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Summary
Regenerative Farming is a system of farming principles and practices that increases biodiversity,
enriches soils, improves watersheds and enhances ecosystem services. Regenerative Farming
provides a wide range of environmental benefits and can capture and sequester carbon within farm
soils. This document provides a non-comprehensive, non-exhaustive account of the soil health
building and regenerative farming practices and research that is currently being undertaken by IWCA
members including Jackson Family Wines (in collaboration with the Soil Health Institute), Familia
Torres (in collaboration with the Autonomous Barcelona University), and Cullen Wines. The key
practices associated with soil carbon sequestration and soil health are listed below. While there
continues to be ongoing debate about the quantification of carbon sequestered, the permanence of
sequestered carbon and the role carbon farming can play globally in mitigating climate change,
there is consensus among soil scientists that all these practices benefit soil health and fertility
potential.
1.
2.
3.
4.
5.
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Conservation Tillage
Cover Crops
Composting
Crop Diversity
Animal/Insect Integration

6. Preserving Wild Lands
7. Holistic Nutrient/Fertilizer Management
Other IWCA member findings include:
A combination of no-till and cover crops results in the highest carbon capture;
Minimum-till captures more carbon than conventional tillage, but less than no-till;
Cover crops that include grasses capture more carbon than legume-only cover crops;
Within grasses, cover crop species did not show substantial differences in carbon capture;
Perennial cover crops are expected to increase sequestration more so than annual cover
crops, but there is not sufficient data to quantify the difference between annual and
perennial cover crops;
6. There is insufficient data to estimate carbon capture from grazing, but it appears promising.
A separate study obtained from TomKat Ranch in Pescadero, California, is included below.
1.
2.
3.
4.
5.

The table below details the range of potential soil carbon sequestration that has been observed by
the studies and practices of IWCA members, and is presented as a starting point for further research:
Sequestration Action

Average Sequestration

No/Minimal-Till + Cover Crops (mean) – JFW/SHI study

0.214 Mg C acre-1 year-1

Regenerative farming integration (min) – Torres/CARBOCERT

0.089 Mg C acre-1 year-1

No/Minimal-Till + Cover Crops (max) – JFW/SHI study

0.615 Mg C acre-1 year-1

Compost Application (2.7 tons per acre at 25% C content) – JFW/SHI

0.62 Mg C acre-1 year-1

Prescribed Grazing (estimate from TomKat Ranch, CA)

0.88 Mg C acre-1 year-1

Regenerative farming integration (max) – Torres/CARBOCERT

0.481 Mg C acre-1 year-1

Biodynamic Farming for Soil Health (5-year mean) – Cullen/ACCU

6.73 Mg C acre-1 year-1

Given the vast discrepancies in soil carbon storage (sequestration) ranges among the different IWCA
member trials, it is the opinion of IWCA that additional study and scientific research is required

before we can come to a reasonable consensus on what the feasible sequestration range is for
vineyard soils in Mediterranean and other climates.
Furthermore, IWCA is interested in continuing to explore the intersection between the
aforementioned practices that benefit soil health, and how these practices ultimately impact key
vineyard farming outcomes such as yield, quality, vineyard longevity and farmworker health.
**Recommendations for next steps and further study are detailed on Pages 12-13 of this
document.

2

Soil Carbon Sequestration Potential
The world’s soil holds around twice the amount of carbon
than is found in the atmosphere and vegetation. The
potential for increasing organic carbon storage in soil
depends on soil type, climate and management factors.
Collectively agriculture and forestry activities generate 24%
of greenhouse gas emissions worldwide.1 Agriculture is
unique in being one of the few human activities that can
transition from being a net emitter to a net sequesterer of
CO2. Storing carbon in the soil has the potential to safely
remove carbon from our atmosphere and store it in the soil
for decades to centuries. The Rodale Institute claims that
we could sequester 100% of our annual CO2 emissions if all
global cropland and pasture were transitioned to a
regenerative system, however as noted later in this memo,
The World Resources Institute (WRI) and others would
critique this claim based on a number of factors including
the difference between theoretical and potential.
In 2015 at COP25, the French government launched the 4per1000 campaign with the goal of
increasing soil organic carbon 0.4% per year. At the time of the launch the initiative stated that
achieving a 0.4% increase in soils globally “would be enough compensate for the sum of greenhouse
gas emissions across the planet” and estimated within France this practice can contribute towards a
40% reduction in France’s CO2 emissions by 2030. While the campaign no longer specifies what the
global potential impact could be, the volume of carbon that can be sequestered in soils is significant,
although it is notable that they are no longer quantifying the global or national potential.

