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Seed borne disease transmission in Cannabis

Growing cannabis outdoors presents unique challenges. Numerous variables, including weather, water
and soil quality, insect presence, and invasive weeds, can significantly impact crop success. Given this
unpredictability, it is essential for cultivators to maximize control over the factors within their influence.

One critical factor that outdoor growers can control is starting with healthy cannabis seeds. Many
harmful pathogens that threaten crop health are seed-borne, posing a serious risk to yield and could
potentially spread across an entire field, leading to devastating economic losses.

To ensure a high-yielding, disease-free harvest, it is important for growers to prioritize pathogen testing
before sprouting seeds. Preventatively testing for pathogens in seed lots is the most effective way to
safeguard plant health, minimize risk, and optimize yield from the start.

What Pathogens to Test?

Numerous pathogens can be transmitted via cannabis seed, including viruses, viroids, fungal pathogens,
oomycetes, and bacteria. Knowing which pathogens to test for, and why, is essential for ensuring a
successful crop while avoiding unnecessary costs on tests for pathogens that are not seed-borne or
unlikely to cause significant damage.

So, which pathogens could be harbored in cannabis seed.

Seed-borne Viroids in Cannabis

Among the most insidious seed-borne pathogens are viroids. The symptoms of viroid infections often
begin subtly, initially mimicking abiotic stress, making early detection difficult. As a result, infections are
frequently identified only after significant spread has occurred. Among these, Hop Latent Viroid (HLVd)
currently poses the greatest threat to cannabis cultivation.

Like all viroids, HLVd is a tiny molecular parasite that spreads mechanically, through water runoff, and
likely via insect vectors™*3. Infected plants exhibit stunted growth, poor root development, decreased
biomass, and severely reduced cannabinoid content. While research on HLVd seed transmission is still
emerging, multiple studies*® have reported transmission rates ranging from 50% to 90%.

Cannabis flower from infected plants also accumulate a substantial viroid load, suggesting seed surface
contamination by HLVd may also be an important source of infection spread. Studies conducted at TUMI
Genomics further support these findings, showing that seed-to-seedling transmission ranges from 20%
to 50% when originating from a HLVd positive mother plant, depending on factors such as strain,
infection level of the mother plant, and seed age.

In addition, at TUMI Genomics seed transmission of HLVd from infected males has been observed but at
a much lower rate (~5%). However, rates of HLVd infection in seedlings due to positive male plants has
been shown to be as high as 80% by others®.
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HLVd is widespread in both indoor and outdoor cannabis cultivation, with research showing that over
50% of symptomatic plants test positive for the viroid“*°. TUMI Genomics studies further indicate that
around 75% of cultivation facilities around the world have either an active or past HLVd infection,
highlighting its prevalence across the industry.

Given seed transmission of HLVd is highly efficient, it is extremely likely that a given seed batch could
contain seeds from infected plants. The ease with which HLVd spreads and the significant impact it has
on plant health and yields makes testing seed batches for this pathogen critical to ensuring a successful,

disease-free crop.

Seed-borne Viruses in Cannabis

Beyond viroids like Hop Latent Viroid (HLVd), viral pathogens can be a significant concern, especially for
outdoor cannabis growers. Among them, Beet Curly Top Virus (BCTV) is one of the most prevalent and
damaging. BCTV causes severe upward leaf curling, leaf yellowing and growth defects. The virus is
transmitted by the beet leafhopper (Circulifer tenellus), an insect endemic to the western United States
and several other states. During times of high leafhopper prevalence, the percentage of BCTV infected
plants can approach 90% in symptomatic plants’. While multiple sources suggest that BCTV is not
seed-borne, no comprehensive study has been conducted to confirm or refute this mode of transmission
in cannabis. However, research on petunias demonstrated BCTV seed transmission rates between 38%
and 78%°, suggesting that seed transmission remains a possibility.
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Listed below are several other viral pathogens that infect cannabis and have evidence for seed
transmission:

e Tobacco streak virus (TSV): This virus was found to infect cannabis in studies conducted in both
Colorado and New York®!® and has shown seed transmission rates between ~7% to 48% in
other crops™.

e Alfalfa mosaic virus (AMV): AMV has been identified in cannabis'? and shows a seed-borne
transmission rate up to 90% in other types of plants®.

