crops (RC, 4yr) rice-soybean-rice-sorghum with the same cover crops than 
RS in winter; 4) rice-short pasture (RSP, 2yr) rice rotating with a biannual pasture of Lolium multiflorum and 
Trifolium pratense during 1.5yr; 5) rice-long pasture (RLP, 5yr) rice-rice in the first 2 summers followed by a 
perennial pasture of Festuca arundinacea, Trifolium repens and Lotus corniculatus during 3.5yr. All rotations 
phases were present in time and replicated in space (Basic Design). After four years, no total SOC differences in 
the 0-15 cm depth were found between rotations (29.3 Mg C ha-1). However, rice rotating with perennial 
pastures had 19.5% grater C-POM content than continuous cropping rice systems (RM, RC and RS) (3.93 Mg C 
ha-1) for 0-5 cm depth, representing around 40% and 34% of total SOC for RLP-RSP and RM-RC-RS, respectively. 
No differences on C-POM were found between rotations in the 5-15 cm depth. The greatest values for MB 
were observed in RSP, RLP and RM (69.3; 55.3 and 53.5 mg C-CO2 100gr dry soil, respectively), followed by RS 
and RC (34.8 and 29.7 mg C-CO2 100gr dry soil, respectively). The aggregate of data suggests that, for soils 
under rice-pasture rotations in temperate climates, the intensification with other row crops and/or a higher 
proportion of rice in the rotation may make SOC more vulnerable to lose, even under conservation practices. 
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How elevation of atmospheric CO2 concentrations may impact soil organic matter dynamics in 

paddy fields? 
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1NARO Institute for Agro-Environmental Sciences, Tsukuba, Japan 
2Taiyo Keiki Co. Ltd., Tokyo, Japan 
3NARO Tohoku Agricultural Research Center, Morioka, Japan 
 
Free Air CO2 Enrichment (FACE) experiments allow us to assess the effect of future atmospheric CO2 
concentrations on SOM dynamics in plant-soil system by maintaining elevated CO2 concentrations (eCO2) in 
open-field environments. Here we report the results from a rice paddy FACE started in 2010 on alluvial soil in 
Ibaraki, Japan. Surface soils (Ap horizon) collected after 0, 2 and 4 years were fractionated into three density 
fractions corresponding to SOM pools with different decomposition state and degrees of mineral interaction. 
The free light fraction (f-LF, <1.8 g.cm-3) contains recent plant residues not extensively decomposed. The 
occluded light fraction (o-LF) is largely composed of plant-derived OM presumably entrapped in soil aggregates. 
The heavy fraction (HF) mostly consist of mineral particles and the OM in this fraction is more strongly 
associated with minerals. Because FACE-CO2 was depleted in 13C, we traced the flow of recently 
photosynthesized C into the different SOM pools and estimated the MRT of C in each density fraction. We 
hypothesized that (i) eCO2, by enhancing photosynthesis, leads to increasing C stocks and (ii) the C derived 
from photosynthesis during the 4-year period is mostly present in the f-LF. 
 
Soil C and N contents progressively decreased by 10% over the study period due to reduced residue input 
compared to pre-FACE experiment. This decrease was of the same magnitude in both the control and eCO2 
plots, indicating that eCO2 did not enhance SOM storage over the four years in contrary to our first hypothesis. 
The 13C analysis revealed that significant proportions of original soil C were replaced with FACE-derived C in all 
three density fractions. As expected, the shortest MRT (several years) was found for f-LF which accounted for 3 
to 9% of total soil C and N. We detected the least amounts of FACE-derived C in o-LF, indicating slow transfer of 
plant-derived C to o-LF due possibly to limited accessibility by mineral/aggregate matrix. More than 70% of soil 
C and N was distributed in HF. We also detected progressive decline in 13C in HF, indicating relatively rapid 
transfer of recently-assimilated plant C from f-LF to HF. While the major portions of the assimilated C were 
present in f-LF, our results suggest that HF acted as a major C sink in the irrigated paddy ecosystem. 
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Effect of tropical rice based farming systems on soil carbon stocks and soil organic matter quality in 

dry zone of Sri Lanka 
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1Aquinas University College, Faculty of Agriculture, Colombo 08, Sri Lanka 
2National Institute of Fundamental Studies, Soil Microbiology and Carbon Sequestration, Kandy, Sri Lanka 
 
Soil C sequestration is a truly win-win strategy due to its opportunity to earn foreign exchange through C 
trading at the same time improving the soil quality. This study aimed at investigating the effect of tropical rice 
based farming systems on soil carbon stocks (SCS) and soil organic matter (SOM) quality in dry zone of Sri 
Lanka. Rice-Soya (RS), Rice-Tobacco (RT), Rice-Onion (RO) and Rice-Rice (RR) farming systems were selected for 
soil sampling. Total organic C (TOC), microbial biomass C (MBC), water soluble C (WSC), and KMnO4 oxidizable 
C (POC) fractions and Total SCS were determined. Humic acid (HA) and fulvic acid (FA) extracted using alkali 
extraction method were characterized using Fourier Transformed Infrared (FTIR) spectra. The data were 
analyzed by ANOVA on a completely randomized design (CRD). Results showed that RS and RR cropping 
systems maintained same level of SCS respectively as 65.2 and 63.48 Mg/ha. The dry paddy stubble (147 g/m2) 
return to soil from RR system accounted for higher C stock in soil. RS system also had a higher C stock due to 
the organic residues collected in soil as roots and leaf litter (67.7 g/m2). As the entire crop was removed at 
harvest, RO system hardly added residues and a significantly lower organic C stock (43.4 Mg/ha). RT also 
showed lower level of C (59.5 Mg/ha) due to relatively faster decomposition during temporary bed 
preparation. Further results of FTIR spectra for extracted HA and FA showed distinct clear absorption bands, 
indicating the presence of major structural elemental groups such as H bonded OH (3400 cm–1 peak), C=O of 
carbonyl (1710 cm–1 peak) functional groups, aliphatic components CH2 and CH3 (2930, 1420 and 1370 cm–1 
peaks) and C=C of aromatic ring (1620 cm–1). Change of farming systems from RR to other annual crops such as 
RT and RO reduced the C sequestration potential in dry zone. However, different cropping systems had not 
significantly differentiated the SOM in composition. The information revealed here is useful for farmers to 
manage applications of fertilizers with a view to improve soil C stocks in tropical rice based farming systems as 
they have a great potential in storing and maintaining C in soils. 
 
References: 

Anderson, J.M., Ingram, J.S.I. (1993). Tropical soil biology and fertility. A hand book of methods, 2nd edn. CAB 
International, Wallingford, UK. 
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CH4 emission in flooded rice paddies is the net result of methanogenesis and CH4 oxidation, and it is not clear 
to what extent a reduction of CH4 emissions under water-saving irrigation management is the resultant of 
enhanced CH4 oxidation. This knowledge gap arises from the difficulty to reliably quantify CH4-oxidation and its 
dynamic nature over the course of the rice growing season. We aimed to quantify relative contributions of 
production and oxidation of CH4 to its emission from a rice field under Continuous Flooding (CF) and Alternate 
Wetting and Drying (AWD), and their evolution throughout the growing season of rice. Furthermore, in order to 
gain a better mechanistic understanding of how AWD controls CH4 cycling in soil, we monitored depth profiles 
of different climate, plant and soil parameters. Field experiments were conducted during 2015 and 2016 in 
Castello d'Agogna, Italy. The determination of CH4 emissions was carried out using closed flux chambers. In situ 
CH4 oxidation was quantified by applying a selective inhibitor, difluoromethane (CH2F2), as well as by means of 
stable C isotope measurements 
 
CH4 emissions in both 2015 and 2016 peaked around tillering and booting, corresponding to specific plant traits 
in the respective growth phases of rice. In addition, emissions under CF exceeded those under AWD, obviously 
owing to the more reduced conditions in CF fields. CH4 oxidation in CF and AWD fields, as estimated from the 
inhibitor application, showed a generally declining trend throughout the cropping season, possibly because 
methanotrophs became N-limited. CH4 oxidation % of AWD fields were furthermore about twice as high as 
those from CF fields due to elevated soil Eh at -5 and -12.5 cm for AWD. Current emission and lab incubation 

13C-CH4 analyses are used to confirm these results. Nevertheless, from the 2015 growing season it is clear that 
the promoted CH4 oxidation explains but a minor part of the difference in AWD vs. CF CH4-emissions. Lab 
incubations also showed that potential CH4 oxidation rates were alike for different irrigation regimes and soil 
depths, so probably field conditions affected methanotroph activity rather than biomass. Our results indicate 
that lower CH4 emissions from fields under AWD result mainly from lower CH4 production, and to a lesser 
extent from higher relative CH4 oxidation. 
 

Figure 1 

 
 
 
Figure 2 
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Rice-carbon allocation and dynamics in soil depends on phosphorus fertilization and water 

managemen 
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Good water management and phosphorus (P) availability are crucial to successful rice cropping. We used 
13CO2 continuous labelling to investigate photosynthetic C allocation and dynamics depending on water 
management (continuous flooding versus alternate wetting/drying) and P fertilization (92 mg P kg-1 soil) in a P 
deficient subtropical paddy soil. Soil was sampled three times, after each drying-rewetting cycle, and 13C 
allocation into above- and belowground plant compartments and soil was determined. Total 13C uptake by rice 
and allocation to soil increased with plant growth, but not with P addition. However, P addition increased shoot 
13C by 71–75%, but decreased 13C in the roots by 15–26%. 13C allocation in rhizosphere and bulk soil was 
independent on P addition. During plant growth, 13C in microbial biomass (13C-MBC) increased in both the 
rhizosphere and bulk soil. P addition, increased 13C in the rhizosphere. While the MBC remain similar 
independent on P fertilisation, the MBP was by 21 – 62% in rhizosphere and 18-48 % in bulk soil higher without 
P addition. 13C-SOC was strongly positively correlated with shoot and root biomass as well as 13C-MBC in both 
the rhizosphere and the bulk soils. Continuous flooding and drying-rewetting did not affected C, P and 13C in 
rice biomass, 13C in soil and microbial C and P. As drying-rewetting is less expensive to implement when 
compared with continuous flooding, drying-rewetting substantially reduces water usage costs. On the other 
hand, P addition increased aboveground plant biomass and 13C, but not the most belowground parameters 
(except rhizosphere 13C in microbial biomass). Our results thus suggest that while P fertilization increases rice 
growth, it contributes less to the belowground biomass and C input in a P-deficient paddy soil. 
Key words: P deficiency, paddy soil, rice-photosynthesised C, water management, microbial biomass 
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Paddy rice soils are important source of anthropogenic agricultural methane (CH4) emission. Improved water 
practices, such as midseason drainage and alternate wetting and drying have been developed to mitigate CH4 
emission from paddy soil receiving organic amendments. A quantitative and mechanistic understanding of the 
contribution from potential carbon sources in relation to soil water regimes is required to mitigate the 
greenhouse gas (GHG) emissions from paddy soils. We conducted a growth chamber pot experiment with 13C 
pulse labelling and 13C labelled rice residues to partition the source contribution between plant derived carbon 
and residue carbon with different drainage regimes in CH4 emissions. In the 13C pulse labelling experiment, 
rice plants were labelled four times (17, 30, 45 and 55 days after transplanting (DAT)), and gas samples were 
collected on three consecutive days after each labelling. Two unlabelled residue treatments; i) with residues 
and ii) without residue, and three water regimes; i) continuous flooding [C], ii) midseason drainage [M] and iii) 
early+midseason drainage were tested to evaluate plant-derived carbon (rhizodeposits) contribution to CH4 

emission, under varying residue and water treatments. The 13C labelled residue experiment was conducted with 

and without rice plants. The 13C labelled rice residues were added equally in each pot. Six water treatments; i) 

continuous flooding [C], ii) pre-transplant drainage [P], iii) early-season drainage [E], iv) midseason drainage 

[M], v) pre-transplant+midseason drainage [PM] and vi) early+midseason drainage were tested to evaluate the 

potential of drainage methods to mitigate CH4 emission, and to test the theory that oxidation of residues during 

early oxidation is the mechanism behind lowered CH4 emissions. The fluxes of δ13CH4 were observed at 19 and 

31 DAT, immediately after 13C plant labeling. Residues addition increased the CH4 emission by 99-100%. The 

water regimes reduced the CH4 emissions from residues, the maximum reduction occurred in P (69%) and PM 

(77%) water regimes. The significant lower CH4 emission from P and PM water regime is related to less CH4 

emissions from added residues in the early stage, which is attributed to lower δ13CH4 emissions. Therefore, 

early drainage oxidized the residue carbon in the early stage, which is unavailable for CH4 production in the 

later stage. 
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Introduction 

 
Rice production is one of the largest sources of greenhouse gas (GHG) emissions in Bangladesh. Very few 
studies have been conducted that focus both on CH4 and N2O emissions, while it is necessary to determine 
total global warming potential under different management scenarios on subtropical paddy rice to determine 
effective mitigation potentials. 
 
Objectives 

 
This study assesses GHG emissions and mitigation potential under different management regimes in rice test 
sites in Bangladesh using the ecosystem model DayCent. 
 
Materials &Methods 

 
Two field experimental datasets have been selected from Bangladesh Agricultural University, Mymensingh, 
Bangladesh. The data available for first test site includes weekly or fortnightly CH4 and N2O emissions under 
two water regimes- (1) continuous flooding (CF) and (2) alternate wetting and drying (AWD). Treatment for this 
site include N fertilizer at a rate of 110 kg N ha-1 yr-1. The second site involves only CH4 emissions under CF 
with combination of same rate of N and 2 t ha-1 yr-1 straw. Data from both test sites have been used to 
validate the model. Water management, tillage, residue incorporation, manure application and integrated 
management have been considered in a modelling approach to estimate the mitigation potential for reducing 
total GHG (CH4, N2O and CO2) emissions. 
 
Results 

 
The model shows a reasonable agreement in daily CH4 and N2O flux with the observations both under CF and 
AWD conditions. Simulated CH4 emissions reduced by 25% under AWD while N2O emissions increased by 
158% compared to the emissions under CF. Simulated CH4 emissions under CF for the second site shows higher 
rates relative to the first site, which indicates that manure addition and soil texture might impact on CH4 
emissions. The results are in agreement with IPCC default emission factors for CH4 and N2O emissions. 
 
Conclusion 

 
There is potential for mitigation of GHG emissions for rice production under AWD, which could reduce total 
GHG balance in our case study by 15%. As this approach shows 5% less yield, an integrated approach of 
changing the irrigation system, manure addition and tillage, would deliver a total GHG reduction of 6% and an 
increase of yield by 10%. Our findings could serve as interim GHG mitigation estimates until further evidence is 
gathered through long term field experimentation. 
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Biogenic magnetite facilitates methanogenic propionate degradation in paddy soil enrichment 

 

*Li Zhuang1 
1Jinan Unviersity, School of environment, Guangzhou, China 
 
Increasing evidences suggest that magnetite exerts important influence on syntrophic methanogenic processes 
in paddy soils, but these studies were conducted with chemically synthesized magnetite almost without 
exception. In natural soil environments, biogenic magnetite is widely distributed as a common metabolic 
byproduct of microbial reduction of amorphous ferric oxyhydroxide (Fe(OH)3). It is unclear that whether 
biogenic magnetite plays the same role as chemical magnetite in facilitating interspecies electron transfer in 
syntrophic methanogenesis. To address this question, this study investigated methanogenic propionate 
degradation in a long-term anaerobic incubation of a paddy soil with biogenic magnetite, compared to the 
incubations with biogenic vivianite and without iron oxides. Experimental results showed that the presence of 
biogenic magnetite increased CH4 production rate from propionate by 26% and 24% relative to the biogenic 
vivianite cultures and iron oxides-free cultures, respectively. 16S rRNA based microbial community analysis 
revealed significant stimulation of the bacterial Anearolinaceae, and the archaeal Methanosarcinaceae and 
Methanocellaceae by methanogenic degradation of propionate in the biogenic magnetite cultures. Here we 
demonstrated that biogenic magnetite facilitated propionate degradation and CH4 production, likely through 
the establishment of direct interspecies electron transfer between propionate-oxidizing bacteria and 
methanogens, which is as the same as the function of chemically synthetic magnetite in mediating interspecies 
electron transfer. Our study provides an evidence for the presence of biogenic magnetite-facilitated 
methanogenesis in paddy soils, and demonstrate the important influence of biogenic magnetite on the carbon 
biogeochemical cycles in soils and sediments. 
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The influence of plant roots and the associated rhizosphere activities on decomposition of soil organic matter 
(SOM), the rhizosphere priming effect, has emerged as a crucial mechanism regulating global carbon (C) and 
nitrogen cycles. However, the role of root morphology in controlling the rhizosphere priming effect remains 
largely unknown. To investigate the link between root hairs and the rhizosphere priming effect, we grew a 
barley wild type and a barley mutant without root hairs in a greenhouse and continuously labeled them with 
13C-depleted CO2. Soil CO2 efflux was measured during tillering and head emergence stages of plant growth. 
Based on distinct isotopic signatures, total CO2 was partitioned for root-derived and SOM-derived CO2 and the 
rhizosphere-primed SOM decomposition rate was calculated as the difference in SOM-derived CO2 between 
planted and unplanted treatments. We also measured soil microbial biomass C and N, and the activities of six 
extracellular enzymes. During the early stage of plant development (tillering), when plants were sufficiently 
supplied with nutrients, the barley mutant without root hairs used C more efficiently for biomass production. In 
contrast, high C costs for root hair formation reduced the growth of the wild type barley. At this stage, the wild 
type with regular root hairs produced a positive rhizosphere priming effect (69% enhancement), but the 
mutant without root hairs produced a negative priming effect on SOM decomposition (28% decline). At the 
head emergence stage, when mineral nutrients were scarce, the inefficiency of nutrient uptake without hairs 
reduced the biomass production of the mutant. At this stage, both barley types produced positive rhizosphere 
priming effects (72% and 209% enhancement for the wild type and the mutant, respectively). Extracellular 
enzymes responsible for the decomposition of more recalcitrant SOM were activated in cases of positive 
priming effects. In summary, our results demonstrated that root morphology can significantly modify 
rhizosphere priming effects on SOM decomposition. 
 

