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Abstract

Organic fruit and vegetable production in the United States is increasingly popular, driven
by consumer interest in foods associated with healthier lifestyles and environmentally
friendly practices. This review synthesizes evidence on the production of this subsector
from 1960 to 2021, using major literature databases (Agricola, ScienceDirect, and Google
Scholar), to summarize health and environmental implications, economic importance,
research trends, and persistent challenges. The production of fruits and vegetables is
frequently reported to exhibit favorable quality and safety attributes, including higher
antioxidant capacity and lower levels of cadmium, pesticides, and other chemical residues,
supporting its relevance to nutrition and human health. This type of practice is also
described as contributing to environmental restoration and preservation through improved
soil conditions, reduced reliance on synthetic inputs, enhanced nutrient cycling, and
climate-smart benefits such as increased soil organic matter and lower energy intensity.
Nevertheless, it faces constraints that increase costs and limit scalability, including high
labor demand, limited effectiveness and availability of some organic pest control tools,
perishability, post-harvest losses, certification burdens, and market access regulations.
Despite these barriers, data indicate growth: from 2007 to 2021, acreage increased by more
than 100%, farm-gate value rose from $685 million to $1913 million, and the number of
participating farms increased by more than 100%. Moreover, it accounts for 0.9% of the total
value of the agricultural production in the U.S. Overall, the outlook for U.S. organic fruit
and vegetables is encouraging, supported by expanding consumer demand, government
support, and improved conditions for international trade.

Keywords: fruits and vegetables; organic agriculture; beneficial phytochemical compounds;
preservation and restoration of the environment; market trends

1. Introduction

The term organic originated in Europe. Specifically, in England during the 20th cen-
tury, growers opposed the use of synthetic fertilizers, and pioneers such as Sir Alfred
Howard promoted these practices significantly [1]. Likewise, this movement was also
thought to have begun in Germany during the same century. Moreover, a group of farmers,
agronomists and doctors got together after participating in some lectures of the Austrian
philosopher Rudolf Steiner and coined the term “biodynamic agriculture”, which con-
stituted the first attempt to grow crops using only natural products, and since then, this
practice has become more popular and is used as a tool for promoting the preservation
of the environment and protecting people’s health. In the U.S., the organic movement
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gained momentum in the 1960s and 1970s as farmers began to view conventional practices
as polluting and unsustainable, and many shifted gradually toward organic practices.
Hence, the U.S. government elaborated organic policies. Additionally, organic practices
experienced substantial growth and innovation [2,3]. Similarly, Goldman [4] documented
that organic agriculture had become a significant industry in the U.S. at the beginning
of the 21st century, with California leading the sector by value and acreage, followed by
Washington, Pennsylvania, Oregon, and New York; the latter dominates overall organic
sales. On the other hand, Vermont and Maine lead in the share or density of organic farms,
showing high regional concentration in the Northeast. The states previously stated account
for most of the nation’s organic production, even though organic farming is found in all
50 states [5].

Youngberg and DeMuth [3] indicated that the organic movement emerged in response
to the need for a sustainable approach to addressing problems such as soil erosion and
ground and surface water pollution, thereby making organic agriculture a reliable alterna-
tive. In addition, there is a notion that consuming organic products reduces exposure to
harmful pesticides, thereby reducing the risk of chronic disease [6]. Likewise, public dis-
trust of genetically modified crops and concerns about potential health risks were incentives
for the production and consumption of organic fruits and vegetables [7]. Finally, higher
levels of education and greater physical activity are associated with the consumption of
organic fruits and vegetables. Consequently, raising awareness of it is necessary to promote
this practice more and improve the living conditions of the U.S. population [8].

The organic production of fruits and vegetables in the U.S. has gained popularity
in recent years. For example, in Iowa, small farmers are known to consider this type of
production sustainable, and fruits and vegetables have become a significant share of their
output [9]. However, most research focuses on other subsectors of agricultural production,
which have distinct requirements. The organic production of fruits and vegetables is highly
labor and input-intensive, and its products have a short shelf life. That is, they are highly
perishable because they contain living tissues composed primarily of water. In addition,
they respire and ripen. Consequently, their preservation is challenging because specialized
handling is required. Therefore, further research is needed to address these problems.
Additionally, research techniques for the chemical composition of horticultural and/or
agronomic crops grown using conventional or organic methods differ substantially [10].

To this date, most published literature on the organic production of crops has not
explicitly focused on fruits and vegetables. The U.S. Department of Agriculture publishes
economic data related to this subsector. Nevertheless, it is unclear whether it has beneficial
effects on the environment and human health, what its challenges are, or what its trends
are. Therefore, the objective of this review is to outline these aspects to raise awareness and
educate stakeholders, thereby contributing to the dissemination of this type of production
and its improvement.