Other viruses that do not currently pose an immediate threat to outdoor cannabis cultivation due to
seed-borne transmission include:

e |lettuce chlorosis virus (LCV): Not seed-borne, and no published reports of incidence in the
United States™.
Cannabis cryptic virus (CanCV): Asymptomatic, with no confirmed impact on plant health®.
Tobacco mosaic virus (TMV): No reported natural infections in cannabis, and forced laboratory
inoculation studies show no induced symptoms*®

e Citrus vellow vein-associated virus (CYVaV): Reported to infect cannabis is several studies'®", but

no evidence of seed transmission®®.

Testing for BCTV in cannabis seeds followed by TSV and AMV are important steps to ensure a healthy
crop. However, LCV, CanCV, TMV and CYVaV are unlikely to cause major economic issues due to
seed-borne transmission and are therefore not priorities for screening prior to planting.

Seed-borne Fungal Pathogens in Cannabis

Seed-borne fungal pathogens pose a significant risk to cannabis growers, as they can be present both
internally and externally on seeds. Internally infected seeds may carry fungal pathogens that cause
disease from within, while externally contaminated seeds can transfer pathogens to seedlings during
germination. Once infected plants exist in a field, fungal pathogens can spread quickly through water-run
off, insects and sporulation in the air, making these pathogens a major risk to entire crops.

Additionally, many fungal pathogens produce mycotoxins or cause dangerous infections in
immunocompromised individuals which can be harmful to human health'. Because of this, ensuring
high-quality, disease-free cannabis/hemp seed is not only essential for a successful harvest but also for
consumer safety.

Critical Seed-Borne Fungal Pathogens

The following fungal pathogens can infect the interior of seeds, leading to damping off, root rot, wilting,
and rapid plant death in seedlings®. These pathogens may also persist on the seed coat, increasing the
risk of disease transmission?*?’.

® fusarium spp. e Alternaria spp.
® Rhizoctonia solani e Stemphylium vesicarium
e Sclerotinia sclerotiorum ® Rhizopus Spp
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Seeds infected with these pathogens often exhibit low germination rates and may introduce persistent
fungal contaminants into the growing environment. Spores from many of these fungi can survive in soil
for years, making it critical to prevent their introduction through rigorous seed screening.

Externally Contaminated Seeds & Secondary Transmission

Other fungal pathogens, while less likely to be present internally, can contaminate the exterior of seeds
and transfer to seedlings during germination. A recent study on hemp seed found that up to 75% of
seeds were surface contaminated with fungal pathogens?, including:

® Penicillium spp. ® Chaetomium spp.
® Cladosporium spp. ® Aspergillus spp.
® Pythium spp.

These fungi can proliferate in seedlings and soil, increasing the risk of crop loss and long-term
contamination. Seed sterilization prior to planting is critical to prevent fungal outbreaks and ensure
healthy germination.

Seed-Borne Bacterial Pathogens in Cannabis

Bacterial diseases in cannabis are less common than fungal or viral pathogens but can still cause
significant crop damage. While many bacterial diseases have been reported in outdoor cannabis and
hemp, their prevalence is not well understood. Among bacterial pathogens, seed-borne bacteria
transmitted by beet leafhoppers are a significant concern due to the widespread presence of these
insects in the western United States. These pathogens include both phytoplasmas and Spiroplasma citri.

Spiroplasma citri appears to be significantly less common than phytoplasma pathogens. Recent studies
indicate that while phytoplasmas are detected in approximately 21% of symptomatic cannabis plants,
Spiroplasma citri is identified in only about 3% of cases?®*?° . However, if beet leafhoppers are highly
prevalent in the region where the seed was sourced, the risk of Spiroplasma citri infection should still be
considered.

