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I. THIRTEEN ECONOMIC VALUE PROPOSITIONS

The diagram maps the relationship between farm practices and economic value propositions.
This section of notes introduces economic aspects of each value proposition listed, including a
brief summary of who in society might value it, and why.

As summarized below, these values can play out in economics through payments to farmers for
conservation of ecosystems, wildlife, or pollinators (either on a case-by-case basis or through
programs like biodiversity offset trading); product differentiation in marketing to consumers;
increased revenue to the farm and community through tourism; the various benefits of soil
health and landscape resiliency that biodiversity tends to support; welfare and productivity of
farm workers; volunteer and local political support for certain farming practices; and in other
ways.

The diagram clearly shows that each farm practice affects multiple potential values, and that
many of these are not only inter-related but inseparable from the perspective of the underlying
science. This is an essential point: these are systemic connections, and nearly every farm action
that affects one aspect also impacts other, whether those are recognized and valued or not.

The term “value propositions” is used rather than “values” because, while each item listed in
the diagram and these notes reflects actual initiatives and enterprises, many are not
standardized across society. These are opportunities that are not yet being taken advantage of
by a lot of people. In many cases, these are acted upon only on a case-by-case basis. They are
“propositions” for a great many others, connecting with both consumers’ and producers’
willingness to spend money, time, or other resources for the affected farming, health, social,
and environmental consequences.

Of note, changes in the farm practices listed may have positive or negative impact on these
value propositions. In some cases, a farm practices that increases one type of value may
decrease others, such as a practice that increases yield of a crop as defined by its bulk weight or
volume but, at the same time, decreases the crop’s nutritional quality, soil health, or ecosystem
conditions affecting other values.

This section provides brief introductions to the thirteen factors identified as valuable to some
people in society, and as tangible value propositions to others.

1. Health quality of food

This assessment focuses on farming practices that can affect the nutritional
characteristics of foods. It does not address the many other complex relationships
between food and human health that take place after a product leaves the farm. As
listed in the diagram, distinct nutritional qualities that may be affected by farming
practices include conventional nutrients (i.e. proteins, carbohydrates, vitamins,
minerals, fats), dietary fiber, secondary compounds/phytonutrients, dietary impacts on
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gut microbiome, calories, and toxicity. These can affect a person’s health directly and in
relationship to each other, such as calories or certain minerals relative to other
nutrients consumed. Some of these factors also vary based on the individual’s ethnicity,
age, gender, and other health conditions. Amid this complexity, three factors of
particular interest emerge in this mapping of inter-related factors on the farm and value
propositions linked to farming practices. These will also be discussed more in section Il
about the different farm practices.

e Micronutrients: How the relationship between seed types (genetics) and
particular soil qualities (including microbial and fungal content) affects the
uptake of less-soluble micronutrients like iron and zinc from the soil into the
plants. Conventionally managed soils tend to lack both the soil microbial life and
crops with this nutrient-accessing ability. Plant varieties that have been bred for
use with chemical fertilizers and pesticides have often lost the ability to forge the
microbial partnerships to meet these nutrient needs.

e Phytonutrients such as polyphenols and various types of antioxidants: These
kinds of nutrients can affect chronic diseases, inflammation, gut health, and
other conditions, but aren’t listed on most food labels. Some phytonutrients are
absorbed directly into the human body, while others support digestive, immune,
endocrine, and metabolic systems in other ways. Plants produce these
phytonutrients as part of their own immune systems and in response to
environmental stresses in soils and surrounding ecosystems. Stresses can include
insects, microbes, fungi, other plants, and non-biological factors like weather
conditions. Chemical and mechanical approaches to defeat pests in conventional
farming often alleviate the need for plants to develop their own defense systems
involving phytonutrients.

e Fatty acid composition in meat, dairy, and eggs: Recent studies show that
animals that graze on bio-diverse pastures tend to have higher levels of largely
good, anti-inflammatory omega-3s, lower levels of often-inflammatory omega-
6s, and increased conjugated linoleic acid (CLA), a healthy antioxidant with anti-
inflammatory properties.

Of course, any farming practices that introduce harmful levels or types of toxins from
chemical pesticides, fertilizers, or other sources would also affect health directly, in
addition to their impact on some nutrient stimulants in soils and surrounding
ecosystems.

2. Standardized shape, color & size of product

Commercial crops are often grown to produce a “standardized” look and feel of food
products, such as a typical color and size of carrots or tomatoes or chickens. These are
intended either to appeal to consumer expectations in the marketplace, or to meet the
requirements of commercial food processing or farm harvesting equipment that has
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been engineered to work efficiently with a specific size and shape of product. Buyers
have also prioritized shelf-life of products, high test weight, and protein content and
certain baking qualities in grains. Farmer and food company prioritization of
standardized crops like this, while creating tremendous efficiencies and some other
benefits, is also attributed with some of the loss over time of vegetable diversity,
nutrition, flavor and other food quality attributes.

3. Aroma or flavor of food

Freshness, nutritional compounds, and genetics affect the flavor, aroma and texture of
foods. People with pride in their cooking and traditions, such as many professional
chefs, neighborhood bakers, grandmothers serving their families, and people serving
friends, value these qualities in their ingredients and recipes. These food qualities play a
strong role in ethnic and family traditions and celebrations as well, with social and
cultural importance and health implications reaching beyond just the flavor. For
example, national award-winning chef Dan Barber is known for focusing his restaurants
on specific relationships between food’s “deliciousness” and organic growing practices
on the farm, and recent James Beard and Julia Child awards winner Sean Sherman,
known as The Sioux Chef, procures indigenous heritage and natural varieties of corn
specifically for the texture qualities they give tortillas and their use in culturally
important products. These kinds of factors, i.e. the products and their socialization by
food influencers in families and society, can affect demand for particular varieties,
ingredients grown in particular conditions, and those with particular cultural resonance.
This is also addressed in the points below on the economic power of community and
cultural values, and the historical health benefits at the center of some cultural food
traditions.

4. Climate change mitigation (GHG/carbon)

A great deal of attention and resources are being invested in the relationship between
agriculture, emission of greenhouse gases like carbon dioxide and methane into the
atmosphere, greenhouse gas sequestration from the atmosphere into plants and soils,
and the impact of increased atmospheric carbon on plant growth and nutrition. Carbon
credit trading initiatives focus on rewarding farmers and others for reducing greenhouse
gases in the atmosphere, including through soils and in some innovative approaches
that use farmer incentives through carbon payments to reduce destruction of
surrounding biodiversity and forests, such as the organic food products company
COMACO that rewards more than 250,000 farmers with annual cash dividends.
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5. Biodiversity value

Different segments of society value the local and regional mix of plants, wildlife, and
natural ecology for many distinct reasons. Farming practices affect these directly. This
includes biodiversity above ground in forests, waterways, and farmlands, and
biodiversity below ground in soils. The social and economic importance of these topics is
reflected in the current development of international biodiversity conservation
protocols being facilitated with the United Nations and others. People increasingly place
value on the role plants, animals, and microbes play in fostering healthy soils and thus
supporting resilient landscapes; biodiversity’s role in stimulating phytonutrient
production in plants; natural ways of controlling pests based on fostering rich
ecosystems rather than killing unwanted plants and animals with chemicals; support for
pollinators and other beneficial insects; biodiversity’s role in fostering genetic diversity
and thus evolution and disease resistance; the attraction of natural farmscapes and
landscapes to tourists who bring additional resources to a community; a reverence for
the intrinsic value of nature as revealed in some of society’s most influential poetry,
philosophy, and religious traditions; and beliefs in some cultures that relationships with
other forms of life are sacred. These values can play out in economics through payments
to farmers for conservation of ecosystems, wildlife, or pollinators (either on a case-by-
case basis or through programs like biodiversity offset trading); product differentiation
in marketing to consumers; increased revenue to the farm and community through
tourism; the various soil health and landscape resiliency benefits that biodiversity tends
to support; welfare and productivity of farm workers; volunteer and local political
support for certain farming practices; and in other ways.