Figure 1 
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Introduction 

 
Soil properties like organic matter (SOM) quantity and quality, total N, pH, clay content and mineralogy, CEC, 
pedogenic Fe may significantly regulate N mineralization in flooded paddy soils. However, anaerobic N 
mineralization was found to inconsistently relate to soil traits and identification of predictor variables requires 
detailed insight into the mechanisms and factors controlling N availability in subtropical paddy soils. 
 
Objectives 

 
Evidence for a linkage between Fe-reduction and soil mineral N supply is difficult to establish because multiple 
soil factors co-vary. We studied redox processes and N release in a spatially heterogeneous paddy field in Sri 
Lanka, thus keeping land-use history and management as constants. We aimed to see if degree and rate of 
lowering of soil redox potential (Eh), and solution Fe and Mn release relate to anaerobic N mineralization rate. 
 
Materials and Methods 

 
We collected 50 samples (0-15cm) from a rice field in Atalle, Sri Lanka with spatial variations in soil N (0.08-
0.14%), OC (0.6-1.2%), %silt (2-24) and clay (2-28), pH-KCl (4.4-5.8), oxalate-extractable Fe (Feox:0.8-2.6g kg-1) 
and Mn (Mnox:0.004-0.17g kg-1). We evaluated changes in Eh, pH, exchangeable NH4+, solution Fe, Mn, 
dissolved organic C and N (DOC and DON), microbial biomass C and N (MBC and MBN) and total C emission in a 
controlled laboratory incubation experiment using collected soils for 42 days under flooded condition. 
 
Results 

 
A decision tree analysis disclosed strong linkage of Eh drop with clay and SOC. Soil OC and total N were 
identified as useful predictors for N mineralization. Moreover, mineral N release rate strongly linked with 
release rate of solution Fe and DON (r=0.62 to 0.86; p<0.01), mean DOC level (r=0.71; p<0.01) and C emission 
rate (r=0.32; p<0.05), but surprisingly not with MBC and MBN. Solution DOC level, release rate of Fe and DON 
were strongly interrelated (r=0.69 to 0.77; p<0.01), disclosing their further linkage to SOC and total N (r=0.49 to 
0.72; p<0.01). 
 
Conclusion 

 
In sum, soil OC and total N contents represented dominant controls on anaerobic N mineralization in a 
heterogeneous paddy soil, instead of Feox and Mnox or other properties. The found correlations between rate 
of N mineralization, buildup of soil solution Fe and DON, mean DOC level and C emission are likely explained by 
Fes predominant role as alternative electron acceptor to support anaerobic SOM degradation, coupled to 
lowering Eh and rising pH. Release of DOC or DON bound to Fe (hydr-)oxides upon their reductive dissolution 
and proneness to mineralization, however, was suggested to be a potential relevant mechanism for anaerobic 
soil N mineralization, but requires further verification using stable 15N-isotope setups. 
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Promoting carbon sequestration in soils: The 4 per 1000 initiative 
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The " ‰" I itiati e as lau hed at the COP  as pa t of the Li a-Paris Action Agenda. It aims to improve the 
organic matter content of soils and promote soil organic carbon (SOC) sequestration to increase soil fertility 
and thereby contribute to food security, to foster adaptation to climate change and contribute to mitigating 
climate change. The initiative focuses primarily on agricultural soils, because of their frequent poor soil organic 
carbon content and degradation and of their crucial role in food provision but also considers forest soils and 
the preservation of existing SOC stocks. The objectives of the initiative are: 
 
(i) to promote research on the knowledge needed for the initiative (mechanisms and potential of organic C 
sequestration in soils; SOC sequestering management agricultural and forestry practices; adoption and 
transition to these practices; monitoring SOC stocks) and to 
(ii) to foster initiatives, by a variety of actors, to better manage SOC in the field via agricultural practices. 
The go e a e of the " ‰" I itiati e is o ga ised i to th ee odies, hi h ill i te a t losel  ith ea h 
other: the consortium of all members, who elect the president and vice president of the initiative, the forum of 
partners and the scientific and technical committee (STC). The work of all these bodies is facilitated by the 
executive secretary. 
 
The STC has the mission to support SOC sequestration programs initiated by a wide variety of actors by setting 
reference criteria for the evaluation of SOC management projects and actions. The committee will give advice 
on these actions and formulate proposals for the orientations of international scientific research and 
cooperation programs. The advice given by the STC is founded on the principles and goals of the Initiative and 
coherent with the Sustainable Development Goals. This presentation will present the on-going work of the STC 
on the sustainable SOC sequestration indicators. The challenge is to identify easily utilizable indicators relative 
to SOC storage itself, but also to mitigation of GHG emissions, improved productivity and food security, better 
adaptation to climate change, but also relative to other impacts of SOC sequestration strategies (on water 
quality or land tenure for example). 
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Introduction 

 
Changes in soil C stocks are accounted for as emissions or sinks of in the land use sector (LULUCF). Tightening 
climate commitments stress the importance of robust means to reduce the emissions. Most croplands are 
losing C but this loss can be diminished or even turned to C sequestration by changing soil management. In 
Europe, the most feasible tool to motivate farmers to change soil management is the common agricultural 
policy and especially the agri-environmental payments. We made the first attempt to assess the potential 
effect of the current Rural development programme on C stocks in Finnish croplands. 
 
Objectives 

 
The aim was to assess the effect of agri-environmental payments on CO2 emissions from croplands in 2015-
2016. 
 
Materials & Methods 

 
The measures selected for the analyses were controlled drainage on peat soils, soil amendment using materials 
other than manures, organic cover in horticulture, catch crops, and perennial grass on peat soils. Areas under 
each management practice were obtained from the Agency of Rural Affairs. The methods used in the 
greenhouse gas inventory of Finland and literature data were used to estimate the effect these measures have 
had in 2015-16. 
 
Results 

 
The measures reduced the emissions from croplands by 6% if the assumptions on their effects were true and if 
they could be integrated in the greenhouse gas inventory. The most effective means to reduce C losses from 
croplands were the catch crops on mineral soils and perennial crops on peat soils. The first was effective 
because of large area and the latter because of large effect per area. 
 
Conclusion 

 
In peat-rich country like Finland the most efficient mitigation measures are related to cultivated peat soils. 
However, the results on catch crops suggest that measures on mineral soils should not be neglected. As the 
effects of all measures are not yet integrated in the greenhouse gas inventory, this exercise stresses the need 
to develop proper methods for their reporting, e.g. to estimate the effect of soil improvements by using 
information on their degradability. Constraints of reporting these effects in the greenhouse gas inventory are 
related e.g. to uncertainties like lack of information on catch crop biomasses, depth of water table in controlled 
drainage and lack of data since 1990 which would be needed for a consistent time series. 
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Brazilian Government has implemented, since 2010, a Low Carbon Agriculture Plan to foster sustainable 
development and reduce greenhouse gas (GHG) emissions. This Plan includes increase of adoption of six major 
agricultural practices and goals until 2020: no till – increase of adoption of 8 million of hectares; recovery of 
degraded pastureland – increase of 15 million ha; biological nitrogen fixation – increase of 5.5 mi ha; planted 
forest- increase of 3 mi ha; integrated crop-livestock-forest systems – increase of 4 mi ha; animal waste 
management- treatment of 4.4 mi m3.The main stimulus to farmer"s adoption of these practices is provided by 
a Low Carbon Agriculture Program with reduced loan interested rate. In recent years Brazilian savannah area 
with around 200 million of hectares became major agricultural production area in the country. Normally soils in 
this region are acidic, with aluminum toxicity and low fertility and must be well managed to gain suitable 
conditions to agricultural production. Under this improved soils conditions generally there is an increase in 
biomass production and possibilities to increase in soil organic matter content, generating an amazing soil 
carbon sequestration situation. More recently with stimulus to adoption also of integrated systems, as crop-
livestock-forest systems, new possibilities are occurring. In this work it will be presented recent result showing 
adoption of crop-livestock-forest integrated systems in different regions of Brazil reaching to 11.5 million of 
hectares in 2016, a very positive result and that overpass goal established by Brazilian Governor. The estimate 
reduction of GHG emission is 35.1 million of tons CO2eq only in these areas under integrated crop-livestock-
forest system. From SOM research perspectives there are several challenges and opportunities, including 
detailed SOM content analysis in a vast region, evaluation of stability of this new organic matter added to soils 
and others. Also it will be presented recent results with use of two different spectroscopic tools, laser based, to 
help in this new agenda: laser-induced breakdown spectroscopy (LIBS) to soil organic matter content analysis 
and laser-induced fluorescence (LIF) to soil organic matter humification degree detection, both using whole soil 
samples. 
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Land use change and land management impact on soil organic carbon stocks – what do we really 

know? 
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Main objectives 

 
With soil carbon sequestration agriculture has the chance to switch from a major emittent of greenhouse gases 
to climate mitigatioin with negative emissions. However, there are many unsettled expectation and scattered 
knowledge. Enhanced quantitative knowledge is required how different land use and management options 
impact on soil organic carbon stocks. Thus, the aim of our research was to compile existing data in several 
quantitative meta analysis. 
 
Methodology 

 
We compiled data on soil organic carbon stocks of the following land-use and management treatments and of 
reference soil organic stocks from more than 1100 sites covering almost all climate regions: 

 Land use changes 

 Cover crops 
 Reduced and no-tillage and deep tillage 

 

Results  

 
Land use change effects in the tropical and temperate zone are strong with highest soil carbon losses if native 
tropical forest is converted to cropland (Don et al. 2011). In the temperate zone soil organic carbon reacts 
much sower upon land use changes. Thus, it may take more than 100 years after land use change until a new 
steady state is reached (Poeplau et al. 2012). Cover crops increase the carbon input to the soil without 
compromising external biomass resources. With around 300 kg ha-1 a-1 cover crops are a very effective 
measure to increase soil carbon on croplands (Poeplau and Don 2015). The effects of reduced or no-tillage on 
soil carbon stocks are less clear that often discussed. We did not detect any significant soil carbon 
sequestration rate with reduced or no tillage in temperate soils. Even the oldest field trials revealed 
inconsistent results. However, increased nitrous oxide emissions due to reduced tillage may turn greenhouse 
gas balance of no-tillage into negative. Opposing to reduced tillage we also assessed the impact of deep tillage 
down to 100 cm and its long term effect on total soil carbon stocks. Surprisingly we found more than 40% 
higher soil carbon stocks several decades after the deep ploughing event (Alcantara et al. 2016). 
 
Conclusions 

 
However, in order to implement agricultural soil carbon management, our abilities need to be increased to 
better site specifically predict the effects of different land use and management options. With our extensive 
meta-analysis on different land use and management options with contributed to compile scattered knowledge 
into a more comprehensive picture. 
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Despite our recent progress in understanding how land use intensity affects soil microbial biodiversity, there is 
still a gap in explaining how it affects soil microbial functions and consequently regulates soil ecosystem 
services. To explore the effects of nutrient addition on soil microbial community and activity in acidic and 
alkaline conditions, we sampled soil cores from the Park Grass Experiment, initiated in 1856 in Rothamsted, UK. 
The experimental plots selected were amended either with organic manure or nitrogen fertilizer (96 kg N ha-1 
as either ammonium sulphate or sodium nitrate) and limed to stay at pH 5 or at pH 7. Bacteria, fungi and 
eukaryotes diversity were assessed using tagged amplicon sequencing (rRNA 16s, ITS and rRNA 18s genes 
respectively). Soil extracellular enzymes activities link to Carbon, Nitrogen and Phosphorus cycling were 
measured to evaluate microbial activity. Bacterial counts by flow cytometry were used as a proxy of bacterial 
biomass. We observed a clear effect of nutrient addition on microbial communities regardless of the soil pH, 
with variable microbial communities depending on nutrients applied. However, effect of nutrient addition on 
microbial communities was higher at pH 5 than at pH 7. This stronger effect of nutrient additions at pH 5 
compare to pH 7 was also observed for soil fungal richness (avg. 150 % increase at pH 5 versus 30% increase at 
pH 7), bacterial richness (30% vs 10% increase, respectively), and bacterial biomass (600% increase vs 40% 
decrease at pH 7). Overall, enzymes activities were more affected at low pH by nutrient additions. Interestingly, 
our results were linked to soil carbon stock changes under nutrient additions (100% increase at pH5 vs 20% 
increase at pH 7). We conclude that nutrient addition affected soil microbial processes to a greater extent at 
low soil pH highlighting the pH role on nutrient availability. Our results show that soil pH status must be 
considered to understand the impact of soil nutrient addition on microbial community and its consequence on 
ecosystem function, knowledge that is key to better management of soil carbon stocks and ecosystems 
services. 
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Introduction 

 
Soil organic matter (SOM) pools in aggregate-size classes may have different microbial accessibility and 
decomposability, with a further influence of tillage intensity on these processes. However, processes and 
mechanisms of soil organic carbon (SOC) mineralisation and availability of nutrients [nitrogen (N), phosphorus 
(P) and sulphur (S)] in aggregate-size classes from different tillage systems and soil types after crop residue 
input are poorly understood. 
 
Materials & Methods 

 
Soils from conventional tillage (CT) under mixed crop–pasture farming and no-till (NT) under continuous 
cropping in a Luvisol, and from CT and NT under continuous cropping in a Vertisol, were separated into three 
dry aggregate-size classes [mega-aggregates (> 2 mm), macro-aggregates (2–0.25 mm) and micro-aggregates (< 
0.25 mm)]. Wheat residue with 13C ‰, as added to ea h agg egate-size class from Luvisol ( 13C -24.7) 
and Vertisol ( 13C -18.5), and total CO2-C, 13C in CO2-C, microbial biomass C (MBC), and plant available N, P 
and S were periodically measured over the 126-day incubation period. 
 
Results 

 
Crop residue input stimulated SOC mineralisation, MBC, and specific microbial activity in all three aggregate-
size classes from different tillage systems in both soils (vs. non-amended), and followed the order of macro-  
micro-  ega-aggregates in the Luvisol only. Due to positive priming, native SOC mineralisation was 0.6–2.8 
times higher in the residue-amended (vs. non-amended) aggregates across all treatments in both soils. The SOC 
mineralisation among the aggregate-size classes was 80–114% higher under CT cf. NT in the Luvisol only. Net 
available N was higher in the residue-amended vs. control aggregates in the Luvisol at day 30 only. On the 
contrary, significant amounts of available P and S were released from the residue-amended vs. control 
aggregates at day 126, possibly via priming and mobilisation of nutrient reserves. 
 
Conclusion 

 
Our findings demonstrate that wheat residue input and tillage (vs. no-till) caused a greater release of nutrients 
from SOM mineralisation, and followed the pattern of macro-  i o-  ega-aggregates. Further, the residue 
input may have mobilised mineral-bound nutrients, such as P and S in each aggregate-size class, with the net P 
release being greater in the Vertisol than Luvisol. 
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Introduction 

 
Severe soil organic carbon (SOC) depletion is a major constraint affecting crop production systems adversely in 
tropical rainfed dryland regions of India. Drought stress, prevailing high temperatures, long fallow periods and 
low biomass productivity are major causes of SOC depletion. 
 

Objectives  

 
To assess carbon sequestration potential of major rainfed production systems, critical carbon requirements for 
maintaining or improving SOC and thus identification of practices for implementation in large scale farmers 
fields. 
 

Materials and Methods 

 
SOC build up and depletion studies done in long-term experiments under diverse soil orders and climatic 
conditions (arid-sub humid) for major rainfed systems, and the data were used to fit the Roth-C model. 
 

Results 

 
The average SOC sequestration rate (kg C/ha/y) improved with combined use of organic and inorganic sources 
of nutrients. Increasing SOC stock by 1 Mg/ha can increase yield (kg/ha) of rainfed rice (139-185), sorghum (13-
125), pearl millet (100-200), finger millet (265-378), maize (126), soybean (69), lentil (133) and black gram 
(114). The critical level of C input needed for maintaining the SOC level differed among agro-ecosystems and 
increased with increase in temperatures. Long-term cropping without using organics severely depleted the 
SOC, with the highest depletion rate in Alfisols. The use of Roth-C model indicated improvements in SOC with 
the organics by as much as 143 to 340% over control by 2050. Village level carbon balance can be positive with 
such interventions. A higher SOC was associated with improved soil water retention and better crop yields 
during the drought years. 
 

Conclusion 

 
The data from long-term studies indicate that better soil health, reduced effects of drought stress and 
improved crop productivity are the key benefits of restoring the SOC level. 
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*Anne Bhogal1, Fiona Nicholson1, Alison Rollett1, John Williams1 
1ADAS, Mansfield, United Kingdom 
 
Introduction 

 
Soil organic matter (SOM) decomposition plays a central role in driving many soil processes and properties and 
sustainable soil management is fundamental to maintaining and enhancing SOM levels. It is widely recognised 
that the application of organic materials is one of the most effective ways of increasing SOM levels and 
improving soil quality, but do all forms of organic matter input have the same impact on soil properties? This 
paper explores this important topic using results from long-term experimental sites evaluating the effect of 
repeated applications of digestate, compost and livestock manures on soil quality. 
 
Materials and Methods 

 
A network of 7 experimental sites investigated the effects on soil quality of annual applications over a 
minimum of 3 years of compost and food-based digestate in comparison with farmyard manure (FYM) and 
livestock slurry. Two of the sites were existing experimental platforms which had previously benefitted from 
applications of FYM, livestock slurry and green compost allowing the effects of longer-term applications (6-17 
years) on soil properties to be quantified. 
 
Results and Discussion 

 
The application of all organic materials increased soil nutrient supply (total N, extractable P, K, Mg and S) within 
a short timescale (<3 years), whereas SOM contents were only increased following the long-term (9 years or 
more) application of bulky organic materials (compost and FYM). SOM increases were associated with 
improvements in soil biological (microbial biomass and earthworm numbers) and physical properties (reduced 
bulk density), although the level of improvement was dependent on the quality of the organic material applied 
(as determined by its lignin content, an indicator of resistance to decomposition). Applications of low dry 
matter content materials (digestate and livestock slurries) had a limited capacity to improve soil biological and 
physical functioning, due to their low organic matter loading. 
 
