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Role of Fungal Diseases in Decline of Pacific Madrone

Abstract

There is concern over the health of Pacific madrone, a tree native to California, Oregon, Washington, and British Columbia.
Declining trees have been reported in western Washington and British Columbia during the past 30 yr. The fungus Nattrassia
mangiferae causes cankers and shoot blight and is associated with declining madrones. Fusicocoum aesculi causes branch die-
back but is a sccondary pathogen that actacks stressed trees, We found both fungi on declining madrone wrees. More canker fungi
were isolated within the first cm fron the canker margin, and occurred more often on large diameter wood. Naizrassia mangiferae
was found in 90% of samples from the margin of madrone cankers and is considered the primary pathogen. Trees that were
heavily infected with canker fungi had less stored starch in the root burl. Starch content in the root burl of declining (rees was
significantly Jower than in healthy trees. Pacific madrong decline has a similar pattern to other declines involving early succes-
sional species that establish after a disturbance, where mature trees are mere severely affected. Fire was the major natural distur-
bance agent with madrone. but disease now appears to be replacing [ire as the main disturbance agent responsible for killing
aboveground plant parts. Unlike fire, disease decreases starch accumulation in the root burl, so that declining trees are less able to
resprout after the aboveground portion of the trec is killed by disease.

Introduction B —

A decline in Pacific madrone (A rbutus menziesii)
has been reported during the past 30 yr in the
Pacific Northwest (Davison 1972, Bressette 1995),
and there is great concern about the health of this
species that is native to the western U.S. and British
Columbia. The problem was first scen in urban
areas, but declining trees are also found in natu-
ral forests. All ages and sizes of madrones are
affected, with larger, older madrones having the
most mortality, The major cause appears to be a
canker disease caused by the fungus Nattrassia
mangiferae (Deuteromycota) (Davison 1972, Hunt
et al. 1992, Bressette 1995} (Figure 1). The first
cases of cankers and declining madrones in Wash-
ington State were reported after a hot summer in
1967 followed by an unusually cold winter in 1969
(Davison 1972).

Nattrassia mangiferae may be an introduced
tungus since it first appeared in the 1960s in Wash-
ington, and probably spread to madrone from
Persian walnut in California, where it causes a
wilt disease (Paxton and Wilson 1965), Low dis-
ease resistance in madrone, severe weather con-
ditions, and the practice of fire suppression in the
20th century may have allowed this typically weak
pathogen to become a serious problem on Pacific

Figure 1. Declining madrone trees and associated cankers,
The large, callusing cankers are typical of

mail: melliott@u.washington.edu Nartrassia mangiferae infections.
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madrone. Greater weakening of trees through
defoliation is caused by the opportunistic patho-
gen Fusicoccum aesculi (Deuteromycota).

A fungus similar to Nattrassia man giferae was
first reported in the U.S. on Persian walnut in Cali-
formia in 1947 (Wilson 1947) and named Exo-
sporina fawcetti, Jater renamed to Hendersonula
toruloideq. Hendersonula toruloidea was later
placed in its own genus, Natrrassia, of which N.
mangiferae is the type species (Sutton and Dvko
1983). The fungus was originally found on plum,
apricot, and apple (Natirass 1933) and has been
reported from many tropical and sub-tropical coun-
tries where it is a weak pathogen that colonizes
injured wood (Paxton and Wilson 1963, English
et al. 1974. Sutton and Dyko 1989). Heat injury
to the bark is required in most cases. Hot, dry
weather encourages the development of disease
symptoms (Calavan and Wallace 1954, Davison
1972. Pandey et al. 1981, Jayasingh and Silva 1994,
Msikita et al. 1997). Nattrassia mangiferae is es-
pecially destructive on thin-barked trees that grow
where summer heat is intense. In addition to be-
ing a plant pathogen, the fungus causes skin dis-
case on humans and other animals (Sigler et al.
1697). Tnt both plant and animal hosts, infection
by N. mangiferae is not normally a problem un-
less the host is under some type af stress.

