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Root rot, crown rot and damping off diseasescausedby

speciesof Fusarium and Pythium affect numerouscrops

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

reportedto be affectedby multiple speciesof Fusariumand

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

P. myriotylum, P. dissotocumandP. aphanidermatum(Punja

and Rodriquez2018; Punjaet al. 2018; Punja2020a; Punja

2020b). These pathogens infect cannabis plants grown

indoors as well as in greenhouseand field production.

Symptomsof Fusariuminfection on plantsincludestunting,

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

2020b). Fusarium can also causedamping-off on cannabis

cuttings, characterizedby symptoms of soft, discolored

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

rapidly, causing cuttings to collapse and die. Pythium

infection on cannabisplants causesroot and crown rot,

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

Rodriquez2018). Thesesymptomsmay be especiallysevere

underconditionsof extremeheat,which cancauseplantsto

rapidly wilt and die, resulting in considerablelosses for

producers.

Currently, producersmust rely on cultural controls or a

limited numberof registeredbiocontrol productsto manage

thesediseases. However,datademonstratingthecomparative

efficacy of these products at managing Fusarium and

Pythium in cannabisproductionis lacking. The objectiveof

this study was to evaluatethe efficacy of five biological

control products(Table 1) in reducinginfection of cuttings

by F. oxysporumaswell asroot rot causedby P. myriotylum

oncannabisplants.
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DISCUSSION

MATERIALS AND METHODS

Our results demonstrated that Lalstopand Rootshield

provided the greatest reduction in disease symptoms caused 

by Fusariumand Pythiumwhen they were applied 48 hr or 7 

days, respectively, prior to pathogen exposure. Asperelloand 

Starguswere also effective in reducing Fusariumbut were 

less effective against Pythium. 

Fusarium. The mean diseaseseverity values due to Fusarium

infection for all biocontrol treatments except Rhapsody were

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

after inoculation (Fig. 3A). At 14 days,Lastop treatedcuttingshad

the lowest diseaserating while Rootshield, Asperello and Stargus

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

Cuttingstreatedwith thebiocontrolagentsappearedgreenerandmore

vigorouscomparedto thoseinoculatedwith Fusariumonly, although

chlorosisandsymptomson foliage werestill evidenton all cuttings,

especiallyastheexperimentprogressed(Fig. 4).
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Product Active Ingredient Source Rate 

Used

Application 

Method

Asperello® Trichoderma 

asperellumstrain T34.

Biobest Ltd. 

Ontario, Canada

1 g/L Drench

Lalstop® 

(Prestop®)

Gliocladium

catenulatumstrain 

J1446.

DanstarFerment 

AG. Zug, 

Switzerland.

5g/L Drench

Rhapsody 

ASOTM

QST 713 Bacillus 

subtilis. 

Bayer 

CropScienceInc. 

New Jersey, USA 

15 

mL/L

Drench

Rootshield® 

Plus WP

Trichoderma 

harzianumstrain 

KRL-AG2. 

Trichoderma virens

strain G-41.

BioWorksInc. 

New York, USA

.45g/L Drench

Stargus® 96.4 % Bacillus 

amyloliquefaciens

strain F727 cells and 

spent fermentation 

media. 

MarroneBio 

Innovations.

California, USA 

15 

mL/L

Drench

TABLE 1. Products evaluated for management of F. oxysporumcausing damping-

off and P. myriotylumcausing root and crown rot on cannabis.

FIGURE 1. Thesignsandsymptomsof Fusariumdiseaseson cannabisplants. (A,

B) Dampingoff on cuttingscausedby Fusarium, with visible white myceliumon

the outsideof the cuttings(C) Dampingoff affectingnumerouscuttings. (D) Root

and crown rot on plants in vegetativegrowth. (E) Stuntedplants (right) next to

otherwisehealthyplants.

FIGURE 2. Symptomsof Pythium infection on cannabisplants. (A) Brown

necroticroots. (B) A stunted,wilting plant in flower, whereinfectedplantsmay

remaingreenalthoughtheir rootsaresignificantly damaged. (C) A plant killed by

root rot.

RESULTS

FIGURE 3. Efficacy of

five biological control agents

in reducing diseaseseverity

on cannabiscuttingsdueto F.

oxysporum. Disease was

assessedat 7 days(A) and14

days (B) after inoculation.

Data are the means from

three experiments with 6

plantspertreatment(n=18).

FIGURE 5. Efficacy of

four biological control

agents in reducing disease

severity on cannabis

cuttings due to Pythium

myriotylum. Disease

assessmentat 18 DPI is

shown. Data are the means

from threeexperimentswith

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

experimentswith 6 plants

pertreatment(n=18).