2. Materials and Methods

This review synthesizes published evidence on the organic production of fruits and
vegetables in the U.S., covering the period from the emergence of the modern organic
movement in 1960 through 2021. Only complete records with accessible titles, abstracts,
and full texts were considered eligible for synthesis. On the other hand, publications
containing statistical data obtained from reputable academic and governmental databases
and websites were deemed appropriate for inclusion, given their credibility and relevance
to the review.
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2.1. Literature Search Strategy and Information Sources

A structured literature search was conducted using three databases that collectively
index agricultural, environmental, and food-systems research: Agricola, ScienceDirect,
and Google Scholar. Searches were performed using combinations of core terms related
to (i) production system and certification, for example, “organic, certified organic, and
USDA organic; (ii) commodity group, for instance, “fruits, vegetables, horticultural crops,
produce”; and (iii) outcome areas central to this review. For example, “sustainability,
nutritional value, health benefits, pesticide residues, soil health, greenhouse gas emissions,
market trends, labor, and post-harvest losses”. In addition, Boolean operators (AND,
OR, NOT) and phrase searching (quotation marks) were employed to improve retrieval
precision and reduce irrelevant results.

2.2. Eligibility Criteria
Records were included if they met the following criteria:

1-  Scope: Addressed organic production of fruits and/or vegetables, with clear relevance
to the U.S. (national, regional, state, or farm-level studies).

2-  Document type: Peer-reviewed journal articles and other citable, full-length sources
that reported methods and findings. For example, empirical studies, systematic
reviews/meta-analyses, policy, or economic analyses.

3- Content relevance: Provided evidence on at least one focal domain of this review:
(1) health/nutrition and food quality attributes, (2) environmental implications,
(3) economic importance/market, (4) challenges and constraints affecting adoption
and performance.

Finally, records were excluded if they were not relevant to the U.S. organic fruit and
vegetable systems, failed to distinguish between organic and conventional production, or
were incomplete or duplicates across platforms.

2.3. Screening and Study Selection

Screening proceeded in two stages: (1) title/abstract review to remove clearly irrele-
vant items and (2) full-text review to confirm eligibility and extract evidence relevant to
the review objectives. Because databases can return multiple versions of the same item,
duplicates were removed before synthesis. Inclusion decisions prioritized sources that
directly examined organic fruit/vegetable systems (rather than organic agriculture broadly)
or that contributed essential context for interpreting U.S. trends and constraints.

2.4. Data Extraction and Evidence Synthesis

For each included source, information was extracted into a structured evidence table
capturing, publication year, study geography/scale (U.S., region, state, farm); crop(s) or
commodity group; comparator (organic vs. conventional, where applicable); and key
findings mapped to the review domains (health/nutrition, environment, economics, and
challenges). Evidence was synthesized qualitatively using a narrative (thematic) approach,
organizing findings into the results subsections to highlight (i) reported health and food-
quality attributes, (ii) environmental performance and resource implications, (iii) economic
importance and growth indicators, and (iv) persistent constraints. For instance, labor
intensity, pest management limits, perishability /post-harvest losses, certification, and
market access burdens.

2.5. Conceptual Framework

The conceptual framework employed (Figure 1) links drivers, the organic production
system, and downstream outcomes, with constraints moderating relationships. Con-
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sumer health preferences, sustainability concerns, and policy /market signals stimulate
the adoption of organic fruit and vegetable production. The core system (farm practices,
certification, and supply-chain arrangements) produces outcomes across three domains:
health/nutrition, environmental performance, and economic viability. These effects are
shaped by labor, input intensity, perishability, post-harvest losses, certification costs, and
market access or regulatory constraints. Finally, feedback occurs when outcomes influence
consumer trust, demand, and policy attention, reinforcing or slowing future adoption and
research priorities.

HModerates
Weakens/shapes

Figure 1. Conceptual Framework.

3. Results and Findings
3.1. Health Benefits and Research Trends

Fruits and vegetables are an essential component of a healthy diet. Moreover, they
are an important source of vitamins and minerals, which are necessary for normal bodily
function. For example, they are a vital source of vitamin C, which is a potent antioxidant,
and its deficit causes scurvy [11,12]. The presence of antioxidants in fruits and vegeta-
bles helps prevent diseases such as cancer. For instance, the appearance of cancer cells is
closely linked to the presence of reactive oxygen species (ROS), which damage DNA and,
consequently, enable cancer emergence. Hence, increasing the vitamin C content in fruits
and vegetables helps prevent cancer, as demonstrated for blueberries by cultivating them
organically [13]. Moreover, fruits such as strawberries exhibit high natural antioxidant
activity [14]. Likewise, flavonoids and anthocyanins are phenolic compounds with antioxi-
dant activity and are found in fruits and vegetables [15-17]. Furthermore, organic food has
been documented to have higher antioxidant capacity, acidity, and phosphorus as well as
lower levels of cadmium, pesticides, and other chemicals [18-22]. Additionally, organic
practices increase the content of secondary metabolites in fruits and vegetables, which is
associated with a reduced risk of cancer and cardiovascular disease [23].