On Pacific madrone, N. mangiferae infects the
phloem and vascular cambium and causes shoot
blight. Infection courts are generally created by
mechanical injury or sunscald, Shaded trunks of
madrone trees develop a thick layer of bark that
is thought to protect the tree from fungal infec-
tion (Bressette 1993). Heat-injured bark and
wounds become infected with conidia of .
mangiferae. Cankers first appear as an area of
purplish to black bark discoloration. The bark peels
off revealing longitudinally cracked wood and dark
masses of asexual fungal spores (Figure 2). Conidia
(arthrospores) are present all year in the dead wood
of the canker and are carried by the wind to in-
fect new hosts (Hunt et al. 1992). Inner bark and
sapwood in the area around the cankers is discol-
ored brown in contrast to healthy tissue, which is
white or pale green.

Fusicoccum aesculi (Boiryosphaeria dothidea
{Ascomycota), telcomorph) has also been asso-
ciated with declining madrone trees, and a large
proportion of mature trees in northern California
are dying from cankers and branch dieback caused
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by this fungus (McDonald and Tappeiner 1991).
On Pacific madrone, F, aesculi causes branch die-
back where the limbs and twigs appear burned
(Adams and Kosta 1993, Adams etal. 1999). Tiny
black pycnidia are visible on the leaves and twigs,
On many hosts this fungus can be present in the
wood without causing disease, growing saprophyti-
cally on dead tissue or remaining latent until the
water content of the wood falls below a critical
level. Symptoms develop when the host becomes
drought-stressed (Houston 1984, Pusey 1989,
Boyer 1995).

When madrone branches and terminal buds are
killed by fungi, they are unable to produce more
foliage. The tree resprouts from dormant buds on
the stem or toot burl and grows new shoots to
increase the amount of foliage in a manner sirmi-
lar to that occurring after a fire (USDA Forest
Service 2002). These new shoots are often attacked
and killed by N. mangiferae.

Aging madrone trees develop a large root burl
with a spreading root system, which allows the
trees to resprout when damaged by fire or dis-
ease. Donmant vegetative buds used in resprouting
are located just above the root collar and grow
rapidly when released. Trees that have lost much
of their crowns from canker fungi and dieback
will resprout if these vegetative buds are not dam-
aged by cankers. Below the root collar madrones
have a root burl, or lignotuber, which contains
stored starch. Resprouting species allocate more
carbon to storage in the root burl than do species
that reproduce primarily by seed (Bell and Ojeda,
1999). Trees 50-60 yr old have a well-developed
root burl with deep, spreading lateral roots
(McDonald and Tappeiner 1991). These large trees
are susceptible to heart rot, which makes them
desirabie for cavity-nesting birds (Raphael 1987).

Dominant and codominant individuals of early
successional tree species that establish after a dis-
turbance tend to show decline symptoms before
younger members of the stand. This phenomenon
is called cohort senescence (Gerrish 1993, Mueller-
Dombois 1993) and is a natural part of the spe-
cies life cycle. Large, old madrones are more sus-
ceptible to decline because madrone is an early
successional species adapted to frequent fires
{McDonald and Tappeiner 1991, USDA Forest
Service 2002). Madrones have a growth rather
than a defense strategy, which allows young plant
parts, such as resprouts or seedlings, to be

