WHITE OAK, Quercus alba

The growth rate of this tree was decreasing for the last 15 years. The last
seven growth increments consisted of only earlywood vessels. The tree was
a victim of repeated attacks the last seven years by gypsy moths, Lymantria
dispar. (I was watching this tree for many years until it was cut for a housing
development.)

Tree Autopsy
Reading the Tree's Log
By Dr. Alex Shiga

T

rees keep a very accurate log of all events that affect their lives.
The log is kept in the wood , and to read that log you must under
stand the simple language of tree anatomy. Trees respond to the everchanging environment, and to injuries and infections. Because pruning and
removing trees are major activities of most tree companies, arborists have
many opportunities to autopsy a tree and read its log.
Autopsy , which comes from the Greek word autopsia, means to see for
yourself. It is often mistaken for the word for necropsy, which means the
study of the dead. The usefulness of an autopsy depends on knowing where
to look, what to look for , and the meaning of what you see. You must be
able to see details fast. We have a special name for people who can see fast.
We call them lucky!
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RED OAK, Quercus rubra, 38
years old, with a closed and
compartmentalized wound.

1.

A star-shaped pith as with
most oak species. There is no pith
in roots. Note the five-lobed
growth increments near the center of the tree.

2.

Red oak is a ring-porous tree
that forms large vessels f i rst in
the growing period and smaller
vessels later. Wide and narrow
rays radiate from the center of the
tree. Oaks have a darkly colored
protection wood called heartwood. All cells are dead in the
heartwood.

3.

Some events caused the tree
to start decreasing its growt h rate
at this time. Note the decreasing
width of the growth increments.

4.

The tree was wounded by
buckshot during a dormant period
nine years before it was cut. The
barrier zone boundary between
the growth increments indicates
a wound during the dormant period. A wound during the growing
period will cause a barrier zone
boundary to form within the
growth increment.

5.

A dark boundary called a reaction zone borders the column of
decayed wood in the heartwood.
Note that the boundary is darker
in color than the heartwood, but
as decay develops, the darker
wood changes to a lighter color.
This is called white rot, because
the cellulose and lignin are digested by the fungi.

6.

The woundwood ribs closed
the wound in five years. Note the
bark between the ribs of
woundwood.

7.

The tree was cut just as the first vessels were forming. Since vessels begin to form as the leaves are expanding, this tree
was cut around the second week of May in New Hampshire.

8.

The size of the woundwood ribs were very large before the wound was closed. Note that the woundwood ribs contained
mostly dense wood with few vessels.

9.

After wound closure, the size of the growth increments were about the same as those before the tree was wounded.

10. The pointer to the left shows new bark with a smooth corky layer-phellem. The pointer to the right shows the old
original rough phellem of the tree.
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POINTER" ' INSECTICIDE (MERIT®)
IS NOW AVAILABLE WITH THE
ARBORSYSTEMS WEDGLETM TIP
INJECTION SYSTEM.
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RED SPRUCE, Picea rubra, 40 years old, with a closed and
compartmentalized wound. Spruce trees are conifers that
have tracheids, not vessels, for water transport and mechanical support. As the growth increment increases, the
tracheids that formed later have thicker walls. These are
called fiber tracheids.

1.

The tree started to grow at an
even rate. After six years, it began to
lean slightly to the left.

2.

After 13 years, it began to lean
slightly to the right. Note the larger
and darker bands of compression
wood.

3.

At this time, the tree was injured.
Note the sudden decrease in growth
rate.

4.

Spruce trees have very few resin
ducts in healthy wood. The wood is a
non-resinous type. However, when
the tree is injured, resi n ducts, called
traumatic ducts, often form. The
ducts appear as dark spots in the
wood. Even though the wound is not
shown in the photo, you can be sure
there was a wound nearby on the tree.

5.

A very narrow ring shake or
separation indicates a small wound
near where this specimen was cut.
Note also the sudden decrease in
growth rate to the left of the arrow.