Conclusions 

 
Recycling organic materials to agricultural land can improve SOM levels and soil quality, however the level and 
nature of benefit depends on both the quantity (carbon loading) and quality (decomposability) of the organic 
material applied. 
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Applying biochar to soil is thought to have multiple benefits, from helping mitigate climate change, to 
managing waste3 to conserving soil. Biochar is also widely assumed to boost crop yield, but there is 
controversy regarding the extent and cause of any yield benefit. Here we use a global-scale meta-analysis to 
show that biochar has, on average, no effect on crop yield in temperate latitudes, yet elicits a 25% average 
increase in yield in the tropics. In the tropics, biochar increased yield through liming and fertilization, consistent 
with the low soil pH, low fertility, and low fertilizer inputs typical of arable tropical soils. We also found that, in 
tropical soils, high-nutrient biochar inputs stimulated yield substantially more (70%) than low-nutrient biochar 
(19%), further supporting the role of nutrient fertilization in the observed yield stimulation. Incontrast, arable 
soils in temperate regions are moderate in pH, higher in fertility, and generally receive higher fertilizer inputs, 
leaving little room for additional benefits from biochar. Our findings demonstrate that the yield-stimulating 
effects of biochar are not universal, but may especially benefit agriculture in low-nutrient, acidic soils in the 
tropics. Biochar management in temperate zones should focus on potential non-yield benefits such as lime and 
fertilizer cost savings, greenhouse gas emissions control, and other ecosystem services. 
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Application of biochar has been shown to increase soil fertility and mitigate climate change through soil carbon 
sequestration. However, little is known about the sustainability of crop yield responses reported in the 
literature. Biochar usually contains ash, which provides plant nutrients and has a liming effect. It is therefore 
probable that yield responses decline with time. To investigate this, we laid out meta-replicated field 
experiments in 2006, and three are still running at three sites in Kenya. Maize and soybeans are grown in 
rotation in a randomized block design at all sites. During 20 growing seasons (10 years) the positive effect on 
crop yield has been persistent after application of 10 kg biochar m-2 during the first year of the experiment, 
both in treatments with and without mineral fertilization. In 2015, three new experiments were started in 
eastern, central and western Kenya for testing the effect of much lower amounts of biochar on crop 
performance under maize monoculture. Application rates of biochar in these experiments (0.1, 0.5 and 1.0 kg 
m-2) were based on the amounts realistically produced from local resources available at smallholder farms, 
such as maize cobs, coconut shells or tree prunings. During the three (two in western Kenya) growing seasons 
after application, crop yield responses were highly consistent and did not decline with time. Crop yields were 
on average 2.9, 5.0 and 6.4 times higher, compared with the unfertilized control, after application of 0.1, 0.5 
and 1.0 kg m-2 biochar, respectively. Corresponding yield increases in the NPK-fertilized treatments were 1.5, 
2.3 and 3.3 times those in plots without biochar. Surprisingly, the effect on crop yield of the lowest biochar 
dose was higher than the effect of mineral fertilizer application (7.5 g N m-2 season-1). In conclusion, the yield 
enhancing effect of biochar is long-lasting at the studied sites. Biochar application can thus increase food 
security for smallholder farms in Kenya. 
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Effect of biochar and manure on soil carbon fractions and microbial activity at depositional and 

eroded landscape positions 

 

*Sandeep Kumar1, Saroop Sandhu1 
1South Dakota State University, Plant Science, Brookings, SD, United States 
 
Biochar has been proposed as a management strategy to improve soil physical and chemical properties and 
climate change mitigation. However, the effect of biochar on soil microbial activity is highly uncertain and few 
data from field experiments are available. Therefore, the objectives of our study was to investigate the 
influence of biochar on soil carbon fractions, enzyme activity, and microbial community structure in field 
conditions. Three plant based biochar materials, produced from carbon-optimized gasification of corn stover 
(Zea mays L.) (CS), ponderosa pine (Pinus ponderosa Lawson and C. Lawson) wood residue (PW), and 
switchgrass (Panicum virgatum L.) (SG), and dairy manure (DM), and mixture of manure and pinewood biochar 
(DMP) were applied at 10 Mg ha-1 rate at depositional and eroded landscape positions. Soil samples were 
collected before planting, one month after planting and after harvesting soybean in 2015 (three years after the 
application biochar and manure). The results showed that application of biochar significantly affected the 
carbon and nitrogen fractions, soil enzyme activity and bacteria to fungi ratio. However, biochar had minor 
effects on hot water and acid extractable carbon and fractions but manure significantly increased these carbon 
fractions. Addition of DM and DMP promoted fungi at eroded landscape position, where it was 114 and 87% 
higher as compared to control (CNT). Moreover, biochar and manure increased the beta-glucosidase and 
urease activity, where more profound effects were observed with manure application. The cold and hot water 
extractable carbon and nitrogen (operationally defined as available carbon and nitrogen) positively correlated 
with beta-glucosidase and urease activity. However, long-term studies are recommended to determine the 
effects of biochar and manure on soil microbial activity using different rates under different environmental 
conditions. 
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Introduction 

 
Surveys of New Zealand high producing permanent pastures show more than 70% of the soil organic carbon 
(SOC) stocks to 30 cm depth are in the organic matter rich topsoil (0–15 cm). In 30-year-old pastures the 
formation and decomposition of these surface SOC stocks are often at equilibrium and stocks show little 
change over time. Sub-surface layers (15–30 cm) can contain 10 times less carbon than the surface soil. 
Pastures comprised of modern ryegrass and clover cultivars pastures, require periodic (every 7 to 10 years) 
renewal to avoid reversion to less productive pasture species. This usually involves application of herbicide 
spray followed by no-till, shallow till, or full cultivation, and re-sowing. The hypothesis has been raised that soil 
C stocks can be increased by inverting the SOC profile at pasture renewal through infrequent (once in 25 to 30 
years) deep mouldboard ploughing (up to 30 cm depth). This allows the re-sown sward to rebuild SOC stocks in 
the new topsoil (exposed low C sub-soil) and the ploughed under SOC rich topsoil (now at 25–30 cm depth) to 
decompose more slowly at depth – the net effect is increased C sequestration, providing the 7–10-year pasture 
renewal for that paddock is undertaken using no-till or shallow till. 
 

Objective 

 
Our aim was to test the effect of infrequent inversion tillage on soil C storage under field conditions. 
 
Methods 

 
An imperfectly drained New Zealand soil (a Typic Fragiaqualf) under sheep grazing was deep ploughed (approx. 
25 cm) and re-sown with ryegrass and white clover in 2011. The deep ploughed site (i.e. inversion tillage) was 
core sampled (0–30 cm) two (2013) and four (2015) years after cultivation and re-grassing to assess changes in 
soil C content at different depths compared to an adjacent area that was left the original pasture (i.e. 
undisturbed pasture). 
 
Results 

 
The inversion tillage (pooled data for 2013 and 2015) profile showed higher (P < 0.01) C stocks than the 
undisturbed pasture at 15–25 and 25–30 cm depths and significantly lower (P < 0.01) C stocks at the 0–5 cm 
depth. The difference (inversion – pasture), an overall increase in soil C mass to an approx. depth of 30 cm 
≈ %; .  Mg C/ha , e ai ed o siste t  ea s afte  ulti atio . 

 
Conclusion 

 
The potential for infrequent inversion tillage increase soil C sequestration as a greenhouse gas (GHG) mitigation 
tool is currently being tested at other sites in New Zealand. 
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Below ground carbon (BGC) inputs by crop plants into soil, i.e. structural root C (SRC) and rhizodeposition C 
(RDC), constitute an essential source for soil organic matter build-up in agroecosystems. BGC inputs are an 
important variable in soil C models and are typically estimated from above ground C (AGC), implying constant 
ratios of BGC/AGC and RDC/BGC. Fertilization intensity affects AGC considerably; however, its impact on BGC 
inputs is poorly understood. Our aims were to (i) quantify SRC and RDC of maize and wheat grown under 
different fertilization intensities and (ii) determine fertilization effects on the ratios of BGC/AGC and RDC/BGC. 
In a field study between 2013 and 2015, maize and winter wheat were cropped in the Swiss long-term field 
trials DOK and ZOFE in 7 fertilization treatments (half bio-organic ORG1, full bio-organic ORG2, full conventional 
CON2, zero CTR, manure MAN, half mineral PK1, full mineral PK2). Plants in microplots (steel tubes inserted 
into soil to 0.5m depth) were weekly pulse-labelled with 13C-CO2 throughout the growing season. After harvest, 
microplots were sampled to 0.75m depth, roots were separated from soil, and roots and soil were analysed for 

13C by IRMS. RDC was calculated from 13C excess in root-free soil and roots. 
 
(i) Average SRC and RDC, respectively, were 0.8 and 1.4 t ha-1 for maize and 0.6 and 0.7 t ha-1 for wheat in DOK 
and 0.4 and 0.5 t ha-1 for maize and 0.5 and 0.7 t ha-1 for wheat in ZOFE. In DOK, SRC was similar among 
treatments while RDC was 1.5-times higher in ORG2 than in ORG1 and CON2 (maize only). In ZOFE, SRC was 
1.5-times higher in PK1 than in CTR, which was offset by contrasting RDC, resulting in similar BGC inputs among 
treatments (Fig. 1). 
(ii) With increasing fertilization intensity, BGC/AGC ratios decreased from 0.43 to 0.16 for maize and 0.57 to 
0.16 for wheat. RDC/BGC ratios differed between treatments and ranged from 0.51 to 0.68 for maize and 0.49 
to 0.65 for wheat. 
Increasing fertilization intensity increases AGC markedly but affects SRC and RDC only to very limited extent. In 
order to improve model parameterization, BGC input estimations need to be differentiated by fertilization 
intensity. 
Fig. 1: BGC and AGC distribution of maize and wheat in different fertilization treatments (see text) in DOK and 
ZOFE between 2013 and 2015. Error bars: standard errors of means for BGC and ACC. 
Figure 1 
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Plastic film mulching (PFM) practice is developed as an effective agricultural management way to suppress 
weed growth in the intensive farming structure. However, its effect on soil carbon (C) stock was not studied 
well. To investigate the effect of PFM on soil C stock changes, black PFM and no-mulching plots were installed 
as the main treatment, and two sub-treatments, chemical fertilizer (NPK) and a green manure, were arranged 
within each main treatment. The mixture of hairy vetch and barley as cover crop was cultivated during the 
fallow season in the green manure treatment, and its whole biomass (13.8 and 9.0Mg ha-1 in 2014 and 2015 on 
dried weight, respectively) was recycled as green manure before main crop maize seeding. Maize was 
cultivated without chemical fertilization in the green manure treatment, whereas the recommended chemical 
fertilizers were applied in the NPK treatment. The soil C stock changes were estimated by analyzing the net 
ecosystem C budget (NECB), which means the difference between C input and output. Net primary production 
(NPP) of cover crop and maize plants and chemical fertilizer (urea) were C input source, and mineralized C loss 
and harvest removal were considered as C output source. Mineralized C loss (soil respiration) was evaluated by 
the opaque closed chamber method. Since in the selected region maize stove is generally removed for cattle 
feeding, the aboveground biomass was calculated as the harvest C removal in this study. Maize grain yields 
were significantly increased by PFM to 9.1-18.5% and 11.9-13.3% over the no-mulching, respectively. Plastic 
film mulching increased the NPPs as a C input source by 8.1-10.4 and 10.0-18.8% in the NPK and the cover crop 
treatments over that of no-mulching during maize cultivation, respectively. Irrespective with mulching system, 
the NPP of maize plants was bigger than the mineralized C loss, but the NECB had negative value, due to the 
harvest removal of aboveground biomass. Plastic film mulching decreased more the annual NECB value, mainly 
due to increased mineralized C loss. However, cover crop cultivation during fallow season and its biomass 
recycling for maize cultivation was effective to reduce this negative NECB. In conclusion, to sustain soil C stock, 
more sustainable mulching systems should be developed. In addition, cover crop cultivation during the fallow 
season and the recycling of cover crop and maize biomasses as organic C source could be good agricultural 
practices to improve soil C stock.  
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In the USA perennial grasses [e.g., switchgrass (Panicum virgatum L.) and big bluestem (Andropogon gerdardii 
Vitman)] are proposed cellulosic feedstock. Perennial grasses are often touted as being low input and as having 
a C-neutral foot print, but managing them as bioenergy feedstock means adding nitrogenous fertilizer or inter-
cropping with legumes, which can increase emission of nitrous oxide (N2O). Increases in N2O emission may 
reduce greenhouse gas mitigation from soil organic carbon (SOC) accrual, which is anticipated by growing 
perennials instead of annuals. Few studies have reported SOC storage and N2O emission from managed 
perennial grasses. The objectives of this study were to compare SOC storage and N2O emission between 1) 
grasses with legume companion crop or with nitrogenous fertilizer, 2) two grass harvest times (Autumn, 
Spring), and 3) perennial systems and the most common row crop system - corn (Zea maize L.)/soybean 
(Glycine max) (C/S) rotation. This study was conducted in northern Midwest US at the Swan Lake Research 
Farm. An experimental site established in 2000 with perennial grass and no till row crops was used to assess 
SOC accrual and N2O emission from established grassed, and a C/S managed without tillage and with all 
returned. Crops were managed recommended fertilizer rates. Soil was sampled for SOC three times (2000, 
2006 and 2011) and N2O flux was assessed between 2009 and 2012 using with closed-vented chambers. 
Perennial grasses, SOC accrual was only measured in the surface 0-5 cm, but in the C/S rotation SOC declined 
over the same frame even though it was managed without tillage. For both grasses, intercropping with a 
legume instead of adding nitrogen as urea reduced annual and yield-scaled annual N2O emission and yield-
scaled emission compared to their respective counterpart. Delaying grass harvest until Spring increased N2O 
emission 14 to 40% compared to Autumn harvest. Emission from the fertilized grassed exceeded that of C/S 
rotation, such that the emission factor was almost doubled from fertilized grasses compared to fertilized corn. 
It was concluded that SOC accrual by the grasses was not enough to compensate for the increase in N2O 
emission. Management strategies to improve SOC accrual, minimize N2O emission and enhance biomass 
production for bioenergy managed grasses are needed. 
USDA is an equal opportunity provider and employer. 
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Introduction 

 
Intensive tillage and mono-cropping have resulted in decline in soil quality, particularly in Southern Africa. 
Conservation agriculture (CA), with minimum soil disturbance, permanent soil cover, ecologically feasible 
rotations and judicious management of soil nutrients have shown signs of improving soil quality due to higher 
residue inputs. Bicultures could improve residue inputs, with improvements in soil organic matter pools, 
enzyme activity and nutrient cycling. 
 
Objectives 

 
The objective of this study was to determine effects of oat-to-vetch ratios in bicultures on organic matter pools, 
activities of selected enzymes, and nitrogen and phosphorus mineralisation under no-till irrigated maize-based 
CA system, relative to monocultures. 
 
Materials & Methods 

 
We initiated a trial with bicultures of white oats and grazing vetch, in rotation with summer maize, in 2009. The 
trial was set up in a randomized complete block design with three replicates. The treatments were 100% oat, 
100% vetch, 90% oat + 10% vetch, 70% oat + 30% vetch, 50% oat + 50% vetch (based on their seeding rates), 
and weedy fallow. At the end of two cover crop cycles, were collected soil samples from the 0-5 and 5-20 cm 
depths, and analysed for soil organic carbon (SOC), particulate organic matter (POM), water-soluble carbon 
(WSC), microbial biomass carbon (MBC) and activities of selected enzymes. 
 
Results & Discussion 

 
The 70% oat + 30% vetch biculture had the highest SOC (similar to 100% vetch), MBC, WSC, aryl-sulphatase and 
phosphor-monoesterase activities, which declined with higher proportion of oats or vetch. Urease and β-
glucosidase activity increased and POM decreased with increasing proportions of vetch. Increased biomass 
additions explained the increases. 
 
Conclusion 

 
Oats and vetch, in bicultures, have synergistic effects that increase soil carbon pools and enzyme activities, with 
potential benefits on overall soil quality compared with the individual crops, under warm temperate 
conditions. 
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Conversion of arable land and traditionally managed swidden fields to rubber plantations make a considerable 
contribution into the current land cover changes in South-East Asia. There are debates in literature concerning 
the potential soil carbon sequestration or losses caused by this land use change (e.g. Ziegler et al., 2012; 
Blagodatsky et al., 2016). We used an advantage of long-term field trial and 13C stable isotope analysis to assess 
the turnover of soil organic matter after conversion of sugar cane to rubber plantation in Khon Kaen province, 
Thailand. Soil samples were taken from the 5-, 11- and 22-years-old rubber plantations as well as from sugar 
cane field, which was cropped before this experiment. We measured carbon content and 13C enrichment of the 
soil samples taken from 0-15 and 15-30 cm depth and the same characteristics of leaf litter and roots of rubber 
trees. The differences in 13C abundance for plants with C3 and C4 photosynthetic pathways (i.e. rubber tree and 
sugar cane, respectively) allowed us calculation of rubber derived C contribution in soil organic matter at two 
different depths. We compared rates of organic matter formation from leaf and root residues under tropical 
conditions. Conversion of arable field to rubber plantation leads to fast and significant increase in soil organic C 
content at both depths with new C4 – C contributing up to 54% and up to 20% in 22 years for 0-15 cm and 15-
30 cm soil layers, respectively (Fig.1). We conclude that rubber plantation helps in soil C sequestration in sandy 
soils with relatively low C content used in our study. 
 
References: 

Blagodatsky et al., 2016, Agriculture, Ecosystems & Environment, 221, 8-19. 
Ziegler et al., 2012, Global Change Biology, 18, 3087-3099. 
Fig.1. Soil carbon stock composition after land conversion from sugar cane to rubber plantation. 
 

Figure 1 
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Introduction 

 
In Mediterranean agroecosystems, the use of intensive tillage, combined with crop residues removal, 
influences both soil organic matter (SOM) dynamics and greenhouse gases (GHGs) emissions in arable lands. In 
the context of organic farming, innovative management strategies such as the use of Agro-ecological Service 
Crop (ASC) promote the whole soil-plant system equilibrium, influencing soil quality, limiting nutrients losses, 
weeds, pests and diseases occurrence. To avoid competition with the subsequent cash crops, the growth of 
ASC is terminated before the cash crop is planted. The traditional technique used to terminate the ASC is their 
incorporation as green manure (GM) into the soil by tillage. However, the use of no/reduced tillage techniques, 
as the roller crimping (RC) technology that terminates the ASC by flattening, has received increasing interest. 
 
Objectives 

 
In the framework of Core Organic - SOILVEG project, we tested the use of ASC (grown in the autumn/winter 
season; FtA or in the warm/dry season; FtB), their termination techniques, and the on organic fertilization on 
SOM dynamics, element cycling, and GHGs emissions in an organic vegetable system. 
 
