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Downy mildew on spinach

Symptoms: Chlorotic Signs: typically grey downy
spots on top of leaves. masses of spores on the 

underside of  leaf 

50 μm

From Klosterman, 2016. Progressive Crop Consultant, 1:12-15.

Objective: Examine oospore production, survival, germination 
and conditions necessary for reproducible infection



Why the concern?
- Increased survival time of P. effusa (on seed, soil -- example related  P. 
destructor survival 7 years in soil (McKay, 1939, J. Roy. Hort. Soc. 64: 272-285)

May explain sudden appearance of new pathotypes
in different areas.

- Presence of oospores indicates sexual recombination, which provides  
mechanism for rapid generation of new traits in populations, such as 
new pathotypes.

Oospore transmission on spinach seed
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Discovery of downy mildew races

Graph from Correll et al. 2011.  Eur J. 
Plant Pathol. 129:193–205.

What is driving the 
production of all these 
new races?  Sex likely?



Approach to assess spinach seed lots for oospores

Place 1000 seeds in 50 ml Falcon tube
and add 20 mls water

Vortex highest speed setting for 10 min.

Centrifuge for 10 min, 5000 x g to obtain 
pellet.

Resuspend pellet in 500 µl of water
(can transfer to smaller tube)

Place 50 µl aliquot on microscope
slide, systematic analysis across slide 
to count oospores  (10x mag).  
X 2 and take average. 



50 µm

In total, we have detected one or more oospores in 32 
out of 162 spinach seed lots (~ 20%).

2014

But are the oospores viable?



Plasmolysis time course of P. effusa oospores from spinach seed 
Kunjeti et al. 2016. Plant Disease 100:59-65. 

Okay, but do the spinach downy mildew oospores germinate and infect spinach? 

Shrinkage of cell 
membrane in 
presence
of salt soln 
indicates viability.



Oospores in leaves and their germination

We have observed oospores in leaves about a dozen times over the last 
year, on cultivar Viroflay planted in microplots in Salinas.

> Hundred oospores in a few mm leaf section = t
housands of oospores in single plant.

Oospores embedded in leaf, under the epidermis and in mesophyll.

We have observed oospore germination of Peronospora effusa, from 
oospores coming from macerated oospore infested leaves.  (Collaboration 
with Beiquan Mou and postdoc Shyam Kendal)

Oospore germination has not been observed for this pathogen since 1918 
(Jakob Eriksson. 1918.  Arkiv For Botanik).



Potential solutions

Keeping inoculum from seed production areas

*majority (80%) of lots are free of detectable oospores

Resistance to downy mildew

Seed treatments



Choudhury et al. 2017. Phytopathology  107:1219-1228.

Removal of only a few seed lots (8%) has a major impact on 
number of oospores removed (90%)



Outcomes from a model estimating the 
economic costs of implementing three management tactics 

Choudhury et al. 2017. Phytopathology  107:1219-1228.

Dashed line marks 0.23 oospores per seed, 
which removes 90%



For meaningful testing of seed treatments: 

Must better understand the distribution of oospores for sampling 
purposes

High variation in numbers of oospores obtained in counts 
from  two same-sized samples from the same bag of seed. 

Initial results suggested that there were 50% more 
oospores concentrated in the bottom third of the seed bags.

Analyses of seed treatments



Analyses of distribution 
of oospores in bags

3 layers for testing

Top

Middle

Bottom

Germains Seed Technology



No statistically significant difference between random mixtures of seed 
lot samples and different layers in bag

Dr Shyam Kendal
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“F. Surgical rule against disease.

Whoever wants to assure a healthy spinach in advance, he 
only exempts such seeds of which he knows with certainty that 
it has been harvested from healthy spinach plants.”

Jakob Eriksson. 1918.  Arkiv For Botanik.

Google translated from German to English


