
Tree Physiology and 
Disease

Steven Swain
Environmental Horticulture Advisor
UCCE Marin & Sonoma Counties



Physiology

• All of the biological processes that allow 
an organism to function

• Mostly what we’re going to talk about is 
photosynthesis and energy storage, and 
how these things do (or do not) affect the 
disease cycle



Photosynthesis

• Trees make their food from sunlight
– Red and blue light drive two different photosystems

• Each photosystem makes a 3 (or 4) carbon sugar
• Lots of different chlorophylls
• Lots of accessory pigments

– Carotenoids
– Anthocyanins

– Green light reflected
• Trees metabolize these same sugars to live, 

grow, and reproduce
– Energy budget



http://www.bio.miami.edu/dana/pix/chlorophyll_spectrum.jpg



Image: University of Michigan, Ann Arbor





Sunburn

• When accessory 
pigments cannot 
shield chlorophyll 
from excess light



Storage

• All trees store energy
– 3 and 4 carbon sugars made via photosynthesis are 

joined to make sucrose and/or glucose
– Stored sugars are used for producing new leaves, 

roots, and wood
– Deciduous trees store all of next year’s energy in 

trunk and root tissues
• Sugar maple in early spring

– Evergreen trees store less energy, but have 
higher leaf production costs



Annual cycle of growth

• The life of a pathogen isn’t easy
• Deciduous trees drop all leaves every year
• Evergreen trees are heavily defended
• Most pathogens have to look for weak 

spots



Disease 
triangle

• Host susceptibility varies 
over time

• Host susceptibility varies 
in the canopy (space)

• Genetic susceptibility 
varies within a 
population (time and 
space)

• To control the disease, 
we don’t have to control 
all of these, just one
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Pine Pitch 
Canker

• Fusarium circinatum
• Monterey pine (others)
• Acquired resistance

– Takes years
– Via asymptomatic 

infection in roots?
– Pine has to live long 

enough

• Host resistance 
increases over time
– Keep inoculum 

pressure low?



Abiotic 
Disease

• Where is the 
pathogen in the 
disease triangle?

• Most commonly 
a water or 
nutrient issue, 
sometimes a 
climate or 
pesticide issue Susceptibility

(inv. Resistance) Pathogenicity

Conduciveness of environment



Morus alba in Terra Linda

• Populations in 1950’s were: 
– People: half of what it is now (US Census)
– Mulberries in Terra Linda: almost double what 

it is now (according to long-time locals)
• Lawns and fruitless mulberries planted in 

tract homes
• Homes still there, some mulberries still 

there, but the landscape has changed





Symptoms

• Upper canopy:
– Leaves small and 

yellow
– Branch dieback

• Lower canopy
– Leaves full and 

green
– Some sprouting









One lawn left

• Gophers active in 
this lawn
– Limited yellowing 

and branch dieback 













Changing 
times

• Changing  canopies
– Lack of resources

• Cultural shifts
– Economic
– Environmental

• Cheaper water in 
1950’s?

• Environment never static
– Species adapt or die out
– Survivors not the 

toughest, but the most 
adaptable



Seasonal 
growth 

patterns
• New growth

– Nutrient packed
• Plant moves 

nutrients around
– Not well 

defended 
(hardened off)



Powdery 
mildew

• Common this 
summer

• Many hosts
• Warm days
• Humid nights
• New growth
• Many species

– Variable growth 
habits
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Powdery 
mildew

