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The main Purpose of the Fellowship was to undertake a research project to investigate the 
effect of soil erosion on soil carbon dynamics under long-term no-till management. 

Additional acknowledgements to Rattan Lal, Joshua Beniston, Elizabeth A. Dayton, Franklin 
Jones and  Ron Hendricks (Ohio State University) for collaboration and funding, Martin 
Shipitalo, Jim Buxton, Jim Bonta (NAEW, USDA-ARS) for expertise and field assistance, 
Adrian Joynes (RRes-NW) for technical assistance with stable isotope analyses. This work 
forms part of the BBSRC funded Rothamsted Research Institute Strategic Program Grant 
‘Designing Sustainable Systems’. 

 
Outcomes of the Fellowship 
• New knowledge about C, (N and P) dynamics during soil erosion and its relationship 
with climate change and food security 
• The opportunity to work with one of the world’s leading carbon scientists and 
integrate with their research group 
• Development of a new collaboration between Rothamsted and OSU 
• Unique field experimentation opportunity (see below) 
• Knowledge exchange through 4 lectures (one public) and mentoring students and 
post-docs 
• Submission of a joint UKIERI funding proposal (UK:USA:India) and three journal 
publications 
  



INTRODUCTION 

Soil erosion is the most widespread form of soil degradation, accounting for up to 70% of C 
loss from cultivated soils (Gregorich et al., 1998), and is estimated to contribute 0.8 – 1.2 Pg 
C a-1 to the atmospheric C pool (Lal, 2008). ‘Critical’ levels of 1-2% soil below are 
considered to impair soil function (Lal, 2004; Huber et al., 2008). Therefore, the 
identification of strategies to minimise the loss of soil organic carbon (SOC) and maximise its 
retention in land is of global importance, having the potential to reduce the effects of C on 
global climate change and food security through the degradation of soil quality. However, 
previous global assessments of the influence of erosion and deposition on C dynamics have 
resulted in the diametrically opposed assertions of global net source or sink of C as a 
consequence of erosion on agricultural lands (Van Oost et al., 2007). 

Renwick et al. (2004) stressed the importance of understanding the pathways of C displaced 
by erosion and quantifying the magnitude of erosion-induced emission of greenhouse gases.  
To accurately account for soil C in a mass balance, the soil inputs and outputs must be 
recognisable. This is possible through the application of 13C-labelling. Natural abundance 
bulk δ13C values have been used successfully at the landscape scale to determine the impact 
of vegetation change (C4 to C3 or vice versa) on erosion dynamics, e.g. Turnbull et al., 2008. 
Compound-specific stable isotope mass spectrometry has been used to further explore the 
mean residence times (MRT) of specific components of 13C-labelled substrate (Dungait et al., 
2010) and the response of the soil microbial biomass (Dungait et al., 2013). This approach 
was used to address the following hypotheses: 

Corn stover (maize residue) use for ethanol feedstock has been widely promoted as a 
potential secondary crop for the U.S. Corn Belt. The 2007 Energy Independence and Security 
Act mandated 136 billion L a-1 of domestic biofuel production in the USA by 2022. Upwards 
of 45% of these fuels are to be produced from lignocellulosic based feedstocks. Corn stover 
removal has negative impacts on soils, including increased soil surface compaction, 
decreased soil water content, reduced earthworm activity, decreased hydraulic conductivity, 
reduction in reduction in SOC (20-30%), reduced total soil N and available P and reduced 
soil macro-aggregates which leads to significant grain yield decreases on sites with sloping 
land (Blanco-Canqui et al., 2006, 2007; Blanco-Canqui and Lal, 2009). All of these factors 
lead to increases in soil erosion. 

In this experiment, the hypothesis tested was that water runoff and sediment loss, as well as 
runoff and sediment borne C and macronutrient fluxes, would be larger in soils under crop 
residue removal and conventional tillage than in no till soils where all crop residues were left 
in the field. 

 

  



EXPERIMENTAL DETAILS 

 

Figure 1: Map of Ohio showing position of experimental site at Coshocton. 