6. Local landscape resiliency to disruption/disaster

The recovery of land, vegetation, wildlife and water systems are of vital importance
following local and regional natural disasters. For example, how natural ecosystems
bounce back or adapt after a wildfire, flood, drought, or extreme heat or cold affects
community health, economic activity, natural resources, and much more. Organic
characteristics in soils help mitigate the magnitude of damage and fuel a faster
recovery. This includes, for example, tree roots, biochar, and fungi providing habitat and
holding structure, nutrients, and seeds that support both short-term and longer-term
re-growth. Factors that foster such resiliency and regrowth are of value to communities,
municipalities, private land holders who have long-term interest in the property, and
organizations that absorb costs of disasters including insurance companies, financial
institutions in the region, and state and federal government agencies.
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7. Local food system resiliency to disruption/disaster

The need to mitigate shocks to food and nutrition in the face of natural disasters,
disease outbreaks, war and conflict, or other disruptions is garnering increased
attention among communities, families, and state and national governments. For
example, the COVID-19 pandemic caused farmworker shortages, food factory shut-
downs, supply chain disruptions for grocery stores, further drops in fresh and nutritional
foods in marginalized urban and rural communities, and spikes in demand at local food
banks. Food prices also increased substantially. Solutions in some areas support
diversifying local food production (farming) to assure more redundancy and some
degree of local self-sufficiency as well as adequate nutrition during crises; locally
operated food hubs and other community-based resources and communications
channels rather than dependence solely on government-, corporate-, or market-
controlled approaches; and farmers focusing on soil and ecosystem health and perennial
crops in some areas so their production withstands or bounces back from shocks more
effectively.

8. Water quality and quantity (regional hydrology)

Farming and water affect each other in a great many ways, through water consumption
and conservation practices, impact of watersheds and groundwater (both at the farm’s
source and downstream), water requirements of crops selected for production, related
irrigation infrastructure, pollution, and otherwise. Vegetation in a landscape also affects
weather and rain patterns in some geographies. This can affect both local/small and
regional/large water cycles. Some of these focus on the water itself, others focus on
land practices that are interdependent with water cycles such as managing soil qualities
and vegetation around the farm (including trees, hedgerows, fallow fields, terrain and
wetlands bordering streams and lakes, etc.). Direct impacts include quantity of product
grown per crop cycle; number of crops cycles per year; watershed and groundwater
replenishment or depletion in the surrounding area; impacts of runoff of soil, nutrients,
and chemicals; wildlife habitat on or near the farm site; downstream water quality and
guantity (both locally and long distances away); cultural connections to water in some
communities; legal water rights; and impact of all these factors on local food system
resiliency and landscape resiliency. Plentiful, though sometimes complicated, action
opportunities and value creation result from these many relationships between farmers
and other water interests in the public and private sectors.

9. Pollinator health

Bees and other insects that pollinate plants are important in agricultural success, and of
course to forests, fields, and flower gardens more broadly. Whether in a landscape year-
round or brought in to pollinate or make honey on a temporary basis, bees create
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immense value for farmers and for society in general. Innovative new science also opens
the door to other services bees can provide, such as the work of the company
BeeOdiversity that provides farmers, companies, and governments with precise
biodiversity and pollutant data in a region by analyzing statistically rigorous samples of
plant pollens collected by bees across the surrounding countryside. The bees that offer
these pollination and data services can also be harmed when the number or diversity of
flowering plants is reduced and when particular types or mixes of pesticides are used
during pollinator-sensitive times of the day or year. Initiatives focused on helping
farmers, consumers, and companies realize more of the value potential of pollinators
include pollinator-friendly food labels that reflect farming practices; inclusion of
pollinators in ecosystem services payments programs; and practical biodiversity impact
metrics, measurement, and reporting tools and protocols.

10. Community and cultural values, relationships

A person’s culture can influence food choices and farming practices in powerful ways.
Culture is a powerful motivator for some ingredients, recipes, and growing or harvesting
techniques. This includes connections to food and farming through family, ethnic,
community, and religious histories and traditions, such as foods prevalent during
someone’s childhood (which are often connected emotionally with parents or
grandparents); foods celebrated during holidays; foods reflecting the geography where
someone lived; the types of “comfort foods” people like to eat when not feeling well;
natural healing qualities people believe in; family bonds formed around gardening or
fishing, hunting, or harvesting in other ways; and traditional land or ecosystem
stewardship practices that people value for their ritual as much as for their direct impact
on the land and foods. This economic force also includes connections to environmental
themes that motivate some groups of people, such as impact on wild animals, animal
welfare in general, nature, and water systems. The nutritional roots of some of these
same personal and cultural values are also interesting to consider, whether or not the
modern-day community realizes those historical connections. For example, some
community celebrations emphasize foods and harvesting techniques that historically
provided nutrition through the changing seasons or that connected with people’s
sovereignty over their own ways of life. All of these factors can correlate with both
consumers’ and producers’ willingness to spend money, time, or political action for a
particular product or supporting certain farming, environmental, and community
practices.

11. Reduced pollution (in soil, water, and air)

In addition to potential benefits to ecology and human health, reducing pollution can
provide direct value to the farm and food producer. Pollution reversed for benefits
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might include, for example, runoff of excess nutrients such as phosphorus into
waterways (with positive impact on fish and wildlife and reduced monitoring or disposal
costs), chemical drift through the air or into water or soils, impact on pollinators, and
disposal of food processing “wastes” through site-specific or municipal waste treatment
systems. Benefits might come in several forms:

e Reduced costs, such as paying lower disposal, regulatory, or monitoring fees, or
the cost of managing community relationships linked to pollution issues;

e Direct revenue, for value created for example by reusing products that formerly
polluted (such recycling your crop into phosphorus-rich fertilizers), or pollinator
stewardship funds received in exchange for reducing certain pesticide
applications;

e Non-monetary benefits such as realizing increases in natural pollination on a
farm, or positive publicity value of reducing pollution.

12. Farm worker health and safety

Farm workers are known to be affected physically and mentally by on-farm working
conditions, some of which overlap with factors that affect quality of the food grown, as
detailed throughout this assessment. Documented conditions affecting farmworker
health and safety include exposure to diverse microbiomes in the soils in which they
work, risks of exposure to harmful waste or chemicals, and mental and productivity
benefits of working in an environment including a diversity of plants and animals.
Farmworker health is of course important to the individual, families, and communities,
and usually to employers who seek a positive work environment, worker productivity,
employee retention over time, skills development, and positive public and marketing
recognition. Farmworker health is also important to government labor regulators and
labor rights advocates. Furthermore, as economic values flowing from organic and
regenerative practices continue to increase — fueled by the economics highlighted
throughout this assessment — hands-on workers who understand regenerative crop
growing techniques and the nuances of organic soil quality seem likely to become
increasingly valuable to the farm as well.

13. Increased land value

Depending on a potential buyer’s or underwriter’s interests, farming practices can affect
the market value of the land itself. Relevant factors include impact on soil quality or
perennial crops for future farming, resiliency of the land in the face of shifting weather
patterns, carbon retention in the soil and surrounding ecosystem, increasing the
nutritional value of food crops grown on that land, biodiversity characteristics for
environmental or perceived ESG or MRV value, recreational or tourism value of the
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property, cultural value in the region, and probably more. All of these will probably
continue to shift over time as nutrient cycling and regenerative farming are increasingly
recognized and mainstreamed in society.
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Il. SIX ON-FARM DETERMINANTS OF FOOD QUALITY

The diagram illustrates how practices chosen by farmers affect economic value propositions for
themselves and others. The diagram also illustrates the scientific relationship between many of
those practices.

