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Abstract

Organic vegetable production is a rapidly expanding segment within the fast growing organic sector of
agricultural production. Although pests and diseases remain a challenge in organic production, the growth and
expansion of this system is dependent on sustained use of good quality organic seed. Due to the limited supply of
organic seed, the National Organic Program (NOP) allows the use of untreated conventional seed in organic
production of vegetables and other crops. Conventional seed derives from a high input production system using
synthetic pesticides and fertilizers. They also offer many varieties and are readily available at a much lower price
compared to organic seed. Organic systems demand cultivars with different characteristics often absent in
conventional cultivars, and this need begins with the seed. It is not common practice for farmers to test or
sanitize seed before planting. Consequently, the use of such conventional seeds, which may not be well adapted
to the low input organic production system, could favor disease susceptibility, establishment of seedborne
pathogens especially in vegetables and their subsequent dissemination in the organic production system. Our
overall goal is to improve organic vegetable crop health and production in the southeastern U.S. through
application of sustainable seed health management and help limit seed borne infections, transmission and
dissemination in organic vegetable production fields.

Keywords: conventional seed, certified organic seed, seedborne disease, seed health
1. Introduction

Organic farming is currently the fastest growing agricultural sector worldwide with sales of organic products
totaling $43 billion in 2015 (Hubbard & Zystro, 2016). However, plant diseases and weeds are among the major
factors limiting its expansion (Nyochembeng et al., 2014). The United States Department of Agriculture
(USDA)’s National Organic Program (NOP) defines organic as food produced without the use of conventional
pesticides, petroleum-based fertilizers, sewage-sludge-based fertilizers, herbicides, pesticides, genetic
engineering (biotechnology), antibiotics, growth hormones, or irradiation (NOP, 2000). In 2019, there were over
14,000 acres under certified organic vegetable production in southeastern US (USDA NASS, 2019) and this
acreage continues to increase.

Most economically important organic vegetable crops produced in the southeastern US (tomato, cucumber, bell
pepper, carrot, squash, watermelon, cabbage, lettuce, etc.) sexually propagate by seed. These crops are subject to
attack and often infection by many seedborne and seed transmitted pathogens causing severe diseases (Table 1)
and significant yield loss. An important requirement for successful organic farming is the use of seeds or other
propagating plant material produced under organic farming conditions (Groot et al., 2004). This requirement is
paramount to ensure crop adaptability to the production system and therefore crop performance and yield. Due to
the restrictive nature of the organic production system, where there is no application of synthetic chemicals
(fungicides, bactericides, etc.) seeds used in organic production may be predisposed to contamination with seed
borne pathogens and weed seeds and have a high likelihood of harboring and disseminating plant pathogens.
Although disease problems are adequately addressed in the system employing whole farm planning and
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integrated disease management (IDM) tools, it is more feasible under low acreages and does not easily translate
to large acreages characteristic of conventional farming systems.

Currently, there is no policy put in place that safeguards the health and quality of seeds used in organic vegetable
production systems. The Organic Seed Alliance (OSA) a non-governmental organization that advocates for
robust organic seed industry, recommended that NOP amend its guidance document regarding organic seed by
providing instructions to strengthen the consistent enforcement of the organic seed requirements and where
necessary hold accountable farms that fail to comply with the policy or are not making continuous effort in
improving their organic seed sourcing (Hubbard & Zystro, 2016). The purpose of this study is to determine the
relationship between the source of organic seed and the occurrence or incidence of seed borne and seed
transmitted plant diseases in organic farms, and to identify challenges/constraints and opportunities to improve
seed health quality and minimize the losses due to seedborne and seed transmitted diseases in organic vegetable
production. Our overall goal is to improve organic vegetable crop health and production in the southeastern U.S.
Through the application of sustainable seed health management, it is feasible to limit or eliminate seed borne
infections in organic vegetable production fields.