A deficiency of lutein in the body is associated with macular degeneration, and veg-
etables such as lettuce and kale are good sources of it [24]. Additionally, the consumption
of fruits and vegetables is associated with a healthy lifestyle, and when grown organically,
they are considered more nutritious because environmentally friendly practices are used.
For example, minimum tillage, organic pesticides, among others [25]. In addition, con-
suming organic fruits and vegetables as part of a well-balanced, regular diet and a healthy,
active lifestyle can reduce obesity, enhance immune responses, lower cholesterol and blood
pressure, and reduce the risk of non-Hodgkin lymphoma and preeclampsia [6,19,26,27]. In
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the same vein, the consumption of organic products in a population can be considered as
an indicator of public health [28].

Fruits and vegetables are also consumed for preventive and curative purposes, which
can be considered as a type of natural medicine [11]. In addition, government agencies, such
as the U.S. Department of Agriculture, promote the enrichment of foods with compounds
known to have health benefits. The latter indicates the U.S. government’s efforts to promote
healthy diets to prevent disease and improve population health. Additionally, developing
fruit and vegetable varieties with higher levels of health-beneficial compounds, when
grown organically, is a promising approach to reducing pollution, improving soil chemical
and physical properties, and enhancing human health. Thus, such an approach appears
promising. Likewise, the development of varieties with longer shelf life and resistance to
pests and diseases increases the availability of fruits and vegetables, reduces reliance on
pesticides, and improves the profitability of this practice because varieties with longer shelf
life and stronger pest and disease resistance can reduce post-harvest losses and pest-related
yield losses, lowering input needs and improving marketable yields. This will thereby
increase availability and potentially improve profitability in organic fruit and vegetable
production. Hence, further research is expected in this area [29].

3.2. Environmental Impact of Organic Production of Fruits and Vegetables

Authors such as Kirchmann et al. [30], Rigby and Caceres [31], Trewavas [32,33],
Edwards-Jones and Howells [34], and De Gregori [35] have criticized the implementation
of organic practices, arguing that they are dogmas. After all, there is not enough scientific
research on this topic. In the same vein, Niggli [36] noted that this lack of research presents
an excellent opportunity to investigate this practice further and generate additional knowl-
edge. Other authors have argued that the same recipe for this subject cannot be applied
globally. Consequently, adjustments must be made in light of the realities faced by grow-
ers. However, implementing organic practices may improve environmental conditions
by restoring and preserving ecological equilibrium. For example, Polushkina et al. [37]
indicate that implementing organic growing practices contributes to environmental green-
ing. In other words, soil fertility can be restored and a natural balance maintained. Thus,
organic growing practices have emerged as an essential alternative to conventional farming.
Likewise, organic farming practices can be considered a tool for sustainable development
because they promote environmentally friendly approaches that transform consumption
and production, enabling human beings to benefit from a sustainable society [38]. Also,
these practices rely more on ecosystem function than on off-farm inputs. Hence, they fit
within environmental preservation and restoration strategies [36].

It is essential to note that the world’s land area comprises 130.7 million km?. Nonethe-
less, the surface devoted to sustainable agricultural practices is less than half of this area [39].
Therefore, there is a need to increase this area to achieve sustainable development [40].
In the U.S., 3,630,594 acres are devoted to organic crop production, distributed across
17,000 farms, approximately [41].

Some techniques used to grow fruits and vegetables organically reduce pollution and
improve the efficient use of nutrients such as phosphorus and potassium [42]. For example,
fruiting trees and shrubs can establish long-term associations with mycorrhizal fungi,
which enhances phosphorus uptake. Moreover, such an association can be established
more efficiently when the soil remains undisturbed for long periods. Thus, in this case,
conservation tillage is also helpful. Nevertheless, efforts are underway to implement this
technique in vegetable crops, such as carrots [43]. In the same vein, the availability of
nitrogen in organic systems is usually low. Consequently, it reduces nitrogen emissions to
the environment, in contrast to traditional agricultural practices, which typically promote
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the buildup of excessive nutrients and use only a small portion. In other words, nutrients are
lost to the point that some countries strictly control them [44]. Additionally, conventional
production of fruits and vegetables can generate substantial CO, emissions, resulting in a
large carbon footprint. For example, vegetables such as cauliflower, potatoes, and peppers
have a significant carbon footprint due to their intensive input requirements and cultural
practices [45]. Likewise, the energy use and greenhouse gas emissions associated with
transportation in the conventional food production and distribution system strengthen the
case for more local food production, and organic production of fruits and vegetables fits
within this case for the reasons previously described [46].

The use of organic practices helps improve the physical and chemical characteristics
of soils. For example, long-term utilization of forest and animal waste in muscadine grapes
helps ameliorate physical factors such as soil compaction, aggregate stability, and active
carbon, as well as pH, and, most importantly, yield. That is, the use of cheap, readily
available inputs increases production and lowers costs, creating an opportunity for small
growers to improve their output without relying on external capital or inputs. Consequently,
the grower’s profitability is augmented [45,47]. Furthermore, organic practices are included
in the definition of regenerative agriculture because they help minimize the use of external
inputs and soil disturbance [48].