This section of notes is intended primarily as a reference tool to support the diagram. It
provides a brief overview of each of the forty-six farm practices, including a description, the
underlying science of how it works, and its interrelationships with other scientific or economic
factors.

The practices are organized into the six major categories listed on the diagram: (1) Initial
seed/plant/animal selection, (2) Soil health (biological/chemical/physical; microbes & fungi,
organic matter, (3) Ecosystem interdependence around the farm, (4) Plant or animal
management practices, (5) Post-harvest crop management, and (6) Compounds that can be
harmful to humans.

1. Initial seed/plant/animal selection

1a. Baseline nutritional profile of the crop or animal
1b. Varietal/breed
1c. Genetics
Ici. Heritage Varieties
Icii. Hybrid Varieties
Iciii. GMO — Genetically Modified Organisms
Iciv. Biofortified
Icv. Regional
1d. Seed management
1di. Organic seeds
1dii. Microbial seed treatment before planting
1e. Congruence with regional weather/pest/ecosystem conditions

1a. Baseline nutritional profile of the crop or animal

Every crop or animal product starts with its own basic nutritional profile, which can then
be affected by other factors summarized in this note. For example, and obviously,
tomatoes are nutritionally different from blueberries, which are different from beef,
which is different from oats, etc. This variation is found across several aspects of
nutrition, including vitamins, minerals, proteins, carbohydrates, fats, fiber, calories, and
phytonutrients.
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Certain nutritional characteristics stand out in some types of products. For example,
carrots are known as an excellent source of vitamin A. Blueberries tend to be high in a
type of phytonutrients called anthocyanins (a flavonoid), while tomatoes are high in
lycopene (a terpenoid). Animal proteins contain all nine essential amino acids that
human bodies need, while plant proteins generally do not contain all nine amino acids in
one source. Certain other nutrients are unique or more abundant in animals compared
to plants, such as the important antioxidant conjugated linoleic acid (CLA), a fatty acid
found primarily in meat and dairy of animals that are ruminants.

Health characteristics related to a nutrient can also vary depending on its specific
source. For example, heme iron, found only in meat, fish, and poultry, is more
bioavailable (better absorbed and utilized) than plant sources of iron. Additionally,
nutrient bioavailability can also be dependent on the availability of other nutrients and
the food’s form or structure.

1b. Varietal/breed

The particular varietal of a crop or breed of an animal can further affect its basic
nutritional profile. This refers to differences within a particular species, such as
differences between types of carrots, or between types of cattle. Some nutrients and
phytonutrient levels inherent to a species may nevertheless vary within its varietals.
Crop varietal has also been shown to affect bioavailability, and whether micronutrients
concentrate or relocalize into the part of the crop eaten by humans, such as the leaf,
root, fruit, or seed. Similarly, different animal breeds of the same species produce
different kinds of proteins: For example, A2/A2 beta-casein protein is known to be
easier for humans to digest and absorb compared to A1/A1 or A1/A2 beta-casein (the
genetics in most US dairies), which has been linked to some cases of inflammation and
gut discomfort.

Of particular note for this economics assessment, farmers often choose to grow
varietals and breeds for reasons other than nutrition, such as their color, consistency,
ability to grow in dry or wet conditions, pest resistance, request of their market buyers,
initial seed or animal availability and price, their (or their neighbor’s) success with that
species or varietal in past years, or for other reasons. But their choice, regardless of
reason, often intersects with nutrition as well. As another example, certain cattle breeds
have traits that make them preferred for rotational or nomadic grazing methods: the
cattle are relatively small, wide-bodied, with strong feet and legs that allow them to
travel greater distances. And per section (4g) about livestock feed, this ends up affecting
the nutritional qualities of the resulting beef as well.
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1c. Genetics
The genetics of a plant or animal affects its nutrition, whether intentionally or not.
1ci. Heritage Varieties

Heritage seeds are in a persistent natural state. While they evolved and may
have been selectively bred over time, they have not been engineered per se by
breeders or lab scientists. These crops are often adapted naturally to specific
environmental conditions in which they evolved originally (soils, weather, etc.)
Heritage varieties have been shown to have greater colonization and symbiosis
of beneficial mycorrhizal fungi with their roots in certain growing conditions, and
therefore better able to access nutrients in the soil, compared to commercial
hybrids which are often adapted or designed specifically for nutrients through
fertilization. Heritage varieties can also produce more phytonutrients than
hybridized or genetically modified varieties, because they have not lost
phytonutrient traits through selective breeding for factors such as sweet or mild
flavors, and related marketing reasons; some beneficial phytonutrients have a
strong taste (bitter, astringent, or sour), which appeals to some people and in
some traditional and cultural foods and recipes, but may not taste as appealing
to others.

1cii. Hybrid Varieties

Produced by crossbreeding multiple varieties, seeds and animals have been
hybridized since the advent of industrial agriculture to produce various benefits:
greater yield, larger size, resistance to disease, longer shelf life, the ability to
store and ship well, crop uniformity, flavors that appeal more to some
consumers, and for other reasons. Such seeds often produce larger crops, but do
not develop more expansive root systems, so micronutrients absorbed from the
soil are spread thinner in the plant, creating what has come to be known as the
genetics-driven dilution effect. Additionally, when such seeds are bred to be
productive using high levels of synthetic nitrogen and other fertilizers, as with
many modern commercial crops, they often do not perform well in natural or
organic growing conditions that don’t use such fertilizers.

1ciii. GMO - Genetically Modified Organisms

Genetically modifying the DNA of a seed or animal in a laboratory affects
subsequent growing practices and product characteristics, some intentionally
and some not. For example, genetic modification has been used to change
plants’ growth rates, pest resistance, weather and environmental conditions
(drought, flood, heat, or cold tolerance), isolated nutritional qualities,
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dependence on specific fertilizers or other pesticides, ability to reproduce, and
more. These modifications may also affect food quality and other prospective
economic values of farming as identified in this assessment. This can happen
directly (such as increasing the vitamin A production in sweet potatoes used in a
particular region) and indirectly (such as genetically-engineered corn or soybean
resistance to the herbicide glyphosate leading to widespread use that has
arguably lowered farming’s financial costs in the near term while also degrading
soil life and biodiversity).

1civ. Biofortified

Biofortification is the process of increasing the content and/or bioavailability of
certain nutrients in crops. Seeds can be biofortified through plant-breeding or
genetic modification (GMO). Biofortification has primarily focused on starchy
staple crops (wheat, maize, rice, sorghum, millet, sweet potato, and legumes)
because they dominate diets worldwide, especially among groups suffering from
micronutrient deficiencies. Breeders often cross nutritious varieties (e.g., high in
vitamin A, iron, or zinc) with high-yielding varieties.

1cv. Regional

Some seeds and plants are adapted to thrive in the soils, ecosystems, and
climates where they originated. These relationships affect pest resistance,
nutritional qualities including micronutrients and phytonutrients, flavors of
foods, symbiotic ecological relationships with regional biodiversity, and resiliency
in hot, cold, dry, or wet weather. For example, regional seeds and plant roots are
often adapted to locally prevalent soil bacteria and fungi, or to weather
conditions such as springtime rains followed by dry summer heat before
moisture comes again (see 1e). This results in different outcomes if seeds
adapted to one condition are grown elsewhere, or if generic commercial seeds
are grown in different regional conditions. Interestingly and relevant
economically, these regional factors often correlate with regional food flavors
and traditions as well.
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1d. Seed management

In addition to seed genetics selected by the farmer, how seeds are produced and
managed also affects product quality and other economic connections to farming
practices.