2. Challenges
2.1 Current Status of Seeds in Organic Vegetable Production

It is generally accepted in the organic community that seeds used in organic production systems be produced
organically. The mandatory use of organic seeds in organic production is one of the National Organic Program
(NOP) standards of the USDA established in 2002. However, organic farmers face some challenges that restrict
organic seed sourcing. Several surveys conducted between 2009 and 2015 (Hubbard & Zystro, 2016) indicated
that organic plant breeding is still in its infancy. Consequently, the supply of new organic seed varieties or
preferred older varieties improved for organic production system is limited. Stakeholders have articulated the
reasons why many farmers still use conventional seed in organic production. These include 1) organic certifiers
exercise much leniency in the organic seed requirement as part of their regulatory enforcement and compliance,
2) specific varieties are not available in an organic form, 3) the overall supply of organic seed is not enough to
meet the growing demand in the rapidly expanding organic farming industry.

2.1.1 Use of Conventionally Produced Seeds by Organic Farmers (Lammerts van Bueren, 2003)

Ideally, seeds used in organic production should be developed through new plant breeding for characteristic traits
that are adapted to organic production conditions. Although organic plant breeding is ongoing, its progress is
relatively slow due to many constraints. These include cost, limited funding in the public sector, overdependence
on the public sector for funding, lack of incentives in the private sector to invest in organic seed breeding, lack of
expertise, lack of experimental land resources, potential legal issues with intellectual property rights, and
reluctance in regulatory enforcement of organic seed requirements by lenient certifiers. Due to the limited supply
or lack of this new organic seed, which also increases cost, organic farmers are constrained to using untreated
conventional seed as a substitute. Some farmers also use conventional seeds because of the superior quality
attributes of the specific variety which is popular in the market place. It is therefore unlikely that the use of
conventional seeds in organic production system will cease anytime soon despite existing regulations. There are
also increasing numbers of new entrants into organic production who have to transition a minimum of three
years before becoming certified and being subject to certification requirements. A significant segment of this
group uses conventional seed varieties. Unfortunately, the vast majority of commercial conventional seed is bred
to rely on high fertilizer and pesticide inputs. This can be seriously problematic for organic systems which rely
on biopesticides and slow release of nutrients from organic soil amendments.

2.1.2 General Lack of Knowledge/Concern for Seedborne Pathogens by Organic Growers

Most organic farmers who use conventional seeds for vegetable production often obtain untreated seeds from
vendors or use their own saved seed. Untreated seeds generally are seeds that are not coated with a fungicide or
other synthetic seed protectant and therefore are likely to harbor seed borne pathogens that could be spread after
planting the seed in the new field. One of the major opportunities identified by researchers in organic seed
development is addressing seed-borne diseases (Hubbard & Zystro, 2016). In southeastern US, seedborne
pathogens causing failure of seedling establishment in vegetable crops are common. The spread of these pathogens
is rapid through factors such as high relative humidity, populations of susceptible plants, high temperatures, and
overhead irrigation (Walcott et al., 2003). The most effective management strategy under these conditions will be
through pathogen exclusion, accompanied by using their specific detection assays to assess seed lots prior to
planting the seeds. Seed assays must be sensitive, specific, rapid, robust and cost-effective. Seed assays that have
been developed over the years involve visual examination, use of selective media, applications involving seedling
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grow-out methodologies, serology-based assays, and polymerase chain reaction (PCR)-based assays (Walcott et al.,
2003). Each of these methodologies comes with its challenges. Assays that are designed for specific pathogen
detection must be validated using stringent tests for evaluation of their reproducibility and repeatability.

2.1.3 Lack of Accessible Indexing Tools to Rapidly Detect Seedborne Pathogens

Several invaluable seed detection assays exist with rated sensitivity/specificity ranging from low to very high
based on the time for assay completion, sensitivity, ease of application, specificity and applicability for detection
of fungi, bacteria and viruses (Walcott, 2003). Of these assays, visual examination, semi-selective media,
seedling grow-out and serology-based detection are the only simple, inexpensive methods that a grower can
afford to perform. The most rapid and sensitive of these techniques is serology and currently there are
commercial kits available for in situ detection of pathogens. Most organic growers do not yet employ these
diagnostic tools and therefore detection of seedborne pathogens in organic production systems is not routine. In
order to succeed in applying these tools, organic growers would need to seek the services of university plant
clinics or the local/state extension plant disease diagnostic laboratory.

