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INTRODUCTION

WHY CARBON?

Carbon has recently garnered a lot of attention for its ability to affect global climates as a greenhouse
gas. When combined with oxygen, its gaseous form (carbon dioxide or CO2) can enter the atmosphere
and act like a blanket, trapping heat from the sun on the earth’s surface. In moderation, this warming
effect is what has allowed life to flourish on the planet, but due to recent human activities, the carbon
cycle has been thrown out of balance and these levels are rising at dangerous rates.

Carbon enters the landscape from the atmosphere when growing plants absorb or capture carbon
dioxide from the air to combine it with water and other nutrients from the soil and create sugars and
other structures needed to support life. Above ground, this process allows plants to produce food, fiber,
fuel, and flora that humans and other organisms rely on. Below ground, this carbon supplies fungi,
bacteria, and other organisms directly with sugar byproducts known as photosynthates. Photosynthates
move directly to the soil via plant roots as exudates and indirectly through roots to beneficial soil
mycorrhizal fungi.

In addition to the transformation of carbon from the air into agricultural products, carbon can be stored
long-term (decades to centuries or more) in soil and woody vegetation through a process known as
biological carbon sequestration. Increasing carbon capture has a host of agronomic and environmental
benefits that include increased soil water holding capacity, improved soil fertility and mitigating rising
levels of atmospheric carbon dioxide (CO2) and other greenhouse gases (GHG) that currently contribute
to climate destabilization through global warming.

The term “carbon farming” refers to proven and measurable practices that increase the rate at which
CO; and other greenhouse gases (GHG) are removed from the atmosphere and stored over the long
term in soil and plant material. Carbon entering the farm from the atmosphere can end up in several
locations: in the harvested portion of the crop, in the soil as root exudates and soil organic matter
(SOM), in “waste” materials such as compost or manure, in standing carbon stocks such as grassland
vegetation or woody perennials (trees, vines, orchards, etc.), or in other permanent vegetation such as
windbreaks, vegetated filter strips, or riparian forests and woodlands. While all farming is completely
dependent upon atmospheric CO2, different farming practices and different farm systems can lead to
very different amounts of on-farm carbon capture and storage.

THE CARBON FARM PLANNING PROCESS

The Carbon Farm Planning (CFP) process differs from other approaches to land use planning by focusing
on increasing the capacity of the farm to capture carbon and to store it beneficially in the crop, as
standing carbon stocks in permanent vegetation, and/or as SOM. While agricultural practices often lead
to a gradual loss of carbon from the farm system, a CFP is successful when it leads to a net increase in
farm-system carbon. By increasing the amount of photosynthetically captured carbon stored, or
“sequestered,” in long-term carbon pools on the farm, carbon farming results in a direct reduction in the
amount of CO2 in the atmosphere, while supporting crop production and farm resilience to
environmental stress, including flood and drought.



Carbon Farm Planning is based upon the USDA NRCS Conservation Planning process, but uses carbon
and carbon capture as the organizing principle around which the plan is constructed. This simplifies
the planning process and connects on-farm practices directly with ecosystem processes, including
climate change mitigation, increases in on-farm climate resilience, water holding capacity, soil health,
and farm productivity.

Like NRCS Conservation Planning, carbon farm planning begins with an overall inventory of natural
resource conditions on the farm or ranch, then proceeds to identify opportunities for reduction of GHG
emissions, enhanced carbon capture, and storage by both plants and soils. Building this list of
opportunities is a brain-storming process; it should be as extensive as possible, including everything the
farmer and planners can think of that could potentially reduce emissions and capture and sequester
carbon on the farm. While actions proposed in the plan should reflect the inherent limits of the farm
ecosystem, financial considerations should not limit this initial brainstorming process, as one goal of the
carbon farm planning process is to identify potential funding, above and beyond existing resources,

to realize implementation of the plan.

Finally, practices are prioritized based on needs and goals of the landowner, choosing high carbon-
benefit practices wherever possible. While economic considerations may be used to filter the
comprehensive list of options, funding mechanisms may also be identified. Funding sources include cap
and trade or other GHG mitigation offset credits, USDA-NRCS and other state and federal programs, and
private funding. Projects are implemented as funding, technical assistance, and farm scheduling allow.
Over time, the CFP is evaluated, updated, and altered as needed to meet changing land management
objectives and implementation opportunities, using the fully implemented plan scenario as a goal.
Where plan implementation is linked to carbon markets or other ecosystem service markets, periodic
plan evaluation may be tied to those verification schedules.

Additional information about carbon farming can be found online at: www.marincarbonproject.org and
www.carboncycle.org



http://www.marincarbonproject.org/
http://www.carboncycle.org/

FAIR RANCH OVERVIEW AND CARBON FARM PLAN SCOPE
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Figure 1. Fair Ranch geographical location and boundaries.

Fair Ranch, part of River Garden Farms, is a 7,000-acre farm that is situated northwest of the city of
Knights Landing, in the northeastern corner of Yolo County, California. It is intersected by state route 45
which connects Highways 113 and 20. Fair Ranch is approximately 20-50 feet above sea level and
located within the Sacramento River Watershed. The property is bordered by the Sacramento River to
the north and east, and it is bisected by Sycamore Slough.

In 2022, River Garden Farms and Yolo County Resource Conservation District (Yolo RCD), as part of the
Yolo Carbon Farming Partnership, collaborated to create a Carbon Farm Plan (CFP) for this property. As a
participant in the Yolo Carbon Farming Partnership, River Garden Farms has agreed to an ongoing
partnership throughout the Carbon Farm Planning process and beyond, focusing on the potential to



guantify on-farm carbon sequestration potential. This effort seeks to provide a site-specific framework
for the county-wide goal of increasing the pace and scale of carbon sequestration in natural and working
lands.

The Carbon Farm Plan includes the entire 7,000-acre Fair Ranch portion of River Garden Farms, which
comprises 6,527 acres of agricultural fields and approximately 41 acres along the property edges.

From the outset of this plan, the overarching goals and objectives include the following:

1) Implement a variety of carbon-beneficial practices

2) Quantify the benefits of existing and recommended carbon-beneficial practices

3) Understand opportunities for emissions reduction and/or carbon storage that allow the farm to
adapt to market changes as needed, while simultaneously providing conservation/habitat and
production benefits.

RANCH HISTORY

Fair Ranch lies directly adjacent to Knights Landing in Yolo County, CA which was first established as a
city in 1843. Before European colonization, the area was an important location for trade among Native
Californians due to its convenient location at the historical confluence of Cache Creek and the
Sacramento River. During the gold rush and the early settlement of California, Knights Landing played an
important role in shipping materials up and down the Sacramento River. As the area continued to be
settled and converted to farmland, Reclamation Districts formed by local farmers in the 1870s and ‘80s
began changing local hydrology by creating levees and weirs to allow agriculture to expand in the area.

River Garden Farms began as a family farm in 1964 just north of Knights Landing, a product of this
conversion of riparian habitat to agriculture. Before downsizing to 7,000 acres, the property spanned
15,000 acres and included orchard crops in addition to the cereal and specialty row crops that it
currently produces. In 2022, the farm was purchased by Renewable Resources Group, the current
owner of River Garden Farms and Fair Ranch. Since its establishment, the farm has participated in
several conservation initiatives and local research efforts aimed at bolstering both wildlife and farm
productivity/soil health. To support wildlife conservation efforts, the farm has participated in California
Waterfowl’s Duck Egg Rescue program, USGS giant garter snake research, CalTrout Fish Food, and multi-
benefit shorebird/groundwater recharge among others. As part of its effort to support on-farm
conservation goals, Fair Ranch has planted two hedgerows along approximately 3.75 miles of roads and
levees in the last five years, and implemented cover cropping on approximately 10 percent of farm fields
(funded by the California Department of Food And Agriculture’s (CDFA) Healthy Soils Incentive Program).

ENVIRONMENTAL CONDITIONS

The approximately 7,000-acre property is situated between the Sacramento River and Colusa Basin
Drain and is intersected by Sycamore Slough. This places it in the Sacramento River Watershed, which


https://www.cdfa.ca.gov/oefi/healthysoils/incentivesprogram.html

extends from the Klamath Mountains in northern California and eventually leads into the Sacramento-
San-Joaquin River Delta and San Francisco Bay, draining about 19 California counties throughout its
extent (Figure 1).

