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Cropland C-Stock in soil
Management can + /- C stocks
Magnitude and longevity of C-stock 
changes are environment and 
difference sensitive
Subject to future management 
changes



  

    

    

  

  

 
 

  

Management choices can cause 
Degrade structure & aggregation 

Ag. practices that 
leave the land Compaction & crusting 

exposed, providing 
Accelerate water & wind erosion inadequate carbon 

inputs 
Reduced plant growth 

Impair soil biology 

Decrease potential 
future yield Reduce soil Carbon and  

Soil Productivity 



 Tillage: erosion and carbon-loss 
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Build Climate Resilient 
Healthy Soil 

Increase yield potential 
Increase soil carbon 

Improve infiltration 
Improve resilience to 
Water & wind erosion 

Enhance soil structure 
& aggregation 

Increase soil biology and 
function Increase Plant and 

belowground diversity 

Conservation-
restorative 
practices, “Climate 
Smart” , CRP, cover 
crop, perennials 

Or Agricultural Practices can.. 



            

            
            
            

            
            

 

  

  Example: empirical study 
Rotation history and sampling, all no tillage 
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A=Alfalfa, BBS = Big Bluestem, C=corn, SW=Switchgrass, 

S-Soybean, W=spring wheat Nitrous oxide measured

Perennial Grass

Perennial Grass

Soil  
Sampling 



       Soil sampling, GHG sampling occurred all four seasons, crop residue and grasses harvested annually 



  
  

 
  

   

 

 Study found 
• SOC stocks (0-5 cm; P≤0.05) increased under the perennial 

grasses and in the W+A/A/A rotation but not deeper in the profile. 

• SOC storage  (10-years) under perennial may not be adequate 
to offset fertilizer induced N2O emission. 

• N management refinement needed to optimize grass biomass 
production and minimize N2O emission. 

Johnson and Barbour, 2018 
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   Agricultural management practices for 
croplands 

 Conservation/ no tillage:
 0.40 ± 0.61 Mg C ha−1 year−1 (n=44, average depth 30 cm

Midwest USA Johnson et al., 2005)
 0.58 ± 0.71 Mg C ha−1 year−1 (Eastern USA , n=37; 21 cm, Dell

and Novak, 2005)
 Reduced/No tillage increased SOC stock ~19% (subtropical and

tropical soils N= 420, Das et al., 2022)
 No tillage – without out residue retention less effective at SOC

retention (Xiao et al., 2021)
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Mean differences SOC stocks in ag. soils according to tillage system, crop frequency and use of 
legumes as compared pretreatment baselines in the cumulative 0-100 cm soil layer. Meta-Analysis – 
from 121 studies, 19 countries, 6 continents. Nicoloso and Rice 2021 SSSAJ 
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Residue management – 
• Residue retention promotes C accumulation (Li et al., 2020) 
• Harvesting <50% corn residue reduced C-stock loss (Xu et al., 2019) 

USDA-ARS 
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■ 0.32 ± 0.08 Mg C ha-1 year-1; n=13 7 sites (Poeplau 
■ 15% increase tropical/subtropical = 4 (Das et al., 20 
■ Impact on N20 - equivocal n=10 ; 2 ies (Basche 

 
    

  
   

   

 0.32 ± 0.08 Mg C ha−1 year−1; n=139, 37 sites (Poeplau and Don, 2015 )

2 – 
 15% increase tropical/subtropical n=248  (Das et al., 2022)

 Impact on N O equivocal n=106; 26 studies (Basche et al., 2014)









Crop rotation and cover crops
Corn provides high plant C-stocks (Mathew et al., 2020)
Perennials and cover crops > grain only or grain + legume (King 
and Blesh, 2018)
Cover crop benefits modulated by type, soil, and climatic



Agricultural management practices 
■ Residue management -

■ Residue retention promotes C accumulation (Li et a,I., 2020) 
- 11 ---1 

■ Harvesting <50% corn residue reouced C-stock k>ss (Xu et 
al., 2019) 

■ Harvesting maize residue ten . e . to decrease IN20 emission 
(Jin et al., 2014 Bioenergy Res.) 