6.

The wound penetrated one
growth increment. A very strong
"CODIT wall 2" resisted deeper
spread into the tree. Note the dark
band of fiber tracheids at the arrow
point. The wood was altered chemically as a protection wood after
wounding.

7.

Note both arrows showing the
barrier zone that formed after wounding. When trees are wounded during
the growing period, it is possible to
date the wound to within a week of
when it was inflicted. The barrier zone
is slightly beyond the middle of the
growth increment indicating that the
wound was inflicted about four to five
weeks after new needles began to
form. Under normal conditions, it takes about six to eight weeks after needle or leaf formation before the growth increment
is fully formed. This tree was wounded around the third week of June in New Hampshire.

8.
9.
1 0.

Thick woundwood ribs began to close the wound.
The wound was closed in four years.

The tree was cut about a week after new tracheids began to form. It was cut the third week of May, and therefore the
wound was six years and about four weeks old.
10
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Things Do Not Just Happen
We hear it said over and over again that accidents do not just
happen. The same can be said for tree fractures and death. There
is usually a cause. The best way to prevent accidents is to be
well trained and educated in your job. Similarly, the best way to
prevent or predict tree problems is to be well educated and trained
in the ways trees grow, defend themselves and eventually die.
The tree log exists because trees are generating systems. Every growth period, new parts form in new spatial positions.
Unlike animals, trees cannot repair, restore or regenerate new
parts in old spatial positions. The size, number, arrangement and
condition of all new cells being formed in a new spatial position
are affected by all the pressures of living and non-living factors
present at the time of growth.
Trees are living systems that are connected with many living
communities. When some agent affects this grandly connected
system, a record of the event will be recorded in the wood. Wood
is a highly ordered connection of living, dying and dead cells
that have walls of cellulose, lignin and hemicelluloses. The arrangement and development of the wood cells will depend on all
factors affecting growth. The real "trick" of reading the tree's
log is to understand the changes that took place during the formation of the wood.
Trees are living systems that respond to injuries and infections. After an injury or infection, boundaries form that resist
the invasion of pathogens and serve to protect the moisture, air
and support systems of the tree. The boundaries "wall off' space

that would normally be used for storage of energy reserves. Tile
boundaries are a record of the times injuries and infections occurred. The starting points for cracks that could lead to fractures
are often found at these boundaries.

Benefits of Autopsies
The autopsy is regarded as an extremely valuable way to learn
what really caused the death of a person and when death occurred.
The long-term value of autopsies is that when a living person
has symptoms similar to those associated with one who died and
was autopsied, better treatments could be given sooner, and a
life could be saved. All of these points are just as applicable to
trees. The more you learn about the internal development of
cracks and fractures , the sooner you will be able to detect early
signs that could lead to a fracture. Also, when you learn the real
reason a tree died, you could help treat living trees that have the
same internal problems as those you autopsied.
There is another very valuable reason to understand autopsies.
The more you can point out to your clients, lawyers and juries,
the better the chances are that they will accept your decisions
and opinions. Knowledge demonstrates your credentials.
Modern medicine started when doctors learned by autopsy the
parts of the body and how they worked. As more arborists learn
by autopsy the parts of the tree and how they work, modern
arboriculture will grow even faster.

m

The author has dissected thousands of trees for autopsies, including tropical trees and palms, since 1959.
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AMERICAN BEECH, Fagus grandifolia, about 110
years old, with a column of compartmentalized, decayed wood associated with an old, dead branch.

1. Beech has diffuse-porous
wood. All vessels are about the
same size and arranged evenly
throughout the growth increment.
Beech will tolerate low light and often it will grow very slowly, as
shown here, as an understory tree.
When it is released into light, it
grows rapidly.

2.

A small wound with decay was
well compartmentalized in the center
of the tree.

