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Objective 1: Examine the diurnal changes in the dispersal of 
Peronospora effusa.

Four cyclone spore traps – two on north side and two on south side of spinach 
field plots, from 7/26/23 - 1/19/24.  

Traps were timed from 12 PM-12 AM (PM traps) and 12 AM-12 PM (AM traps).
 
Samples were collected on Mon, Wed, & Fri., followed by multiplex qPCR.

Expected result: primarily AM spore dispersal because their release is 
associated with light initiation (Su et al. 2000. Phytopathology, 90:67-71; 
Scherm and van Bruggen. 1995. Phytopathology, 85:552-555).
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Summary of airbore DM spores detected in the period 
of 7/26/23 - 1/19/24 at Spence Farm, Salinas
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Wind speed and direction in July – September 2023 
at Spence Farm near Salinas

Hourly wind speed, August 7-8, 2023
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Objective 2: Compare the airborne detection values of P. effusa 
and B. lactucae in the Salinas, Coachella, and Imperial Valleys

Coachella 
Valley

Imperial 
Valley

Photo modified from  Gennet et. al. 2013 Front Ecol Environ

Quantification data were previously 
obtained in sampling periods of 
September-March in 
2021-2022, and 2022-2023.   



Correlations of total spore counts and weather factors for the 
Salinas and Imperial valleys

Imperial Valley Salinas Valley
Factors P. effusa B. lactucae P. effusa B. lactucae
Max Air Temperature -0.18* -0.18* 0.12 0.37***
Min Air Temperature -0.14 -0.17* 0.18* 0.45***
Max Relative Humidity 0.11 0.07 0.08 0.11
Cumulative Precipitation -0.03 -0.04 -0.05 -0.13
* and *** = significance at probability 0.05 and 0.001, respectively.
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Regression for spore counts vs Max and Min temperature 
in the Salinas and Imperial Valleys

Salinas Valley Imperial Valley

2021-22

2022-23
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Quantification of spinach and lettuce downy mildew spores in the 
Salinas and Imperial Valleys

Kelley Clark and Samuel Liu
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Spence field 

 AgroPro (vegetable oil)
OMRI-listed 

 R-11 (nonionic surfactant)

 Kinetic(nonionic surfactant)
 OMRI-listed

Applied 24 and 2 hours before inoculation. 

Two experiments in 2023:
July – August, October – November

Low disease incidence ~ 18%, 
but more uniform in second experiment. Kelley Clark and Samuel Liu

Objective 3: Conduct biopesticide testing in pre-inoculated 
spinach field experiments.
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Summary of spinach downy mildew incidence
Spence Field 2nd experiment, 2023
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Student’s t. α=0.05. Levels not connected by same letter are significantly different.



Downy mildew (DM) epidemiology and control
Conclusions:

 Two 2023 field experiments – DM disease reduction in one experiment in response 
to Agro Pro and nonionic surfactants R-11 and Kinetic. 

 
  
 Initial experiment on diurnal spore dispersal suggests wind speed increases spore 

dispersal in PM hours. 

  
  
 

 Significant correlations between airborne DM levels and Min and Max air 
temperature in the Imperial and Salinas Valleys.

  Spore trap data indicated an elimination of both airborne B. lactucae and P. effusa in 
 the Imperial Valley, in October and part of November, in two consecutive years. 

   Where does primary inoculum come from? 

Next step: reduce time intervals to 3 hrs to further define timing of peak spore dispersal. 



 Confirms work of Inaba, Takahashi, and Morinaka. 1983. Plant Dis. 67:1139-1141.   
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