■ Meta-analysis N20 increased but nitrate leaching 
decreased w/residue retention (n=178, temperate soil Li et 
al., 2021) 

• 
USDA-ARS-NCSCRL 
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 Residue management – 

-
al., 2019) 

 Harvesting maize residue tended to decrease N2O emission 

 Residue retention promotes C accumulation (Li et al., 2020) 
 Harvesting <50% corn residue reduced C stock loss (Xu et 

(Jin et al., 2014 Bioenergy Res.) 
 Meta-analysis N2O increased but nitrate leaching 

decreased w/residue retention (n=178, temperate soil Li et 
al., 2021) 

USDA-ARS-NCSCRL 

Agricultural management practices 



– 

Concluding comments 
■ Empirical studies one-step in the process 

■ Aggregated via-meta-analyses - expand unde~standing 
- ,, 

among regions, environment -: 

■ Models, Life-cycle analyses Ii /y~ n solid studies to infor · , 
validate and calibrate 

■ Goal - Agricultural practices that provide food~ feed, fi ,ber 
and fuel while increasing soil carbon and healthy resilient 
soils - for today and tomorrow 
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Concluding comments 
 Empirical studies one-step in the process 
 Aggregated via-meta-analyses – expand understanding 

among regions, environment 
 Models, Life-cycle analyses rely on solid studies to inform, 

validate and calibrate 

 Goal Agricultural practices that provide food, feed, fiber 
and fuel while increasing soil carbon and healthy resilient 
soils - for today and tomorrow 



Acknowledgements 

 Thank-you the organizers for the invitation and 
opportunity to present. 

 Thank-you for your attention 



• 

• 
• 

' ' ., 
Wa tar COi ., 81(4), 120A-125A. hllpe://www 1CCJP111 comlln\TJantl 
33845342879&parD-40lmcl5a9424fa0211b878S4dcaab512a 
Jotli'IIOII, J. M. F., Relcoeky, D. C., Allnaa, R. R., Saus, T. J., Ve1,a 
pallnllal d agrtcullln In h C811bal USA [Co:dla.\11108 Papeij. Sal 

L - w• ..... mlllllon 

mlllgallon 
2005.02.010 

 

           
   

               
 

             
  

      
        

   
     

             
  

 
           

       
             

      
             

         
   

           
    

        
  

          
  

Additional resources

 Johnson, J. M. F., & Barbour, N. W. (2016). Nitrous oxide emission and soil carbon sequestration from herbaceous perennial biofuel feedstocks. Soil
Science Society of America Journal, 80(4), 1057-1070. https://doi.org/10.2136/sssaj2015.12.0436

 Johnson, J. M. F., & Barbour, N. W. (2019). Stover harvest did not change nitrous oxide emissions in two Minnesota fields. Agronomy Journal, 111(1), 143-
155. https://doi.org/10.2134/agronj2018.09.0591

 Johnson, J. M. F., Franzluebbers, A. J., Weyers, S. L., & Reicosky, D. C. (2007). Agricultural opportunities to mitigate greenhouse gas emissions [Review].
Environmental Pollution, 150(1), 107-124. https://doi.org/10.1016/j.envpol.2007.06.030

 Johnson, J. M. F., Jin, V. L., Colnenne, C., Stewart, C. E., Jantalia, C. P., & Xiong, Z. (2017). Row-Crop production practices effects on greenhouse gas
emissions. In M. M. Al Kaisi & B. Lowery (Eds.), Soil Health and Intensification of Agroecosystems (pp. 257-275). Elsevier.

 Johnson, J. M. F., Novak, J. M., Varvel, G. E., Stott, D. E., Osborne, S. L., Karlen, D. L., Lamb, J. A., Baker, J., & Adler, P. R. (2014). Crop residue mass
needed to maintain soil organic carbon levels: Can it be determined? [Article]. BioEnergy Res., 7(2), 481-490. https://doi.org/10.1007/s12155-013-9402-8

 Johnson, J. M. F., Reicosky, D., Allmaras, R., Archer, D., & Wilhelm, W. (2006). A matter of balance: Conservation and renewable energy [Review]. J. Soil
Water Conserv., 61(4), 120A-125A. https://www.scopus.com/inward/record.uri?eid=2-s2.0
33845342879&partnerID=40&md5=9424fa02e624c11b678f4dceeb5e2eef

 Johnson, J. M. F., Reicosky, D. C., Allmaras, R. R., Sauer, T. J., Venterea, R. T., & Dell, C. J. (2005). Greenhouse gas contributions and mitigation
potential of agriculture in the central USA [Conference Paper]. Soil Tillage Res., 83(1 SPEC. ISS.), 73-94. https://doi.org/10.1016/j.still.2005.02.010