Figure 2.
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Figure 2. Arthrospores und conidia of Nartrassia mangiferae taken from a madrone canker, 400x

competitive in carly stages of stand development
(Loehle 1987). When these trees approach matu-
rity and senescence, growth slows due to a de-
creased ratio of photosynthesis to respiration caused
by the higher proportion of support tissue rela-
tive to leaves. Rapid growth can no longer be used
as a defense and the tree is more susceptible to
attack by pathogens. As the crown becomes de-
foliated by pathogens, the amount of photosyn-

thesis relative to respiration decreases cven more
and opportunistic pathogens, such as Armillaria,
attack the weakened tree. Water stress on the whole
tree increases as the roots become compromised,
further weakening the tree. After a certain point,
the tree does not have enough carbon in reserve
to defend against pathogens and re-grow damaged
parts. This process, where the tree has low de-
fenses, is compromised by a short-term stress, The
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tree dies due to the activity of secondary organ-
isms in a process called a decline spiral (Manion
1981). Vigorous trees can escape and regrow dam-
aged parts, but trees with low carbon reserves often
die.

The objectives of our research were to deter-
mine: (1) the role of canker fungi in madrone
decline in the Puget Sound area, (2) the fungal
composition of cankers and the influence of branch
size and distance from the canker margin, and
(3) the eflects of Nattrassia and Fusicoccun on
starch reserves in the root burl.

Methods
Study Sites

The sites chosen for this research were in King
County, Washington. All sites were influenced by
urbanization and included city parks and other
public and private property. The sites ranged from
steep, exposed bluffs to flat, protected areas. Soils
were generally sandy, but in sorme areas compacted
or waterlogged.

Funga! Composition of Madrone Cankers

Madrone trees growing on four sites in King
County, Washington were sampled during the
summer of 1997, These sites were Discovery Park,
Seward Park, Maury Tsland. and the University
of Washington campus in Seattle. Samples were
taken from (1) newly forming cankers without a
callus ridge and (2) older cankers with callus and
possibly decay on both small (<20 cm) and large
diamieter stems and branches. Five cankers were
sampled from each type. Four wood chips from
the phloem, cambium and first few rings of sap-
waood were removed with a chisel at distances of
0. 0.5, 1, 2. 4, and 8 cm above and below the
canker margin. If the branch was dead above the
canker, all samples were taken below the canker
in living tissue. The wood chips were surface ster-
ilized in a dilute solution of sodium hypochlorite
and rinsed in deionized water. They were placed
in petri dishes containing 2% malt extract agar
and incubated at 25°C for one week. The number
of wood chips containing the canker fungi M.
mangiferae and F. aesculi were counted. Other
fungi, including yeasts, and bacteria were noted.
Isolates of N. mangiferae from Seattle were com-
pared to two isolates from the culture collection
at the University of Alberta Microfungus Collec-
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tion and Herbarium (isolates UAMH 6799 and
UAMH 6800). Nattrassia mangiferue isolates from
madrone were also compared with descriptions
in the literature (Wilson 1949, Sigler and
Carmichael 1976, Sutton and Dyko 1989). Fungi
thought to be F. agesculi were isolated and com-
pared with descriptions in the literature (English
et al. 1974, Pennvcook and Samuels 1985,
Rayachhetry et al.1996, Gardner 1997). Tt was
not possible to obtain a culture of this fungus from
a culture collection.

Two-way ANOVA was used to compare iso-
lation frequencies of canker fungi in the differ-
ent canker types on large and small diameter wood.
Tsolation frequencies of the fungi at different dis-
tances from the canker margin werc also com-
pared. The Tukey multiple comparison test was
used to examine means which were significantly
different at the P=0.03 level (Neter et al. 1990).

Koch’s postulates were tested with a randomty
selected isolate of N. mangiferae on 24 two-year
old madrone seedlings grown in 24 cm diameter
pots containing unfertilized vermiculite and peat.
They were kept in a glass shelter under outdoor
conditions of light and temperature at the Uni-
versity of Washington. A 1 cm cut was made into
the sapwood about halfway up the stem of each
piant. Four of the plants served as controls, with
a sterile toothpick inserted into the wound. The
other plants were inoculated with toothpicks colo-
nized by N. mangiferae. After each plant was
treated, the wound was wrapped in parafilm. The
toothpicks and parafilm were removed after 2 wk.
Lesions were later sampled and N. mangiferae
was re-isolated from inoculated plants.

