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1. Introduction to Non-Synthetic Agricultural Inputs

The agricultural landscape is undergoing a significant transformation, driven by increasing
demands for sustainable practices and environmentally conscious food production. Within this
evolving paradigm, non-synthetic agricultural inputs emerge as foundational elements,
distinguishing organic farming from conventional methods. This report provides a detailed
examination of these critical inputs, encompassing soil amendments, bio-products, and organic
fertilizers, meticulously adhering to the principle of excluding all synthetic components. The
discussion will delineate their characteristics, diverse types, multifaceted benefits, and the
essential qualifications for their use within certified organic systems.

1.1 Defining Non-Synthetic Inputs in Organic Agriculture

Understanding the precise definitions of various agricultural inputs is paramount, particularly
within the context of organic certification, where distinctions can be nuanced and legally
significant.

Core Definition of Soil Amendments: Soil amendments are substances specifically formulated
and applied with the intent to modify the chemical or physical attributes of soil.: It is crucial to
note that, in many regulatory frameworks, this category explicitly excludes primary fertilizers,
agricultural liming materials, pesticides, and unmanipulated animal or vegetable manures.: The
fundamental objective of soil amendments is to enhance the physical properties of the soil,
such as its capacity for water retention, overall permeability, water infiltration rates, drainage
efficiency, aeration, and structural integrity. These improvements collectively contribute to
creating a more favorable and robust environment for root development, which is critical for
plant health and productivity.: Common organic matter products frequently utilized as soil
amendments include sphagnum peat moss, carefully composted yard waste, food scraps,
various animal manures, and nutrient-rich worm castings.: Beyond these, other ingredients may
comprise organic acids like humic and fulvic acid, compost tea, beneficial mycorrhizae, diverse
bacterial strains (microbes), and natural wetting agents derived from sources such as the Yucca
schidigera plant.: A related category, plant amendments, refers to substances applied directly
to plants or seeds to enhance desirable characteristics such as germination rates, overall
growth, yield, quality, reproductive capacity, or flavor. Similar to soil amendments, these are
also distinct from fertilizers, liming materials, pesticides, or raw animal and vegetable manures.:
Examples of plant amendment products include plant-based extracts, enzymes, vitamins, trace
minerals, amino acids, and mycorrhizae bacteria. Specific ingredients often found in these



products include Vitamin B1, Vitamin C, various amino acids (e.g., tryptophan, arginine, leucine,
glycine), kelp extract, and seaweed extract.:

Core Definition of Bio-products: Bio-products are broadly defined as materials manufactured,
either wholly or in significant part, from biological or renewable resources. Within the
agricultural sector, this encompasses a wide array of inputs derived from biological sources,
including crops, crop residues, and byproducts generated during food processing.: The USDA
BioPreferred program further clarifies "biobased products" as commercial or industrial goods
(excluding direct food or feed) that are substantially composed of biological products, including
renewable domestic agricultural, marine, and forestry materials. These biobased offerings serve
as sustainable alternatives to conventional petroleum-derived products and span diverse
applications such as lubricants, detergents, inks, fertilizers, and bioplastics.: In the specific
context of agricultural inputs, this broad category encompasses bio-stimulants, bio-fertilizers,
and bio-pesticides, all leveraging biological origins for their functional benefits. Beyond direct
agricultural inputs, bio-products also extend to bioenergy (e.g., liquid fuels like ethanol and
biodiesel, solid biomass for combustion, gaseous fuels like biogas), biomaterials (e.g.,
bioplastics, biofoams, biocomposites), and biopharmaceuticals.:

Core Definition of Organic Fertilizers: Organic fertilizers are materials derived from biological
origins, primarily animal or plant-based, employed to sustain or enhance plant nutrition while
simultaneously improving the physical, chemical, and biological properties of soils.: These
typically include materials of animal origin such as manure, digestive tract content, compost,
and digestion residues.s They are fundamentally sourced from natural materials and contain at
least one essential plant nutrient in an available form.” Unlike synthetic fertilizers, which are
designed for rapid nutrient delivery, organic fertilizers operate by feeding and enriching the soil
ecosystem, releasing nutrients gradually over an extended period, and actively stimulating
beneficial soil life.:

The classification of agricultural inputs, particularly within the realm of non-synthetic products,
involves nuanced distinctions that are critical for both regulatory compliance and effective
application. For instance, while common agricultural discourse might group "soil amendments,"
"bio-products," and "organic fertilizers" together, regulatory definitions, such as those from the
Pennsylvania Department of Agriculture, explicitly differentiate them. These definitions often
state that soil amendments, for example, do not include fertilizers or pesticides.: This is not
merely a semantic difference; it dictates how these products are regulated, labeled, and
approved for use, especially within certified organic systems. A substance might contribute
nutrients to the soil and improve its structure, but it may be legally classified as a "soil
amendment" rather than a "fertilizer" based on its primary function and composition. This
distinction is vital for organic farmers to ensure that their chosen inputs adhere to specific
guidelines and to understand the precise role each product plays in their overall agricultural
strategy. The complexity of these definitions underscores the need for careful attention to
product claims and certifications to ensure both functional efficacy and regulatory compliance.



1.2 The Role of Non-Synthetic Products in Sustainable Farming

Non-synthetic inputs are not merely alternatives to their synthetic counterparts; they are
foundational to the principles of sustainable and organic farming. Their role extends beyond
simple nutrient delivery to encompass the active promotion of ecological balance, the
conservation of biodiversity, and a deep respect for natural cycles.: These inputs are
instrumental in building and maintaining long-term soil health, which is a cornerstone of
agricultural sustainability. They achieve this by systematically increasing the soil's organic
matter content, significantly improving its water retention capabilities, enhancing natural
nutrient cycling processes, and fostering a thriving community of beneficial microbial life.: This
holistic approach stands in direct opposition to the model often associated with synthetic
inputs, which, while offering rapid solutions, can degrade soil fertility over time and contribute
to significant environmental issues such as nutrient runoff, chemical accumulation, and
disruption of natural ecosystems.:

The contrasting approaches of synthetic and non-synthetic inputs reveal a fundamental
philosophical difference in agricultural practices. Synthetic fertilizers are frequently
characterized as "fast-acting" and designed to "directly affect plant growth," providing
immediate nutrient boosts. However, a critical observation is that they "do little to stimulate
soil life, improve soil texture, or improve your soil's long-term fertility".: This indicates a focus
on symptomatic treatment—addressing immediate plant nutrient needs—without necessarily
investing in the underlying health of the soil. Conversely, organic inputs, despite often having a
lower immediate NPK analysis, "feed and enrich the soil" over a "much longer period" and
actively "promote a healthy soil ecosystem".: This difference in function highlights that
synthetic inputs, due to their high solubility, can lead to rapid nutrient loss and neglect the vital
role of soil biology. Organic inputs, by prioritizing the soil ecosystem, build a robust foundation
that then supports healthier, more resilient plants and sustained yields. This approach
embodies a systemic strategy to sustainability, where inputs are evaluated not just for their
immediate crop response but for their cumulative impact on soil biology and overall
environmental resilience. This difference underscores the long-term ecological and economic
advantages inherent in the organic approach, even if immediate results may appear more
subtle or slower to manifest.

The benefits of non-synthetic inputs extend beyond mere compliance with organic regulations;
they are active tools for what can be described as "sustainable ecosystem engineering." Organic
standards, while defining what is prohibited and required for certification s, also implicitly
encourage practices that actively build natural capital. Non-synthetic inputs, such as compost,
biochar, and bio-fertilizers, actively improve soil structure, water retention, microbial activity,
and nutrient availability.= They also actively reduce erosion and can sequester carbon.» This
goes beyond simply avoiding harm; it involves a proactive approach to regenerating and
enhancing natural processes within the farm system. This perspective suggests a fundamental
shift in agricultural thinking from merely "reducing harm" to actively regenerating and
enhancing natural ecological processes. The long-term advantages include increased resilience
to climate change (e.g., improved drought and flood resistance), reduced reliance on external



inputs, and enhanced ecosystem services, positioning these inputs as critical for the future
viability and sustainability of global food production.

1.3 Key Distinctions: Excluding Synthetic Products

The fundamental distinction between synthetic and non-synthetic agricultural inputs is central
to organic farming, guiding both practice and regulation. This distinction is not merely about
origin but encompasses profound differences in manufacturing processes, mechanisms of
action, and environmental impact.

Synthetic Fertilizers: These products are typically manufactured through complex chemical
processes, utilizing raw materials such as minerals, atmospheric gases, and inorganic waste
materials.: Their primary characteristic is high water solubility, enabling rapid nutrient uptake
by plants and providing a "quick-hit" of nutrients and rapid greening.: However, this fast-acting
nature comes with significant drawbacks: their effects are often short-lived, necessitating
regular reapplication.: Critically, synthetic fertilizers contribute minimally to stimulating soil life,
improving soil texture, or enhancing long-term soil fertility. They are highly water-soluble,
which makes them prone to leaching into waterways, posing environmental risks. Furthermore,
over-application can lead to "fertilizer burn," damaging plants, and continuous use may
paradoxically decrease soil fertility over time by stimulating excessive microorganism growth
that depletes organic matter.:

Synthetic Pesticides: These compounds are produced through industrial chemical processes
and are the mainstay of conventional agriculture.= They are generally designed to directly kill or
inactivate pests.= This category includes insecticides, which target disease vectors or insects
infesting cultivated plants, and herbicides, which eliminate weeds and unwanted plants
competing with crops for resources. Many synthetic pesticides exert their effects by inhibiting
specific enzymes or biochemical pathways within the target organisms. Examples such as 2,4-
D, Mecoprop, Acetochlor, Atrazine, Dicamba, Glyphosate, and Paraquat are known for their
specific mechanisms of action and, in many cases, associated acute and chronic health
implications.= In contrast, non-synthetic alternatives, often referred to as bio-pesticides,
operate through non-toxic mechanisms, are typically less toxic than their conventional
counterparts, degrade rapidly in the environment, and tend to target specific pests, thereby
significantly reducing pollution and exposure issues.=

Exclusion Principle: The core principle underpinning organic agriculture, as regulated by the
USDA National Organic Program (NOP), is a stringent approach to synthetic substances.
Generally, synthetic substances are prohibited unless they are specifically allowed on the
National List of Allowed and Prohibited Substances. Conversely, non-synthetic substances are
permitted unless they are explicitly prohibited.: This strict delineation extends to practices such
as genetic engineering, ionizing radiation, and the use of sewage sludge, all of which are
explicitly forbidden in organic production.



The distinction between synthetic and non-synthetic inputs is not merely a matter of origin but
fundamentally defines their mechanism of action and environmental persistence. Synthetic
inputs, characterized by their chemical manufacturing and high solubility, often lead to rapid,
direct effects on plants or pests, but this can come at the cost of environmental harm, such as
nutrient leaching or soil degradation.: Their impact on non-target organisms can also be broad
and detrimental.= In contrast, non-synthetic alternatives, derived from natural origins and
leveraging biological processes, typically offer slower, more subtle effects that enrich the soil
ecosystem and target specific pests with reduced environmental risk.:

This fundamental difference highlights that the "exclusion of all synthetic products" in organic
agriculture is more than an arbitrary rule; it is a foundational principle that implicitly mandates
a shift from a chemistry-driven, often disruptive, approach to a biology-driven, ecologically
integrative approach. This signifies that "non-synthetic" serves as a proxy for a broader
commitment to ecological integrity, soil health, and environmental stewardship. In this
paradigm, inputs are chosen for their ability to work with natural systems rather than
overriding them. The regulatory framework, including the NOP and the Organic Materials
Review Institute (OMRI), reinforces this by allowing synthetics only when absolutely necessary
and proven to be benign, while natural substances are generally permitted. This regulatory
stance not only safeguards environmental quality but also acts as a powerful catalyst for
innovation in the bio-products sector, driving the development of increasingly sophisticated
biological and ecological solutions.

2. Non-Synthetic Soil Amendments

This section provides a comprehensive examination of non-synthetic soil amendments,
detailing their inherent characteristics, diverse types, and the specific benefits they confer,
along with practical guidelines for their application within organic farming systems. These
amendments are pivotal for improving the physical and chemical properties of soil, thereby
enhancing its overall health and productivity.

2.1 Characteristics and Purpose of Soil Amendments

Soil amendments are substances strategically introduced into the soil primarily to enhance its
physical and chemical properties, with the overarching goal of creating a more conducive
environment for robust root growth.: It is important to distinguish them from primary
fertilizers, as their main function is not to directly supply high levels of plant nutrients. Rather,
their purpose is to improve the soil's inherent capacity for water retention, increase its
permeability, facilitate optimal water infiltration and drainage, enhance aeration, and refine
overall soil structure. By achieving these physical improvements, soil amendments indirectly
increase the accessibility and availability of existing nutrients within the soil to plants.: Over
extended periods, the consistent application of these amendments contributes to a significant
reduction in soil erosion, sustained improvements in water retention, a decreased reliance on



synthetic additives, and a notable boost in nutrient availability through an increase in the soil's
cation exchange capacity (CEC).»

The role of soil amendments extends beyond mere physical alteration; they are integral to
fostering a dynamic, biologically active soil system. While initial descriptions of amendments
often focus on their ability to improve physical properties like water retention, aeration, and
structure :, a deeper understanding reveals their active role in "feeding beneficial bacteria and
fungi," and "boosting nutrient availability by increasing the cation exchange capacity (CEC)".»
This shift in language from passive "improving properties" to active "feeding beneficial
bacteria" underscores that soil amendments do not simply inertly alter the soil; they actively
foster a living, dynamic ecosystem. The observable physical improvements, such as enhanced
drainage or water retention, are often a direct consequence of this stimulated biological
activity, rather than solely a direct chemical or mechanical change. The amendments provide
the raw materials and optimal conditions for microbial communities to thrive, and it is these
microbes that, in turn, mediate many of the desired physical and chemical transformations. This
perspective reinforces the holistic view of soil in organic agriculture, where effective soil
amendment is understood as an act of nurturing a complex biological system. This approach
leads to long-term resilience, self-regulation, and sustained productivity, moving beyond the
conventional perception of soil as merely a static medium for nutrient delivery. It highlights
that the "health" of the soil is inextricably linked to its vibrant biological community, making the
biological component of soil amendments paramount.

2.2 Types of Organic Soil Amendments

Organic soil amendments are diverse, broadly categorized based on their origin, encompassing
materials derived from once-living organisms (organic matter-based) and naturally occurring
mineral deposits (mineral-based).

