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Standards & Compliance

By Christopher Luley

here are at least two sides to most

every position and the question of

the need for an industry-wide
decay inspection standard is no exception.
Decay inspections are performed in many
different work situations in the tree care
industry, such as during pre-climbing or
work routines, sales calls for new or exist-
ing clients, in tree inventories or during
formal risk assessments. These various sit-
uations may have different inspection
processes for level of detail, interpretation
and communication of result, and regard-
ing the need for further inspection.

Does the Tree Care Industry
1881 2 Dasay
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NO Inspection Standards!
NO Action Thresholds or
or Limits!




Decay Assessme

In Many Different
Work Contexts
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Tree Inventory
Risk Assessment
Sales Calls
Customer Service Visits
Working Arborist
Municipal Arborist
Utility Arborist
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Percent of trees

Decay Severity

All Trees All Cities
+ 58% with decay
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Decay can be severe

ter stems
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Your Role

1. Identify decay presence

2. Make initial assessment
ofi severity

3. If needed, notify client
in writing of need for
action or additional
evaluation

4. Monitor/Test/Remediate

-As contracted for
5. Notify climber of risk
potential if present

a. This is a "different”
assessment than environmental
failure




BMP Tree Risk

Assessment 2023
jL'I'here IS NO

iIndustry-standardized
process for tree
inspection” page viii

TREE RISK
ASSESSMENT




Decay in Urban Trees
Defect or just a Common
T Condition?

[ forests = = Condition or condition

Butechm o S lmenel o Filarin o of concern?

« Maybe we are
inaccurately
representing this?

— Only a defect in rare
Cases

m Cholesterol in humans




Three Levels of Assessment

Based on a Scope of Work!
Municipality or Company Policy?

1. Limited Visual  JREE RISK

2. Basic i
3. Advanced
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Process

I~IANSI —Risk
m BMP Risk

Tree Risk

Assessment

Best Management Pra

Level 2 Basic Tree Risk Assessment: Process for Assessing Decay

1. Is decay present?
Potential indicators of decay
+ ol wounds and injuries
FeSponse ,‘:_‘__':I... (100 I.'g'\
cracks and seams
ooEng
dead o7 Io0Se Dark

SUNHEn Greas in the bark

2. What is the significance of decay?

Definite indicators of decay or missing wood

CEVITY OPENINES
nesting holes

Imernal bee hngs
fursgal fruming stru

CAMWENDEr BMS

Basic assessment wehniques 10 assess decay may inciude spunding and probing

To determine the severity of decay, evaluates the tollowing:

Load:
crown density and erea
Inve: crowm ratio, taper
‘wind strength and diréction
precipitation (2.8, rain, ioe, snow)
location of ioad
response growth 10 load
length of lever asm

Location and extent of decay:

+ location (e.g, heartvocd, Sapwodd

basal, root)
in refation o cross Section [=E. center,
off-center, cavity openingl
in relation to deféct or ather condition
.. betwen codominant stems,
tension side.of lean)

Species profile:
= - abily 1o compartmeritalize
= wood density
.\_ = failure panerns

Response growth to decay:

type of response growth [e-g, tension. conmr
pression, fexure wood, woundwood)
amount of response growth

(e g, significant, minor. nore)

vigor of tree {consider ree species

and age)

age of tree Wound or condition

Fungal profile:

type of decay (e.g., white o,
brown rot, soft rot)

aggressiveness of fungal species
abiliy w0 penetrate Wall 4 of CODIT

Tree health:

vigor.of treg {(consider tree species and agel
diebatk

opacity (foliage density)

[ crosen ratio

3. How does the significance of the decay affect likelihood of failure?

Increased likelthood of Taiure
« sgnificant load
poor tee health
insutficient response growth
P20 &by o COMmpanmantaie
aggresswe Tungal species

critical lacatsan of decay

Sounce; Chratopher I Luley, Phu., Lrban Foresry, LLE

De

cregsed likelihood of failure;

minge ioad
good tree health
ficant response groth
ot abidty 1 companmenalize
reading fungel species

tical locanon of décay




Categorize Likelihood of Failure
—~Within a specified time period

Very Low Low Medium High

| i t Unlikely Somewhat Likely Very Likely

mminer No Process!
Probabl Unlikely Unlikely Somewhat Likely

o No Thresholds!

