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Maryland’s Healthy Soil Program
● Recognizes the role that agriculture—specifically the soil—can play in 

helping Maryland meet its goal of reducing greenhouse gas emissions 
40% by 2030

● Some soil scientists say we can sequester all our current C emissions in soil.
● A diverse group of stakeholders—MDA and other state agencies and 

environmental & climate change advocates—have done much work on the 
legislation and program, including identifying the practices which will lead us to 
healthy biologically active soils.

● Law directs MDA to provide farmers with research, education, technical 
assistance and available funding in order to help farmers build healthy soils.



Healthy Soils Practices:
The Importance of Getting Identification Right 
Identifying practices which optimize Soil Organic Carbon is important because
● Farmers will be encouraged to transition to those practices
● Grant dollars and carbon credits will flow to those practices
● Carbon sequestration may or may not be optimized for the benefit of soil

health, human health, and climate change mitigation



Healthy Soils Consortium and the
Governor’s Soil Health Advisory Committee
The Healthy Soils Consortium specifically established under the Healthy Soils 
Program met for 2 years from June 2017 until disbanded in August 2019

● It was comprised of a broad base of community interests—environmental 
stakeholders and state agencies

● Though discussions were vigorous at times, its work was not completed as 
certain practices with significant potential had yet to be addressed

The Governor’s Soil Health Advisory Committee began meeting in December 
2019, and will hopefully address those practices overlooked, to date.



Significant Potential: Pastured Animal Production
● Pasture can sequester:

○ 2.9-3.2 metric tons of CO2 equivalent per acre/per yr
○ 14 times more carbon than no-till (0.21) and 
○ 5 to 6.56 times more carbon than cover crops
○ More reliably than trees—forest fires can turn 

carbon sinks into carbon sources
○ More than cropland 

● MDA awards low score of 0.26 to pasture which 
does not recognize the role pasture can play 
in carbon storage, but accepts the high score of 
1.34 for adding 20 trees to existing pasture (called silvo-pasture). 
○ Effect: existing pasture is recognized, but transition to new pasture is 

discouraged

“probably the most effective 
means of increasing soil 

carbon stocks on annual crop 
land is to convert to perennial 
vegetation, either for grazing 

and forage production, 
afforestation or as conservation 

set asides”.       
- Nat’l Academy of Science 



Significant Potential: Pastured Animal Production
● Actively managed “rotational” pasture production by the farmer
● Animals rotate through pastures according to pasture plan, based on 

pounds of animal/days of duration/acreage of each paddock
● Growing animals and grass with input of the sun—in essence, “grass 

farmers”
● Devil is in the details of farmer’s management—as it is with all of the 

practices under consideration



Pasture Lands Sequester More Carbon Than 
Any Other Agricultural Use
Good News for “Grass Farmers”

● At MD’s strategic planning sessions held around the state in 2019, the 
facilitator commented that at all sessions farmers expressed interest in 
expanding pastured animal production and the State’s expanded support 
of it.

● Given the science and our charge to identify optimal carbon sequestration 
practices, it would be in alignment to include pastured animal production 
on a list of priority agricultural practices which can lead Md farmers to 
sequester more carbon than they currently sequester.



Studies Supporting High Valuation of Pastured Animal Production or Pasture
1. “Negative Emissions Technologies and Reliable Sequestration: A Research Agenda 2019”, National Academies of Sciences, 

Engineering and Medicine 2019 https://doi.org/10.17226/25259 “probably the most effective means of increasing soil carbon 
stocks on annual crop land is to convert to perennial vegetation, either for grazing and forage production, afforestation… or as 
conservation set aside. Perennial grasses, in particular, allocate a large fraction of their carbon assimilates to below-ground 
production…”

2. “Rationally Managed Pastures Stock More Carbon Than No-Tilled Fields" Hizumi . S, de Filho and Brugnara, Frontiers Environ. Sci. 
Dec. 21, 2017

3. Pawlok Dass and Benjamin Houlton, UC Davis John Muir Institute (2018), Environmental Research Letters, concluding that in 3 of 4
model California simulations (the 4th being that carbon emissions largely stop), grasslands and rangelands were more reliable 
carbon sinks than trees. (Grasslands sequester most of their carbon in soil while forests store it mostly in woody biomass and 
leaves.  In unstable climate with warming, drought and fires, forest carbon sinks become carbon sources.)

