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Sequestering carbon in agricultural soils: What works?
Contents:
A.  Major reports and reviews of carbon sequestration in agricultural soils
B.  Annotated bibliography: Does no-till actually contribute to carbon sequestration?
C.  Impacts of periodic tillage on carbon sequestered by no-till
D.  Calculating GHG reduction from changes in soil organic carbon
E.  Fuel reduction from using no-till—NRCS report
F.  Grazing: do cattle help to sequester carbon or not?

Note:  It can be difficult to obtain articles in scientific journals without access to a university library.  However, many of the articles below can be found online as pdfs by searching on the citation.  For the others, reading just the abstract may be of some help.  All of the reports are available online by just searching on the title.

A.  Major reports and reviews of carbon sequestration in agricultural soils

Olander, L. et al 2011. Assessing Greenhouse Gas Mitigation Opportunities and Implementation Strategies for Agricultural Land Management in the United States.  Report of the Technical Working Group for Agricultural Greenhouse Gases (T-AGG).  Available at:
https://nicholasinstitute.duke.edu/ecosystem/t-agg/assessing-greenhouse-gas-mitigation-opportunities-and-implementation-strategies-for-agricultural-land-management-in-the-united-states

Eagle, A. et al. 2012. Greenhouse Gas Mitigation Potential of Agricultural Land Management in the United States: A Synthesis of the Literature (Third Edition).  T-AGG Report. Available at:
https://nicholasinstitute.duke.edu/ecosystem/land/TAGGDLitRev

Paustian, K. et al. 2016.  Climate-Smart Soils. Nature 532:49-57. DOI: 10.1038/nature17174
https://www.researchgate.net/publication/300372553_Climate-smart_soils

COMET-Planner:  http://qtool-web1.nrel.colostate.edu/  Scroll down and look for the link to the COMET-Planner Report for the pdf file that describes all of the NRCS carbon-sequestering strategies with estimates for GHG reduction.

Jackson, RB, K Lajtha, SE Crow, G Hugelius, MG Kramer, G Piñeiro . 2017 . The ecology of soil carbon: pools, vulnerabilities, and biotic and abiotic controls . Annual Review of Ecology, Evolution, and Systematics . 48:419-445 . doi:10.1146/annurev-ecolsys-112414-054234 . [image: DF icon]jackson_et_al._arees_2017.pdf 

Six, J. et al. 2004.  A history of research on the link between (micro)aggregates, soil biota, and soil organic matter dynamics.  Soil & Tillage Res. 79: 7-31. 



B.  Annotated bibliography: Does no-till actually contribute to carbon sequestration?

1. Articles arguing that more carbon is stored under inversion tillage than in no-till:
Baker, JM et al. 2007. Tillage and soil carbon sequestration:  What do we really know?  Agric. Ecosystems and Env. 118:1-5.
SV note:  These authors make a number of questionable statements about no-till that contradict basic soil health information from NRCS and others.  These include saying that bulk density is greater in no-till than tilled, and that there is greater resistance to penetration in no-till soils.  The greater infiltration of water in no-tilled soils, and the enhanced compaction in tilled soils argues against these assertions.  In addition, these authors make way too much of a result showing a slight carbon loss in no-tilled soils below 30 cm (VandenBygart et al. 2003). Although Baker et al state that the large standard error of that result means that it is not statistically significant, they go ahead and interpret it anyway as showing evidence for carbon benefits of tilling.  This is not good scientific practice.    

Blanco-Canqui, H. & R. Lal.  2008.  No-tillage and soil-profile carbon sequestration:  an on-farm assessment.  Soil Sci. Soc. Amer. J. 72:693-701.  
SV note:  This study is marred by some serious statistical issues.  The authors compared one tilled and one no-tilled field in each of 11 Major Land Resource Areas with no replication of fields within site.  The sites varied from 4-30 years in duration of no-till, which probably would have led to a site effect if they had replicated fields to test that.  The sites also differed considerably in their agronomic histories, and in some sites, the agronomic practices varied for one or both of the fields within the 4-30 year no-till period.  They sampled three areas within each field and used these as their replicates, a classic example of pseudoreplication, which they actually defend as “a common approach used to overcome the lack of replication in on-farm studies”.  The correct method would have been to sample several fields per site, rather than to use multiple samples within a single field, since this leaves no way to determine whether the difference in carbon profiles is really due to tillage or just due to some other aspect of the one field used to represent each tillage type.  In addition, their results were plotted by site, making interpretation of an overall tillage effect difficult.  In 8/11 sites, there was no difference in SOC profiles over depth between till and no-till (if you are willing to go along with the pseudoreplication they used to test significance), in 2/11 sites, tilled soil had greater carbon at 60 cm than no-till, and in 1/11 sites, no-till had greater carbon at 60 cm than tilled.  It is worth noting that this seriously flawed paper is cited everywhere as evidence that no-till is not a useful practice for sequestering carbon.  

