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Root rot, crown rot and damping off diseases caused by

species of Fusarium and Pythium affect numerous crops

throughout the world. Cannabis (Cannabis sativa L.) is

reported to be affected by multiple species of Fusarium and

Pythium, including F. oxysporum, F. solani, F. proliferatum,

P. myriotylum, P. dissotocum and P. aphanidermatum (Punja

and Rodriquez 2018; Punja et al. 2018; Punja 2020a; Punja

2020b). These pathogens infect cannabis plants grown

indoors as well as in greenhouse and field production.

Symptoms of Fusarium infection on plants include stunting,

chlorosis, wilting, root rot and crown rot (Fig. 1) (Punja

2020b). Fusarium can also cause damping-off on cannabis

cuttings, characterized by symptoms of soft, discolored

regions on stems (Punja 2020b). Infections can advance

rapidly, causing cuttings to collapse and die. Pythium

infection on cannabis plants causes root and crown rot,

stunting, chlorosis, wilting and death (Fig. 2) (Punja and

Rodriquez 2018). These symptoms may be especially severe

under conditions of extreme heat, which can cause plants to

rapidly wilt and die, resulting in considerable losses for

producers.

Currently, producers must rely on cultural controls or a

limited number of registered biocontrol products to manage

these diseases. However, data demonstrating the comparative

efficacy of these products at managing Fusarium and

Pythium in cannabis production is lacking. The objective of

this study was to evaluate the efficacy of five biological

control products (Table 1) in reducing infection of cuttings

by F. oxysporum as well as root rot caused by P. myriotylum

on cannabis plants.

INTRODUCTION

Punja ZK. 2020a. First report of Fusarium proliferatum causing crown and stem rot, and pith

necrosis, in cannabis (Cannabis sativa L., marijuana) plants. Can J Plant Pathol.

doi:10.1080/07060661.2020.1793222

Punja ZK. 2020b. Epidemiology of Fusarium oxysporum causing root and crown rot of

cannabis (Cannabis sativa L., marijuana) plants in commercial greenhouse production.

Can J Plant Pathol. doi:10.1080/07060661.2020.1788165.

Punja ZK, Rodriquez G. 2018. Fusarium and Pythium species infecting roots of hydroponically

grown marijuana (Cannabis sativa L.) plants. Can J Plant Pathol. 40:498-513.

Punja ZK, Scott C and Chen S. 2018. Root and crown rot pathogens causing wilt symptoms on

field grown marijuana (Cannabis sativa L.) plants. Can J Plant Pathol. 40:528-541.

REFERENCES

We thank Samantha Lung, Li Ni and Alastair Roberts for 

providing assistance.

ACKNOWLEDGMENTS

DISCUSSION

MATERIALS AND METHODS

Our results demonstrated that Lalstop and Rootshield

provided the greatest reduction in disease symptoms caused 

by Fusarium and Pythium when they were applied 48 hr or 7 

days, respectively, prior to pathogen exposure. Asperello and 

Stargus were also effective in reducing Fusarium but were 

less effective against Pythium. 

Fusarium. The mean disease severity values due to Fusarium

infection for all biocontrol treatments except Rhapsody were

significantly (P < 0.05) lower than the inoculated control at 7 days

after inoculation (Fig. 3A). At 14 days, Lastop treated cuttings had

the lowest disease rating while Rootshield, Asperello and Stargus

provided intermediate, but still significant, protection (Fig. 3B).

Cuttings treated with the biocontrol agents appeared greener and more

vigorous compared to those inoculated with Fusarium only, although

chlorosis and symptoms on foliage were still evident on all cuttings,

especially as the experiment progressed (Fig. 4).
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Product Active Ingredient Source Rate 

Used

Application 

Method

Asperello® Trichoderma 

asperellum strain T34.

Biobest Ltd. 

Ontario, Canada

1 g/L Drench

Lalstop® 

(Prestop®)

Gliocladium

catenulatum strain 

J1446.

