
Climate-Smart Agriculture: Soil Health & Carbon Farming
This fact sheet is the first installment of a four-part climate-smart agriculture series exploring the relationship between carbon farming, soil 
health, and soil amendments. Subsequent fact sheets will address the benefits of compost, pulverized rock, and biochar as amendments on 
croplands and rangelands (Insert cross-references to other fact sheets). The series is intended for members of the technical assistance 
community who advise California growers on climate-smart agriculture.
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What is carbon farming?
Carbon farming is the use of specific on-farm 
practices designed to take carbon out of the air 
and store it in soils and plant material. Carbon 
farming practices include application of soil 
amendments like compost, biochar, or
pulverized rock (e.g. basalt), conservation 
tillage, agroforestry, whole orchard recycling, 
cover crops that maximize living roots, and 
many others. (See USDA-NRCS Soil Health 
Management to access the GHG and Carbon 
Sequestration Ranking Tool for agriculture)

Is carbon farming a way to address climate change?
Building soil organic matter on croplands and rangelands sequesters carbon in soils, which helps mitigate the effects of climate
change while potentially providing co-benefits for soil health and increased adaptive capacity. Soil amendments may increase the
amount of carbon held in soil organic matter, leading to greater carbon sequestration. Practices that increase carbon storage in
soils and divert waste (such as compost creation from food and animal waste) can help California meet its carbon neutrality goals. 
California has a goal to sequester or avoid emissions of 15-20 million metric tons of CO2 on natural and working lands by 2030. 
For reference, 1 million metric tons is equivalent to removing over 215,000 cars from the road each year.1
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There are limited resources for advisors or 
farmers to understand the science behind 
carbon sequestering amendments, making 
it challenging to develop informed 
management plans that support soil health. 
The Working Lands Innovation Center is 
testing the carbon sequestration potential 
of compost, biochar, and pulverized rock 
amendments and calculating the co-
benefits for crop yields, forage production, 
soil health, fertility, and water storage 
capacity. This work will contribute to the 
growing knowledge of carbon farming and 
provide resources to aid the technical 
assistance community in advising growers 
on practical application in the field. The 
figure to the right shows how amendments 
may lead to enhanced carbon sequestration 
in soils.

What do we know about the science of soil amendments? 
without soil amendments with soil amendments

https://www.marincarbonproject.org/compost
https://biochar-us.org/biochar-basics
https://insideclimatenews.org/news/20022018/global-warming-solutions-carbon-storage-farm-soil-crushed-volcanic-rock-research
https://anrcatalog.ucanr.edu/pdf/8364.pdf
https://www.usda.gov/topics/forestry/agroforestry
https://orchardrecycling.ucdavis.edu/
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/survey/geo/?cid=nrcs144p2_027123
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/soils/health/mgnt/


What are the benefits to growers?
Soil amendment applications benefit growers by increasing agricultural productivity and supporting outcomes that enhance 
resilience to climate-related impacts. Benefits of amendments can potentially include:

• Increased nutrient availability and retention due to 
increased soil organic matter 2

• Increased crop and grass yields 3
• Increased water holding capacity and water infiltration 

in soils 4

• Enhanced microbial activity in soils 5
• Healthier plants 6
• Reduced need for chemical fertilizers
• More resilient soils
• More sustainable agricultural systems

Growers who implement carbon farming practices may be more competitive with consumers, or eligible for carbon-based 
farming incentives.