Materials & Methods 

 
The experiment, ongoing in Southern Italy (at Metaponto, lat. 40° 24 N; long. 16° 48 E), tests different ASCs and 
termination, and organic fertilizers (Tab. 1). The soil has a clay texture, and climatic conditions are typically 
Mediterranean. Soil are sampled at 30 cm depth. C input from crop and ASC biomass, including weeds are 
measured. Soil C and N storage potential and CO2 and N2O emissions are predicted using EPIC0810 and 
DayCent models, modified to simulate the effect of the different ASC termination strategies. 
 
Results & Conclusions 

 
Tab. 2 shows the annual predictions of soil C and N dynamic in FtA and FtB trials using EPIC and Daycent model. 
Both models discriminated different mixtures of ASC species and termination techniques. A similar trend was 
observed for soil N2O emissions, while for CO2 emissions DayCent showed higher values than EPIC model. 
Nevertheless, our findings indicate that in a typical Mediterranean area, the potential of organic vegetable 
systems to store carbon in soil is governed by humification-mineralisation processes, being also strongly 
controlled by ASC termination technique. 
 
Figure 1 
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The evaluation of specific national soil organic carbon (SOC) values for forests, croplands and grasslands could 
improve Land Use, Land Use Change and Forestry (LULUCF) reporting under UNFCCC. The assessment of SOC 
stocks in mineral and organic soils of major soil groups (Cambisols, Luvisols, Retisols, Planosols, Arenosols, 

Podzols, Gleysols, Fluvisols and Histosols) in forest and agricultural land was carried out in 2016. In this study 
two objectives were addressed: (1) to estimate SOC stocks in Lithuanian forests, croplands and grasslands; and 
(2) to estimate SOC stocks in Arenosols, Luvisols and Histosols after afforestation of abandoned agricultural 
land. For the first objective, the study was performed on the National Forest Inventory permanent sample plots 
grid (~9x9 km; in total 762 plots: forests – 289; cropland – 247; grassland – 222, and wetland – 4 plots) that 
covers the whole territory of Lithuania. It was found that mean SOC stocks in forest floor and surface 0-30 cm 
mineral or peat layer of some major soil groups are specific in Lithuanian forest and non-forest land. Although 
lower bulk density of forest soils, SOC stocks in mineral topsoil in general were higher in forests than both in 
arable land and grassland. For the second objective, the SOC stocks were evaluated in the 1–30-year-old forest 
plantations and adjacent grassland or cropland. The SOC stocks were derived from field measurements up to a 
depth of 30 cm, totally soil samples were collected from 383 plots. It was indicated that the SOC stocks in 
mineral topsoil of the afforested land tend to be higher compared to the arable soils and perennial grasslands. 
The study was implemented under the "Partnership project on greenhouse gas inventory" of the "Programme 
for Capacity-Building and Institutional Cooperation between Beneficiary State and Norwegian Public 
Institutions, Local and Regional Authorities" (2009–2014). 
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A digital mapping approach was applied to soils in Scotland, to produce maps at 100 metre resolution and 
three different levels of classification with fuzzy soil class weightings. The mapping was based upon site 
descriptors determined from existing soil survey data. The fuzzy map data was used in mapping of soil carbon-
related ecosystem services using a novel matrix multiplication approach. When selecting the class with the 
highest weighting for each test data point, an accuracy of 70.7% was achieved in mapping the broadest 
classification (5 classes), while accuracy levels of 59.9% and 43.7% were achieved for classifications with 11 and 
30 classes respectively. The framework for estimating the distribution of soil Ecosystem Service (ES) enables 
relationships between management options and fundamental soil variables and associated environmental 
characteristics to be linked to soil processes, and hence to ecosystem functions and ecosystem services. The 
parameterisation of these relationships was achieved using a combination of data from the Scottish Soils 
Database and expert knowledge. The approach has been tested by developing maps of selected ecosystem 
services in Scotland and comparing these with existing maps of the same or similar ESs. While the values and 
their ranges differ in each case, the spatial distribution of services is similar. The proposed mechanism is 
extensible at every level and has been used to explore the impacts of management options on soil carbon, and 
through this to the effects of these management options on ecosystem services. 
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Alternative sources of phosphorus (P) fertilisers need to be found in the near future due to exhaustion of 
mineral phosphate rock reserves. Nowadays poultry meat production is increasing worldwide, with a high 
amount of P-rich residues in form of manure. Composted poultry manure application in soils, as source of 
nutrients particularly P, is a common practice for Chilean farmers with meat and milk production systems based 
on pasture management. In this study, we characterized soils from farms with several years of composted 
poultry manure applications. We determine the effect of the application of this organic amendment on soil 
aggregates and phosphorus forms. The aim of this study was to assess the dynamics and fate of phosphorus in 
Andisol pastures after several years of composted poultry manure application.  
 
Soil samples, were taken from 4 different farms with pasture systems, where composted poultry manure 
applications (3 tons ha-1) had been performed since 5 and 10 years. Soil chemical characteristics, Hedley 
fractionation, total soil P and organic carbon were measured. Also, SEM and size particle distribution were 
performed. Our results indicated that P was allocated mainly to NaHCO3 and NaOH soil fractions as inorganic 
form in these soils with long-term composted poultry manure application. In addition, soils with composted 
poultry manure application showed a significant increase in total C, Olsen P, pH value and soil aggregation 
capacity.  
 
In summary, long-term composted poultry manure application mainly increases soil available phosphorus, soil 
pH and have an important increase of soil aggregation. 
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Soil organic carbon (SOC) is an important parameter affecting soil quality, fertility and land productivity. We 
conduct a meta-analysis, aiming to comprehensively examine the relationship between crop production, SOC 
level and crop straw management. We collected the data from 70 long-term field experiments conducted 
throughout China. Effect size of each observation for crop yield was calculated. Relative change in crop yields 
was presented as (r-1)*100%. The effect size of each observation for SOC was expressed as annual SOC 
sequestration rate (Mg C ha-1 yr-1). Non-weighted meat-analysis was adopted, and mean effect size was 
computed with bias-corrected 95% confidence intervals generated by the bootstrapping procedure in MetaWin 
(V2.1) using 4999 iterations. A significant positive linear relationship between crop yield and SOC content was 
found under non-fertilization (R2=0.62, P <0.01) and fertilization treatments (R2=0.29, P <0.01). A multiple 
stepwise regression analysis, i.e., Yield=0.188×SOC+0.011×N fertilizer+0.012×K fertilize, (R2=0.68, P <0.01) was 
also obtained. This indicated that SOC has a determining effect on crop yields. Straw incorporation significantly 
increased year-around crop yield by 13.4% and SOC by 0.35 Mg C ha-1 yr-1 across whole country. Crop yield 
responses were greatly enhanced (26%, 17-39%) at high level of straw-C input (>3 Mg C ha-1 yr-1), which is 
approximate 2 and 6 times greater than that at low and medium level. High level of fertilizer N (> 400 Kg N ha-1 
yr-1) reduced the yield response compared with the medium level (200-400 Kg N ha-1 yr-1). Similar pattern was 
also found on SOC response, i.e., the maximum SOC sequestration rate (0.84 Mg C ha-1 yr-1) was achieved under 
the high straw-C input and medium fertilizer N rate. There was a significant positive linear relationship (P 
<0.01) between annual SOC increase rate and annual straw-C input, and the retention coefficient for crop straw 
varied in different climatic regions. SOC level in Chinas arable land would be saturated within 28-54 years of the 
adoption of straw incorporation practice in China. We conclude that straw incorporation combined with 
appropriate N fertilization is a promising farming practice to increase crop yield and sequester SOC in arable 
lands of China. 
 

Figure 1         Figure 2 

 

 
 



Session 7b: Management effects on SOM and ecosystem services 

6th International Symposium on Soil Organic Matter  445 

O-7b.20 

 

To till, or not to till – still an open question 

 

*Katharina Meurer1, Neal Haddaway2, Martin Bolinder1, Thomas Kätterer1 
1Swedish University of Agricultural Sciences - SLU, Department of Ecology, Uppsala, Sweden 
2Mistra Council for Evidence-Based Environmental Management (EviEM), Stockholm, Sweden 
 
Shifting from conventional tillage (CT) to reduced (RT) or no tillage (NT) practices on agricultural areas has been 
credited to be a promising step towards climate change mitigation due to an increased carbon (C) 
sequestration in soil. The consequences of conversion from CT to mainly NT on soil organic carbon (SOC) has 
been subject of some regional and global meta-analyses revealing an either positive or absent effect. However, 
those results depend on the included studies of which some lack from transparency regarding the selection 
process. In this study, we evaluated SOC stock changes following conversion from conventional to conservation 
tillage using studies that have been compiled within a systematic map and further selected during a systematic 
review. Using the equivalent soil mass (ESM) approach, we focused on studies that reported either C 
concentrations or stocks in combination with bulk density. Based on a total of 108 paired field trials, the 
positive effect of both RT and NT compared to CT was found to be limited to the topsoil as it declined with 
deeper depths. Estimated storage capacities in the upper 0 – 30 cm were 3.12, 3.60, and 1.67 Mg ha-1 following 
conversion from CT to RT, CT to NT, and RT to NT, respectively. Due to shallow sampling depth, the comparison 
of CT vs. RT and RT vs. NT was limited to the ploughing layer while the effect of CT vs. NT could be determined 
for 0 – 60 cm. Considering this layer, the C storage capacity was reduced to 0.40 Mg ha-1, suggesting that the 
sequestration potential might be overvalued when neglecting deeper depths. No relation between relative SOC 
stock changes (Δrel) and potential drivers, such as climate, soil, and management, was found, indicating that 
these covariates are more important at regional rather than global scale. 
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Grassland soils are an important terrestrial carbon (C) store which provide vital ecosystem services such as 
climate regulation. There are greater C stocks in upland grassland soils due to lower temperatures that limit the 
decomposition of organic materials. The C stocks in these soils are influenced by management activities, which 
could led to either a net C gain or loss. In this study, the effect of traditional hay meadow and conventional 
pasture management regimes on soil organic C (SOC) stock and fractions were investigated in two upland 
grassland locations within the Yorkshire Dales, northern England, United Kingdom. Surface (15 cm depth) soil 
samples collected from the grassland sites were analysed for SOC stocks and were further fractionated into 
labile and stable pools. Results obtained showed that the upland grassland soils stored significant amounts of 
C, ranging from 66.62±2.53 to 112.44±10.11 Mg/ha. The soil C stock was significantly higher under 
conventional pasture at Nidderdale that received the highest nitrogen (N) inputs, possibly due to enhanced 
vegetation growth and subsequent litter return to the soil. No effects of soil parent materials were observed on 
soil C stock and neither management activities nor parent materials affected the distribution of soil C into 
different fractions. There was a significantly higher proportion of labile C relative to stable C fractions at all the 
sites studied and this potentially has implications for climate feedbacks and other environmental effects such 
as reduction in water quality. 
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Introduction 

 

Hilly relief of Lithuania has been formed during the last glaciation period. The productivity of agricultural land 
here is strongly governed by the age of parent material, texture, soil organic carbon (SOC) content and soil 
management activity.  
 
Objectives 

 

To determine the relationship between morphological, physical soil properties and SOC content in different 
horizons of Retisols. 
 
Materials & Methods 

 

Soil profiles were selected in order to reflect the natural and agrogenically affected soil formation environment. 
SOC content was determined by Tyurin method with a spectrophotometric procedure. Water release 
characteristics of soil horizons were determined. 
 
Results 

 

Two tendencies of SOC changing were revealed on soils of hilly uplands: 1) Uneven distribution of SOC within 
topsoil layer was the result of very intensive soil erosion manifestation. Prevailing SOC content on most 
agricultural land reached 1–2%, while on lowland its content amounted more than 3%. SOC content reduction 
negatively affected soil geo-ecological potential and agro-ecological fertility. Due to these changes the Retisols 
lose their awn properties, while obtain new features usually prescribed for Regosol or Deluvial soils. 2) 
Deterioration of topsoil physical properties in relation with evidence SOC content reduction. In forest soil (2,2 - 
1,2%) the SOC content at Ah horizon was twice higher while soil bulk density (0,86 - 1,68 Mg m-3) and total 
porosity (0,40 - 0,68 m3 m-3) were 1.5-1.7 times higher as compared to that of agricultural land. Soil moisture 
and plant available water content was as twice as higher compared to that of no-tilled land. 
 
Conclusion 

 

The content of SOC more than 2% in the topsoil is a crucial precondition to undertake sustainable soil 
management on sloping agricultural land. Flat distribution of SOC within hilly landscape ensures sustainable soil 
management. Application of no-till system demonstrates a slight SOC content increase on soils having less than 
2% of SOC. Soil bulk density and total porosity are significantly higher after no-tillage. 
 
Acknowledgements. The research findings were obtained through the project "The influence of long-term 
contrasting intensity resources management on genesis of different soils and on other agro-ecosystems 
components" (SIT-9/2015) funded by the Research Council of Lithuania. 
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Ley adoption in annual cropping rotation has been recognised as an effective management practice to improve 
soil fertility and soil carbon (C) storage. The implementation of management practices that primarily attempt to 
avoid off-farm source inputs and bring the preservation and re-establishment of the ecological harmony, such 
as organic agriculture, may also enhance soil C storage. However, soil C studies are limited to the topsoil (0.30 
m), short-term ley adoption and soil C contents instead of soil C stocks. Moreover, there is no evidence in the 
literature regarding interactions between alternative arable management practices, such as organic or ley 
phases within rotations, and soil C. The aim of this study is to investigate whether ley adoption into cropping 
rotation strategies under conventional and organic management influences differently soil C and nitrogen (N) 
stocks at multiple depths. To achieve this goal, soil samples were taken in February 2017 at Nafferton farm in 
North East UK across 6 conventional and 6 organically managed fields. The farm was split into conventional and 
organic systems in 2001 and soil sampling points were randomly stratified based on field land management 
practices and soil electrical conductivity at 0-70 cm depth. The selected fields are all under crop rotation but 
they vary from permanent arable rotation without ley for the last 8-9 years (2 conventional fields) to ley 
adoption in the rotation strategy where the ley has either been established for the past 3; 4; 6; 7; 8; 9 years (3 
conventional and 3 organic fields) or ploughed out 4-5 years ago (1 conventional and 3 organic fields). Thus, 67 
and 59 sample points were sampled in the conventional and organic management, respectively. The points 
were sampled in duplicate at three depths (0-15; 15-30; 30-60 cm). Total soil C, N and bulk density are being 
determined and stocks will be calculated according to the methods described by Ellert and Bettany (1995). We 
hypothesised that long-term in ley phase will increase soil C stocks at both conventional and organic 
management practices but more sharply in the organic fields. Furthermore, we postulated that transitions from 
conventional to organic practices might promote further soil C accumulation regardless of the number of years 
in it or out ley, particularly due to higher organic matter inputs. 
 
Reference 

Ellert, B.H. and Bettany, J.R. (1995) 'Calculation of organic matter and nutrients stored in soils under 
contrasting management regimes', Canadian Journal of Soil Science, 75(4), pp. 529-538. 
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Characterization of dissolvable organic carbon isolated from contaminated wheat straw biochars 

for soil amendment 

 

*Rongjun Bian1, Lu Li1 
1Nanjing Agricultural University, Nanjing, China 
 
Wheat straw biomass from contaminated farms respectively of low and high heavy metal contamination were 
pyrolyzed in a bench scale pyrolyser under respectively 350 ℃ and 550 ℃ temperature. The produced biochars 
were extracted respectively with hot water and KOH solution. The extracts obtained were analyzed of 
potentially toxic metals (PTEs) and polycyclic aromatic hydrocarbons (PAHs) as well as mineral nutrients. A pot 
experiment was carried out to test the effect of the obtained extracts on plant growth and quality of Chinese 
cabbage. Biochars produced under 550 ℃ were enriched in metals and nutrients but depleted of total PAHs. 
However, all the biochar extracts were fairly low in PTEs and total PAHs. Biochar produced under 350℃ content 
more dissolve organic carbon and mainly consist of low molecular weight neutrals and humics. Moreover, 
extracts from biochars pyrolyzed at 350 ℃ significantly increased plant yield, quality but decreased potential 
toxic elements content (NO3

-, Cd and Pb). Furthermore, the residue biochar could be applied as soil 
amendment for heavy metals immobilization. Thus, crop residues from heavy metal contaminated fields could 
be profitably recycled in agriculture when pyrolyzed and digested for effective plant growth promoter. 
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Soil organic carbon affected by crop rotation under no-till in rainfed Mediterranean 

agroecosystems 

 

Carlos Cantero-Martínez1, Daniel Plaza-Bonilla2, Javier Bareche1, José Luis Arrúe2, *Jorge Álvaro-Fuentes2 
1University of Lleida, Lleida, Spain 
2CSIC, Zaragoza, Spain 
 
Several studies under different edaphic and climatic conditions indicated that soil organic carbon (SOC) can be 
enhanced by no-till. Also, crop diversification through crop rotations that are an important requirement for no-
till systems sustainability could maintain or improve SOC by increasing crop productivity, crop residues and root 
biomass, but it this process depends on the crops in the rotation. Despite several authors indicate the possible 
increase of C sequestration in soils when diversifying crop rotations there are no studies under Mediterranean 
dryland conditions quantifying this process. The main objective of this study was to analyze the crop rotation 
effect on soil organic carbon under rainfed Mediterranean conditions. A long-term field experiment (i.e. from 
1998 to 2014) was established in a rainfed area (400 mm average annual rainfall) in the Ebro river valley in 
Northeast Spain. Several crop rotations combining wheat, barley, canola, vetch, triticale, oats and annual fallow 
were compared with wheat monocropping. During 15 years, crop yield and C inputs as above-ground crop 
residues were measured annually. Moreover, soil organic C stock was determined at the beginning and at the 
end of the experiment in order to quantify the soil C sequestration rate. 
 