Danstar Ferment 

AG. Zug, 

Switzerland.

5g/L Drench

Rhapsody 

ASOTM

QST 713 Bacillus 

subtilis. 

Bayer 

CropScience Inc. 

New Jersey, USA 

15 

mL/L

Drench

Rootshield® 

Plus WP

Trichoderma 

harzianum strain 

KRL-AG2. 

Trichoderma virens

strain G-41.

BioWorks Inc. 

New York, USA

.45g/L Drench

Stargus® 96.4 % Bacillus 

amyloliquefaciens

strain F727 cells and 

spent fermentation 

media. 

Marrone Bio 

Innovations.

California, USA 

15 

mL/L

Drench

TABLE 1. Products evaluated for management of F. oxysporum causing damping-

off and P. myriotylum causing root and crown rot on cannabis.

FIGURE 1. The signs and symptoms of Fusarium diseases on cannabis plants. (A,

B) Damping off on cuttings caused by Fusarium, with visible white mycelium on

the outside of the cuttings (C) Damping off affecting numerous cuttings. (D) Root

and crown rot on plants in vegetative growth. (E) Stunted plants (right) next to

otherwise healthy plants.

FIGURE 2. Symptoms of Pythium infection on cannabis plants. (A) Brown

necrotic roots. (B) A stunted, wilting plant in flower, where infected plants may

remain green although their roots are significantly damaged. (C) A plant killed by

root rot.

RESULTS

FIGURE 3. Efficacy of

five biological control agents

in reducing disease severity

on cannabis cuttings due to F.

oxysporum. Disease was

assessed at 7 days (A) and 14

days (B) after inoculation.

Data are the means from

three experiments with 6

plants per treatment (n=18).

FIGURE 5. Efficacy of

four biological control

agents in reducing disease

severity on cannabis

cuttings due to Pythium

myriotylum. Disease

assessment at 18 DPI is

shown. Data are the means

from three experiments with

6 plants per treatment

(n=18).

FIGURE 7. The effect

of four biological control

agents applied to cannabis

plants 7 days prior to

inoculation with Pythium

myriotylum. Root wet

weight is shown. Data are

the means from three

experiments with 6 plants

per treatment (n=18).

Pythium. The application of biocontrol drenches had varying

levels of efficacy against Pythium root rot. At 18 DPI, Lalstop

and Rootshield treatments significantly reduced mean disease

severity while the remaining treatments (Stargus 2d, Stargus 7d

and Asperello) did not (Fig. 5). Plants treated with Lalstop,

Rootshield or Asperello had fewer symptoms of chlorosis or

wilting and generally appeared more vigorous at 18 days. When

the roots of these plants were examined, they had fewer lesions,

more feeder roots and the root volume appeared larger. By

comparison, roots of the control plants were necrotic, with fewer

feeder roots and reduced volume (Fig. 6B).

FIGURE 4. The appearance of cannabis stem cuttings following treatment with five

biological control agents applied 48 hr prior to inoculation with F. oxysporum. A)

Noninoculated control. Some yellowing can be seen due to senescence. B) Fusarium

inoculated cuttings showing colonization of stems and necrosis and yellowing and

mycelial growth of the pathogen. C) Lalstop treatment. D) Rootshield treatment. E)

Asperello treatment. (F) Stargus treatment. (G) Rhapsody treatment.

There was no significant effect on plant height or root length

for any treatment, except for Lalstop, which had mean fresh

root weights that were equivalent to those of the

uninoculated control (Fig. 7).

FIGURE 6. Symptoms of

disease caused by Pythium

myriotylum on cannabis

plants with and without

application of biocontrol

agents. A) Lalstop was

applied 7 days before

inoculation with Pythium. L =

pathogen only. R = Lalstop.

(B) L = Rootshield treated. R

= pathogen only. Roots were

removed from the pots 18

DPI with Pythium.