The Working Lands Innovation Center 
(WLIC) aims to catalyze negative carbon 
emissions by deploying soil amendment 
technologies at multi-acre scales in 
partnership with California researchers, 
state agencies, industry, farmers, ranchers, 
Tribes and small-business development.
https://www.workinglandsinnovation.com/

Where can growers find more information?
Ø UC Davis Soil Health Portal information on soil organic matter here
Ø FAO Soils Bulletin on soil organic matter here
Ø UC ANR Solution Center for Nutrient Management on compost here
Ø Carbon Cycle Institute information on carbon farming here
Ø USDA California Climate Hub website here

1. Greenhouse Gas Equivalencies Calculator. (2018). Retrieved from https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator
2. Sustainable Agriculture Research & Education. (2012). Organic Matter and Nutrient Availability. Retrieved from https://www.sare.org/Learning-

Center/Books/Building-Soils-for-Better-Crops-3rd-Edition/Text-Version/Nutrient-Management-An-Introduction/Organic-Matter-and-Nutrient-
Availability

3. Gravuer, K., Gennet, S., & Throop, H.L. (2019). Organic amendment additions to rangelands: A meta-analysis of multiple ecosystem outcomes. Global 
change biology, 25(3), pp.1152-1170; Oldfield, E. E., Bradford, M. A., & Wood, S. A. (2019). Global meta-analysis of the relationship between soil organic 
matter and crop yields. Soil, 5(1), 15-32. doi:10.5194/soil-5-15-2019

4. Lepsch, H. C., Brown, P. H., Peterson, C. A., Gaudin, A. C., & Khalsa, S. D. (2019). Impact of organic matter amendments on soil and tree water status in a 
California orchard. Agricultural Water Management, 222, 204-212. doi:10.1016/j.agwat.2019.06.002

5. Ros, M., Klammer, S., Knapp, B., Aichberger, K., & Insam, H. (2006). Long-term effects of compost amendment of soil on functional and structural 
diversity and microbial activity. Soil Use and Management, 22(2), 209-218. doi:10.1111/j.1475-2743.2006.00027.x
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Applied Soil Ecology, 15(1), 37-47. doi:10.1016/s0929-1393(00)00070-6

Image: Lynda Richardson, NRCS Photo library.

Many of the same practices that sequester carbon in the soil can 
improve soil health on agricultural lands. Some amendments such as 
compost and biochar may improve soil structure, which promotes 
long-term soil health and productivity of the land. Amendments that 
increase soil organic matter may improve the water holding capacity 
and infiltration in soils, which promotes resilience to climate-related 
impacts such as drought, heat waves, or heavy rains. Additionally, 
research shows that amendments can promote biological activity 
and supply vital nutrients, resulting in healthier plants that are less 
vulnerable to pests and disease.

How does climate-smart ag relate to 
soil health and resilient farms?

This fact sheet was developed by the USDA Climate Hub and the Working Lands 
Innovation Center. Any errors or omissions are the responsibility of the authors and can 

be directed to the USDA California Climate Hub. The lead author is Emilie Winfield, a 
graduate student researcher at UC Davis and the USDA CA Climate Hub, with input from 
Steven Ostoja (USDA CA Climate Hub). This fact sheet was reviewed by: Kate Scow (UC 

Davis) and Kabir Zahangir (NRCS). For fact sheets on other topics related to CA 
agriculture, please visit https://www.climatehubs.usda.gov/hubs/California

https://www.workinglandsinnovation.com/
http://soilhealth.ucdavis.edu/soil-challenges/low-organic-matter
http://www.fao.org/3/a-a0100e.pdf
https://ucanr.edu/sites/Nutrient_Management_Solutions/stateofscience/Compost/
https://www.carboncycle.org/carbon-farming/
https://www.climatehubs.usda.gov/hubs/california