Possible Unlikely Unlikely Unlikely Somewhat

Bl ~No Predictive

Improbable Unlikely Unlikely Unlikely Unlikely




Likelihood of Failure

Within Inspection Perio

e Possible —unlikely under
normal weather conditions

e Improbable-may not fail in
severe weather

Urban Greening




Imminent- failure has started or may
occur without additional load or
under normal conditions










Number of Wind Events
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What are normal winds?
When do non-defective trees fail?
Pt?yious BMP 47- 54 mph (leaf on)?

~955 to 63 mph Tree Damage Expected
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Wind Speed (MPH) Categories
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Failure Most Commmon
when Leaves are on Trees

Total Branch Failures by Month
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A Common
Sense Approach

-‘lﬂ'entification of decay
indicators
(signs/symptoms)

m How to do basic

testing
m Advanced methods



Decay Assessment

Visual Evaluation
Potential Positive
H Step 1 Indicators

——E‘stablish decay s _ |
Presence/severity M

* Conks

Tree Reaction/] ® Cavities
] *Visual Evidence
Result of

» Carpenter Ant
Decay Pilings

» Nesting Holes

m Step 2 "Basic” |
— Severity Sounding/Probing

[Prognosis_]

m Step 3 “"Advanced”

Advanced Testing

Severlt : :ingle Pointh = Cross Section
- * Resistograp
y « Handheld Drilling * Tomograph

L]
* Increment Borer Radar

Interpretation



Basic Tree Risk Assessment: A Process for Evaluating Decay

=

!\\ 1 ).[ Is decay present?

= Potential indicators of decay:

= pid wounds and injuries
response growth swellings
cracks and seams
Dozing
dead or loose bark
sunken areas in the bark

7

2 \:' What is the severity of decay«
Basic assessment tools and techniques:
= sounding
s probing

Definite indicators of decay:

cavity openings

nesting holes

bee hives

fungal frulting structures
ants {e.g., Carpenter ants)

Evaluate the foliowing:
Response growth to decay:

crown area and density
crown live ratio
wind
precipitation (e.g.. rain, ice, snow)
load direction and location
response growth to load
length of lever arm
Location of decay:
+ location (e.g., heartwood,
sapwond, basal, root)
in relation to cross-section (e.g..
center, off-cenler, cavily opening)
in relation to defect or condition
{e.g, belween codominant stems,
tension side of lean)
Species profiie:
| = capabllity to compartmentalize
\\ «  wood density
o faflure patterns

Increased likelihood of failure:
significant load
paor trea health
insufficient response growth

Type of responss growth

(e.g., tension, compression,
flemure wood, woundwood)
amount of response growth
{e.g., significant, minor, none)
vigor of tree

(consider tree species and age)
age of tree wound or condition

Fungal profife:

type of decay

{e.g., white rot, brown rot, soft rot)
apgressiveness of fungal species
ability to penetrate Wall 4 of CODIT

Tree health:

vigor of tree

(consider tree species and tree age)
dieback

opacity

live crown ratio

{3 ) How does the severity of the decay impact the likelihood of failure?
] Decreased likelihood of failure:

minar load
good tree health
significant respohse growth

paor ability to compartmeantalization significant capability to compartmentalize
aggressive fungal species slow aggressiveness of fungal species
critical location of decay to tree defect location of decay has minor impact on tree
or condition defect or condition

Source: Christopher ). Luley, Ph.D., Urban Forestry LLC



Decay Presence
Decay Indicators

m Identified in the ISA
Tree Risk BMP

m Usually require
additional inspection*

m Not all are created equal

Indicators of Decay
in Urban Trees

By Chris Luley



Positive or Definitive Indicators
| Missing or Decayed Wood

m Internal and External
Cavities

— Nesting holes
m Conks/brackets/mushroom
m Visual evidence
m Carpenter ants/pilings




Positive or Definitive Indicators

Confirm decay Is present
5/_g%iﬁcant legal implications
Policy for Inspection?

m Fungal fruiting structures

(Conks, Brackets,
Mushrooms)

m Cavities

m Visual Evidence
— (Not in BMP)

m Carpenter ants




-+ Does NOT mean Removal

0.64

0.62-

Positive Indicators
SW/SR averaged 0.60

i =

und wood/ Stem radius

Cavities Conks Visual



External Cavities
Size Does Not Matter!
Identify Decay as Present
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Single or Few Large Conks

eart Rot”

m Some can decay
healthy sapwood

m Some can kill bark
and cambium

m Conks on butt may
indicate buttress root

'{ 3 i




Heart rot- decay in the
center of a stem (

m No reference to
presence of
heartwood

m Pathogenicity of
the fungus

m Decay of
sapwood or not

m Meaningless term



Root Decay Fungi

m Some decay heartwood in roots
-ﬁhers kill and decay roots




Some Root Decay Fungi will
primarily be in Roots!




