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How Drought, Insects, and Other 
Environmental Stress Factors Increase 

Root Rots in Trees and What to Do 
About It

This presentation will discuss the complex interactions between abiotic factors, insects, and root rot 
fungi in the development of disease in shade trees. A greater understanding of predisposing factors 
allows for development of better disease control strategies, which will also be discussed. Armillaria 
and Phytophthora life histories will be explained in relation to these factors and in reference to 
control strategies. Detection and symptom diagnosis as well as field test kits will also be covered.

A. James Downer, Ph.D., University of California Cooperative Extension 
Service

Dr. James Downer has 31 years of experience as a horticulture and plant pathology advisor with the 
University of California Cooperative Extension in Ventura County. Dr. Downer’s academic training 
is from Cal Poly, Pomona, (BSc. horticulture and botany, 1981; MSc. biology with an emphasis in 
plant pathology, 1983; Ph.D. in plant pathology, 1998 from University of California–Riverside). Dr. 
Downer’s research is focused on mulch, soil microbiology, and disease suppression in mulched soils, 
diseases of shade trees and other landscape plants, and cultural practices to maintain landscape 
plants. Dr. Downer is a member of the American Society of Horticultural Science, the American 
Phytopathological Society, The International Society of Arboriculture, the Western Chapter of the 
ISA, the International Society for Horticultural Science, and the Entomology Association of Southern 
California. Dr. Downer also serves on the board of the Western Chapter ISA and currently holds the 
office of past president. Dr. Downer has a love of shade trees, tree work, wood working, gardening, 
horticulture, and the general study of plants and plant biology.
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How environmental stress factors increase 
root rots in trees and what to do about it 

Jim downer 
University of California Cooperative Extension 

ajdowner@ucanr.edu 
http://ceventura.ucdavis.edu 

Downer  ASCA Conference 2015, Tucson, AZ 

•  On no subject are our ideas 
more warped and pitiable than 
on death...Let children walk with 
nature, let them see the 
beautiful blendings and 
communions of death and life, 
their joyous inseparable unity, 
as taught in woods and 
meadows, plains and mountains 
and streams of our blessed star, 
and they will learn that death is 
stingless indeed, and as 
beautiful as life, and that the 
grave has no victory, for it never 
fights. All is divine harmony. 

•  John Muir- Thousand Mile Walk to 
the Gulf, p.41-42 
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Trees Die 
All trees die and all wood rots…Dr. Kevin Smith, 2015, Yosemite, CA 

Downer  ASCA Conference 2015, Tucson, AZ 
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Pripyat town inside the 10Km Chernobyl Nuclear exclusion zone  
Downer  ASCA Conference 2015, Tucson, AZ 

Downer  ASCA Conference 2015, Tucson, AZ 

Organic matter decomposition: Cellulose-à  Ligninà  Humus 

Root Rot Life Histories 

Armillaria root rot     Phytophthora root rot 
Downer  ASCA Conference 2015, Tucson, AZ 
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Root Rots: Examine the roots!  Always! 
•  Two presentations of 

root rot: Feeder root 
Rot and Canker 
deaths 

•  Armillaria mellea:  
Oak Root Fungus 

•  Phytophthora spp.  
Various root rots 

•  Anoxic conditions 
•  Flooding 
•  Natural Gas Leakage 

Downer  ASCA Conference 2015, Tucson, AZ 
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Root Rot: color changes 

Downer  ASCA Conference 2015, Tucson, AZ 

Boxwood knot garden, Kiev, Ukraine, 2015 
Downer  ASCA Conference 2015, Tucson, AZ 

Bleeding 

• Bleeding exudates on the 
woody stem of trees is a 
hallmark symptom of 
Phytophthora infections.   
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Size Matters 

Growth reductions are 
typical of root rot infested 
trees. 
Trees planted at the same 
time and are of the same 
species should be similar in 
size. 
 

Same age 

Canker, bark cracking, and, note soil over root crown 
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Diagnosis 

Predisposing factors (PF) for root disease 

• 1:Water: excess/deficiency 
• 2:Soil minerals: excess 
• 3:O2 deficiency 
• 4:Insects 
• 5:Global climate change is a factor 
• 6:Lack of mycorrhizal partners or poor health of mycrorrhizal 

systems 
• 7:Pruning    
• 8:Planting depth                                

Downer  ASCA Conference 2015, Tucson, AZ 
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PF 1: Excess water in the root zone 

• Oomycetes need free water to 
swim to infect roots.  