Effects of Disease on Stored Starch

Two hundred fifiy-eight madrone trees growing
on six sites in King County were surveyed dur-
ing summer 1997. The sites were three Seattle
city parks {Magnolia Bluffs, Seward, and Lincoln),
the University of Washington campus, the Cross-
roads area of Bellevue, and the Northgate area of
Seattle. All sites were in urban areas and ranged
from lightly used areas with the madrones grow-
ing mixed with other tree species and native veg-
etation in greenbelts to heavily disturbed, where
the madrones were part of a landscape that included
lawn, ormamental plantings, or concrete. Information
was collected on madrone health including amount
of cankering and defoliation from branch dieback.
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Percent foliage (% FOL) was calculated from the
following formula te get a more realistic mea-
surement of the tree’s photosynthetic ability

% FOL = [LCR - (LCR * DEAD)] * 100

where LCR = live crown ratio and DEAD = frac-
tion of the crown with branch dieback. On heavily
diseased trees, the base of the live crown was es-
timated to be where live foliage would begin if
the tree was healthy based on branching patterns.
Diameter {dbh) was also measured. The amount
of cankering on the main stem and branches was
determined by classifying trees into three groups
based on the number of cankers, Group 1 trees
contained 0 - 5 stem cankers, group 2, 515 can-
kers, and group 3, =15 cankers,

A subset of 55 trees from these sites was used
for starch analysis in February 1997. They were

classified using crown architecture as a measure-
ment of physiological age with a seven stage Ar-
chitecture Based Classification (ABC) (Gatsuk
et al. 1980, Mayer 1998) (Figure 3). Stored starch
in the lignotuber represented an objective index
of tree vigor and a measurement of the resources
available after respiration.

In addition to these trees, 4 second starch sam-
pling was performed on a group of mature mad-
rone trees of similar age and size at the Lincoln
Park site in February, 2000. They were separated
into groups of healthy (250% foliage) and un-
healthy (<50% foliage) trees.

Samples from each madrone tree were taken
with an increment borer at four locations around
the root burl. The first 1 em of sapwood inside
the phloem was used for cach sample. The samples
were placed on dry ice immediately after removal

5 6

7

Figure 3. Architecture Based Crown classification (ABC) for Pacific madrone representing physiological age. Stage | is the
Jjuvenile stage with one central axis. There is increased sheot growth in stages 2 - 5, decreasing as the trees grow inl size.
As the shoot length decreases, the number of shoots increases. The trees develop a flater, less dense canopy concen-

trated at the top of the crown in later stages (6 and 7).
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from the tree and then kept at —20°C until analy-
sis. They were dried for 48 hrat 70°C, then ground
1o a powder for starch analysis. We assumed that
starch was stored in the tay cells and inter-ray
xylem, and would be present throughout the whole
core, since Pacific madrone is a resprouting spe-
cies (Bell and Ojeda 1999). Thus, the diameter
of the tree was irrelevant,

Stored starch was determined using methods
modified from Hajssig and Dickson (1979) and
Kolb and McCormick (1991). Fifty mg of the
ground sample was exiracted three times with 80%
ethanol. The pellet was dried overnight at 70°C.
The next day, it was resuspended in acetate bufter
at pH 4.5, gelled for 15 minin boiling water, and
cooled in an ice bath. Starch was converted 10
glucose by adding 1 ml of amyloglucosidase {15
units/ml) and incubating for 24 hr at 50°C. After
incubation, the samples were removed from the
oven and 0.1 ml of sample was added to a 0.4 ml
buffer. Five ml of enzyme color reagent (Sigma
kit #510) was added 1o cach tube and incubated
for 30 min in a 37°C water bath. Absorbance for
each sample was read in a Perkin-Elmer 55E spec-
trophotometer at 450 nm. The amount of glucose
in the sample was calculated from a glucose stan-
dard regression curve.