The increase in the SOC stock was higher under wheat monocropping than in the studied crop rotations due to 
the crop residues C input to the soil. The inclusion of a grain legume crop as vetch maintained wheat yield but 
led to a low contribution to the increase in SOC. The use of fallow did not improve the SOC stock and reduced 
crop yields. The long-term use of no-till probably had a greater impact on the increase of SOC in both 
monocropping and crop rotations probably than the contribution of crop diversification. In Mediterranean 
conditions with lower rainfall than 400 mm crop diversification could maintain and slightly increase SOC levels. 
However, wheat monocropping showed the highest increase in SOC. Thus, the interest of crop diversification 
on these systems should focus on other advantages such as pest, disease and weed control, since less effect is 
expected on crop yield and SOC levels compared with cereal monocropping. 
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Searching for sensitive indicators of fertilization-induced SOM changes 

 

*Mikulas Madaras1, To áš Ši o 1 
1Crop Research Institute, Prague, Czech Republic 
 
Introduction 

 
Changes in total soil organic C (TOC) under combined fertilization usually do not exceed 1-2% year-1 in relation 
to unfertilized soils. For monitoring soil quality changes in short periods, TOC is not sensitive enough and can 
be replaced by more sensitive measurements of labile C fractions. Both TOC and labile C pools can be further 
combined in various indices. SOM quality can be investigated also using Fourier transform infrared (FTIR) 
spectroscopy and mid-infrared peak analyses, which was proven as suitable for distinguishing gradual changes 
in SOM quality. 
 
Objective 

 
Which indicator (chemical, spectral, derived index) is the most sensitive to fertilization-induced SOM changes? 
 

Material and Methods 

 
Topsoil samples were taken between 2004 and 2014 from long-term field fertilization trials (LTEs) along a 
climate sequence in the Czech Republic (Tab. 1). Evaluated treatments were: unfertilized from the 
commencement of the experiments (Nil), mineral fertilized (NPK), farmyard manured (FYM), and combined 
(FYM+NPK). SOM analyses included: TOC, hot water exctractable C (Clab), detection of FTIR spectra peaks at 
3000-2800 cm-1 (FTIRaliph) and 1660-1580 cm-1 (FTIRarom). C pool index (CPI), lability index (LI) and C 
management index (CMI) based on TOC and Clab were calculated. SOM decomposition index (DI) was 
calculated as a ratio between FTIRarom and FTIRaliph. 
 
Results 

 
Regardless of site conditions, NPK and especially FYM fertilization increased the TOC, Clab, CPI, LI, CMI and 
FTIRaliph in all experimental plots compared to Nils (Fig. 1), while the highest FTIRarom and DI were 
determined in Nils. DI was the most sensitive to SOM changes with 36% change (NPK+FYM compared to Nil), 
followed by FTIRaliph, CMI and Clab (25%). While parameters based on chemical and spectroscopic detection 
revealed approximately the same extent of SOM differences between treatments, the former varied less over 
time. 
 
Conclusions 

 
The results showed that none of the studied parameters can be used as a stand-alone SOM quality descriptor. 
The shortcomings of FTIR parameters higher variability can be overcome by increasing the number of 
measurements taken. 
Table 1. Characteristics of experimental sites, soils and long-term experiments. 
Figure 1. Relative changes of SOM parameters and indexes (compared to Nils). 
Figure 1 
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Influence of organic amendments on soil organic matter and soil microbial properties in a newly 

reclaimed upland field. 

 

*Nan-Hee An1, Jung-Hun  Ok1, Jung-Lai Cho1, Hong-Sik  Nam1, Sang-min Lee1 
1National Institue of Agricultural Science, Wanju-Gun, South Korea 
 
Maintenance of soil organic matter is important for the productivity of agroecosystems. The benefits of 
balanced fertilization using crop residues, organic manure, and green manuring in maintaining the levels of 
Organic matter in agriculture soils have been increasingly emphasized. This study was conducted to investigate 
the changes in soil organic matter level, microbial biomass C and catabolic activities (Biolog EcoPlates® 
designed for ecological study of whole microbial community level physiological profile; CLPP) in continuous 
corn cropping system with the application of either inorganic fertilizers or organic amendments. The 
treatments were no fertilization (control), inorganic fertilization, pig and cow compost plus green manure 
(hairy vetch-crotalaria) and pig and cow compost plus green manure (rye-crotalaria), a field experiment was 
established at the research farm of National Institute of Agricultural Sciences, Wanju, Korea. The contents of 
chemical properties in the combination of pig and cow compost + green manure treatment was increased 
continually when compared to the control (without fertilizer) and inorganic fertilizer treatment, and then 
closed to the recommended rate of fertilizer. The value of soil organic matter in the combination of pig and 
cow compost + green manure treatment was increased from 0.86~0.96% to 2.00~2.29% by continuous nutrient 
supply of the combination of pig and cow compost + green manure. The population of bacteria and fungi were 
high in the combination of pig and cow compost + green manure treatment. However, there was no difference 
on actinomyces. Carbon content of soil microbial biomass was higher in the animal manure and green manure 
treatment than in the inorganic fertilizer and control. Biolog examination showed that catabolic diversities of 
bacterial communities were high in the treatment of the combination of pig and cow compost + green manure. 
It was appeared that principle component analysis of the Biolog data was differentiated with the organic 
matter amended soils from the inorganic fertilizer and control. These results indicated that application of the 
combination of pig and cow compost + green manure had a beneficial effect on content of soil organic matter 
and soil microbial properties in a newly reclaimed upland field. 
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Ley grassland legacy effect on soil organic matter and microbial activities favourable to C 

sequestration 

 

*Alexandra Crème1,2,3, Cornelia Rumpel4,2, Xavier Le Roux5, Abad Chabbi6 
1INRA, ECOSYS, Thiverval-Grignon, France 
2IEES, Thiverval-Grignon, France 
3INRA, UR3PF, Lusignan, France 
4CNRS, Thiverval-Grignon, France 
5INRA, LEM, Lyon, France 
6INRA, UR3PF, Thiverval-Grignon, France 
 
Temporary grassland introduction into cropping cycles has been advocated as being beneficial for the delivery 
of ecosystem services by agricultural soils. However, management of these temporary grasslands may be 
important to maximize their legacy effects. Here we investigated the effect of duration and fertilization of 
temporary grassland on soil organic matter quantity and quality (composition of soil neutral carbohydrates and 
lignin) and microbial activities using a field trial with five treatments: continuous crop rotation and continuous 
grassland from year 1 to 9; and insertion of fertilized or unfertilized grassland from year 1 to 6 or 4 to 6. 
Despite the fact that the soils had been under crop rotation for the last three years (year 7 to 9), previous 
insertion of fertilized temporary grassland (but not unfertilized one) increased soil C storage. Fertilized 
temporary grassland only also had a legacy effect on SOM properties and potential microbial activities, in 
particular if duration exceeded 6 years, with an increase of labile plant-derived C indicated by a lower 
hexose/pentose sugar signature and higher xylose/mannose ratio. Lignin signature was less affected by 
treatments. Because potential C mineralization and denitrification for soils with fertilized temporary grassland 
remained similar than for control cropped soils, we conclude that including fertilized ley grassland in crop 
rotations has a legacy effect positive for climate change mitigation. 
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Content of oxidizable carbon and microbial properties after SOM application in long-term field 

trials 

 

*Michaela Smatanova1 
1UKZUZ , SZV, Brno, Czech Republic 
 
Introduction 

 
The digestate supplied to the soil 3-6% organic matter, most of these substances are less stable and 
biodegradable not providing enough microorganisms easily available C as a source of energy that is 
decomposed during anaerobic fermentation. Losses C during anaerobic fermentation are compensated less C 
degradation in the soil after application of digestate compared with slurry. 
 
Objective 

 

Verification of the repeated application of mineral fertilizers in the long term experiments in the vulnerable 
area on the changes of Cox and other microbiological methods. 
 
Material and Methods 

 
After crop harvesting the top soil were sampled to study content of oxidizable carbon (Cox) between 2011 and 
2016 from long-term field trials in tree experimental palaces in vulnerable area. Evaluated treatments included: 
completely unfertilised treatment, mineral nitrogen, pig slurry, two types of digestate, compost. At the level of 
mineral nitrogen fertilization, they were imputing application doses of all organic fertilizers, according to their 
actual nitrogen content and requirements of crops. Soil samples were measured by the method of near 
infrared (NIR) spectroscopy. Hot-water-soluble carbon (HWSC) was estimated in water extracts (soil:water 1:10 
on dry basis, 16 h, 80 °C), using the dichromate-oxidation method. Microbial biomass C was estimated using 
fumigation-extraction method. C extracted by means of 0.5 M K2SO4 was determined using the dichromate-
oxidation method. The content of organic C in extracts of the nonfumigated soil was taken as extractable C 
(Cext). Organic carbon content (Cext) and is determined in extracts and no fumigated soil samples, differences 
of the calculated values of soil microbial C and N. 
 
Results 

 
Slurry and both digestates for all experimental places increased Cox slightly but significantly. Small differences 
Cox in Svitavv suggests difficult affects amount organic matter despite the long-term application in sandy loam 
orthic luvisol. Digestate I is a useful substrate for microorganisms, limited incorporated into microbial biomass. 
Digestate II shows the most unfavorable observed parameters. After slurry fertilization, microorganisms 
reacted quickly increased activity and growth of microbial community. Compost is slowly degradable material. 
Table 1: Cox changes (n=4) in crop rotation and regular organic fertilizer, years 2011 – 2016 
Table 2: Content of carbon 24 days after application SOM, experimental places Jaromerice 
Figure 1 
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Effects of large and small inflow of soil organic matter on soil properties in two contrasting 

rotations  

 

*Do ota Pikuła1, Stefan  Martyniuk1 
1Institiute of Soil Science and Plant Cultivation State research Institute , Plant Nutrition and Fertilization , 
Puła , Pola d 
 
Introduction  

 
Tracing of changes in soil quality as influenced by different farming practices, such as crop rotations or 
fertilization requires long-term field studies. In this study, based on a long-term field experiment, we report 
that even large input of organic matter, including farm yard manure, may not prevent soil acidification and 
other effects of mineral N fertilization in the absence of liming.  
 
Objectives  

 
The aim of this study was to compare selected biological and chemical characteristics of un-limed soil on which 
for over 34 years crops were grown in two crop rotations similar with respect to N nitrogen and manure 
application but differing with respect to total organic matter input (mustard green manure, one year clover-
grass ley).  
 
Material and Methods  

 
The study was conducted on the basis of a three-factor long-term field experiment carried on since 1980 at the 
Experimental Station Grabów. The experiment includes two contrasting crop rotations A nad B (I factor). Within 
each rotation field application manure (II factor) and inorganic N fertilizer (III factor) were varied in a split-plot 
design replicated in four blocks per field. For the purpose of this study, in 2013, when winter wheat was grown 
in both rotations, soil samples were collected from selected treatments to assess the selected parameters: 
microbial biomass, phosphatase and dehydrogenase activity, the content of the soluble MO fraction and Corg, 
pH, and after harvesting winter wheat grain yields. The data were subjected to the 3-way analysis of variance 
(ANOVA) with significance of differences assessed at P < 0.05.  
 
Results  

 
All the experimental factors had significant effects of organic C accumulation in soil. Irrespective of fertilizer N 
rates and manure application, the soil in rotation B with larger organic matter input (mustard green manure, 
clover-grass ley) contained significantly more Corg.. Winter wheat grown in rotation B gave higher grain yields. 
After analyzing other properties of the soils in the compared rotations had shown that soils from all treatments 
in rotation B had significantly lower pH than soils from the respective treatments in rotation A. As a result of 
more intensive soil acidification in rotation B microbial characteristics of the soil had generally lower values 
than ion rotation A. C 
 
Conclusion  

 
A long-term application of large amounts of organic matter, particularly fresh biomass, had a beneficial effect 
on humus content, yet it also caused adverse changes in some biological, chemical, and physical properties of 
the soil. 
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Bio-availability and water-extractability of soil organic matter: Influence of land use change and 

tillage 

 

Denis Curtin1, *Mike Beare1, Weiwen Qiu1 
1Plant and Food Research, Lincoln, New Zealand 
 
Introduction 

 
Over a decadal time scale, changes in soil organic matter (SOM) in response to management are mostly due to 
changes in the actively-cycling components, whereas the passive or refractory SOM should not be affected. 
Where different management treatments are included in field trials, plots will, in time, contain varying 
proportions of bio-available and refractory organic matter. We used data from a field trial with a wide range of 
treatments in a case study to: (1) examine the link between SOM solubility and bio-availability and (2) evaluate 
whether low water-solubility is a factor contributing to the persistence of passive SOM. 
 
Material and Methods 

 
The trial was established in 2000 on a silt loam (Udic Dystocrept) at Lincoln, New Zealand to identify 
management practices that maintain SOM following the conversion of long-term pasture to arable cropping. 
The following land use treatments were sampled (0-7.5, 7.5-15 and 15-25 cm) in 2013: (1) long-term ryegrass-
white clover pasture; (2) arable cropping rotation, managed using either intensive-, minimum, or no-tillage; 
and (3) bare fallow (plots maintained plant-free using herbicides; not cultivated). SOM bio-availability was 
determined by measuring C and N mineralisation in a 98-day incubation at 25oC (soil maintained at field 
capacity). Water-solubility was assessed by measuring hot water-extractable C and N (16 h extraction at 80oC). 
 
Results 

 
After 13 years of arable cropping, C stocks (to 25 cm) were 11 t ha-1 less than in pasture soil (decrease of 14%). 
Tillage "intensity" had no effect on C stocks in the top 25 cm. Large losses of C were observed in the bare fallow 
treatment (19 t C ha-1 less than pasture soil). The bio-availability of SOM (CO2-C mineralised as a proportion of 
soil C) also declined under arable cropping and bare fallow. The relationship between total C and mineralised C 
had a significant (P < 0.001) intercept, indicating that part of the SOM (13 g C kg-1) did not contribute to C 
mineralisation (it was biologically inert). Across treatments and sampling depths, SOM mineralised in 98 d 
generally corresponded well with that extracted in hot water. A significant fraction of SOM (~9 g C kg-1) did not 
release C to hot water.  
 
Conclusion 

 
Solubility of SOM in (hot) water is an important determinant of its bio-availability. Insoluble organic matter, 
including SOM that is strongly bonded to mineral surfaces, may comprise a significant part of the refractory 
SOM. 
 
 



Session 7b: Management effects on SOM and ecosystem services 

6th International Symposium on Soil Organic Matter  460 

P-7b.12 

 

Application of ramial wood chips in arable fields to improve carbon storage in the soil and soil 

quality 

 

*Mia Tits1, Brecht Lammens2, Annemie Elsen1, Hilde Vandendriessche1,3 
1Soil Service of Belgium, Heverlee, Belgium 
2Agrobeheercentrum Eco², Leuven, Belgium 
3KU Leuven, Division of Crop Biotechnics, Leuven, Belgium 
 
Introduction and Objectives 

 
Beside fertile soils and slopes, South-East Flanders is characterised by numerous sunken lanes and hedgerows 
connecting natural elements in a landscape dominated by farmland. These woody elements are valuable for 
the environment, but may also be valuable for agriculture. To maintain a sustainable use of the adherent fields, 
regular maintenance of the hedgerows is needed. The wood waste resulting from this maintenance is often 
used as biofuel, but the small fractions are not suited for this. In this study we applied these fractions on arable 
fields in order to investigate the effects on crop growth and soil quality parameters including soil organic 
matter content, infiltration capacity and erosion risk. 
 
Materials and Methods 

 
In autumn 2016, ramial wood chips were applied and incorporated superficially on one part of 4 fields, 
combined with different cover crops and no-tillage practice. The rest of these fields was conventionally 
managed according to the normal farmers practices. Soil samples were taken at the start of the project, in 
order to determine soil organic C, pH and nutrients, during the season, in order to follow up mineral N 
availability and at the end of the season, to determine N residues. The applied wood chips were analysed and 
based on the C:N ratio the decomposable/resistant plant material (DPM/RPM) ratio was estimated. Simulations 
were made with the Roth-C model to predict soil organic C evolution. Historical data of each field were used to 
calibrate the model and previous crop rotations were extrapolated for the next 30 years to estimate future C 
evolution. The use of wood chips was thereby compared to the application of household waste compost and 
solid manure. Finally, during the growing season observations were made of soil infiltration capacity, erosion, 
earthworm populations and crop development. 
 
Results and Conclusions 

 
The first measurements of soil mineral N did not show consistent differences related to the application of 
ramial wood chips. More soil analyses and measurements will be executed during the 2017 and 2018 growing 
seasons. Simulations with the Roth C model indicated that the soil carbon storage would increase substantially 
more after the application of ramial wood chips compared to the application of equal amounts of solid manure 
or household waste compost. 
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Molecular characterization and the dynamics of soil organic matter during interconversion 

between grassland and cropland 

 

*shuihong Yao1, Bin Zhang1, Yueling  Zhang1, Jingdong  Mao2 
1Institute of Agricultural Resources and Regional Planning of CAAS, Beijing, China 
2Old Dominion University, Chemistry and Biochemistry, Norfolk, United States 
 
Soil organic matter (SOM) controls the delivery of multiple soil functions, likely due to its highly diverse 
composition, yet its chemical nature is still under debate. It was hypothesized that some functional groups 
would change during the interchanges between land uses and then influence soil functions. By using a 28-year 
restoration experiment, the specific objectives of this study were (1) to quantify chemical composition of SOM 
using advanced quantitative 13C NMR combined with spectral editing techniques, (2) to determine the 
dynamics of SOM composition during interchanges between grassland and cropland, and (3) to illustrate the 
importance of changes in functional groups for SOM turnover and soil functions. Thirteen specific functional 
groups were identified and quantified, demonstrating that fused-ring aromatics were dominant in the studied 
Mollisols and oxidized into smaller sizes more with fewer inputs of fresh chars with crop straw burning. Native 
grassland was separated from the ever-cultivate land uses including two croplands with and without straw 
burning and restored grassland by the functional groups (Carom-H, Carom-O, OCH3 and O-Cq-O) present in lignin 
and cellulous from crop roots, and others (CH3, (CH2)n/CH/C, O-Cq and O-CH) present in lipids and 
polysaccharides from grass litters, demonstrating that lignin and cellulous were more recalcitrant, while lipids 
and polysaccharides were more decomposable. Physical fractionation and the correlations between functional 
groups and soil properties demonstrate that lignin and cellulous are stabilized by mineral association, while 
lipids and polysaccharides from grass litters were protected through soil aggregation. Lignin had negative 
impacts on soil physical properties, while accumulation of fresh chars had little effect on soil physical 
properties. Our findings suggest that existing views on the chemical composition of SOM are not fundamentally 
competing and may act at different ecosystem conditions. 
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Impact of crop rotation and crop residue management on soil organic matter content 

 

*Mia Tits1, Tom Vossen2, Tim De Clercq3, Annemie Elsen1, Hilde Vandendriessche1,4 
1Soil Service of Belgium, Heverlee (Leuven), Belgium 
2Thomas More, Geel, Belgium 
3KU Leuven, Department of Earth and Environmental Sciences, Leuven, Belgium 
4KU Leuven, Division of Crop Biotechnics, Leuven, Belgium 
 
Introduction 

 
In Flanders, as in many European countries, organic matter decline in agricultural soils is a major problem and 
farmers are encouraged to improve their soil organic matter management. In this context, the Soil Service of 
Belgium developed the Cslim (Csmart) application, based on the Roth-C model. This application allows farmers 
to predict the organic carbon evolution in their fields, taking into account field history, soil type, initial C-
content and future crop rotations. Literature data are used to estimate C inputs from crop residues as well as 
their decomposable/resistant plant material (DPM/RPM) ratios. However, several observations made in arable 
fields indicated that predictions made by the application didnt always correspond to reality. 
 