Additionally, growing fruits and vegetables organically can be considered a climate-
smart practice because it adds organic matter to the soil, which enhances the resilience
of agricultural systems to climate change [49]. Furthermore, their cultural practices pro-
mote resource cycling, ecological balance, and the conservation of biological diversity.
Additionally, it promotes resilience to climate change by enhancing carbon sequestration,
reducing fossil fuel consumption, and, consequently, mitigating global warming [2,50-52].
In addition, perennial vegetables exhibit a high potential for carbon sequestration. In other
words, there are 613 cultivated perennial vegetables, comprising 107 botanical families,
which can sequester 22.7-280.6 MMT CO,-eq/yr on 4.6-26.4 Mha by 2050 [53].

Conventional crop production is highly energy-intensive due to the manufacture
and use of synthetic fertilizers and pesticides. On the other hand, the use of organic
inputs requires less energy to produce and apply [51]. Similarly, areas devoted to fruit
and vegetable production are usually smaller than those dedicated to agronomic crops
such as corn, sorghum, and cotton. Therefore, they require less fossil fuel to be prepared
and offer greater potential for carbon sequestration. Moreover, many activities are per-
formed manually. For example, harvesting, trimming, and related procedures. Thus,
organic production of fruits and vegetables contributes to greater reductions in greenhouse
gas emissions.

Organic practices can be used to restore fertility in fields where fruits and vegetables
are grown. Howard and Wad [1] indicate that the maintenance of soil fertility is the first
condition of any permanent system of agriculture because, in the ordinary process of crop
production, fertility is steadily lost. Therefore, its continuous restoration is needed. For
example, many vegetables have a short growing season. Thus, their nutrient intake is
high and occurs over a short period. Consequently, soil fertility depletion is a problem.
Hence, integrated soil fertility management approaches that leverage complementarities
among different types of inputs, such as organic fertilizers, can be key for restoring and
maintaining fertility in vegetable production [52-54]. Additionally, the use of organic
practices can increase the abundance of many species and organisms. That is, they enhance
biodiversity, which can contribute to pest control [55-57].

The practice of organic agriculture can be framed within the definition of environmen-
tal justice because it is focused on preserving, restoring, and maintaining the environment.
Furthermore, organic agriculture usually depends on the sustainable use of locally available
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natural resources, the grower’s knowledge, and labor. Thus, it is more likely to satisfy the
needs and aspirations of resource-poor growers, who typically produce more fruits and
vegetables, than those that require expensive external inputs [44].

Organic fruit and vegetable production is distributed across the U.S. It has high
potential for expansion due to governmental support, its positive environmental impact,
and product demand. Remarkably, states such as California, Wisconsin, and Arizona, which
are the leaders of this type of production, have implemented policies to regulate it. More
states are following those examples, thereby ensuring the preservation and restoration of
agricultural areas and their continued use by future generations [58].

3.3. Challenges
3.3.1. Post-Harvest Handling and Shelf Life

Many fruits and vegetables have a short shelf life; therefore, they are usually grown
near the places where they are consumed. Losses of fruits and vegetables are estimated
to range from 25% to 50% globally, from farm to fork [26]. In the US, 69% of losses
occur after harvest and are attributable to price volatility, labor costs, availability, lack
of refrigeration infrastructure, aesthetic standards, consumer preferences, quality-based
contracts, and policies related to harvest and marketing [59]. In the same vein, Buzby
et al. [60] documented that 14.8 and 23.4 billion pounds of fruits and vegetables are lost
at the retail level, respectively. Additionally, such losses are estimated to cost $15.1 billion
and $27.7 billion, respectively. However, this limitation could be partially mitigated by
refrigeration and rapid transportation. Moreover, fruits and vegetables are also grown
near population centers to reduce this limitation. For example, Kuo and Peters [61] re-
ported that the main centers of organic production in the US are located near metropolitan
areas in the Northeastern and Pacific Coast, Northern Great Lakes, and Mountain West
regions (Figure 2).

2021

P
-

R

= Production Problems = Regulatory Problems = Price lssues

= Market Access ® Mangementlssues u Other

Figure 2. Problems faced by organic farmers. Source: National Agricultural Statistical Service. US
Department of Agriculture. Certified production survey 2021.

3.3.2. Farm Size and Marketing Strategies

Organic vegetable production is associated with small farming. Moreover, organic
vegetable production in the U.S. occurs on farms of less than 10 acres. It is operated by
younger, more educated, and less experienced growers than conventional growers. Most
remarkably, they direct most of their production to farmers” markets, a form of direct
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marketing [62]. Direct marketing strategies, such as farmers’ markets, roadside stands,
and pick-your-own, help growers obtain higher prices and increase sales. In fact, they
constitute a form of direct marketing. Farmers’ markets have become increasingly popular
because they provide growers with a rapid outlet for their produce, thereby helping them
remain in business. At the same time, consumers can obtain lower prices, and funds stay in
the community [63].