2.2.1 Organic Matter-Based Amendments

These amendments are derived from biological sources and are crucial for building soil organic
matter, improving soil structure, and supporting microbial life.

o Compost: High-quality compost serves as a cornerstone of organic soil management,
enriching the soil with stable organic matter. This enrichment significantly improves soil
texture, enhances drainage, optimizes aeration, and substantially boosts moisture
retention.= Functioning as a slow-release fertilizer, compost gradually provides essential
macronutrients like nitrogen, phosphorus, and potassium as it undergoes decomposition,
simultaneously feeding and proliferating vital soil microorganisms.: Beyond nutrient
provision, compost actively balances soil pH, acts as a sponge for water, suppresses soil-
borne diseases and pests, and discourages the proliferation of certain weeds by
deactivating their seeds through the elevated temperatures achieved during the
composting process.: Its proper production requires careful management of moisture
content (ideally between 40-65%) and oxygen levels, with an optimal pH range of 6.5 to 8.=



o Examples: Common organic materials used for composting include sphagnum peat
moss, composted yard waste, food scraps, and various animal manures.:

Manure: Animal manure, sourced from livestock such as cows, chickens, and horses
(excluding domestic pets like dogs or cats), serves as a valuable slow-release organic
fertilizer. It contains a comprehensive array of essential nutrients, including nitrogen,
potassium, phosphorus, sulfur, magnesium, and calcium.» Manure effectively conditions
the soil, increases populations of beneficial soil organisms, and improves moisture
retention.» For safe and effective use, manure must be composted or aged before
application to mitigate potential pathogens, high salt content, and the risk of "burning"
plants.» Fresh manure should be applied at least 90 days prior to harvest or approximately
two weeks before planting.= Horse manure is particularly valued for its ideal Carbon to
Nitrogen ratio (approximately 30:1), which is highly conducive to effective composting.»

Worm Castings (Vermicompost): Often lauded as "black gold," worm castings are the
nutrient-rich excrement of worms, representing a highly concentrated form of organic
fertilizer. They are packed with readily available nutrients such as nitrates (a bioavailable
form of nitrogen), iron, sulfur, calcium, phosphorus, and potassium, often exhibiting an
NPK rating around 5.5.3.= These castings significantly improve soil structure, aeration, and
water retention, while also boosting overall plant vigor.» The presence of rich
microbiological colonies within castings helps combat soil-borne plant diseases and can
repel insects.= A unique benefit is that nutrients are "time-released" due to a protective
coating formed in the worm's digestive tract, preventing plant burn even on delicate
species.» Furthermore, because the organic material has already been digested by worms,
nutrient absorption by plants is almost immediate, a notable advantage over regular
compost which requires further decomposition.= Worm castings typically exhibit a near-
neutral pH.=

Leaf Mold: Leaf mold is an organic amendment composed of chopped leaves that have
undergone a composting process.= As it breaks down into humus, it effectively improves
soil texture and attracts a diverse array of beneficial soil organisms.» When applied as
mulch, it can exert a cooling effect on the soil, particularly beneficial in hot weather
conditions.= It is important to avoid using leaves from walnut trees, as they can leach
chemicals that inhibit the growth of many plants.=

Biochar: Biochar is a carbon-rich byproduct generated from the pyrolysis of organic waste
(biomass), a process involving burning in the absence of oxygen.= Its highly porous
structure provides an exceptional habitat for beneficial soil microbes.~ A key characteristic
of biochar is its remarkable persistence in the soil, where it can remain for centuries.= It
significantly improves water retention and enhances nutrient access for plants.» Biochar
also contributes to improved soil aggregation, modulates microbial activity, and can
stabilize soil organic carbon.s Furthermore, it has demonstrated the ability to reduce
sodium levels in soil, thereby improving water and oxygen uptake by roots.» Beyond its



direct soil benefits, biochar helps prevent nutrient losses through leaching and can bind

hazardous substances in contaminated soils.»

o Examples: Biochar can be produced from various biomass sources, including animal
bones and woody plant material.»

e Cover Crops (Green Manure): Cover crops are plants grown primarily to cover the soil,
with the intention of later incorporating them into the soil for enrichment.: These crops
play a multifaceted role in soil health: they effectively control erosion, suppress weeds,
reduce soil compaction, and significantly increase both moisture and nutrient content in
the soil. Additionally, they can improve yield potential, attract beneficial pollinators, and
provide habitat for beneficial insects and wildlife.» Legume cover crops, such as crimson
clover, hairy vetch, and Austrian winter pea, are particularly valued for their ability to fix
atmospheric nitrogen, contributing substantial amounts (typically 50-150 pounds per acre)
for subsequent crops. Non-leguminous cover crops, on the other hand, excel at scavenging
residual nutrients and producing large amounts of biomass that contribute to soil organic
matter.» Beyond these benefits, cover crops are instrumental in breaking pest cycles and
protecting fallow fields from degradation.=»

2.2.2 Mineral-Based Amendments

These are naturally occurring inorganic amendments derived from minerals, which primarily
serve to add essential nutrients or improve the physical properties of soil.

e Gypsum: Composed of calcium and sulfate, gypsum is effective in reducing sodium levels
in soil, which in turn facilitates easier uptake of water and oxygen by plants and promotes
the formation of healthy roots.= It is particularly beneficial for compacted clay soils, as it
helps create essential air pockets, improving soil structure.»

¢ Greensand (Glauconite): This mineral, harvested from ancient forest floors, is a slow-
release soil conditioner.= It is highly effective in improving the texture of clay soil and
contributes valuable nutrients such as potassium, iron, and magnesium.’

o Perlite: A lightweight material derived from volcanic glass, perlite is heated until it expands
into characteristic styrofoam-like crumbles.» Its primary function as a soil amendment is to
improve aeration by introducing air pockets into the soil, which is crucial for root
respiration and overall soil health.»

e Vermiculite: With a flaky consistency akin to mica, vermiculite contributes to both aeration
and drainage within the soil.» Uniquely, it also acts like a sponge, effectively retaining
moisture, which makes it a particularly beneficial additive for seed-starting mixes.= It can
also play a role in preventing root rot and overwatering.»



¢ Rock Phosphate: As a natural source of phosphorus, rock phosphate is utilized to boost
crop yields and encourage the formation of healthy roots, especially during critical stages
of flower and fruit production.=»

e Other Rock Powders/Dusts: This category includes finely crushed rocks that supply a
variety of minerals to the soil. Examples include lime and gypsum, which are sources of
calcium, and minerals like feldspar and biotite, which provide potassium.’

The diverse array of non-synthetic soil amendments, ranging from animal manures and plant
composts to various mineral powders and living cover crops 7, highlights the highly adaptable
toolkit available in organic agriculture for soil improvement. This adaptability is crucial for
addressing the wide spectrum of soil types (e.g., sandy, clay) and specific agricultural needs
(e.g., pH adjustment, targeted nutrient availability, compaction). This implies that successful
organic soil management often necessitates a tailored approach, where combinations of
amendments are selected based on precise soil analyses and specific crop requirements, rather
than a generic, one-size-fits-all solution. This nuanced application of diverse materials allows for
a more responsive and effective strategy in building and maintaining soil health.

Furthermore, the benefits derived from organic amendments are typically cumulative and long-
lasting, contributing to enduring soil fertility and resilience. This contrasts with the "quick hit"
approach often associated with conventional farming.: For instance, compost nutrients are
released gradually =, biochar can persist in the soil for centuries =, and worm castings provide
nutrients over an extended period.: This requires a different mindset—one of patience and a
long-term investment perspective. While immediate results may appear slower, the cumulative
benefits, such as reduced future input costs, improved drought and stress resistance, and
higher quality produce, offer significant long-term returns and greater overall sustainability.
This also suggests a need for different economic models and policy support for farmers
transitioning to or practicing organic agriculture, as the return on investment is realized over a
longer time horizon.

2.3 Benefits and Application Guidelines for Key Soil Amendments

Effective application of non-synthetic soil amendments requires an understanding of their
specific benefits and appropriate usage protocols.

General Application Timing: Soil amendments are typically incorporated into the soil either in
the fall or in the spring, prior to planting.» For composted manure, a critical timing
consideration is its application at least 90 days before crop harvest or approximately two weeks
before planting to ensure safety and nutrient availability.=

Matching Amendments to Soil Type: The selection of an appropriate soil amendment should
be guided by the specific characteristics and needs of the soil:



Sandy Soils: These soils, characterized by their small particle size and limited moisture
retention, significantly benefit from the addition of organic matter. Organic amendments
improve their water-holding capacity and nutrient retention.»

Clay Soils: Clay soils, known for their large particles that tend to stick together, often suffer
from compaction and poor aeration. They are greatly improved by organic matter (such as
compost, manure, and biochar), as well as mineral amendments like greensand, perlite,
and gypsum. These additions enhance drainage, aeration, and reduce compaction, making
it easier for roots to breathe and access resources.:

Specific Application Rates and Considerations:

Compost: For agricultural applications, a typical farm may require between 5 to 20 tons of
compost per acre, with the exact rate depending on current soil conditions and the specific
crops being grown.= In the first year of application, approximately 10-25% of the nitrogen
content in compost becomes plant-available, while 40-60% of phosphorus and potassium
become available.= It is crucial to monitor phosphorus levels, as excessive application can
lead to surface water pollution and potentially jeopardize organic certification.=

Worm Castings: There is generally no upper limit to the amount of worm castings that can
be applied, given their gentle nature.» For potting mixes and seed flats, a common
recommendation is to mix 1 part worm castings with 3 parts potting mix. For established
flower beds, shrubs, roses, and vegetables, a top dressing of 1 to 3 inches of castings,
lightly incorporated into the soil, is effective.» For houseplants, a thin layer of 0.5 to 1 inch
spread around established plants and gently scratched into the soil is sufficient. Worm
castings can also be brewed into a "worm tea" by soaking 1 part castings in 3 parts water
for 24 hours or more, with intermittent mixing.:: This tea can be applied at a rate of 8
ounces per plant every 30 days, or as a foliar spray (4 ounces of tea per gallon of water)
every 30-60 days.» For new lawns, an application rate of 10 pounds per 100 square feet,
lightly worked into the topsoil, is recommended. Established lawns and greens can benefit
from a top dressing of 4 pounds per 100 square feet.=:

Biochar: A general guideline for biochar application is to aim for 10% of the volume of the
plantable soil area.» For soils with loam texture, blending 3 to 4 cubic feet of biochar per
100 square feet into the top 4 inches of soil is recommended. Poorer soil types, such as
sand or clay, may require a higher rate of 5 to 6 cubic feet per 100 square feet. For
extremely poor soils, a 50-50 biochar-compost mix is often beneficial.:: Optimal application
rates can vary significantly depending on specific soil conditions and desired outcomes; for
instance, studies suggest an optimal rate of approximately 3.16% for alleviating soil salinity
in saline-alkali soils.= After application, it is important to water the area for five to seven
days to keep the soil moist.= It is important to note that applying more biochar than
necessary offers no further boost to soil productivity, and once applied, it remains in the
soil for centuries.=



e Cover Crops: The selection of cover crops should align with specific agricultural goals, such
as nitrogen fixation, nutrient scavenging, or weed suppression.» Their integration into
existing crop rotations requires careful planning to maximize benefits and avoid potential
issues.

The true power of non-synthetic soil amendments within organic systems lies in their
synergistic application, where multiple types are combined to address a comprehensive range
of soil deficiencies simultaneously. For example, while compost excels at building organic
matter and providing slow-release nutrients, biochar significantly improves water retention and
provides microbial habitat, and worm castings offer highly bioavailable nutrients and disease
suppression. This multi-faceted approach, where different amendments complement each
other, creates a more robust and resilient soil ecosystem than any single amendment could
achieve. This implies that organic farming is not simply about replacing one synthetic input with
one organic one, but rather about constructing complex, interdependent systems. This
sophisticated understanding of soil as a dynamic biological and chemical matrix allows for a
more responsive and effective strategy in building and maintaining soil health, leading to more
resilient and productive agricultural systems.

Table 1: Key Non-Synthetic Soil Amendments Overview

Type Primary Characteristics Key Benefits General Application
Notes
Compost Biologically degraded Improves soil texture, drainage, Apply 5-20 tons/acre; 10-
organic matter; aeration, moisture retention; 25% N, 40-60% P/K
nutrient-stable; near- slow-release nutrients (N, P, K); available 1st year;
neutral pH (6-8); mix of feeds microorganisms; balances requires proper
plant/animal waste. pH; suppresses pests/diseases; moisture/oxygen for
discourages weeds. production.
Manure Animal waste (cow, Conditions soil; increases Must be
chicken, horse) often beneficial organisms; improves composted/aged; apply
with bedding; contains moisture retention; slow-release 90 days before harvest or
N, P, K, S, Mg, Ca; ideal nutrients. 2 weeks before planting.
C:N ratio for
composting (horse).
Worm Worm excrement Immediate, time-released nutrient No upper limit; mix 1:3
Castings ("black gold"); highly absorption; fights soil-borne with potting mix; top
concentrated nutrients diseases; repels insects; improves dress 1-3 inches; use as
(nitrates, P, K, Ca, Mg, soil structure, aeration, water "worm tea" (1:3
retention; increases plant vigor. castings:water).




Fe); NPK ~5.5.3; near-
neutral pH.

Leaf Mold Composed of chopped, Improves soil texture; attracts Avoid walnut leaves;
composted leaves. beneficial soil organisms; breaks shred leaves for faster
down into humus; cools soil as decomposition.
mulch.
Biochar Carbon-rich byproduct Improves water retention/nutrient 10% by volume of
of pyrolysis; highly access; habitat for microbes; plantable soil area; 3-6 cu
porous; remains for enhances soil aggregation; ft/100 sq ft depending on
centuries. stabilizes soil organic carbon; soil; water after
reduces soil sodium. application.
Cover Plants grown to cover Controls erosion; suppresses Select based on goals (N-
Crops soil, later incorporated; weeds; reduces compaction; fixation, nutrient
grasses, legumes, forbs. increases moisture/nutrients; scavenging, biomass);
attracts pollinators/beneficial integrate into crop
insects; fixes nitrogen (legumes); rotations.
breaks pest cycles.
Gypsum Calcium sulfate Reduces soil sodium levels; Beneficial for high-
mineral. improves water/oxygen uptake; sodium or compacted
promotes healthy roots; creates clay soils.
air pockets in compacted clay.
Greensand Mineral (glauconite) Improves clay soil texture; adds Primarily for clay soils
from ancient forest potassium, iron, magnesium; slow- needing texture
floors. release conditioner. improvement and
K/Fe/Mg.
Perlite Lightweight volcanic Improves aeration by adding air Used in potting mixes and
glass. pockets to soil. for heavy soils.
Vermiculite Flaky mineral; similar to Improves aeration/drainage; Beneficial for seed-
mica. retains moisture (sponge-like); starting and moisture-
prevents root rot. retention in mixes.
Rock Natural mineral source Boosts yields; encourages healthy Side-dress during
Phosphate of phosphorus. root formation. flowering/fruiting stages.




This table provides a concise, comparative overview of the diverse range of non-synthetic soil
amendments. It is valuable for agricultural professionals as it allows for quick identification of
suitable options based on specific soil needs and desired outcomes. By consolidating
information on primary characteristics, key benefits, and general application notes, it serves as
both a rapid summary and a direct reference to the supporting data, thereby enhancing the
utility and trustworthiness of the information for practical decision-making.

3. Bio-Products in Organic Agriculture

This section differentiates and details the various categories of bio products—bio-stimulants,
bio-fertilizers, and bio-pesticides—highlighting their unique biological mechanisms, the benefits
they confer, and their specific applications within organic agricultural systems.