Fair Ranch is in California’s Sacramento Valley, which experiences a Mediterranean climate
characterized by hot dry summers and cool wet winters. The average annual precipitation in this area is
21 inches, occurring mostly from November to March. Average annual temperatures range from 50 to
75 degrees. High temperatures in the summer can reach over 90 degrees and low temperatures in the
winter can fall below 40 degrees (US Climate Data). The average number of frost-free days at 32 degrees
F or higher for the area is 267 days (https://ucanr.edu/sites/gardenweb/files/29030.pdf). NNW winds
are predominant around October, and SSE winds prevail starting around May (lowa State University

lowa Environmental Mesonet; https://mesonet.agron.iastate.edu/sites/locate.php?network=CA ASQOS).

Wind speeds average between 7-8 mph throughout the year, but seasonal high winds can exceed 20
mph (Figure 2). Because the topography is flat, these winds can impact farm productivity (e.g. crop loss
in rice due to strong winds has been noted).


https://www.usclimatedata.com/climate/woodland/california/united-states/usca1260
https://ucanr.edu/sites/gardenweb/files/29030.pdf
https://mesonet.agron.iastate.edu/sites/locate.php?network=CA_ASOS
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SoiLs

Soil type classification within the 7,000-acre ranch includes 8 different soil units (Table 1). Over 75% of
the farm, approximately 6,000 acres, is made up of Sacramento clay. The Sacramento series is

characterized by very deep, poorly drained soils that formed in alluvium from mixed rocks, a result of
being part of a river bed that receives waters and sediments from the Klamath Mountains, the Sierra



Nevada Range, and part of California’s Coast Range. The Sycamore soil series makes up about 10% of the
farm, predominantly in areas along Sycamore Slough and the Sacramento River. This soil series is
predominantly a fine sandy loam, silty clay loam, or clay loam and can support many crops, though
notably, rice is not grown in it as it is a lighter soil type which requires more water (it is also typically
found along the river and slough which has higher and steeper slopes that make managing water for rice
difficult). Natural vegetation usually includes annual grasses and oaks. The Willows clay series, which is
located on the southwestern edge of the farm (Figure 3), is very similar to Sacramento clay except it
tends to have sodium in the 10-to-40-inch zone where Sacramento clay soils do not, and it would have
originally supported more saline-sodic tolerant plants.

Soil organic matter (SOM) varies throughout the property. According to site-specific data from NRCS’
Web Soil Survey, SOM ranges from 2.20%-3.30%. Several analyses of soil samples from various fields in
February/March 2023 indicate that SOM ranges from 2.2%- 5.4% across the fields tested (analyses
shared by River Garden Farms were conducted by DellaValle Laboratory Inc.). Assuming SOM is

composed of 58% soil organic carbon (SOC), these analyses indicate that there is approximately 1.3%-
3.1% SOC. Soils are high in magnesium, and some areas (specifically fields 65 and 69 towards the
southwest of the property, Figure 4) are noted as being hard-clodded.

Table 1. Fair Ranch Soils (NRCs designations). Bulk density, %SOM, and %SOC are based on NRCS data of
the top 30 cm

Bulk Density | % Soil Organic | % Soil Organic

Map Unit Soil Type Acres |Ranch Area| (g/cm3) Matter (SOM) |Carbon (SOC)*

Mp Merrit complex, saline-alkali 88 1.10% 1.43 2.50 1.45
Sacramento clay, 0 to 2 percent

Sc slopes, MLRA 17 6082.8 | 77.00% 1.24 3.00 1.74
Sycamore silty clay loam, 0 to 1

Ss percent slopes, MLRA17 455.5 5.80% 1.36 2.20 1.28

Sycamore silty clay loam, drained,

St 0 percent slopes, MLRA 17 298.1 3.80% 1.36 2.20 1.28

Sv Sycamore complex, drained 199.3 2.50% 1.50 2.00 1.16

Tb Tyndall very fine sandy loam 58.8 0.70% 1.50 1.50 0.87

Willows clay, 0 percent slopes,
Wb MLRA 17 24.5 0.30% 1.30 3.30 1.91

Willows clay, 0 percent slopes,
Wc sodic, MLRA 17 650.9 8.20% 1.30 3.30 1.91

*SOC is calculated as 58% of SOM
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Figure 3. Soil map of Fair Ranch.

CURRENT MANAGEMENT PRACTICES

Fair Ranch is currently being cultivated with annual crops such as rice, melons, tomatoes, sunflowers,
wheat, and safflower (Figure 4). Typically, there is a four to five-year rice rotation, then a four to five-
year row crop rotation. Generally, some land is left fallow depending on drought and water availability,
but fallow acreage can vary greatly from year to year. In 2023, for example, only 16 acres were
proposed to be fallow, but in 2021, there were about 2,500 acres fallowed. Typical factors impacting
fallowing decisions include: 1) too much water and high river levels which can prevent timely access to
the field, 2) reduced water availability due to drought, and 3) water transfers by crop idling. Though
there are currently no legumes consistently in rotation, an alfalfa trial totaling approximately 196 acres
was planted in 2023 in fields near the office headquarters. Of the roughly 7,000 acres in cultivation,
about 500 are certified organic, producing crops such as safflower, tomato, milo, watermelon, and
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wheat. Across the farming operation, there are no major crop yield trends to note, though production
changes somewhat due to commodity pricing, water availability, and water sales.
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Figure 4. 2023 crop map at Fair Ranch.

FLORA AND FAUNA

Before levees allowed farmers to drain this area, it likely would have been covered in tules, marsh grass,
and other water-loving plants. Today, the uncultivated edges of the farm support stands of willows,
cottonwoods, and valley oaks with understories of grasses and forbs. Because it is located along the
Pacific Flyway, it serves as a stopover point for migrating waterfowl including various species of ducks
and geese. The farm already participates in shorebird habitat programs and duck egg-saving initiatives,
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and as such, these programs should be accounted for when integrating alternative carbon and/or
wildlife practices. The property also provides critical habitat for fish that come to the area to spawn.

With the presence of wildlife comes the concern of possible yield reductions. Bird species present a
threat not only in the form of foraging pressure on crops, but they can also spread mold through their
feet. Hence, when considering practices in this carbon farm plan that incorporate large woody
plantings, the benefits should be weighed against the potential threats to crops associated with
increased bird pressure as a result of the added habitat.

EXISTING CARBON BENEFICIAL PRACTICES

Even before the creation of this carbon farm plan, several carbon beneficial practices have been
incorporated at Fair Ranch, though records for certain management practices are limited. Compost
from a municipal composting source/green waste has been used in the past, though the last time it was
spread was in 2018 on about 700-750 acres (5-6 tons per acre, very low N with a C:N ratio likely greater
than 11). Currently, organic fields receive chicken manure, though there is no set frequency and rates
vary by crop and availability. Both warm and cool season cover crops are also utilized each year with the
majority being a cool season planting (in 2023, 700 acres were planted; more details provided in the
Cover Crop section). In the past, mulch was spread along some of the canals, but further details are not
available.

In 2019, a hedgerow was installed along Road 112 extending from highway 45 to the headquarters. This
planting was completed as part of a high school outreach program (Student and Landowner Education
and Watershed Stewardship; SLEWS), and consisted of various trees, shrubs, forbs, and grasses (e.g.
coyote brush, wild rose, deergrass, etc.). In 2022, another planting designed to include riparian forest,
thicket, and willow scrub communities was established as part of the SLEWS program along County Road
98A. Species included ash, sycamore, oak, cottonwood, rose, blackberry, willows and sedge. The
northwest portion extends east along the northern border of Field 63 to create a native grassland
understory, and it consists mostly of deergrass and wild rye with some trees and shrubs interspersed
(Figure 5).

For the rice production at Fair Ranch, a reduced form of alternate wetting and drying (AWD) is currently
being trialed on 123 acres, and the remaining rice acreage (about 2,140 acres) is continuously flooded.
AWD entails flooding a rice field, then allowing that standing water to go below the surface level
(through seepage, percolation, or evapotranspiration) rather than remaining continuously flooded.
After water levels drop to a specific point, fields are flooded again. The timing of flooding changes
somewhat depending on the rice growth stage. At Fair Ranch, one dry-down is occurring midseason, so
it will be referred to as a “midseason dry” (MSD). AWD acts not only to reduce water usage, but it can
also decrease methane production by reducing anaerobic soil conditions that would otherwise occur if
the field remained flooded. Though nitrous oxide emissions may increase, one study suggests that
global warming potential decreases by 13-17% (Pramono et al. 2022).

A summary of existing practices is provided in Table 2 below, and a summation of the total carbon
benefits from these existing practices is provided in Table 4 towards the end of the Recommended
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Carbon Farm Practices section found later in this document. In total, approximately 3,800 MT of CO2e
are sequestered annually by the practices listed below. Of note, however, is that soil carbon
amendment in the form of composting accounts for 3,325 MT of that total value.