3.3.3. Risk of Contamination

Many fruits and vegetables are eaten raw or fresh, which helps with the intake of
vitamins and minerals that could be lost during the cooking process. Nevertheless, such a
way of consumption may be risky because it may be contaminated with harmful pathogens
and chemicals. For example, in 2017, romaine lettuce contaminated with Escherichia coli
was linked to fatalities in the US and Canada [64]. Therefore, safe growing and post-harvest
practices are needed to prevent such problems, especially for organically produced crops,
which may increase production costs and microbial load when unsafe pre- and post-harvest
practices are used.

3.3.4. Low Efficacy of Organic Pest-Control Tools

Growing fruits and vegetables is highly demanding. That is, it requires substantial
inputs, primarily labor [65,66]. The latter is a high production-related cost and could
strain budgets. For instance, tomatoes are among the most popular organic vegetables
grown in the U.S. and require the most production labor hours, followed by beans, lettuce,
and garlic [67,68]. However, vegetable production produces higher returns per acre than
other crops [69]. Additionally, many workers are required to do sowing, cultivation, and
harvesting. Also, the use of organic practices demands more time and labor. For example,
weeds are typically removed manually [65], and many organic pesticides are less effective
than conventional pesticides, potentially necessitating more applications. Moreover, their
availability may be limited, and their cost may be higher. Consequently, production
costs increase. Therefore, there is a need to develop more organic pesticides. Likewise,
data published by USDA-NASS [70] indicate that organic farmers identified “production
problems” as their primary concern, followed by price issues, market access, and regulatory
constraints (Figure 2).

3.3.5. Low Productivity of Organic Production Systems

Lower yields than conventional production systems characterize organic production
systems. Hence, boosting their productivity means higher incomes, greater economic
resilience, and greater sustainability in rural areas. Nevertheless, the limitations previously
stated may be partially mitigated by the higher prices buyers are willing to pay for organic
products, which are often considered pesticide-free and more nutritious [51,53,61,66,71,72].

3.3.6. Risk Associated with Consuming Imported Fruits and Vegetables

Many fruits and vegetables are imported into the U.S. from other countries because
they are produced at lower costs, there is a supply shortage, they are not produced locally,
or they are out of season [73,74]. This is especially risky because regulations governing pes-
ticide application in other countries may be weak or poorly enforced, thereby jeopardizing
population health. Thus, developing additional technologies to reduce production costs
and compete with such imports is essential, and organic fruit and vegetable production
can assume this role because it employs less hazardous and polluting pesticides.
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3.3.7. Demand for Labor

The agricultural sector is part of the primary sector of the economy. Consequently,
its revenues are usually lower than those of the secondary and tertiary sectors. Thus,
areas devoted to the primary sector are less developed than other areas. In other words,
its salaries and wages are typically lower, thereby promoting migration to urban areas.
Therefore, finding labor becomes difficult. Moreover, in situations such as the one pre-
viously described, governments normally intervene and subsidize farmers to maintain
and/or bolster production, given its importance to the population [75]. This situation is
exacerbated in the fruit and vegetable production subsector, which is characterized by high
labor demand due to the manual nature of many activities.

Plants need constant care. Hence, workers typically work more than 40 h per week,
and their schedules often vary, including early-morning shifts, weekends, and holidays.
Additionally, implementing an agricultural workers program is a valuable policy for
meeting labor demand. In this way, the government permits migrant workers to enter
the U.S. for a specified period to work for agricultural companies. Nonetheless, many
workers have limited English proficiency; consequently, training them is time-consuming
and expensive [76]. Finally, the onerous and costly certification process constitutes a barrier
for low-income farmers and an obstacle to adopting this type of production [44].

3.3.8. Discrepancies Between Federal and State Support

Federal and state-level support for organic fruit and vegetable production differs, and
there is a need to harmonize policies on this subject. For example, state-level incentives
for organic agriculture, particularly for fruits and vegetables, often provide more targeted
support than federal programs [77]. In the Northeast, states such as Maryland and Vermont
experienced a 115% increase in cover crop adoption from 2012 to 2017. In contrast, Pennsyl-
vania, which lacked such a program, experienced a more minor increase [78]. Although
federal programs such as the Environmental Quality Incentives Program (EQIP) and the
Conservation Stewardship Program (CSP) are available nationwide, their complexity and
administrative burden can limit access for small-scale or new farmers [79]. In contrast,
state-level policies, such as California’s tailored incentives and extension services, are more
flexible and locally responsive, thereby improving accessibility for small-scale farmers,
especially those focusing on organic fruits and vegetables in the U.S. [80]. For instance, in
California, there have been state-level organic certification programs geared towards im-
proving transition effectiveness by using the detailed Pesticide Use Report (PUR) to monitor
field-level practices, enabling precise tracking of pesticide trends and compliance, and man-
dating annual registration for all organic producers, including small farms often excluded
from federal datasets [81]. Such efforts have been particularly critical for organic fruits and
vegetables in the U.S., which require intensive monitoring to meet market standards. In
contrast, federal programs such as the United States Department of Agriculture’s National
Organic Program (USDA’s NOP) offer limited financial incentives and lack region-specific
support systems [77]. However, the lack of uniformity across states creates inequities and
confusion, limiting the nationwide effectiveness of organic programs. State efforts help
bridge these gaps by reducing transaction costs and providing consistent support [82]. For
instance, Maryland’s program enrolled more than 143,000 hectares annually, supported by
more than $20 million [78].