Structural Root Decay
Bottom to Top of Root
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Structural Root Rot

m Same tree below

N




Frutmg on Roots is Problematic
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Sap Rot-Living Trees/Branches
-Dead Bark and Cambium
-Decay Progressing Outside In




Sap rots

s Many sap rot fungi can Kkill
bark and cambium once
established in wound

— Canker fungi

m Can decay dead sapwood
rapidly "




Is Critica

What

IS

1on

Mode of Act




Sap Rot Importance
Stem Strength Loss

+



Effect is lower In larger stems
3 inches of sap rot

ﬁ6-inch Stem 8-Inch Stem
/5% SL 98% SL

Frank Rinn 2025
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Ash D




UMN Research-Fungi from
EAB Gallerles

Fu1'| al Bio l::|

m Four Groups of
Fungi

— Sapwood decayers+
m /rametes versicolor

I orests o — Canker fungi

Waod Decay Fungi Asscited with Gallis o the el m Cytospora

‘ PERE——— m Botryosphaeria

— Entomopathogenic

Fungi associated with galleries of the
emerald ash borer




EAB- Sapwood Decay starts
when tree is still alive

m EAB galleries
m WWoodpecker




Trametes versicolor

Turkey Tail




EAB- Sapwood Decay starts

m Decay often
progresses
most rapidly in
roots

m Ash will fail
anywhere after
death




Sap Rot Can Progress
uickly-Dead Trees

T

Sap Rot will Proceed
Quickly near the Grounc



m 20% Crown
loss in ash

= No Climbing
(L. Purcell;
PU Survey)




Sap Rot
Assessment

-S?lﬁfest=Assume
the stem is
completely

decaved

4




Sap Rot
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Bark May be Intact!




Branches

Ing

Liv




Sap rot and

iIghtning Strikes

L




Case Hardening

The colour of the wound fice may also ha
£d 10 delerming intarnal copd Eelyl

; Darl
wound fe

; & more defect than dry
while-faced wounds. which us, -
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Case Hardening - Pellicle




InNes

| plates

Zone

Pseudosclerot
aka external




Zone Lines identify decayed wood
evien In incipient stages




chrisluleyphd.com

Introduction

When most arborists think of deeay in rrees, they think of heant rot, decay of the center of the stem
However, sapwood rot, or sap rot as it is commonly named, where the decay propresses from outside
the stem toward the center, may be of more importance than heart rot, particularly for arborisis that are
working in trees. This article explores the biology and identification of sap rot decay and fungi, and
why it is important 1o the working arborist

Definition
Sapwood rot is the decay of
wooedy stems that typically
follows the death ol the bark
and camnbium ol living tees; or
the decay that guickly follows
tree death. Sap rot is so named
because the decay initially
occurs in the sapwood and
progresses from outside the
sapwood and towand theven-
ter of the stem (Figure 1)
Sap rot is somewhat of a
nusnomer because most sap
rot fungi are able to decay the
heartwood of a tree once the cambium have died. The decay proceeds from ouside the stem toward
sapwood has been roued the center.
(Figure 2). However, sap rot
decay will be considerably slower when fung reaches heartwood that has inherent decay resistance.
This may occur 1n trees such as white oak (Quercus spp.), black locust (Robinia pseudoacacia), and

red cedar (Juniperus virginiana), among others.
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Positive Indicator of Decay




PLATE 2
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CARPENTER

EMETHE S TTEIFSTATES AN CANAD Y

e. Campanatus discolor f. Camponotus essigi
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Positive Indicators
- VJIsuaI Evidence




Positive or Definitive

Indicators

DB%& v IS present and have
Significant legal implications if present
m Fungal fruiting structures
m Cavities
m Visual Evidence (Not in BMP)
m Carpenter ants



Potential
- Indicators of Decay

m Two Types of Indicators

1. Potential-decay might be
present




Potential Indicators

internal decay
(Response or adaptive
growth)

4'4_ Old wounds 2- Tree reaction to




Potential Indicator of Decay

Response or Adaptive Growth
- R‘eﬁonse or Adaptive growth g n ,1 | w i |

— Tree is reacting to decay or &
mechanical stress on
marginal fibers

— Wood quantity and quality




Torpedo Bat
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eldom Show Adaptive Grow
to Brown and Soft Rot
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Conifers-Response growt
(bulges) seems rare