4. D. Johnson, R. Weil et al “Sustainability of Management-Intensive Grazing Dairy Farms versus Conventional Confinement Dairy 
Farms” post-2013

5. Paige L. Stanley “Impacts of Soil Carbon Sequestration on Life Cycle Greenhouse Gas Emissions in Mid-Western USA Beef”, Vol 162 
May 2018 (noting the need for additional data including the impact of soil erosion on land used to produce confinement feed crops)

6. M. Silveira et al (2012) “Carbon Sequestration in Grazing Land Ecosystems”, Doc SL373 U of Fla IFAS Extension (because 90% of
carbon in pasture is stored in the ground and “because carbon stored below ground is more permanent than plant biomass, soil 
carbon sequestration in grazing lands provides a long-term alternative” to forests)

https://doi.org/10.17226/25259


More Studies Supporting High Valuation of Pastured Animal Production or 
Pasture

7. Ryals and Silver 2012, Ryals et al 2014 (rapidly increases soil organic carbon particularly when coupled with thin compost 
application)

8. Silva et al (2016), Review of the number of pasture studies on carbon equestration
9. Liebig, M A et al 2010 “Grazing Management Contributions to Net Global Warming Potential: A Long-Term Evaluation in the 

Northern Great Plains”. J. Environ. Qul. 39, 799-809 (concluding that all three pasture types studied..both moderately and 
heavily grazed native pasture and a heavily grazed wheatgrass pasture...were significant sinks for SOC”)

10. Wang, T, Teague W, and Bevers S (205) “GHG Mitigation Potential of Different Grazing Strategies in the US Southern Great 
Plains”, Economics (concluding that farms converting from continuous to managed paddock grazing in the region are likely 
net carbon sinks for decades)

11. Byrnes, R et al (2018) “ Global Meta-Analysis of Grazing Impacts on Soil Health Indicators”, Journal of Environ. Quality
12. Wenquin Chen et al “Improved Grazing Management May Increase Soil Carbon Sequestration in Temperate Steppes”, 

Scientific Reports (2015) 5: 10892
13. Union of Concerned Scientists “Greener Eggs nd Ham: The Benefits of Pasture-Raised Swine, Poultry, and Egg Production” 

Kate Clancy De. 2016



More Studies Supporting High Valuation of Pastured Animal Production or 
Pasture

14. Conant, R T et al (2017) “Grassland Management Impacts on Soil Carbon Stocks: A New Synthesis”, Ecological 
Applications Vo;l 27 Issue 2 (confirming earlier conclusions that improved grazing management, fertilization, 
sowing legumes and improved grass species, irrigation, and conversion from cultivation all tend to increase 
soil C, at rates ranging from .105 to more than 1Mg C/ha/yr, and additionally reviewing fire, silvopasture and 
reclamation.)

15. Conant R T et al 2001 “Grassland Management and Conversion into Grasslands: Effects on Soil Carbon”, 
Ecological Applications 11(2): 343-55 (conversion of cropland to grassland sequesters more carbon.)

16. Machmuller, Megan B. et l 2015 “Emerging Land Use Practices Rapidly Increase Soil Organic Matter”, Nature 
Communications (three SE US farms studies for seven years accumulated carbon at 8 Mg/ha/yr after 
conversion of cropland to managed intensive grazing)



More Studies Supporting High Valuation of Pastured Animal Production or 
Pasture

17. A Greener World “A Breath of Fresh Air: The Truth about Pasture-Raised Livestock PRoduction and Environmental 
Sustainability”, 2015 (see studies cited therein)(Although cattle grazed on pasture may have a slower growth rate 
and thus produce more methane, it is significantly offset by the overall greenhouse gas benefits of pasture-
raised production systems, from carbon sequestration in the soil to lower methane production in their manure”.)

18. Griscom et l (207) “Natural Climate Solutions”, Proc. National Acad. Sci. 114 (44) 2 pp 11645 (recognizing the 
contributions that grazing management can make to net global climate mitigation)

19. McSherry and Ritchie (2013) “Effects of Grazing on Grassland Soil Carbon: A Global Review” Glob. Chang. Biol. 19, 
pp 1347



Significant Potential: Perennial Plantings
● Benefits provided: permanent carbon storage, increased biodiversity, 

watershed protection, wildlife food and habitat, erosion prevention, 
aesthetic beauty, pollinators for crops, and hunting opportunities

● Practices include various conservation covers like grass buffers and filter 
strips (.98 MT but 1.26 including other greenhouse gas emissions), wetlands 
(.98MT), woodlands (1.98, 2.19MT if riparian), tree and shrub buffers 
(2.19Mt), herbaceous buffers (1.98MT), silvopasture (adding trees and shrubs 
to existing pasture) (1.34MT), and conversion from annual to perennial crops

● These are all USDA-recognized agricultural practices with very high 
carbon storage scores deserving of recognition but not considered to 
date because they take land “out of production” or rather out of the 
control of the farmer-operator. Landowners and operators will have to work 
together on this.