2.2 Problems Associated With Conventionally Produced Seeds Used for Organic Production
2.2.1 Seed Health

Conventional seeds are produced in a system that relies heavily on the use of pesticides and synthetic fertilizers
over a prolonged season. If such seeds should harbor seedborne and seed transmitted pathogens and are used in
organic production systems where minimal inputs are applied, they may transmit and disseminate plant diseases
which management may be a serious challenge especially during the transition period (van Bruggen &
Termorskuizen, 2003). Currently, most organic producers do not practice or perform any type of seed health
testing prior to planting their seeds. Crops grown from conventional seeds therefore need to be closely monitored
for seed transmitted diseases to avoid or minimize their dissemination that could result in epidemics or depressed
yields long-term. The current extension system is not fully equipped to serve the organic producers and assist in
disease monitoring in organic fields.

2.2.2 Seed Quality

This refers to the state of viable seed devoid of infection or infestation with pathogenic organisms and other
pests capable of maximizing potential crop productivity and value. Organic seed certification is adopted by some
growers to ensure good quality “clean” seed is planted in their organic farm. It is interesting to note that a great
majority of certified organic farmers are concerned about genetic contamination of their seed in organic fields
(Sripathy et al., 2012). Plant pathogen contamination should also be an important consideration. Only a few
organic growers take measures to prevent introduction of seedborne pathogens in their fields by carrying out
seed testing, quarantine and indexing techniques probably because the ecological nature of the production system
helps to minimize disease outbreaks (van Bruggen & Termorskuizen, 2003). The vast majority relies on the seed
suppliers to provide “clean” seed often with no interest in their seed borne disease status. Due to economics and
current environmental awareness, more research effort needs to be directed toward biological seed treatments
with further development and application of advanced DNA amplification technologies to enhance the detection
of seedborne pathogens that otherwise will go undetected using conventional seed health testing methods (Sousa
etal., 2015, 2016).

2.2.3 Adaptability to the Organic Production System (Heirloom vs Hybrids)

Heirloom vegetables are unique varieties that have been preserved by handing down seed from generation to
generation. These varieties are generally 50 to 100 years old, although some are much older. All heirlooms are
open-pollinated and usually breed true-to-type. Unlike hybrids, which have been bred for uniformity in size,
shape, and ripening, including durability in shipping, heirlooms were often selected for flavor potential and
eating quality (Kaiser & Ernst, 2013). Many organic growers plant heirloom vegetables most of which are not
resistant to current diseases and may be good targets for seedborne pathogens if not well managed. On the other
hand, most hybrids have better disease resistance in addition to other desired quality traits.

2.3 Seed Production Using Organic Production Systems
2.3.1 Cost of Producing Organic Seed

Many producers agree that conventional seed is a lot cheaper to produce than organic seed. Consequently, it is
also cheaper to buy. Organic seeds cost on average 65% more than conventional seed. Despite the high cost of
organic seed, there is an increasing trend in the use of organic seed. A recent Organic Seed Alliance (OSA) report
describes an increase in the number of farmers who use 100% organic seed by 7-10% across all crop types
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(Hubbard & Zystro, 2016). However, these numbers are still low considering the rapid growth of the organic
sector in recent years. Hence, many organic growers continue to use conventional seed in their organic
operations.

2.3.2 Difficulties With Biennial Vegetable Crops

Biennial vegetable crops are grown over two continuous growing seasons and therefore remain exposed to pests
and diseases over a longer period than annual crops. If resistant varieties are unavailable, the risk of pathogen
contamination and infection is higher due to the length of time it takes to produce seed in these crops. Some
varieties of cole crops such as cabbage, cauliflower, etc, are susceptible to seedborne pathogens such as black rot
caused by Xanthomonas campestris pv campestris (Xcc) (Pammel) and alternaria leaf spot caused by Alternaria
sp. often with very severe foliar symptoms.