Pythium. The application of biocontrol drencheshad varying

levels of efficacy againstPythium root rot. At 18 DPI, Lalstop

and Rootshield treatmentssignificantly reducedmean disease

severitywhile the remainingtreatments(Stargus2d, Stargus7d

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

Rootshield or Asperello had fewer symptomsof chlorosis or

wilting andgenerallyappearedmorevigorousat 18 days. When

the rootsof theseplantswereexamined,they hadfewer lesions,

more feeder roots and the root volume appearedlarger. By

comparison,rootsof thecontrol plantswerenecrotic,with fewer

feederrootsandreducedvolume(Fig. 6B).

FIGURE 4. The appearanceof cannabisstemcuttingsfollowing treatmentwith five

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

Noninoculatedcontrol. Someyellowing can be seendue to senescence. B) Fusarium

inoculatedcuttings showing colonization of stemsand necrosisand yellowing and

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

Asperellotreatment. (F) Stargustreatment. (G) Rhapsodytreatment.

Therewasno significanteffecton plantheightor root length

for any treatment,exceptfor Lalstop, which hadmeanfresh

root weights that were equivalent to those of the

uninoculatedcontrol(Fig. 7).

FIGURE 6. Symptomsof

disease caused by Pythium

myriotylum on cannabis

plants with and without

application of biocontrol

agents. A) Lalstop was

applied 7 days before

inoculationwith Pythium. L =

pathogenonly. R = Lalstop.

(B) L = Rootshieldtreated. R

= pathogenonly. Rootswere

removed from the pots 18

DPI with Pythium.

Fusarium. Stock plants of the strain �µ�:�K�L�W�H�5�K�L�Q�R�¶were

used as a source of vegetative cuttings. Cuttings were

insertedinto Grodanrockwoolblocksarrangedinsideplastic

containers,with 6 cuttingspercontainer. Treatmentsincluded

Rootshield WP Plus, Asperello, Lalstop, Stargus and

RhapsodyASO andwerepreparedasper the ratesindicated

in Table 1. Suspensions(500 mL) of eachbiocontrol agent

were addedto the plastic containers,and excessliquid was

drainedafter30 minutes.

Containerswereplacedon a plastictray andcoveredwith a dome

to maintain high humidity. The trays were placedin a growth

chambersetat 24o C undera 24-hr photoperiodfor 48 hr. After

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

DextroseBroth) wasappliedwith a pipetteto deliver2 mL at the

baseof eachcutting. The trayswith domeswerereturnedto the

growth chamber. Cuttingswereassessedfor diseasesymptoms7

and 14 dayspost inoculation(DPI). Ratingswere madeusing a

scaleof 0-4, with 0 = no symptomsand 4 = extremewilting,

chlorosisand/or necrosis. The experimentwas conductedthree

timesfor a total of 18 cuttingspertreatment. Thediseaseseverity

ratingsfor eachtreatmentwereaveragedacrossthe threetrials,

for eachtime of assessment.

Pythium. �µ�,�V�O�D�Q�G�+�R�Q�H�\�¶cuttings were rooted in an aeroponic

cloning system. Whencuttingshadrootedandhardenedoff they

werepottedin a 3:1 mix of cocoandperlite. Plantswereplaced

in trays, with each treatmenthaving its own tray, and were

wateredwith a nutrientsolutionadjustedto a pH of 5.8�±6.2 prior

to addition of the biocontrol treatments. Plants were wateredas

needed with the same solution. The biocontrol treatments

included Rootshield Plus WP, Asperello, Lalstop and Stargus

(Table 1). Each plant received25 mL of the biocontrol agent,

with control groups receiving an equal volume of water.

Treatmentswereapplied7 daysin advanceof the additionof P.

myriotylum inoculum (grown for 7 days in Potato Dextrose

Broth),with theexceptionof oneof theStargustreatmentgroups,

wherethebiocontrolwasapplied2 days(Stargus2d) before.

After treatment,all plantswereplacedinsidea growth chamber

setat 30o C with a 24-hr photoperiod. After oneweek,a scalpel

wasusedto woundtherootsof theplants. A volumeof 20 mL of

theblendedPythiuminoculumwaspouredinto eachpot,with the

exception of the negative control. Plants were assessedfor

diseaseseverityat 7, 14 and18 DPI, usinga scaleof 0-5, where

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

stunting and/oror wilting is pronouncedand 5 = plants wilted

anddead. In addition,at eachassessmenttime, theheightof each

plant was measured. When the trial concludedat 18 DPI, the

shootsof plantswereremovedfrom the rootsby cutting themat

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

measuredfrom where roots startedon the stem to where the

majority of rootsended. Rootswereair dried andweighed. The

experiment was repeated3 times, to provide 18 plants per

treatment. All disease severity scores and plant growth

measurements(shootheight, shootweight, root length and root

weight)wereaveragedfor eachof thetreatmentsandtime points.

To determine statistical differences between means of data,

values were comparedusing ANOVA followed by a post hoc

�7�X�N�H�\�¶�VHSDtestatP< 0.05 for all experiments.

INTEGRATED MANAGMENT

For more information click here.

Common Name of DiseasePathogen(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 biocontrolsduring 

propagation and vegetative stages 

of growth

Treat irrigation water with UV or 

chlorine