Increase soil organic matter

Increase N, P, & K

Increase micronutrients

Increase microbial activity

Reduce soilborne disease

Increase water holding capacity

Increase cation exchange capacity

Reduce soil erosion

Reduce soil compaction

Increase carbon sequestration

Climate-Smart Agriculture: Compost Amendments
This fact sheet is the second installment of a four-part climate-smart agriculture series exploring the relationship between carbon 
farming, soil health, and soil amendments on CA croplands and rangelands. This fact sheet focuses on compost amendments and 
subsequent fact sheets will address the benefits of biochar and pulverized rock (Insert cross-references when published). The series 
is intended for members of the technical assistance community who advise CA growers on climate-smart agriculture. 
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What is compost?
Composting is the natural process of organic matter 
decomposition by microorganisms in an 
environment that is closely monitored to reduce risks 
from pathogens. The nutrient-rich product, compost, 
has been adopted by growers as a soil amendment. 
Compost is receiving attention for its soil carbon 
storage potential as well as its potential role as a 
replacement for inorganic fertilizers. Compost is 
recognized by CA Department of Food and 
Agriculture for its capacity to enhance soil health 
and sequester carbon in soils, which may help CA 
meet carbon neutrality targets. Compost is a vital 
part of nutrient management on organic farms and 
ranches under USDA’s National Organic Program. 
This fact sheet focuses on properties of compost that 
reduce waste and are beneficial to producers, making 
agriculture more sustainable and promoting carbon 
storage in agricultural soils.

Benefits of compost may include:

Adapted from Martinez-Blanco, J., Lazcano, C., Christensen, T.H., Munoz, P., Rieradevall, 
J., Møller, J., & Boldrin, A. (2013). Compost benefits for agriculture evaluated by life cycle 
assessment. A review. Agronomy for sustainable development, 33(4), 721-732.

Diverting organic waste to reduce greenhouse 
gas emissions
Compost can be made from a variety of waste materials such as food waste, 
green waste, and animal manure. Diverting organic waste (food and green 
waste) from the landfill lowers greenhouse gas emissions.
• Organic waste makes up around 1/3 of California’s waste
• When organic waste is diverted from landfills and composted, methane 

emissions are greatly reduced 1 

Compost
Application to 
croplands and 

rangelands

Greenhouse gas 
reduction benefits 

from diverted 
waste materials

Climate mitigation 
benefits from soil 

carbon storage Increased crop yield and 
forage production

Robust soil microbial 
communities

Enhanced water holding 
capacity and infiltration, and 
decreased soil compaction

Reduced need for 
chemical fertilizers

Composting animal waste
Composting manure waste from dairies and 
other animal facilities has many benefits, 
including using manure that may otherwise 
create negative environmental impacts such as 
surface water pollution. Composting animal 
wastes can lower nitrate production and 
pollution, and lower greenhouse gas 
emissions.2,3 Composting manure properly at 
high temperatures can kill pathogens and reduce 
volume and weight, making a product that is 
easier to transfer and apply to agricultural 
fields.4

Compost may contribute to making agriculture more sustainable by diverting waste, providing fertility 
to the soil, and reducing the need for other inputs such as chemical fertilizers and animal feed.



1. Brown, S. (2015). Greenhouse gas accounting for landfill diversion of food scraps and yard waste. Compost Science & Utilization, 24(1), 11-19. 
doi:10.1080/1065657x.2015.1026005

2. Vergara, S. E., & Silver, W. L. (2019). Greenhouse gas emissions from windrow composting of organic wastes: Patterns and emissions factors. Environmental Research Letters, 
14(12), 124027. doi:10.1088/1748-9326/ab5262

3. Silver, W.L., Vergara, S., & Mayer, A. (2018). University of California, Berkeley. Carbon Sequestration and Greenhouse Gas Mitigation Potential of Composting and Soil 
Amendments on California’s Rangelands. California’s Fourth Climate Change Assessment, California Natural Resources Agency. Publication number: CCCA4-CNRA-2018-002.