The hot summers with regular storm events in eastern Ohio made this an ideal system for 

exploring erosion of soil C by water in an arable setting. A long-term (42 year) C4 treatment 

established at the North Appalachian Experimental Watershed (NAEW; USDA Agricultural 

Research Service (ARS) station near Coshocton, Ohio, United States; Figure 1) provided an 

unique environment to explore the movement of SOC in C3 silty-loam soil on slopes of 10-

12%, using the natural abundance C4 signature of the crop C inputs. A fully factorial residue 

removal experiment that had been running for 8 years was nested within the long term 

experiment allowing further investigation of C dynamics. Rayne silt loam (fine loamy, 

mixed, mesic Typic Hapludult). 



  

  

 

Figure 2: Pictures of the corn stover residue treatments. Reading from left to right: NT100, 
NT50, NT0, TNT and CT plots. 

The experimental treatments (Figure 2)were: (1) NT100 - long term continuous no till (NT) 

with 100% crop residue; (2) NT50 - NT with 50% crop residue; (3) NT0 - NT with complete 

crop residue removal; (4) CT - long term (27 y) conventional tillage; and, 5) TNT - NT plots 

that were cultivated prior to the rainfall simulation. The percentage of residue in each plot 

was determined using a line transect method. The CT plots were cultivated (mouldboard 

ploughing, depth ~20 cm) three days before the rainfall simulation. The TNT plots were 

cultivated with a walk behind rototiller (depth ~10-15 cm) to emulate conventional tillage the 

day before the rainfall simulations. 



 

Figure 3: Rainfall simulation experiment 

A rainfall simulation (Figure 3) was conducted prior to the planting of maize or fertilizer 

application for the 2012 growing season. Rainfall was applied at an intensity of 70 mm h-1 to 

represent a one in ten year rainfall event. Runoff water and sediments were collected for 

analysis. Plant available P was determined using the Mehlich 3 method for soils (Mehlich, 

1984). Sub-samples of soil and vegetation were ground to a fine powder and analysed for 

total C, total N, and bulk δ13C and δ15N using a Carlo Erba NA2000 analyser (CE 

Instruments, Wigan, UK) interfaced to a SerCon 20-22 isotope ratio mass spectrometer 

(SerCon Ltd, Crewe, UK). The bulk δ13C and δ15N values were expressed relative to VPDB 

and atmospheric N2, respectively. The instrument error was 0.1 ‰ for C and 0.2 ‰ for N. 

All statistical tests were undertaken with Gentstat (2011, 14th Edition). The effect of 

treatment was tested on all parameters using correlation (r) and one-way ANOVA. Fishers 

LSD (α=0.05) was calculated as a mean separation procedure for parameters where a 

significant (p<0.05) treatment effect was detected. 

  



RESULTS (preliminary) 

 
Figure 4: Total runoff from soils under different corn stover treatments. 

 

 
Figure 5: Transported sediment lost (Mg ha-1) from soils under different corn stover 

treatments 
 

Complete stover removal resulted in 5-fold increase in run-off (Figure 4), and <14-fold 
increase in sediment erosion (Figure 5). 

  



Table 1: Percentage total organic carbon (Ec)and δ13C (‰) values of the sediment bound 
carbon lost during the rainfall simulation in different corn stover treatments. 

 
There was no significant difference between soil C contents, but the sediment δ13C values 
indicate loss of more corn-C (i.e. C4) from all plots (Table 1). 
 

 
Figure 6: Sediment associated macronutrients (C,N,P; kg ha-1) lost during rainfall simulation 

under different corn stover treatments. 
 
The largest losses and fluxes of macronutrients were from CT. Sediment from TNT plots was 
enriched in recent C inputs (Figure 6). 
 



 

Figure 7: Dissolved organic carbon in the run-off from different corn stover removal 
treatments 

The largest fluxes of DOC were observed under NT 0% (Figure7). 

 

CONCLUSIONS 

1. The largest fluxes of macronutrients generated by water erosion result from tillage. 

2. NT management with residues mulch reduces soil erosion potential, but its benefit is 
drastically impaired by crop residue removal. 
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