Significant Potential: Reducing or Eliminating Certain Synthetic 
Fertilizers

● Compendia of international studies that show the application of certain synthetic 
fertilizers negatively impacts the soil ecosystem, soil organisms, and soil health. 

● In particular, Synthetic Nitrogen causes the soil to release a dangerous 
greenhouse gas nitrous oxide.

● The science related to the impact of synthetic fertilizers has not yet been fully 
addressed or examined by the Consortium or the Committee with one exception

○ The elimination of synthetic nitrogen (1.75MT/ac/yr)
● MD’s 300 organic farmers and MD farmers transitioning to organic, who are 

prohibited from using synthetic nitrogen should receive benefit for their 
contribution.

● Presume Advisory Committee having looked at the science on synthetic fertilizers 
will add it as a priority practice in 2021.



Significant Studies on the Negative Effects of 
Synthetic Fertilizers on Soil Carbon Sequestration

1. E.K. Bunemann, G.D. Schwenke and L. Van Zwieten (2006 Review of studies) “Impact of Agricultural 
Inputs on Soil Organisms- A Review”, Australian Journal of Soil Research 44: 379) (2006) (See Table 4 
Effects of Inorganic Fertilizers on Soil Organisms and Table 5 Comparative Effects of Inorganic and 
Organic Fertilizers on Soil Organisms

2. Heide Hermary, 2007 “Effects of Some Synthetic Fertilizers on the Soil Ecosystem” (synthetic nitrogen) 
3. "Regenerative Organic Agriculture and Climate Change:  A Down to Earth Solution to Global Warming   

“Rodale Institute 2014
4. Reducing 15% of synthetic nitrogen can sequester 68 metric tons of carbon. T-Agg.
5. Khan, Mulvaney and Ellsworth “Synthetic Nitrogen in Fertilizers Deplete Soil Nitrogen” Journal of 

Environmental Quality 2009 “Synthetic nitrogen fertilizers [are] promoting the loss of soil carbon and 
organic nitrogen”.



Significant Potential: Reducing or Eliminating Synthetic 
Pesticides (Insecticides, Herbicides, Fungicides)

● Hundreds of studies reveal that pesticides harm many aspects of soil microbial life, 
including micro-organism proliferation, molecular interactions, enzyme activity, 
nitrogen-fixing, phosphorus-solubilizing, organic matter mineralization, nitrification 
and denitrification, ammonification, redox reactions, and methanogenesis 

○ Meta analysis of hundreds of studies by Hussain et al, “Impact of Pesticides on Soil Microbial 
Diversity, Enzymes, and Biochemical Reactions”, Ch 5 Advances in Agronomy Vo; 102 (2009)

● Many studies, e.g., of the herbicide glyphosate reveal that it affects earthworms;  mycorrhizal fungi 
spore viability and root colonization of arbuscular myco fungi;  the interactions between 
earthworms and symbiotic myco fungi; the activity and reproduction of earthworms; increased soil 
nutrient concentration; the physiology, nutrition and diseases of plants, among other important 
relationships

● National study of 1,000’s of NE farms show that soils from organic farms had 26% more potential for 
long-term carbon storage than conventional farms (Ghabbour and Davies)



Extensive Science on Effect of Synthetic Pesticides on 
Soil (herbicides, insecticides, fungicides)

1. Yayeh Bitew and Melkamu Alemayehu, (2017 Review of 154 studies from 1998-2013) “Impact of Crop Production Inputs on 
Soil Health: A Review” Asian Journal of Plant Sciences 16: 109-131) (2017) (see text and Table 7 list of the impact of 13 
insecticides and nematicides and 10 fungicides on soil health)

2. E.K. Bunemann, G.D. Schwenke and L. Van Zwieten (2006 Review of studies) “Impact of Agricultural Inputs on Soil Organisms-
A Review”, Australian Journal of Soil Research 44: 379) (2006) (See Table 7 Effect of Animal Manures, Biosolids, and Composts
on Soil Organisms, Table 8 Impact of Herbicides on Non-Target Soil Organisms, Table 9 Impact of Insecticides and 
Nematicides on Non-Target Soil Organisms, Table 10 Impact of Fungicides on Non-Target Soil Organisms, Table 11 Impact of  
Veterinary Health Products , Fumigants, and other Biological and Non-Chemical Plant Protection Measures on Non-Target Soil 
Organisms)

3. S. Hussain et al “Impact of Pesticides on Soil Microbial Diversity, Enzymes, and Biochemical Reactions” Ch 5 Advances in 
Agronomy Vol 102 (2009) (pesticides impact e.g., micro-organism proliferation, molecular interactions, enzyme activity, 
nitrogen-fixing, phosphorus-solubilizing, organic matter mineralization, nitrification and denitrification, ammonification, redox 
reactions, and methanogenesis)