 Johnson, J. M. F., Weyers, S. L., Archer, D. W., & Barbour, N. W. (2012). Nitrous oxide, methane emission, and yield-scaled emission from organically and
conventionally managed systems [Article]. Soil Science Society of America Journal, 76(4), 1347-1357. https://doi.org/10.2136/sssaj2012.0017

 Hristov, A. N., Johnson, J. M. F., Rice, et. A;. (2018). Chapter 5: Agriculture. In Second State of the Carbon Cycle Report (SOCCR2): A Sustained
Assessment Report In N. Cavallaro, G. Shrestha, et al., (Eds.), Second State of the Carbon Cycle Report (SOCCR2): A Sustained Assessment Report.
(pp. 229-263. https://doi.org/210.7930/SOCCR7932.2018.Ch7935. ). U.S. Global Change Research Program.
https://doi.org/https://doi.org/10.7930/SOCCR2.2018.Ch5.

 Jin, V. L., Baker, J. M., Johnson, J. M. F., Karlen, et. Al., (2014). Soil greenhouse gas emissions in response to corn stover removal and tillage
management across the US corn belt. BioEnergy Res., 7(2), 517-527. https://doi.org/10.1007/s12155-014-9421-0

 Xiao, L., Kuhn, N. J., Zhao, R., & Cao, L. (2021). Net effects of conservation agriculture principles on sustainable land use: A synthesis [Article]. Global Change
Biology, 27(24), 6321-6330. https://doi.org/10.1111/gcb.15906

 Mathew, I., Shimelis, H., Mutema, M., Minasny, B., & Chaplot, V. (2020, 2020/05/15/). Crops for increasing soil organic carbon stocks – A global meta analysis.
Geoderma, 367, 114230. https://doi.org/https://doi.org/10.1016/j.geoderma.2020.114230



■ Olson, K. R. (2013, 3//). Soil organic carbon sequestration, storage, retention and loss in U.S. croplands: Issues paper for protocol development. Geoderma, 
195-196, 201-206. https://dolorg/http://dx.dolorg/10. 1016/j.geoderma.2012. 12.004 

■ Olson, K. R., & AI-Kaisi, M. M. (2015, 2/ /). The importance of soil sampling depth for accurate account of soil organic carbon sequestration, storage, 
retention and loss. Catena, 125, 33-37. https.//doi.org/https://doi.org/10. 1016/j.catena.2014. 10.004 

■ Hristov, A. N., Johnson, J. M. F., Rice, et al.. (2018). Chapter 5: Agriculture. In Second State of the Carbon Cycle Report (SOCCR2): A Sustained Assessment 
Report In N. Cavallaro, G. Shrestha, R. Birdsey, M.A. Mayes, R. G. Najjar, S. C. Reed, P. Romero-Lankao, & Z. Zhu (Eds.), Second State of the Carbon Cycle 
Report (SOCCR2): A Sustained Assessment Report. (pp. 229-263. https.//doi.org/270.7930/SOCCR7932.2078.Ch7935. ). U.S. Global Change Research Program. 
https.//doi.org/https://doi.org/7 0. 7930/SOCCR2.20 7 8. Ch 5. 

■ 

■ 

■ 

■ 

Das, S., Chatterjee, S., & Rajbanshi, J. (2022, 2022/01/20/). Responses of soil organic carbon to conservation practices including climate-smart agriculture io 
tropical and subtropical regions: A meta-analysis. Science of the Total Environment, 805, 7 50428. 
https./ /doi.org/https,//doi.org/10. 70 7 6l).scitotenv.2021. 7 50428 \ 

Li, Z., Reichel, R., Xu, Z., Vereecken, H., & Bruggemann, N. (202 7, 202 7/ 7 0/04). Return of crop residues to arable land stimulates N2O emission but mitigates 
NO3- leaching: a meta-analysis. Agronomy for Sustainable Development, 41(5), 66. https-://doi.org/ 70. 7007/ s73593-027 -00772-x 

