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What  Was  Learned  From  Over  20  Years 

of  Evaluating  Biofungicides



Biofungicides - Biopesticides
As  defined  by  US  EPA  (1994):

Pesticides  derived  from  natural  materials
3  Major  classes:

Microbial  pesticides
Biochemical  pesticides  (naturally occurring substances 

including plant oils and extracts)
Plant  Incorporated  Protectants (GMO) 

Most  suitable  for  organic  production



Phosphorous acid + phosphite (phosphonates) fungicides.
K-Phite.    Mono-and di-potassium salts of phosphorous acid.   

Fosphite.    Mono-and di-potassium salts of phosphorous acid.

Fungi-Phite.   Mono-and di-potassium salts of phosphorous acid. 

Rampart.   Mono-and di-potassium salts of phosphorous acid. 

pHorsepHite.   Mono potassium phosphate and mono potassium phosphite.

ProPhyt.   Potassium phosphite.

Phostrol.  Mono-and dibasic sodium, potassium, and ammonium phosphites.

Primarily labeled for Oomycetes: downy mildew, Phytophthora, Pythium.

Biofungicides NOT Acceptable 
for Organic Production
(natural  ingredient  but  synthetic  production)



Other  Organic  Fungicides

Copper.   Kocide 3000-O,  Badge X2,  Cueva,  Champ, etc.

Sulfur.   Microthiol Disperss, Kumulus, Micro Sulf, etc.

Mineral and petroleum oils.  

JMS Stylet-Oil,  Tritek,  Saf-T-Side,  SuffOil-X, etc.



Microbial  Biofungicides – Mode of Action

Direct biocontrol - attack pathogen. Contans, MeloCon.

Compete with pathogen. Many soil products.

Produce toxic compound. Most foliar products.

Induce resistance in plant. LifeGard, several other 

products with Bacillus spp.



Biofungicides
1994.  Very few products.  Among the first: 

Kaligreen and Armicarb (potassium bicarbonate)

AQ-10 (biocontrol; discontinued)

Milsana (plant extract; today marketed as Regalia) 

Today.  LOTS!  > 62 products.  



Biofungicides – My Research
Cucurbit powdery mildew

Cucurbit downy mildew

Phytophthora blight

Basil downy mildew

Foliar diseases of tomato: 

Septoria leaf spot and powdery mildew



https://blogs.cornell.edu/livegpath/



https://blogs.cornell
.edu/livegpath/





organic  Biopesticides
Cucurbit Mildews + Other Diseases
Double Nickel.  Bacillus amyloliquefacinens strain D747
Taegro 2. Bacillus amyloliquefaciens strain FZB24 
Serifel. Bacillus amyloliquefacinens strain MBI 600
LifeGard. Bacillus mycoides isolate J
Sonata. Bacillus pumilus strain QST 2808
Aviv. Bacillus subtilis strain IAB/BS03
Companion. Bacillus subtilis strain GB03
Serenade. Bacillus subtilis strain QST 713
Theia. Bacillus subtilis strain AFS032321 
LALSTOP G46 / Prestop. Gliocladium catenulatum J1446 
Romeo. cerevisane (cell walls of Saccharomyces cerevisiae)
Howler. Pseudomonas chlororaphis strain AFS009

Carb-O-Nator. potassium bicarbonate
Kaligreen.  potassium bicarbonate
MilStop.  potassium bicarbonate

Regalia. extract of giant knotweed. 
EcoSwing. extract of Swinglea glutinosa.
Problad Verde.  Banda de Lupinus albus doce.
ECOWORKS. cold pressed neem oil.
Rango. cold pressed neem oil.
TerraNeem. cold pressed neem oil.
Trilogy. extract of neem oil. 
Timorex Act. tea tree oil. 
Thymox Control. thyme oil. 
GreenFurrow BacStop. several botanical oils.
GreenFurrow EF400. several botanical oils.
Mildew Cure. several botanical oils.
Sporan EC2. several botanical oils.