Phytoplasmas are cell wall-lacking bacteria that inhabit the plant phloem and are primarily transmitted
by insect vectors such as the beet leafhopper. However, they can also be spread through vegetative
propagation and seed*’. Phytoplasma infections can cause stunting, small and malformed leaves and
highly branched stems (aka “witches broom”). Multiple phytoplasma species that have been identified
in cannabis/hemp??3? including:

e Candidatus Phytoplasma asteris
e Candidatus Phytoplasma trifolii

While phytoplasmas can be transmitted via seed, infected mother plants often produce low-quality,
malformed, or reduced seed yields, making it less likely infected mothers will contribute to seed lots.
However, increased risk of seed transmission can arise when seeds are sourced from outdoor-grown
plants in regions where the primary vector of phytoplasmas, beet leafhoppers, is endemic namely;
Arizona, California, Colorado, Idaho, Oregon, Utah and Washington. If sourcing seed from outdoor
cultivators in these areas, phytoplasma screening of seed lots is advisable.
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The Bottom Line

Screening for seed-borne pathogens is critical to safeguarding crops. The most prevalent and damaging
seed-borne pathogens in cannabis include:

Hop Latent Viroid (HLVd)
Beet Curly Top Virus (BCTV)
Alfalfa Mosaic Virus (AMV)
Tobacco Streak Virus (TSV)
Fusarium spp.

Rhizoctonia solani

Alternaria spp.

Stemphylium vesicarium
Candidatus Phytoplasma asteris
Candidatus Phytoplasma trifolii
Sclerotinia sclerotiorum

For cultivators facing budget constraints, prioritizing pathogen screening is essential to maximizing crop
protection with limited resources. Among the seed-borne pathogens listed, HLVd, BCTV, Fusarium,
Alternaria, Rhizoctonia solani and Sclerotinia sclerotiorum pose the greatest threat, as they are
common, have the potential to cause widespread infection quickly, and can lead to catastrophic crop
loss. HLVd silently spreads through propagation material, leading to stunted, low-yielding plants, while
BCTV can quickly devastate entire fields through insect transmission during times when beet leafhoppers
are common. Fusarium, Alternaria, Sclerotinia sclerotiorum, and Rhizoctonia solani are aggressive fungal
pathogens causing poor germination, seedling collapse and plant death and can persist in soil for years,
making them particularly difficult to eradicate once introduced. Given the potential economic impact of
these diseases, allocating resources to test for these high-risk pathogens is a strategic investment in the
long-term success of a cultivation operation.

Why Test Seeds?

Outdoor cannabis growers make a significant investment at the start of each season when sourcing
genetics and seeds. The quality and profitability of the final harvest largely depend on selecting
high-quality, disease-free genetics that grow into vigorous, high-yielding plants. Planting seeds
contaminated with pathogens can jeopardize the entire season, reducing plant health, yields, and overall
profitability. Consequences of planting diseased seeds include:

Reduced Germination Rates

Seed-borne pathogens can significantly reduce germination rates, leading to wasted seeds, increased
replanting costs, and uneven field establishment. Fungal pathogens such as Fusarium,
Alternaria,Rhizoctonia solani and others can prevent germination altogether or cause damping-off, a
condition where seedlings germinate and then quickly collapse due to root or stem rot. Poor
germination not only reduces plant counts but also disrupts production schedules and increases labor
and material costs.
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Weakened Plant Vigor and Reduced Yield

Even if infected seeds manage to germinate, they often produce weak, stunted plants with poor root
systems. Early pathogen exposure can weaken plants making them more susceptible to secondary
infections common in the environment, such as Pythium, Botrytis and others. Hop latent viroid, which is
not reported to impact germination rates, is seed transmitted and can exist in plants asymptomatically
throughout vegetative growth, only to cause dramatic yield loss and reduced cannabinoids in flower.

Rapid Spread of Pathogens Across the Field

Pathogens introduced through infected seeds can quickly spread to an entire field. Pathogens can move
from plant to plant through water run-off, soil, air, insects, and on tools and equipment; making
containment difficult once an outbreak begins. Even if only a minority of seeds carry an infection, the
resulting spread can lead to widespread crop damage, significantly reducing the overall success of the
harvest.

Long-Term Soil Contamination

Certain pathogens, such as Fusarium and Rhizoctonia, can persist in soil for years, making them difficult
to eliminate once introduced. Contaminated soil can act as a long-term reservoir for disease, affecting
future cannabis crops and limiting planting options. Some seed-borne diseases are highly pathogenic
across multiple crop types or can transfer into asymptomatic host plants, such as native weeds, creating
a persistent disease reservoir. To manage soil-borne pathogens, growers may consider strategies like crop
rotation or leaving some fields empty. However, these approaches may not be practical for all cultivators
and could negatively impact farm profitability.