Wilhelm, W W., Hess, J. R., Karlen, D. L., Johnson, J. M. F., Muth, D. J., Baker, J. M., Golian ~ H. T., Novak, J. M., Stott, D. E. , & Varvel, G. E. (20 7 0). Review: 
Balancing limiting factors & economic drivers for sustainable Midwestern US agricilt ra res "due feedstock supplies [Review]. Industrial Biotechnology, 6(5), 
277-287. https,//doi.org/ 10. 7089/ind.2070.6.277 

Wilhelm, W. W , Johnson, J. M. F., Hatfield, J. L., Voorhees, W. B., & Linden, D. R. (20 4). rop a d soil productivity response to corn esidue removal: A literature 
review [Review]. Agronomy Journal, 96(7), 7- 7 7. https:/ /doi.org/ https,//doi.org/ 70. 734 agronj 04. 7000a 

■ Wilhelm, W. W., Johnson, J. M. F., Karlen, D. L., & Lightle, D. T. (2007). Corn stover to sustain soil organic carbon further constrains iomass supply [Article]. 
Agronomy Journal, 99(6), 7 665- 7 667. https://doi.org/ 7 0.2 7 34/agronj2007.0 7 50 

• 

\ 

            

              
 

       
              

       
 

             
        

            
     

 
       

     
   

         

 Olson, K. R. (2013, 3//). Soil organic carbon sequestration, storage, retention and loss in U.S. croplands: Issues paper for protocol development. Geoderma,
195–196, 201-206. https://doi.org/http://dx.doi.org/10.1016/j.geoderma.2012.12.004

 Olson, K. R., & Al-Kaisi, M. M. (2015, 2//). The importance of soil sampling depth for accurate account of soil organic carbon sequestration, storage,
retention and loss. Catena, 125, 33-37. https://doi.org/https://doi.org/10.1016/j.catena.2014.10.004

 Hristov, A. N., Johnson, J. M. F., Rice, et al. . (2018). Chapter 5: Agriculture. In Second State of the Carbon Cycle Report (SOCCR2): A Sustained Assessment
Report In N. Cavallaro, G. Shrestha, R. Birdsey, M. A. Mayes , R. G. Najjar, S. C. Reed, P. Romero-Lankao, & Z. Zhu (Eds.), Second State of the Carbon Cycle
Report (SOCCR2): A Sustained Assessment Report. (pp. 229-263. https://doi.org/210.7930/SOCCR7932.2018.Ch7935. ). U.S. Global Change Research Program.
https://doi.org/https://doi.org/10.7930/SOCCR2.2018.Ch5.

 Das, S., Chatterjee, S., & Rajbanshi, J. (2022, 2022/01/20/). Responses of soil organic carbon to conservation practices including climate-smart agriculture in
tropical and subtropical regions: A meta-analysis. Science of the Total Environment, 805, 150428.
https://doi.org/https://doi.org/10.1016/j.scitotenv.2021.150428

 Li, Z., Reichel, R., Xu, Z., Vereecken, H., & Brüggemann, N. (2021, 2021/10/04). Return of crop residues to arable land stimulates N2O emission but mitigates
NO3− leaching: a meta-analysis. Agronomy for Sustainable Development, 41(5), 66. https://doi.org/10.1007/s13593-021-00715-x

 Wilhelm, W. W., Hess, J. R., Karlen, D. L., Johnson, J. M. F., Muth, D. J., Baker, J. M., Gollany, H. T., Novak, J. M., Stott, D. E., & Varvel, G. E. (2010). Review:
Balancing limiting factors & economic drivers for sustainable Midwestern US agricultural residue feedstock supplies [Review]. Industrial Biotechnology, 6(5),
271-287. https://doi.org/10.1089/ind.2010.6.271

 Wilhelm, W. W., Johnson, J. M. F., Hatfield, J. L., Voorhees, W. B., & Linden, D. R. (2004). Crop and soil productivity response to corn residue removal: A literature
review [Review]. Agronomy Journal, 96(1), 1-17. https://doi.org/https://doi.org/10.2134/agronj2004.1000a

 Wilhelm, W. W., Johnson, J. M. F., Karlen, D. L., & Lightle, D. T. (2007). Corn stover to sustain soil organic carbon further constrains biomass supply [Article].
Agronomy Journal, 99(6), 1665-1667. https://doi.org/10.2134/agronj2007.0150


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Agricultural management practices for croplands
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Agricultural management practices
	Concluding comments
	Acknowledgements
	Additional resources
	Slide Number 17



