
This content has been downloaded from IOPscience. Please scroll down to see the full text.

Download details:

IP Address: 107.168.1.186

This content was downloaded on 08/07/2017 at 14:20

Please note that terms and conditions apply.

Deep soil carbon sequestration under no-tillage cropping systems in tropical and temperate

climates

View the table of contents for this issue, or go to the journal homepage for more

2009 IOP Conf. Ser.: Earth Environ. Sci. 6 242030

(http://iopscience.iop.org/1755-1315/6/24/242030)

Home Search Collections Journals About Contact us My IOPscience

You may also be interested in:

Soil carbon sequestration following afforestation in Denmark, Sweden and the Netherlands

Lars Vesterdal, M-B Johansson, C van der Salm et al.

Carbon dioxide emissions under different soil tillage systems in mechanically harvested sugarcane

A M Silva-Olaya, C E P Cerri, N La Scala Jr et al.

Accounting for soil carbon sequestration in national inventories: a soil scientist’sperspective

Jonathan Sanderman and Jeffrey A Baldock

Mapping of soil organic carbon stocks for spatially explicit assessments of climate change

mitigation potential

Tor-Gunnar Vågen and Leigh A Winowiecki

Direct nitrous oxide (N2O) fluxes from soils under different land use in Brazil–a critical review

Katharina H E Meurer, Uwe Franko, Claus F Stange et al.

Selection of appropriate calculators for landscape-scale greenhouse gas assessment for agriculture

and forestry

Vincent Colomb, Ophélie Touchemoulin, Louis Bockel et al.

Lifecycle greenhouse gas implications of US national scenarios for cellulosic ethanol production

Corinne D Scown, William W Nazaroff, Umakant Mishra et al.

Research priorities for negative emissions

S Fuss, C D Jones, F Kraxner et al.

Farm-scale costs and returns for second generation bioenergy cropping systems in the US Corn Belt

Robert K Manatt, Arne Hallam, Lisa A Schulte et al.



P24.22 
Deep soil carbon sequestration under no-tillage cropping systems in tropical and temperate climates 
Rodrigo S Nicoloso(1), CW Rice(1), TJC Amado(1), JE Fiorin(2) 
(1) Kansas State University, 2004 Throckmorton Plant Science, Department of Agronomy, Manhattan, KS, 
USA. 
(2) Fundacep, Cruz Alta, RS, Brazil 
 
No-till is an option to increase soil carbon (C) stocks with benefits to soil quality and environment. The soil 
carbon sequestration rates are also affected by fertilization, crop rotations, time of no-till adoption, climate, 
soil type and the depth of the soil layer sampled. The main objective of this study was to evaluate soil 
carbon sequestration rates under long-term no-till in a Mollisol from Kansas, USA and an Oxisol from 
Southern Brazil. 
The Mollisol was a moderately well-drained Kennebec (Cumulic Hapludoll) with an average annual 
precipitation of 800 mm and a mean temperature of 11.4 ºC. The experiment was initiated in 1990, with 
tillage (conventional tillage and no-tillage) as the main plots and nitrogen sources (168 kg N ha-1 as 
ammonium nitrate or cattle manure) as sub-plots, with 4 replications. Soil samples were taken in 1992 
(baseline) and 2007 at 0-0.05, 0.05-0.15, 0.15-0.30, 0.30-0.45, 0.45-0.60, 0.60-0.90, and 0.90-1.20 m. The 
Oxisol was a clay Rhodic Hapludox with a predominance of 1:1 kaolinite and iron and aluminum oxides. 
The experiment was initiated in 1985 with tillage systems as main plots (conventional tillage and no-tillage) 
and crop rotations as sub-plots (R0: soybean/wheat; R2: soybean/oat+vetch/corn/radish/wheat/soybean/oat), 
with 4 pseudo replications. Soil samples were taken in 2007 at 0-0.05, 0.05-0.15, 0.15-0.30, 0.30-0.45, 0.45-
0.60, 0.60-0.90, and 0.90-1.20 m. The samples were air-dried, passed through a 2-mm sieve and roots 
removed. A sub-sample was grounded and analyzed for total C by dry combustion using a C/N Elemental 
Analyzer (Flash EA 1112 series ThermoScientific). Soil C stocks were calculated based in the soil bulk 
density at 1992 and 2007 and compared on an equal mass basis. For the purpose of this study, the 
sequestration rates are showed for the 0-0.30, 0-0.60, and 0-1.20 m soil depth. The soil carbon sequestration 
rates were calculated by three different methodologies (1 and 3 for Mollisol and 2 for Oxisol), as following: 
(1) Real C-Seq-Rate= (Ctrttn - Ctrtt0) / (tn - t0) 
(2) Apparent-Net C-Seq-Rate= (CNTtrttn - CCTtrttn) / (tn - t0) 
(3) Real-Net C-Seq-Rate= (CNTtrttn - CNTtrtt0) - (CCTtrttn - CCTtrtt0) / (tn - t0) 
where, Ctrttn is the carbon stock in the treatment at time n; Ctrtt0 is the carbon stock in the treatment at time 
zero; CNTtrttn is the carbon stock no-till treatment at time n; CCTtrttn is the carbon stock conventional tillage 
treatment at time zero; CNTtrtt0 is the carbon stock no-till treatment at time n; CCTtrtt0 is the carbon stock 
conventional tillage treatment at time zero. The results were compared by the means’ standard error and by 
the significance of the correlation in the regression analysis between soil carbon sequestration rates 
calculation methodologies. 
For both soils, the main differences between treatments were noted at 0-0.05 m depth (Fig 1 A and D). The 
shallow depth was influenced by tillage treatments and C inputs from crop residues (Oxisol and Mollisol) 
and manure (Mollisol). For the Mollisol, the 0.90-1.20 m soil layer showed a consistent reduction of carbon 
content in all treatments. This effect could be explained by the shallow root system in agricultural systems 
compared with grasslands. In the Mollisol (B), only the no-till showed soil C sequestration regardless of the 
soil layer analyzed, while the conventional tillage showed a loss of C at depth (0-1.20 m). The higher soil C 
sequestration at the surface in no-till compensated for the loss of soil C at depth. The real-net soil carbon 
sequestration (C) by no-till ranged between 0.28 and 0.76 Mg ha-1 y-1 at 0-0.30 m and between 1.12 and 2.18 
Mg ha-1 y-1 at 0-1.20 m according to the N source. In the Oxisol, the apparent soil C sequestration (E) for no-
till using conventional tillage with monocropping (R0) as the baseline ranged between 0.02 and 0.38 Mg ha-1 
y-1 at 0-0.30 m and between 0.11 and 0.56 Mg ha-1 y-1 at 0-1.20 m for the R0 and R2 treatments, 
respectively. In conclusion, the results show that the investigation of soil C sequestration rates should be 
performed deeper than the tillage zone to assess the importance of agricultural systems as a soil C sink. 
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Figure 1. Soil organic C content in a Mollisol from Kansas, USA (A) and an Oxisol from southern Brazil 
(D). Real (B) and net-real (C) soil carbon sequestration rates in the 0-0.30, 0-0.60, and 0-1.20 m in the 
Mollisol. Apparent soil C sequestration rates in the 0-0.30, 0-0.60, and 0-1.20 m in the Oxisol. 
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