Extension support for organic production of fruits and vegetables can vary at the state
and federal levels, too. For example, Extension support for organic farmers, particularly
those producing fruits and vegetables in the U.S, reflects these disparities, with federal and
state-level programs offering distinct but uneven resources. Federal extension typically
provides broad-based educational materials, yet it often lacks the localized, practice-specific
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insights that organic farmers require, prompting many to turn to peer networks and
NGOs for actionable guidance [83]. In contrast, state-level extension programs, such as
those in Georgia, offer more targeted, regionally adapted resources but struggle with
agents’ limited knowledge of organic agriculture, underscoring the need for enhanced
agent training to improve the effectiveness of support [84,85]. Additionally, state-level
programs often leverage informal certification and branding strategies that effectively
promote intensification by enhancing product value and marketability [86].

Organic transition subsidies differ notably between federal and state-level programs
in both accessibility and effectiveness, especially for specialty crops like organic fruits and
vegetables in the U.S. Federal subsidies, such as the USDA Organic Certification Cost-
Share Program, provide broad, consistent support but often fail to fully address localized
agricultural conditions, limiting their practical effectiveness [87]. State-level programs,
exemplified by Sikkim’s mandatory organic policies, are highly targeted and capable of
large-scale transformations. However, they sometimes provide insufficient financial sup-
port to farmers during critical transition phases, thereby risking yield reductions [88]. In
contrast, Russia’s organic market indicates that, without substantial government invest-
ment, certification support, and incentives, market growth remains sluggish, underscoring
the need for robust state intervention [89].

3.3.9. Market Accessibility

Growers’ perceptions significantly influence organic adoption, with evidence suggest-
ing that improved knowledge about soil microbiomes could enhance organic uptake by
increasing farmer welfare and reducing synthetic pesticide use [90]. This is particularly
relevant for organic fruits and vegetables in the U.S., where soil health directly impacts
product quality and certification outcomes. Additionally, market inefficiencies in organic
produce distribution channels limit farmers” ability to fully capture organic price pre-
miums, thereby reducing incentives to transition despite strong consumer demand [91].
Collectively, these studies indicate the need for comprehensive, context-specific support
that combines financial incentives, educational outreach, market development, and struc-
tural improvements at both the federal and state levels to facilitate effective transitions to
organic agriculture [92].

3.3.10. Organic Food Fraud

Organic food fraud constitutes a challenge. As well. For instance, organic food fraud
in the U.S. is driven by high demand, limited domestic supply, and the price premium on
organic goods, creating incentives for mislabeling and counterfeit certification. Cases such
as conventional grains, dairy, and even fruits and vegetables in the U.S. being falsely labeled
as organic have undermined consumer trust and harmed legitimate producers [53]. The
USDA’s reliance on third-party certifiers, including foreign agents, has weakened oversight,
allowing fraudulent imports of Chinese products into the U.S., with up to 40% of organic
food allegedly noncompliant and falsely labeled with the USDA Organic seal [93]. Organic
food fraud threatens the credibility of the organic label, as seen in major scandals like the
California Liquid Fertilizer case, where economic incentives and limited regulations, such
as relaxed renewal procedures and a lack of testing, enabled synthetic inputs such as am-
monium sulfate to be falsely marketed as organic for years, yielding millions in fraudulent
profits [94]. As a result, congressional concern and media coverage have amplified calls for
USDA reform and stricter enforcement to restore consumer confidence [95,96].