1di. Organic seeds (as distinct from organically grown crops)

Some plants are grown to produce seeds themselves, rather than to produce
food crops. Seeds produced by organically grown plants are better adapted in
some ways to grow in natural or organic conditions than seeds produced by
plants treated with pesticides and fertilizers. This frequently includes stronger
natural resistance to pests and pathogens, which also correlates with
phytonutrient production, as many phytonutrients are produced in response to
stresses in the environment. On the other hand, pesticide regulations are less
stringent for plants grown to produce seeds than for plants grown to produce
food crops, presumably because these seeds are not intended for human
consumption. Furthermore, because plants grown to produce seeds usually
remain in the ground longer than food crops, farmers often need to manage
pests and diseases for longer periods of time, so the pest control methods they
select (chemical, organic, environmental or otherwise) also alter seed
characteristics accordingly. More information about pesticides is summarized in
the sections below about soil health (20), ecosystems (3e), and human health
(6a).

1dii. Microbial seed treatment before planting

Seeds contain their own microbes that help them grow when planted, including
tapping nutrients and resisting diseases. Microbes in some seeds are being lost
due to the domestication of crops and seed storage in dry environments. This
also affects soil health (see 2q) and plant growth (see 4f) through seed-and-
microbial relationships. Seeds can be soaked — also called bioprimed or
inoculated — in specialized compost or other liquids containing species- or
regionally-beneficial microorganisms to prepare them, soils, and plants for
optimum vitality.

1e. Congruence with regional weather/pest/ecosystem conditions

As described in other parts of section (1) above, and relevant to several economic value
propositions and market benefits, some varieties adapted to work synergistically with
their local ecosystem: weather, soil type, and other plants, animals, and insects in the
area. This often correlates with food flavors, social and cultural traditions and values,
and nutrition as well.
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2. Soil health

The USDA defines soil health as the continued capacity of soil to function as a vital living
ecosystem that sustains plants, animals, and humans. Five USDA principles of maintaining soil
health include: (1) maximize presence of living roots, (2) minimize soil disturbance, (3)
maximize soil cover, (4) maximize biodiversity, and (5) livestock integration in some cases.
Important components of soil health that correspond with many social and economic benefits
include organic matter, carbon content, microbial abundance and diversity, water infiltration
and retention, and aggregate stability. These, in turn, affect things like groundwater and aquifer
recharge, nutrition and health (such as the human nutrient ergothioneine which is gaining
attention for its antioxidant properties and is produced exclusively by fungi or microbes in soils
and ecosystems), and other economic outcomes. The following farm practices affect soils
directly.

2a. Cover crops

2b. No/low till

2c. Crop rotation

2d. Intercropping/polyculture

2e. Nutrient-fixing plants/trees

2f. Perennial planting

2g. Agroforestry

2h. % greenness during year

2i. Rotational grazing

2j. Antibiotics

2k. Synthetic fertilizers

2l. Bioactive composting

2m. Biochar

2n. Other soil amendments

20. Pesticides

2p. Soil & air pollutants (PFAS, heavy metals, etc.)
2q. Microbial seed treatment before planting

2a. Cover crops

Cover crops are grown specifically to prevent erosion and improve soil health. They are
grown in between cash crop harvests, although some farmers look for cover crops that
can also be sold or generate market value in other ways. Examples of species used as
cover crops include rye, cowpeas, buckwheat, radishes, and others. By covering the
ground with this vegetation and maintaining living roots, but terminating it before it
goes to seed, cover crops provide several benefits: they help stabilize the soil; protect
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fallow ground from erosion, heavy rainfall, and excess heat; they feed the life in the soil,
continuing to photosynthesize sunlight and produce root exudates, sugars, and other
sources of soil energy and nutrients that feed and sustain different types of
underground microbes; they sequester carbon from the atmosphere and some fix
nitrogen as well; they help maintain soil organic matter; and they help improve water
absorption and prevent the leaching of nutrients out of soils through runoff and erosion.
By maintaining living fields and plant diversity, cover crops may also help foster the
additional benefits of above-ground biodiversity on and around a farm site.

2b. No till / low till

Some farmers till the soil — mechanically mix and turn it with a plow or other
instrument — to loosen and aerate the topsoil to facilitate planting, destroy weeds,
and/or incorporate crop residues into the soil. However, bare, unanchored, and
disaggregated soil left exposed by tillage is also susceptible to water and wind erosion
and runoff, and aggressive tillage is known to kill larger organisms such as earthworms
and slice through beneficial underground fungal networks. Intensive tillage can also
cause soil carbon loss and greenhouse gas emissions because it triggers more
decomposition of organic matter. Organic no-till farms use hand tools or a roller crimper
or mower which terminates the cover crop and seeds and drops the mulch, while
conventional no-till farms can also use herbicides to kill cover crops. Tillage can also
create a compaction layer deeper down, which limits some soil life and water’s ability to
infiltrate.

2c. Crop rotation

Crop rotation is the practice of growing different types of crops in the same location
across a sequence of growing seasons. For example, alternating corn and soybean crops
in the same field. More complex rotations may involve three or more crops in a five- to
ten-year cycle. Crop rotation has been shown to be effective in controlling insects,
weeds, diseases, and parasites. It also dramatically alters the composition of healthy
mycorrhizal fungi communities, with greater fungal richness and diversity in rotated
fields than in fields always used for the same crop. Diverse crop rotations have also
shown improved overall soil fertility in fields, decreasing the need for fertilizer. The
innovation technique of wetlands rotation through a property reflects this principle also,
with fallow periods of three years or more absorbing fertilizer runoff from the farm and
supporting native plant and soil regeneration before the plot is converted back into field
for planting crops, with the wetland portion being migrated to an adjacent section. See
(2k) for more information on this technique.
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2d. Intercropping/polyculture

Intercropping/polyculture is the cultivation of two or more crops near each other. This is
often done by planting one crop in-between the rows of another (strip cropping) or
seeding a second crop into an established or already-growing crop (relay cropping). It
can also include perennial polycultures, agroforestry, and agroecology which aim to
mimic natural ecosystems. Companion planting is specifically designed around symbiotic
relationships between particular plant species. Polycultures can benefit from spatial,
seasonal, and nutritional complementarity among species. These growing methods can
improve utilization of essential resources such as water, sunlight, and nutrients because
different species have different resource requirements. Importantly, plant diversity of
this type supports microbial diversity in the soil. However, mechanization for farm
efficiency is also more difficult when different crops have different requirements or days
to maturity. See also (3a) about the ecosystem benefits of plant diversity and (4c) about
how intercropping/polyculture can benefit the plants directly.

2e. Nutrient-fixing plants/trees

Nitrogen-fixing plants and trees extract atmospheric nitrogen and convert, or fix it, into
plant-available nitrates, nitrites, or ammonia in the soil. This reduces the need for
chemical or other organic nitrogen fertilizers. Common nitrogen-fixing plants include
vetch, alfalfa, peas, and legumes such as beans. Nitrogen-fixing plants are often used in
crop rotations, in intercropping, and as cover crops. Many traditional and indigenous
farming practices incorporate nitrogen-fixing plants such as beans to provide soil fertility
alongside companion plants such as corn that provides structure for the beans to climb,
or squash that helps shade the soil from excessive heat during hot summer days.
Evidence shows that nitrogen-fixing relationships between plants and microbes is also
inhibited in some circumstances by application of synthetic pesticides intended for
other purposes.

2f. Perennial planting

Perennial plants regrow every year, whereas annual plants live for only one growing
season. Examples of perennials include many fruit and nut trees, and grains such as
kernza and some other historical varieties. Examples of annuals include corn, soybeans,
wheat, beets, and the majority of vegetables. Annuals require the yearly clearing of
vegetation and soil preparation for new planting in the following season, causing soil
erosion and other forms of degradation (see no/low till in section 2b). Perennials have
roots that extend much deeper than annuals, often tapping otherwise out-of-reach
nutrients deep in the soil, helping reduce nutrient leaching, and bringing nutrients to the
surface in ways which are then used also by the wider ecosystem. Perennials maintain
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continuous living roots underground, protect the soil from erosion, build organic matter,
provide habitat for microbes, sequester carbon, and support water infiltration.