Objectives 

 
In this research the organic matter input from 5 important arable crops in Flanders as well as their DPM/RPM 
ratios were investigated in order to improve the predictive power of the Cslim application. 
 
Materials and Methods 

 
Crop residues from maize, sugar beets, winter wheat, potatoes and peas were harvested in arable fields in the 
loam region of south-east Flanders. The residues were weighed, dried, grinded and analysed. The residues 
were then mixed with soil samples with known organic matter content, in quantities corresponding to field 
conditions, and incubated in controlled laboratory conditions. During incubation, CO2-production was 
measured weekly in order to determine organic matter decomposition. DPM/RPM ratios of the plant residues 
were derived from the mineralisation curves. Finally, Cslim simulations using the newly derived C inputs and 
DPM/RPM ratios were compared to simulations with the old values from literature, for different crop 
combinations. 
 
Results and Conclusion 

 
The amounts of crop residues measured in the fields were significantly higher than the figures given in 
literature and used in the Cslim application. On the other hand, the measured decomposition rates and the 
derived DPM/RPM ratios of the plant residues were comparable to the data found in literature. Therefore it 
was concluded that the Cslim application could be significantly improved using more realistic amounts of crop 
residues. If farmers can indicate the expected average yields of the crops in each simulation, a good estimation 
of the crop residues can be made. 
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Intensification-induced reductions in soil organic matter contents affects phosphorus availability in 

highly weathered tropical soils 

 

*Deejay Maranguit1, Thomas Guillaume1, Yakov Kuzyakov1 
1Göttingen University, Goettingen, Germany 
 
Land-use intensification in tropics have increased over the past decades, driven by the demand for agricultural 
products. Although phosphorus (P) is one of the main limiting nutrients for agricultural productivity in the 
tropics, the effect of land-use intensification on P availability remains unclear. The objective was to assess the 
impacts of land-use intensification on soil inorganic and organic P fractions of different availability (Hedley 
sequential fractionation) and on P stocks in highly weathered tropical soils. We compared the P availability 
under extensive land-use (rubber agroforest) and intensive land-use with moderate fertilization (rubber 
monoculture plantations) or high fertilization (oil palm monoculture plantations) in Indonesia. The phosphorus 
stock was dominated by inorganic forms (60 to 85%) in all land-use types. Fertilizer application increased easily-
available inorganic P (i.e., H2O-Pi, NaHCO3-Pi) in intensive rubber and oil palm plantations compared to 
agroforest. However, the easily-available organic P (NaHCO3-extractable Po) was reduced by half under oil 
palm and rubber. The decrease of moderately available and non-available P by land-use intensification means 
that fertilization maintains only short-term soil fertility that is not sustainable in the long run due to the 
depletion of P reserves. The mechanisms of this P reserve depletion are: mineralization of soil organic matter 
(SOM) and depletion of SOM, export of P with yield products and soil erosion (here assessed by C/P ratio). 
Easily-available P fractions (i.e., H2O-Pi, NaHCO3-Pi and Po) and total organic P were strongly positively 
correlated with carbon content, suggesting that SOM plays a key role in maintaining P availability. Ecologically 
based management is therefore necessary to mitigate SOM losses and thus increase the sustainability of 
agricultural production in P-limited, highly weathered tropical soils. 
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SOM chemistry and tropical peatland restoration 
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2University of Palangka Raya, Agrotechnology, Palangka Raya, Indonesia 
3Borneo Orangutan Survival Foundation, Palangka Raya, Indonesia 
4CSIRO, Glen Osmond, Australia 
 
Indonesian peatlands comprise a globally significant carbon store and their current degraded condition is 
causing internationally damaging smoke haze and greenhouse gas emissions. Peatland restoration has been 
identified by the Indonesian Government as a high priority. They have established the Peatland Restoration 
Agency, which ambitiously aims to restore 2 million hectares of degraded peatland by 2020. Australian and 
Indonesian soil scientists are investigating the chemistry of intact, degraded and restored tropical peatlands 
with spectroscopic techniques. These data will be applied to improving the understanding of tropical peatland 
function and how these ecosystems respond to drainage and rewetting. 
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Does reduced tillage in organic farming promote soil organic carbon sequestration and soil 

fertility? 

 

*Maike Krauss1, Frédéric  Perrochet1, Tobias Speiser1, Alfred Berner1, Hansueli Dierauer2, Maurice Clerc2, 
Paul Mäder1 
1Research Institute of Organic Agriculture, Soil Science Department, Frick, Switzerland 
2Research Institute of Organic Agriculture, Department of Extension, Training & Communication, Frick, 
Switzerland 
 
Topsoil soil organic carbon (SOC) stocks were not only reported to be higher in organic than conventional 
farming (Gattinger et al. 2012) but also in reduced tillage systems compared to ploughing within organic 
farming (Copper et al. 2016). The integration of reduced tillage in organic farming systems may have more 
positive effects on soil fertility and possibly carbon sequestration than both approaches alone. But is this also 
true if SOC stocks are measured till greater soil depths and for soils with different texture? 
 
We assessed SOC contents (Walkley-Black wet titration) and bulk densities (soil cylinders) besides microbial 
biomass carbon (MBC, chloroform fumigation extraction) contents in two organic long-term field trials. Those 
distinguished between ploughing (18-20 cm) and reduced tillage (RT, chisel plough, 7-10 cm) and had different 
fertilisation strategies but the same crop rotation on a heavy clay soil (Frick trial, since 2002) and a loess soil 
(Aesch trial, since 2010). We additionally assessed SOC and MBC contents in topsoils of six on-farm trials on 
different soil types in the Swiss midlands. They were arranged in strips of ploughing versus reduced tillage and 
encompassed different machinery and rotations. Regarding SOC sequestration, significantly higher SOC stocks 
were found in RT (+8 %) and in plots with additional fertilisation with manure compost (+7 %) in comparison 
with a ploughing/slurry system in the heavy clay soil in Frick after 13 years (0-50 cm, Krauss et al. 2017). In the 
loess soil in Aesch, no changes in SOC stocks (0-60 cm) between tillage and fertilisation systems could be 
detected after 6 years. An increase in soil fertility and RT as a strategy against erosion was supported by higher 
SOC and MBC contents in 0-10 cm in RT than ploughing in on-farm trials on mostly loamy soils and in Frick, 
where contents were also enhanced in 0-20 cm. Yet, no impact of tillage systems on SOC and MBC was again 
found in Aesch. There ist the potential of enhanced SOC stocks and soil fertility by a tillage system change 
within organic farming especially in clay rich soils. 
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Temporal variations in soil organic matter content of different land use types in South West Nigeria 
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Alternative management practices which enhance soil health and sustainable intensification of agriculture are 
needed to achieve food security under a changing climate regime. A study was conducted to evaluate the 
effect of land use types on soil organic matter contents in south west Nigeria. The treatments comprised four 
land use types which were: forest (secondary forest), natural grassland, notill farmland (5 years of conservation 
tillage), and conventionally tilled farmland (5 years of continuous plough and harrow maize field). The results 
demonstrated some significant variations (P<0.05) in soil organic matter of the land use types at different soil 
depths. At the 0 – 5 cm soil depth, there was a similarity in the soil organic matter content of the secondary 
forest, natural grassland, and the notill farmland. However, as the depth of sampling increased to 30 cm soil 
depth, there exist a considerable difference with the secondary forest having the highest organic soil matter 
followed by the natural grassland and then the notill farmland. Notill farmland mimic ecological land use such 
as forest and natural grassland land particularly with reference to its soil organic matter content at the topsoil 
(0-5cm). With increasing soil depth, there exist a difference in the soil organic matter content of all the land use 
types. As expected, the conventionally tilled farmland had the least soil organic matter both at the topsoil and 
at the subsoils. With appropriate land use types, farmland could mimic natural or semi-natural ecosystems, 
thereby enhancing not only the sustainability of soil resources but of agricultural productivity. Since the 
maintenance of soil organic matter is a major challenge in tropical agro-ecosystems due to the rapid 
decomposition rates, practices such as notill that are able to maintain their soil quality in a way similar to the 
natural systems are preferable. This system provides a win –win approach, soil quality is maintained while at 
the same time agricultural productivity is enhanced. 
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Interpretating surface characteristics of Miscanthus biochar produced at two different pyrolysis 

temperatures  

 

*Seoyeon Lee1, Junho Han1, Hee-Myong Ro1 
1Seoul National University, Seoul, South Korea 
 
Biochar is a carbon-rich product produced from the various feedstocks with little or no available oxygen at high 
temperature. During the pyrolysis, the structural constituents are decomposed, and unique physicochemical 
characteristics appeared depending on the pyrolysis. In this study, we studied the characteristics of Miscanthus 
biochar under two pyrolytic temperatures at 400 oC (B-400) and 700 oC (B-700). We evaluated the 
physicochemical characteristics of biochar, surface area (SA) using N2-BET and CO2-BET, point of net zero 
charge (PNZC), elemental composition, acidity of biochar surface using Boehm"s titration and chemical 
structure using Fourier transform infrared spectroscopy (FTIR). As a result, SA of B-400 and B-700 was 5.55 and 
236 m2 g-1 with N2-BET, respectivly, also SA of B-400 and B-700 was 197 and 294 mg2 g-1 with CO2-BET, 
respectivley. Substracting from CO2-BET to N2-BET indicated the nano-pore, B-400 had 191.6 m2 g-1 and B-700 
had 57.2 m2 g-1 for nano-pore, respectively. Since the volailization were released by increasing pyrolysis 
tempeature, channel structure was formed with higher total SA. The C concentration was increased with 
pyrolysis temperature increased while H, O, N and S were decrease. This results implied that B-700 was more 
polarized, carbonized and less hydrophilic. The acidity concentraiotion of B-400 and B-700 were 0.15 and 0.01 
mmol g-1 for carboxylic acid, 0.17 and 0.13 mmol g-1 for lactonic acid, 0.42 and 0.01 mmol g-1 for phenolic acid, 
respectively. Dramatic decreasing for acidity were measured, the reason for that oxygen-containing structure is 
released. The vibrational information implied that the feedstock has various chemical structure, it assigned 
stretching vibration of hydroxyl and aliphatic CH2, and also assigned to C=O and C-O, respectively. However, C-
O was shifted to C-O-C in cellulose, and aromatic C=C and lignin structure is assigned by increasing pyrolytic 
temperature. Thus, we concluded that chemical structure of feedstock were deformation by pyrolysis 
temperature, since volitile matter were released. The biochar under different pyrolytic temperature has 
different charge degree by acidity where positively charge on surface presented upper PNZC, and more 
negatively charge presented with pH increasing. In further study, we should study the sorption of organic acid 
and base contaminants on biochar under different pyrolysis temperature, and we will measure the contribution 
of acidity concentration on the sorption. 
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Improvement of soil aggregate stability and C sequestration by manure use as arable crop fertilizer 

in Mediterranean systems 
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Introduction 

 
Field manure application has an immediate effect as source of nutrients for crops and this is the main purpose 
when farmers plan its incorporation into soil. Nevertheless, there are other effects, mainly on soil, linked to 
long term manure use on agricultural systems. Increasing soil organic carbon (SOC) content is one of them, 
directly affecting carbon sequestration by soils. It may also indirectly affect soil aggregation stability that may 
protect soil against soil erosion and degradation. As a summary, it increases the quality and quantity of services 
that agroecosystems may provide in a Mediterranean environment.  
 
Objectives 

 
The aim of this study was to quantify the effect of long term dairy manure application on SOC content and soil 
aggregate stability at different arable crop Mediterranean agricultural systems. 
 
Materials and Methods 

 
Two long term (12 years) manure application trials were carried out in an arable crop Mediterranean farming 
system at Catalonia (NE Iberian Peninsula), one on a rainfed winter cereal crop rotation and the other one on 
an irrigated maize crop monoculture. Several dairy manure rates, and a mineral fertilized one, were tested in 
the trials. Soil was very deep, coarse loamy textured, calcareous and well drained. After 12 years, undisturbed 
soil (0.1 m deep) was sampled at each plot. Soil organic carbon content and aggregate stability were 
determined. 
 
Results 

 
The annual application of 30 Mg ha-1 of dairy manure during twelve years did represent an increase of 
approximately 4.0 g C kg soil-1 in respect to mineral fertilized plots achieving similar crop yield, both for rainfed 
winter cereals (Domingo et al., 2016) and for irrigated maize (Yagüe et al., 2016). Application of double rate of 
manure increased soil organic carbon in 6.7 g C kg soil-1 in the irrigated maize system. Aggregate stability, 
measured as Water Stable Aggregates (WSA; %), increased from 15.0 to 18.3 % under rainfed conditions and 
from 25.3 to 34.3 % under irrigated ones, when both were compared with mineral fertilized plots. When 
manure was applied at a double rate, no significant increase was observed on WSA. 
 
Conclusion 

 
Long-term application of dairy manure on arable crops at agronomical rates increases SOC content and WSA in 
rainfed and irrigated Mediterranean agricultural systems. 
 
Ackn: RTA2013-57-C5-5 (INIA). 
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embankments and their relationships with root growth dynamics 
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1INRA, AMAP, Montpellier, France 
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3Valorhiz, Montpellier, France 
 
Hard engineering structures are expensive in terms of economics and carbon use. We argue that in an 
irrevocable era of industrialization and urbanization, developing knowledge on how to enhance carbon (C) 
storage in geo-infrastructures can be an important factor in determining the success of climate change 
mitigation. Therefore, we are investigating the potential of road embankments as C sinks and aim to propose 
new management plans for enhancing C storage in geo-infrastructures. We aim to determine if some 
herbaceous plant species are more efficient than others for sequestering soil C on road embankments. We will 
also explore the relationships between plant root dynamics (growth rate and mortality) and C sequestration. To 
achieve these goals, an experiment has been set up comprising 72 boxes, each seeded with one of the 12 
species. Every species is replicated six times with additional six control (bare soil) boxes. Three of the replicates 
are used for soil sampling and C analysis, while the other three are equipped with rhizotrons (PVC windows to 
observe root growth, Figure 1). Every week, images of roots behind the windows are taken and analyzed with 
the SmartRoot software to determine elongation, mortality and diameter of the roots. Every 4 months (for one 
year) soil samples are taken to determine C in different fractions of soil. The analyzed fractions are 1) free 
organic C in the form of particulate organic matter (POM) of different sizes, and 2) physically protected C (PPC) 
in form of C adsorbed on fine silt and clay (Figure 2). Preliminary results of the first three samplings will be 
presented, along with the methodology used. In particular, we demonstrate relationships between 
belowground biomass production and C storage in different soil fractions, and a better performance of 
Fabaceae. 
Figure 1: Example of grow boxes used in the experiment and particular the rhizotron window 
Figure 2: Scheme of soil fractionation procedure. The box 11 represent the final fractions obtained. POM is 
represented by the >200 and 200-50 m fractions, while the <20 m fraction represents the PPC fraction in the 
form of absorbed carbon 
Figure 1 

 

 
 
 
Figure 2 
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Soil carbon stocks of humic soil as affected by climatic conditions and land use  
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Introduction 

 
Humic soils are among the most highly productive soils in South Africa, for the production of sugarcane, 
forestry, maize and pasture due to their good internal drainage, water retention and low capability of 
compaction (Fey, 2010). The humic horizon is specifically unique with high content of carbon (>1.8%) and low 
base status (Fey, 2010). The high carbon content suggests that these soils have high carbon stocks which if 
mineralised could contribute to greenhouse gas emissions. The overall carbon stocks in these soils have not 
been studied. Land use change could alter the carbon stocks in these soils. Soil carbon stocks may increase, 
become neutral or decline compared to the original levels depending on the type of land use change, climate, 
and agricultural practices (Assad et al., 2013).  
 
Objective 

 
The objective of this study was to determine carbon stocks in selected humic soils and effects of land use and 
climate. 
 
Material and Methods 

 
In one study, humic soils derived from dolerite with rainfall ranging 800 to 1400 mm annually and under 
different land use (maize, pasture and grassland), were studied. Humic soils derived from sandstone with 
rainfall ranging 800 to 1000 mm and under sugarcane were also studied in another study. Soil samples were 
collected from the top 1000 mm. Soil bulk density was determined by the core method. Total carbon content 
was determined using a LECO TruMac CNS analyser. Soil carbon stocks were calculated using the bulk density 
according to Ellert and Bettan (1995). All the data were subjected to analysis of variance. 
 
Results 

 
Soil carbon stock on soils derived from dolerite were in the order pasture>grassland>maize, and those under 
high rainfall were higher by about 100 Mg ha-1. Carbon stocks on soils derived from sandstone, under 
sugarcane, were also higher in higher rainfall areas. 
 
Conclusion 

 
Soil carbon stocks were high on land use pasture and grassland than maize in humic soils. The climate has an 
effect on soil carbon stocks under sugarcane production.  
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Soil organic carbon neutral management system? 
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The close-to-nature forest management system which has been applied in the Dinaric Mountain region from 
the beginning of the 20th century has influenced the forest stand structure and canopy openness of mixed 
beech and fir forest stands. Such adaptive forest management system has beside of providing constant amount 
of marketable timber also numerous ecological benefits, including increased carbon sequestration. Such 
sensitive forest ecosystems are predominantly found on calcareous bedrocks with shallow rocky soils, where 
organic matter plays an important role regarding nutrient cycles, water supply and site productivity and require 
constant forest cover. A case study was set up in two comparable forested areas of Dinaric Mountains in Bosnia 
and Slovenia, both located within typical beech-fir forests, to connect soil organic carbon (SOC), total nitrogen 
(TN) and CN ratio with different harvesting intensities. 
 