Carbon Sequestration Enhances Soil Health
Soil Organic Matter makes up just 2-10% of the mass within soil, but greater levels of organic matter
enhance water and nutrient holding capacity and improve soil structure. To measure the Soil
Organic Matter, scientists rely on measuring Soil Organic Carbon and as Soil Organic Carbon
increases in yields the following co-benefits also occur:

1

Food, Agriculture, and Land Use @ProjectDrawdown. (2020, August 12). Retrieved October 15, 2020, from
https://www.drawdown.org/sectors/food-agriculture-land-use
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•

Greater Productivity: Healthier and more productive soils benefit plants and increase
nutrient retention and availability. Soil Organic Matter holds 10 to 1,000 times more water
and nutrients than the same amount of soil minerals.

•

Reduced Erosion: Increased soil aggregate stability means greater resistance to erosion, with
better soil structural strength under greater moisture levels.

•

Water Holding Capacity: Soil with increased organic matter has greater soil water holding
capacity which benefits crops and can increase groundwater recharge opportunities. Water
infiltration increases and runoff decreases.

•

Cleaner Waterways: With reduced sedimentation and erosion surrounding waterways are
cleaner.

•

Climate Change: Soils have the ability to sequester carbon that may otherwise exist as
atmospheric CO2 and contribute to global warming.

•

Biodiversity: Beneficial soil organisms become more numerous and active with higher
organic matter levels. Greater biodiversity increases resiliency and adaptability to changing
conditions.

Figure 1: USDA Role of Soil Organic Matter
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COMET Carbon Management Tools
Within the United States, the most widely used agricultural carbon sequestration modeling tools are
the COMET FARM and COMET Planner tool, both of which are jointly produced by the US Department
of Agriculture and Colorado State University. The complex methodologies used to estimate
emissions are documented in the 606 page supporting documentation.2 In general, COMET tools
focus on management techniques for various agricultural sectors and using county or parcel specific
data can customize emission estimates to match local soil types, weather patterns, crops being
grown, land use management practices and operational farming decisions.

Jackson Family Wines used the COMET Planner for calculating
the total sequestration potential of 14,000 acres of US vineyards
identifying that based on the tool we could sequester a larger
amount of our carbon than our annual emissions. JFW also used
the COMET FARM tool to model long term carbon management
for select vineyards and worked with local resource partners to
develop custom Carbon Farm Plans for select vineyards.
Related to that effort, JFW was able to support a 5-year field trial
at our Saralee’s vineyard to measure changes in soil carbon from
a variation of different farming management practices. This
includes 3 variations in tillage practices (no till, alternate till and
full till) and compost vs no-compost added, creating 6 different
vineyard management conditions being practiced on both a
Pinot and Chardonnay blocks. This project was funded by the
California Department of Food & Agriculture through their
Healthy Soils grant program, and has external partners
conducting field tests and monitoring to ensure scientific rigor to
measuring changes in soil carbon content.

2

Eve, M., D. Pape, M. Flugge, R. Steele, D. Man, M. Riley‐Gilbert, and S. Biggar, (Eds), 2014.
Quantifying Greenhouse Gas Fluxes in Agriculture and Forestry: Methods for Entity‐Scale Inventory.
Technical Bulletin Number 1939. Office of the Chief Economist, U.S. Department of Agriculture,
Washington, DC. 606 pages. July 2014.
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World Resource Institute Concerns with Soil Carbon
Sequestration Accounting
The World Resource Institute (WRI)3 is skeptical of the potential of alternative farming practices to
sequester carbon in the soils. WRI claims that regenerative agriculture has limited potential to
sequester carbon based on the following arguments.
•

Uncertain benefits – Measuring changes in soil carbon is
“complex, site-specific and hard to predict.” Additionally,
there are concerns with the permeance of the carbon
sequestration in soil. For example, if a no-till vineyard is tilled
when it is being replanted does that reverse any short-term
carbon storage benefit.