Blockchain traceability is an effective tool for preventing organic food fraud. Moreover,
blockchain enhances traceability in organic supply chains by offering transparent, tamper-
proof tracking from farm to fork, thereby addressing issues such as certification fraud
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and information asymmetry. It increases consumer trust, especially online, by improv-
ing visibility of product origin, quality, and environmental impact, which is particularly
valuable for organic fruits and vegetables in the U.S., where traceability is critical for main-
taining premium markets. For instance, the Fair food “Back to the Origin” initiative used
blockchain to verify fair payments and product authenticity in the Indonesian nutmeg
supply chain, empowering farmers through mobile validation and bypassing third-party
intermediaries [97-99]. In China, Oracle’s blockchain-based system for agricultural product
traceability combined QR codes and sensors to track fertilization, pest control, and harvests
in real time, ensuring data authenticity and eliminating intermediaries [100]. Similarly;,
Serbia’s SAFE platform streamlined organic crop certification by integrating Internet of
Things (IoT) sensors and blockchain to validate soil quality, water use, and compliance
with agroecological practices [101]. Also, the U.S. government has established programs
to prevent organic food fraud, for example, the National Organic Program Enforcement
(NOP). Moreover, the NOP was established under the Organic Foods Production Act
(OFPA) of 1990 to regulate organic labeling and prevent fraud. Only products certified
to meet the NOP standards may legally display the USDA Organic seal [102]. The USDA
accredits third-party certifiers to enforce organic standards, but producers choose their
certifier, leading to inconsistent oversight; when violations occur, certifiers issue Notices of
Noncompliance that can escalate to suspension or a five-year ban, while persistent fraud
such as inflated Turkish organic corn exports has resulted in strengthened supervision
protocols amid growing consumer distrust in the USDA Organic seal, mainly due to non-
compliant large-scale operations [94]. According to a review of more than 500 Notices of
Noncompliance (NONCs), most cited violations were administrative rather than substan-
tive (e.g., paperwork errors, incomplete certifications), potentially diverting attention from
more serious breaches of organic integrity [103]. Finally, consumer trust in organic labeling
is jeopardized by the challenges previously described. Consumer trust in organic labeling
depends on familiarity, credibility, and institutional reliability. For example, Italians and
Poles favor the EU organic leaf Mark. In contrast, Germans and Britons trust national
certifications such as Biosiegel and the Soil Association because of their local relevance and
prior experience with food safety [104]. Perceived product quality, such as taste, healthful-
ness, and ethical standards, reinforces trust by aligning with consumer expectations and
being transmitted from producers to retailers. Still, in a crowded market of overlapping
labels, trust becomes fragile and increasingly dependent on clear, credible information
sources [105]. Expert-certified labels, though initially less recognized, emerged as highly
trusted once identified, as consumers perceived them as neutral, science-based, and free
of commercial bias, offering a promising path to rebuilding trust and upholding organic
integrity in an ever-evolving global food market [95]. This trust is especially critical for cre-
dence goods such as organic produce, including fruits and vegetables, where quality cannot
be verified even after consumption; without strong confidence in certification systems, con-
sumers are far less likely to purchase such products [106]. Most importantly, evidence from
Denmark, Sweden, the UK, and the U.S. shows that consumer confidence in organic labels
is highest where there is substantial state involvement, suggesting that public oversight
may enhance the legitimacy and perceived reliability of eco-labeling schemes [107].

3.3.11. Strategies to Boost Consumption

Increasing the consumption of organic fruits and vegetables is an effective strategy
to expand the adoption of organic practices in the U.S. Moreover, the adoption of organic
production practices depends on demand for organic products and consumer consumption
behavior. Therefore, awareness is required. Thus, strategies such as green marketing help
achieve it. Green marketing involves promoting awareness of environmental health so
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that consumers are willing to pay for this purpose, potentially at higher prices, and may
be conducive to lifestyle changes [38]. Thus, by promoting the environmental benefits of
consuming organic fruits and vegetables, sales could increase, and consequently, more
growers could be lured into this type of production.

Little is known about the effect of organic practices on fruit quality. However, Nunez
de Gonzalez et al. [108] reported that the use of organic fungicides on strawberries does not
affect variables such as pH, acidity, total soluble solids, sugars, and organic acid contents,
instrumental color, and firmness. Additionally, they reported that flavor is not affected
when organic fungicides are applied at appropriate timing and frequency. Likewise, Munne-
Bosh and Bermejo [109] reported that organic farming could provide high-quality fruits by
enhancing pollination and reducing protective treatments, which may ultimately increase
the production of antioxidant compounds in fruits and vegetables. Similarly, Baransky
et al. [19] reported that organically grown fruits and vegetables contain higher levels of
antioxidant compounds. Hence, promoting organic fruit and vegetables by highlighting
their quality may be an effective strategy to increase their consumption.

In conclusion, the organic production of fruits and vegetables in the U.S. has significant
potential for expansion. However, it faces numerous obstacles that limit its performance.
Nevertheless, further research and awareness are needed to overcome these obstacles and
improve the profitability of this business, thereby enhancing growers’ revenues and the
quality of life in rural areas in the U.S.

3.4. Economic Importance

The organic production of fruits and vegetables in the U.S. accounts for about 0.9%
of the total value of agricultural commodities [70]. Moreover, the most produced and
consumed fresh-market vegetables in the US are lettuce, followed by onions, tomatoes,
carrots, and finally, pumpkins. However, by volume, tomatoes are the leading vegetable,
with 5.57 million hundredweight (cwt), followed by potatoes at 5.25 million cwt and lettuce
at 3.9 million cwt. Nonetheless, in organic production, lettuce is the leading vegetable,
with 45,964 acres and a value of $275,586,310, followed by spinach with 26,165 acres and a
value of $205,430,113, potatoes with 24,526 acres and a value of $182,858,472, and broccoli
with 14,799 acres and a value of $134,919,747. Additionally, imports of organic vegetables
are dominated by cucumbers, followed by tomatoes, squash, and bell peppers [71,110].
In addition, the U.S. has been the world’s largest and most valuable market for organic
food since 2011 [76]. Notably, apples and berries are the most produced and consumed
organic fruits in the U.S [42,59]. However, statistics such as acreage, volume, and yield
are unavailable.