• Low oxygen content of 
flooded soil predisposes trees 
to many kinds of root rot 
pathogens 

• This condition must be 
corrected before other control 
strategies will provide relief of 
disease 
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PF2: Salinity, excess minerals in the root zone 

• Salinity is a predisposing 
agent for root rot 

•  Excess salts in the root system 
cause roots to “Leak” 
metabolites that attract 
Zoospores 

•  High osmotic potentials prevent 
water movement into plants 
and require plants to expend 
energy to obtain water  

The Devil’s Kitchen: Lassen Volcanic National Park 
Downer  ASCA Conference 2015, Tucson, AZ 

Salinity 

• Where 
evapotranspiration 
exceeds precipitation, 
salts will accumulate 
to damaging levels for 
most plants.   

http://www.fao.org/docrep/R4082E/r4082e08.htm 

Downer  ASCA Conference 2015, Tucson, AZ 
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Dry climates have salt affected soils 
•  Salts accumulate near the 

surface where trees like to grow 
roots 

• Rainfall leaches salts 
•  Irrigation water is a source of 

salts, especially if it is surface 
water that has run over land or 
through soils 

•  Salts in soil solution can 
damage roots, prevent water 
inflow or predispose to disease 
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PF3 Oxygen deficiency 
• Oxygen is necessary for root 

functions 
• Respiration requires oxygen 
• Roots can not grow without 

converting glucose to energy 
(respiration) an oxygen 
requiring process 
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New stree tree planting in Kiev, Ukraine 

Oxygen, Carbon Dioxide 
and Nitrogen oxide in soil 

• The concentration of gasses 
changes with depth of soil.   

• Roots often predominate in 
upper layers of soil because 
of this 

• Add water and the graph 
changes dramatically 

• Reduced temperatures also 
reduces oxygen concentration 

From: L.H. Stolzy, Zentmyer and Roulier.  
1975 

Downer  ASCA Conference 2015, Tucson, AZ 
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PF4: Insects 

• The evidence for insects predisposing trees to root rot is not 
compelling. 

• There is pretty good association with insects attacking trees that 
already have root rot due to dehydration and emission of 
chemical signals that attract insects to trees.   

• Sucking insect infestations such as hard and soft scale, 
whiteflies and aphids can all increase stress and moisture loss 
from a tree 
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PF5. Climate change fosters range expansion.  
Anecdotal Data for Climate Change 
U.S. Plant Growth Zones 

Wall Street 
Journal,   
12 January 
2012 
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“The reconstruction paints a picture of Earth gradually warming during the first half of the 
Holocene, and then, about 5,000 years ago, temperatures steadily dip to the coldest period of the 
Little Ice Age, about 200 years ago. Over these 5,000 years, the planet cooled 1.3 degrees 
Fahrenheit.”—Roach, NBC summary 

Marcott et al., 
Science, ~ March 
8, 2013 
 
Holocene overall 
global temp from 
several types of 
records 

Downer  ASCA Conference 2015, Tucson, AZ 
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Kurz et al., 2008, Mountain pine beetle and forest 
carbon feedback to climate change, Nature 452: 
987-990 
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Allen et al. 2010.  Forest Ecology and Management 
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PF 6:Mycorrhizal Partners (lack thereof) 
• Conditions that favor 

mycorrhizal growth are also 
conditions that favor shade tree 
growth 

•  Litterfall, lack of compaction, 
moisture and organic matter are 
all essential to mycorrhizal 
partnerships 

• Many mycorrhizal fungi are also 
saprophytic fungi and rely on 
organic inputs to soil, i.e., 
Carbon! 

Downer  ASCA Conference 2015, Tucson, AZ 
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PF7:Pruning 

Is always a growth 
retarding process because 
it removes leaves or the 
potential to make leaves 
(buds).   
Pruned trees have less 
ability to make defense 
chemicals and respond to 
the challenge of root rot 
pathogens 
                                

Downer  ASCA Conference 2015, Tucson, AZ 

Pruning 

• Removing stems removes 
stored energy 

• Pruning is wounding 
•  Wounds are infection courts 

• Pruning redirects the 
allocation of energy and tree 
hormones.   
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Pruning 
•  Thinning vs Overthinning 
• Crown Cleaning? 
• Removing green canopy from 

the tree can be detrimental. 
• Green canopy removal is always 

growth preventing 
• Green canopy removal depletes 

stored carbohydrates and draws 
on reserves in this way roots are 
compromised and predisposed 
to infection by root rots.  

Downer  ASCA Conference 2015, Tucson, AZ 



12/8/15	  

11	  

Stored Starch in Acacia melanoxylon 

From a healthy branch 

From a declining branch 

Downer  ASCA Conference 2015, Tucson, AZ 

Heart Rot of Trees 
• Ganoderma 
•  Laetiporus 
• Often associated with a 

decline in vigor. 
•  Associated with wounds 

to roots or the main stem 
• Wood decay fungi feed 

on stored sugars in wood 
and on the wood itself. Multiseriate rays stained 

with Potassium iodide to 
show starch storage in 
wood (Kevin Smith 
Seminar, San Marino, CA) 
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Old Trees Rot! 

Old trees have more 
decay. 