D Fair Ranch Property

Hedgerow Planting

- Riparian Restoration

N 0 0.5 1 2 Miles
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Imagery credits: Yolo County, Earthstar Geographics

Figure 5. Existing hedgerow and riparian restoration practices at Fair Ranch.

YOLO COUNTY

RCD
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Table 2: Existing carbon-beneficial practices at Fair Ranch.

Current Practice
(NRCS CPS #) Acreage Description Co-Benefits
Hedgerows consisting largely of deer Provide and enhance habitat for
grass and a few woody shrubs planted |  wildlife and pollinators, reduces
Hedgerow along the western border, north of airborne particulate matter and
Planting (422) 17.4 field 63, and along road 112. chemical drift.
reduce runoff, protects waterway
Improvement of riparian vegetation structure, preserves waterway
Riparian along the western edge of the function, protects native plant
Restoration (NA) 2.1 property. community and aquatic habitat.
Compost was applied in the past at a
Soil Carbon rate of 5-6 tons per acre. Chicken
Amendment manure is spread on organic fields Improve soil health habitat and
(336) 750 currently. aggregate stability.
Reduce erosion, suppress weeds,
Primarily cool season cover crops used: | utilize excess soil nutrients, improve
traditional mix of bell beans, vetch, soil moisture, decrease soil
Cover Crop (340) 700 and grains. compaction.
Improve soil moisture, improve
irrigation efficiency, prevent and
reduce erosion, weed suppression,
Mulching (484) | Data unavailable Spread along several canals. reduce particulate matter emissions.

MSD: Midseason
Drying (NA)

123

Currently being trialed; one dry period
during the middle of the irrigation
season.

Reduces water usage and methane
emission.

RESOURCE CONCERNS:

Soil organic carbon (SOC) levels vary throughout the property, though soil reports generally show soil
organic matter (SOM) in the 3-4% range (about 1.7-2.3% SOC). The producer notes that he has not seen
values below 2% SOM (1.2% SOC), though carbon levels tend to be lower near the river as the soil gets
lighter. There are a few alkali spots and areas prone to seepage in high water; these areas are limited in

size, and currently there are no practices being done to address that concern. Wind and water

availability are other considerations at this site. Wind not only has the ability to cause soil erosion, but it

has caused crop loss at Fair Ranch, particularly in rice. Water availability has also impacted operations—

thousands of acres of cropland have been left fallow depending on water availability and crop idling.

With the high variability of rainfall in California coupled with warming conditions and drought, water
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access and quality will be important to plan for in the future. Lastly, wildlife presents pressure both
directly through damage to crops and indirectly through the introduction of mold.

RECOMMENDED CARBON FARM PRACTICES

CARBON CAPTURE POTENTIAL

Fair Ranch offers many opportunities for increased capture of atmospheric carbon amenable to both
improvements to agricultural management activities and wildlife habitat enhancement. There are
several opportunities for crop-beneficial practices including compost application, cover crops,
conversion to reduced tillage, and windbreaks. These practices, among others, will all assist in
sequestering carbon via increased vegetation cover and soil organic matter, promote enhanced net
primary cropland productivity, and increase water holding capacity. Opportunities also exist to enhance
unused farm edges with wildlife habitat through riparian restoration and installation of hedgerows. The
carbon beneficial practices identified for implementation in this plan will contribute to enhanced water
infiltration and water quality, increase agricultural productivity on the property, and improve aquatic
and terrestrial wildlife habitat.

The following carbon farming opportunities are categorized into three subsections: agroforestry
systems, riparian systems, and cropland systems. A map of proposed carbon-beneficial plantings is
included below (Figure 6). Definitions and general information about the practices described come from
Natural Resource Conservation Service’s (NRCS) conservation practice standards which can be found in
the online field office technical guide (FOTG). Specific practice numbers are listed next to the practice
name. In some cases, multiple NRCS practices may apply to a proposed action, so discussing these
practices with an NRCS conservation planner before implementation is highly recommended to
determine feasibility, strategy, and funding. COMET-Planner! was used to calculate potential carbon
benefits associated with each proposed practice (Table 5). A summary of carbon benefits, both from
existing and recommended practices, can be seen in Table 6 at the end of the Recommended Carbon
Farm Practices section.

1 Two versions were referenced: 1. The general version (http://comet-planner.com) and 2. California Department
of Food and Agriculture’s Healthy Soil Program version (http://www.comet-planner-cdfahsp.com).
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Figure 6: Proposed carbon-beneficial plantings at Fair Ranch.
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A. AGROFORESTRY SYSTEMS

Agroforestry refers to the “intentional integration of trees and shrubs into crop and animal production
systems” (Patel-Weynand, Bentrup, and Schoeneberger, 2017). Through the “carbon lens,” agroforestry
is a straightforward means of increasing aboveground living carbon while also creating pathways for soil
carbon sequestration. Other benefits of agroforestry can include increasing structural and biological
diversity above and below ground; reducing the potential damage to crops and soils from wind;
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providing habitat for beneficial animals and insects that can reduce pest presence and assist with
pollination; and increasing water infiltration potential and reducing risk of flooding or runoff. The
following subsections describe agroforestry practices that could be implemented at Fair Ranch.

HEDGEROW PLANTING (CPS 422)

A hedgerow is defined as the establishment of dense woody vegetation in a linear design. Hedgerows
can benefit a farm by sequestering carbon in biomass and soils, increasing the structural and biological
diversity of a site, reducing soil erosion from wind and water, and increasing wildlife and pollinator
habitat. A recent study found soil carbon under mature hedgerows in Yolo County was 36% higher than
in adjacent farm fields (Chiartas et al. 2022). While this practice has already been utilized to some extent
on Fair Ranch along roads and waterways, more opportunities exist.

Hedgerow plantings vary in width and species composition depending on site-specific characteristics.
For this property, low-statured hedgerows are preferable because 1) compared to large trees, they are
less likely to serve as habitat for black birds which can damage crops and 2) they are easier to maneuver
around with tractors and implements. Suitable native hedgerow species used previously on this
property are listed in the appendix (Supplementary Table S1).

In theory, hedgerows could be implemented along most field edges, though it would require taking
some land out of production to accommodate the new plantings. Several areas totaling 4.14 acres were
identified as good sites to establish trial hedgerows—these sites are indicated by yellow lines in Figure 6.
Planting 4.14 acres of hedgerows would result in about 34 metric tons (MT) of CO2e storage annually.

If this practice could be scaled up to include an additional 10 acres (14.14 acres total), an additional 82-
84 MT of CO2e/year could be sequestered depending on whether grassland or cropland is replaced. If
hedgerows were estimated to be 10 feet wide, this would mean installing about 8.25 miles of single row
hedgerow (which, according to remotely sensed imagery, is possible if plants are added alongside just a
portion of all driving paths within the property).

WINDBREAK (CPS 380)

Windbreaks are single or multiple rows of trees planted in straight or curved configurations, similar to
hedgerows, but oriented perpendicular to the prevailing winds. While they do have overlapping
benefits with hedgerows, the primary function is to protect against the negative effects of wind. By
impeding wind, windbreaks can reduce soil erosion, protect plants from wind damage, reduce
evapotranspirative losses thus improving irrigation efficiency, and improve air quality from airborne
contaminants. Beyond that, they serve as another opportunity to sequester carbon in biomass and soils,
provide wildlife and beneficial insect habitat, and provide microclimate-ameliorating benefits to the
associated farm fields

Due to the relatively flat topography, wind has caused damage to some crops in the past, particularly
rice. Positioning windbreaks near rice paddies in such a way that they are perpendicular to prevailing
winds could offer protection. After 20 years, windbreaks offer protection up to 10 times the designed
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maximum height of the planting. In theory, they could be established strategically along various field
edges, but wind protection will likely not be provided to entire blocks due to the larger block sizes.
Installing several experimental sites is a reasonable strategy to assess the results. In doing so, the farm
could weigh the benefits windbreaks provide to crop yield against the loss in production which is
required to install the planting. For example, if the equivalent of 1 ton of potential crop was taken out
of production, but the remaining crop produced an additional 1.5 tons as a result of the wind protection,
this could be an economically feasible practice to implement on more acreage. Two proposed trial
windbreaks are indicated in Figure 6. Together, these comprise approximately 2.54 acres if the
windbreaks are 12 feet wide and single-row. This length of single-row windbreak has the potential to
store 21 MT of CO2e annually. Supplementary table S2 lists several native tree species around Knights
Landing with a stature between 16-25 feet tall. This shorter stature was used to filter the species search
in order to prevent adding significant bird habitat, but larger statured trees would offer more wind
protection.