Powlson et al. 2014. Limited potential of no-till agriculture for climate change mitigation.  Nat Clim. Change 4:678-683.
SV note: Fig. 1, which illustrates the authors’ primary conclusion that more carbon is stored below 20 cm in conventional tillage than in no-till, is redrawn from a graph in Angers et al., 2008.  In that original paper, however, Angers et al. argue that the greater soil organic carbon at 25-35 cm is just the carbon in the buried residue, not actual stored carbon.  Although some have argued that burying residue speeds its transformation into stored carbon (see refs in Angers et al, 2008), most of the evidence points to roots being the primary source of stored carbon.  My interpretation is that the premise upon which the conclusions of this paper rest are incorrect.

2. Articles arguing either that we can’t accurately determine differences in carbon stored between tilled and no-tilled or that more carbon is stored under no-till.

Kravchenko, AN et al. 2011.  Whole-profile carbon stocks:  The danger of assuming too much from analyses of too little.  Soil Sci. Soc. Amer. J. 75:235-340.  
SV note: The title says it all—carbon stored in soils is highly spatially heterogeneous, particularly in layers >30 - 40 cm.  In other words, comparing amounts of SOC between tilled and no-tilled fields for samples from these depths has very little statistical power at typical levels of replication, leading to a rather high probability of an erroneous conclusion.  Bottom line—the high variability in carbon stocks in deep soils means that a large number of samples must be taken in order to make any valid scientific inference.  These authors ran a power analysis of the Blanco-Canqui & Lal (2008) results and found that even if the tilled soils had twice the carbon at 60 cm as the untilled soils, there would have been only around a 50% chance of detecting that.  Very few studies of carbon concentrations in deep soils have enough replication to make statistically valid comparisons.  These authors caution against “whole profile” comparisons of carbon because of greater variability in deeper layers, suggesting instead that statistical comparisons of tilled and no-tilled soils be made separately at each depth, as done in the Angers et al (2008) paper discussed below.

Syswerda, SP et al. 2011.  Agricultural management and soil carbon storage in surface vs. deep layers.  Soil Sci. Soc Am. J. 75: 2011.  
SV note:  This study involved comparing SOC at depths up to 60cm in tilled and untilled soils in several experimental annual cropping systems  encompassing no-till, conventional, reduced input and organic,  and several successional systems of different ages.  All but the no-till plots were plowed at the beginning of the year, with additional tillage in the corn/bean rotations and inter-row cultivating in the organic and reduced input treatments. Replicated plots (6) were established for each of the experimental cropping systems.  They found no evidence for greater carbon in deep layers in the conventional treatments—if anything, carbon levels were greater in no-till than tilled.

Angers, DA & NS Eriksen Hamel. 2008. Full-inversion tillage and organic carbon distribution in soil profiles: A meta-analysis.  Soil Sci Soc. Amer. J. 72:1370-1374.  
SV note:  This was the paper that convinced me not to worry about this issue.  They found greater carbon in no-till from 1-5 cm and 6-10 cm, and more carbon in the inversion tillage samples from 16-35cm.  However, they interpret this as carbon that is actually residing in the inverted crop residues—not as stored carbon.  Since the evidence suggests that most stored carbon is derived from roots, not from plant residues, finding more carbon from plant residues at 16-35 cm doesn’t mean that inversion tillage leads to more stored carbon.  In fact, this suggests to me that the entire controversy could be an artifact of measuring carbon in inverted crop residues rather than having anything to do with actual stored carbon.  Even if you did consider the carbon in the 16-35 cm layer of tilled soils as representing stored carbon, however, these authors reveal at the end of the paper that it is not enough to compensate for the far greater carbon found near the surface in no-tilled soils, presumably protected in aggregates. 

C.  What is the impact of periodic tillage?
Conant, RT. Et al. 2007.  Impacts of periodic tillage on soil C stocks: A synthesis.  
Soil & Tillage Research 95: 1–10.  http://dx.doi.org/10.1016/j.still.2006.12.006.  
SV note:  This paper suggests that shallow tilling, deep ripping or cultivating for weeds every other year may not cause the loss of more than 6-10% of the carbon accumulated in 10+ previous years of no-till.  