4. Animal Feeding Operations - Uses of Manure. (2020). Retrieved from https://www.epa.gov/npdes/animal-feeding-operations-uses-manure
5. Martínez-Blanco, J., Lazcano, C., Christensen, T. H., Muñoz, P., Rieradevall, J., Møller, J., Antón, A., & Boldrin, A. (2013). Compost benefits for agriculture evaluated by life cycle 

assessment. A review. Agronomy for Sustainable Development, 33(4), 721-732. doi:10.1007/s13593-013-0148-7
6. Tautges, N. E., Chiartas, J. L., Gaudin, A. C., O'geen, A. T., Herrera, I., & Scow, K. M. (2019). Deep soil inventories reveal that impacts of cover crops and compost on soil carbon 

sequestration differ in surface and subsurface soils. Global Change Biology, 25(11), 3753-3766. doi:10.1111/gcb.14762
7. Noble, R., & Coventry, E. (2005). Suppression of soil-borne plant diseases with composts: A review. Biocontrol Science and Technology, 15(1), 3-20. 

doi:10.1080/09583150400015904
8. Gravuer, K. (2016). Compost Application Rates for California Croplands and Rangelands for a CDFA Healthy Soils Incentives Program. University of California, Davis. 

https://www.cdfa.ca.gov/oefi/efasap/docs/CompostApplicationRate_WhitePaper.pdf
9. Baldi, E., Cavani, L., Margon, A., Quartieri, M., Sorrenti, G., Marzadori, C., & Toselli, M. (2018). Effect of compost application on the dynamics of carbon in a nectarine orchard 

ecosystem. Science of The Total Environment, 637-638, 918-925. doi:10.1016/j.scitotenv.2018.05.093; Ramos, M. (2017). Effects of compost amendment on the available soil 
water and grape yield in vineyards planted after land levelling. Agricultural Water Management, 191, 67-76. doi:10.1016/j.agwat.2017.05.013

10. Ryals, R., & Silver, W.L. (2013). Effects of organic matter amendments on net primary productivity and greenhouse gas emissions in annual grasslands. Ecological Applications, 
23(1), 46-59. https://doi.org/10.1890/12-0620.1

11. DeLonge, M.S., Ryals, R. & Silver, W.L. (2013). A life cycle model to evaluate carbon sequestration potential and greenhouse gas dynamics of managed grasslands. Ecosystems 
16, 962–979. https://doi.org/10.1007/s10021-013-9660-5

Cropland

Rangeland
Research suggests application on rangelands can have carbon storage benefits and similar 
soil health benefits to croplands.10 Research shows increased carbon sequestration in soils 
after only a single application, demonstrating the potential benefits for climate change 
mitigation.3 On rangelands, compost can increase plant productivity and reduce the need for 
commercial feed.11 Additionally, compost may reduce drought risk by increasing water 
holding capacity, reduce erosion, and decrease soil compaction.10 Currently CDFA suggests 
using compost on sites that have low baseline levels of soil organic matter. This may be 
important in order to minimize risk to native plant communities which thrive in nutrient-
poor environments or in environmentally sensitive locations. Since forage production 
requires less nutrients than crop production, compost can be applied less frequently on 
rangelands relative to croplands. Barriers to application on some rangeland sites may 
include land slope and accessibility (for mechanical equipment). CDFA recommends 
application rates of compost with lower amounts of nitrogen, found here.8

Applying compost may provide several benefits to growers including increased resilience 
to climate-related impacts such as drought or heat waves. Compost increases SOM which 
may have benefits for yield, water holding capacity and retention, soil structure, and soil 
carbon.5 A long-term experiment at UC Davis shows compost can drive substantial 
increases in soil carbon storage.6 Compost adds both macro- and micronutrients to the soil 
and may reduce synthetic fertilizer inputs. Additional benefits include suppression of 
soilborne diseases by microorganisms.7 Compost can be applied to croplands annually or 
bi-annually. CDFA recommends application rates for compost with higher and lower 
amounts of nitrogen, which can be found here.8 Compost can also be applied to permanent 
cropping systems like orchards and vineyards and may provide many of the same benefits.9

The Working Lands Innovation 
Center (WLIC) aims to catalyze 
negative carbon emissions by deploying 
soil amendment technologies at multi-
acre scales in partnership with California 
researchers, state agencies, industry, 
farmers, ranchers, Tribes and small-
business development. See their website

