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Role of Fungal Diseases in Decline of Pacific Madrone

Abstract
Therc is concern over the hcallh oi Pacific mdronc. a tree natile to Caliiomix. Oregon. washington. and Brilish Columbia.
Declining lrces hale been repo(cd in lvestern Waihinglon md British Columbia during the pan 30 yr. The t-ungus trIrr/r..rrr,r
m.rrgtl'rae caules cankers and shoo! blight and is associaled with declining madrdres. Irrku" r,n .J.,r.ll/l causes branch die-
back but is a sccondar) pathogen that altacks stressed rees. \\'e lound both fungi on declining madrone rees. Nlore canker fungi
\,ere isolatcd within the first cm fron &e canker margin. andoccured more oticn on large diametcr w orjtl. Na ft \fu munRilet.ae
was tound in 90q. of liamples iron1 |he margin of madrone caDkers and is considered the prinrar) pathogen. Trccs thar *efe
hea!il)' infccled with canker fungi had less stored srarch in the root burl. Starch content in the rool burl of declinins trees \\,as
signiticantlv lower than in healthv lrccs. Pacific rnadrone dccline has a similar parrcm to orher de.trnc" rnrotr ing eritl s'rr.r*
sional species that cstablish after a disnrrbance, $here mature trccs are nore severely allecled. Fire was lhe nlajof nat ral djslur
bance agent \lith nadrone. but disease no$ appears to be replacing lire.rs the nain dislurbance agent rcsponsible for kiltjng
abo!eground plant parls. Unlike iire, disease decrcascs starch accumlrlation in lhe rcot burl. so thal declininp lrccs are les\ able ro
rcsprout af-ter the aboveground ponion ofthe rrec is killed by disease.

Introduction

A decline in Pacific madrorlc (A rbutus menaiesii)
has been reported during the past 30 yr in the
Pacific Northwest (Davison 1972, Bressetre 1995),
and thcre is great concem about the health ofthis
species that is native to the westem U.S.;rndBritish
Columbia. The problem was first scen in urban
arcas, but declining trces are also lbund in natu-
ral lbrcsts. A11 ages and sizes of madrones are
affectcd, with larger, older madrones having lhe
most mortality. The major cause appears to be a
canker disease caused by the fungus Nattrassia
nang iJe rae (Dettercmycota) (Davison 1972, Hunt
er al. 1992. Bressette 1995) (Figure l). The firsr
cases of canters and declining madrones in Wash-
ington State were repofied after a hot sunmer in
1967 fbllowed by an unusuaily cold winter in I 969
(Davison 1972).

Nattrassia mangiJerae may be an introduced
lungus since it fi rst appeared in thc 1960s in Wash-
ington, and probably spread to madrone from
Persian walnut in Calitbrnia, where lr causes a
wilt disease (Paxton and Wilson 1965). Low dis
ease resistance in madrone, severe weather con-
ditions. and the practice offire suppression in the
20thcentury rray have allowed this typically weak
pathogen to become a sedous problem on Pacific
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Figurc L Declining madrone trees and arsociated cankers.
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madrone. Greater weakening of trees through

clefoliation is causecl by the opportunistic patho-

ge]f Fusico(:(wn Qe.tc&li (Deuteromycota)

A fungus similar to Na tttossid nangile rae was

first reported in the U.S. on Penian walnut in Cali-

fornia in 1947 (Wilson 1947) and named tro-

sDnrinl I'a\' cetti,later relamed to Herx]ersonula

ti r u Lo i d e a. H e n tl ets on u la t o r ulo ide a \t as later
placed in it i  ,,u n genus. Natlr,r 'rrl.t. of lt hieh N'

mongilcrtrc i, t l '? ty Pe .pe(ie' I Suttun and D) ko

1983). The tungus u'as odginally found on plum'

apr ico t .  and app le  iNa l t r  *  ta . l3 r  and ha '  been

repone.l flom mon) tropical rnd sub tropicul (oun-

trie. uhcrc it is I $eak pil lhogen lhul coloni"'e\

iniured $ood (Paxton andWilson 1965, English

eial. 197,1. Sutton and Dyko 1989) Heat injury

to the bark is required in most cases Hot' dry

weather encourages the de\elopment of disease

svmptoms (Calavan and Wallace 195'1. Davison

1'97i. Pandey et al. 1981 . Jayasingh and Silva 1994,

Msikita et al. 1997). Nattrassia nrongilerae is es-

DeciallY desmctive on thin barked trees that grow

*h"re summer heat is intense. In addition to be-

ins  a  o lan t  oa lhogen.  the  fungus  iauses  sk in  d is -

ea ie  on  human.  ind  o lher  !n ima l '  rs ig le r  e t  u l '