3.1 Bio-stimulants

3.1.1 Definition and Categories

e Definition: Plant bio-stimulants are substances or microorganisms that, when applied to
seeds, plants, or the surrounding soil, actively stimulate natural processes within the plant
to enhance nutrient uptake, improve root development, and increase overall resilience to
various environmental stresses.= A critical distinction is that bio-stimulants are not
classified as fertilizers, as they do not directly provide significant amounts of plant
nutrients. Similarly, they are not considered pesticides, as they lack direct pest-killing
properties.« Instead, their function is to influence a plant's vigor and yield by boosting its
inherent natural processes, growth mechanisms, and defense responses.=

e Categories: Bio-stimulants encompass a diverse range of natural compounds and microbial
agents:

o Humic and Fulvic Acids: These are naturally occurring, carbon-rich compounds derived
from the decomposition of organic matter over millennia. They significantly improve
soil structure, increase water retention, and enhance nutrient availability by increasing
the soil's cation exchange capacity (CEC).: Humic acids, being larger molecules,
primarily influence soil structure and nutrient retention, while fulvic acids, with their
smaller molecular size and higher solubility, can penetrate plant cell walls to directly
enhance nutrient uptake at the cellular level.= Both also stimulate beneficial microbial
activity and can chelate toxic metals, making them less available to plants.=z

o Seaweed Extracts & Botanicals: Typically sourced from brown seaweeds, these extracts
are rich in natural plant growth hormones such as cytokinins, auxins, and gibberellins,
along with a complex array of trace minerals. When applied, they are known to
promote plant growth, improve soil structure, increase the activity of beneficial
bacteria, and enhance water retention by forming hydrogel networks within plants.



Kelp is a widely recognized form, valued particularly for its micronutrient
contributions.’

o Microbial Inoculants (Beneficial Bacteria and Fungi): This category includes various
symbiotic bacterial species and arbuscular mycorrhizal fungi (AMF).: These
microorganisms form beneficial relationships with plant roots, effectively expanding
the plant's access to essential nutrients, notably phosphorus and nitrogen, and
increasing water uptake, thereby promoting robust root growth.: Some bacterial
strains are also capable of producing plant hormones or compounds that enhance
plant resistance to insects and reduce the growth of soil pathogens.=

o Protein Hydrolysates (Amino Acids & Peptides): These are essential amino acids and
peptides derived from the hydrolysis of animal and plant products, often industrial
byproducts.» They can contribute to increased soil fertility and stimulate beneficial
bacteria activity.» As fundamental building blocks of protein, these amino acids play a
crucial role in enhancing plant growth and resilience by improving nutrient uptake,
stimulating root development, and bolstering stress tolerance in plants.«

o Chitosan & Other Biopolymers: Chitosan, a biopolymer extracted from chitin (found in
the cell walls of fungi and crustacean shells), has been utilized in agriculture to
enhance plants' ability to withstand abiotic stressors like cold and high temperatures.=»

o Inorganic Compounds: Certain inorganic elements, including silica, selenium, cobalt,
sodium, and aluminum, when applied in appropriate amounts, can strengthen plant
cell walls and promote overall plant growth.«

3.1.2 Benefits and Application Considerations

e Benefits: Bio-stimulants offer a wide array of advantages for plant health and productivity:

o Enhanced Nutrient Uptake & Efficiency: They improve the availability and absorption of
essential nutrients by plants, leading to more vigorous and productive crops.:

o Improved Stress Tolerance: Bio-stimulants help plants better cope with various abiotic
stresses, such as drought, extreme heat, and salinity, by influencing their natural
defense mechanisms, internal water regulation, antioxidant activity, and hormone
balance.x

o Stimulated Plant Growth & Development: They actively increase germination rates,
promote robust root development, enhance leaf growth, improve fruit set, and boost
overall crop yield and quality.:

o Improved Soil Health: Many bio-stimulants contribute to healthier soil by enhancing soil
structure, increasing water retention, and stimulating beneficial microbial activity.=

e Application Methods: Bio-stimulants can be applied in various forms, including as soil
amendments, foliar sprays directly onto plant leaves, or as seed treatments.= Liquid
formulations are particularly effective for rapid nutrient uptake through foliar application.«



e Considerations: While promising, research results on the magnitude of yield enhancement
from bio-stimulants can sometimes be mixed.= It is also important to consider their
compatibility with other agricultural inputs, such as fertilizers and pesticides, to avoid
adverse reactions or reduced effectiveness.= Determining proper concentrations and
optimal timing of application is crucial to maximize benefits and avoid unnecessary costs.=
Furthermore, different crop species may exhibit varying responses to specific bio-stimulant
types.«

The regulatory distinction that bio-stimulants "do not directly provide nutrients" and "have no
pest-killing properties" +, and are "not considered fertilizers" or "pesticides" =, highlights a
unique functional niche for these products. This positioning implies that bio-stimulants serve as
"performance enhancers" that optimize existing plant and soil processes (e.g., nutrient uptake
efficiency, stress tolerance) rather than simply supplying nutrients or controlling pests. They act
as biological facilitators, amplifying the benefits of other good organic practices, such as healthy
soil amendments and bio-fertilizers. Their increasing adoption, even by conventional farmers,
indicates a growing recognition of the value of enhancing natural plant resilience and efficiency,
potentially leading to a reduced overall reliance on external inputs in the long run. This makes
bio-stimulants a sophisticated layer of organic management, focusing on physiological
optimization and system-wide efficiency.

3.2 Bio-fertilizers

3.2.1 Definition and Types

o Definition: Bio-fertilizers are preparations containing live microorganisms which, upon
application to seeds, plant surfaces, or soil, colonize the rhizosphere (the soil zone around
roots) or the interior of the plant. Their primary function is to promote plant growth by
increasing the supply or availability of primary nutrients through natural biological
processes.: These living microbial agents are instrumental in restoring the soil's natural
nutrient cycle and actively building soil organic matter.: As "eco-friendly" organic agro-
inputs, bio-fertilizers offer a sustainable pathway to reduce dependence on synthetic
fertilizers and pesticides.

e Types: Bio-fertilizers are categorized by the specific microbial functions they perform:

o Nitrogen-Fixing Bacteria: These microorganisms possess the remarkable ability to
convert atmospheric nitrogen (N3), which is unusable by plants in its gaseous form,
into biologically available ammonium (NHs).»
=  Examples: Notable examples include Rhizobium, which forms symbiotic

relationships and root nodules with leguminous crops (e.g., chickpeas, soybeans,
peas), and free-living bacteria like Azotobacter (beneficial for crops such as wheat,
maize, mustard, cotton, potato, and various vegetables) and Azospirillum
(recommended for sorghum, millets, maize, sugarcane, and wheat).:
Cyanobacteria, also known as blue-green algae, are another significant group of
nitrogen fixers.:



= Benefits: Their activity can significantly reduce the need for synthetic urea
fertilizers, improve chlorophyll content per leaf area, enhance early crop vigor,
increase grain protein, and contribute to overall soil health and erosion control.:

o Phosphate-Solubilizing Bacteria (PSB): These bacteria are capable of solubilizing
inorganic phosphate compounds that are otherwise insoluble and unavailable to
plants, thereby making phosphorus accessible for plant uptake.: They achieve this
through the secretion of organic acids (e.g., gluconic, citric, lactic acids) and the
release of enzymes (e.g., phytase, phosphatase).=
= Examples: Key PSB genera include Pseudomonas and Bacillus megaterium.
= Benefits: PSB increase the availability of P,Os, accelerate crop maturation, boost

yields, and enhance disease resistance due to rapid cell growth.:
o Potassium-Mobilizing Bacteria: These specialized bacteria play a crucial role in releasing
locked potassium (K) reserves from soil minerals, making this essential nutrient
available to plants.s
= Examples: Prominent species include Bacillus mucilaginosus and Frateuria
aurantia.=

= Benefits: They can increase crop yield by 15-20%, improve crop resistance against
various weather conditions, enhance fruit and grain size and quality, and support
proper photosynthesis.«
o Mycorrhizal Fungi: These fungi form ancient and essential symbiotic relationships with
plant roots, significantly increasing the plant's uptake of nutrients (particularly
phosphorus, but also nitrogen and potassium) and available water from the soil.: They
achieve this by creating an extensive hyphal network that acts as a "second root
system," vastly expanding the plant's absorption area.=
= Types: Mycorrhizae are broadly classified into Endomycorrhizae (which penetrate
plant root cells and benefit approximately 80% of plants) and Ectomycorrhizae
(which grow between root cells, forming a protective fungal mantle, supporting 5-
7% of plants, especially trees like pines, willows, and oaks).» Combining both types
in products offers broader applicability across a wider variety of plant species.=

= Benefits: Mycorrhizae lead to enhanced plant growth, improved resistance to
environmental stress, reduced transplant shock, better nutrient cycling, and
improved soil structure (through the production of glomalin, which binds soil
particles) and protection from soil erosion.=

o Sulfur-Oxidizing & Micronutrient Solubilizers: These emerging types of bio-fertilizers
include bacteria like Thiobacillus, which oxidize elemental sulfur into sulfate, leading to
benefits such as increased oilseed protein and improved onion flavor.s Research is also
exploring new zinc- and silica-solubilizing bacteria that can correct hidden
micronutrient deficiencies in crops.=

3.2.2 Benefits and Application Protocols

e Overall Benefits: Bio-fertilizers are recognized for being cost-effective and eco-friendly,
contributing to long-term soil fertility and sustainability.: They can increase crop yield by



20-30%, potentially replacing 30% of chemical nitrogen and phosphorus inputs.: Beyond
nutrient provision, they stimulate plant growth, suppress phytopathogens, protect plants
from abiotic and biotic stresses, and aid in the detoxification of below-ground pollutants.:
They specifically promote robust root development, enhance vegetative growth, and
increase plant resistance/tolerance to diseases and drought.s

e Application Methods: Bio-fertilizers can be applied through several methods to ensure
optimal contact with plant roots or seeds:

o Soil Treatment: Bio-fertilizers can be mixed with compost fertilizer, allowed to sit
overnight, and then spread into the soil where seeds are to be sown.«

o Seed Treatment: Seeds can be soaked in a mixture of nitrogen and phosphorus bio-
fertilizers, then dried quickly before planting.:

o Seedlings Root Dipping: For transplants, seedlings can be submerged (roots only) in a
water bed containing bio-fertilizers for 8 to 10 hours prior to transplanting.«

o Drench/Injector/Boom Sprayer (for Mycorrhizae): For mycorrhizal inoculants, success
hinges on ensuring the propagules are in close proximity to the growing plant roots, as
this accelerates the establishment of the symbiotic relationship (typically 3-4 weeks).:
Application rates for mycorrhizae vary by product and method; for instance, granular
products for soil incorporation might be applied at 0.95 Ibs per cubic yard of soil (or
0.57 grams per liter of soil), aiming for 75 endo propagules per liter of soil. For plug
dips, a suspension of 2 ounces of product with 5 gallons of water can be used,
immersing root balls for 10-15 seconds.= It is generally considered that over-
application of mycorrhizal fungi is not harmful.=

o Limitations: It is important to note that bio-fertilizers are generally considered
supplements to, rather than complete replacements for, chemical fertilizers.: Their
efficacy can be influenced by various environmental factors such as soil pH, salinity, and
temperature, which can affect microbial viability and activity.= Furthermore, specific bio-
fertilizers are often essential for specific crops, requiring a tailored approach to
application.»

Bio-fertilizers are fundamentally defined by their living microbial components that actively
participate in nutrient cycling.= This distinguishes them from traditional fertilizers (whether
organic or synthetic) that primarily supply nutrients. This difference signifies a paradigm shift
towards leveraging intricate biological processes to make existing soil nutrients available and to
capture atmospheric nitrogen, thereby reducing the need for mined or manufactured nutrient
inputs. This approach fosters long-term soil health and resilience. The focus on specific
microbial functions, such as nitrogen fixation by Rhizobium or phosphorus solubilization by
Pseudomonas =, reveals a highly targeted biological approach to nutrient management. This
implies that bio-fertilizers are not merely a generic "organic" option but require a precise
understanding of the specific nutrient deficiencies and microbial interactions within a given soil
system for optimal efficacy. The symbiotic relationship observed with mycorrhizal fungi, which
significantly expands nutrient and water uptake =, further emphasizes this intricate biological
partnership and its role in creating a more self-sufficient and resilient agricultural system.



3.3 Bio-pesticides

3.3.1 Definition and Classes

o Definition: Bio-pesticides are a category of pesticides derived from natural materials,
including animals, plants, bacteria, and certain minerals.= They are generally characterized
by lower toxicity compared to conventional synthetic pesticides, exhibit specificity towards
target pests or closely related organisms, and often decompose rapidly in the
environment, thereby minimizing pollution and reducing overall environmental impact.=

o Classes: Bio-pesticides are typically categorized into three main classes:

o Biochemical Pesticides: These are naturally occurring substances that control pests
through non-toxic mechanisms.= Their modes of action often involve interfering with
mating (e.g., insect sex pheromones) or attracting insect pests to traps using various
scented plant extracts.» Examples include various plant extracts and botanical oils.:

o Microbial Pesticides: This class consists of a microorganism (such as a bacterium,
fungus, virus, or protozoan) serving as the active ingredient.= These microorganisms
function as biocontrol agents, affecting the pathogen or pest directly or indirectly
through the compounds they produce.»
= Example: Bacillus thuringiensis (Bt) is the most widely utilized microbial pesticide.=

Different strains of this bacterium are specific to particular insect larvae (e.g.,
moths, flies, mosquitoes, beetles, nematodes). Bt works by producing crystalline
toxins that, upon ingestion by susceptible larvae, paralyze their digestive tracts
under specific alkaline gut conditions, leading to cessation of feeding and eventual
death.s

o Plant-Incorporated Protectants (PIPs): These are pesticidal substances produced by
plants that contain genetic material added to the plant, often through genetic
engineering.= While regulated by the EPA, it is crucial to note that genetically
engineered PIPs are
not allowed under the USDA National Organic Program (NOP).: Therefore, while
recognized as a class of bio-pesticides, they are excluded from detailed discussion
within the context of organic qualification for this report.