Most decay
fungri in
conifers are
brown rots




icators

| Ind
Bottle Butt

Potentia




il
M.—'* i
.
Wl

i

i
A
i
0

——

Response Growth

= Wood in Response
érowth s different
than normal

sapwood
— Some indication it
IS stronger
m Response growth
is both positive
and negative

it
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Response or Adaptive Growth

'![ee Body Language

= Make the biological-
mechanical
connection

s Response growth

— Tree is reacting to
decay or other
mechanical stress
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(2)

(2)

Basic Tree Risk Assessment: A Process for Evaluating Decay

Is decay present?
Potential indicators of decay:
= obd wounds and injuries
= response growth swellings
cracks and seams
Dozing
s ead or Inose bark
= sunken areas in the barn

What is the severlty of decay?
Basic assessment tools and techniques:
» sounding

Definite indicators of decay:
= cavity openings
= nesting holes
*  bee hives
» fungal frulting structures
» ants {e.g., Carpenter ants)

= probing
S s Evaluate the following: \
Load: Response growth to decay: \-\I

= crown area and density
& crown live ratio
& wind
« precipitation (e.g. rain, ice, snow)
» load direction and location
» response growth to load
+ length of lever arm
Location of decay:
+ location (e.g., heartwood,
sapwood, basal, root)
= Inrelation to cross-section (e.g..
center, off-cenler, cavily openingl
= inrelation to defect or condition
{e.g, belween codominant stems,
tension side of lean)
Species profile:
= capability to compartmentalize

==

o faflure patterns

S

Increased likalinood of failure;
« significant load
«  poof tree health
« insufficient response growth
= poorability to compartmentalization
= aggressive fungal species
= gritical location of decay fo tree defect
or condition

= lype of response growth 1
(e.g., tension, compression,
Tleniuire wood, woundwood)
= amount of response growth
(e.g.. significant, minor, none)
= vigor of tree
(consider tree species and agea)
= - ape of tree wound or condition
Fungal profite:
= type of decay
{e.g., white rot, brown rot, soft rot)
»  aggressiveness of fungal species
» ability to penetrate Wall 4 of CODIT
Trag hoalth:
= vigor of tree
(consider tree species and tree age)
+« ‘dicback |
= opacity /II
= |ive crown ratio : /’

‘.ri 3) How does the severity of the decay impact the likelihcod of fallure?

Decreased likelihood of failure:
= minor load
= good tree health
= significant response growth
= significant capability to comparmentalize
* slow aggressiveness of fungal species
» |ocation of decay has minor impact on tree
defect or condition

Source: Christopher 1. Luley, Ph.D., Urban Forestry LLE




Step 2. Decay Severity
Sounding Basic Assessment

= Sounding Mallet

— Rapid test of
decay indicators

— 58% with decay




Sounding
Tools
T

— 12 oz Plastic
Y E

m Preferred
— Hammer

cause damage
on thin barked

trees




Vibration Pattern or Sound Wave
Long Duration Low Frequency

—— - 1. Pulse Duration
= . Rise Time
i . Impulse Duration
= O . Amplitude Mean
= . Amplitude Std Dev
— . Amplitude Skew
= -5 . Amplitude Kurtosis
. Shape Mean
. Shape Std Dev
Asboriculture & Urban Forestry 37(5): September 2011 101 10. Shape Skew
ISA Aoborcaure & U Frsaey 0113760191199 il 11. Shape Kurtosis

Preliminary Evidence for Using Statistical Classification of
Vibration Waveforms as an Initial Decay Detection Tool

Anthony N. Mucciardi, Christoper J. Luley, and Kevin H. Gormally






Do You Hear What | Hear?
Part |l: Field Application of Sounding

By Christopher . Luley and Mike Ellison

R
The Tools

Ohur experience shows that mallets or hammers in the 10
to 16 ounce weight range; with heads made of nylon or

UE. IllL‘ Il-“d'i'-'l:]"[i\ 'K'Hd. ]‘r‘.TLELLR-K‘f\ r]]t‘ ll(.‘\‘ I.".'.'-\lll[.\. :‘\E.'III.\.'
arborists also-use large-faced, rubber mallers, but these are
less likely to produce clear and definitive results. How-

hard plastic, are the maost effective for idenrifving changes ever, many variations in types of mallets are in use, and

whenisounding s tes (FieneeT). Thse taak ars often wold individuals should hnd the ool they are comfortable
2 & ] : _ ]

as -.-.-nndwc:ri{ilt‘-‘. hammers and may have illtcl'L'hdugL‘Lllch with that produces the best results for them.