Sil-MATRIX. potassium silicate
OSO.  polyoxin D zinc salt
PerCarb.  sodium carbonate peroxyhydrate
Seican.  cinnamaldehyde



Biopesticide Efficacy – Powdery Mildew - Pumpkin
% Control based on AUDPC on both leaf surfaces 2022

Fungicide (7-day) Upper Lower
Serifel 69 b 27 abc
Stargus + Regalia 71 bc 17 ab
Trillium 73 bc 24 abc
Theia 76 bc 24 abc
Microthiol Disperss (sulfur) 99 d 33 bc
Stargus + Regalia alt. sulfur 96 d 35 bc
Theia alt. sulfur 96 d 37 bc
Trial conducted on powdery mildew intermediate resistant ‘Bayhorse Gold’.
First application 21 July before powdery mildew seen.
Values in column with same letter not statistically different. a=ineffective.



Control Microthiol Disperss

Stargus + Regalia Stargus + Regalia alt. sulfur

9-7-22



Biopesticide Efficacy – Powdery Mildew - Pumpkin
% Control based on AUDPC on both leaf surfaces 2022

Fungicide (7-day) Upper Lower
Theia (2),  Proline alt Vivando (3), Theia (2) 95 c 83 b
Serifel (2), Proline alt Vivando (3), Serifel (2) 93 bc 87 b
TACT (2),    Proline alt Vivando (3), TACT (2) 91 bc 84 b

Proline alt Vivando (3) 68 b 83 b
Proline alt Vivando alt Procure (5) 99 c 90 b

Trial conducted on powdery mildew susceptible ‘Gold Challenger’.
First application 21 July before powdery mildew seen.
TACT = Timorex ACT
Values in column with same letter not statistically different. a=ineffective.



9-7-22

Control sulfur, Proline, VivandoSerifel, Proline, Vivando Proline, Vivando
3 apps; 8/3 – 8/17

Proline, Vivando, Procure 
6 apps; 8/3 – 9/9



9-12-22

Control sulfur, Proline, VivandoSerifel, Proline, Vivando Proline, Vivando
3 apps; 8/3 – 8/17

Proline, Vivando, Procure 
6 apps; 8/3 – 9/9



Biofungicide Evaluations
Valuable to include a conventional fungicide standard.

Appropriate matching treatment needed when testing programs.

Preventive application schedule is best.

Conduct under field conditions.

Importance:  Identify best products and best use pattern.  
Documented efficacy is not a requirement for US registration 
of pesticides.



Biofungicides – Positive Attributes
Low toxicity.  

short re-entry interval (REI) and pre-harvest interval (PHI)

Low potential for resistance to develop in target pathogens.

Most biopesticides have been granted an exemption from 
the requirement of a tolerance, aka maximum residue 
level (MRL), which is the legal limit for a pesticide 
chemical residue in or on a food. 

No limitations on number of consecutive and total number 
of applications.



Why Use Biopesticides?
Short REI and PHI.
Low toxicity typically to beneficial organisms (e.g., 

pollinators or natural enemies of pests).
Safer for workers.          No limitations on use.
Rapidly decompose; environmental responsibility.
Replacement for copper, sulfur, chlorothalonil, mancozeb.
Reduce conventional chemical pesticide residues on crop.
Manage resistance to conventional pesticides.
Consumer demands.
Efficacy.  Other disease management strategies are 

unavailable or ineffective.



Organic production.
Bacterial diseases.      Root diseases.
Greenhouse and tunnel crops.
Phosphites + phosphorous acids for oomycete diseases.
Foliar/fruit fungal + oomycete diseases:
- In place of conventional, contact fungicides (e.g. chlorothalonil).
- In place of conventional, targeted fungicides (late season??).

Preventive schedule.
Integrated management program.