It is impossible to limit 
the progress of decay 
in trees once they 
have been infected!! 

Decay is best limited by 
proper management 
over the course of a 
tree’s lifetime.  

 
 

From forest pathology.org 
Jim Worrall 

x 
x 

x 
x 

x x 
x 

x 
x 

X= amount of solid wood in tree 
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PF8: Planting depths affect root rot 
susceptibility 

• Crown of the tree 
•  A metabolic 

region 
•  Physiologically 

sensitive to the 
environment and 
to attack of fungal 
pathogens 

•  This part of the 
tree should not 
be buried or 
mulched! 

Downer  ASCA Conference 2015, Tucson, AZ 

We have options when planting 

How to prevent Root Rot 
• Resistance and other plant 

defenses 
• Moisture monitoring Irrigation 

Management 
• Mulching 
• Bio Control 
• Mineral/Chemical Control 

Downer  ASCA Conference 2015, Tucson, AZ 
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The Plant Strikes Back (or at least parries the 
blow) 
• Constitutive defense (passive 

already in place) 
•  Cell wall thickenings, cuticle, 

bark 
•  Constitutive chemicals such as 

nicotine, caffeine, phenols and 
acids protect plants from attack 

•  Proinhibitins 

Downer  ASCA Conference 2015, Tucson, AZ 

Resistance 

• Constitutive 
•  Salt and drought tolerance 
•  Decay resistance 
•  Fast growth 
•  Thick bark 

•  Induced 
•  SAR 
•  Host defense phytochemicals 

‘Drake’                                   ‘True Green’     Downer  ASCA Conference 2015, Tucson, AZ 

Resistance 
• Can be very specific 

between host variety 
and pathogen 

• Can be non-specific ie 
the pathogen has a 
wide host range and 
attacks many different 
kinds of trees. 

• Endemic pathogens 
are less likely to cause 
epidemics than 
introduced pathogens 

A dutch elm disease “escape” 

An oak root fungus death 

Downer  ASCA Conference 2015, Tucson, AZ 
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SAR Systemically Acquired Resistance 
•  Injury or infection in one part of a 

plant induces resistance to a 
completely different pathogen in 
another part of the plant 

•  It is a generalized, non specific 
response. 

•  Salicylic acid is the trigger 
molecule other compounds exert 
the signal that cause formation of 
PR (pathogenesis related proteins) 

•  SAR can elicit the HR 
(hypersensitive reaction) 

•  SAR induction by chemicals is a 
growing method of disease control 
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Induced (active) Defense 

• Molecules that elicit induced 
defenses 

• Structural defenses are 
fortified 

•  Papillae formed of callose 
•  Lignification 

• Tyloses, gums, resins, kino, 
cork layers, abscission layers 
and shot holes are all  
induced responses 

Papilla 

tylose 

Downer  ASCA Conference 2015, Tucson, AZ 

Induced biochemical defense 

• PR proteins 
•  Chitinases and other cell wall 

attacking enzymes 
•  Cellulases (B,1-3 glucanases) 

• Phytoalexins 
•  Plant produced toxins against 

the pathogen (Phaseolin, 
pisatin etc.) 

•  Induced defense occurs 
before symptoms occur. 

Downer  ASCA Conference 2015, Tucson, AZ 
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Moisture Monitoring—Irrigation Management 

•  Irrigation is critical to 
development of root rot in 
landscape trees. 

• Understanding soil properties, 
water holding capacity and field 
capacity is essential to 
managing root rot infested soils 

• Until irrigation is understood, all 
other control methods are moot 

•  Irrigation is a changing target 
over time and environment! 

Downer  ASCA Conference 2015, Tucson, AZ 

Mulching 
 

Mulching is essential for trees in all climates.   From the tropics to 
deserts in the American Southwest, mulching benefits trees  

Downer  ASCA Conference 2015, Tucson, AZ 

Corrective Actions: Mulch 

• This is not enough! 
• Mulch layers need to be thick 
• Mulches should have a woody 

component and fresh mulch is 
recommended 

• Composts make poor 
mulches 

• Gypsum can be added to 
mulch to increase its efficacy 

 
Downer  ASCA Conference 2015, Tucson, AZ 
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Avoid Cement Mulch 

• Mulching provides the 
substrate for microbial 
growth…. Or not 

• No water.  Cement mulch 
leads to drought 

•  In order to avoid “cement 
mulch”, mulch particles 
should be larger (coarser) 
than the soil they are laid 
over.  Mulch Texture Matters!! 

 
Downer  ASCA Conference 2015, Tucson, AZ 

Viva La Difference! 