hard rubber and plastic heads. For the field arborist, use o 36 Souzd a Thes

If care is not exercised, sounding can cause damage 1o the
phloem and vascular camibium, as well as o the correx of
thin-barked trees. While ary hammer can cause damage
to-a tree if sufficient force is used, an arborist can usually
avioid such damage by I.1L‘i:t;_: care and by not using heavy,
metal hammers and excessive force when \lri];int_',. Partic-
ular caution is advised on thin- or smooth-barked trees,
as anecdotal evidence indicates thar they are more suscep-
tible to damage from hard serikes (Figure 2). especially in
spring w hen the cambium is active. Some species, suc h s
the Moreton Bay by (Fions macraphylla), are highly sus-
ceprible o damage, and again  caution should be
exercised.

The force required ro strike a tree during sounding is
rest described as lighr tapping, as compared to stronger
strikes that might be used during hammering, or when

Figure 1. A 12-ounce woodworking hammer (left) works well for sounding. i T
driving a nail into wood. Thick-barked trees, or those

We recommend the use of the hard plastic (yellow) side of the tocl. The “Thor
hammer” {right), with a hardened nylon head, is widely used for sounding in

with denser wood, may require a little more force to be
the United Kingdom and Australia.

.|pp|icd. However, a gcm—nﬂ rile is o use no more force




Sounding not Useful

Sap Rot Decay
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Step 2. Probing

-Tlﬁserting a
sharpened metal
probe into cavities
or other areas
suspected to have
decay Gl (<

= Can be quantitativel il S S8
to some degree {2 it AN

Figure 2. Probing. The tree risk assessor can use a stiff,
small-diameter rod or stick to probe into cavity openings
to estimate their size and extent.




Into

(aka) Probe
Sapwood Decay

g

D




Sgp Rot Assessment

m Use a sharp tool
and pick to reach
solid wood




Basic Tree Risk Assessment: A Process for Evaluating Decay

s
!\ 1/} Is decay present?

Potential indicators of decay: Definite indicators of decay:
= obd wounds and injuries = cavity openings
« response growth swellings * nesting holes
* Cracks and seams *  bee hives
*  DOZINE » fungal frulting structures
= dead or loose bark » ants (e.g., Carpenter ants)
A T g o K

"f 2 ) What is the severity of decay?
: Basic assessment tools and technigues:

» sounding
s probing

e Evaluate the following: Y
Fr"' Load: Response growth to decay:
| = crown area and density = type of response growth \
& crown live ratio (e-g., tension, compression, |
& wind flexure wood, woundwood) |
« precipitation (e.g., rain, ice, snow) = amount of response growth :
s load direction and location (e.g., significant, minor, none) |
* response growlh to load = vigor of ree .
» length of lever arm (consider tre¢ species and age) :
Location of decay: = ape of tree wound or condition |
s location (e.g., heartwood, Fungal profite: :
sapwoid, basal, root) = type of decay I
e In relation to crosssection (6.8, (e.g., white rot, brown rot, soft rot) :
center, off-center, cavity opening) » aggressiveness of fungal species |
= inrelation to defect or condition » ability to penetrate Wall 4 of CODIT |
{e.£., belween codominant stems, Tree kealth: |
tension side of lean) = vigor of tree :
Species profiie: (consider tree species and tree age) |
= capability to compartmentalize * dichack |
\ =  wood density * opaciy i

- * failure patterns e Jive crown ratio = p:

| 3 ) How does the severity of the decay impact the likelihood of failure?

Increased likelinood of failure: Decreased likelihood of failure:
« significant load = minor load
»  poof tree health = good tree health
+ insufficient response growth = significant response growth
» poor ability to compartmentalization « significant capability to companmentalize
= aggressive fungal species » slow aggressiveness of fungal species
= gritical location of decay fo tree defect = |ocation of decay has minor impact on tree
or condition defect or condftion

Source: Christopher 1. Luley, Ph.D., Urban Forestry LLE



Decay Assessment

Visual Evaluation
Potential Positive
H Step 1 Indicators

——E‘stablish decay s _ |
Presence/severity M

* Conks

Tree Reaction/] ® Cavities
] *Visual Evidence
Result of

» Carpenter Ant
Decay Pilings

» Nesting Holes

m Step 2 "Basic” |
— Severity Sounding/Probing

[Prognosis_]

m Step 3 “"Advanced”

Advanced Testing

Severlt : :ingle Pointh = Cross Section
- * Resistograp
y « Handheld Drilling * Tomograph

L]
* Increment Borer Radar

Interpretation



Change in Decay Relative to
Diameter Over Time noi

Two IFactors- Measurements?