As an additional reference point, if 0.1% of the land (7 acres) was converted to single-row windbreaks,
this would equate to 58 MT of CO2e storage per year. In areas that are more distant from rice plantings,
more major windbreaks could be added where there are multiple rows, taller species, and a windbreak
width greater than 12 feet. In areas that are closer to rice, however, minor windbreaks that are single-
row, 12 feet wide, and composed of smaller species could be implemented.

TREE-SHRUB ESTABLISHMENT (CPS 612)

Tree shrub establishment refers to the establishment of woody plants by means of planting, direct
seeding, or natural regeneration. In addition to sequestering carbon, this practice can also be used to
restore native plant communities; improve plant diversity, productivity, and health; support wildlife
habitat; and improve water quality. When used around buildings, trees/large shrubs can also help
minimize energy consumption through shading and wind protection.

Near the office buildings at the headquarters, there is currently a mix of older oaks and landscape trees
present which could be replaced or supplemented with native plantings. If a replacement strategy is
chosen, old and non-native trees that are removed could be chipped and reapplied as mulch. However,
because there are already trees at this location, the subsequent planting would have to be denser than
the current planting to achieve any sort of carbon sequestration. In essence, these stacked practices
would function similarly to a whole-orchard recycling project. Not only does the mulch function as
another source of organic matter, but it will also reduce evaporative losses and erosion. If a whole
orchard recycling strategy is employed, NRCS CPS 384 Woody Residue Treatment and NRCS CPS 336 Soil
Carbon Amendment are other practices that may apply concomitantly.

A more efficient strategy would be to plant new stands that are denser than the current arrangement
(especially around edges of the developed area), thus allowing for greater carbon storage. If
approximately 5% of the area near the headquarters can be planted (2.5 acres), then the GHG
equivalent would be 47 MT per year of CO2e sequestration.
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In addition to the headquarters, there are several other areas where woody vegetation could be
planted, though many are along waterways. For example, some of the “lobed” insets along Sycamore
Slough could be planted with larger woody plantings. Because of their proximity to waterways, these
areas will be discussed below in the section Riparian Forest Buffer (NRCS CPS 391).

B. RIPARIAN SYSTEMS

Fair Ranch has riparian habitat potential on the eastern and northern edges which are adjacent to the
Sacramento River, and along Sycamore Slough which bisects the property. To date, no large-scale
riparian restoration activities have been completed on site. Currently, most waterways within the
property’s perimeter (i.e. not the property edges) have cattails and tule inside of them and species such
as wild carrot and ox tongue along the edges. The farm edges adjacent to the Sacramento River have
intermittent stands of old woody vegetation. To improve these riparian areas while simultaneously
increasing carbon storage, young riparian woody and herbaceous vegetation could be planted
selectively along waterways where riparian vegetation is lacking and/or where non-natives and shallow
rooted annual plants are present.

RIPARIAN FOREST BUFFER (CPS 391) - SYCAMORE SLOUGH

A riparian forest buffer is an area that is primarily covered by trees and/or shrubs located adjacent to
and up-gradient from a watercourse or water body. In practice, it involves replacing a strip of cropland
or grassland near water features with woody plants. This practice can reduce transport of sediment or
other materials, improve water quality and habitat, lower water temperatures, and store carbon in the
soil and biomass.

Much of the area around Sycamore Slough would be a prime site to remove cropland and improve the
riparian system. Currently, several of the fields south of the slough are often left as bare fallow from
year to year, so there is opportunity to take those fields out of production and replace crops with woody
plantings. Altogether, there are about 95 acres of land around the slough that could be taken out of
production for this purpose (Figure 7 shows a snapshot of a portion of this area). For the purposes of
this plan, we'll assume that 50% of that acreage will be used for riparian forest buffer, and the other
50% will become riparian herbaceous cover (see section below). In this scenario, 47.5 acres of riparian
forest buffer equates to 91 MT of CO2e sequestration per year. If the riparian planting were extended
along the slough to the hedgerow north of field 63, there would be another 14 MT of CO2e
sequestration (assuming 2 miles are planted at a width of 30 feet, equating to 7.3 total acres; Figure 6).
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Figure 7: Riparian forest buffer around Sycamore Slough.

Another site where this practice could be implemented is on the eastern side of the property near field
83 (Figure 8). Currently there is a setback levee that does not have any woody plantings, but would be a
suitable location for a backwater habitat. 11.75 acres here could be converted from cropland to riparian
land resulting in 23 MT of CO2e storage per year.
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Figure 8: Riparian forest buffer and riparian restoration along the Sacramento River.
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RIPARIAN HERBACEOUS COVER (390) - ALL RIPARIAN AREAS

Riparian herbaceous cover refers to grasses, sedges, rushes, ferns, legumes, and forbs tolerant of
intermittent flooding or saturated soils that are established or managed as the dominant vegetation in
the transitional zone between upland and aquatic habitats. In terms of direct carbon benefits, this
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practice provides the opportunity to store carbon in biomass and the soil. It also acts to reduce erosion
and improve water quality, stabilize and protect banks along waterways, and support pollinator habitat.

As mentioned above, Sycamore Slough is a suitable site for implementing this practice. If 47.5 acres
were planted with a mix of grass and leguminous riparian herbaceous cover, 17 MT of CO2e would be
stored annually. The extension towards field 63 mentioned above offers the opportunity for another 1
MT of storage (assuming 2 miles are planted and the width of the planting is 10 feet; 2.4 acres). If only
unfertilized grass were planted, the 47.5 acres would sequester 10 MT of CO2e and the 2.4 acres would
sequester 1 MT. This practice could also be stacked with riparian restoration, a practice where already-
present riparian areas are improved (described in the next section; see below). Several suitable
locations for initial plantings are present along the eastern and northern edges of the property.
Together they total 85.5 acres and are denoted in turquoise on the map (Figure 6). Again, if only 50% of
the land, or 43.8 acres, were allocated toward riparian herbaceous cover it would sequester 16 MT of
CO2e annually with a grass/legume mix and 8 MT with an unfertilized grass planting. When planting
herbaceous cover, species should be selected for their ability to promote soil stabilization, reduce
erosion, and support pollinators.

If the entire property border with the Sacramento River (about 6.75 miles) is considered as an
opportunity to install grass/leguminous riparian herbaceous cover at a width of 10 feet, there is an
opportunity for another 8.2 acres of planting resulting in 3 MT of CO2e sequestration annually (1 MT
with only unfertilized grass). It could also be treated as a riparian restoration in some areas, but that will
be discussed in the next section. Much of the border is already vegetated, however, so the carbon
sequestration potential is likely less than 3 MT. Canals on the property could also receive riparian
herbaceous cover. There are about 24.5 miles of canals; planting herbaceous cover at a 10-foot width in
these canals would provide another 296 acres of land which could sequester 108 MT of CO2e annually if
planted with a legume/grass mix and 60 MT of CO2e annually if planted with only unfertilized grasses.

RIPARIAN RESTORATION - SACRAMENTO RIVER

Riparian restoration refers to the restoration of degraded streambanks through the planting of woody
plants. Though this is not identified in the NRCS FOTG with a specific CPS number, it is identified as a
practice in COMET Planner (http://comet-planner.com). The main distinction between this practice and
a Riparian Forest Buffer is that the Riparian Forest Buffer is meant to replace cropland; this practice does
not specifically do so. Riparian restoration helps to reduce runoff, therefore protecting waterway
structure and services, it protects the native plant community and aquatic avian and insect habitat, and
it increases carbon storage in biomass and the soil.

Many of the riparian areas along the farm edges present an opportunity for riparian restoration. For

example, the eastern side of the property along the Sacramento River has several areas where
additional trees could be added. Currently, large stretches are covered with old stands of blackberries,
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wild grapes, and larger trees, but these plants could be removed and replaced, or interplanted with
additional native trees and other plants. As mentioned above, several optimal sites to trial riparian
restoration are noted in turquoise on the map (Figure 6; 85.5 acres total). Riparian restoration along
these 85.5 acres would sequester approximately 85 MT of CO2e annually.

C. CROPLAND SYSTEMS

Maintaining the ability to adapt to changing markets is a priority at Fair Ranch, so proposed practices
will have to balance economic feasibility with carbon benefits. Many of the practices listed below are
management changes as opposed to infrastructure changes, so they can be scaled up or back as the
needs of the farming operation shift. Because crops rotate throughout the property, and because crops
have different nutrient management needs, the following practices are not illustrated on the map.
Instead, feasible and/or optimistic potential acreages are noted in each subsection, and management at
Fair Ranch would decide annually as to where implementation of a specific practice would make sense.

REDUCED TILLAGE (CPS 345)

Currently, there are attempts to minimize tillage on site, though this practice is limited in the sense that
there is no maximum number of passes established. By minimizing tillage, either through reducing
passes or the depth of tillage, soil structure can be better maintained while simultaneously reducing the
amount of fossil fuel needed by equipment. This practice also serves to reduce the amount of
particulate matter released while tilling, and it minimizes sediment lost to erosion.

