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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 gPCR.

primarily AM spore dispersal because their rel
% 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
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Objective 2: Compare the airborne detection values of P. effusa
and B. lactucae in the Salinas, Coachella, and Imperial Valleys

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

Samuel Liu



Regression for spore counts vs Max and Min temperature
in the Salinas and Imperial Valleys
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Quantification of spinach and lettuce downy mildew spores in the
Salinas and Imperial Valleys

Salinas-Spinach 2022-23 Salinas-Lettuce 2022-23
6e+06
= 5e+05 206 .
4e+05 s .
é’ 200 o g 300 4e+06 —
a 3e+05 S - @
5 g o 5
S | lese S| HE o
- e+ -—
$ 100 g = 2e+06 g
Q X . -5
- 1 IEd . |1e+05 SRR [
i ..u. 'l’ . - - = :- - ." .
0 T oF La el .o 0e+00 0 Bt Tt e st £ 0e+00
%E-Q OC,}‘ éQ‘-\ 0@0 S’o(\ QQ‘Q é\?} ?Q’\'é\@‘\ "be'Q Oé \;d.& OQ)() Sb(\ « éoé\',g\ ?9'\@'5\
Month Month
Imperial-Spinach 2022-23 Imperial-Lettuce 2022-23
100 5000 500 20000
n L]
)
8 75 40002 5 400 150005
o . = % g
7 30008 o 300 L. &
g 50 . > 3 100003
£ N 20008 2 200 o
L Q © [O)
. ) (o] ~ - «Q
S o . 1000® o 100 » 5000 ‘s
.0 . ® PR g .... -0’.;. of
0 _ ] ld“o pC 0 0 - '“l.\‘g‘.&' 0
B I PP W@ B TS P @ @
Date Date

Kelley Clark and Samuel Liu



Objective 3: Conduct biopesticide testing in pre-inoculated
spinach field experiments.

Spence field

» AgroPro (vegetable oil) _m_
OMRI-listed —

> R-11 (nonionic surfactant)

» Kinetic(nonionic surfactant)  gence:

OMRI-listed o,
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



Summary of spinach downy mildew incidence
Spence Field 2" experiment, 2023
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Student’s t. a=0.05. Levels not connected by same letter are significantly different.
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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.

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

» 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?



> Plant Dis. 2023 Oct 15. doi: 10.1094/PDIS-06-23-1225-RE. Online ahead of print.

Transmission of spinach downy mildew via seed and
infested leaf debris

Steven J Klosterman 7, Kelley Jean Clark 23 Amy Anchieta 4 Shyam L Kandel 5 Beiquan Mou 6
Margaret T McGrath 7 8, James Correll 2, Nina Shishkoff 1°
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PMID: 37840290 DOI: 10.1094/PDIS-06-23-1225-RE

Abstract

Spinach downy mildew, caused by the obligate comycete pathogen Peronospora effusa, is a
worldwide constraint on spinach production. The role of airborne sporangia in the disease cycle of P
effusa is well established, but the role of the sexual oospores in the epidemiology of P, effusa is less
clear and has been a major challenge to examine experimentally. To evaluate seed transmission of
spinach downy mildew via oospores in this study, isolated glass chambers were employed in two
independent experiments to grow out cospore-infested spinach seed and non-infested seeds mixed
with oospore-infested crop debris. Downy mildew diseased spinach plants were observed 37 and 34
days after planting in the two isolator experiments, respectively, in the chambers that contained one
of two oospore-infested seed lots or seeds coated with oospore-infested leaves. Spinach plants in
isolated glass chambers initiated from seeds without oospores did not show downy mildew
symptoms. Similar findings were obtained using the same seed lot samples in a third experiment
conducted in a growth chamber. In direct grow out tests to examine oospore infection on seedlings
performed in a containment greenhouse with oospore-infested seed of two different cultivars,
characteristic Peronospora sporangiophores were observed growing from a seedling of each cultivar.
The frequency of seedlings developing symptoms from 82 of these cospore-infested seed indicated
that approximately 2.4 % of seedlings from infested seed developed symptoms and 0.55% of
seedlings from total seeds assayed developed symptoms. The results provide evidence that cospores
can serve as a source of inoculum for downy mildew and further evidence of direct seed transmission
of the downy mildew pathogen to seedlings in spinach via seedborne cospores.

Keywords: Peronospora; effusa; seed; spinach; transmission.
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» Confirms work of Inaba, Takahashi, and Morinaka. 1983. Plant Dis. 67:1139-1141.
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