2g. Agroforestry

Trees or shrubs integrated into farmland or pastures have expansive and sometimes
deep root systems that reduce erosion; hold carbon and water; channel energy and
nutrients into the deeper soils through photosynthesis; draw nutrients to the surface
from deeper in the earth in many cases; and harbor microorganisms that are capable of
supporting other soils in the area and repopulating soils after natural disasters or other
damage. They can help keep moisture in the local ecosystem, add organic matter
(including nitrogen in some cases through leguminous trees that fix nitrogen from the
atmosphere), provide shade from excessive heat and heavy rainfall, and support water
infiltration. Also see the wider ecosystem benefits of trees in (3c).

2h. % greenness during year

In general, when a landscape is green because plants are growing (and thus
photosynthesizing), root exudates are being released into the soil. This is an indicator of
soil nutrients being delivered and maintained through living roots. “Greenness” is also
indicative of nitrogen in the environment through its role in the chlorophyll molecule
that gives plants their green color. “% greenness” is therefore sometimes considered as
a static indicator across the landscape at a point in time, or as a dynamic indicator
across a time period. Also see the information about living ground cover in the sections
above on cover crops (2a) and no/low till (2b).

2i. Rotational grazing

This is the practice of containing and moving animals throughout different portions of a
pasture over time. Depending on local ecosystem and soil conditions, this process
stimulates and supports life in the soil. It speeds the breakdown of plant material;
tramples organic litter into the soil; breaks hard soil surfaces; naturally fertilizes and
waters the land with manure, urine, and microbes; and stimulates plants to release root
exudates that further support soil biology. By managing the density and movement of
herds of grazing animals, increases may result in soil organic matter, carbon
sequestration, below and above ground biodiversity, improved soil water-holding
capacity, improved soil structure, greater rooting depth, increased plant cover above
ground, and reduced runoff of organic pollution into waterways. See also (3i) on animal
integration benefits to the greater ecosystem, (4e) for a comparison to CAFO practices
for raising livestock (concentrated animal feeding operations), and (4g) regarding
nutritional implications of different livestock diets.
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2j. Antibiotics

Antibiotics (drugs frequently used to treat bacterial infections in people and animals)
are often mixed into the feed given to animals raised in confined and crowded spaces to
treat diseases or as preventative measures. If a single animal in a herd or flock is
diagnosed with an iliness, often the entire herd will be administered antibiotics. Low
concentrations (called sub-therapeutic doses) are also often given to healthy animals to
increase weight gain. Antibiotics are used more heavily with livestock than with people.
When used as fertilizer or if contaminating waterways, manure from these animals can
kill or alter the composition of soil bacteria and fungi. See (4i) for more on antibiotic
usage with livestock and (6d) for their effects on human health.

2k. Synthetic fertilizers

Fertilizers are added to promote plant growth. Synthetic fertilizers are those
manufactured with chemical or other inputs, in contrast to organic or natural fertilizers
such as those made from wood ash or fish oils. The primary synthetic fertilizer inputs
are the plant macronutrients nitrogen, phosphorus, and potassium (NPK).

In addition to macronutrients, micronutrient fertilization can include calcium,
magnesium, sulfur, iron, zinc, manganese, copper, and more. Micronutrient fertilizers
can be applied in several ways: in the form of salts, chelates, or mixtures with
macronutrient fertilizers; as foliar spray; or via seed coating or seed priming (see 1dii).
This can be useful in soils which are naturally low in certain micronutrients, although
successful delivery of less-soluble micronutrients like iron and zinc depends in part on
microbial partnerships between the soils and plant roots, which are affected in other
ways by fertilizers as summarized below.

Despite their value improving plant growth and yield in many situations, synthetic
fertilizers can also have unintended consequences. Use of excess fertilizers over time
can result in soil acidification, which limits natural nutrient bioavailability, and can lead
to the accumulation of potentially toxic elements like cadmium, fluoride, radioactive
elements, lead, arsenic, chromium, and nickel. Under heavy fertilization plants can
become weakened, increasing the need for pesticides that can then cause other
problems for soils (see 20), ecosystems (3e), and human health (6a). Some fertilizers
disrupt soil biology directly by harming beneficial fungi, and indirectly by reducing
symbiosis between plant roots and soil microbes, as plants no longer need the microbes
to access nutrients, so the microbes that needed the plant roots for their own nutrients
die off. This reduces fungal abundance and diversity in soil systems, with other
agronomic and potential economic consequences. In fact, some plants and seeds that
have been modified by breeding or GMO to work specifically with synthetic fertilizers
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have permanently lost their ability to work symbiotically with soil microbes in these
ways, affecting this type of link between soils and nutrition. These factors can make the
plant types and farms dependent on fertilizer inputs and related economics each year,
and can affect natural micronutrient and phytonutrient availability and nutritional
resiliency and security over time.

Beyond these effects on plants and soils, fertilizer not taken up by crops are also known
to pollute waterways and water supplies through surface runoff or leaching, which is a
major contributor to eutrophication — harmful oxygen deprivation, algal blooms, ocean
acidification, and resulting dead zones. (Some creative economic systems such as
rotating artificial wetlands that help restore native plants and wildlife, such as Lakeside
Farms in Oregon, do successfully intercept these fertilizer flows before they reach the
waterways). Energy intensive production and transportation of chemical fertilizers from
fossil fuel sources is also attributed with significant agricultural sector impact on
greenhouse gas emission.

2l. Bioactive composting

Compost can deliver beneficial microbes which spread in the soil. When prepared at
large or small scale, an intentional mixture of organic matter, moisture, oxygen flow,
and temperature produces a rich mix of soil amendments. For example, the Johnson-Su
bioreactor is a system constructed at a farm site where microbes and fungi breed in a
mix of manure and farm and yard waste that is fed aeration and water through a simple
perforated pipe. Microbe- and nutrient-rich liquids can also be generated from finished
bioactive compost and added to the soil or applied to the leaves as a foliar spray (see
also 4a). Bioactive compost can supplement or regenerate soil biology.

2m. Biochar

Biochar is a tiny granular form of carbon that can be mixed in soils or compost to add
structure and granularity and help retain nutrients, microbes, and water. It is produced
by slowly burning organic plant material (wood, cornstalks, peanut shells, etc.) in a low-
oxygen environment (pyrolysis), leaving highly porous small granules of charcoal, rather
than fine ash that would be produced if the materials were burnt fast at high heat.
Biochar additions to soil and compost have been shown to increase plant nutrient
availability, enhance water-holding capacity, increase soil cation exchange capacity,
provide habitat for microorganisms, and increase soil pH. However, biochar produced
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with contaminated materials or fossil fuels can also hold concentrations of toxins and
heavy metals that negatively impact soil and crop health.

2n. Other soil amendments

Other types of soil additives affecting plants, the surrounding ecosystem, and nutrition
include non-synthetic fertilizers that add nutrients to the soil (e.g., kelp, fish meal, bone
meal, rock powder/dust, vermicompost), and other biostimulants that help plants
achieve maximum yield or growth by reducing stress or improving plant nutrition
efficiency (e.g., humic and fulvic acids, amino acids, seaweed extracts, chitin, and
microbial or fungal inoculants).

20. Pesticides

Pesticides (including insecticides, fungicides, and herbicides) kill or prevent pests,
certain fungi, molds, bacteria, viruses, and undesirable vegetation (weeds) that can
damage crops. Depending on the pesticide type, half-life, concentration, and proximity
to risk factors like water supplies or people’s work sites or homes, pesticides can also
cause harm. Some break down and dissipate quickly, while others significantly disrupt or
destroy soil biology, killing microbes, reducing the abundance and diversity of healthy
mycorrhizal fungi, and inhibiting hyphal growth and root colonization. Some are also
toxic to natural biocontrol agents that help regulate other factors in the soil, leading to
increased fungal pathogens. Evidence suggests that some pesticide applications also
inhibit nitrogen-fixing relationships between leguminous plants and soil microbes (see
2e). Some also leach through soils into groundwater. See also (3e) for pesticides’ effects
on the greater ecosystem and (6a) for pesticides’ effects on human health.