The data from the Lincoln Park site were ana-
lyzed by t-tests on groups of healthy (percent fo-
liage >30%) and unhealthy (percent foliage <50%)
trees with respect to starch content, dbh, live crown
ratio, percent dead branches, and percent foliage.
Stored starch was expressed as mg glucose/g
sample. The Mann-Whitney U test (Neter et al
1990) was used 1o determine the differences in
the frequency of stem cankers in healthy and un-
healthy trees.

Relationships between ABC crown class and
other variables and the number of stem cankers
and other variables were examined using one-way
ANOVA on the data from the other sites. The Tukey
multiple comparison test was used to examine
means that were significantly different at the
P=0.05 level (Neter et al. 1990). Dara were ana-
lyzed using SPSS v. 10.0.

Results

Fungal Composition of Macrone Cankers

Nartrassia mangiferae, Fusicoccum aesculi, and
Trichoderma spp. occurred the most frequently
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in calture. Natrrassia mangiferae was found more
often than any other species in all cases, and was
found in samples from the canker margin 90% of
the time. The fungi Fusicoccum aesculi and Tri-
choderma spp. were isolated from about 10% of
the samples. In some cases, growth of Trichoderma
suppressed that of Nartrassia.

Other fungi present in smaller numbers were
Penicillium spp., Fusarium spp., and Aspergillus
spp., and yeasts. Bacteria were also present.

Microscopic examination showed no morpho-
logical difference between isolates of N. man giferae
from Pacific madrone cankers in Seattle and iso-
lates from madrone cankers in British Columbia
that were in the University of Alberta culture col-
lection. The main identifying feature of N.
mangiferae is the production of pigmented ar-
throspores (Figure 2), which distinguishes itfrom
F. aesculi. Both of these fungi produce dark mycelia
in culture. The isolates from Pacific madrone in
Seattle also conform to the descriptions of N.
mangiferae in the literature (Sutton and Dyko
1989). Tn the test of Koch’s postulates, all the trees
inoculated with N. mangiferae developed cankers
that contained the fungus. These cankers were
growing vertically along the stem and were smooth
and black, similar to newly developing cankers
found on stressed madrone trees in the field.

The number of organisms isolated decreased
with distance from the canker margin. Tn some
samples, especially those taken farthest from the
canker margin, no fungi were isolated. The num-
ber of samples containing N. mangiferae declined
significantly (£ < 0.001}) with distance from the
canker margin. There was a ~50% decrease be-
tween O and (.5 cm (Figure 4). The fungus was
found in only 21% of the samples at the distance
of 8 cm.

Differences between canker types were sig-
nificant for N. mangiferae, with the fungus found
most often in actively growing cankers on large
diameter wood (Figure 5) (P = 0.03). Nattrassia
mangiferae was found least often in cankers on
small-diameter branches. There was no signifi-
cant difference in the amount of N. mangiferae
found in new and old cankers. and in cankers on
stems vs. branches.

Fusicoccum aesculi did not occur in as many

samples as N. mangiferae, but was found most
frequently in cankers on small-diameter branches
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Figure 4. Isolation frequency of (he canker fungi Nattrassia
mangiferce and Fusicoccum aesculi from Pacific
madrone cankers. Average percentage of isclations
out of 20 attempted for distance from the canker
margin, The highest proportion of isolations was
made up to 1 cm from the canker margin. No or-
ganisms were isolated from many of the samples
at distances greater than 2 ¢m from the canker
margin. There were significant differences in the
amount of Nattrassia mangiferae related to distance
from the canker margin (P<0.01). Letters abovc
each bar indicate significant differences in the
amount of Nattrassia isolated. There were no sig-
nificant differences in the amount of Fusicoccum
1solated.

(Figure 5). It was found most ofien at the dis-
tance of 1 cm from the margin, as opposed to V.
mangiferae, which occurred most often at the
canker margin (Figure 4). It occurred in the same
canker as Nattrassia on several samples taken from
canker margins, as noted by English et al, (1974)
on almond trees.