3.3.2 Benefits and Targeted Application Strategies

o Benefits: Bio-pesticides offer several significant advantages in pest management within
organic systems:

o Specificity: They are highly targeted to specific pests, which minimizes harm to non-
target organisms, including beneficial insects (e.g., pollinators like bees, ladybugs),
natural predators, wildlife, and humans.=

o Low Toxicity & Environmental Impact: Bio-pesticides are generally less toxic than
conventional pesticides, degrade quickly in the environment, and significantly reduce
pollution problems associated with chemical runoff and persistence.



o Reduced Resistance Development: Their inclusion as a component of Integrated Pest
Management (IPM) programs can help reduce the overall reliance on conventional
pesticides, thereby mitigating the development of pesticide resistance in pest
populations.z

o Safety for Harvest: Many bio-pesticides can be used safely right up to the time of
harvest, offering flexibility for growers.=

o Multiple Modes of Action (e.g., Neem Qil): Neem oil, for example, exhibits a broad
spectrum of activity, functioning as an antifeedant, growth regulator, sterilant, anti-
oviposition agent, and repellent. It can disrupt the life cycles of various pests, mites,
and even certain fungal infections.s It also has fungicidal properties against issues like
powdery mildew, black spot, and rust =, and can inhibit nitrification in soil.s

o Application Strategies: Effective application of bio-pesticides often requires precision and
adherence to specific guidelines:
o Bt: Bacillus thuringiensis is most effective against insect larvae, particularly when
ingested.=: To prolong its activity, application to the underside of leaf surfaces is
recommended, as Bt is known to break down faster in direct sunlight.= It controls

various caterpillars on cotton, tomato, cabbage, and other crops.=

o Neem Oil: Typically applied as a diluted solution to plant leaves, ensuring coverage on
both upper and lower surfaces. It can also be incorporated into compost or soil.= For
best results, repeat applications are often necessary every 7-10 days during the
growing season.= It is advisable to avoid spraying very young plants or when ambient
temperatures exceed 90°F (32°C) to prevent potential foliar burn.= Neem oil requires
an emulsifying agent, such as a mild dish detergent, to mix effectively with water.= It
can also be used during plant dormancy to target overwintering pests or eggs.s

Bio-pesticides like Bacillus thuringiensis (Bt) and Neem oil exemplify a critical trade-off in
organic agriculture: while their action may be slower than synthetic counterparts, their
specificity to target pests and safety for beneficial insects, humans, and wildlife are
paramount.= This approach represents a fundamental shift from reactive pest elimination to
proactive pest management. The goal is not eradication but rather maintaining pest
populations below economic thresholds while preserving ecological balance within the farm
ecosystem. This implies a more sophisticated and integrated approach to pest control, which,
while potentially requiring more patient and precise application strategies, ultimately

contributes to the long-term health and resilience of the agricultural system.

Table 2: Bio Products in Organic Agriculture

Category

Type/Class

Mechanism of Action

Key Benefits

General Application
Notes




Bio- Humic & Fulvic Improve soil Enhanced nutrient Soil amendments,
stimulants Acids structure, water uptake/efficiency; foliar sprays, seed
retention, nutrient improved stress treatments; proper
chelation/unlocking; tolerance (drought, concentration/timin
stimulate microbial heat); stimulated g crucial.
activity; penetrate plant growth/yield;
plant cells (fulvic). improved soil health.
Seaweed Rich in natural growth Promotes plant Foliar sprays,
Extracts & hormones (cytokinins, growth (root/shoot); liquid/soluble
Botanicals auxins, gibberellins) improves soil powder forms.
and trace minerals; structure; increases
form hydrogel beneficial bacteria;
networks. enhances water
retention; supports
balanced growth.
Microbial Form symbiotic Enhanced root Soil amendments,
Inoculants relationships with development; seed treatments,
(Beneficial roots; expand access increased root dips;
Bacteria & to nutrients (P, N, K); nutrient/water propagules must be
Fungi) increase water absorption; improved near roots.
uptake; produce plant stress tolerance;
hormones/anti- reduced soil
pathogen pathogens.
compounds.
Protein Building blocks of Improve nutrient Often industrial
Hydrolysates protein; derived from uptake; stimulate root byproducts.
(Amino Acids animal/plant development;
& Peptides) products. enhance stress
tolerance; increase
soil fertility/microbial
activity.
Bio- Nitrogen- Convert atmospheric Reduces synthetic N Seed treatment, soil
fertilizers Fixing Bacteria N> into plant-usable fertilizer need; treatment; specific

ammonium (NHs).

improves chlorophyll
content, crop vigor,
grain protein;
enhances soil
health/erosion
control.

to crops (e.g.,
Rhizobium for
legumes).




Phosphate-
Solubilizing
Bacteria (PSB)

Solubilize inorganic
phosphate via organic
acids/enzymes.

Increases P
availability;
accelerates
maturation; boosts
yield; enhances
disease resistance.

Soil treatment, seed
treatment.

Potassium- Release locked K from Increases K Soil treatment.
Mobilizing soil minerals via availability; boosts
Bacteria organic acids. yield (15-20%);
improves stress
resistance; enhances
fruit/grain quality.
Mycorrhizal Form symbiotic Enhanced growth; Soil incorporation,
Fungi network with roots; improved nutrient plug dips, drench;
increase surface area uptake (P, N, K); propagules near
for nutrient/water increased drought roots for rapid
uptake; produce resistance; reduced symbiosis.
glomalin. transplant shock;
improved soil
structure/erosion
control.
Bio- Biochemical Naturally occurring Specific targeting; low Attractants,
pesticides Pesticides substances; control toxicity; rapid repellents, growth
pests by non-toxic degradation; reduced regulators.
mechanisms (e.g., pollution.
pheromones, plant
extracts).
Microbial Microorganism Highly specific to Foliar spray
Pesticides (bacteria, fungi, virus) target larvae; safe for (underside of
(e.g., Bacillus as active ingredient; non-targets (humans, leaves); ingestion by
thuringiensis - produces toxins wildlife, beneficials); larvae required.
Bt) specific to pest gut. can be used up to
harvest.
Neem Qil Active compounds Controls wide range Foliar spray (both

(azadirachtin) act as
antifeedant, growth
regulator, repellent;
fungicidal properties.

of insects/mites; safe
for beneficials not
feeding on leaves;
fungicidal;
nitrification inhibitor.

sides of leaves);
repeat applications
(7-10 days); avoid
high temps/young
plants.




This table provides a structured overview of the diverse categories of bio products, clarifying
their distinct roles and mechanisms within organic farming. It is valuable for agricultural
professionals as it helps differentiate products that might otherwise be broadly categorized as
"biological" and offers a quick reference for their specific applications and advantages. By
detailing the mechanism of action for each type, the table enhances understanding of how
these living or naturally derived inputs function within the agricultural ecosystem, supporting
informed decision-making for sustainable practices.

4. Organic Qualification and Certification Standards

The integrity of organic agriculture is underpinned by a robust regulatory framework designed
to ensure adherence to specific production standards. This section details the primary
regulatory bodies and their roles in qualifying and certifying organic inputs and products,
emphasizing the strict exclusion of synthetic materials.

4.1 USDA National Organic Program (NOP) Regulations for Inputs

The USDA National Organic Program (NOP) establishes the overarching regulatory framework
for organic production in the United States. The term "organic" is a federally regulated labeling
term that signifies an agricultural product has been produced through approved methods,
which must be verified by a USDA-accredited certifying agent.

The core principle governing inputs under the NOP is stringent: synthetic substances are
generally prohibited unless they are specifically identified and allowed on the National List of
Allowed and Prohibited Substances. Conversely, non-synthetic (natural) substances are
permitted for use unless they are explicitly prohibited.: This foundational rule underpins all
organic input decisions.

Land Requirements: For a crop to be certified organic, the land on which it is grown must have
had no prohibited substances applied to it for a minimum of three years prior to the harvest of
the organic crop.: This "transition period" ensures that residual synthetic chemicals have
sufficiently degraded or leached from the soil.

Soil Fertility and Crop Nutrients: Organic standards mandate that soil fertility and crop
nutrients are primarily managed through ecological practices. These include tillage and
cultivation techniques, strategic crop rotations, and the extensive use of cover crops. These
foundational practices are then supplemented with animal and crop waste materials. Only
allowed synthetic materials, as specified on the National List, may be used to further support
nutrient management.: This emphasizes a systems-based approach to fertility, prioritizing
natural cycling.



Pest, Weed, and Disease Control: The NOP requires that crop pests, weeds, and diseases be
controlled primarily through management practices. This includes physical, mechanical, and
biological controls. Only when these primary practices are insufficient may a biological,
botanical, or an allowed synthetic substance from the National List be utilized.: This tiered
approach prioritizes non-chemical, preventative, and ecological methods.

Prohibited Practices/Substances: Certain practices and substances are explicitly and universally
prohibited in organic production regardless of their origin. These include the use of genetic
engineering (GMOs), ionizing radiation, and sewage sludge.

Product Labeling: For multi-ingredient products to be labeled "organic," they must contain at
least 95% certified organic content. Products labeled as "made with" organic ingredients must
contain at least 70% certified organic content, and these products are not permitted to display
the USDA organic seal.-

The NOP's fundamental principle—that "synthetic substances are prohibited unless specifically
allowed and non-synthetic substances are allowed unless specifically prohibited" »—establishes
a clear philosophical bias towards natural inputs. This implies that organic certification is not
merely a checklist of approved products but a comprehensive system designed to foster
ecological balance and resource cycling. The stringent historical land use requirements, such as
the three-year period without prohibited substances s, further reinforce a long-term
commitment to ecological integrity.

It is important to acknowledge a nuanced aspect of the NOP regulations, often referred to as
the "allowed synthetic" paradox. While this report strictly adheres to the user's request to
exclude all synthetic products from the detailed descriptions of inputs, the NOP does permit a
very limited number of synthetic substances. These are allowed only when deemed essential
for organic production and when no viable non-synthetic alternatives exist, provided they are
explicitly listed on the National List.c This reflects a pragmatic approach within the organic
regulatory framework, balancing strict ecological principles with practical agricultural realities.
This nuance highlights that the user's explicit exclusion of

all synthetic products from their query is a more stringent requirement than the minimum NOP
standard for "organic" certification, suggesting an interest in a "beyond organic" or "pure
organic" approach to inputs. This ongoing discussion within the organic community regarding
the National List underscores the continuous evolution and interpretation of organic integrity.

4.2 The Role of the Organic Materials Review Institute (OMRI)

The Organic Materials Review Institute (OMRI) plays a pivotal role in supporting the integrity of
organic agriculture, particularly concerning the qualification of input products.

Function: OMRI is an independent, non-profit organization dedicated to reviewing and listing
input products for compliance with organic standards.= These products include fertilizers, pest



controls, livestock care products, and numerous other inputs used in certified organic
production and processing.= Products that meet OMRI's rigorous standards are designated as
"OMRI Listed®" and are authorized to display the OMRI seal.s

Expertise: OMRI's unique value proposition lies in its exclusive focus on inputs. This
specialization allows it to provide essential, in-depth expertise that directly supports the
broader organic certification process.= The rigor of their review is evidenced by the fact that, on
average, 10-15% of the applications OMRI receives do not make it through the process, either
due to withdrawal by the applicant or a determination that the product is prohibited.s

Relationship with Certifiers: It is crucial to understand that OMRI itself does not certify food or
fiber products. Instead, OMRI verifies the substances used in organic production. Organic
certifiers, who are responsible for certifying the final organic food and fiber products, rely on
OMRI's listings to ensure that the materials utilized on certified farms adhere to organic
standards.:= OMRI collaborates with all certifiers to ensure consistent criteria and review
methods for materials used in organic food production.=

Regulation Distinction: A significant point of clarification is that while the term "organic" is
federally regulated for food and fiber products, it is not currently regulated by federal law for
many non-food products, such as pet food, cosmetics, household products, and fertilizers.s This
means that a fertilizer product labeled "organic" does not automatically guarantee its
compliance with NOP standards unless it is OMRI Listed or otherwise verified by a USDA-
accredited certifier.=

OMRI's independent review and the "OMRI Listed" seal serve as a critical intermediary layer of
assurance between manufacturers of agricultural inputs and certified organic operations. This
system streamlines the compliance process for both farmers and certifiers by pre-vetting
specific commercial products. This provides a trusted signal for farmers, simplifying their
decision-making regarding permissible inputs and reducing the burden of individual material
assessment. This mechanism creates efficiency and consistency across the diverse landscape of
organic operations and certifiers. The existence and role of OMRI underscore the complexity
and need for specialized expertise within organic supply chains. It demonstrates how a
dedicated non-profit organization can play a pivotal role in maintaining the integrity and
scalability of a regulated industry, thereby fostering trust among producers, certifiers, and
consumers regarding the "organic" claim on inputs.

4.3 State-Level Product Registration Requirements

Beyond federal organic standards, agricultural inputs are also subject to various state-level
regulations, which can add another layer of complexity for producers and suppliers.

General Requirement: In many states, all fertilizer and soil amendment products are required
to undergo a registration process with the state's agricultural department.» This ensures that
products sold within the state meet certain quality, safety, and labeling standards.



Waste/Sludge Disclosure: A specific and important requirement in several states is the
disclosure for products containing waste materials or sewage sludge. If a fertilizer or soil
amendment product contains waste or is derived from hazardous waste, the registrant must
explicitly state the source of the waste and provide the levels of metals present in the end
product. This includes, but is not limited to, heavy metals such as arsenic, cadmium, and lead.«
This regulation is particularly pertinent given the NOP's explicit prohibition on the use of
sewage sludge in organic production.

Bio-stimulant Regulation: The regulatory landscape for bio-stimulants is currently evolving and
can be somewhat fragmented. In the United States, the Environmental Protection Agency (EPA)
generally does not regulate products explicitly defined as bio-stimulants. Federal registration
requirements for these products are typically determined by their specific composition (active
and inert ingredients) and the claims made regarding their use.= However, it is important to
note that plant hormones that act as growth promoters are considered plant regulators or
pesticides by the EPA and, as such, do require federal registration, even if they are naturally
derived.= In contrast, some other jurisdictions, such as Canada, regulate bio-stimulant or bio-
fertilizer products used to control disease or pests under their pesticide control acts.=

The existence of state-level registration requirements, particularly concerning products that
contain waste or sewage sludge «, reveals an additional layer of regulatory scrutiny beyond
federal organic standards. This implies that even if an input is "organic" or "OMRI Listed," local
regulations can impose further safety and disclosure requirements, especially regarding
potential contaminants. This highlights the complexity of navigating agricultural input
regulations and the necessity for farmers and manufacturers to be aware of both federal and
state mandates. Furthermore, the fragmented regulatory landscape for novel bio-products,
such as bio-stimulants, where EPA's oversight is not always clear «, creates potential for market
confusion and varying levels of consumer protection. Harmonization of definitions and
regulatory oversight could significantly accelerate the growth of the bio-products sector and
provide clearer, more consistent guidance for both organic and sustainable agriculture.

Table 3: Organic Input Qualification and Regulatory Overview

Regulatory Scope of Key Principles/Requirements Specific Considerations for

Body/Standard Regulation Non-Synthetic Inputs

USDA National Certified organic Synthetic substances prohibited Governs all inputs used in

Organic food & fiber unless on National List; non- certified organic

Program (NOP) products (crops, synthetic allowed unless production; dictates what is
livestock, prohibited. No GMOs, ionizing allowed/prohibited for
processed radiation, sewage sludge. 3-year organic certification.
goods). land transition period.




Organic Input products Independent review for Provides third-party
Materials (fertilizers, pest compliance with NOP standards. verification for commercial
Review Institute controls, Products listed as "OMRI Listed®." inputs, simplifying
(OMRI) livestock care) Rigorous review process. compliance for certifiers
for organic and farmers.
production.
State All fertilizer & Product registration required. Additional layer of
Agricultural soil amendment Disclosure of waste source & regulation beyond federal
Departments products sold metal levels (e.g., arsenic, organic standards; can
within a state. cadmium, lead) if product impose further safety and
contains waste/sewage sludge. disclosure requirements.
u.s. Pesticides, Plant Regulates biochemical & microbial Does not currently regulate
Environmental Growth pesticides (bio-pesticides). Plant products defined solely as
Protection Regulators. hormones (growth promoters) are bio-stimulants, but specific
Agency (EPA) considered pesticides and require ingredients (e.g., plant
registration. hormones) may fall under
pesticide regulation.