Most organic products are processed and consumed locally, particularly fruits and
vegetables [111,112]. For example, lowa experienced an increase in food markets aimed
at establishing a direct link between producers and consumers without intermediaries.
Moreover, industrialization led to a shift in fruit and vegetable production within the same
state, in which, in some places, agronomic crops were replaced, and local production was
substituted by production from other states [113].

Organic fruit and vegetable production in the US has experienced steady growth over
the last decade. According to USDA data [41,114] from 2007 to 2021, the area devoted to
the production of organic fruits and vegetables increased by more than 100% (Figure 3). Its
value increased from $685 million to $1913 million, representing more than a 200% increase
(Figure 4). Finally, the number of farms involved in the production of organic fruits and
vegetables grew by more than 100% (Figure 5). These figures indicate that consumers’ focus
has increasingly shifted toward organic fruits and vegetables, and this trend is growing.
In addition, more farms are devoted to producing organic fruits and vegetables, and their
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area is increasing [115]. Notably, the U.S. agricultural census is conducted every 5 years
and is released with a lag. The US Department of Agriculture is currently conducting an
agricultural census. Hence, data from 2022 to 2025 will be available soon.

250,000 231,096
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[72]
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Figure 3. Area devoted to the organic production of fruits and vegetables. #Acres (number of acres)
Source: National Agricultural Statistical Service. US Department of Agriculture. Organic production
survey 2008, 2014, and certified production survey 2015, 2016 & 2021.

250

191.37
200

=
(o)
o

$ Millions

= Sales(Value$)

=
o
o

50

2007 2012 2014 2016 2021
Survey Years

Figure 4. Value of the organic production of fruits and vegetables in the U.S. Source: National
Agricultural Statistical Service. U.S. Department of Agriculture. Organic production survey 2008,
2014, and certified production survey 2015, 2016, & 2021.
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Figure 5. Number of Farms devoted to the production of organic fruits and vegetables in the U.S.
#Farms (Number of Farms). Source: National Agricultural Statistical Service. US Department of
Agriculture. Organic production survey 2008, 2014, and certified production survey 2015, 2016
& 2021.

Additionally, the U.S. government allocates more funding to organic research to
make this practice safer and more popular and offers incentives to growers to transition
to organic production [58,59]. Remarkably, per capita vegetable availability declined to
376 pounds in 2024, the lowest level in the past 33 years [110]. The situation previously
described can lead to higher prices, as demand for vegetables remains high, thereby creating
opportunities to sell organic products at premium prices [116]. Finally, it is essential to
note that international trade in organic fruits and vegetables has become easier due to the
harmonization of national codes and regulations [58], creating opportunities for growers to
expand sales into international markets and generate additional revenue.

4. Conclusions and Future Directions

Organic production of fruits and vegetables in the U.S. has expanded rapidly in
response to consumer demand for food associated with safety and environmentally respon-
sible production. Across the synthesized literature, organic systems are consistently linked
to outcomes that matter for sustainability: reduced reliance on synthetic inputs, improved
soil conditions and nutrient cycling, and potential climate-smart benefits through greater
organic soil matter and lower energy intensity, alongside food-quality attributes such as
lower pesticide residues and higher antioxidant properties. On the other hand, this sub-
sector remains constrained by factors that can limit profitability and scalability, including
high labor requirements, limited availability of organic pest-control tools, perishability and
post-harvest losses, and the administrative and market-access burdens associated with
certification and regulation. National indicators, nonetheless, point to a strong momentum:
from 2007 to 2021, acreage devoted to the production of organic fruit and vegetables dou-
bled from 130,436 to 237,096, farm-gate value increased from $685 million to $1913 million,
and the number of participating farms rose by more than 100%, underscoring a durable
market signal and growing producer participation.

Future progress will depend on targeted innovation and coordinated support.
Thus, improvements in breeding and cultivar development to enhance nutrient content,
pest/disease resistance, extended shelf life, and post-harvest handling, cold-chain access,
and the availability of more effective organic pest-management options are needed. Addi-
tionally, establishing streamlined, equitable certification and technical assistance for small
and novice growers can also help. Finally, harmonizing state and federal programs while

https://doi.org/10.3390/su18031491


https://doi.org/10.3390/su18031491

Sustainability 2026, 18, 1491 15 of 20

strengthening integrity and traceability in organic supply chains will also help advance
organic fruit and vegetable production in the U.S.
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