Where can growers find more information?
Ø UC ANR Solution Center for Nutrient Management on compost here
Ø CDFA Healthy Soils Incentives Program compost application rates here
Ø CalRecycle Compost and Mulch Use in Agriculture here
Ø American Carbon Registry on compost additions to grazed grasslands here
Ø EPA’s Sustainable Management of Food here
Ø A new NRCS Soil Carbon Amendment conservation practice standard will be 

released Fall 2020 – see this press release for more information

This fact sheet was developed by the USDA Climate Hub and the Working Lands Innovation 
Center. Any errors or omissions are the responsibility of the authors and can be directed to the 
USDA California Climate Hub. The lead author is Emilie Winfield, a graduate student researcher 

at UC Davis and the USDA CA Climate Hub, with input from Steven Ostoja (USDA CA Climate 
Hub). This fact sheet was reviewed by: Whendee Silver (UC Berkeley). For fact sheets on other 

topics related to CA agriculture, please visit https://www.climatehubs.usda.gov/hubs/California

Image: Lynda Richardson, NRCS Photo Library

Image: Maya Almaraz, 2019

https://www.cdfa.ca.gov/oefi/efasap/docs/CompostApplicationRate_WhitePaper.pdf
https://www.cdfa.ca.gov/oefi/efasap/docs/CompostApplicationRate_WhitePaper.pdf
https://www.workinglandsinnovation.com/
https://ucanr.edu/sites/Nutrient_Management_Solutions/stateofscience/Compost/
https://www.cdfa.ca.gov/oefi/efasap/docs/CompostApplicationRate_WhitePaper.pdf
https://www.calrecycle.ca.gov/Organics/Farming/
https://americancarbonregistry.org/carbon-accounting/standards-methodologies/methodology-for-greenhouse-gas-emission-reductions-from-compost-additions-to-grazed-grasslands/compost-additions-to-grazed-grasslands-v1-0.pdf
https://www.epa.gov/sustainable-management-food/reducing-impact-wasted-food-feeding-soil-and-composting
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/ca/newsroom/releases/?cid=NRCSEPRD1590816


How might rock amendments 
benefit growers?
Nutrients are released into the soil when rock 
weathers. Silicate rocks such as basalt release 
nutrients like magnesium, calcium, and silicon 
which enhance soil fertility and support plant 
growth.1,3 By releasing nutrients into the soil and 
promoting plant growth, rock amendments may 
reduce the need for synthetic fertilizers and help to 
rebuild eroded soils. The illustration to the left 
depicts how pulverized rock may store carbon and 
release nutrients into the soil when applied as an 
amendment. Since many growers already apply 
granular fertilizers or lime to their fields, rock 
amendments can be applied using existing 
equipment which lowers costs.

Climate-Smart Agriculture: Rock Amendments
This fact sheet is the third installment of a four-part climate-smart agriculture series exploring the relationship between carbon 
farming, soil health, and soil amendments on CA croplands and rangelands. This fact sheet focuses on pulverized rock 
amendments and other fact sheets address the benefits of compost and biochar (Insert cross-references when published). The 
series is intended for members of the technical assistance community who advise CA growers on climate-smart agriculture. 
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Pulverized rock as a soil 
amendment?
The natural breakdown of rock, referred to as weathering, 
naturally consumes CO2 from the atmosphere. So when rock 
is pulverized the surface area increases which effectively 
speeds up the weathering process, leading to greater CO2 
drawdown. Limited studies show that when some types of 
pulverized silicate rocks are applied to agricultural soils as 
amendments, they can provide co-benefits to growers in 
addition to sequestering carbon.1 Although rock 
amendments, such as gypsum, have been used since the 19th

century to condition the soil and provide nutrients, new 
research is focusing on the carbon sequestration potential of 
silicate rocks. Pulverized silicate rock amendments may help 
mitigate climate change and provide a way for California to 
reduce greenhouse gas emissions.2 See this article for more 
information on current research trials.