This table provides a clear, concise summary of the different layers of regulation that apply to
non-synthetic agricultural products. It is valuable for agricultural professionals because it
clarifies the complex interplay of federal organic standards, specialized input verification
(OMRI), and state-specific requirements. Understanding these qualifications is critical for
farmers and businesses to ensure compliance, avoid violations, and successfully market their
products as organic. It serves as a quick reference for navigating the multifaceted regulatory
landscape that defines "organic" in practice, especially concerning inputs.

5. Agricultural Resources Across the United States

Access to reliable information, technical assistance, and community support is vital for
agricultural professionals, particularly those engaged in organic and sustainable farming
practices. This section provides a comprehensive, state-by-state directory of key agricultural
resources across the United States.

5.1 University Cooperative Extension Offices by State
University Cooperative Extension services represent a critical network for disseminating
research-based knowledge and practical advice to agricultural communities nationwide.

Role: University Extension services are designed to connect the public with non-biased,
research-based recommendations aimed at strengthening agriculture, communities, and



families.= These services operate through thousands of county extension offices across the
United States, providing localized, practical advice that is directly derived from university
specialists and cutting-edge research.« They serve as vital bridges between academic research
and on-farm application, offering guidance on diverse agricultural topics, including soil health,
crop management, pest control, and sustainable practices.

The widespread presence of University Cooperative Extension offices in every state « signifies a
critical, publicly funded network for disseminating research-based agricultural knowledge. This
implies that agricultural professionals, regardless of their specific geographic location, have
access to localized, non-biased expertise. This is particularly valuable for the complex and often
nuanced practices required in organic agriculture, which demand a deep understanding of soil
biology, local climate conditions, and intricate biological interactions. Many state Extension
offices, often in collaboration with the Natural Resources Conservation Service (NRCS), offer
specialized programs such as the Environmental Quality Incentives Program (EQIP) Organic
Initiative, providing technical and financial assistance for organic transition, including the
development of Organic Systems Plans (OSPs) and strategies for improving soil health.
Programs like the Transition to Organic Partnership Program (TOPP) offered by some Extension
services, such as Utah State University, further connect farmers with certified organic mentors.s
These offices are not just general agricultural resources; they are increasingly tailored to
support the complex and often challenging process of transitioning to and maintaining organic
certification. They bridge the gap between academic research and practical farm application,
offering localized, practical guidance that is critical for success in organic farming. This extensive
network acts as a key public infrastructure for knowledge transfer and support, essential for
farmers navigating the technical, economic, and regulatory complexities inherent in organic
production.

Comprehensive List (by State, with primary university affiliations where available):

e Alabama: Alabama A&M University, Auburn University, Tuskegee University «
e Alaska: llisagvik College, University of Alaska Fairbanks «

e Arizona: Diné College, University of Arizona, Tohono O'Odham Community College «
e Arkansas: University of Arkansas, University of Arkansas at Pine Bluff «

e California: D-Q University, University of California System-Oakland «

e Colorado: Colorado State University «

e Connecticut: University of Connecticut «

o Delaware: Delaware State University, University of Delaware «

o District of Columbia: University of the District of Columbia «

e Florida: Florida A&M University, University of Florida «

e Georgia: Fort Valley State University, University of Georgia «

e Hawaii: University of Hawaii =

e Idaho: University of Idaho «

e lllinois: University of Illinois «

e Indiana: Purdue University «

e lowa: lowa State University «

e Kansas: Haskell Indian Nations University, Kansas State University «



Kentucky: Kentucky State University, University of Kentucky «

Louisiana: Louisiana State University, Southern University and A&M College «

Maine: University of Maine «

Maryland: University of Maryland, University of Maryland Eastern Shore «
Massachusetts: University of Massachusetts «

Michigan: Bay Mills Community College, Keweenaw Bay Ojibwa Community College,
Michigan State University, Saginaw Chippewa Tribal College «

Minnesota: Fond du Lac Tribal & Community College, Leech Lake Tribal College, Red Lake
Nation College, University of Minnesota, White Earth Tribal and Community College «
Mississippi: Alcorn State University, Mississippi State University «

Missouri: Lincoln University, University of Missouri «

Montana: Blackfeet Community College, Chief Dull Knife College, Aaniiih Nakoda College,
Fort Peck Community College, Little Big Horn College, Montana State University, Salish
Kootenai College, Stone Child College «

Nebraska: Little Priest Tribal College, Nebraska Indian Community College, University of
Nebraska «

Nevada: University of Nevada, Reno «

New Hampshire: University of New Hampshire «

New Jersey: Rutgers University «

New Mexico: Navajo Technical College, Institute of American Indian and Alaska Native
Culture and Arts Development, New Mexico State University, Southwestern Indian
Polytechnic Institute «

New York: Cornell University «

North Carolina: North Carolina A&T State University, North Carolina State University «
North Dakota: Fort Berthold Community College, Cankdeska Cikana Community College,
North Dakota State University, Sitting Bull College, Turtle Mountain Community College,
United Tribes Technical College «

Ohio: Central State University, Ohio State University «

Oklahoma: College of the Muscogee Nation, Langston University, Oklahoma State
University «

Oregon: Oregon State University «

Pennsylvania: Pennsylvania State University «

Rhode Island: University of Rhode Island «

South Carolina: Clemson University, South Carolina State University «

South Dakota: Oglala Lakota College, Sinte Gleska University, Sisseton Wahpeton College,
South Dakota State University «

Tennessee: Tennessee State University, University of Tennessee «

Texas: Prairie View A&M University, Texas A&M University «

Utah: Utah State University «

Vermont: University of Vermont «

Virginia: Virginia Tech, Virginia State University «

Washington: Northwest Indian College, Washington State University «

West Virginia: West Virginia State University, West Virginia University «



e Wisconsin: College of Menominee Nation, Lac Courte Oreilles Ojibwa Community College,
University of Wisconsin «

e Wyoming: University of Wyoming «

e U.S. Territories: American Samoa, Guam, Micronesia, Puerto Rico, US Virgin Islands «

5.2 Organic Farming Associations and Organizations by State

Organic farming associations and organizations play a vital role in fostering the growth and
success of organic agriculture by providing education, advocacy, and a strong community
network.

Role: These organizations actively support organic integrity, offer educational programs,
engage in advocacy efforts, facilitate networking opportunities, and provide valuable resources
for organic producers, processors, handlers, retailers, and consumers.» They frequently host
workshops, field days, and conferences, and often provide direct technical assistance to their
members and the broader organic community.= A significant number of these organizations are
farmer-led and membership-based, ensuring that their initiatives are directly responsive to the
needs and challenges faced by organic practitioners.»

The existence of numerous state-level organic farming associations » indicates a robust,
grassroots movement supporting organic agriculture across the United States. This implies that
beyond formal academic or governmental resources, organic farmers benefit significantly from
peer-to-peer knowledge sharing, collective advocacy, and community building. These informal
networks are often more agile and responsive to the specific, localized challenges and
opportunities of organic production than top-down institutional support. The diversity of these
organizations, ranging from certification bodies to advocacy groups and educational providers,
reflects the multifaceted support ecosystem essential for organic farming. This collective action
is crucial not only for knowledge dissemination and practical support but also for advocating for
policies that support sustainable agriculture, demonstrating that the organic sector is a
powerful force for change from the ground up.

Comprehensive List (by State, with primary organizations where available):

e Alabama: Alabama Sustainable Agriculture Network (ASAN)

e Alaska: Alaska Food Policy Council =

e Arizona: Arizona Farm Bureau =, Northern Arizona Organic Beekeepers Association =
e Arkansas: Arkansas Organic Network

e California: California Certified Organic Farmers (CCOF) »

e Colorado: FrontLine Farming =, National Organics Initiative - Colorado (NRCS) =

e Connecticut: Northeast Organic Farming Association of Connecticut (CT NOFA)

e Delaware: Delaware Farm Bureau =

e Florida: Florida Certified Organic Growers and Consumers (FOG) ==



Georgia: Georgia Organics =

Hawaii: Hawaii Organic Farmers Association (HOFA)

Idaho: Idaho State Department of Agriculture (Organic Certification Program) =

lllinois: lllinois Organic Growers Association (IOGA)

Indiana: While no single "Indiana Organic Farming Association" is explicitly listed as an OFA
member, the Northeast Organic Farming Association (NOFA) has a presence in the
Northeast region and offers events relevant to Indiana.»: The Organic Farmers Association
also lists educational events relevant to Indiana via its partners..:

lowa: lowa Organic Association (I0A) »

Kansas: Kansas Black Farmers Association »

Kentucky: Organic Association of Kentucky (OAK) »

Louisiana: Louisiana Organic Association (LOA) «

Maine: Maine Organic Farmers and Gardeners Association (MOFGA) »

Maryland: Maryland Organic Food & Farming Association (MOFFA) +

Massachusetts: Northeast Organic Farming Association / Massachusetts Chapter
(NOFA/Mass)

Michigan: Michigan Organic Food & Farm Alliance (MOFFA) ==

Minnesota: Organic Crop Improvement Association Minnesota - Chapter 1 (OCIA MN #1) =
Mississippi: Mississippi Land Conservation Assistance Network =

Missouri: Missouri Organic Association (MOA) =

Montana: Montana Organic Association (MOA) »

Nebraska: Organic Crop Improvement Association of Nebraska (OCIA) »

Nevada: While no explicit organic farming association is listed, CCOF is a certifier and OMRI
is mentioned as a resource for approved inputs.:« Western SARE also works in Nevada.:s
New Hampshire: Northeast Organic Farming Association of New Hampshire (NOFA-NH) »
New Jersey: Northeast Organic Farming Association of New Jersey (NOFA-NJ) ~

New Mexico: New Mexico Farmers' Marketing Association =

New York: Northeast Organic Farming Association of New York, Inc. (NOFA-NY) »

North Carolina: Carolina Farm Stewardship Association (CFSA) »

North Dakota: North Dakota Farmers Market and Growers Association (NDFMGA) ==

Ohio: Ohio Ecological Food and Farm Association (OEFFA) »

Oklahoma: Oklahoma Department of Agriculture and Forestry (ODAFF) =, Oklahoma
Farmers & Ranchers Association =

Oregon: Oregon Tilth », Oregon Organic Coalition (OOC) =

Pennsylvania: PA Preferred Organic™ =

Rhode Island: Northeast Organic Farming Association of Rhode Island (NOFA/RI) =

South Carolina: Carolina Farm Stewardship Association (CFSA) =

South Dakota: South Dakota Farm Bureau Federation =, South Dakota Soil Health Coalition

Tennessee: Tennessee Organic Growers Association =

Texas: Texas Organic Farmers and Gardeners Association (TOFGA) ==
Utah: Utah Department of Agriculture and Food (Organic Program) =
Vermont: Northeast Organic Farming Association of Vermont (NOFA-VT) »
Virginia: Virginia Association for Biological Farming (VABF) =



Washington: Tilth Alliance ==
West Virginia: West Virginia Organic Initiative (NRCS) =, WV Food and Farm Coalition =
Wisconsin: Marbleseed » and MOSA Certified Organic » are listed as organizations,
implying a significant presence in Wisconsin and the Midwest.

Wyoming: Wyoming Wheat Growers Association =:, Rocky Mountain Farmers Union =

Table 4: U.S. Agricultural Resources by State

State University Cooperative Extension Office(s) Organic Farming
Association(s)/Organization(s)

Alabama Alabama A&M University, Auburn Alabama Sustainable Agriculture Network
University, Tuskegee University & (ASAN) =
llisagvik College, University of Alaska Alaska Food Policy Council =

Alaska .
Fairbanks e

Arizona Diné College, University of Arizona, Tohono Arizona Farm Bureau *, Northern Arizona
0'0Odham Community College « Organic Beekeepers Association
University of Arkansas, University of Arkansas Organic Network ¢

Arkansas .
Arkansas at Pine Bluff &

California D-Q University, University of California California Certified Organic Farmers
System-Oakland & (CCOF)

Colorado Colorado State University & FrontLine Farming *, National Organics

Initiative - Colorado (NRCS) &

Connecticut

University of Connecticut &

Northeast Organic Farming Association of

Connecticut (CT NOFA) 7
Delaware State University, University of Delaware Farm Bureau >
Delaware
Delaware &
. Florida A&M University, University of Florida Certified Organic Growers and
Florida .
Florida & Consumers (FOG) w3
Georeia Fort Vf'a\IIey State University, University of Georgia Organics
Georgia &
Hawaii University of Hawaii & Hawaii Organic Farmers Association
(HOFA)
Idaho University of Idaho & Idaho State Department of Agriculture
(Organic Certification Program) 1
- University of lllinois & lllinois Organic Growers Association
lllinois

(I0GA) 7




Purdue University &

(No single OFA member explicitly listed,

Indi
geisns but NOFA and OFA partners offer
relevant events)
lowa lowa State University ¢ lowa Organic Association (I0A) »
Haskell Indian Nations University, Kansas Kansas Black Farmers Association
Kansas . .
State University &
KETO Kentucky State University, University of Organic Association of Kentucky (OAK) »
Kentucky ¢
Louisiana Louisiana State University, Southern Louisiana Organic Association (LOA) s
University and A&M College «
Maine University of Maine & Maine Organic Farmers and Gardeners
Association (MOFGA) 7
University of Maryland, University of Maryland Organic Food & Farming
Maryland L
Maryland Eastern Shore & Association (MOFFA) 7
University of Massachusetts ¢ Northeast Organic Farming Association /
M h tt
assachusetts Massachusetts Chapter (NOFA/Mass) 7
Michigan Bay Mills Community College, Keweenaw Michigan Organic Food & Farm Alliance
& Bay Ojibwa Community College, Michigan (MOFFA)
State University, Saginaw Chippewa Tribal
College =
Minnesota Fond du Lac Tribal & Community College, Organic Crop Improvement Association
Leech Lake Tribal College, Red Lake Nation Minnesota - Chapter 1 (OCIA MN #1) =
College, University of Minnesota, White
Earth Tribal and Community College &
TP Alcorn State University, Mississippi State Mississippi Land Conservation Assistance
Mississippi . .
University ¢ Network 12
. . Lincoln University, University of Missouri ¢ Missouri Organic Association (MOA)
Missouri
Montana Blackfeet Community College, Chief Dull Montana Organic Association (MOA) 7
Knife College, Aaniiih Nakoda College, Fort
Peck Community College, Little Big Horn
College, Montana State University, Salish
Kootenai College, Stone Child College «
Nebraska Little Priest Tribal College, Nebraska Indian Organic Crop Improvement Association of