Investing in Seed Testing for Long-Term Success

Given these risks, testing seeds before planting is a crucial step in protecting both current and future
harvests. A small upfront investment in disease testing can prevent substantial financial losses and
ensure a successful, high-yielding crop at the end of the season. Confirming that seed batches are free
from harmful pathogens reduces the risk of crop failure, prevents the introduction of persistent
soil-borne diseases, and ensures strong, uniform plant growth. By screening seeds for pathogens prior to
planting, cultivators can safe-guard their investment, enhance plant vigor, and ensure sustainability for
future crops.
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How to Test Cannabis Seed for Pathogens

Best Practices for Testing Cannabis Seeds for Pathogens

Testing cannabis seeds for harmful pathogens before planting is a critical step in ensuring a successful
and profitable harvest. Undetected seed-borne diseases can lead to poor germination, stunted growth,
and long-term soil contamination, making proactive testing an essential part of any grower's strategy. To
maximize the effectiveness of seed testing, cultivators should follow these best practices.

Verify the Health of Mother Plants

The first step in seed testing is gathering information from the seed supplier. Growers should inquire
whether the mother plants that produced the seeds were tested for pathogens, which specific
pathogens were tested for, when the testing was conducted, and which laboratory performed the
analysis. Requesting actual test results ensures transparency and helps growers assess the potential risks
associated with a given seed batch. A reputable seed producer should be able to provide this data and
demonstrate a commitment to pathogen-free production.

Source Seeds from a Limited Number of Mother Plants

Whenever possible, growers should source seeds that originate from a minimal number of mother
plants. This practice reduces the overall risk of pathogen transmission and increases the likelihood that a
pathogen, if present, will be detected through PCR testing. Seed producers who divide their seed lots
according to specific mother plants can further minimize losses if a pathogen is detected in a particular
batch. By maintaining traceability, seed producers and growers alike can isolate infected lots, preventing
further spread while preserving healthy seed stocks.

Understand the Statistical Approach to Seed Testing

Seed testing is not about testing every single seed in a batch; rather, it is about testing a statistically
significant subset to provide confidence that a given pathogen is absent. Most testing is conducted to
ensure, with 95% confidence, that if a pathogen is not found in the tested subset, it is unlikely to be
present in the entire population. Determining the number of seeds that need to be tested requires
statistical calculations. To simplify this process, we have created a seed testing calculator and detailed
instructions that growers can use to determine the appropriate sample size based on their desired
confidence level and pathogen occurrence rates.

By implementing smart seed testing strategies, cultivators can significantly reduce the risk of introducing
seed-borne pathogens into their operations. Verifying mother plant health, sourcing from a limited
number of mother plants, and utilizing statistical sampling methods ensure that growers can make
informed planting decisions. This proactive approach provides peace of mind and increases the
likelihood of a healthy, high-yielding crop, ultimately supporting a more profitable and sustainable
cultivation process.
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Surface Sterilization of Seed

Chlorine (Bleach) Seed Treatment

Bleach treatment removes viroids, viruses, fungi, and bacteria from the surface of seeds but does not
eliminate pathogens inside the seed. In TUMI Genomics studies, bleach sterilization did not significantly
impact germination percentage. However, it should not be used on seeds that have been
fungicide-treated or hot water-treated. Bleach treatment is typically performed immediately before
planting. While there is no specific data available for cannabis, seeds from other crops have shown
reduced germination when stored after bleach treatment. Cultivators who have not previously
surface-sterilized seeds should first practice on a small batch to ensure they can successfully complete
the process before treating large quantities.

Preparation and Application

1. Prepare the bleach solution by mixing one part household bleach (5-7.5% active ingredient:
sodium hypochlorite) with nice parts water. Add two drops of dish detergent per quart of
solution. Use a fresh solution for each batch.

2. Submerge seeds in the bleach solution, stirring occasionally, for 60 seconds. Small seeds can be
placed in paper towels, coffee filters, or a tea strainer for easier handling if necessary.

3. Rinse seeds with clear water (tap water is fine) for 5 minutes. A handheld mesh strainer works
well for this purpose. Once clean, lay seeds out in a single layer to dry.
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