3. Opportunities
3.1 Monitoring Seedborne Pathogens in Production Fields

Although it is the responsibility of the seed supplier/company to ensure that the seed lot is screened for
seedborne pathogens before sale, it is important for the organic grower to double check where necessary to avoid
disseminating seedborne pathogens. Many growers often do not practice this procedure either due to lack of
training, cost, or neglect (Maclintock, 2018). Some seeds including tuberous propagating material (e.g., ‘seed
potato’) can contain seedborne diseases such as blackleg caused by Dickeya dianthicola (Dickey), which can go
unnoticed until it is too late (Dufault, 2016). Some crop (e.g., specialty crops grown at a small scale) seeds may
not yet have commercial seed health tests available for the particular crop due to limited research on their
seedborne pathogens (eXtension, 2016). Even after the seeds are planted, routine monitoring through regular
field scouting for early symptoms of disease development is warranted.

There are now commercially available simplified tools that can be used directly by growers and producers to
identify pathogens. Such grower-friendly tools include immunoprinting kits and lateral flow devices (LFDs) for
detection of selected plant pathogens (De Boer & Lopez, 2012). An important characteristic of the
grower-friendly tool is that it should be simple, robust, cost-effective and have a long shelf-life.

3.1.1 Application of Robotics

UAVs/Agricultural drones for monitoring crop stress. Unmanned area vehicles (UAVs) equipped with special
infra-red cameras are currently being deployed to facilitate the monitoring and detection of physiological stress
in plants across a field. These technologies can be beneficially exploited in detecting plant diseases early leading
to prompt interventions, and thus facilitating the prevention of disease spread in the production field.

3.2 Development of New Seed Sanitization and Pathogen Monitoring Systems

Currently, there are limited options for conducting seed sanitization for organic seeds. The most common is
thermal treatment with hot water, which primarily targets seedborne bacterial pathogens and may not be effective
against some bacterial pathogens such as Clavibacter michiganensis (Smith) subsp. michiganensis cause of
bacterial canker in tomato (de Leon et al., 2011). There is need to develop new tools to aid in pathogen detection
in organic systems including additional pathogen-specific antibodies and/or primers to address the many
pathogens for which tools are not currently available, quantitative and multiplex forms of LFDs, biosensor
technologies and mass spectrometric methods (De Boer & Lopez, 2012). New seed sanitization techniques such
as application of low temperature plasma which uses ionized air gases are being explored (Thirumdas, 2018;
Jiang et al., 2014). Low temperature plasma treatment of rice seeds for 76 s led to a 90% level control against
Gibberella fujikuroi (Sawada) the cause of bakanae disease (Jo et al., 2014; Spadaro et al., 2017).
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Table 1. Major seed-borne pathogens and seed transmitted diseases of important vegetable crops in southeastern
Us

Pathogen Disease Common Name Hosts Cultural Treatment Practices References
Bacteria
Acidovorax avenae subsp. citrulli Bacterial fruit blotch Cucurbitaceae  Use pathogen-free seed and transplants Walcott, 2005

Clavibacter michiganensis Deep ploughing to bury infected crop residue,

L . Bacterial canker Tomato X . Gleason et al., 1991
subsp. michiganensis practice 2-year crop rotation, seed treatment
Pseudomonas syringae pv phaseolicola Beans Use of pathogen-free seed.
Delay planting in spring to avoid
Pseudomonas syringae pv tomato Tomato cool wet conditions, minimize Sun et al., 2017
overhead irrigation, crop rotation.
. Use of pathogen-free seed, heat treatment,
Xanthomonas axonopodis pv phaseoli ~ Bacterial speck Beans . P 'g . Lo Cantore et al., 2015
resistant varieties.
. . . Sanitation, crop rotation, weed control .
Xanthomonas campestris pv campestris  Black rot Brassica Vincente & Holub, 2012
and use of assayed clean seed.
. . . . Sanitation, use of pathogen-free seed,
Xanthomonas campestris pv vesicatoria Bacterial spot Tomato, pepper Hoda et al., 2005

resistant cultivars.