Community College, University of Nebraska

61

Nebraska (OCIA) 7




University of Nevada, Reno &

(No explicit organic farming association

IBERE listed, but CCOF and Western SARE are
active) 1«
University of New Hampshire ¢ Northeast Organic Farming Association of
New New Hampshire (NOFA-NH) »
Hampshire P
New Jerse Rutgers University ¢ Northeast Organic Farming Association of
v New Jersey (NOFA-NJ) 7
New Mexico Navajo Technical College, Institute of New Mexico Farmers' Marketing
American Indian and Alaska Native Culture Association
and Arts Development, New Mexico State
University, Southwestern Indian Polytechnic
Institute «
New York Cornell University Northeast Organic Farming Association of

New York, Inc. (NOFA-NY) 7

North Carolina

North Carolina A&T State University, North
Carolina State University &

Carolina Farm Stewardship Association
(CFSA) »

North Dakota

Fort Berthold Community College,
Cankdeska Cikana Community College,
North Dakota State University, Sitting Bull
College, Turtle Mountain Community
College, United Tribes Technical College «

North Dakota Farmers Market and
Growers Association (NDFMGA) 1

Central State University, Ohio State

Ohio Ecological Food and Farm

hi
Ohio University & Association (OEFFA) 7
College of the Muscogee Nation, Langston Oklahoma Department of Agriculture and
Oklahoma . . . .
University, Oklahoma State University & Forestry (ODAFF) 15, Oklahoma Farmers &
Ranchers Association
oreeen Oregon State University ¢ Oregon Tilth o, Oregon Organic Coalition

(00C) =

Pennsylvania

Pennsylvania State University &

PA Preferred Organic™ =

Rhode Island

University of Rhode Island «

Northeast Organic Farming Association of
Rhode Island (NOFA/RI) =

South Carolina

Clemson University, South Carolina State
University s

Carolina Farm Stewardship Association
(CFSA) =

South Dakota

Oglala Lakota College, Sinte Gleska
University, Sisseton Wahpeton College,
South Dakota State University ¢

South Dakota Farm Bureau Federation 2,
South Dakota Soil Health Coalition 2




Tennessee State University, University of Tennessee Organic Growers Association #
Tennessee
Tennessee
Texas Prairie View A&M University, Texas A&M Texas Organic Farmers and Gardeners
University & Association (TOFGA) =3
Utah Utah State University & Utah Department of Agriculture and Food
(Organic Program) =
Vermont University of Vermont « Northeast Organic Farming Association of
Vermont (NOFA-VT)
. Virginia Tech, Virginia State University Virginia Association for Biological Farming
Virginia
(VABF) =7
Washington Northwe.st Im.jlan College, Washington Tilth Alliance »»
State University &
s West Virginia State University, West Virginia West Virginia Organic Initiative (NRCS) =,
West V
est Virginia University & WV Food and Farm Coalition o
- . College of Menominee Nation, Lac Courte Marbleseed , MOSA Certified Organic »
Wisconsin . " .
Oreilles Ojibwa Community College,
University of Wisconsin &
. University of Wyoming & Wyoming Wheat Growers Association t,
W
yoming Rocky Mountain Farmers Union s

This comprehensive table directly addresses a key component of the user's query, providing a
centralized and actionable directory of agricultural resources across the United States. It is
valuable because it simplifies the process for farmers and other agricultural professionals to
locate local support and information pertinent to organic agriculture. By including both
university extension offices, which offer research-based practical advice, and organic farming
associations, which provide community, advocacy, and specific organic support, the table offers
a holistic resource guide. Organizing this information by state ensures that users can quickly
identify and access resources relevant to their specific geographic location, which is crucial
given the regional variations in climate, crops, and agricultural practices across the country.

6. Conclusion and Future Outlook

The comprehensive analysis of non-synthetic soil amendments, bio-products, and organic
fertilizers underscores their indispensable role in establishing and maintaining sustainable and
certified organic agricultural systems. These inputs collectively foster enhanced soil health,




improve plant resilience, increase nutrient efficiency, and enable environmentally sound pest
management, forming the bedrock of a holistic farming approach.

The true power of these non-synthetic inputs lies in their synergistic application within an
integrated farming system. Each category—from compost and biochar enriching soil structure,
to bio-stimulants optimizing plant physiology, bio-fertilizers enhancing nutrient cycling through
microbial action, and bio-pesticides offering targeted pest control—contributes to a dynamic
interplay between soil, plants, and microbes. This contrasts sharply with the often reductionist,
input-dependent approach prevalent in conventional agriculture, which frequently overlooks
the complex biological interactions vital for long-term productivity and ecological balance.

The regulatory landscape, notably the USDA National Organic Program (NOP) and the Organic
Materials Review Institute (OMRI), plays a critical role in ensuring the integrity of organic claims
and guiding the development and use of these products. While the NOP sets the overarching
standards, OMRI provides essential third-party verification for inputs, streamlining compliance
for producers and certifiers. This robust oversight instills confidence in the "organic" label for
consumers and supports a market driven by demand for environmentally responsible products.
The growing market for bio-products, fueled by both organic demand and broader
sustainability goals, signals a significant paradigm shift in agricultural practices, moving towards
more biologically-intensive and ecologically sound methods.

The widespread availability of support networks, including University Cooperative Extension
offices and grassroots organic farming associations, is crucial for scaling these practices. These
resources provide essential knowledge transfer, technical assistance, and community support,
empowering farmers to navigate the complexities of organic production and adopt innovative
solutions.

Looking forward, the trajectory of non-synthetic agricultural inputs points towards a future
where agriculture is increasingly integrated with natural ecological principles. Ongoing research
and innovation in bio-products promise further advancements in reducing reliance on external
inputs and enhancing the inherent resilience of agricultural systems. The ability of organic
practices to improve soil structure, water retention, and drought resistance, coupled with the
carbon sequestration potential of inputs like biochar, positions organic agriculture as a proven
model for climate-resilient and environmentally responsible food production. This suggests that
organic principles are not merely a niche market but a crucial strategy for global food security
and environmental protection in a changing climate. Continued investment in research,
education, and supportive policies will be essential to further scale these beneficial practices
and realize their full potential for a more sustainable agricultural future.

Works cited



10.

11.

12.

13.

14.

15.

16.

17.

Soil and Plant Amendments | Commonwealth of Pennsylvania, accessed on August 2,
2025, https://www.pa.gov/agencies/pda/plants-land-water/plant-industry/agronomic-
products/soil-and-plant-amendments.html

extension.colostate.edu, accessed on August 2, 2025,
https://extension.colostate.edu/topic-areas/yard-garden/choosing-a-soil-
amendment/#:~:text=A%20s0il%20amendment%20is%20any,a%20better%20environme
nt%20for%20roots.

Introduction to bio-products | ontario.ca, accessed on August 2, 2025,
https://www.ontario.ca/page/introduction-bio-products

Biobased Products - BioPreferred, accessed on August 2, 2025,
https://www.biopreferred.gov/BioPreferred/faces/pages/BiobasedProducts.xhtml
wWww.eea.europa.eu, accessed on August 2, 2025,
https://www.eea.europa.eu/help/glossary/eea-glossary/organic-
fertiliser#:~:text=0rganic%20fertilisers%20mean%20materials%200f,content%2C%20com
post%20and%20digestion%20residues.

organic fertiliser - European Environment Agency, accessed on August 2, 2025,
https://www.eea.europa.eu/help/glossary/eea-glossary/organic-fertiliser

Organic Fertilizers - Colorado Master Gardener, accessed on August 2, 2025,
https://cmg.extension.colostate.edu/Gardennotes/234.pdf

Organic vs Synthetic Fertilizer - Milorganite, accessed on August 2, 2025,
https://www.milorganite.com/lawn-care/organic-lawn-care/organic-vs-synthetic
Organic - Agricultural Marketing Service - USDA, accessed on August 2, 2025,
https://www.ams.usda.gov/grades-standards/organic-standards

Organic agriculture certification and label in the USA | Ecocert, accessed on August 2,
2025, https://www.ecocert.com/en/certification-detail/organic-farming-usa-usda-nop
Bio-fertilizer - Wikipedia, accessed on August 2, 2025, https://en.wikipedia.org/wiki/Bio-
fertilizer

Tipsheet: Compost - Agricultural Marketing Service - USDA, accessed on August 2, 2025,
https://www.ams.usda.gov/sites/default/files/media/Compost FINAL.pdf

Plant Growth Benefits - US Composting Council, accessed on August 2, 2025,
https://www.compostingcouncil.org/page/PlantGrowthBenefits

What are mycorrhizae? | PT Growers and Consumers, accessed on August 2, 2025,
https://www.pthorticulture.com/en-us/training-center/mycorrhizae-benefits-application-
and-research

Soil Amendments and Inoculants — Center for Regenerative Agriculture and Resilient
Systems - Chico State, accessed on August 2, 2025,
https://www.csuchico.edu/regenerativeagriculture/ral01-section/inoculants-compost-
manure.shtml

Biochar and Sustainable Agriculture — ATTRA, accessed on August 2, 2025,
https://attra.ncat.org/publication/biochar-and-sustainable-agriculture/

Biochar Production and Characteristics, Its Impacts on Soil Health, Crop Production, and
Yield Enhancement: A Review - PubMed Central, accessed on August 2, 2025,
https://pmc.ncbi.nlm.nih.gov/articles/PMC10821463/



https://www.pa.gov/agencies/pda/plants-land-water/plant-industry/agronomic-products/soil-and-plant-amendments.html
https://www.pa.gov/agencies/pda/plants-land-water/plant-industry/agronomic-products/soil-and-plant-amendments.html
https://extension.colostate.edu/topic-areas/yard-garden/choosing-a-soil-amendment/#:~:text=A%20soil%20amendment%20is%20any,a%20better%20environment%20for%20roots.
https://extension.colostate.edu/topic-areas/yard-garden/choosing-a-soil-amendment/#:~:text=A%20soil%20amendment%20is%20any,a%20better%20environment%20for%20roots.
https://extension.colostate.edu/topic-areas/yard-garden/choosing-a-soil-amendment/#:~:text=A%20soil%20amendment%20is%20any,a%20better%20environment%20for%20roots.
https://www.ontario.ca/page/introduction-bioproducts
https://www.biopreferred.gov/BioPreferred/faces/pages/BiobasedProducts.xhtml
https://www.eea.europa.eu/help/glossary/eea-glossary/organic-fertiliser#:~:text=Organic%20fertilisers%20mean%20materials%20of,content%2C%20compost%20and%20digestion%20residues.
https://www.eea.europa.eu/help/glossary/eea-glossary/organic-fertiliser#:~:text=Organic%20fertilisers%20mean%20materials%20of,content%2C%20compost%20and%20digestion%20residues.
https://www.eea.europa.eu/help/glossary/eea-glossary/organic-fertiliser#:~:text=Organic%20fertilisers%20mean%20materials%20of,content%2C%20compost%20and%20digestion%20residues.
https://www.eea.europa.eu/help/glossary/eea-glossary/organic-fertiliser
https://cmg.extension.colostate.edu/Gardennotes/234.pdf
https://www.milorganite.com/lawn-care/organic-lawn-care/organic-vs-synthetic
https://www.ams.usda.gov/grades-standards/organic-standards
https://www.ecocert.com/en/certification-detail/organic-farming-usa-usda-nop
https://en.wikipedia.org/wiki/Biofertilizer
https://en.wikipedia.org/wiki/Biofertilizer
https://www.ams.usda.gov/sites/default/files/media/Compost_FINAL.pdf
https://www.compostingcouncil.org/page/PlantGrowthBenefits
https://www.pthorticulture.com/en-us/training-center/mycorrhizae-benefits-application-and-research
https://www.pthorticulture.com/en-us/training-center/mycorrhizae-benefits-application-and-research
https://www.csuchico.edu/regenerativeagriculture/ra101-section/inoculants-compost-manure.shtml
https://www.csuchico.edu/regenerativeagriculture/ra101-section/inoculants-compost-manure.shtml
https://attra.ncat.org/publication/biochar-and-sustainable-agriculture/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10821463/
https://ontario.ca
https://extension.colostate.edu

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Importance And Application of Nitrogen Fixing Bacteria - ResearchGate, accessed on

August 2, 2025,

https://www.researchgate.net/publication/392811782 Importance And Application of
Nitrogen Fixing Bacteria

What Are Synthetic Fertilizers, Organic Fertilizers & Soil Amendments? - Holganix,

accessed on August 2, 2025, https://www.holganix.com/blog/what-are-synthetic-

fertilizers-organic-fertilizers-soil-amendments

A Beginner's Guide to the Best Soil Amendments for Healthier Gardens - Bootstrap

Farmer, accessed on August 2, 2025,

https://www.bootstrapfarmer.com/blogs/homesteading/beginners-guide-to-the-best-

soil-amendments

Humic & Fulvic: Health & Soil Benefits Unlocked, accessed on August 2, 2025,

https://humicfactory.com/humic-and-fulvic

The Complete Farmer's Guide to Humics, Humic Acid, and Fulvic Acid - Monty's Plant

Food, accessed on August 2, 2025, https://montysplantfood.com/humics/humic-fulvic-

acid-agriculture/

Roles of Arbuscular Mycorrhizal Fungi on Soil Fertility: Contribution in the Improvement

of Physical, Chemical, and Biological Properties of the Soil - Frontiers, accessed on August

2, 2025, https://www.frontiersin.org/journals/fungal-

biology/articles/10.3389/ffunb.2022.723892/full

Understanding Pesticides in Organic and Conventional Crop Production Systems |

Ohioline, accessed on August 2, 2025, https://ohioline.osu.edu/factsheet/anr-69

What are Bio-pesticides? | US EPA, accessed on August 2, 2025,

https://www.epa.gov/ingredients-used-pesticide-products/what-are-bio-pesticides

Overhauling the ecotoxicological impact of synthetic pesticides using plants' natural

products: a focus on Zanthoxylum metabolites, accessed on August 2, 2025,

https://pmc.ncbi.nlm.nih.gov/articles/PMC10212812/

The National List of Allowed and Prohibited Substances - Agricultural Marketing Service,

accessed on August 2, 2025, https://www.ams.usda.gov/rules-regulations/national-list-

allowed-and-prohibited-substances

12 Miracle Soil Amendments to Set Your Garden Up for Success - Seeds 'n Such, accessed

on August 2, 2025, https://seedsnsuch.com/blogs/gardeners-greenroom/12-miracle-soil-

amendments-to-set-your-garden-up-for-success

9 Organic Soil Amendments for Growing Vegetables - Tenth Acre Farm, accessed on

August 2, 2025, https://www.tenthacrefarm.com/organic-soil-amendments-vegetables/