Fusarium. Stock plants of the strain ‘White Rhino’ were

used as a source of vegetative cuttings. Cuttings were

inserted into Grodan rockwool blocks arranged inside plastic

containers, with 6 cuttings per container. Treatments included

Rootshield WP Plus, Asperello, Lalstop, Stargus and

Rhapsody ASO and were prepared as per the rates indicated

in Table 1. Suspensions (500 mL) of each biocontrol agent

were added to the plastic containers, and excess liquid was

drained after 30 minutes.

Containers were placed on a plastic tray and covered with a dome

to maintain high humidity. The trays were placed in a growth

chamber set at 24o C under a 24-hr photoperiod for 48 hr. After

this period, Fusarium inoculum (grown for 7 days in Potato

Dextrose Broth) was applied with a pipette to deliver 2 mL at the

base of each cutting. The trays with domes were returned to the

growth chamber. Cuttings were assessed for disease symptoms 7

and 14 days post inoculation (DPI). Ratings were made using a

scale of 0-4, with 0 = no symptoms and 4 = extreme wilting,

chlorosis and/or necrosis. The experiment was conducted three

times for a total of 18 cuttings per treatment. The disease severity

ratings for each treatment were averaged across the three trials,

for each time of assessment.

Pythium. ‘Island Honey’ cuttings were rooted in an aeroponic

cloning system. When cuttings had rooted and hardened off they

were potted in a 3:1 mix of coco and perlite. Plants were placed

in trays, with each treatment having its own tray, and were

watered with a nutrient solution adjusted to a pH of 5.8–6.2 prior

to addition of the biocontrol treatments. Plants were watered as

needed with the same solution. The biocontrol treatments

included Rootshield Plus WP, Asperello, Lalstop and Stargus

(Table 1). Each plant received 25 mL of the biocontrol agent,

with control groups receiving an equal volume of water.

Treatments were applied 7 days in advance of the addition of P.

myriotylum inoculum (grown for 7 days in Potato Dextrose

Broth), with the exception of one of the Stargus treatment groups,

where the biocontrol was applied 2 days (Stargus 2d) before.

After treatment, all plants were placed inside a growth chamber

set at 30o C with a 24-hr photoperiod. After one week, a scalpel

was used to wound the roots of the plants. A volume of 20 mL of

the blended Pythium inoculum was poured into each pot, with the

exception of the negative control. Plants were assessed for

disease severity at 7, 14 and 18 DPI, using a scale of 0-5, where

0 = no symptoms, 1 = minor chlorosis, 4 = extreme chlorosis,

stunting and/or or wilting is pronounced and 5 = plants wilted

and dead. In addition, at each assessment time, the height of each

plant was measured. When the trial concluded at 18 DPI, the

shoots of plants were removed from the roots by cutting them at

the crown and weighed. The length of each root mass was

measured from where roots started on the stem to where the

majority of roots ended. Roots were air dried and weighed. The

experiment was repeated 3 times, to provide 18 plants per

treatment. All disease severity scores and plant growth

measurements (shoot height, shoot weight, root length and root

weight) were averaged for each of the treatments and time points.

To determine statistical differences between means of data,

values were compared using ANOVA followed by a post hoc

Tukey’s HSD test at P < 0.05 for all experiments.

INTEGRATED MANAGMENT

For more information click here.

Common Name of Disease Pathogen(s) Management Options

Damping off Fusarium oxysporum

Fusarium 

proliferatum

Fusarium solani

Have appropriate humidity levels

Improve air circulation

Apply biocontrols during 

propagation

Remove diseased cuttings

Replace stock plants regularly

Pythium Root and Crown 

Rot

Pythium myriotylum

Pythium dissotocum

Pythium 

aphanidermatum

Avoid overwatering

Avoid injury to roots

Apply biocontrols during 

propagation and vegetative stages 

of growth

Treat irrigation water with UV or 

chlorine

https://www2.gov.bc.ca/assets/gov/farming-natural-resources-and-industry/agriculture-and-seafood/animal-and-crops/plant-health/diseases_of_cannabis_in_british_columbia.pdf