Fungi
Integrated use of clean seed, sanitation,

Alternaria dauci Leaf blight & black rot ~ Umbelliferae . . . Farrar et al., 2004
crop rotation, cultivar selection.

Use disease-free seed, crop rotation,
Colletotrichum lindemuthianum Anthracnose Beans plough crop debris deep under, avoid Liuetal., 2016

sprinkler irrigation, resistant varieties.

Colletotrichum acutatum Bell pepper Disease-free seed, crop rotation (6-15 years).  Frate et al., 2017
Verticilium dahlia  Verticillumwilt Spinach Crop rotation withnonhosts duToitetal, 2005
Viruses

Lettuce mosaic virus Lettuce mosaic Lettuce Use virus-indexed seed, manage aphids

. . . . Use diseases-free seed, sanitation,
Pepino mosaic virus Pepino mosaic Tomato . Hansen & Thomma, 2010
control insect vector (bumble bees).

3.3 Organic Seed Treatment

Seed quality is vital in seedling establishment, crop growth and production (Hopkinson & Bishnoi, 2011). The
use of seed treatment and more reliable seed health testing tools is critical to ensure seed health quality standards
and for achieving phytosanitary requirements in the new millennium (Nameth, 1998).

The management and control of seed transmitted diseases in important organic vegetable cropping systems have
been undertaken. Various tactics of biological control with antagonistic bacteria (Amkraz et al., 2010), composts
(Yogev et al., 2009), plant activators for induction of resistance (Bishnoi et al., 2004; Soylu et al., 2003; Werner
et al., 2002), plant essential oils (Daferera et al., 2003) or vegetable extracts (Balestra et al., 2009) and soil
solarization have been used for managing bacterial canker in tomato (de Leon et al., 2011). The table below
(Table 2) summarizes some of the broad-based techniques of seed treatment that are applicable to organic seed
quality improvement in vegetable production systems.
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Table 2. Advantages and disadvantages of some methods of seed treatment used in organic vegetable production

Method Use/Advantage Disadvantage/Deficiency
Priming Faster and uniform germination, earlier seedling establishment No protection from attack by pathogenic microorganisms

. Streamline size, shape and enhance uniformity in small non . . .
Pelleting Some current pelleting materials not approved for organic use

round seeds (lettuce, onion, carrot etc.)

Not effective against a broad range of seedborne pathogens;
Care and precision needed to protect embryo from damage;
works only for some seeds; seeds may lose vigor if stored
beyond the season.

Some plant extracts (thyme, oregano, garlic, hedychium, etc)
have shown promise as organic seed treatments and currently
in use in some European countries.

Little data available in this area. Product may not have durable
protection in an exposed application.

Biologicals

Several microbial based products (Streptomyces Iydicus,

Trichoderma,  Gliocladium,  Bacillus)  are  available

commercially for plant protection in organic system.

Similar to plant extracts, tests with these organisms have
yielded inconsistent results probably due to method of delivery
to seeds.

Source: Organic Seed Resource Guide, E.W. Gatch, Washington State University.

However, serious challenges remain for managing many seedborne and seed transmitted devastating vegetable
diseases due to lack of effective pathogen detection methods and seed treatment. Recent research developments
in seed pathology technology (PCR, qPCR, real-time PCR and multiplex PCR) have provided sensitive tools and
the opportunity to detect with high efficiency, many seedborne pathogens of vegetable crops.

4. Conclusion

In conclusion, it is apparent that although there is continued progress in breeding organic seed for organic crop
production systems, some organic producers still use conventional untreated seed due to either cost or lack of
availability of organic seed. Consequently, steps need to be undertaken to minimize or prevent the transmission
and dissemination of seed-borne diseases associated with the conventional production systems from taking a foot
hold in a low input sustainable production system of organic vegetable production.
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