Organic fertilizer - Wikipedia, accessed on August 2, 2025,

https://en.wikipedia.org/wiki/Organic fertilizer

Putting Worm Castings To Use All plants and vegetables—Apply every 30 days., accessed

on August 2, 2025, https://ucanr.edu/?legacy-file=286155.pdf&legacy-file-

path=sites/FCManual/files/

The Benefits of Worm Castings on Garden Soil and Plants, accessed on August 2, 2025,

https://unclejimswormfarm.com/the-effectiveness-of-worm-castings-on-garden-soil-and-

plants/



https://www.researchgate.net/publication/392811782_Importance_And_Application_of_Nitrogen_Fixing_Bacteria
https://www.researchgate.net/publication/392811782_Importance_And_Application_of_Nitrogen_Fixing_Bacteria
https://www.holganix.com/blog/what-are-synthetic-fertilizers-organic-fertilizers-soil-amendments
https://www.holganix.com/blog/what-are-synthetic-fertilizers-organic-fertilizers-soil-amendments
https://www.bootstrapfarmer.com/blogs/homesteading/beginners-guide-to-the-best-soil-amendments
https://www.bootstrapfarmer.com/blogs/homesteading/beginners-guide-to-the-best-soil-amendments
https://humicfactory.com/humic-and-fulvic
https://montysplantfood.com/humics/humic-fulvic-acid-agriculture/
https://montysplantfood.com/humics/humic-fulvic-acid-agriculture/
https://www.frontiersin.org/journals/fungal-biology/articles/10.3389/ffunb.2022.723892/full
https://www.frontiersin.org/journals/fungal-biology/articles/10.3389/ffunb.2022.723892/full
https://ohioline.osu.edu/factsheet/anr-69
https://www.epa.gov/ingredients-used-pesticide-products/what-are-biopesticides
https://pmc.ncbi.nlm.nih.gov/articles/PMC10212812/
https://www.ams.usda.gov/rules-regulations/national-list-allowed-and-prohibited-substances
https://www.ams.usda.gov/rules-regulations/national-list-allowed-and-prohibited-substances
https://seedsnsuch.com/blogs/gardeners-greenroom/12-miracle-soil-amendments-to-set-your-garden-up-for-success
https://seedsnsuch.com/blogs/gardeners-greenroom/12-miracle-soil-amendments-to-set-your-garden-up-for-success
https://www.tenthacrefarm.com/organic-soil-amendments-vegetables/
https://en.wikipedia.org/wiki/Organic_fertilizer
https://ucanr.edu/?legacy-file=286155.pdf&legacy-file-path=sites/FCManual/files/
https://ucanr.edu/?legacy-file=286155.pdf&legacy-file-path=sites/FCManual/files/
https://unclejimswormfarm.com/the-effectiveness-of-worm-castings-on-garden-soil-and-plants/
https://unclejimswormfarm.com/the-effectiveness-of-worm-castings-on-garden-soil-and-plants/

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Top 10 Benefits of Worm Castings - lowa Worm Composting, accessed on August 2, 2025,
https://www.iowawormcomposting.com/benefits-of-worm-castings/

How Much Biochar Should You Add to Soil?, accessed on August 2, 2025,
https://wakefieldbiochar.com/learning-center/how-much-biochar-should-you-add-to-
soil/

Optimizing Biochar Application Rates to Improve Soil Properties and Crop Growth in
Saline—Alkali Soil - MDPI, accessed on August 2, 2025, https://www.mdpi.com/2071-
1050/16/6/2523

Cover Crops and Crop Rotation | Home - USDA, accessed on August 2, 2025,
https://www.usda.gov/about-usda/general-information/initiatives-and-highlighted-
programs/peoples-garden/soil-health/cover-crops-and-crop-rotation

Cover Crops for Sustainable Crop Rotations - SARE, accessed on August 2, 2025,
https://www.sare.org/resources/cover-crops/

vlsci.com, accessed on August 2, 2025, https://vlsci.com/blog/benefits-of-bio-
stimulants/#:~:text=Bio-
stimulants%20help%20protect%20against%20the,better%20access%20water%20and%20
minerals.

Bio-stimulants 101 | lowa State University Extension and Outreach Small Farm
Sustainability, accessed on August 2, 2025,
https://www.extension.iastate.edu/smallfarms/bio-stimulants-101

Understanding Bio-stimulants: Benefits, Categories, and Applications - Sound Agriculture,
accessed on August 2, 2025, https://www.sound.ag/blog/bio-stimulants-benefits-
categories-applications

Understanding Bio-stimulants for Plants - Verdesian Life Sciences, accessed on August 2,
2025, https://visci.com/blog/benefits-of-bio-stimulants/

Bio-pesticides for Crop Disease Management, accessed on August 2, 2025,
https://cropprotectionnetwork.org/web-books/bio-pesticides-for-crop-disease-
management?section=25-bio-stimulants-and-bio-fertilizers

Humic and Fulvic Acids: Modern Agriculture | Aiva Fertiliser, accessed on August 2, 2025,
https://aivafertiliser.co.uk/unlocking-the-secrets-of-humic-and-fulvic-acids-the-
powerhouse-of-modern-agriculture/

pmc.ncbi.nlm.nih.gov, accessed on August 2, 2025,
https://pmc.ncbi.nlm.nih.gov/articles/PMC9445558/#:~:text=S0%20bio-
fertilizers%20are%20properly%20defined,their%20biological%20activities%E2%80%9D%2
0(Okur%2C

Bio-fertilizer Types: Guide to Sustainable Farming - Bulkagrochem.com, accessed on
August 2, 2025, https://bulkagrochem.com/bio-fertilizer-types

Bio-fertilizers - Their Types, Advantages & Application in Agriculture, accessed on August
2, 2025, https://www.peptechbio.com/blog-bio-fertilizers/

Types, Role, Advantages and Disadvantages of Bio-fertilizer, accessed on August 2, 2025,
https://www.niir.org/blog/types-role-advantages-and-disadvantages-of-bio-fertilizers/
Mycorrhizae Application Protocols - Mycorrhizae Bio-stimulants for Plants | Horticulture
Soil & Garden Mycorrhizal Products, accessed on August 2, 2025,
https://mycorrhizae.com/mycorrhizae-application-protocols/



https://www.iowawormcomposting.com/benefits-of-worm-castings/
https://wakefieldbiochar.com/learning-center/how-much-biochar-should-you-add-to-soil/
https://wakefieldbiochar.com/learning-center/how-much-biochar-should-you-add-to-soil/
https://www.mdpi.com/2071-1050/16/6/2523
https://www.mdpi.com/2071-1050/16/6/2523
https://www.usda.gov/about-usda/general-information/initiatives-and-highlighted-programs/peoples-garden/soil-health/cover-crops-and-crop-rotation
https://www.usda.gov/about-usda/general-information/initiatives-and-highlighted-programs/peoples-garden/soil-health/cover-crops-and-crop-rotation
https://www.sare.org/resources/cover-crops/
https://vlsci.com/blog/benefits-of-biostimulants/#:~:text=Biostimulants%20help%20protect%20against%20the,better%20access%20water%20and%20minerals.
https://vlsci.com/blog/benefits-of-biostimulants/#:~:text=Biostimulants%20help%20protect%20against%20the,better%20access%20water%20and%20minerals.
https://vlsci.com/blog/benefits-of-biostimulants/#:~:text=Biostimulants%20help%20protect%20against%20the,better%20access%20water%20and%20minerals.
https://vlsci.com/blog/benefits-of-biostimulants/#:~:text=Biostimulants%20help%20protect%20against%20the,better%20access%20water%20and%20minerals.
https://www.extension.iastate.edu/smallfarms/biostimulants-101
https://www.sound.ag/blog/biostimulants-benefits-categories-applications
https://www.sound.ag/blog/biostimulants-benefits-categories-applications
https://vlsci.com/blog/benefits-of-biostimulants/
https://cropprotectionnetwork.org/web-books/biopesticides-for-crop-disease-management?section=25-biostimulants-and-biofertilizers
https://cropprotectionnetwork.org/web-books/biopesticides-for-crop-disease-management?section=25-biostimulants-and-biofertilizers
https://aivafertiliser.co.uk/unlocking-the-secrets-of-humic-and-fulvic-acids-the-powerhouse-of-modern-agriculture/
https://aivafertiliser.co.uk/unlocking-the-secrets-of-humic-and-fulvic-acids-the-powerhouse-of-modern-agriculture/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9445558/#:~:text=So%20biofertilizers%20are%20properly%20defined,their%20biological%20activities%E2%80%9D%20(Okur%2C
https://pmc.ncbi.nlm.nih.gov/articles/PMC9445558/#:~:text=So%20biofertilizers%20are%20properly%20defined,their%20biological%20activities%E2%80%9D%20(Okur%2C
https://pmc.ncbi.nlm.nih.gov/articles/PMC9445558/#:~:text=So%20biofertilizers%20are%20properly%20defined,their%20biological%20activities%E2%80%9D%20(Okur%2C
https://bulkagrochem.com/biofertilizer-types
https://www.peptechbio.com/blog-biofertilizers/
https://www.niir.org/blog/types-role-advantages-and-disadvantages-of-biofertilizers/
https://mycorrhizae.com/mycorrhizae-application-protocols/
https://vlsci.com

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Bio-pesticides | US EPA - Environmental Protection Agency (EPA), accessed on August 2,
2025, https://www.epa.gov/pesticides/bio-pesticides

Bio-pesticides for Organic and Conventional Disease Management in Vegetables and
Strawberries, accessed on August 2, 2025, https://www.vegetables.cornell.edu/pest-
management/disease-factsheets/bio-pesticides/

BACILLUS THURINGIENSIS (BT) (BIO PESTICIDE) - MolICE, accessed on August 2, 2025,
https://www.moice.gov.bt/wp-content/uploads/2020/07/BT-Bio-Pesticide.pdf

100 Years of Bacillus thuringiensis: A Critical Scientific Assessment - NCBI Bookshelf,
accessed on August 2, 2025, https://www.ncbi.nlm.nih.gov/books/NBK559445/

Bacillus thuringiensis (Bt) Fact Sheet - National Pesticide Information Center, accessed on
August 2, 2025, https://npic.orst.edu/factsheets/btgen.html

eorganic.org, accessed on August 2, 2025, https://eorganic.org/pages/29380/bio-
pesticides-for-plant-disease-management-in-organic-
farming#:~:text=These%20are%20pesticidal%20substances%20produced,weeds%2C%?20i
nsects%2C%20and%20nematodes.

How To Use Neem Qil On Plants, Garden Pests & Other Problems, accessed on August 2,
2025, https://www.gardeningknowhow.com/plant-problems/pests/how-to-use-neem-
oil-on-plants-for-pests-and-garden-problems

Neem Oil and Crop Protection: From Now to the Future - PMC - PubMed Central,
accessed on August 2, 2025, https://pmc.ncbi.nlm.nih.gov/articles/PMC5061770/

How to Use Neem Oil Spray as an Organic Insecticide - The Spruce, accessed on August 2,
2025, https://www.thespruce.com/using-neem-oil-as-an-organic-insecticide-2132579
What We Do | Organic Materials Review Institute, accessed on August 2, 2025,
https://www.omri.org/what-we-do

Welcome to the Organic Materials Review Institute | Organic Materials Review Institute,
accessed on August 2, 2025, https://www.omri.org/

Fertilizer Product Registration - Agriculture - Montana.gov, accessed on August 2, 2025,
https://agr.mt.gov/Topics/E-G/Fertilizer-Pages/Fertilizer-Product-Registration

Find Your State's Extension Office | List of all 50 Extension services, accessed on August 2,
2025, https://www.uaex.uada.edu/about-extension/united-states-extension-offices.aspx
Find Extension in Your State, accessed on August 2, 2025, https://extension.org/find-
cooperative-extension-in-your-state/

Cooperative Extension Services by U.S. State | The Old Farmer's Almanac, accessed on
August 2, 2025, https://www.almanac.com/cooperative-extension-services

National Organics Initiative - Colorado - Natural Resources Conservation Service, accessed
on August 2, 2025, https://www.nrcs.usda.gov/programs-initiatives/eqip-organic-
initiative/colorado/national-organics-initiative-colorado

West Virginia Organic Initiative | Natural Resources Conservation Service - USDA,
accessed on August 2, 2025, https://www.nrcs.usda.gov/programs-initiatives/eqip-
organic-initiative/west-virginia/west-virginia-organic-initiative

Certified Organic Farming | USU, accessed on August 2, 2025,
https://extension.usu.edu/certifiedorganic/

Current Members - Extension Foundation, accessed on August 2, 2025,
https://extension.org/member-services/members/



https://www.epa.gov/pesticides/biopesticides
https://www.vegetables.cornell.edu/pest-management/disease-factsheets/biopesticides/
https://www.vegetables.cornell.edu/pest-management/disease-factsheets/biopesticides/
https://www.moice.gov.bt/wp-content/uploads/2020/07/BT-Bio-Pesticide.pdf
https://www.ncbi.nlm.nih.gov/books/NBK559445/
https://npic.orst.edu/factsheets/btgen.html
https://eorganic.org/pages/29380/biopesticides-for-plant-disease-management-in-organic-farming#:~:text=These%20are%20pesticidal%20substances%20produced,weeds%2C%20insects%2C%20and%20nematodes.
https://eorganic.org/pages/29380/biopesticides-for-plant-disease-management-in-organic-farming#:~:text=These%20are%20pesticidal%20substances%20produced,weeds%2C%20insects%2C%20and%20nematodes.
https://eorganic.org/pages/29380/biopesticides-for-plant-disease-management-in-organic-farming#:~:text=These%20are%20pesticidal%20substances%20produced,weeds%2C%20insects%2C%20and%20nematodes.
https://eorganic.org/pages/29380/biopesticides-for-plant-disease-management-in-organic-farming#:~:text=These%20are%20pesticidal%20substances%20produced,weeds%2C%20insects%2C%20and%20nematodes.
https://www.gardeningknowhow.com/plant-problems/pests/how-to-use-neem-oil-on-plants-for-pests-and-garden-problems
https://www.gardeningknowhow.com/plant-problems/pests/how-to-use-neem-oil-on-plants-for-pests-and-garden-problems
https://pmc.ncbi.nlm.nih.gov/articles/PMC5061770/
https://www.thespruce.com/using-neem-oil-as-an-organic-insecticide-2132579
https://www.omri.org/what-we-do
https://www.omri.org/
https://agr.mt.gov/Topics/E-G/Fertilizer-Pages/Fertilizer-Product-Registration
https://www.uaex.uada.edu/about-extension/united-states-extension-offices.aspx
https://extension.org/find-cooperative-extension-in-your-state/
https://extension.org/find-cooperative-extension-in-your-state/
https://www.almanac.com/cooperative-extension-services
https://www.nrcs.usda.gov/programs-initiatives/eqip-organic-initiative/colorado/national-organics-initiative-colorado
https://www.nrcs.usda.gov/programs-initiatives/eqip-organic-initiative/colorado/national-organics-initiative-colorado
https://www.nrcs.usda.gov/programs-initiatives/eqip-organic-initiative/west-virginia/west-virginia-organic-initiative
https://www.nrcs.usda.gov/programs-initiatives/eqip-organic-initiative/west-virginia/west-virginia-organic-initiative
https://extension.usu.edu/certifiedorganic/
https://extension.org/member-services/members/

68.

69.

70.

71.

72.

73.
74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.
89.