•

Faulty carbon accounting – For regenerative farming practices
that add carbon to the soil via compost, mulch or manure
application, WRI argues that carbon is simply being moved
from one location to another. The off-farm impacts can nullify
the farm carbon sequestration and lead to negative
externalities if compost, mulch or manure would have
provided a benefit elsewhere.

•

Increased Nitrogen Use – For carbon in the soil to be
converted into microbial organic matter typically requires 1
ton of nitrogen for every 12 tons of carbon sequestered. WRI
voices concern that to sequester carbon, farmers would
increase nitrogen use and increasing nitrogen runoff which
damage watersheds.

•

Scaling Challenges – WRI believes that while cover crops provide clear benefits they face
barriers to wider adoption, including limited time post-harvest prior to winter.

In a follow up article, WRI elaborated on their concerns based on comments they received. In
particular they expressed concern that practices which increase soil carbon at the field level, do not
generate overall global climate benefits, primarily based on the concern of moving carbon from one
location to another and potentially decreasing or offsetting food production. Additional claims
include that emerging science on no-till has now decreased estimated carbon sequestration
amounts, with the science behind what causes soil to retain carbon being extremely complex and

3

The World Resource Institute (WRI) produces the Greenhouse Gas Protocol that is the required methodology all IWCA
members follow to calculate their GHG emissions.

6

little understood. They claim that in many cases gains in soil carbon in the upper soil level are
compensated by losses in soil carbon below.
Both WRI’s written comments and published scientific comments supporting and critiquing the WRI
argument can be found in the following shared folder. Key points include:
1. Concerns with carbon farming resulting in taking agricultural land out of production. This
relates to reducing land used for agriculture which WRI claims will result in land elsewhere
being used to grow crops.
2. Turning cropland into grazing land or perennials, which WRI believes could simply lead to
more crop land being develop with the potential for deforestation in its development.
3. No Till carbon sequestration science is evolving and complex.
4. Challenges with extrapolating field level results to global impact estimates.

IWCA Wineries Implementing Soil Carbon
Sequestration Practices
Cullen Wines
Cullen Wines, founded 50 years ago, is a family owned and managed wine business in the Wilyabrup
area of the Margaret River wine growing region in southwest Western Australia. Three words which
define the Cullen approach are quality, integrity and
sustainability. The Cullen journey from the outset grew
from minimal chemical inputs, to organic and then
biodynamics. Cullen was one of the first in the region
to make the transition to organics and biodynamics
with over 22 years of practice and 17 of certification. As
part of its regenerative farming practices the winery
has for the last 16 years instituted a Biodynamic plant
and soil health program of cover-cropping, on-site
composting and the stimulation of soil microflora.
Annual soil sampling for soil organic carbon (SOC)
began in 2014 with structured sampling across 10
indicative sample sites on the 31 Ha Cullen Vineyard.
On average SOC rose by 1.9%, equating to 79.5 t/Ha of
soil carbon being sequestered. This is equivalent to
1910 Carbon Dioxide equivalent (CO2e) tonnes per
year, more than offsetting average GHG emissions of 1600 CO2e tonnes per year making Cullen
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Wines ‘Carbon Positive.’ The vineyard management practices of no off-farm carbon or nitrogen
inputs means Cullen can safely say this is carbon being taken up by plant leaves and sequestered in
the soil, promoting soil health, increasing water holding capacity and leading to better vines health
and hence, improved quality fruit and wines.
Testing continues, now to a deeper depth of 1m with a more rigorous schedule, as Cullen and its
research partners aim to legitimize this sequestered carbon as Australian Carbon Credit Units
(ACCUs) certified by the Australian clean energy regulator. More information on the project can be
found here in the linked Cullen SOC verification report.