In theory, this practice could be applied throughout the property by reducing passes. Depending on the
residues that are left behind after harvest and the next crop to be planted, some areas may be more
suitable for this practice one year and other areas may be more suitable the next year. Deep tillage
could also be reduced to help maintain soil structure. Currently, River Garden Farms does not own any
no-till equipment, but if these are obtained, carbon benefits could be even greater. River Garden Farms
has expressed interest in reduced tillage equipment such as 1) a rip lister which acts as a subsoiler to
break up compacted soil without inverting it, thus minimizing soil disruption or 2) a performer which can
perform several functions at once such as ripping, listing, and shaping, thus reducing the number of
overall passes.

If 10% (approximately 700 acres) of the cropland was converted from intensive tilling to reduced tilling,
the CO2e reduction would be about 79 MT/year. If taken a step further, converting 700 acres of
intensive tilling to no-till (CPS 329) would result in 179 tons of CO2e/year sequestered. If it were 700
acres of reduced-till cropland that was converted to no-till, the savings would be 114 tons annually.
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COVER CROP (CPS 340)

By planting grasses, legumes, and forbs as a form of seasonal cover, cover crops can present a host of
benefits. In the most fundamental sense, cover crops provide an opportunity to maintain living roots in
the ground—a key principle in promoting soil health. As such, it can result in reduced erosion, greater
organic matter, reduced weed pressure, improved soil moisture, and less soil compaction.

Currently River Garden Farms has about 700 acres of its land in cover crops, sequestering approximately
333 MT of CO2e annually. Cover cropping has been tried in all soil types, though most efforts have been
done in areas with rice and organics. The yearly acreage planted depends on funding and organic crop
plans. Some warm season cover cropping has been done, but predominantly cool season cover crops
have been planted. The current mix is a traditional one consisting of bell beans, vetch, and grains. If
another 100 acres were planted with a multi-species cover crop mix, 48 MT of CO2e could be
sequestered. One key area where this practice could be incorporated is in fields that would otherwise
be left as bare fallow (in some years, over 2,000 acres). If this practice were scaled up to plant 2,000
acres of fallowed land with cover crop, that would result in 951 MT of annual CO2e sequestration.

NUTRIENT MANAGEMENT (CPS 590)

Nutrient management is grounded in four key principles: ensuring that the right nutrients are applied in
the right place, at the right time, and at the right rate. The goal of this practice is to ensure plant health
and productivity while at the same time reducing excess nutrient loss, emissions of particulate matter,
and release of GHG and ozone precursors. Nutrient management can be incorporated wherever
amendments are used. In the most fundamental sense, it helps optimize nitrogen, phosphorus, and
potassium by accounting for all significant sources and removal of these nutrients. To properly track
nutrient levels, all inputs and removal of nutrients should be considered. Sources include irrigation
water, fertilizers/famendments, nutrients within the root zone, and crop residues. Removal includes
leaching, erosion, volatilization and crop harvest.

All conventional fields currently receive a standard traditional nitrogen fertilizer, and organic fields
receive chicken manure (rates vary by crop; Table 3). Where cover cropping is practiced, additional
nitrogen is added via leguminous plants. There have been considerations of using alfalfa as an
additional source of nitrogen, but that has only been implemented as a trial so far. Soil tests have been
conducted on various fields and levels of nitrogen, phosphorus, and potassium can be found in those
reports. If fertilizer application were reduced by 15% on 700 acres, i.e., 10% of the property, 1 MT of
CO2e emission could be reduced annually.
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Table 3. Typical fertilizer source and rate by crop.

Crop Source Rate
Alfalfa NA Leguminous crop; very little added
Rice Aqua 20-0-0; top dress with ammonia sulfate | 89 gallons per acre
Sunflowers and row crops | UN32 30-40 gallons per acre
Tomato UN32 and CAN17 200 pounds per acre

COMPOST APPLICATION (CPS 808—50IL CARBON AMENDMENT)

Applying carbon-based amendments derived from plant materials or treated animal byproducts can
improve soil organic matter, sequester carbon, improve aggregate stability, reduce the need for
synthetic nutrients and improve habitat for soil organisms. Additionally, this practice can help improve
soil moisture. River Garden Farms historically incorporated this practice in orchards and some row crop
fields at a rate of about 5-6 tons per acre, however, this practice was not regularly practiced and
depended upon availability and cost of material. The last time compost was applied was in 2018 on
about 700-750 acres. In order to be implemented again, access to free compost would be necessary.
Assuming acquisition is possible from a certified composting facility, applying 6 tons/acre of compost
(C/N >11) to 700 acres would sequester 3,103 MT of CO2e annually. Applying 5 tons/acre of compost
(C/N <11) would sequester 1,478 MT of CO2e annually.

CONSERVATION CROP ROTATION (328)

Conservation crop rotation, in its simplest sense, refers to the incorporation of multiple plant species
into the annual crop rotation cycle. By rotating at least two crops and reducing or eliminating bare
fallow, soil health and organic matter can be improved; erosion can be minimized; soil moisture can be
increased; plant pests, synthetic fertilizer needs, and salt/chemical buildup can be reduced; and wildlife
can be supported.

At Fair Ranch, there were 2,666 acres of fields that were left in bare fallow at least one time in the last
ten years. Of this acreage, 2,260 acres were left fallow only one season, 226 acres were fallowed for
two seasons, and 130 acres were left fallow for more time (for clarity, this portion will be referred to as
“frequently fallowed”). Considering that 97 acres of the frequently fallowed land was already addressed
above as part of the riparian planting, there remains 33 acres which could be addressed by this practice.
Utilizing conservation crop rotation on this acreage would equate to 9 MT of CO2e storage per year.
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D. MISCELLANEOUS PRACTICES

PRESCRIBED GRAZING (CPS 528)

River Garden Farms already incorporates this practice along some farm edges. By allowing sheep to
graze along hedgerow plantings, weed pressure has been reduced. This practice can be used more
extensively and in conjunction with future hedgerow plantings to improve and maintain desired species
compositions, maintain hedgerow function, reduce erosion, recycle nutrients, and reduce the amount of
fossil fuels required to manage these same areas mechanically or chemically. Grazers could also be used
along riparian areas in such a way that promotes native/desired species.

This practice will depend upon availability of animals and labor. Sheep have been used in the past, so
they may be an excellent option to begin with since contacts are already established. For every 38 acres
that utilize prescribed grazing, 1 MT of CO2e/year is sequestered. Since this practice will most likely be
used primarily on hedgerows (and possibly riparian areas), the carbon benefits will be minimal on this
property, but it is still worth considering for its myriad of co-benefits, including weed reduction and
nutrient recycling.
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Table 4: Carbon Sequestration benefits of previous/existing practices at Fair Ranch.

Existing
practice (NRCS Annual CO2e 20-year CO2e
CPS #) Acreage Description sequestration (MT) |sequestration (MT) Co-Benefits Reference
Hedgerows consisting
largely of deer grass and a
few woody shrubs planted Provide and enhance habitat
along the western border, for wildlife and pollinators, COMET-Planner Version
Hedgerow north of field 63, and along reduces airborne particulate 3.0, Build 1, accessed
Planting (422) 17.4 road 112 143 2,860 matter and chemical drift October 2023
reduce runoff, protects
waterway structure, preserves
Riparian Deergrass and small woody waterway function, protects COMET-Planner Version
Restoration shrubs planted along the native plant community and 3.0, Build 1, accessed
(NA) 2.1 western border 2 40 aquatic habitat October 2023
Compost (C:N > 11) from a
Soil Carbon composting facility applied COMET-Planner CDFA HSP
Amendment to annual crops at 6 Improve soil health habitat version accessed October
(336) 750 tons/acre 3,325 66,500 and aggregate stability 2023
Reduce erosion, suppress
weeds, utilize excess soil
Traditional mix of bell nutrients, improve soil COMET-Planner Version
Cover Crop beans, vetch, and grains moisture, decrease soil 3.0, Build 1, accessed
(340) 700 applied to various fields 333 6,660 compaction October 2023
Improve soil moisture, improve
irrigation efficiency, prevent
and reduce erosion, weed COMET-Planner Version
Spread along several suppression, reduce 3.0, Build 1, accessed
Mulching (484) 1 canals 0.2 4 particulate matter emissions October 2023
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Allowing standing water in

irrigated rice paddies to

Provides intermittent habitat

Midseason drain before irrigating for migratory birds, reduces
Drying (NA) 123 again 193* 3,860 methane reductions Enriquez et al. 2021
Total 3,996.2 MT 79,924 MT

*This value was derived using a conservative estimate based on a rice model in Filipino rice paddies (Kraus et al. 2022).