2p. Soil & air pollutants (PFAS, heavy metals, etc.)

Soils can contain naturally occurring heavy metals, such as arsenic, copper, cadmium,
chromium, and others. In some cases, heavy metals from human activity or from natural
conditions can increase concentrations to dangerous levels, often referred to in
government standards as Maximum Residue Levels. Heavy metals of concern in soils
because of potential toxic concentrations and long-term persistence include arsenic,
cadmium, lead, chromium, mercury, copper, zinc, and nickel. Soil is also a significant
long-term reservoir of PFAS (per- and polyfluoroalkyl substances), a group of extremely
durable man-made chemicals that have been used in industrial and consumer products
for over 60 years, such as nonstick cookware, water resistant fabrics like tents and
jackets, firefighting foams, and many more. PFAS can migrate into the soil, water, and
air during production and use of these products, and because they do not break down,
they remain in the environment. In addition to sometimes being toxic to people and
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animals, these pollutants can suppress microbial processes in the soil. See (6e) for more
about these pollutants’ effects on human health.

2q. Microbial seed treatment before planting

As summarized in (1dii) above, soaking or biopriming seeds in microbial-rich liquids or
compost before planting can also affect soil health, because the microorganisms in the
seeds then serve as a soil inoculum that introduces new microbial life in the soil.
Microbial seed treatment can also impact the plant itself as summarized in (4f). It is
important to note that, as opposed to microbial seed treatments, seeds can instead be
treated with neonicotinoids or antifungals. While this protects the seed in the short
term, it may also have effects on the soil microbes.

3. Ecosystem interdependence around the farm

Diversity and natural habitat in the ecosystem around a farm support aspects of nutrient
cycling, soil health and fertility, pest control, pollination, local water cycles, nutrition, farm
resiliency after weather disruptions, pollution reduction, and farmworker health and
productivity. The health of the whole farm site ecosystem is increasingly seen as a critical
property of sustainable food and natural resource systems. As the number of species increases,
so do interdependencies and symbiosis among them, and the more stable and resilient the
entire system tends to become. Below are practices and indicators that affect and are affected
by interdependencies and biological diversity around the farm.

3a. Plant diversity

3b. % greenness during year

3c. Agroforestry

3d. Conserved natural habitat

3e. Pesticides

3f. Integrated pest management (IPM) & push-pull
3g. Habitat for pollinator health

3h. Perimeter plantings

3i. Animal integration

3a. Plant diversity

Plant diversity counts the number of crop or non-crop species. In general, a region with
many plant species is more likely to contain higher functional diversity — plant groups
with distinct roles in the ecological community. For example, legumes are able to fix
nitrogen; perennials reduce erosion and runoff, significantly contribute to the formation
of soil organic matter, and improve water infiltration and retention; certain plants
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attract beneficial predators which keep pests at bay (see 3e and 3f regarding ecosystem
factors in pest management); other species provide habitat and food for pollinators.
These all support each other. Each species also produces unique root exudates that
attract and support different microbes in the soil, which improves soil health and all the
consequent benefits in nutrients for plants and nutrition for people (also see 2d
regarding polyculture impact on soils). Plant monocultures, on the other hand, lack
these attributes and are more dependent on synthetic fertilizers and pesticides for
success.

3b. % greenness during the year

As summarized in (2h), % greenness of a site at a point in time or across time is
sometimes seen as an indicator of life on the landscape that affects soil nutrients,
nitrogen retention, carbon sequestration, erosion protection, and water infiltration. In
this way, % greenness across time can, in certain conditions, reflect symbiosis between
different elements in the surrounding ecosystem.

3c. Agroforestry

Multiple benefits can result from trees or shrubs integrated into farmland. In addition to
soil health, nutrient, and water benefits described in (2g), agroforestry provides habitat
in the wider ecosystem for other plant, fungal, insect, and animal species — biodiversity
in various forms. Recognized forms of agroforestry include alley cropping (planting trees
or shrubs to create rows for growing crops), forest farming (growing crops under tree
canopies), silvopasture (integration of trees and livestock grazing), riparian buffers
(areas of trees or shrubs along waterways to filter farm runoff and prevent erosion), and
windbreaks (protects crops and prevents erosion).

3d. Conserved natural habitat

Setting aside natural habitat on or around a farm site helps provide the full range of
benefits listed above: nutrient cycling both above and below ground; soil health and
fertility through support for microbial life, woody biomass, and ongoing photosynthesis;
natural pest control; pollination; local water cycles; nutrition; farm and landscape
resiliency after weather disruptions; pollution reduction; carbon sequestration; and
farmworker health and productivity. Farm site examples include hedgerows, wildflower
planting, insectaries, prairie strips, buffer zones and adjacent conservation areas
managed for wildlife/biodiversity, carbon benefits, and wild food harvesting.

3e. Pesticides

As discussed in the soil health section (20), synthetic pesticides bring both substantial
benefits and risks. In terms of ecosystem interdependence around the farm, pesticides
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can harm or destroy beneficial non-target organisms including microbes, fungi, and
insects such as pollinators and natural sources of pest control like ladybugs and
lacewings. In doing so, they disrupt the systemic relationships between those organisms
and other supports for farm productivity and resiliency. The timing of pesticide
applications is a key factor in their wider environmental impact, including before vs.
after the springtime breeding of insects and wildlife, and during times of day when
beneficial insects including pollinators are more prevalent and likely to be affected.
Emerging technologies rooted in ecosystem interdependencies, such as precision
analysis of pollen collected by bees around a farm site, also help provide farmers and
others with statistical data on both the plant diversity and the presence and risk
assessment of any pesticides in the region, informing actions to support and improve
ecosystem interdependence around the farm. Also see (6a) for pesticides’ effects on
human health.

3f. Integrated pest management (IPM) & push-pull

IPM focuses on long-term control of pest risks to crops, including insects and weeds, by
strategically combining ecosystem functions, biodiversity strategies, and targeted use
pesticides only when needed. Whether deployed as part of IPM or on its own, the push-
pull method uses decoy plants that attract pests to areas where they are trapped or
preyed upon by beneficial insects, or companion plants that deter and repel insects
away from food crops, such as lining a vegetable field with garlic or other plants that the
pests avoid.

Examples of non-toxic or less-toxic pest control include creating habitat for beneficial
insects which prey on pests, eliminating invasive weed species by mowing the weeds
before they go to seed, or planting non-harmful crops such as alfalfa that choke out
invasives. IPM strategies often track action thresholds for specific pests — points at
which more aggressive actions must be taken if natural methods are not working
sufficiently. IPM strategies may also include identifying and monitoring specific pests
(many organisms are harmless or even beneficial), and ‘hot spot’ spraying to target only
the specific site of an aggressive pest infestation rather than spraying a whole field.

3g. Habitat for pollinator health

Two-thirds of fruits and seeds rely on pollinators like bees for sustained yield and
quality. Establishing wild habitat for pollinators on farmlands helps provide the nesting
sites, shelter, and food pollinators need to thrive. A diversity of plants is especially
important for meeting the nutritional requirements of pollinators, and for supporting a
diversity of wild pollinators, which some farmers say bolsters crop productivity across
variable weather conditions. New techniques in precision analysis of pollen collected by
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the bees themselves across wide landscapes (i.e. over 30,000 sample-collecting bees per
beehive every day) can provide specific data on farm characteristics including the details
of pollinator-friendly habitat, including plant diversity statistics and trends, availability of
amino acids needed by pollinators in their own diets, and habitat risk factors like
presence or high concentrations of particular chemicals.

3h. Perimeter plantings

As noted in the discussion of IPM and push-pull pest management (3f), in some
circumstance, varieties of plants that are especially attractive to insect pests can be
planted around a field perimeter. Insects moving in from the edges of the field tend to
concentrate in the perimeter crop and are less likely to reach and damage the main
crops in the center of the field.