     Composted Tree Waste    Fresh Tree Waste 
Downer  ASCA Conference 2015, Tucson, AZ 

Do not mulch with compost 

     Composted tree waste     Fresh Tree Waste 
Downer  ASCA Conference 2015, Tucson, AZ 
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Why Labile carbon is important 
•  Fresh Tree Trimmings are 

Labile, or subject to chemical 
change 

• Compost by its definition is 
Stabile or unlikely to change 

•  Fresh mulch (FM) is carbon rich 
and compost (C) is carbon 
depleted.  FM is energy rich and 
C is energy depleted 

•  FM is fuel for microbial activity 
and C is mostly a source of 
nutrients 

Downer  ASCA Conference 2015, Tucson, AZ 

Cultivate Bio Control Organisms (found in mulches) 
 

Deutermycotina 

Abundant spores/hyper-parasites. 
Destroy mycelium 
 

Basidiomycotina 
Cellulase enzyme producers 
destroy all life stages and 
spores. 

Ceraceomyces tessulatus Phanerochaete chrysorhiza 

Downer  ASCA Conference 2015, Tucson, AZ 

Antibiosis 
Requires organisms to 
produce antifungal/anti-
oomycete biochemical or 
antibiotics 
Secondary metabolite 
production is often down by 
saprophytic or decay 
causing organisms that rely 
on LABILE carbon sources 
 

Downer  ASCA Conference 2015, Tucson, AZ 
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Cultivate the rhizosphere 

• As a concept it varies 
depending on how you study 
it.   

• From 10um to a few mm from 
the root 

• The biology and chemistry 
near the root are very 
different than that of the bulk 
soil 

Downer  ASCA Conference 2015, Tucson, AZ 

Cultivating the Rhizsosphere makes a soil  that is resistive to root rot 

Trichoderma infection of Armillaria Samples from stockpiled 
yardwaste 
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Downer et al., 2008 Phytopathol. 

Armillaria 

Pure isolates of A. mellea 

Armillaria mellea isolations from compost piles infected 
with Trichoderma sp. 

Downer  ASCA Conference 2015, Tucson, AZ 



12/8/15	  

19	  

Root Crown Excavation (grapes) 

• Armillaria control 
•  First study to show that root 

collar excavations reduce the 
progress of Armillaria root rot 

• But why are grape growers 
burying vines 12 inches 
deep???? 

Baumgartner, 2004, Plant Disease 

Treatments for Armillaria 
replant control 

Treatment Large hole Organic 
matter 

Trichoderm
a 

1 + - - 
2 + + - 
3 + + + 
4 + - + 
5 - - - 
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Microbial and enzyme activities in Mulch 
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Lysis 

•   Cellulase and B-1,3 
glucanase are very 
destructive to both 
chlamydospores and 
zoospores 

Downer  ASCA Conference 2015, Tucson, AZ 

Calcium effects on Phytophthora 

• Zoospore motility  
• Zoospore encystment 
• Zoospore adhesion 
• Sporangial production 
• Zoospore production 
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Zoospore motility 

Calcium salts at 1mM reduces 
the ability of the zoospores to swim  
Uni-directionally.  Disrupted 
swimming  
patterns prevent the spore from 
finding  
host roots. 

Downer  ASCA Conference 2015, Tucson, AZ 
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Zoospore encystment 

High calcium levels cause in-vitro 
encystment of zoospores. 
 
Encystment must occur on roots for an 
infection to occur 
 
If zoospores encyst before reaching roots 
they are unable to infect and will die. 

Downer  ASCA Conference 2015, Tucson, AZ 

Sporangial production 

• Gypsum reduces sporangial 
production of P. cinnamomi. 

• Gypsum reduces sporangial 
volume and thus the number 
of zoospores produced. 

• Calcium nitrate increases 
sporangial production but not 
zoospore production. 
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Effects of Calcium on host resistance 

• Membrane permeability is 
stabilized by calcium ions in 
soil solution. 

• Quality and quantity of root 
exudates are altered 

• Calcium prevents membrane 
destruction by pectinase 
enzymes made by 
Phytophthora 

Downer  ASCA Conference 2015, Tucson, AZ 
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Gypsum 

• An appropriate amendment 
for California soils 

• pH not dramatically affected 
•  low solubility (2g/L), therefore 

low salinity hazard.  When 
salinity is raised by calcium it 
appears benign. 

• Affordable.  Apply minimum of 
10#/100ft2 
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Effect of gypsum on western soils 

• Gypsum = Ca2+ S042-  A source of available calcium and 
oxidized sulfur. 

• Replaces sodium on clay colloids 
• Flocculates a dispersed soil 
•  Increases drainage in chemically compacted soils. 
• May exchange for other nutrients 
• Decreases soil matric potential in some cases 
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Root Rot Control is an Integrated 
Management Process 
• Requires Diagnosis 
• Severity assessment 
• Horticultural knowledge 
• Some measure of control over the 

environment 
• Utilization of chemical and 

biological tools 

Downer  ASCA Conference 2015, Tucson, AZ 