Enhanced weathering takes place when 
smaller, crushed rock weathers at a faster rate due to 
increased surface area for weathering reactions to take 
place. It is considered a carbon dioxide removal strategy.

Climate-Smart Agriculture Fact Sheet 
Series: On Rock Amendments

Rock amendment application on California fields. Images: Maya 
Almaraz and Iris Holzer, 2019

When rock weathers, it uses CO2 
from the atmosphere and stores it in 

soils, which promotes long-term 
carbon storage on agricultural lands

Essential plant nutrients, like 
calcium, magnesium, and silicon 

are released into the soil as a 
result of rock weathering

Silicate rocks, like basalt, are 
crushed to increase surface area to 
facilitate greater weathering rates, 

and then applied to agricultural 
fields as a soil amendment

https://www.mic.com/p/scientists-want-to-fight-climate-change-with-rocks-29529509


1. Kelland, M. E., Wade, P. W., Lewis, A. L., Taylor, L. L., Sarkar, B., Andrews, M. G., Lomas, M. R., Cotton, T. E. A., Kemp, S. J., Hames, R. H., Pearce, C. R., Hartley, S. E., Hodson, 
M. E., Leake, J. R., Banwart, S. A., & Beerling, D. J. (2020). Increased yield and CO 2 sequestration potential with the C 4 cereal Sorghum bicolor cultivated in basaltic rock
dust-amended agricultural soil. Global Change Biology, 26(6), 3658-3676. doi:10.1111/gcb.15089; Beerling, D. J., Leake, J. R., Long, S. P., Scholes, J. D., Ton, J., Nelson, P. N., 
Bird, M., Kantzas, E., Taylor, L. L., Sarkar, B., Kelland, M., DeLucia, E., Kantola, I., Müller, C., Rau, G., & Hansen, J. (2018). Farming with crops and rocks to address global 
climate, food and soil security. Nature Plants, 4(3), 138-147. doi:10.1038/s41477-018-0108-y; Hartmann, J., West, A. J., Renforth, P., Köhler, P., Rocha, C. L., Wolf-Gladrow, 
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ocean acidification. Reviews of Geophysics, 51(2), 113-149. doi:10.1002/rog.20004

2. Kantola, I. B., Masters, M. D., Beerling, D. J., Long, S. P., & Delucia, E. H. (2017). Potential of global croplands and bioenergy crops for climate change mitigation through 
deployment for enhanced weathering. Biology Letters, 13(4), 20160714. doi:10.1098/rsbl.2016.0714; Schuiling, R. D., & Krijgsman, P. (2006). Enhanced Weathering: An 
Effective and Cheap Tool to Sequester Co2. Climatic Change, 74(1-3), 349-354. doi:10.1007/s10584-005-3485-y

3. Berge, H. F., Meer, H. G., Steenhuizen, J. W., Goedhart, P. W., Knops, P., & Verhagen, J. (2012). Olivine Weathering in Soil, and Its Effects on Growth and Nutrient Uptake in 
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crops: A review. Agronomy for Sustainable Development, 32(1), 201-213. doi:10.1007/s13593-011-0039-8
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5. Anda, M., Shamshuddin, J., & Fauziah, C. (2015). Improving chemical properties of a highly weathered soil using finely ground basalt rocks. Catena, 124, 147-161. 

doi:10.1016/j.catena.2014.09.012; Edwards, D. P., Lim, F., James, R. H., Pearce, C. R., Scholes, J., Freckleton, R. P., & Beerling, D. J. (2017). Climate change mitigation: 
Potential benefits and pitfalls of enhanced rock weathering in tropical agriculture. Biology Letters, 13(4), 20160715. doi:10.1098/rsbl.2016.0715; Gillman, G. P. (1980). The 
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doi:10.2136/sssaj1980.03615995004400030005x