Familia Torres
Familia Torres has over 50% of their vineyards certified organic and uses organic farming practices
across all their vineyard operations. As part of the organic certification, Torres has implemented
different practices to increase biodiversity in the vineyard. One example of this is at the Mas la Plana
vineyard where hedges, trees and shrubs have all been used to provide shelter for native insects,
birds and other species. Native and aromatic plants are grown to attract beneficial insects, along
with pond habitat for amphibians and naturally occurring cover crops. Longer term plans include a
greater implementation of regenerative farming practices at Mas la Plana vineyard, as described in
the summary of this document.
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Torres is also working with Jean Leon to conduct a study on how 2 different cover crops and 3 types
of mulching can effect soil carbon sequestration and which application will sequester the most
carbon over time. Cover crops will be applied between vine rows and mulching will occur under the
vines. The study is being conducted with the research group CREAF and the support of the University
of Lleida and it will be run over a 3 year time period. The goal will be to determine how much carbon
is sequestered in the first 30 cm of the soil. Torres currently estimates carbon sequestration using
guidance from groups like the
Spanish organization (Good Practice
Guide CARBOCERT) which estimates
soil carbon sequestration rates
between 0.22 and 1.19 Tn C/ha/year.
Gigi vineyard (shown at right) is
where the cover crop carbon
sequestration study is being
conducted. Two different types of
cover crops: Hordeum vulgare and
Lolium multiflorum and three
mulching: Trifolium fragiferum,
Lotus corniculatus and Pine crust.
“Intercepa” in both cases are lines
with no application, as control.

Spottswoode Winery
At Spottswoode, which has been farmed organically since 1985 (CCOF certified in 1992) to promote
soil health, cover crops are used across 100% of the property with 12.5 acres typically practicing notill. In the no-till blocks ½ of the rows utilize a California Native Grass Mix and the other ½ are
planted to a biomass mix. The biomass cover crop is also used on other blocks across the vineyard
with some tillage to manage vine vigor when necessary. Spottswoode has worked with over 20 cover
crops to identify what works best for the soil and has determined that utilizing a 5+ species cover
crop results in the best balance of climate impacts on germination and growth.
Biodynamic compost is applied yearly at a rate of 3.5 tons per acre and prunings are chipped in the
vineyard to allow their carbon to become part of the ecosystem. As a result the only carbon leaving
the vineyard on an annual basis is from the harvested fruit. The vineyard soil chemistries are
monitoring annually to evaluate soil health so that adjustments can be made as needed.
To address soil compaction, Spottswoode has moved to utilizing lighter equipment, reducing tractor
tire pressure and utilizing tracks instead of wheels to dramatically reduce the pressure on the soil
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(equivalent from decreasing the
psi pressure from 130 to <2).
Increasing, the majority of
vineyard work is done on 4wheeler vehicles to both reduce
soil compaction and vehicle
emissions.
Spottswoode has worked with
over 20 cover crops to identify
what works best for the soil and
has determined that utilizing a 5+
species cover crop results in the
best balance of climate impacts
on germination and growth.

Jackson Family Wines
In 2020, Jackson Family Wines commissioned the Soil Health Institute (SHI) to complete research
and an accompanying literature review of the feasibility for sequestering carbon within vineyards.
SHI completed a review of 14 peer reviewed journal articles on soil carbon sequestration. On
average the studies showed a carbon sequestration rate of 0.214 Mg4 C acre-1 year-1resulting from a
combination of no/minimal tillage and cover cropping practices, but there was such a significant

range in sequestration rates (0 – 0.615 Mg C acre-1 year-1 with a standard deviation of 0.213) that more
research is necessary to confidently use these numbers to estimate sequestration rates for other
vineyards in Mediterranean climates.
Their findings which are summarized below made recommendations for management practices
based on soil types and highlighted knowledge gaps in vineyard soil sequestration science.
SHI Research Supporting Documentation:
1. Report Narrative. SHI’s findings are detailed in a 17-page summary report narrative, that is
available to IWCA members and applicants for further research and evaluation
2. Journal articles. Fourteen journal articles were provided informed the SHI analysis, as well as
thirteen journal articles that provided relevant context for the endeavor of capturing soil
carbon.
3. Context for journal articles. This word document provides a brief descriptions of relevant
methods and treatments for each journal article along with full references.

