Principles of Disease Control

Exclusion: preventing the entrance of inoculum or
establishment of a pathogen within an uninvaded
area

Pathogen Eradication: reducing, eliminating or destroying inoculum
at the source.

Therapy: curing diseased plants by use of chemicals
(drugs), surgery or an altered environment

(temperature, drainage).

Host resistance: reducing efficiency of inoculum via host
genetics

Protection: reducing the efficiency of inoculum by
interposing a barrier between host and the pathogen
Environment

Avoidance: Avoiding disease by avoiding the pathogen
olr by)altering the environment (outside and inside
plant

Fungicide market:
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Chemical Control

* Effective, flexible technology!g
» Cost can be a factor g
* Users require special
knowledge and training
* Repeat treatments g
may be necessary
» Pathogen-resistance to fungicidesg
» Health and environment concerns
» Chemistry continues to evolve

Dominant uses of fungicides:

Nursery — Foliage and soil,
pot drenches, root dips,
seeds, stored products.

Field crops — Seeds,
foliage in some high yield
environments.

Fruits and nuts - Foliage, Fruit
pre- and post-harvest.
Essential tools in most crops:
apples, bananas, grapes.

Mushrooms — Routine
treatment of spawn beds.

Turf — Essential for
maintenance of very high
value playing surfaces

Vegetables - Seeds, Foliage
Essential for some crops
(e.g., potato)




Methods of Fungicide Application
Se(_ed treatment

Rotary duste:
oll drum. A

Ground or ‘boom’ Air blast (or air assisted)
sprayer for field and sprayer for orchards and

vegetable crops vineyards
Seed warehouse or

farm service provider

Methods of Fungicide Application

Chemigation — applying fungicide

Classification of Fungicides

via irrigation equipment e Protectant - house paint analogy — a chemical
barrier protects plants from infection

- MOST fungicides are in this category, they
prevent infection, but do not kill spores

» Eradicant - kill the target organism (like insecticides)
the chemical reduces inoculum — uncommon for
foliar fungicides

i o e Chemotheraputant cure infections (drug therapy)
Airplane application . . .
less common becauselfungicides generally restricted to indexing programs

require higher volumes of water than e.g. injections to target a pathogen inside plant
other pesticides




Classification of Protectant
Fungicides

e Contact

- think house paint
- protect for 7 to 14 days

Locally systemic
- move in the apoplast (xylem)

- application to one of leaf
commonly protects the other side

Example: ;
Fungicide treated

disks placed on leaf

then inoculated with
powdery mildew

mancozeb

benomyl

Locally systemic materials

Germtube  Formation of Beginning of Tatal colonization of tssua
growth  appressodum  mycellal growth  resulting in cell death and necrosls
and penatration peg  and colonization firmeperable issue damage)

Logally-systemic
Fungicide
controls

Contact materials DO NOT
inhibit advancement
beyond these stages

Control of this stage
(up to 96 h after
germination) requires
movement of the
chemical into tissue

Fungicides with this
property are said to
have ‘kick-back
activity’

Once infection has
progressed to this
point, fungicides
are not effective

Locally systemic materials can move through

tissue at different rates

Azoxystrobin Metalaxyl Wheat: Systemic movement 3 days after
application

Order of Fungicides Families

discovery

coppers - Bordeaux mixture

Contact-types,
multiple sites

organomercuries of biochemical
dithiocarbamates inhibition within
benzimidazoles fungal cell
dicarboximides (discomycetes) Locally systemic
triazoles (usts) types, fungal
phenylamides (oomycetes) iochemical

pyrimidines (powdery mildews)
strobilurins

pathway inhibited at
single site. This
site varies by

Low

Web resource on fungicide families: fungicide family

Strobilurins are the newest
fungicide family — they are based
on a natural, anti-fungal chemical
produced by a Basidiomycete

Strobilurin A {1877,1978)

ine cone fungus

Strobill,“terﬁcellus




Fungicide resistance Fungicide resistance example

Initially, pathogen individuals are
sensitive to low doses of the chemical
Exposure to the fungicide selects for
those that grow at high chemical doses

Example: apple scab pathogen
collected from unexposed, natural
area compared to Michigan orchard:

After repeated,
prolonged use
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Number of fungal genera
resistant to a fungicide

2004
Every family of fungicides discovered in the
last 35 years has developed a problem with
pathogens becoming resistant to their effects

Low Fungicide dose High
that inhibits
pathogen growth by 50%

Resources for knowing When
to spray fungicides

» Regional spray guides are published for just about every )
economically important plant species in the flavor of your choice:
industrial, homeowner, conventional, organic

Strategies for managing resistance
in pathogens to chemicals

» Mixtures of fungicides (common industry recommendation)
typical ‘pre-packaged’ strategy: mix locally-systemic, single
site (at risk) mode-of-action fungicide with a contact material

that has a multi-site mode-of-action Example: Phenology-based spray guide for backyard fruit production

in Minnesota:

Rotate chemicals (extension service recommendation)

Alternate fungicide family with each application Disease warning models have been developed for many foliar

diseases where fungicides are required for control. These models
L. use weather data to provide information on the liklihood that

Limit usage (crop management consultant recommendation) conditions for infection have been fulfilled.
comprehensive, disease management program including

use of disease warning models

Example: California PestCast, Disease Model Database