Table 5: Carbon sequestration benefits associated with implementation of proposed practices at Fair Ranch.

Planned
practice (NRCS Annual CO2e 20-year CO2e
CPS #) Acreage Description sequestration (MT) sequestration (MT) Co-Benefits Reference
Woody plantings Provide and enhance habitat | COMET-Planner
implemented in several trial for wildlife and pollinators, Version 3.0,
Hedgerow sites and along driving paths reduces airborne particulate | Build 1, accessed
Planting (422) 4.14 on the property 34 680 matter and chemical drift October 2023
Minimize soil erosion and
crop damage due to wind,
Low statured plantings are provide and enhance habitat | COMET-Planner
preferred so as not to invite for wildlife and pollinators, Version 3.0,
Windbreak additional avian crop improves air quality from | Build 1, accessed
(380) 2.54 pressure 21 420 airborne contaminants October 2024
Provide shade and wind
protection to minimize
energy consumption; support| COMET-Planner
Tree-Shrub wildlife habitat; support Version 3.0,
Establishment Young native tree plantings plant diversity, productivity, |Build 1, accessed
(612) 2.5 around the headquarters 47 940 and health October 2025

29




Woody plantings around
Sycamore Slough and in the
setback levee on the eastern

side of the property.
Additional planting could Reduce sediment transport, | COMET-Planner
extend the planting along improve water quality and Version 3.0,
Riparian Forest Sycamore Slough by 7.3 habitat, lower water Build 1, accessed
Buffer (391) | 59.25-66.55 acres 113-128 2,260 - 2,560 temperatures October 2026
Plantings of herbaceous
plants near water bodies. Reduce erosion, improve | COMET-Planner
Riparian Plants may include grasses, water quality, stabilize Version 3.0,
Herbaceous sedges, rushes, ferns, banks, support pollinator |Build 1, accessed
Cover (390) 91.3-395.5 legumes, and forbs 34 -145 680 - 2,900 habitat October 2027
Reduce runoff, protects
waterway structure,
preserves waterway
function, protects native COMET-Planner
Riparian Woody plantings located plant community and Version 3.0,
Restoration primarily along the aquatic, avian and insect |Build 1, accessed
(NA) 85.5 Sacramento River 85 1,700 habitat October 2023
Reduced
Tillage:
conversion
from intensive Minimize sediment lost to | COMET-Planner
to reduced Minimizing the number of erosion, reduce particulate Version 3.0,
tillage (345) or tillage passes or the depth of matter released, improve soil | Build 1, accessed
no-till (329) 700 tillage 79-179 1,580 - 3,580 structure October 2023
Reduce erosion, suppress | COMET-Planner
Traditional mix of bell beans, weeds, utilize excess soil Version 3.0,
Cover Crop vetch, and grains applied to nutrients, improve soil Build 1, accessed
(340) 100 various fields 48 960 moisture, decrease soil October 2023
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compaction

Creating an approach to

Support plant health and
productivity, reduce excess

nutrient loss, decrease COMET-Planner
Nutrient account for all nutrient input particulate matter emissions, Version 3.0,
Management and removal for the minimize release of GHG and | Build 1, accessed
(590) 700 operation 1.0 20 ozone precursors. October 2023
Compost (C:N < 11) from a
composting facility applied
to annual crops at 5
tons/acre OR Compost (C:N > Improve soil health, habitat, | COMET-Planner
Soil Carbon 11) from a composting and aggregate stability, CDFA HSP
Amendment facility applied to annual increase SOM, improve soil | version accessed
(336) 700 crops at 6 tons/acre 1,478- 3,103 29,560-62,060 moisture October 2023
Improve soil health and
organic matter, minimize | COMET-Planner
Conservation Incorporation of plant erosion, increase soil Version 3.0,
Crop Rotation species into an annual crop moisture, reduce inputs, |Build 1, accessed
(328) 33 rotation to avoid bare fallow 9.0 180.0 support wildlife October 2023
Total

1,949 - 3,800 MT

38,980 - 76,000 MT
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Table 6: Summary of carbon benefits from implemented and planned practices.

See Tables 4-5 for more details on each practice.

Practice Acreage CO2e sequestered annually (MT) CO2 sequestered over 20 years (MT)
Hedgerow Planting 21.54 180 3,600
Windbreak 2.54 21 420
Tree-Shrub Establishment 25 4.7 940
Riparian Forest Buffer 59.25-66.55 113-128 2,260- 2,560
Riparian Herbaceous Cover 91.3-395.5 34-145 680-2,900
Riparian Restoration 87.6 87 1,740
Reduced Tillage: conversion from 700 79-179 1,580- 3,580
intensive to reduced tillage or no-till
Cover Crop 800 381 7620
Nutrient Management 700 1 20.0
Soil Carbon Amendment 1,450 4,803-6,428 96,060-128,560
Conservation Crop Rotation 33 9 180
Mulching 1 2 4.2
Alternate Wetting and Drying 123 193 3,860

TOTAL

5,905.9 - 7,756.9 MT

118,118 - 155,138 MT
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SOIL WATER HOLDING CAPACITY

By increasing carbon in the soil, water holding capacity (WHC) is also increased. NRCS indicates that a
1% increase in SOM (about 0.5% increase in SOC) in the topsoil equates to 27,000 gallons of additional
water holding capacity per acre (NRCS Soil Health Key Points). If we assume that 1% SOC is equal to 9
MT of SOC per acre (Carbon Cycle Institute), then the proposed practices illustrated in Table 5 above
would equate to approximately 369.36 acre feet of additional soil water holding capacity over a 20 year
period (Table 7 and Supplementary Table S3).

Table 7. Summary of impacts of proposed carbon farming practices on soil water holding capacity.

Practice Acres 20-year SOM increase | Soil WHC increase by year 20 (AF)
Hedgerow Planting 17.4 2,860 7.14
Windbreak 2.54 420 1.05
Tree-Shrub Establishment 2.5 940 2.35
Riparian Forest Buffer 66.55 2,560 6.39
Riparian Herbaceous Cover 395.5 2,900 14.49
Riparian Restoration 85.5 1,700 4.25
Reduced Tillage:
conversion from intensive
to no-till (329) 700 3,580 17.88
Cover Crop 100 960 4.8
Nutrient Management 700 20 0.1
Soil Carbon Amendment 700 62,060 310.02
Conservation Crop
Rotation 33 180 0.9
Totals 78,200 369.36
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CONCLUSION

QUANTIFICATION OF CARBON BENEFITS

Fair Ranch has already implemented several carbon-beneficial practices, and through the
implementation of additional practice detailed above, the carbon capture/reduction benefits can be
amplified. Tables 4-6 above indicate the historic and potential carbon benefits for each practice as
calculated using COMET-Planner (both the general and the CDFA version as indicated in the tables) in
October 2023.

If all existing practices were to continue, and if all proposed practices were implemented as described
above, the total carbon sequestration potential could be up to 7,756.9 MT of CO2e annually, or 155,138

MT of CO2e over a 20-year period.

The US EPA Greenhouse Gas Equivalencies Calculator (https://www.epa.gov/energy/greenhouse-gas-

equivalencies-calculator) is a tool that helps to put greenhouse gas emissions into perspective. The total

sequestration potential of 7,756.9 MT CO2e equates to 1,726 gasoline powered passenger vehicles
driven for one year or the annual energy use of 978 homes.

SUMMARY

Fair Ranch aims to continue operating in a manner that accounts for the practical considerations of
maintaining a viable business while at the same time conserving the environment and species found
there. Various practices have already been implemented on portions of the property, but there are
opportunities for incorporating new practices and implementing more acres of existing practices.
Adding intentional practices meant to sequester carbon and reduce CO2 emissions is a practical next
step for expanding beneficial practices on this property.

By 2030, Yolo County aims to achieve a negative carbon footprint, a goal set forth by the county Board
of Supervisors in 2020. The Carbon Farming Partnership, which was developed to create this carbon
farm plan and two additional plans, is one of seven early action projects meant to begin moving
towards that goal as a Climate Action and Adaptation Plan (CAAP) for unincorporated Yolo County is
developed (anticipated completion date: June 2024). The overarching goal of the Yolo County Carbon
Farming Partnership is to increase the pace and scale of carbon farm planning and implementation in
Yolo County. Fair Ranch, having gone through the carbon farm planning process, can now serve as a
reference for others seeking to develop a plan. As practices are implemented on the property,
technical and financial considerations can be shared as well. This plan can be physically shared as a
resource for others interested in carbon farming (within the comfort level of River Garden Farms
management).