4

(1 metric ton = 1 Mg)
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4. Numerical summary of journal articles. An excel file containing data from experimental
outcomes found in fourteen journal articles, along with any supplementary data that SHI
used to arrive at conclusion (such as assigned bulk density), and relevant conversions from
reported units.

SHI Overall Findings
SHI research suggests that carbon sequestration in vineyards is possible, however the actual amount
may only be half the amount estimated using the COMET tools and with an average sequestration
rate of 0.214 MT CO2 acre-1 year-1 (metric ton of CO2 per acre annually). For the analysis below, soil
sequestration is measured in Mg which measures the equivalent of 1 metric ton of soil carbon. The
analysis of 14 peer-reviewed journal articles, one of which was a meta-analysis of 79 studies, shows
clear indications as follows:
1. A combination of no-till and cover crops results in the highest carbon capture;
2. Minimum-till captures more carbon than conventional tillage, but less than no-till;
3. Cover crops that include grasses capture more carbon than legume-only cover
crops; and
4. Within grasses, cover crop species did not show substantial differences in carbon
capture.
The below table highlights the potential range of carbon sequestration per acre per year for
vineyards in Mediterranean climates by adopting no/minimal-till + cover crop systems. Note: this
table does not include compost application or grazing, which is estimated in the first table on this
document.

Statistic
Min
Max
Mean
Standard deviation
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Mg C acre-1 year-1
0.000
0.615
0.214
0.213

IWCA Recommendations for Next Steps
The protocols behind carbon removal accounting are currently in development and will inform IWCA
members on how close we can get to climate positive both utilizing vineyard sequestration and
carbon removals from other nature based solutions. IWCA recommends that as a group we follow

the development of these protocols and advocate for credible accounting protocols to utilize carbon
farming and nature-based solutions as viable pathways to becoming Climate Positive.
1. WRI in combination with a wide range of stakeholders is working on producing additional
GHG Protocol guidance specific to the Carbon Removals and Land Sector Initiative. This
guidance will directly address the GHG accounting protocol that WRI recommends utilizing
to track and measure carbon removal from carbon farming as well as other sequestration
practices (i.e. afforestation, direct air capture, enhanced weathering, etc.) and discuss
carbon emissions and removals from land use management. The draft timeline listed below,
indicates a first draft is scheduled to be released soon with final guidance expected in Q3
2022. More on the project description and development process can be found here.

2. Separately, the Science Based Targets initiative is developing sector based guidance called
the SBTi Forest, Land and Agriculture project (‘SBTi FLAG’), being led by WWF. This is
designed to enable food/beverage, agriculture and forest sectors to set science-based
targets that include land-based impacts and is scheduled to be completed by Q2 2021. This
process is different from WRI’s approach in that it helps focus on corporate target setting,
where the GHG Protocol Carbon Removal guidance will focus on standards for corporate
accounting and reporting. Overall, this project appears to be more geared towards reducing
emission impacts (deforestation) than providing guidance on carbon sequestration, which is
in part because SBTi views carbon removal as being a long-term strategy (15+ years) and
reducing deforestation as their primary focus in the short and medium term (5-15 years).
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3. As a final point, IWCA should consider how to promote and evaluate nature-based solutions
as a sequestration or carbon removal tool. While some IWCA members are already investing
in reforestation activities, it would be worth discussing how other investments in protecting
high biodiversity hotspots can be integrated into a carbon positive strategy. In general, both
from WRI guidance and IWCA framing nature-based solutions have been evaluated on
whether they create additionality in terms of more carbon sequestered than the default
condition. Given the importance of nature-based solutions to our end goal, we will likely

want to clarify guidance to IWCA members on this issue.
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