3i. Animal integration

As crop and animal production has specialized, historically common integration of the
two has declined substantially in society. Where animals and crops traditionally created
closed nutrient and water loops with each other on the same landscapes, they have
become separated in many places today. In addition to the soil health benefits of
animals as discussed in (2i), other benefits can include on-farm sources of microbially-
rich inputs for compost, natural weed management, and reduced animal feed costs.
Livestock are used by no-till farms to terminate and integrate cover crops. Examples of
integrated crop-livestock systems show increased biodiversity; lower fertilizer
requirements; reduced economic risk through diversification; increased health and well-
being of the farm animals; and increased farmworker health, happiness, and
productivity.

4. Plant or animal management practices

Farmers can manage the plant or animal itself — aside from managing the seed and breed
selection, soil, surrounding ecosystem, and use of potentially harmful chemicals — in ways that
affect food quality and other economic results.

4a. Foliar spray

4b. Sunlight (canopy; in/outdoors)

4c. Intercropping/polyculture

4d. Pollination via animal, self-, other

4e. Rotational grazing

4f. Microbial seed treatment before planting

4gq. Feed type (grain, grass, diverse natural pasture)
4h. Exogenous hormones
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4i. Exogenous antibiotics
4a. Foliar spray

Spraying plants directly with carefully developed liquids that deliver beneficial biology or
micronutrients, through the plant’s leaf pores and stomata, can support plant health
and crop results. Foliar sprays, which are often organic and customized by farmers with
nutrients particular to the plant variety, can increase general plant growth, as well as
specific nutrient content such as iodine, iron, and zinc in edible portions of crops. They
can also reduce the volume of water needed to grow crops. For example, with the well-
documented Korean Natural Farming (KNF) approach, farmers cultivate and apply
microbes adapted to the specific local environment. With foliar spray, nutrients are
absorbed by the plant more quickly, allowing farmers to address plant nutrition
problems faster when identified. Foliar spray can also reduce runoff and leaching
compared to soil-based methods of fertilization.

4b. Sunlight (in/outdoors; canopy)

Managing the sunlight a plant receives — through pruning, canopy management for
shade, and outdoor vs. indoor growing — affects its overall growth and certain
nutritional qualities. Some plants thrive in low levels of sunlight, others require high
levels. Flavonoids, an important type of phytonutrient for human health, are produced
by plants in some cases as UV-protection, and sunlight has been shown to trigger
production of anthocyanin (a type of flavonoid). Plant exposure to sunlight is also key to
vitamin C content in some crops such as tomatoes, grapefruit, and kiwi.

More generally, all life above and below ground depends on plants’ ability to convert
sunlight into energy through photosynthesis. Photosynthesis through plants is the only
way to bring new energy into the Earth’s ecosystems. Energy for soils and ecosystems
can be captured by increasing the density of vegetation on a unit of land, increasing the
length of time during the year of vegetative growth on a site, increasing the rate at
which the vegetation grows, or by expanding the leaf area of individual plants.

4c. Intercropping/polyculture

This is the practice of cultivating multiple crops near each other, in rows or plots, or in
perennial polycultures, agroforestry, or agroecology which aims to mimic natural
ecosystems. As discussed in (2d) regarding soil health, intercropping/polyculture can
also help create self-sustainable pest management, natural soil fertility, localized habitat
for beneficial insects, and other systemic benefits. Polycultures can benefit from spatial,
seasonal, and nutritional complementarity among species. A popular example is the
“three sisters,” an Indigenous agriculture tradition in some areas, whereby corn, beans
and squash support each other with individual strengths that allow the whole to
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flourish. The corn emerges first and provides a straight and stiff vertical support around
which the bean vine can climb. The squash extends over the ground below the corn and
beans, keeping in moisture, controlling weeds, and providing protection from predators
with their prickly leaves and vines. The beans fix nitrogen from the air into the soil,
providing natural fertilizer for the corn and squash.

4d. Pollination via animal, self, or other

Flowering plants rely on pollination to reproduce. Pollination can occur by
animals/insects such as bees, butterflies, flies, and moths; through the wind;
mechanically by humans; or via self-pollination of a plant by itself. Insect pollinators
have been shown to increase food product yield and shelf-life, and to reduce the need
for some pesticides and growth regulators, because of the stimulation and additional
biological elements like beneficial regional fungi and amino acids that they bring to the
plant. For example, insects have also been shown to improve the fatty acid composition
of almonds because of how they stimulate the plant’s pistil.

4e. Rotational grazing

This is the practice of containing and moving livestock throughout different portions of a
pasture over time, rather than letting them free-range across the pasture wherever and
whenever they want or keeping them in enclosed pens with concentrated feeding
operations (often called CAFOs or concentrated animal feeding operations). Livestock
production in the U.S. is dominated by CAFOs. In addition to rotational grazing’s soil
health and other farm resource benefits (see 2i) and wider ecosystem interdependence
benefits (see 3i), proponents suggest that rotational grazing improves animal and
farmworker wellbeing. See (4g) below for information on the relationship between
rotational grazing, biodiversity, and nutritional qualities of meats and dairy.

4f. Microbial seed treatment before planting

As introduced under seed management in (1dii), inoculating seeds with microbes prior
to planting has been shown to increase plant nutrient uptake; increase phytonutrient
levels; increase tolerance to abiotic stress, including water scarcity, heavy metal toxicity,
and salinity; increase biotic stress tolerance against disease; and increase plant growth
promoting activity (e.g., root and shoot length).

4g. Feed type (grain, grass, diverse natural pasture)

Animals raised in feedlots or other confinement often eat a concentrated mix of corn
and soybean seeds, or of total mixed rations (TMR), an engineered mixture of protein,
carbohydrates, fats, minerals, and vitamins. Others are grassfed, and some are raised in

Feedback draft: input@nourishn.com. Supported with USDA NRCS Conservation Innovation Grant. 26


mailto:input@nourishn.com

FEEDBACK DRAFT 2/19/2024

even more biodiverse pastures where they can self-select among a range of living
plants.

What animals eat affects variations in the fatty acid and phytonutrient profiles of the
meat and dairy they produce. For example, metabolomic research published in late
2023 shows that pasture-raised animals have improved metabolic health compared to
feedlot animals, evidenced by reduced cortisol and blood glucose levels. The resulting
meat for human consumption from animals that graze on biodiverse pastures compared
to those that consume processed feeds shows improved omega-3: omega-6 ratios, more
micronutrients, and increased phytonutrient levels.

Additionally, the healthy fat conjugated linoleic acid (CLA) is found almost exclusively in
ruminant meat and dairy, being produced by rumen-dwelling bacteria. A healthy rumen
microbial ecosystem, including fiber for the microbes to eat, are important for CLA
production.

It is believed that low-fiber, high-starch feedlot rations in feedlot and other
concentrated feeding systems can disrupt rumen microbial ecologies, causing the rumen
pH to become overly acidic, which can lead to various acute and chronic conditions.
Antibiotics (see 4i) are often administered in response, which can further increase
microbial dysbiosis or imbalance, as well as mitochondrial dysfunction and increased
oxidative stress, affecting meat and dairy quality in the ways described above.

4h. Exogenous hormones

Conventionally raised livestock are often given hormones, including estrogen,
testosterone, and progesterone, to increase their growth and milk production. Some
analyses suggest that using hormones to increase production in this way can also reduce
the amount of cropland needed by the meat and dairy industries, and can consequently
reduce greenhouse gas emissions as well. However, some concern exists about their
impact on other aspects of milk production, animal health, and human health (see 6c).
For example, Recombinant Bovine Growth Hormone (rBGH) has also been shown in cows
to increase the incidence of mastitis, an infection of the udder, which consequently
results in increased use of antibiotics in those dairy cows (see 4i). While the U.S. Food
and Drug Administration has approved the use of farm animal hormones like this, the
European Union banned the use of growth hormones in livestock in the 1980s, and the
ban was later extended to include the import of hormone-treated meat.