• 3 species common 
on “Native” oaks
– Early summer
– Coastal locations
– Many “native” oaks 

not grown in or 
endemic to the 
region

Photo:  Phytosphere Research

Brasiliomyces trina



Powdery 
mildew

• 3 species common 
on “Native” oaks
– Cystotheca

lanestris
• Witches broom
• Lower leaf surfaces

– Microsphaera
extensa

• Leaf blistering
• Upper leaf surfaces

Photo:  Phytosphere Research



Oak Leaf Blister
• Taphrina caerulescens

– NOT powdery mildew
– Symptoms similar to 

Microsphaera extensa
• Also only attacks new 

growth
• But fungus on lower leaf 

surface

– Wet springs with 
prolonged rains

Photo: RL Anderson, USDA FS













UC IPM

• Environmental 
themes mentioned in 
management section

• Many other treatment 
options too

• Cultural and design 
options a good 
starting point
– Especially if you can 

cure more than one 
problem



Chinese elm 
anthracnose

• Thrives in cool, wet springs
– Again on new growth
– Spread by water
– Prefers 

• Still air
• Damp conditions

• In nature, most elms are 
relatively solitary
– In landscapes, this is rare

• Specific cultivars susceptible
– True green
– Evergreen
– Both widely planted in ‘70’s 

and ‘80’s
– Both have lush, dense 

canopies



Photo: Larry Costello



Chinese elm 
anthracnose

• No effective fungicides
• Control

– Resistant cultivars 
• Drake

– Cultural
• Sanitation
• Prune out infested 

branches in dry weather
• No fertilization 
• No sprinklers
• Prune for air & light

– Perennial cankering of 
large limbs may be cause 
for removal



Eutypa in 
Apricots 

and 
Cherries



Eutypa

• Gummosis
• Whole branch 

dieback
• Wood discoloration
• Symptoms appear 

in summer
• UC IPM website







Eutypa
• Naturally infects fresh leaf 

abscission scars in rainy 
weather
– Physiological weak point 

(reliable)

• Loves pruning wounds in 
winter

• Prune in summer after 
harvest

• If you have to prune in 
wet weather, cauterize 
with torch



Oak moth
• Phryganidia californica
• Outbreaks occur every 5-7 years after 

warm winters
– Last big outbreak 2007
– Last winter was warm
– Warned folks of outbreaks

• Localized defoliation of oaks
– Especially at end of summer (end of 2nd gen.)









Oak moth
• If this winter is warm, it 

will be worse next 
summer
– And then the population 

should crash

• Oaks can normally take 
repeated defoliation
– Looks bad, but disease 

triangle is small

• Bt to control early in cycle 
if damage not tolerable



Exotic Diseases

• Not so dependent on finding weak spots 
like new growth
– e.g.: Sudden Oak Death
– Infection increases occur 1-2 years after 

years with a rainy, warm spring
– 2010 & 2011 both had rainy springs
– Uptick in oak death this year



AgriFos 
application

• Currently:
– Spring and fall
– First two

• 6 months apart

– All subsequent
• 12 months apart

• Flexibility
• Variables:

– Application technique
– Tree size (age)
– Inherent resistance



AgriFos Efficacy
• Anna Conrad

– Ohio State Universtiy
– Genetic Markers for 

Resistance
– ~ 16% at top end?

• Laboratory results in 2003 
promising
– Subject to interpretation

• Field effectiveness more 
equivocal
– Some trees die even after 

years of prophylactic 
treatment

• Many “alternative” treatments 
are simply ineffective

• Still used largely due to lack of 
more effective treatment
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Bark scribing
• Evaluating “new” 

technique 
– Early trials show 

some promise
• Bartlett: anecdotal
• Mine: experimental

– Cankers may need 
to be small 



Knocking out the 
triangle

• If you can find symptoms 
or signs to test
– ID the pathogen or pest
– Work with plant’s lifecycle 

to interrupt the pest’s 
lifecycle

• If you can’t ID a pathogen 
or pest
– Probably abiotic
– All about the plant’s 

lifecycle and environment

• UC IPM as a resource



Thanks!

• UC IPM: http://www.ipm.ucdavis.edu/
• Presentation on-line (as of Wednesday) at:

– http://ucanr.org/Phys&Path 
• Steven Swain: svswain@ucdavis.edu

415 499 4204


