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The Strawberry Crop
Table Top Production

Crop Value
• 4,500 ha, constant for 20 years
• Yields gone up from 41,600 tonnes in
1995 to 115,500 tonnes in 2015
• Exports worth £3.9M in 2018
• Production very intensive and
sustainable
• UK produced crop for UK consumers

Know your enemy, the disease, the problem

Lifecycle of P. aphanis (Jin, 2016)

•

Strawberry powdery mildew can cause
between 20% and 70% crop loss a year

•

One grower reported a loss of £3/4 million
in one year due to the disease

•

Problem has developed with ‘ever bearers’
(day neutral) strawberry, used to give
longer harvest season

•

Temperature and humidity in tunnels ideal
for fruit production and disease
development

•

Disease arrives on plants from propagators

•

Epidemics caused by conidiospores

Symptoms of Strawberry Powdery Mildew

Healthy plant

Mycelium on fruit

Cupping leaves

Mycelium on leaf

Challenges for strawberry growers
• Strawberry powdery mildew, most feared epidemic disease that can
cause significant financial loss (even unsaleable fruit must be
picked for SWD control)
• Spray every 7 or 8 days from April to September/October (20+
sprays)
• Decreasing number of fungicides (active ingredients) available
• High cost of fungicides
• Fungicide residues in fruit (number not MRL)
• Lack of labour, cost of labour, very narrow financial margins
• Supermarket requirements

Passive (constitutive) and Active defence
• Plants have two defence pathways (as do humans)
• Passive: morphological, wax and cuticle thickness, cell wall thickness,
leaf hair length, phenols
• Hard to work with, inherited through many genes, effective against
most pests and pathogens to some extent, but not complete resistance
• Does not exert much selection pressure on the pathogen, because it is
morphological
• Often lost in a breeding programme when searching for another feature
• BUT could it provide a useful piece of armour against plant disease

Active defence pathway
•
•
•
•

Usually becomes effective after the pathogen has entered
Active defence mediated through effector genes etc
Involves R genes
Puts great selection pressure on biotrophic pathogen to overcome the
host’s R genes, which then seem to fail
• Relatively easy for breeders to work with because involves single or
few genes with very noticeable effects

Multifaceted approach to disease control:
Potential lines of attack
• Disease resistance, varietal choice (not commercially acceptable)
• Bio-control (not very efficient)
• Tunnel/ environmental management (AHDB Factsheet 16/29)
• Fungicides: management using decision support system
• Silicon nutrient: enhancing the passive defence pathway

Fungicides: Management using decision
support system
• Initial vision to control disease with fewer fungicide applications; predict when to
spray to keep initial inoculum as low as possible
• Defined parameters of P. aphanis growth for rule-based prediction system as
part of HDC grant in 2003/4 to 2008
• Prediction system initially validated on Excel spreadsheet and CD (2008-15)
• Improved in tunnel technology (temperature and humidity sensors & WiFi) and
online platform:
- Pilot in 2017/18 with one provider,
- Final validation (2019) with a second, commercial provider (Ceres grant)

• Final validation on 9 commercial farms (England, Scotland and Wales); includes
assessment of commercially acceptable disease control ( i.e. none visible)
• Future potential use in S. Africa and Australia

Rule-based prediction system

Online prediction system in 2017
Accumulated hours to sporulation

Web-based real-time prediction graph as used by a grower in 2017, on everbearer crop (from first provider)

Cost-Benefit Analysis of Prediction System, 2017
Cost-benefit analysis based on the application of fungicides and sprayer employment (per
hectare), all values approximate.

Prediction System

Grower’s Routine Spray
Programme (Control)

Number of Fungicides
Sprays

15

20

Number of Different
Modes of Action Used

5

8

Total Fungicide Cost for
season (per ha)

£607.91

£890.81

Total Sprayer Cost for
season (per ha)

£412.50

£550.00

Total Cost (Fungicide &
Sprayer) (per ha)

£1020.41

£1440.81

Total Saving approximately: £420 per hectare

Current online prediction system (2019)
Grower A

Grower using prediction system to inform decision of when to apply fungicides, on ever bearer crop

Current online prediction system (2019)
Grower B

Grower not using system to inform decision spray, spraying every week

Benefits of a prediction system
• As the system takes account of environmental conditions that favour disease
development, the grower is alerted to spray when it is really necessary
• This allows disease control with a lower number of sprays
• Timing sprays with precision
• Our work suggests that there can be a reduction in the number of sprays
from 16 or more a season to 8 or 10 depending on weather conditions
• Most savings in early part of season
• Better management of active ingredients
• This saves time, money and reduces the carbon footprint and potentially the
number of residues in the fruit

Boosting the passive defence pathway
•

Strawberry production is very intense, plants are planted close together and receive optimum
fertigation frequently throughout the day

•

Nutrients are very carefully managed to give optimum growth, flowering and fruit
development

•

Optimum nutrition should give healthy plants but strawberry powdery mildew is still a major
problem

•

Growers frequently use Potassium Bicarbonate (food grade) in a wetter to control SPM early
in the season, organic growers use ONLY Potassium Bicarbonate in a wetter, spraying every
5 days

We were asked why there is better disease control if the potassium bicarbonate is in a
silicon based wetter?
This investigation started in 2008

Example Silicon Trial (2014)
• Silicon used once a
week
• Disease assessed
every two weeks
• Assessed number of
colonies on sampled
leaves

0.25% Silicon root application

0.1% Silicon root application

Control: No silicon application

x2000 SEM images

x5000 SEM images

SEM images of wax on leaf surface (Jin, 2016)

Effect of silicon on cuticle (weekly root application)
Without Si

(Jin, 2016)

With Si (note phytoliths)

Location of silicon in leaf
Without Si through roots

With Si applied through roots

Use of a molecular tracker dye on transverse sections of leaves,
glasshouse experiment (Asiana, 2017)

How does silicon reduce susceptibility to SPM?
• Hypothesis: thicker cuticle and thicker cell walls of the epidermis
and palisade cells, inhibit the penetration of the penetration peg
• The phytoliths on the surface inhibit the formation of the
appressorium
• The use of a bioavailable silicon nutrient throughout the season
enhances the passive defence pathway and so reduces
susceptibility to SPM

Summary
• A multifaceted approach is needed
• Tunnel/environmental management: covered in the 2008 and
2016 AHDB factsheet written by UH
• Decision support system: the use of the system can save on
the number of fungicide sprays needed, which saves time, money
and gives more efficient use of active ingredients
• Silicon nutrient: enhancing the passive defence pathway
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Composition of silicon nutrient
e.g. Sirius OrionFT
Tetra ethyl silicate.
Tri-siloxane
In this form silicon is bioavailable and can be used either as
a conventional spray or at 0.017% in the fertigation tubes
Contains no potassium