Find Local Cooperative Extension Office in the U.S.--UC IPM, accessed on August 2, 2025,
https://ipm.ucanr.edu/GENERAL/ceofficefinder.html

Locate an Office - OSU Extension - The Ohio State University, accessed on August 2, 2025,
https://extension.osu.edu/lao

Organization Members - Organic Farmers Association, accessed on August 2, 2025,
https://organicfarmersassociation.org/who-we-are/organization-members/
Organizational Support - National Sustainable Agriculture Coalition, accessed on August 2,
2025, https://sustainableagriculture.net/our-work/beginning-farmer-bill/organizational-
support

About - Organic Farming Research Foundation, accessed on August 2, 2025,
https://ofrf.org/about/

Georgia Organics, accessed on August 2, 2025, https://www.georgiaorganics.org/

Illinois Organic Growers Association - Good Food Org Guide, accessed on August 2, 2025,
https://goodfoodorgguide.com/listing/illinois-organic-growers-association/

Organic Association of Kentucky (OAK), accessed on August 2, 2025,
https://organicfarmersassociation.org/organizer/organic-association-of-kentucky/
Maryland Organic Food & Farming Association — farming like there is a tomorrow,
accessed on August 2, 2025, https://marylandorganic.org/

Northeast Organic Farming Association | Massachusetts Land Trust Coalition, accessed on
August 2, 2025, https://massland.org/land-trusts/northeast-organic-farming-association
Missouri Organic Association - GuideStar Profile, accessed on August 2, 2025,
https://www.guidestar.org/profile/43-1622852

Montana Organic Association - Good Food Org Guide, accessed on August 2, 2025,
https://goodfoodorgguide.com/listing/montana-organic-association/

NOFA NH - Organic Farmers Association, accessed on August 2, 2025,
https://organicfarmersassociation.org/organizer/nofa-nh/

Organic Production & Certification - Carolina Farm Stewardship Association, accessed on
August 2, 2025, https://carolinafarmstewards.org/organic-production/

PA Preferred Organic™ | Commonwealth of Pennsylvania, accessed on August 2, 2025,
https://www.pa.gov/agencies/pda/business-and-industry/agricultural-marketing/pa-
preferred-organic.html

About Us - NOFA/RI, accessed on August 2, 2025, https://nofari.org/about/

Tennessee Organic Growers Association - Good Food Org Guide, accessed on August 2,
2025, https://goodfoodorgguide.com/listing/tennessee-organic-growers-association/
Oregon Organic Coalition — Taking organic to the next level, accessed on August 2, 2025,
https://oregonorganiccoalition.org/

Ohio Ecological Food and Farm Association (OEFFA) - Arts in Ohio, accessed on August 2,
2025, https://www.artsinohio.com/organization/2403-oeffa-ohio-ecological-food-and-
farm-association

lowa Organic Association, accessed on August 2, 2025, https://www.iowaorganic.org/
OCIA MN, accessed on August 2, 2025, http://www.mnocia.org/

About Us - OCIA Nebraska, accessed on August 2, 2025,
https://www.nebraskaocia.org/about-us



https://ipm.ucanr.edu/GENERAL/ceofficefinder.html
https://extension.osu.edu/lao
https://organicfarmersassociation.org/who-we-are/organization-members/
https://sustainableagriculture.net/our-work/beginning-farmer-bill/organizational-support/
https://sustainableagriculture.net/our-work/beginning-farmer-bill/organizational-support/
https://ofrf.org/about/
https://www.georgiaorganics.org/
https://goodfoodorgguide.com/listing/illinois-organic-growers-association/
https://organicfarmersassociation.org/organizer/organic-association-of-kentucky/
https://marylandorganic.org/
https://massland.org/land-trusts/northeast-organic-farming-association
https://www.guidestar.org/profile/43-1622852
https://goodfoodorgguide.com/listing/montana-organic-association/
https://organicfarmersassociation.org/organizer/nofa-nh/
https://carolinafarmstewards.org/organic-production/
https://www.pa.gov/agencies/pda/business-and-industry/agricultural-marketing/pa-preferred-organic.html
https://www.pa.gov/agencies/pda/business-and-industry/agricultural-marketing/pa-preferred-organic.html
https://nofari.org/about/
https://goodfoodorgguide.com/listing/tennessee-organic-growers-association/
https://oregonorganiccoalition.org/
https://www.artsinohio.com/organization/2403-oeffa-ohio-ecological-food-and-farm-association
https://www.artsinohio.com/organization/2403-oeffa-ohio-ecological-food-and-farm-association
https://www.iowaorganic.org/
http://www.mnocia.org/
https://www.nebraskaocia.org/about-us

90. Carolina Farm Stewardship Association (CFSA), accessed on August 2, 2025,
https://organicfarmersassociation.org/organizer/carolina-farm-stewardship-association-
cfsa/

91. Organic Farmers Association - Rodale Institute, accessed on August 2, 2025,
https://rodaleinstitute.org/get-involved/organic-farmers-association/

92. Alabama Sustainable Agriculture Network: ASAN, accessed on August 2, 2025,
https://asanonline.org/

93. Alaska Food Policy Council - Organic Farmers Association, accessed on August 2, 2025,
https://organicfarmersassociation.org/organizer/alaska-food-policy-council/

94. Arizona Farm Bureau - The Voice of Arizona Agriculture, accessed on August 2, 2025,
https://www.azfb.org/Arizona-Farm-Bureau-The-Voice-of-Arizona-Agriculture

95. Food, Farm, & Gardening Non-Profits | Flagstaff, AZ, accessed on August 2, 2025,
https://flagstafffoodlink.com/food-farm-gardening-nonprofits

96. Community Building | Arkansas Organic Ag, accessed on August 2, 2025,
https://arkansasorganicag.uada.edu/community-building/

97. Organic Member Directory - CCOF.org, accessed on August 2, 2025,
https://ccof.org/resources/member-directory/

98. California Organic Farmers Association - National Honey Board, accessed on August 2,
2025, https://honey.com/honey-industry/regulation/honey-testing-labs/california-
organic-farmers-association

99. FrontLine Farming | Beyond Organic | Colorado, accessed on August 2, 2025,
https://www.frontlinefarming.org/

100. Connecticut Northeast Organic Farming Association, accessed on August 2, 2025,
https://www.association-
insight.com/insight/Connecticut Northeast Organic Farming Association-
134F51D40F36G45A45A45A02-EDJEIAEAFAFCAC-Organization

101. Northeast Organic Farming Association — The Northeast Organic Farming Association is a
non-profit organization of over 5,000 farmers, gardeners, landscape professionals and
consumers working to promote healthy food, organic farming practices and a cleaner
environment. NOFA has chapters in Connecticut, Massachusetts, New Hampshire, New
Jersey, New York, Rhode Island and Vermont., accessed on August 2, 2025,
https://nofa.org/

102. Delaware Farm Bureau, accessed on August 2, 2025, https://defb.org/

103. Florida Certified Organic Growers - Wikipedia, accessed on August 2, 2025,
https://en.wikipedia.org/wiki/Florida Certified Organic Growers

104. Hawaii Organic Farmers Association, HOFA - National Honey Board, accessed on August
2, 2025, https://honey.com/honey-industry/regulation/honey-testing-labs/hawaii-
organic-farmers-association-hofa

105. Organic Certification Program | Idaho State Department of Agriculture, accessed on
August 2, 2025, https://agri.idaho.gov/ag-inspections/organics/

106. Idaho Organics, accessed on August 2, 2025, https://idahopreferred.com/organics/

107. State Organizations, Programs and Contacts - SARE North Central, accessed on August 2,
2025, https://northcentral.sare.org/state-programs/indiana/state-organizations-
programs-and-contacts-3/



https://organicfarmersassociation.org/organizer/carolina-farm-stewardship-association-cfsa/
https://organicfarmersassociation.org/organizer/carolina-farm-stewardship-association-cfsa/
https://rodaleinstitute.org/get-involved/organic-farmers-association/
https://asanonline.org/
https://organicfarmersassociation.org/organizer/alaska-food-policy-council/
https://www.azfb.org/Arizona-Farm-Bureau-The-Voice-of-Arizona-Agriculture
https://flagstafffoodlink.com/food-farm-gardening-nonprofits
https://arkansasorganicag.uada.edu/community-building/
https://ccof.org/resources/member-directory/
https://honey.com/honey-industry/regulation/honey-testing-labs/california-organic-farmers-association
https://honey.com/honey-industry/regulation/honey-testing-labs/california-organic-farmers-association
https://www.frontlinefarming.org/
https://www.association-insight.com/insight/Connecticut_Northeast_Organic_Farming_Association-I34F51D40F36G45A45A45A02-EDJEIAEAFAFCAC-Organization
https://www.association-insight.com/insight/Connecticut_Northeast_Organic_Farming_Association-I34F51D40F36G45A45A45A02-EDJEIAEAFAFCAC-Organization
https://www.association-insight.com/insight/Connecticut_Northeast_Organic_Farming_Association-I34F51D40F36G45A45A45A02-EDJEIAEAFAFCAC-Organization
https://nofa.org/
https://defb.org/
https://en.wikipedia.org/wiki/Florida_Certified_Organic_Growers
https://honey.com/honey-industry/regulation/honey-testing-labs/hawaii-organic-farmers-association-hofa
https://honey.com/honey-industry/regulation/honey-testing-labs/hawaii-organic-farmers-association-hofa
https://agri.idaho.gov/ag-inspections/organics/
https://idahopreferred.com/organics/
https://northcentral.sare.org/state-programs/indiana/state-organizations-programs-and-contacts-3/
https://northcentral.sare.org/state-programs/indiana/state-organizations-programs-and-contacts-3/

108. Organic Events - Organic Farmers Association, accessed on August 2, 2025,
https://organicfarmersassociation.org/organic-events/

109. Louisiana Organic Association -- Sustainable Farming Connection - Ibiblio, accessed on
August 2, 2025, https://www.ibiblio.org/farming-connection/localcon/groups/loa.htm

110. Maine Organic Farmers & Gardeners Association, accessed on August 2, 2025,
https://www.mainetourism.com/listing/maine-organic-farmers-%26-gardeners-
association/993/

111. Michigan Organic Food & Farm Alliance, accessed on August 2, 2025,
https://environmentalcouncil.org/members/michigan-organic-food-farm-alliance/

112. Mississippi Farm Resources, accessed on August 2, 2025,
https://www.mississippilandcan.org/Pines/Farm-Resources/

113. Map of Organic Agriculture Organizations & Professionals serving Mississippi Region of
Mississippi - Mississippi Land Conservation Assistance Network, accessed on August 2,
2025, https://www.mississippilandcan.org/map-of-resources/Organic-Agriculture 59

114. Grow Organic Nevada | Extension - Experiment Station, accessed on August 2, 2025,
https://naes.unr.edu/dfi//program.aspx?ID=334

115. Wyoming Archives - Western Region Agricultural Stress Assistance Program, accessed on
August 2, 2025, https://farmstress.us/state/wyoming/

116. NORTHEAST ORGANIC FARMING ASSN - GuideStar Profile, accessed on August 2, 2025,
https://www.guidestar.org/profile/22-3043823

117. New Mexico Farmers' Marketing Association — Devoted to supporting farming & locally
produced foods in every New Mexico community., accessed on August 2, 2025,
https://farmersmarketsnm.org/

118. North Dakota Farmers Market and Growers Association | NDFMGA, accessed on August
2, 2025, https://www.ndfarmersmarkets.org/

119. ODAFF — Oklahoma Department of Agriculture and Forestry, accessed on August 2,
2025, https://ag.ok.gov/

120. Oklahoma Farmers and Ranchers Association: Home, accessed on August 2, 2025,
https://www.okfarmersandranchers.org/

121. South Dakota Farm Bureau Federation, accessed on August 2, 2025,
https://www.sdfbf.org/

122. South Dakota Soil Health Coalition: Soil Health Organization in Pierre, SD, accessed on
August 2, 2025, https://www.sdsoilhealthcoalition.org/

123. Organic Agriculture - Texas | Natural Resources Conservation Service, accessed on
August 2, 2025, https://www.nrcs.usda.gov/state-offices/texas/organic-agriculture-texas

124. Texas Organic Farmers and Gardeners Association - Good Food Org Guide, accessed on
August 2, 2025, https://goodfoodorgguide.com/listing/texas-organic-farmers-and-
gardeners-association/

125. Texas Organic Farmers & Gardeners Association - GreenSource DFW, accessed on
August 2, 2025, https://greensourcedfw.org/green-organizations/texas-organic-farmers-
gardeners-association

126. Organic Certification | Utah Department of Agriculture and Food, accessed on August 2,
2025, https://ag.utah.gov/organic-program/organic-certification/



https://organicfarmersassociation.org/organic-events/
https://www.ibiblio.org/farming-connection/localcon/groups/loa.htm
https://www.mainetourism.com/listing/maine-organic-farmers-%26-gardeners-association/993/
https://www.mainetourism.com/listing/maine-organic-farmers-%26-gardeners-association/993/
https://environmentalcouncil.org/members/michigan-organic-food-farm-alliance/
https://www.mississippilandcan.org/Pines/Farm-Resources/
https://www.mississippilandcan.org/map-of-resources/Organic-Agriculture_59
https://naes.unr.edu/dfi/program.aspx?ID=334
https://farmstress.us/state/wyoming/
https://www.guidestar.org/profile/22-3043823
https://farmersmarketsnm.org/
https://www.ndfarmersmarkets.org/
https://ag.ok.gov/
https://www.okfarmersandranchers.org/
https://www.sdfbf.org/
https://www.sdsoilhealthcoalition.org/
https://www.nrcs.usda.gov/state-offices/texas/organic-agriculture-texas
https://goodfoodorgguide.com/listing/texas-organic-farmers-and-gardeners-association/
https://goodfoodorgguide.com/listing/texas-organic-farmers-and-gardeners-association/
https://greensourcedfw.org/green-organizations/texas-organic-farmers-gardeners-association
https://greensourcedfw.org/green-organizations/texas-organic-farmers-gardeners-association
https://ag.utah.gov/organic-program/organic-certification/

127. Virginia Association for Biological Farm - GuideStar Profile, accessed on August 2, 2025,
https://www.guidestar.org/profile/54-1417875
128. Virginia Association of Biological Farming, accessed on August 2, 2025,
https://www.twinspringsfarmva.com/blog/48-virginia-association-of-biological-farming
129. WA Farming & Agriculture - Tilth Alliance, accessed on August 2, 2025,
https://tilthalliance.org/our-work/wa-farming-agriculture/
130. Interested in Organics | WVFFC, accessed on August 2, 2025,
https://www.wvfoodandfarm.org/copy-of-foodshed-development
Welcome to the Wyoming Wheat Growers Association, accessed on August 2, 2025,
https://www.wyomingwheat.com/

Root Delight Deep Research Papers Disclaimer:
Thank you for exploring this research report

This report is provided for informational and educational purposes only. The content is
based on research from publicly available sources, and while every effort has been
made to ensure accuracy, the information may not be exhaustive or free of errors. The
conclusions within this report are not a substitute for professional advice from a qualified
expert in fields such as agronomy, soil science, or horticulture. We encourage you to
use this information as a starting point, but always verify details and consult with
professionals who can assess your unique situation and local conditions. We assume
no liability for any actions taken as a result of using this report's content.


https://www.guidestar.org/profile/54-1417875
https://www.twinspringsfarmva.com/blog/48-virginia-association-of-biological-farming
https://tilthalliance.org/our-work/wa-farming-agriculture/
https://www.wvfoodandfarm.org/copy-of-foodshed-development
https://www.wyomingwheat.com/