A 2018 GHG inventory for Yolo County indicates that the total GHG emissions for unincorporated Yolo
County equated to 1,082,801 MT CO2e in 2016, and agriculture accounted for 232,569 MT CO2e of
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that total (Ascent Environmental, 2018). If all practices outlined in this plan were incorporated, Fair
Ranch could optimistically sequester 3,800 MT CO2e annually, equivalent to 0.35% of the total 2016
emissions and 1.63% of agricultural emission.

Another way to look at GHG emission and carbon sequestration is on a per-acre basis. According to
the 2017 census of agriculture (USDA, 2017), Yolo County consisted of 459,662 acres of farmland.
Taken in consideration with the GHG inventory, on average, each acre of farmland generates
approximately 0.51 MT CO2e. (Heterogeneity is certainly lost in considering this per-acre average;
some acres produce more or less GHG than others based on land use, crop type, soil, etc.) Using this
average, Fair Ranch could make a proportional contribution towards total greenhouse gas reductions if
enough practices could be implemented to sequester 3,570 MT CO2e across the property’s 7,000 acres
(i.e. 7,000 acres x 0.51 MT CO2/acre). It is important to note that this estimate is based on an average
that does not consider fine-scale variability across the landscape; as such, this value is meant more to
illustrate a goal within a county-wide context rather than denote a prescriptive stopping point for
practice implementation.

This plan should be viewed as a living document. This plan is dynamic in the sense that it may be
modified, appended, or refined to meet future goals and needs. This plan should evolve as practices
are implemented and new information/feedback, tools and resources become available. Additional
carbon-beneficial practices may be considered for inclusion in the long-term plan. GHG values
presented here as associated with specific practices are based upon the best available information at
the time of this plan’s preparation (2023-2024). They likewise may be revised as evaluation techniques
are refined or new data become available.

PROJECT IMPLEMENTATION TIMELINE

Table 8 below depicts a general timeline for implementing various carbon-beneficial practices. As a
note, several of these practices are currently taking place or have recently begun implementation.
Some practices (or expansion of a practice) are dependent upon funding acquisition. For the near-
term goals of compost application and cover crop planting, CDFA’s Healthy Soils Program could be
pursued this winter (2024) to begin implementation as early as the fall of 2024.
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Table 8. Implementation timeline of near, medium, and long-term goals.

Objectives Short-term goals Medium-term Long-term goals Additional notes (if
(currently ongoing goals (to be initiated in applicable)
or to be initiated in (to be initiated in the next 5-10
the next 1-2 years) | the next 2-5 years) years)
Install X Implementation is
Hedgerow currently taking place
Winter 2024.
Reduce X Management practices
tillage on are currently taking place
property to reduce the number of
passes. Funding is being
sought for reduced tillage
equipment.
Apply X CDFA Healthy Soils
compost Program (HSP) funding is
available Winter 2024.
Plant cover X This practice is currently
crops taking place on site. CDFA
HSP funding is available
Winter 2024 which could
be used to supplement
this practice, though
compost acquisition takes
priority for that funding.
Install wind X
break
Implement X
conservation
crop rotation
Begin riparian X
plantings

MONITORING AND RECORD KEEPING

Monitoring the initial application, implementation, and establishment of practices (e.g., compost

application, hedgerow plantings survival, cropland management via tilling and crop rotation, cover crop
establishment, etc.) should be carried out in coordination with annual inspections or at key moments by
River Garden Farms staff or any organizations involved in project implementation. For assessing longer-
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term goals, soil organic carbon or soil organic matter should be measured where practices are
implemented in accordance with market or voluntary protocol requirements (if applicable). Ideally, soil
samples or other data will be taken prior to implementation of a practice to provide a baseline.
Subsequent collections can then occur at appropriate intervals after implementation. Monitoring data
and records of implementation activities, including locations, extent of project(s), dates of
implementation, etc., should all be included in plan implementation documentation. If funding or
partnerships are available, monitoring the impacts of these practices on other ecosystem services and
co-benefits would be of value to verify and quantify impacts and to adjust management strategies. Such
activities may include biological surveys (animal and plants, soil macrobiota or microorganisms) and
assessments of water quality and agricultural productivity.

FUNDING STRATEGY FOR CARBON FARM PLAN IMPLEMENTATION

This section describes potential funding opportunities that include grants and direct contributions from
regional, state, and federal agencies to implement the practices outlined for Fair Ranch. This list is by no
means meant to be exhaustive. In some cases, opportunities also exist for obtaining technical assistance
in applying for funding. The goal and scope of these resources vary widely, but funding opportunities
can be maximized by leveraging these resources strategically. There are several programs aimed at
supporting pollinators, for example, which could be applied towards hedgerow plantings at Fair Ranch.
Other funding sources could be utilized to support riparian plantings, cover cropping, or the wildlife
community in general. Framing a project along Sycamore Slough or the Sacramento River in such a way
that it emphasizes the benefit to wildlife may open up the possibility for more funding opportunities
that may seem less directly related to carbon capture.

FEDERAL

Natural Resources Conservation Service (NRCS)- Environmental Quality Incentives Program (EQIP): The
“Environmental Quality Incentives Program (EQIP) provides financial and technical assistance to
agricultural producers to address natural resource concerns and deliver environmental benefits such as
improved water and air quality, conserved ground and surface water, increased soil health and reduced
soil erosion and sedimentation, improved or created wildlife habitat, and mitigation against drought and
increasing weather volatility.”. This program typically assists agricultural producers with cost share
related to many of the practices listed in this carbon farm plan (e.g. hedgerow planting, soil carbon
amendment, cover crop).

https://www.nrcs.usda.gov/sites/default/files/2022-10/EQIP-fact-sheet.pdf

USDA Rural Energy for America Program Renewable Energy Systems & Energy Efficiency Improvement
Guaranteed Loans & Grants (REAP): The program provides guaranteed loan financing and grant funding
to agricultural producers and rural small businesses for renewable energy systems or to make energy
efficiency improvements. Agricultural producers may also apply for new energy efficient equipment and
new system loans for agricultural production and processing.
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https://www.rd.usda.gov/programs-services/energy-programs/rural-energy-america-program-
renewable-energy-systems-energy-efficiency-improvement-guaranteed-loans

U.S. Fish and Wildlife Service- Partners for Fish and Wildlife Program: “The Partners for Fish and
Wildlife Program provides technical and financial assistance to landowners interested in restoring and
enhancing wildlife habitat on their land.” Provides up to $750,000 per award.

https://www.fws.gov/program/partners-fish-and-wildlife

Central Valley Project Improvement Act and Habitat Restoration Program: The U.S. Bureau of
Reclamation and the U.S. Fish and Wildlife Service’s Central Valley Project Improvement Act grant
provides funding for the “protection, restoration and enhancement of fish and wildlife”. This program
typically receives $1.5 million annually and funds five or more projects.

https://www.usbr.gov/mp/cvpia/

STATE

California Department of Food and Agriculture (CDFA)- Office of Environmental Farming and
Innovation (OEFI)- Healthy Soils Program (HSP): “The HSP Incentives Program provides financial
incentives to California growers and ranchers to implement conservation management practices that
sequester carbon, reduce atmospheric greenhouse gases (GHGs), and improve soil health.” Supported
practices would include compost application, cover cropping, no-till, reduced-till, mulching, and
hedgerow practices.

https://www.cdfa.ca.gov/oefi/healthysoils/IncentivesProgram.html

California Department of Food and Agriculture (CDFA)- Office of Environmental Farming and
Innovation (OEFI)- State Water Efficiency & Enhancement Program (SWEEP): SWEEP provides financial
assistance in the form of grants to implement irrigation systems that reduce greenhouse gases and save
water on California agricultural operations. Eligible system components include soil moisture
monitoring, drip systems, switching to low pressure irrigation systems, pump retrofits, variable
frequency drives, and installation of renewable energy to reduce on-farm water use and energy.” If
solar panels are incorporated on site, this grant would be relevant.

https://www.cdfa.ca.gov/oefi/sweep/

California Department of Fish and Wildlife (CDFW)- California Waterfowl Habitat Program (CWHP):
“The CWHP provides economic incentives to private landowners who agree to manage their properties
in accordance with a wetland management plan developed cooperatively by California Department of
Fish and Wildlife (CDFW) biologists and the participating landowner.” Landowners can receive an
incentive of $30-$60/acre annually depending on the lands being managed.