6. Renforth, P., Washbourne, C., Taylder, J., & Manning, D. A. (2011). Silicate Production and Availability for Mineral Carbonation. Environmental Science & Technology, 45(6), 
2035-2041. doi:10.1021/es103241w

What kind of rocks can be used 
as soil amendments?
The Working Lands Innovation Center research 
focuses on silicate rocks, which may provide vital 
nutrients to the soil. There are many different types 
of silicate rocks, each with different weathering 
rates4 and carbon sequestration potential. 
Additionally, different types of silicate rocks have 
the potential to release different macro- and 
micronutrients, making it critical to investigate which 
types of rock are best suited for each application site. 

This fact sheet was developed by the USDA Climate Hub and the Working Lands Innovation 
Center. Any errors or omissions are the responsibility of the authors and can be directed to 

the USDA California Climate Hub. The lead author is Emilie Winfield, a graduate student 
researcher at UC Davis and the USDA CA Climate Hub, with input from Steven Ostoja (USDA 

CA Climate Hub) and Iris Holzer (UC Davis). This fact sheet was reviewed by: _________. 
For fact sheets on other topics related to CA agriculture, please visit 

https://www.climatehubs.usda.gov/hubs/California.

The Working Lands Innovation Center (WLIC) aims 
to catalyze negative carbon emissions by deploying soil 
amendment technologies at multi-acre scales in 
partnership with California researchers, state agencies, 
industry, farmers, ranchers, Tribes and small-business 
development. See their website

Where can growers find more information?
Ø Energy Post article on enhanced weathering and rock amendments here
Ø Eco Farming Daily article on basalt rock amendments here
Ø Carbon Brief article on carbon storage potential and possible challenges 

here

How is carbon stored in the soil?

Amendments like 
compost and 
biochar increase 
organic soil 
carbon, which is 
made up of plant 
remains and other 
decomposed 
organic matter.

Rock 
amendments may 
increase inorganic
soil carbon, which 
has a longer 
residence time in 
soils and does not 
break down 
easily.

Outstanding questions about 
rock amendments
While rock amendments hold promise for long-term 
carbon sequestration in soils, there are outstanding 
questions about the viability and more field trials on 
the long-term impacts are critical. The Working Lands 
Innovation Center is measuring the weathering rates of 
pulverized rock across different soil types and 
cropping systems in order to understand how rock 
amendments may benefit growers in California.

How do rock amendments 
behave across different soil 

types and cropping systems?

Where might rock 
amendments have the most 
benefit? Trials suggest rock 
amendments may have the 
largest benefit for nutrient-
poor or highly weathered 

soils.5

What are the trade-offs 
between carbon 

sequestration and co-
benefits for different types of 

silicate rocks?  

Are there potential risks for 
growers? Certain types of 

rock from mining byproducts 
may contain heavy metals, 
which could present risks if 
applied in large amounts.

How much silicate rock 
amendments will be 

available to growers in the 
future?6

https://www.workinglandsinnovation.com/
https://energypost.eu/enhanced-weathering-crushed-rocks-spread-on-farmland-can-capture-billions-of-co2-year/
https://www.ecofarmingdaily.com/build-soil/building-soil-with-volcanic-basalt/
https://www.carbonbrief.org/guest-post-how-enhanced-weathering-could-slow-climate-change-and-boost-crop-yields