1. Diameter growth
2. Decay
advancement
 Towards bark!
3. Time




Biology Trumps

BioMechanics
1. Hgven LARGE amounts of decay do not
t

reaten tree stability or biological health
— Up to 80% of their radius

m  Greater amounts if the load is reduced?

2. Ultimately what predicts failure
likelihood

— Biological health
m Tree diameter growth rate (Secondary)
m Tree internal response to decay

— Decay fungus/host interaction



Biology Trumps BioMechanics
1. Stability of Barrier and Reaction Zones
2. Change in Decay Relative to Diameter

B I




Most Failures occur when
“Tipping point” is reached

Massive amounts of decay




Biological Health
Barrier and Reaction Zone Strength
Diameter Growth

Importance of Plant Health Care
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Decay often has minimal
imp_act on Biological Health
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Tipping Point
How iIs decay progressing
relative to Diameter Increase?
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Presence/Absence of Response
Growth -Woundwood




Decay Management
CODIT and Wound Closure are

| Health
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Absence of Woundwood
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supported by Bio




Woundwood

Periderm Wound Wound

Cambium Periderm Phloem

Wound
Cambium

Barrier zone

The CODIT Principle

lenplicatinns ar Best Practioes
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Point of no
return




Decay Assessment

Visual Evaluation
Potential Positive
H Step 1 Indicators

——E‘stablish decay |
Presence/severity

* Conks

Tree Reaction/] * Cavities
] *Visual Evidence
Result of

» Carpenter Ant

Decay Pilings

» Nesting Holes

m Step 2 "Basic”

— Severity Sounding/Probing
a Step 3 “Advanced”
— Severity

* Single Point
* Resistograph
« Handheld Drilling * Tomograph
* Increment Borer * Radar

Interpretation

* Cross Section




Advanced Methods Level 3

m Point Drilling m Static Pull Testing
_|L_Handhe|d drilling = Wind Load Analysis
and resistance

m In situ motion
Sensor

drilling
— Increment borer
m Tomography
— Trunk testing
— Root -ArboRadix

m [ree Radar
— Trunk
— GPR

m Root Crown
Excavation




Advanced Testing
Establish a baseline to

--determine progression

m Even if moderate or low amounts of
decay

m One da




Biology Trumps BioMechanics

1. Stability of Barrier and Reaction Zones
2. C in Decay Relative to Diameter







Nothing from Industry
Jr



Potential types of “root rots”

1., Root Cambial Killers

fr Cambial Killers and Structural Decay
B Killing bark and cambium
B Decay woody roots/butts

3. Root and/or Butt Decay
B Structural decay (heart rot type)

4. Feeder/woody root (non-structural)
Issues

B Disease, Soil, or Site related causes




Cambial Killers (Woody Roots)
-Primarily kill bark and cambium
-May ‘not’ cause structural decay

m Usually expressed
initially as acute and
then progressive
biological health
deterioration

m Phytophthora sp.

m Desarmiflaria
caespitosa




Phytophthora sp.
“Plant Destroyer”
Water Molds




Phytophthora sp.
Killing Bark and Cambium







Bark and Cambium Death




Bark and Cambium Dea
ree Decline- Red gak




Previous Cambial Damage










Phytophthora sp.




Phytophthora sp.
Killing Bark and Cambium




Secondary Wood Dec



Expose Structural Roots




Root Collar Exam:!




11 Exposed Roots
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Root Decay or Cutting
Cut2/6=1/3

_Root System Loss
2 ) A single branch root =
G %f Two or more branch roots =
6; declining and unstabie trae



Root Decay-Root Failure
High Winds (Smiley et al 1998)

+

m HIGH (Possible) RISK

— Decay or cutting of
more than 1/3 of
structural roots

m SERIOUS (Probable)
Risk
— Decay or cutting 1/2
roots or more of roots




Structural Root System v.
Adventitious Root System







Presence/Absence of Roots
GPR Tree Rad_g
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ArborTom
Tomography
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