4. D. Pimentel “Environmental and Economic Costs of the Application of Pesticides Primarily in the United States”, Economic 
Development and Sustainability 229-252 (2005)



More Science on Effect of Synthetic Pesticides 
5. "Regenerative Organic Agriculture and Climate Change:  A Down to Earth Solution to Global Warming” Rodale 

Institute 2014
6. “The Impact of Glyphosate on Soil Health: The Evidence to Date” Soil Association (reviewing studies showing 

impact on earthworms, mycorrhizal fungi spore viability and root colonization), 2016 or later
7. Druille, M. et al “Glyphosate Reduces Spore Viability and Root Colonization of Arbuscular Mycorrhizal Fungi” 

(2013), Applied Soil Ecology, 64, pp 99-103.
8. Zaller, J. G. et al “Glyphosate Herbicide Affects Belowground Interactions Between Earthworms and Symbiotic 

Mycorrhizal Fungi in a Model Ecosystem” (2014), Scientific Reports, 4, 5634.
9. Yamada, T., “Glyphosate Interactions with Physiology, Nutrition, and Diseases of Plants:  Threat to 

Sustainability”, European Journal of Agronomy, 31(3), pp. 111-113.
10. Gaupp-Berghausen, M. et al, “Glyphosate-based herbicides reduce the Activity and Reproduction of Earthworms 

and lead to Increased Soil Nutrient Concentrations” (2015), Scientific Reports, 5, p. 12886.
11. Dobberstein, John “Is Glyphosate Harming Your No-Tilled Soils?” (2017), No-Till Farmer, October 28,   2017, no-

tillfarmer.com/articles



Significant Potential: USDA Certified Organic Practice
● USDA Organic Practice requires all of the following:

1. Four years of crop rotation
2. Natural control of pests, weeds and diseases
3. Keeping the soil covered by cash crop or cover crop at all times
4. Buffers between fields and adjacent landowner activities (hedgerows, 

filter strips, buffer strips, and other perennial plantings)
5. Biodiversity
6. Synthetic Nitrogen (like all synthetics) is prohibited

● Should the very well-defined and monitored USDA organic practice be 
included as a priority practice, since all the NRCS principles of healthy soil 
are requirements of the organic regime?



Initial Practices Selected by MDA for its Healthy 
Soils Incentives 2019/2020
MDA applied for and was awarded a $1M USDA grant to award farmers in the 
practices MDA identified as deserving of incentivization:
● Tillage Management
● Multi-species cover crops
● Variable rate technology for applying nutrients
● Conservation crop rotations
● Precision nutrient management
● Edge-of-field tools to identify excess nutrients
● Forage and biomass plantings
● Composting
● Adaptive management



Maryland’s Identified Priority Practices are a Start -
But More is Needed
● Include pastured animal production in priority practices because it is the practice 

with the biggest carbon storage potential
● Accurately value the pastured animal production practice
● Include the perennial plantings of the CRP and CREP programs in priority 

practices because they are the practices with the next largest carbon storage 
potential

● Include the well-defined and monitored USDA Certified Organic practice in 
priority practices because it incorporates most NRCS soil health principles

● Include the elimination of synthetic nitrogen in priority practices
● Consider whether the elimination of certain synthetic pesticides most damaging 

to soil micro-organisms should be a priority practice
● Incentivize small scale producers who use low-tech methods to accomplish the 

same carbon storage goal as a large-scale producer using high-tech methods.



Rank Priority Practices by Per Acre Benefit
● Rank priority practices according to their per acre carbon storage benefit

○ Think of it this way: should we reward a modest practice that stores 0.1 tons 
of carbon simply because it is practiced on many acres? Or should we move 
farmers to a highly ranked practice that stores 1.0 tons but is not yet in 
common use?

○ The clear and equitable answer is to reward the high value practice
■ Because the charge to MDA is to reward practices that store more 

carbon not less carbon
■ Because no more carbon will be stored on those extensive acres that 

already follow a practice already in common use
■ Because we would otherwise be rewarding the status quo simply 

because it is the status quo and would miss the opportunity to assist 
growers in transitioning to more climate friendly practices. 



Maryland’s Work Will Not be Done in a Vacuum
● Most other states, though getting a later start than Maryland, are doing the 

work of identifying practices which build healthy soils and deserve 
incentivization, in great part to be ready when carbon markets are developed

● Other states are already valuing pastured animal production and low-input 
agriculture.

● And the carbon markets have already developed for those practices.  
Indigo Carbon, among others, is rewarding farmers for: 

○ Incorporating livestock and
○ Reducing reliance on chemical and synthetic fertilizers and pesticides

● Maryland can do the same.