Where Biopesticides Fit in Managing Diseases 



Maximizing Success with Biopesticides:
Biopesticides do not have curative activity.
Best  to  use  preventive  spray  program especially with products 

inducing resistance (LifeGard, Regalia, etc.).
Those inducing plant resistance might be most active with a 

partially resistant variety.
Maximize  coverage  (leaf  underside).  Most have contact activity.
Use short spray interval. 
Use adjuvant and check water pH if manufacturer recommends.
Note expiration date + best storage conditions. 



Maximizing Success with Biopesticides:
Most provide suppression not control.
Integrated  program  often  better.  Other biopesticides with 

different MOA, conventional fungicides, + cultural practices.
Plant diseases can be difficult to manage, especially when 

conditions are favorable.
Obtain information on past performance.
Lot to learn after biopesticides commercialized.
Highest rate not always most effective.
Most are effective for powdery mildews.



https://www.vegetables.cornell.edu/
pest-management/disease-factsheets/



https://www.vegetables.cornell.edu/
pest-management/disease-

factsheets/













Cercospora
Leaf  Spot

Beets

Actinovate, 
LifeGard, Regalia, 
Serenade, and 
Stargus effective.  
Best: LifeGard
alternated with 
Double Nickel + 
Cueva.



sclerotia

White 
Mold

Microbe 
in 

Contans
attacks 

sclerotia 
in soil



Phosphorous acid + phosphite (phosphonates) fungicides.
K-Phite.    Mono-and di-potassium salts of phosphorous acid.   

Fosphite.    Mono-and di-potassium salts of phosphorous acid.

Fungi-Phite.   Mono-and di-potassium salts of phosphorous acid. 

Rampart.   Mono-and di-potassium salts of phosphorous acid. 

pHorsepHite.   Mono potassium phosphate and mono potassium phosphite.

ProPhyt.   Potassium phosphite.

Phostrol.  Mono-and dibasic sodium, potassium, and ammonium phosphites.

Primarily labeled for Oomycetes: downy mildew, Phytophthora, Pythium.

Biofungicides NOT Acceptable 
for Organic Production
(natural  ingredient  but  synthetic  production)



Bi-mobile in plants: Move up in xylem, down in phloem. 
Typically move to fastest growing points in plant (tubers, 

young tissue). 
More efficacious on young fast growing plants  (higher 

metabolic rate). 
Perform best under low disease pressure.
Best applied preventatively. 
Best applied in combination when disease pressure is high.
Recommended used low rate with targeted fungicides.
No use limitations.
Warning on some labels not to apply to plants stressed by 

heat or drought. 

Phosphorous Acid Fungicides



Phosphorous  Acid  Fungicides
Efficacy for Lettuce Downy Mildew
TREATMENT Incidence % Severity %_
Untreated 100 a 64.6 a
Manex 4F 70 bc 10.7 b
ProPhyt 4L 80 bc 6.1 bc
Reason 500SC 58 c 3.0 cd
ProPhyt + Manex 8 d 0.1 d
ProPhyt + Reason 5 d 0.1 d



TREATMENT Incidence % Severity %_
Untreated 46.7 a 25.0 a
Actigard 50WDG 18.3 c 11.3 c
Actigard + Phosphite 5.3 de 3.0 e
LifeGard DF 33.0 b 18.7 b
LifeGard + Phosphite 3.0 e 3.3 de
Merivon SC 11.0 cde 2.3 e

Phosphorous  Acid  Fungicide  +  Plant Activator 
for Stemphylium Leaf Spot in Spinach 



TREATMENT Incidence % Severity %_
Untreated 46.7 a 25.0 a
Actigard 50WDG 18.3 c 11.3 c
Actigard + Phosphite 5.3 de 3.0 e
LifeGard DF 33.0 b 18.7 b
LifeGard + Phosphite 3.0 e 3.3 de
Merivon SC 11.0 cde 2.3 e

Phosphorous  Acid  Fungicide  +  Plant Activator 
for Stemphylium Leaf Spot in Spinach 



are  YOU  awake  for  Questions?!?
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