Climate-Smart Agriculture: Biochar Amendments
This fact sheet is the final installment of a four-part climate-smart agriculture series exploring the relationship between carbon 
farming, soil health, and soil amendments on CA croplands and rangelands. This fact sheet focuses on biochar amendments and 
previous fact sheets address benefits of compost and pulverized rock (Insert cross-references when published). The series is 
intended for members of the technical assistance community who advise CA growers on climate-smart agriculture. 
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What is biochar?
There has been recent excitement about biochar as an agricultural
amendment to improve soil health and sequester carbon. Biochar
is a carbon-rich charcoal-like material that comes from high
temperature thermal conversions of biomass feedstocks such as
wood, nutshells, hulls, manure, or other organic material. In
addition to promoting carbon storage in the soil, biochar may
provide benefits to growers such as improved yields and
enhanced water and nutrient use efficiency.1-5 The potential
benefits from biochar are a function of the feedstock, production
temperature and method, soil type, climate, and cropping system.
Although biochar amendments may provide benefits, there are
potential risks and growers may have difficulty making informed
decisions about how and when to apply biochar to their fields.

Potential benefits to growers

Development of biochar guidelines and use
may be a pathway to reduce overstocked
forests of dead and down timber, stimulating
forest restoration work in California. Biochar
can be made from small diameter trees and
woody biomass that has low value as timber or
other wood products. Utilizing waste from
sustainable forest management can promote
activities that reduce wildfire fuel loads and
enhance forest health.

Wood from forest restoration 
and other waste materials are 

thermally converted to 
produce biochar

Biochar is applied as an agricultural 
amendment, potentially providing 
benefits to growers and enhancing 

soil carbon storage

Fields amended with biochar. Image: Maya Almaraz, 2019

It is important to note that not all potential benefits are well understood. Benefits are more often seen in sandy soils, where
biochar may increase water retention and improve drought resilience.1 Biochar can also have a liming effect in acidic soils,
lowering pH and improving growing conditions.2 In clay soils, biochar may reduce bulk density and improve soil workability.3
In general, potential benefits may include:

How does biochar fit into the big picture in California?

Remediation of polluted soil 8

Synergistic effects when applied with compost 9

Eligibility for carbon farming-based incentivesReduction of leaching and nutrient runoff 6

Nutrient retention 5

Improved soil water holding capacity 1

Increased yield 2, 4 Decrease in bulk density 7
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Outstanding questions about using biochar as a soil amendment
The benefits of biochar are not consistent across soil types and cropping systems. Because there are several possible feedstocks
that can be used to create biochar, the properties of different types of biochar vary. There is a lack of information on which
biochars are ideal soil amendments for agronomic benefits, and where growers can obtain high quality biochar amendments.
There are also questions about how much biochar can be applied before possibly presenting risks to growers. Biochar dust may
become airborne and present an inhalation hazard to workers who apply or till biochar due to its small particle size (PM10-
PM2.5).10 Biochar may contain heavy metals or other contaminants, and there are no current regulatory standards for biochar
contaminant levels. While some studies show potential drawbacks, in general biochar has a neutral or positive effect.

The Working Lands Innovation Center 
(WLIC) aims to catalyze negative carbon 
emissions by deploying soil amendment 
technologies at multi-acre scales in 
partnership with California researchers, 
state agencies, industry, farmers, ranchers, 
Tribes and small-business development. 
See their website

Where can growers find more information?
Ø International Biochar Initiative on soil health here
Ø US Biochar Initiative here
Ø UC Davis Biochar Database here
Ø Rodale Institute information on biochar here
Ø Pacific Biochar Resources on agricultural benefits and carbon sequestration 

found here
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Trade-offs with biochar production and use
There may be trade-offs associated with biochar production and benefits to
growers. One example is that the use of certain types of wood waste may not
produce biochar with agronomic benefits, which represents a win for waste
reduction but does not maximize potential benefits to growers.11 More field
trials and long-term studies are underway, and may provide information to
aid growers in making informed, science-based decisions about application.

Right: Wheel showing biochar variation. Image: UC Davis Biochar Database

https://www.workinglandsinnovation.com/
https://biochar-international.org/soil-health/
https://biochar-us.org/
http://biochar.ucdavis.edu/
https://rodaleinstitute.org/blog/whats-biochar-how-to-stabilize-carbon-in-your-soil/
https://pacificbiochar.com/resources/