In Bosnia SOC stocks between control (unmanaged, old growth) and nearby managed forest of single-tree-
selection system (with logging intensity below 25 % of growing stock, stem harvesting) were compared. In 
Slovenia SOC stocks were compared between managed forest stands before and after logging treatment with 
different intensity (50 % and 100 % of growing stock, (whole-tree harvesting) with stands without any applied 
measures (control). Thickness in organic layer was measured as well as key stand characteristics were assessed 
at both research areas on 96 and 135 points, respectively. Average SOC stocks for both research areas ranged 
in the forest floor and a top 10 cm of mineral soil between 10.5 and 17.7 Mg ha-1 and 43.5 and 54.2 Mg ha-1. 
In Bosnian stands significant effect of forest management on SOC stocks has not been confirmed with simple 
comparisons between managed and unmanaged stands. The effect of applied management practices has been 
noticed only in different TN concentrations and different C:N ratio in forest floor between managed and control 
plots. However, Slovenian forest stands subjected to 50 % or 100 % logging intensities showed significant 
changes in SOC amounts which occur in both forest floor and top mineral soil, indicating that higher harvesting 
intensities (above 50 % of living stock) would provide significant differences. Smaller harvesting intensities on 
sensitive Bosnian forest sites provide and preserve site fertility on a longer time period. 
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Legacy effects of ley grassland on composition and turnover of SOM within aggregate size fractions 
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Implementation of ley grassland into crop rotation could have positive influence in soil ecosystem services such 
as C storage. The periodical changes of land-use plus the in situ labelling given by the introduction of maize 
crops under ley grassland induce differences in soil organic matter (SOM) that could be traced either by stable 
isotopes or by the characterization of plant biomarkers such as lignin derived phenols. Evaluation of SOM 
dynamics is often limited by the complexity of soil matrix. To override these limitations, a hierarchical approach 
to decompose the soil mosaic into aggregates have been proposed in this study. Soil and plant samples were 
collected from a long-term experimental area in Lusignan (western France). Soils from four different 
treatments (bare fallow, permanent maize, permanent grassland, and ley grassland based on 6 years of 
grassland followed by 3 years of maize) were sampled, fractionated into water stable aggregates, and finally 
analysed for carbon, nitrogen, and lignin contents, as well as for 13C isotopic signature. 
 
Soils under ley and permanent grassland stored higher amount of SOM in larger aggregates and preserved 
more efficiently the lignin stocks than the corresponding samples under permanent maize. Contemporary, finer 
fraction of ley grassland showed higher mean residence time of organic carbon, probably due to a legacy effect 
of the previous years under grassland. Even if maize derived SOM was identified, the grassland footprint was 
still dominating the ley grassland soils, as described by the principal component analysis. Strong correlation 
between these results and the quality and stoichiometry of the vegetal litter returned to soil were found, 
evidencing the needs for a comprehensive evaluation at a molecular level of all the parameters modified by 
land-use changes, including tillage, to understand the potential for carbon storage of different agroecosystems. 
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Responses of crop productivity and macroaggregate physical protected organic carbon to long-

term fertilization in an anthrosol 
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Soil organic carbon (SOC) sequestration in cropland soils has been recommended as a"win- win strategy"for 
improving soil quality and crop productivity and mitigating climate change. Understanding SOC sequestration 
mechanism is feasible to establish sound management for a given cropping system at specific environment. A 
long-term field experiment established in 1980 was used to assess the influence of organic and inorganic 
fertilizers on differences in OC protection in macroaggregates and relationships between crop productivity and 
OC in bulk soil and in macroaggregates under an intensive wheat (Triticum Aestivium L) and maize (Zea mays L) 
cropping system on Anthrosol in Northern China. The study involved nine treatments with different 
combinations of chemical fertilizers and manure, i.e. control without any fertilizer input (CK), nitrogen (N) and 
phosphorus (P) combination at two rates (N1P1, N2P2), animal manure alone at two levels (M1, M2) and M 
combined with N and P fertilizers (M1N1P1, M1N2P2, M2N1P1, M2N2P2). Soil samples were collected at 0–10 
and 10–20 cm layers after 35 years and analyzed OC changes in macroaggregate"s physical fractions (coarse 
particulate organic carbon, fine particulate organic carbon, intra-microaggregate particulate organic carbon 
and mineral associated organic carbon). In comparison with control, long-term applications of NP significantly 
increased crop yields, but had no effects on SOC and OC contents in macroaggregate physical fractions. While 
applications of M and MNP significantly increased crop yields and SOC concentrations and OC contents in 
macroaggregate physical fractions except mineral associated organic carbon. SOC was most significantly and 
positively correlated with OC content in intra-microaggregate particulate organic carbon fraction, indicating 
SOC sequestration occurred primarily in the form of physically protected particulate organic carbon fraction of 
macroaggregates in Anthrosol. In addition, the quadratic-plateau model well described the relationship 
between crop yields and SOC, and the critical SOC level to obtain the highest yield was about 9 g kg-1, or 25 Mg 
ha-1. Thus, available C input should be adjusted after reaching the critical SOC level when considering decrease 
in C sequestration efficiency with SOC increase. 
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A data set on tillage practices for global gridded crop modelling 
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Long-term cultivation of land has led to reduced carbon stocks on cropland. Increasing the soil carbon pools in 
cropping systems by climate-smart land management techniques is discussed as a potential climate change 
mitigation option. Carbon sequestration rates of agricultural soils can be assessed by global soil, crop, and 
ecosystem models but are hampered by a lack of information on soil management systems. To fill this gap, this 
study presents a global spatially-explicit data set on the distribution of tillage practices. Tillage is a central 
element in agricultural soil management and has direct and indirect effects on the accumulation of soil organic 
matter. 
 
Based on a literature study, the global variety of tillage practices is classified as traditional, conventional, 
rotational tillage, and no-tillage in the context of Conservation Agriculture. The four tillage practices differ by 
the kind of equipment used, affected soil surface and depth, timing, and their purpose within the cropping 
systems. Conventional tillage refers to the inversion and mixing of soil layers. It is most commonly adopted for 
the purpose of seedbed preparation, residue and weed management, and working in other soil amendments. 
Cropping systems under Conservation Agriculture practice no-tillage, which is promising for its effects on farm 
production, soil moisture storage, aggregate stability, soil organic matter, biodiversity, and severity of impacts 
of erosion and droughts. The tillage practices are allocated to each location on cropland (grid of 5 arc-minutes) 
according to a set of rules based on literature findings. The rules combine area information on cropping system, 
crop type, water management regime, field size, degradation level, and climate zone. The dynamic definition of 
the allocation rules and accounting for national statistics, such as the share of Conservation Agriculture per 
country (AQUASTAT), also allow for driving data sets for future global land management scenarios. Whereas 
the data set cannot be validated by independent data, we expect that this data set will help to improve large-
scale soil, crop as well as biogeochemical modeling approaches, as e.g. for carbon cycle studies.  
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Effect of 50-year term crop rotations on soil organic carbon and productivity 
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1Aleksandras Stulginskis University, Agroecosystems and Soil Sciences, Kaunas, Lithuania 
 
Identification and implementation of land use and soil management practices which create a positive 
agricultural soil/ecosystem carbon budget and restore soil quality is specific challenge worldwide. Moreover, 
soil carbon sequestration is almost only negative emission technologies which are readily available at a low cost 
and crop rotation is one of those. The objective of our investigation was to compare effect of 50-year term 
application of different crop rotations on soil organic carbon and productivity in Lithuania. Long-term field 
experiment was established in 1966, 9 different crop rotations were arranged in time and space. In addition, 
Continuous maize and rye monocultures (with and without herbicides and mineral fertilizers) as well as 
Continuous bare fallow were included as control treatments. Soil – Calc(ar)i-Endohypogleyic Luvisol. 
 
The highest soil organic carbon (SOC) content established in crop rotations with perennial grasses and/or with 
farmyard manure application: Norfolk, Fodder and Field with raw crops. Crop rotations for green manure and 
Intensive, in which soil productivity supported with green manure, indicated lower SOC. The least SOC content 
was in Cereal and Three course crop rotations. SOC stocks were 16.9 % and 22.5 % lower to compare with 
Norfolk crop rotation. SOC in Continuous bare fallow obtained 2 times less. Bare fallow without farmyard 
manure application mostly decreased soil productivity. By farm and Intensive crop rotations and Continuous 

maize monoculture were the most productive according dry matter yield. Productivity of Fodder and Cereal 
crop rotations were lower. Three course crop rotation and Continuous rye monoculture were unproductive. 
Introduction of bare fallow without farmyard manure greatly reduces efficiency of crop rotation. Crop rotation 
design in modern agriculture persist as one of major instruments for soil organic carbon management and 
sustainable intensification. 
 
Acknowledgement: the study presents data of project SIT-9/2015 financed by Research Council of Lithuania. 
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Developing global soil health metrics: Is SOM the key to grassland soil health? 
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Forage-based livestock production systems cover 26% of total global ice free land, 60% of UK agricultural land, 
and ~70% of agricultural land in the tropics (FAO, 2012). A healthy agricultural grassland soil supports the 
production of forage for livestock production whilst continuing to deliver other essential ecosystem services 
[1]. Strategies to assess, improve and maintain soil health in agricultural grasslands requires a quantitative 
understanding of the underlying physical, chemical and biological mechanisms. In this project, we aim to (i) 
compare soil health indicators under different tropical and temperate forages; (ii) identify the most suitable 
soil health metrics for use in the lab and field; (iii) identify causative links between soil health and forage 
phenotypes. 
 
Methods 

 
Soils were sampled beneath novel forage genotypes CIAT-Cali tropical forage trials (Brachiaria sp.) [1] and the 
Rothamsted Research North Wyke Farm Platform (Lolium sp. +/- Trifolium sp.). The soils were assessed using 
in-field, low tech soil health indicators: aggregate form and stability, soil colour, water infiltration and 
macrofaunal diversity. Analytical chemistry (bulk analysis and compound-specific mass spectrometry), physics 
(friability) and microbiological approaches were used to qualify and quantify the microscale mechanisms that 
give rise to soil health indicators under forages with different phenotypes, and to develop a greater 
mechanistic understanding of the processes driving changes in soil health and function. 
 
Results 

 
Soil organic matter was consistently correlated to other soil health metrics (aggregate stability and microbial 
biomass). Soil health metrics could detect significant differences in soil health under different forage varieties 
in both the tropical and temperate soils. 
 
Conclusion 

 
The development of robust soil health metrics must be founded on a detailed understanding of the interplay 
between biology, chemistry and physics that leads to the development of in-field soil health indicators. This can 
be used to augment the existing understanding of soils held by farmers with a scientifically ratified soil health 
assessment protocols. 
 
Reference 

[1] Horrocks et al 2014 Does extensification lead to enhanced provision of ecosystems services from soils in UK 
agriculture? Land Use Policy 38, 123-128. 
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degraded soil from the farms of women smallholder in Abia State, Nigeria 

 

*Mabel Onwuka1, O Ntiasagwe1, Jennifer Dungait2, O Nwachukwu1, Victor Chude3 
1Michael Okpara University of Agriculture, Umudike, Nigeria 
2Rothamsted Research, Okehampton, United Kingdom 
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Introduction 

 
The continuous practice of slash and burn by smallholder women farmers in Southeast Nigeria, leads to 
degraded soils through loss of soil organic matter (SOM) which is the storehouse of plant nutrients, such as 
nitrogen (N). Increasing SOM helps to prevent further losses through erosion and runoff through the binding of 
soil particles into aggregates. The most effective and cheapest means of managing the buildup of SOM is by the 
application of organic materials. One of these organic materials is animal manure which is readily available and 
affordable by the smallholder farmers. The objective of this study is to determine which locally available animal 
manure will give an immediate increase of the soil organic matter and nitrogen in an incubation study. 
 
Materials and Method 

 
Top soil samples (0 - 20cm depth) were from ten smallholder women farms at Bende (5° 33' 31.46"N and 7° 38' 
0.92" E) local Government Area of Abia State, Nigeria. The soil samples were bulked to give a composite soil 
sample for an incubation study. The manure treatments comprised of pig manure (PM), chicken manure (CM), 
cow dung (CD), goat dung (GD) and Control without amendment (C). The treatments were applied at rate of 
7.5t/ha (64.75g equivalent) to 300g of packed soil. The soils were incubated moist for 63 days and soil samples 
were collected at 1, 21, 42 and 63 days for the analysis of SOM and total N. 
 
Results  

 
Figure 1 (a) shows the results for SOM%. At 21 and 42 days of incubation, pig manure, followed by chicken 
manure significantl  p  .  i eased the a ou t of “OM. At  da s of i u atio , pig a u e had 
sig ifi a t p  .  highe  alue of 1.98% though this value was statically at par with 1.72% value of chicken 
manure. 
Figure 1 (b) shows the results for TN%. At the 42nd da  of i u atio  hi ke  a u e sig ifi a tl  p  .  
increased the soil TN, reaching its peak of N contents, which then declined by the 63rd day of incubation. 
 
Conclusion 

 
Applying pig waste and chicken manure will increase the SOM% and TN% of degraded agricultural soils. Ways 
of enhancing the effectiveness of the cow and goat manure should be exploited to prevent competition over 
pig and chicken manure in smallholder farms in Southeast Nigeria. 
Figure 1 
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Valuing applications of SOM to agricultural fields 

 

*Andrew Whitmore1, Lindsay Todman1, Alice Milne1 
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Introduction 

 
In order to incorporate SOM into any system for evaluating economic farm performance, we must understand 
what SOM does, the value of what it does, the cost of acquiring and retaining it and the duration of benefits 
once present. 
 
Objectives 

 
Data will be presented that shows how SOM influence can yield and quality, mitigate disease, retain water and 
improve trafficability along with ranges of values for some of these benefits. Costs of acquisition and 
application will be considered along with the likely build-up and decline of benefits. 
 
Methods 

 
Taking all of this into account, an approach will be developed to determine the break-even ratio (BER) at which 
the marginal increase in applied OM (over many years) only just pays for the marginal increase in benefits (over 
many years, including the period after applications cease when benefits fade). However, this calculation is 
different from the way in which the well-known annual BER for nutrient application is derived because of the 
multiple benefits to multiple crops in a rotation and the multiple applications of OM needed to build up the 
natural capital (SOM) on which the delivery of benefits depend. 
 
Results and Discussion 

 
Economic models of capital growth will be applied to SOM application in the Rothamsted long-term 
experiments in order to analyse strategies for growing soil natural capital with relatively scarce resources such 
as organic matter amendments (manure or compost) to different soils and crops. This same (natural) capital 
growth model can be applied to sustainable systems. Certain plots on the long-term cereal experiment at 
Woburn farm failed in the 1920s, almost certainly because of the loss of cation holding capacity due to SOM in 
conjunction with the use of acidifying fertilizers. A sustainable strategy is shown to involve either the 
application of SOM to maintain CEC, the avoidance of acidifying fertilisers or both. 
 
Conclusions 

 
The natural capital and ecosystem services approaches (which depend on capital) often feel like metaphors 
used to initiate dialogue with the agri-business and policy spheres. Capital (SOM) build-up has tangible financial 
gains; the resulting service provision (such as avoidance of acidification) can mitigate catastrophic failures of 
farming. SOM, if seen as natural capital, can have a business value attributed to it in much the same way as 
other capital assets such as buildings or machinery. 
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Soil organic matter and its active pools as affected by legume/cereal rotation, residue 

management and nitrogen application rate in two locations of the derived savannah zone of 

Nigeria 

 

*Ifeyinwa Monica Uzoh1, Olubukola  Babalola1 
1North West University, Biology, Mafikeng, South Africa 
 
Soil organic matter (SOM) is an important parameter in measuring the effect of management on soil but its 
change over short term management is not rapid. So SMBC, SMBN and SMBP in addition to SOM were 
evaluated to compare the grain legume/cereal rotations with velvet-bean/maize rotation and continuous maize 
as management tool in maintaining soil quality and increasing yield of the subsequent maize. The field 
experiment was undertaken in Dominican centre for human resources development, Moniya and Department 
of Soil Science, University of Nigeria, Nsukka research farmfor two year with four cropping periods. The 
treatments were four crop rotation systems, two residue management and two nitrogen levels, which was laid 
in factorial design in randomized complete block design. In each year, sole cowpea, soybean, velvet-bean and 
maize were grown to maturity on separate plots. After harvest, maize was grown on all the plots with the 
previous residue either incorporated or removed and urea-N at 60 t ha-1 applied on plots with N treatment. 
Soil samples were collected, 0 – 15 cm depth from each location at onset of the experiment and at each 
harvest. The soil of Moniya was classified as Plinthic Paleustalfs with sandy loam in texture and Nsukka as Typic 
Paleustult with sandy clay texture. In both locations and both years, SMBC, SMBN and SMBP were significantly 
higher in velvet-bean plots aftersole cropping except SMBC in the first year in Nsukka and SMBN and SMBP in 
Moniya. These values were higher in cowpea plots but was statistically the same in soybean and maize plots 
but SOM (1.65 % for velvet-bean, 1.19 % cowpea plot, 1.21 % for soybean plot and 1.32% for maize plot) was 
only significantly affected in the second year at Moniya with velvet-bean plot having significantly higher value. 
Legume-cereal rotation significantly affected SOM, SMBC and SMBP in the first year in both locations but there 
was no interaction effect. In the second year, SMBC, N and P were significantly affected at Moniya. Residue 
incorporation and N application significantly increased SMBC and SMBN in the second year in Moniya. There 
was also significant crop rotation residue interaction on a combination of SMBC, SMBP and SMBC for the years 
and locations. The result actuallyshowed that SMB are faster indications for short term management of soil. 
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Effect of biochar compound fertilizers on GHG emissions, crop yield and fertilizer N use efficiency 

 

*Lianqing Li1, Xiangfeng Fu1, Qiu Xie1, Liangzhu Qiu1, Zexian Lu1, Li Qian1, Stephen  Joseph1,2, Genxing Pan1 
1Nanjing Agricultural University, College of Resources and Environmental Sciences, Nanjing, China 
2University of New South Wales, School of Materials Science and Engineering, Kensington, Australia 
 
In order to meet the increasing demand for food in China, chemical fertilizers (NPK fertilizers) application 
continue to rise in agricultural production. Overuse of nitrogen fertilizer has occurred widely, and causes great 
challenges in environmental sustainability. To meeting the need for reducing chemical fertilizer use and 
enhancing fertilizer N use efficiency, biochar compound fertilizers (BCF) are currently produced. Biochar are 
produced from crop straw with a maximum temperature of 450-550℃. BCF produced by rotary granulator. The 
nutrients proportion are 15:15:10 (N:P2O5:K2O). Field experiments were conducted in in 8 sites across the 
major crop production areas from Heilongjiang in north east to Hubei in central China, from Yili, Xinjiang in the 
west to Suqian, Jiangsu in the east. The results showed that rice and maize yield increased by 6-10% and 5-12%, 
respectively, compared with chemical fertilizer. N use efficiency increased by 9.4%-45.46% for rice, and 
12.39%-52.93% for maize. The rate of fertilizer application decreased by 8-12%, and a cost saving by 8-10% 
compared with chemical fertilizer. Protein content of grain increased by 3-10%. BCF application significantly 
decreased greenhouse gases emission. With regards to the CO2 emission, there were no dramatic differences 
among all treatments. Only the MCBF treatment had no obvious difference with the CF treatment in terms of 
N2O emission, the maize straw biochar fertilizer (MSBF), peanut husk biochar fertilizer (PHBF), and organic 
waste biochar fertilizer (OWBF) treatments sequentially decreased by 33.8, 31.0 and 39.4% as compared to CF 
treatment. Besides, the CH4 emissions of MSBF, PHBF and OWBF treatment sharply decreased by 70%, 58.1%, 
72.2% and 69.5% respectively compared to the CF treatment. Overall, compared with the CF treatment, the 
MSBF, PHBF and OWBF treatment respectively by 49.7%, 57.9% and 59.1%. Meanwhile, the greenhouse gases 
intensity(GHGI) of biochar fertilizer treatments also decreased by ranges of 54.4% to 68.8% compared with the 
CF treatment. It indicates that biochar had the potential to form a more effective fertilizer that improved crop 
yield, while decreasing the GHGs emission. 
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Introduction 

 
Soil organic matter is anything that contains a miscellanea of carbon compounds, which originates from the 
partial/total transformation of living organisms like leaves, stems, branches, moss, algae, any parts of animals, 
insects, earthworms and microorganisms. Organic matter is a reservoir of nutrients and water in soil; it is able 
to reduce compaction and surface crusting, while increases water infiltration through the soil and more. The 
amount of organic matter in the soil is an important factor controlling the potential sustainability of a system. 
Improving soil swab capacity, microbial activity and plant nutrient availability, soil organic matter has a positive 
impact on fertility.  
 