D.  Calculating GHG reduction from changes in soil organic carbon.  At the time of the webinar, I didn’t know how to relate changes in soil organic carbon to the GHG reductions estimated in COMET-Planner and elsewhere.  There is actually a direct relationship between mass of SOC in a sample of known volume and the amount of avoided atmospheric CO2.  It is fairly simple if you can keep your units straight. 
 
In practice, the hardest parts of this calculation are probably getting a reliable estimate of %SOC at the different depths in a field or fields on which the carbon-sequestering practice has been implemented, and detecting a difference between % SOC before and after the practice was started.  What worries me about the actual measurements of soil carbon before and after is that for the cropland management practices like no-till or cover crops where the GHG reduction cited in COMET-planner is only 0.3 or so Mt per acre per year, it will take a few years to actually see a change using a more or less routine soil test.  

California has adopted the strategy of sampling a permanent grid with GPS coordinates, where repeated samples can be taken over time in the same places.  This increases the statistical power to detect differences, according to Paustian et al. 2017. Quantifying soil carbon measurement for agricultural soils management:  A consensus view from science.  Soil Organic Quantification Initiative, Jahn Lab, University of Wisconsin.  This paper is a report from a conference held in 2017 and it can be accessed at: https://jahnresearchgroup.cals.wisc.edu/wp-content/uploads/sites/223/2017/08/1.-Quantifying_soil_carbon_measurement_for_agricultural_soils_management_17.09.05.pdf

The calculation:
1.  To estimate % SOC:  Obtain replicate soil samples, dry and combust, put % SOC in units of g/100g or kg/Mg).  Ex: 2% SOC = 20 kg Mg-1. 
2.  Multiply by bulk density of the sample (units of Mg m-3) to get carbon mass in kg/m-3, 
3. Multiply by the depth of the sample (m), to get carbon mass in kg m-2then multiply by 
10000 m2/hectare to get to carbon mass/hectare or acre. 
4.  Then convert the mass of C/hectare into Mt of CO2/hectare.  

Note:  1 Mt C = 3.67 Mt CO2, 1 hectare = 10,000 m2, 1 acre = 0.405 hectare, 1 hectare = 2.47 acres.

E.  Fuel savings from no-till information came from:  Natural Resources Conservation Service. 2016. Reduction in annual fuel use from conservation tillage. Conservation Effects Assessment Project (CEAP). Available at:
www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcseprd1258255.pdf

F.  Grazing: do cattle help to sequester carbon or not?
Various strategies for “management-intensive grazing” have received considerable attention in the popular press, but the scientific support for grazing as a carbon-sequestering practice is currently thin.  Cattle emit methane, so the carbon sequestered has to be enough to exceed these emissions.  I am aware of only one paper that clearly shows a net carbon benefit from grazing relative to feedlot finishing (Stanley et al., 2018.  Agricultural Systems 162:249-58).  In addition, per calorie available for human consumption, cattle use a lot of water and grass-fed cattle require a tremendous amount of land.  Manure and urine are not extra carbon and nitrogen added to the system, they are just reprocessed from the grass already eaten.  If cattle are fed some hay or grain from offsite to supplement grazing, that carbon cannot be counted as sequestered by grazing activities.  Cattle grazing can also cause soil compaction.  Finally, the grazing has to be carefully monitored so that the cattle graze long enough to stimulate growth and eat even undesirable plants, but not so long that they overgraze the paddock and cause a lot of soil compaction by trampling the same ground over and over.

Successful “management-intensive grazing” requires continual adaptive management, that is, monitoring the state of the pasture and the animals to be sure that the animals get enough to eat without overgrazing the paddocks.  Proponents also say it works best when an element of randomness is introduced, i.e. skip a paddock now and then, change up the paddock rest schedule etc.  All in all, the high level of moment-to-moment decision making and keeping track of the state of each paddock suggests to me that rotational grazing will only be successful for highly experienced and motivated graziers.  There is no clear protocol or recipe that can be easily followed by everyone.  To me, this makes it less appealing to recommend as part of a state-run incentive program.

Here are some references I found useful, in addition to Stanley et al. 2018 and papers they cite:

Conant, RT et al. 2003.  Land use effects on soil carbon fractions in the southeastern US. I. Management intensive vs. extensive grazing.  Biol. Fertil. Soils 38: 386-392.

Garnett et al. 2017.  Grazed and confused: Ruminating on cattle, grazing systems, methane, nitrous oxide, the soil carbon sequestration question and what it all means for GHG emissions.  FRCN, University of Oxford.  (freely available online).



image1.png