There were no significant differences among
the canker types and distances from the canker
margin for Trichoderma spp., however, more Tri-
choderma spp. was observed in older cankers.
These cankers tended to have less N. mangiferae
than newer cankers. There was no relationship
between the amount of Trichoderma spp. and F,
aesculi in the cankers,

Effects of Disease on Stored Starch

Large diameter trees tended to have less live foli-
age in the crown and more stem cankers than small
diameter trees. The amount of branch dieback in
the crown increased with the number of cankers
on the main stem (Table 1).

Stored starch was highest in ABC crown classes
3 through 6 and lowest in young trees (crown
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Figure 3. Tsolation lrequency of the canker fungi Nartrassic
mangiferae and Fusicoccum aesculi from Pacific
madrone cankers. Average percentage of isolations
out of 20 attempted for cach canker typc. The can-
ker types sampled were the following: 1 = new can-
kers on branches < 20 em diameter, 2 = old callus-
ing cankers on branches, 3 = new cankers on stems
and branches > 20 ¢ diameter, and 4 = old callus-
ing caukers on stems. Five cankers were sampled
lor each type, with four samples taken from cach
location. There were significant differences in the
amount of Nattrassia mangiferae related 1o cach
canker type (P<0.03).

classes | and 2) and in the oldest trees {(crown
class 7) (Table 2), Mean diameter of the trees in
each group increased and the percentage of foli-
age decreased, with a large decrease in foliage
between crown classes 6 and 7. There was a similar
decrease in starch content between these two
groups, suggesting that >50% defoliation affects
the amount of stored starch in mature trees.

Inaselected group of large diameter trees (mean
dbh 68 cm) at the Lincoln Park site, healthy trees
(=50% foliage) had fewer stem cankers than un-
healthy trees (< 50% foliage) (Figure 6). Healthy
mature madrones had more stored starch than

TABLE 1. Number of Naffrassia cankers on the main stem
and large branches of Pacific madrone relative to
mean stern dbh and branch dieback. Standard er-
ror in parentheses. Different letters within cel-
umns indicate significant differences. (P < 0.03).

Number of cankers/iree Branch
(rmber of trees) dbh(¢m) dieback (5}
0—35¢86) 38.2°(2.3) 16.14(2.5)
5-15(32) 46.3° (2.6) 29.9" (3.4)
>15{25) 48.9°(1.8) 5429027
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TABLE 2. Summary of data for madrones in each ABC {Architecture Based Crown Class). Stored starch is expressed in terms of
mg glucose/g sample. Numbers followed by a different letter in each row are signiticantly different (P < 0.05).
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ABC 1 2 3 4 5 6 7
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9 - of starch samples was taken, when the average growth or defensive ¢
. temperature was 5.3f’C (Western Regi(?nal Climate require carbon,
B Healthy Center 2002). The higher temperature in 2000 may L.
74 Unhealth . ] - Defoliation as a res
O Unhealthy have resulted in more growth and less starch storage .
- . e . ker fungi can add to tt
g8 in Pacific madrones, since they are an evergreen
& o : ) : ture madrone tree. Nart
5. species and can photosynthesize during the win- s
5 5 . .. . girdling the stem create
e ter if conditions are favorable. e
% 4 Under these condition:
E . Bi ) gen Fusicoccum aescu
3 iscussion twigs and branches. A d
2 Natirassia mangiferae appears to be an introduced is created when the trex
14 fungus and is causing considerable dieback and canopy to branch dicha
ol mortality in Pacific madrone in western Wash- mature trees drop sign
. . . . 1 L
0-5 5-15 >15 ington. Low disease resistance in madrone, se- to trees with less than .