3. The tree lost branches at this
time and a core of protection wood
formed. This type of protection wood
is called false heartwood, because
the death of branches triggers the
process. Heartwood formation in
oaks is a genetically controlled aging process. The false heartwood,
like heartwood, resists the spread of
decay.

4.

Note that the decay associated
with the dead branch did not spread
into the column of false heartwood.
It could be that the events that
brought about the formation of false
heartwood-dying branches-also
released the tree into more light. Note
that after a few years, the growth increments increased greatly in width.

5. The cellulose and lignin were
both being digested, indicating a
white rot. The fungi did not grow
into the central core of dense, slowgrowing, false heartwood.
6. Note that the decay spreads
first into the earlywood of each
growth increment. This pattern results in a tooth-like margin to the
column of defect when viewed in
cross section.

7.
8.
9.
10.

The decay associated with the branch did not spread outward into the column of discolored wood.
The limits for the column of discolored wood were set by the cracks that formed as the woundwood closed the wound.
A crack where the woundwood formed about the dead branch.

The curling woundwood ribs formed ram's horns. The cracks that form in this way often extend the columns of
discolored and decayed wood beyond the barrier zone and wood present at the time of branch death or of wounding.
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STRONG. KEEP IT UG

MAKE IT CUT CLEAN AND FAST AND EASY
DESIGN IT TO REDUCE WORKER FATIGUE AND INCREASE PRODUCTIVITY
Give us more cuts per hour, especialf:Y. during
last hours qflong days at the end qJ the pruning
season. Give us a blade that we can replace without
taking apart the handles- one that holds its edge, is
easy to sharpen and simple to adjust. The handles
should never need replacing but, ifthey do, it should
take only seconds and require no special tools.
By the way, make it unbreakable and guarantee
it.forever.
That's what you told us it would take to make the perfect
vineyard and orchard loppers. So we did it. And then some.
Our new line of aluminum-handled loppers cut so
clean, so fast, so easy and are so strong and simple to
maintain, that virtually everyone who has tested them says
they're the best loppers they've ever used.
The blade cuts with astonishing ease. Long, to reach
into tight areas; large, to slice easily through mature vines
and branches; the blade is Radial ArcTM ground and clad
with a tough, slick, three-layer
fluoropolymer that reduces friction to a bare minimum. This
blade requires one-third less
force than a conventional blade
to make the same cut.
The blade is a separate component. Changing it takes one
tool and one minute.
The forged hook is designed
self-aligning
to draw the material being cut
Pivot bolt
closer to the pivot. This maximizes leverage and minimizes
the effort required to make a cut. The hook's curvature is
shallow enough to easily slip between dense, tangled
branches and support wires. Yet it is deep enough to hold
the branch securely as the cut is being made. The sap
groove is deep and wide for improved self-cleaning.
The square-shouldered, right-threaded pivot bolt that
enables quick blade ~.:hange is positioned so that the hook
and blade open wide with a minimum of handle movement- in other words, with less effort. And the same
coating that makes cutting so easy also self-lubricates the
pivot action.
The Santoprene® bumpers, which provide a cushy rebound at the end of each cut, are located low on the tang
well clear of the action. Replacing a worn bumper takes
only seconds. Tools needed? Your thumb and forefinger.
Our patented new handle design has astonishing
strength. The thick-walled aluminum tubing is ovalinherently stronger than round or rectangular stock. That
strength is then compounded by an internal wedge of