Objectives 

 
Farming systems have traditionally "consumed" the soil organic content, causing a dramatic reduction of 
organic matter levels. To maintain or improve the organic levels in soil, an optimised input of nutrients and 
organic additions is necessary exceeding losses of organic matter by decomposition or erosion. For the scope, 
natural compounds like mucilage produced from Salvia Hispanica L. (Chia) seeds can be used. The seeds of this 
crop, belonging to the Lamiaceae family, very important in Latin America since the pre-Columbian era, are 
attracting the attention of scholars by a chemical and agronomic point of view. The mucilage produced by 
these seeds, when hydrated, could be useful to improves not only the physical stability of soil, but should affect 
also its bio-activity.  
 
Methods 

 
Eichenhain's Chia seed mucilage has been extracted from hydrated seeds and incorporated into three different 
types of soils: (Sandy -silt, clay-silt and silt soils) collected from farms located in Potenza surroundings 
(Basilicata region). Chemical and biological analysis were performed on all soils. The activity of the microbial 
soil community was evaluated through respiration measurements and determined as CO2 emissions. The 
amount of microbial biomass was ascertained through the fumigation method.  
 
Conclusion 

 
After 30 days, all soil tested showed an amelioration of physical parameters and biological properties. 
Keywords: Salvia hispanica L., seed mucillage, amelioration of soil quality 
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by FT-IR spectroscopy. 
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Introduction 

 
The Brazilian Semi-arid region is characterized by low rainfall, poor weathered soils and adoption of extractive 
agricultural and overgrazing systems. In this context, the understanding of the effects of land use, especially in 
the semi-arid region of Brazil, which naturally has low levels of organic matter in its soils, is essential for 
adequate soil management systems to be defined. 
 
Objectives 

 
In this study, the Humic Acid (HA) and the Fulvic Acid (FA) extracted from brazilian Semi-arid soils under 
different uses were characterized by Fourrier Transform Infrared Spectroscopy (FTIR). 
 
Materials & Methods 

 
Soils samples from 0-10 cm layer (five replications) of an Entisol Quartzipsamment, an Entisol Psamment and 
an Ultisol, all from the semi-arid northeastern Brazil, were collected in areas of native vegetation, agricultural 
and pasture areas. 
 
Results 

 
In general, the FTIR spectra of humic acids (Figure 1) are relatively similar, displaying more differences in the 
absorption intensities than the wavenumber. However, the amount of functional groups in the HA spectra 
reflected by the absorption intensities was decreased by agricultural and pasture use, mainly in Entisol 
Psamment. On the other hand, except for Entisol Quartzipsamment, the FAs spectra (Figure 2) shows large 
changes in the structure resulting from the use. The Ultisol and Entisol Psamment AF composition was 
markedly affected, where peaks related to polysaccharides (1585 cm-1) and aliphatic CH bonds (1384 and 1392 
cm-1), originally in the soil of native vegetation, were replaced by peaks in 1651 cm-1 (carboxylates anions) and 
1715 cm-1 (carboxylic groups). The use of the soil affected the composition of the humic substances (HS) of the 
three studied Brazilian semi-arid soils, reducing the aliphatic character in particular those extracted from 
Entisol Psamment and Ultisol. 
 
Conclusion 

 
The use of the soil affected the composition of the humic substances (HS) of the three studied Brazilian semi-
arid soils, reducing the aliphatic character in particular those extracted from Entisol Psamment and Ultisol. 
ACKNOWLEDGMENTS: This work was supported by FAPEAL - Research Support Foundation of State of Alagoas 
Fig.1. FTIR spectra of HAs isolated from three Brazilian semi-arid soils under different land uses. 
Fig.2. FTIR spectra of FAs isolated from three Brazilian semi-arid soils under different land uses. 
Figure 1 
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Soil science has a poor track record on influencing policy. One of the reasons is the failure of soil scientists to 
translate their knowledge into the type of information needed for economic decision making. 
The objective of this study, using soil organic matter as an example, is to demonstrate a process for 
incorporating soils information into economic decision models that consider multiple outcomes (such as 
various ecosystem services), trade-offs, and higher level objectives such as sustainability and resilience. 
The process involves the following steps: 

 (i) Identify relevant stakeholder decisions and decision alternatives, 

 (ii) Build causal models of all relevant factors pertaining to the decisions, regardless of how easy it may 
seem to quantify them, and with the participation of stakeholders; 

 (iii) Quantify the uncertainty on all factors using a combination of available hard data and expert 
knowledge, encoded in probability distributions; 

 (iv) Use iterative value of information analysis to guide model decomposition and identify further 
measurement or research needs: 

 (v) Draw insights to improve decision making and increase research relevance. 
The process is illustrated with an evaluation of alternative land management interventions, including their 
effects on soil organic matter, and impacts on-site and off-site costs, benefits and risks. 
The framework implicitly provides the economic value of soil organic matter and could be used to guide 
policies on soil organic matter at any scale. The process can be completed within a few months for ex ante 
analysis. The models identify high-value variables for monitoring during intervention implementation and 
provides a learning framework whereby actual versus model outcomes can be compared, and models 
continually updated. 
Figure 

Diagram of an Intervention Decision Model that evaluates intervention costs, benefits and risks. Intervention 
effect on soil organic matter and their impacts on provisioning and supporting/regulating services need to be 
explicitly modelled. 
Figure 1 
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Within field variability in soil organic carbon is associated with gravel content, soil water and plant 

growth 
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2Charles Sturt University, Graham Centre, Orange, Australia 
 
Variability of landscape and soil properties influence within field soil organic carbon. Differences in soil texture, 
depth and gravel content influence soil moisture availability which has flow on effects to the net carbon 
balance. For a variable native pasture paddock located at Panuara (33.270S, 148.560E), New South Wales, 
Australia, the total amount of carbon (0-300 mm) was assessed (2012) and surface soil carbon (0-50 mm), 
pasture growth and soil water characteristics were monitored over a four-year period (2008-2012). There was a 
significant increase in total organic carbon (TOC; 0-50 mm) between 2008 (6.02%) and 2010 (6.46%) (P =0.036). 
The landscape was divided into 3 production zones (low - LPZ, medium - MPZ and high - HPZ) based on 
landscape position. There was higher TOC at the soil surface in the LPZ (7.36%) than the MPZ (5.74%) and HPZ 
(5.75%) (P=0.012), but due to higher gravel content TOC stocks were not significantly different at this depth 
(average 19.7 Mg TOC/ha). There was decreasing TOC stocks (0-300 mm) from the HPZ, to the MPZ to the LPZ 
(62.5, 48.8 and 37.1 Mg TOC/ha, respectively, P=0.004) with differences evident with increasing gravel content 
(average 15.4%, 35.6% and 58.7% respectively). We propose that most of the differences in TOC was due to 
gravel content and lower soil water content (average volumetric water content 20.2%, 15.0% and 11.2% 
respectively; P<0.001), which in-turn reduced pasture growth (average 28.5 kg/ha/day, 16.7 kg/ha/day and 
11.8 kg/ha/day respectively; P<0.001) and root turnover. However, the drier soils in the LPZ also had lower 
respiration than the HPZ (CO2 flux 4.5 µmol m2 s-1, 2.6 µmol m2 s-1 respectively; P=0.025). A greater 
understanding of in-field differences in soil properties is needed to better understand the potential impacts of 
land management changes on soil organic carbon. 
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Impacts of carbon sequestration on life cycle emissions in midwestern USA beef finishing systems 

 

*Jason Rowntree1, Paige Stanley1, David Beede1, Michael Hamm2, Marcia DeLonge3 
1MIchigan State University, Animal Science, East Lansing, United States 
2Michigan State University, Community Sustainability, East Lansing, United States 
3Union of Concerned Scientists, Washington D.C., United States 
 
Beef cattle have been identified as the largest contributor to greenhouse gas (GHG) emissions from the entire 
livestock sector. Through life cycle analysis (LCA), studies have concluded that grass-fed beef production 
systems have a higher GHG intensity than conventionally raised, feedlot-finished beef because of lower 
production efficiency and longer lifetime. However, these studies have not acknowledged the diversity of 
practices commonly encompassed by "grass-fed" production systems, and instead have unilaterally used only 
one strategy, continuous grazing, to model the environmental impacts of grass-fed production. Additionally, 
other impactful ecosystem services, such as soil organic carbon (SOC) sequestration and soil erosion are not 
commonly included in the system boundaries. Adaptive multi-paddock grazing (AMP) management positively 
influences animal and forage productivity compared to continuous grazing through high animal stocking on 
short-duration grazing intervals where recovery periods are implemented for forage re-growth. To examine the 
impacts of AMP grazing and SOC sequestration on net GHG emissions, a comparative LCA was executed for two 
finishing systems in the Upper Midwest: AMP grazing and feedlot (FL) finishing. At Michigan State University, 
four-year on-farm data for SOC and five-year (2012-2016) data for animal production for the AMP grazing 
system and two-year (2015-2016) data was used to simulate the feedlot finishing system. Impact scope 
included GHG emissions from enteric CH4, feed and mineral production, manure emissions and on-farm energy 
use and transportation, as well the potential C sink arising from SOC sequestration. Our across-farm SOC data 
showed a four-year C sequestration rate of 3.59 Mg C ha=1 yr-1. Prior to inclusion in the net GHG footprint, 
emissions from each finishing system totaled 9.62 for AMP grazing and 7.02 kg CO2-e kg CW-1 for FL. However, 
after the SOC sink and emissions arising from soil erosion were included, net GHG emissions were -7.92 and 
7.20 kg CO2-e kg CW-1 for AMP and FL, respectively. This indicates that AMP grazing may offset emissions 
through soil C sequestration and be a net C sink. More long-term research is needed to confirm soil C 
sequestration in other ecoregions and its potential impact on emissions mitigation in beef production systems. 
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Downscaling farm-level benefits of soil organic carbon to the individual field level 

 

*Taro Takahashi1,2, Paul Harris2, M. J. Rivero2, Michael Lee1,2 
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2Rothamsted Research, Okehampton, United Kingdom 
 
The preceding literature examining the relationship between "soil health" and its potential benefits to 
agricultural productivity can be broadly classified into two groups: agronomic studies based on field-scale 
randomised controlled trials and socioeconomic studies based on farm-level data collection. Recent research 
on pasture-based livestock production systems has demonstrated, however, that grassland production suffers 
from a considerable level of spatial heterogeneity, in terms of both yield and forage quality, even within a 
relatively small geographical area. This finding suggests that neither of the aforementioned two approaches is 
able to capture the complete mechanism surrounding the soil-pasture-animal-income nexus in a socially 
relevant manner, as the vast majority of commercial enterprises around the world adopt rotational grazing 
systems. Using high-resolution primary data from the North Wyke Farm Platform National Capability, an 
intensively instrumented farm-scale research facility located in southwest UK, this study proposes a novel 
analytical framework to evaluate short-term and long-term benefits of soil health at each individual field that 
constitutes an entire livestock system. The life-cycle liveweight gain for each cattle and sheep was attributed 
and allocated to individual fields according to their contribution through (a) grazing time, (b) silage harvest, and 
(c) nutrient retention for following seasons, producing a unique field-level dataset that encompasses soil, 
pasture and animal-related variables. The results of regression analyses showed that an increase in the soil 
organic carbon (SOC) stock led to a greater liveweight gain, while intra-field heterogeneity in SOC was 
detrimental to animal production (both p < 0.05). Furthermore, a larger SOC stock was associated with a lower 
level of water discharge from the catchment and, by extension, with reductions in losses of soil inorganic 
nitrogen and suspended sediment. The proposed framework is expected to assist the development of 
scientifically robust and easy-to-measure metrics for agricultural sustainability, which can support economically 
and environmentally sustainable decision making by commercial livestock producers. 
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The global weight of peatland conservation on C and N budgets: Knowns and unknowns 

 

*Lorenzo Menichetti1, Jens Leifeld2 
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2Agroscope, Zürich, Switzerland 
 
Introduction 

 
Peatland soils represents globally a small area (50-100 times less than food producing areas), but store a huge 
amount of carbon (C). They are also often exploited (because of fertility or other commercial value) by 
drainage, which unavoidably results in GHG release. Given their small area, the preservation of peatland 
subtracts a relatively small amount of land to potential food production with huge benefits on GHG emissions, 
and given the low C/N ratio in peat the C stored in peatland such benefits come at a comparatively low N cost. 
 
Objectives 

 
We studied the impact that peatland greenhouse gas (GHG) emissions might have on the global C budget, to i) 
assess potential C and N costs and benefits of peatland preservation and ii) to put it in context with 
sequestration in mineral soils. 
 
Materials & Methods 

 
We aggregate data on global peatland extension, degradation, land use and emissions from the literature. We 
develop a global map of peatland degradation and potential and actual emissions and (re-)analyzed current 
and future emissions and mitigation potentials. To contextualize this we compare it with the global potential 
and N cost of C sequestration in mineral soils. 
 
Results 

 
An amount of 33.1- 80.8 Gt of C will cumulatively be released from the actually degrading peatland during next 
decades (more if no actio  is take . This ould e ual the C se uest atio  pote tial of ag i ultu al soils i  ≈  
(47-483) years. Even with perfect implementation of C sequestration policies in mineral agricultural soils, with 
no corresponding peat protection policies this would result in a neutral effect on soil C but a negative effect on 
N, with an immobilization of 0.9-2.3 Gt N. 
 
Conclusion 

 
Although the data present a wide uncertainty range, the huge estimated effectiveness of peatland 
conservation for CC mitigation prioritizes it in the political agenda. Protection and rehabilitation of peatlands is 
an efficient GHG mitigation measure in terms of N and area demands. Without including organic soils, soil-
based mitigation measures will fall short. The implementation of strict peatland protection (and possibly 
restoration) programs appears one of the most needed intervention, at a global scale, to mitigate the effects of 
climate change. 
Fig 1: recalculated peat emission map 
Fig 2: balancing peat emissions 
Figure 1 
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Development of UK appropriate tier 2 soil carbon stock change factors for grassland management 
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Introduction 

 
Under the Climate Change Act, the UK is committed to reducing greenhouse gas (GHG) emissions by at least 
80% below the 1990 baseline by 2050, and the Climate Change Act requires the UK Government to set legally 
binding carbon budgets for five year periods, with a 50% reduction to be achieved by the end of the fourth 
carbon budget period in 2027 across all sectors. This project focuses on the development of an operational 
framework for reporting soil carbon stock changes from grassland management and to determine UK 
appropriate Tier 2 stock change factors for the intensification of grassland management. 
 
Method 

 
A semi-systematic literature review was conducted to collate peer reviewed meta-data for soil carbon in UK-
relevant grassland systems under different management. 
 
Results 

 
There was a large variation in soil carbon stocks in grasslands of different ages (age is defined as years since last 
tillage event) from 8.8 to 353 t C/ha (Fig. 1). In particular there was a large range in carbon stocks for younger 
soils of approximately 0 to 10 years. As the grasslands increase in age the results indicate there is a 
convergence in soil carbon stocks around 100 t/ha. 
Figure 1. Range in grassland soil carbon stocks in relation to their age, defined as years since the soils were 
tilled. 
In young grasslands that were previously forestry, the soil carbon stocks were around 100 t/ha (Fig. 2). 
However, for grasslands that were previously arable or grassland, there was a large variation in soil carbon 
stocks with previous land use not providing any clear trend or explanation for this.  
Figure 2. Variation in soil carbon stocks with age grouped by previous land use. Squares represent previous 
land use to be arable, diamond is forestry and triangles grassland. Circles represent missing data 
Although there are fewer publications providing soil C for older grasslands (>40 years). the data suggests that 
following a tillage event, the soil carbon stock has the potential to either gain or lose carbon over time, 
eventually reaching some sort of equilibrium of around 100 t C/ha. 
 
Conclusion 

 
Results show that there is a large variation in grassland soil C stocks in young grassland soils, but that over time 
C stocks converge to some sort of equilibrium of around 100 t C / ha. Soil carbon stocks for grasslands relevant 
to UK soils range from 8.8 to 353 t C/ha. 
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