https://wildlife.ca.gov/Lands/WCP/Private-Lands-Programs

California Wildlife Conservation Board: Provides funding to support a variety of habitat enhancement
programs including the California Riparian Habitat Conservation Program (CRHCP) which aims at
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“protecting and restoring California’s riparian systems.” The Ecosystem Restoration on Agricultural
Lands (ERAL) program “collaborates with the agricultural community to identify and implement projects
that provide long-term habitat benefits for wildlife”, and the Monarch Butterfly and Pollinator Rescue
Program provides grant funding to restore or enhance monarch breeding habitat on private and public
lands. Depending on the goals and/or outcomes of a proposed practice, various programs may be
utilized.

https://wcb.ca.gov/Programs

PRIVATE/NON-PROFIT

National Fish and Wildlife Foundation (NFWF)- Monarch Butterfly and Pollinators Conservation Fund:
Grants are awarded to projects that “create and sustain interconnected monarch and pollinator
habitats” to support annual life cycle needs. In 2023, grants ranged from $200,00-$250,000 for projects
up to two years.

https://www.nfwf.org/programs/monarch-butterfly-and-pollinators-conservation-fund

Project Apis m.- Seeds for Bees: This cost share program provides cover crop seed with the goal to
“increase the density, diversity, and duration of bee forage in California orchards, farms, and vineyards,
while improving soil health. The seed mixes available through Seeds for Bees are designed to bloom at
critical times of the year when natural forage is scarce but managed and native bees are active. Seeds
for Bees serves the needs of bees, beekeepers, and growers, increasing sustainability of pollination and
agriculture.”

https://www.projectapism.org/seeds-for-bees.html

The Xerces Society- Monarch and Pollinator Habitat Kits: Provides habitat plant kits that contain
climate-smart native plants with the goal to support monarchs and other local pollinators in California
whose populations are in decline. This cost share opportunity could support the planned hedgerow
components of this carbon farm plan but also riparian areas through a different kit specifically for
riparian wildflower plantings.

https://xerces.org/pollinator-conservation/habitat-kits/california

Zero Foodprint Restore Grant: Provides funding for adopting practices aimed at sequestering
atmospheric carbon in the soil. Maximum funding is $25,000 per round, with a lifetime maximum of
$75,000 across multiple rounds.

https://www.zerofoodprint.org/
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APPENDIX

Supplementary Table S1. Hedgerow species at Fair Ranch.

Common Name Scientific Name Taxon

Coyote brush Baccharis pilularisi tree/shrub
Valley oak Quercus lobate tree/shrub
Cottonwood Populus fremotii tree/shrub
Toyon Heteromeles arbitufolia tree/shrub
California wild rose Rosa californica tree/shrub
Red bud Cercis occidentalis tree/shrub
California Buckwheat Erogonum grande var. rubescens tree/shrub
Buckbrush Ceanothus cuneatus tree/shrub
Coffeeberry Frangula californica tree/shrub
Julia Phelps Ceanothus Ceanothus spp. tree/shrub
Mulefat Baccharis salicifolia tree/shrub
California Fuchsia Epilobium canum tree/shrub
Cleveland Sage “Winnifred Gilman” | Salvia clevelandii tree/shrub
Elderberry Sambucus mexicana tree/shrub
Bladderpod Isomeris arborea tree/shrub
Flannelbush Fremontodendron californicum tree/shrub
California Aster Symphyotrichum chilense forb/grass
Gumplant Grindelia camporum forb/grass
Yarrow Archillea millefolium forb/grass
Western goldenrod Euthamia occidentalis forb/grass
Deergrass Muhlenbergia rigens forb/grass
Narrow-leaf milkweed Asclepias fascicularis forb/grass
Mugwort Artemisia douglasiana forb/grass
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Supplementary Table S2. NRCS eVegGuide native tree species. These tree species are short statured (16-25 feet)

and acceptable species for Windbreak/Shelterbelt Establishment (CPS 380) for this area.

Common Name Scientific Name Bloom Spacing (ft) Height (feet)
Arroyo willow Salix lasiolepis Feb-May 10 7-35
Western dogwood Cornus sericea Jun-Aug 10 4-13.1
California hoptree Ptelea crenulata Apr-Jun 8 16
Goodding’s willow Salix gooddingii Feb-Mar 20 15-40

Information from NRCS’ EvegGuide, and height data from California Native Plant Society’s Calscape.
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Supplementary Table S3. Soil water holding capacity impacts of carbon farm practices.

Carbon Cycle Institute

NRCS suggests that a 1% increase in SOM (SOM) results in an increase in soil water holding capacity (WHC) of an approximately 1-acre inch, or
27,152 gallons of increased soil water storage capacity per acre. A 1% increase in SOM represents roughly 20,000 pounds (10 short tons) of
organic matter or 5 short tons of organic carbon. The WHC table shows estimated additional water storage capacity associated with soil carbon
increases on Frog Hollow Ranch resulting from the implementation of the CFP. Practices from Table resulting in WHC increases greater than one-
acre foot are shown in Table.

Instructions and Descriptions:
The basic concept here is that an increase of 1% SOM is equivalent to a 1 acre-inch increase in soil water holding capacity (Emerson 1995).

1. Gather all potential carbon farm practices from your plan and select from the dropdown menu.

2. In the second column enter you practice data for 20 year CO2e. These values are obtained from you overall CFP summary table (linked).
These are the values you calculated with the use of a model such as COMET-Planner.

3. Column 3 will AUTO POPULATE! This column is where the 20 year CO2 metric tons is converted to C. This is done by dividing the value from
column 2 by 3.67, This value gives you your metric tons of soil organic carbon.

4. Column 4 VALUES (Soil Factor) ARE DEPENDENT ON PRACTICE TYPE! Because not all CO2 captured on farm is stored in soil (some is stored in
above-ground vegetation), a "soil factor" is included to adjust accordingly. Use values here appropriate for the practice.

5. Column 5 will AUTO POPULATE! Metric tons of SOC is converted to Metric tons of SOM by multiplying SOC (from column 3) by 2 (Pribyl
2010).

6. Column 6 STAYS CONSTANT! Because CO2 is expressed in metric tons, and NRCS assumes short tons, we need to convert to short tons to
derive acre inches. Assuming a 1% increase in SOM in the plow layer weighs 10 short tons per acre (ballpark number based on a commonly
accepted acre furrow slice of soil weight of 2 million Ibs),

7. Column 7 will AUTO POPULATE! This column converts 10 short tons of SOM to one acre inch (Al) of WHC. Each 1% increase in SOM weighs
about 9.09 metric tons and represents one acre inch (Al) of WHC.

8. Column 8 will AUTO POPULATE! This column converts Al to acre feet (AF) by dividing Al by 12.
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Carbon Farm
Practices( use
dropdown)

Mg CO2e 20 yr

Mg SOC

Soil Factor

Mg SOM

Mg SOM/AI

Acre Inches (Al)

Acre Feet (AF)

Hedgerow
Planting (CPS
422)

2860

779.29

0.5

779.29

9.09

85.72

7.14

Windbreak/Shelt
erbelt
Establishment
(CPS 380)

420

114.44

0.5

114.44

9.09

12.59

1.05

Tree/Shrub
Establishment
(CPS 612)

940

256.13

0.5

256.13

9.09

28.17

2.35

Riparian Forest
Buffer (CPS 391)

2560

697.55

0.5

697.55

9.09

76.73

6.39

Riparian
Herbaceous
Cover (CPS 390)

2900

790.19

1580.38

9.09

173.84

14.49

Riparian
Restoration

1700

463.22

0.5

463.22

9.09

50.95

4.25

Conventional
Tillage to No-Till
(CPS 329)

3580

975.48

1950.95

9.09

214.6

17.88




Cover Crops (CPS

340) 960 261.58 1 523.16 9.09 57.55 4.8
Nutrient

Management

(CPS 590) 20 5.45 1 10.9 9.09 1.2 0.1
Compost

Application on

Cropland 62060 16910.08 1 33820.16 9.09 3720.22 310.02
Conservation

Crop Rotation

(CPS 328) 180 49.05 1 98.09 9.09 10.79 0.9
TOTAL 78180 21302.45 40294.28 4432.37 369.36
Riparian Restoration WHC ONLY IF YOU ARE USING LOCAL DATA FROM LEWIS ET AL 2015 CREEK RESTORATION STUDY.

Riparian Soil C acres m2/acre kg SOC/m2/yr Mg/C/20yr Mg OM tot Al
via Lewis et al

2015 94 4046.85642 0.2 1521.618014 3043.236028 334.789442
NOTES

20 year MgC02e/3.67 = C x SF = MgSOC x 2 = MgSOM/9.09 Mg/Al/12 = Acre feet
20 year MgC02e/3.67 = MgSOC x 2 = MgSOM x 1.1 = short tons SOM/10 = Acre inches/12 = Acre feet
1 AF = 325,829 gallons

©CarbonCyclelnstitute
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