high-density, glass-filled nylon that expands as it is compressed during handle mounting. Even given severe. abuse,
these handles are almost impossible to break Given proper
use, they're indestructible.
The hand grips are designed for comfort and durability.
They're thick, to minimize hand fatigue. They're molded
of tough polyethylene and the bottom is extra thick for
longer wear when used to drag brush along the ground
and into a pile.
Our new aluminum handled loppers come in three
models. A 21-inch version with a 1V2-inch cutting capacity
suitable for vines and shrubs.
And 26 and 32-inch models
with a 2V2-inch cutting
capacity for tree pruning.
W A RRA N TY
Like all our professional
tools, these loppers come with
a lifetime warranty. If they
break, we'll fix or
replace them.
Period.
We're also backing these tools with a
"Fast or Free" parts warranty. If your
Corona dealer is out of replacement parts,
call us. We'll have them to you within 48
hours or they're yours free.
If you try these loppers, we think
you'll agree that they're perfect, or close
to it. So we're making you this moneyback offer. Buy a pair. Prune with
them for two weeks. Use 'em and
abuse 'em. If you agree they're the
best, buy more. If you don't, return
them to us along with a note telling
us what you think would make
them better. We'll refund your purchase price. Fair enough?
For further information, contact
26-inch AL 6640
your Corona dealer or call us at
and 32-inch AL 6660

1-800-234-2547.

cut limbs up to

2 112 inches thick.
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® Santoprene is a trademark of Monsanto
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Have Dr. Shigo
autopsy (and
even autograph)
your tree sample
at TCI EXPO '96
in Charlotte, NC,
November 7-9.
Keep reading
TCI for further
details.

CANADIAN HEMLOCK, Tsuga canadensis, about
40 years old, with a dead branch.

1. The pith of the branch was
infected and darkly discolored.
2.

Both arrows show the
branch protection zone that
formed after the branch died.

3.
4.

The branch bark ridge.

Note the invaginated increments indicating included bark
to this point. Note also the dark
color of the wood from the arrow downward toward the trunk.
This indicates that the increments were squeezing t ogether
to the point of cell death.

5.

For some reason, the increments began to form normally
at this point. A much narrower
growth increment formed at this
time, suggesting a possible injury.

6.

A different type of checking pattern can be seen where
the normal branch -trunk collars began to form. Compare
area 6 to area 4.

7.

A crack formed after the
branch died. The branch died
about 12 years before the tree
was cut.

8. There was a sudden decrease in growth rate at this
time. Note both arrows 8. The
number of growth increments
above the branch are equal to
those below the branch from
arrows 8 to the bark.

9. Compression wood began
to form here.
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100 SPECIALIZED TRUCKS IN STOCK!

Pettibone 25; 121/2 Ton RT Crane; 46' Boom;
Detroit Diesel; Runs & Operates; Needs Some
Work ........................................................$9,500

(5) 1985 International 1954; DT466; Allison
Auto.; NB; Crew Cabs; 28,000#GVW; 8'
Dump Body; Central Hydraulics 25 To 40,000
Miles; The Nicest Crew Cabs We Ever Saw;
(1) With Plow ................... $14,900
Others- $12,750 to $13,900

1992 Ford F350 4x4; 7.3 Diesel; 4 Speed
0/D; 11' Utility With Venturo Service
Crane .............................................. $24,500

THE ULTIMATE SNOW BLOWER
MERCEDES UNI·MOG DIESEL TRUCK
180 Hrs. With Schmidt Snow Cutter/Blower,
150 Original Hrs. Snow Cutter Has A255 HP

~~~f".~e·s·~~~;~."..r.~~t.r..o.~~~~.~~i>~rt~$~~.~~!0

(15) Material Handling Buckets in Stock;
41', 42', 43', 50' & 55'; Holan, Asplundh;
Telelect, Teco, Etc ..... Call for List

(20) HIAB; IMTCO; National; Etc.
Knucklebooms Unmounted Or Mounted
.............................................$4,500 And Up

1986 Ford C/0 8000; 3208 CAT 4x4; 5
Spd.;/2 Spd.; 26K Miles ....................$24,500
With Crane 7.5 Tons .........................$29,500
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Truck & ·Equipment Sales

3123 Bethlehem Pike • Hatfield, PA (Phila. Area) 19440
( 215) 721-4444

Please circle 34 on Reader Service Card