4i. Exogenous antibiotics

Antibiotics, as discussed regarding impact on soil health in (2j), are often administered
to livestock to prevent or treat infections, as well as to promote growth. However, many
countries have restricted the use of antibiotics in livestock in an attempt to preserve the
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effectiveness of antibiotics for fighting diseases in people (see 6d). The European Union
banned the use of antimicrobial growth promoters in 2006. In 2023, the U.S. Food and
Drug Administration transitioned to prescription-only the availability of antibiotics that
are medically important for humans but were previously available over the counter.

5. Post-harvest crop management

What a farmer does with a crop after it is harvested but before it is sold or shipped away can
affect the food’s nutritional qualities and the other potential economic values that result from
on-farm practices.

5a. Location/proximity/transport

5b. Date/freshness

5c. On-site food processing

5d. Storage conditions (temperature, growth regulators)
5e. Maturity of crop at time of harvest

5a. Location/proximity/transport

Some farmers sell in local markets, while others sell regionally, nationally, or
internationally. The distance and type of transportation affects freshness and flavors
(5b), storage (5d), and use of some chemicals. For example, when shipping fruits over
large distances, farmers often use cold storage and growth regulators so that fruit can
be picked while it is still green (see 5e) and then ripened using ripening compounds or
other procedures upon arrival at its destination. Local foods also connect with
community and cultural values and traditions, and with local food system resiliency in
cases when longer distance supply chains are disrupted. Transportation distance and
cold storage also affect greenhouse gas emissions during shipping.

5b. Date/freshness

How soon a crop is available for consumption after harvest is affected by
location/proximity (5a) and length of storage (5d). Some nutrients decline relative to the
time since a crop was harvested, while others are more stable. Freshness also impacts
flavor.

The health and medical fields generally recommend fresh foods for several reasons:
they add nutritional diversity to the diets of people that rely largely on processed foods;
they include nutrients that don’t store well so are not present in less fresh or processed
foods; they tend to contain a full package of essential nutrients (vitamins, minerals,
phytonutrients, fiber, etc.), rather than just nutritional elements that have not been
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refined out or have been added in during processing; and they don’t include the artificial
ingredients of many processed foods that can cause inflammation and oxidative stress
in the human body, contributing to discomfort and chronic disease. Fresh foods are also
important to the flavors, aromas, preparation, and seasonal traditions in many cultures.

As noted above, while most fresh foods offer these benefits, the freshest is not always
the most nutritious. While many nutrients decline from time of harvest, this varies by
the specific crop and nutrient; some may actually increase for some time in nutritional
qualities like bioavailability. Some foods deteriorate quickly (imagine a fresh peach at
room temperature), while others are more stable and can last longer (like a carrot).
Studies show that apples with long shelf life hold certain nutrients, but tend to lose
others, to the degree that many “well-aged” apples available after long periods of
storage tend to have very high sugar content and fewer of their original diversity of
nutrients.

5c. On-site food processing

Cooking, canning, grain milling technique (roller or stone milling), flash freezing, freeze
drying, dehydrating, or combining with other food additives for nutritional or
preservation reasons affects various nutritional qualities. Some preserve nutrients in
various ways, while others deplete them. These can include some micronutrients,
phytonutrients, whether fiber remains part of the final food source, particle size and
protein content of the food (such as whether grain milling separates endosperm from
bran and germ), traditional flavors, baking qualities of the product, etc. Farms that
process foods on-site before sale and distribution may, therefore, be affecting
nutritional qualities in ways other than through the farm’s growing practices.

5d. Storage conditions

Length of storage time, temperature, and humidity can affect nutritional quality. Cold
storage and modified atmosphere packaging are used to extend the shelf life of
perishable foods. Grains are sometimes stored for months or years on a farm site. The
effects on fruits and vegetables vary considerably depending on the crop and the
compound. Cold storage systems also consume energy, thereby affecting on-farm
greenhouse gas emissions depending on their fuel source, and may involve hormones
and chemicals called growth regulators.

5e. Crop maturity at time of harvest

Harvest variables include the maturity of the crop at time of harvest (e.g. was it
harvested when ripe for immediate use or marketing, earlier in order to facilitate
storage and transport, or at another point to optimize certain flavor qualities or food
processing requirements) and the time of the season a crop was harvested (e.g., early,
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mid, or late-season). This can affect some nutritional qualities, such as how much
vitamin C developed in tomatoes before they were picked. These factors correlate with
various nutritional qualities.

6. Compounds that can be harmful to humans

Chemical compounds and other elements are sometimes used by farmers to help with pest
management, crop growth, and crop storage. Some of these can also be toxic or harmful to
humans in certain situations. Other potentially harmful compounds and elements may be
present at a farm, including PFAS and heavy metals, because of past land uses, leaching through
soils or water sources from other locations, or drift through the air from elsewhere. In
unfortunate circumstances, the multifaceted effects of these compounds may also affect local
residents, farm workers, or food consumers.

The sections noted below introduce how these compounds are used and may interact with
other on-farm impacts including soil health, ecosystem conditions including other plants and
animals, pollinators, water, cultural values and community priorities, pollution management
efforts, and land values. They’re listed in this note because they reflect multi-faceted economic
impacts and opportunities of the farm site.

6a. Pesticides

6b. Chemical fertilizers

6¢. Exogenous hormones
6d. Exogenous antibiotics
6e. Heavy metals and PFAS

6a. Pesticides

Typical uses, benefits, and conditions determining environmental and health risks of
pesticides are discussed in sections (20), (3e), and (3f). Factors affecting human health
risks of pesticides include chemical formulation, concentration, overlapping applications
with other pesticides, type of application (i.e. direct to soil, direct to plant, or airborne),
proximity to sources of food and drinking water, and proximity to peoples "homes or
workspaces. Regulatory limits on pesticides are often guided by how fast they dissipate,
whether they are water soluble, and the level at which scientific research shows any
impact on human health. Some analysts suggest that regulatory limits on pesticides
account only for acute but not chronic effects of low-level exposure over the long term,
do not account for the potential synergistic effects of multiple pesticides, and do not
account for the effects from one generation to the next through epigenetics.

6b. Chemical fertilizers
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Various impacts beyond supporting plant growth and crop yield are discussed in section
(2k), such as accumulation of potentially toxic elements and destructive runoff into
waterways.

6c. Exogenous hormones

See (4h) and (4i) for discussion about how hormone use in cattle to improve meat or
dairy yield can also affect greenhouse gas emissions and use of antibiotics as well.

6d. Exogenous antibiotics

In addition to affecting animal health (4i) and soil health (2j), some research suggests
that excess use and misuse of antibiotics with farm animals may be the largest source of
antibiotic-resistant bacteria and a leading cause of antibiotic-resistant infections in
people. This occurs when microbes evolve to protect themselves from antibiotic drugs
and are transmitted to humans through direct animal contact, exposure to manure,
contact with raw or undercooked meat, and in other ways. Antibiotics can also disrupt
the human gut microbiome.

6e. Heavy metals and PFAS

In addition to the effects of these compounds in soils, as discussed in (2p), many of
them can be quite harmful to humans depending on form and concentration. For
example, lead, cadmium, arsenic, and others have parts-per-million regulatory limits
guiding their permissible levels in foods, and some dairy farms have stopped selling milk
because of PFAS contamination connected to historical spreading of processed
municipal waste sludge on their fields, which was thought at the time just to increase
soil nutrients while providing an economical and smart channel for waste disposal. If
present, these PFAS compounds can sometimes be taken up by plants from the soil, can
leach into groundwater, and can be inhaled by people or animals. Plant pollen can also
be coated with such compounds when bound to dust in the air.
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