Number of cankers

Figure 6. Number of stem cankers on a selecied group of large
diameter trees {mean dbh 68 cm). Healthy trees (>
30% foliage) had fewer stem cankers than un-
healthy rees (< 50% [oliage) (P = 0.08. Mann-
Whitney U test).

TABLE 3. Results of t-tests between healthy (250% foliage)
and unhealthy (<50% foliage) on mature mad-
rone trees at Lincoln Park, Seattle, Washington
for dbh, live crown ratio (LCR), % crown die-
back, % foliage, and stored starch. Standard cr-
ror in parentheses.

Healthy Unhealthy P
dbh (cm) 58.3¢22.5) 54.3(15.7y  0.66
LCR 0.80 (0.04) 0.77 (0.26)  0.92
% crown dicback 27 (6} T8 (D <0.01
% foliage S0 (4) 13(3) <0.01

Stored starch (mg/g)  2.22(1.04) LIB (D700 0.02

unhealthy trees (Table 3). Starch levels were gen-
erally lower in this group than those shown in
Table 2 because the trees were sampled in Febru-
ary 2000 when the average temperature for No-
vember through February was 6.7°C. This was a
warmer winter than 1997, when the first group
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vere weather conditions, and the practice of fire
suppressien in the 20th century may have made
this typically weak pathogen a serious problem
on Pacific madrone. Greater weakening of trees
through defoliation is caused by the opportunis-
lic pathogen Fusicoccum aesculi.

Without fire to destroy inoculum, disease can
increase in a stand of Pacific madrones. Above-
ground parts are killed by disease rather than fire.
Infection by N. mangiferae and F aesculi may
also reduce fruit and seed production by killing
fruit-producing twigs in the upper crown, Declining
trees are less able to resprout after the aboveground
portion of the tree is killed by disease since the
root burl is depleted of starch. It appears that dis-
ease 1s replacing fire as the main disturbance agent
responsible for killing aboveground plant parts.

Stored starch decreases with physiological age,
reducing reserves to defend against disease and
predisposing the trees to decline (Table 2). This
trend was also seen in the group of mature mad-
rones sampled at Lincoln Park and is similar to
forest declines in which the dominant and codomi-
nant trees in a stand have the most severe decline
symptoms (Manion, 1981, Gerrish 1993, Mueller-
Dombois 1993). This pattern is common in species
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ficient carbohydrates :
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that establish after a disturbance such as fire and
are shade intolerant (Ogden et al. 1993). The critical
diameter for open-grown or codominant madrones
seems to be around 40 cm. A madrone trec that is
>40 cm dbh is in balance between carbon pro-
duction and demand. A stress that causes the tree
1o lose some of its foliage will decrease the ratio
of photosynthetic to respiring area and cause the
tree to begin to decline (Gerrish 1993, Ogden et
al. 1993). Larger, older trees lack the resources
to defend themselves against canker fungi by
growth or defensive chemicals, both of which
require carbon.

Defoliation as a result of the presence of can-
ker fungi can add to the effects of age on a ma-
ture madrone tree. Nattrassia mangiferae cankers
girdling the stern create water siress in the crown.
Under these condittons, the opportunistic patho-
gen Fusicoccum aescull becomes active and kills
twigs and branches. A decline spiral (Manion 198 1)
is created when the trees have lost >50% of their
canopy to branch dieback. Stored starch levels in
mature trees drop significantly when compared
to trees with less than 50% defoliation ¢ Tables 2
and 3). Trees with »50% defoliation may have
difficulty escaping the decline spiral without suf-
ficient carbohydrates available for growth and
defense because their photosynthetic ability is
lessened. Changes in carbohydrate chemistry in
defoliated madrones may also reduce their resis-
tance to other pathogens. such as Armilluria
(Garraway et al. 1991). Increased infection hy
Armillaria would create more water stress, fur-
ther reducing tree defenses and increasing dam-
age by canker fungi. A study of carbohydrate
metabolism in declining madrones needs to be
conducted to confirm this,
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