1997). In both plant and animal hosts, infectlon

by N. mangiferae \s not normally a problem un-

less the host is under some type ot sffess'

On Pacific maclrone' N rnoriSiferue inf'ects the

oh loem and r asculcr ,. lmhiu m Jnd cru'e' shoul

l l i rh r .  In tcc t i . ,n  cour ls  a re  generu l l l  c rea ted  b1

me-chanical iniury or sunscald Shaded trunks of

madrone trees develop a thick layer of bark that

is thought to protect the tr(]e tion fungal inlec-

tion (Bressette 1995). Heat-injured bark and

wounds become infected with conidia of N'

mangiftrue. Cankers first appear as an area of

oumlirh to bhck harL di'colorlt ion Thc barl peels

,,lT rer ealing longiru,Jinully crrrcked u ood and darl

masses ofaiexual fungal sporcs (Figure 2) Conidia

(afihrospores) are prcsent allyearin rhe deadwood

of the cinker and are caried by the wind to in-

fect new hosts (Hunt et al. 1992) lnner bark and

sapwood in the area around the cankers is discol-

ored brown in contrast to healthy tissue' which is

white or pale green.

F trsicot t um ae scuLi (.qotryo sphae ria dolhide a

(Ascomycota;, telcomolph) has also been asso-

ciated with declining madrone ffees. and a large

DroDortion of mature trees in northern Califomia

areiying from cankers and branch dieback caused
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by this fungus (McDonald and Tappeiner 1991)'

On Pacific madrone,I aescall causes branch die-

back where the limbs and twigs appear burned

(Adams and Kosta l993,Adamsetal 1999) Tiny

blackpycnidia are visible on the leaves and twigs

On many hosts this fungus can be present rn the

woocl wiihout causing disease, growing saprophyti-

callv on dead tissue or remaining latent until thc

water content of rhe wood lalls below a critical

level. Symptoms develop u'hen the host becomes

drought-stiessed (Houston 198'+' Pusey 19119'

Boyer 1995).

When madrcnebranches and tcnninal buds iLre

kjlled by fungi, they are unable to produce more

foliage. The tree resprouts from domantbuds on

the stem or root burl and grows new shoots to

increa .c  lhe  lmount  o l  fo l i rge  in  I  manner  ' im l -

lar to that occurring after a fire (USDA Forest

Service 2002). These new shoots are otien attacked

and klled by M mdngiferre.

Aging madrone trees develop a large root burl

with 
-a 

spreading root system, which allows the

trees to rcsprout when damaged bv fire or dis-

eirse. Dormrnt \ cgetal i\ e buds used in resprouting

are located just above the root collar and grow

raoidly when released. Trees that have lost much

of thelr crowns from canker lungi and dieback

will resprout if these vegetative buds are not dam-

ased by cankers. Below the rcot collar madrones

hiue a root burl. or lignouber, which contains

stored starch. Resprouting species allocate more

carbon to storage in the root burl than do species

that reproduce prirnarily 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 l99l). These large trees

are susceptible to heart rot, which makes them

desirable for cavity-nesti ng birds (Raphael 1987)'

Dominant and codominant individuals ofearly

successional tree species that establish after a dis-

turbance tend to show decline symptoms before

vounger members ofthe stand. This phenomenon

is calGdcohort senescence (Genish 1993' Mueller-

Dombois 1993) and is a natural part of the spe-

cies lif'e cycle. Large, old madrones are more sus-

ceptible to decline because madrone ls an early

successional species adapted to frequent tires

(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
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tree dies due to the activity of secondary organ
isms in a process called a decline spiral (Manion
198l). Vigorous trees can escape and rcgrow dam-
agedpafts. buttrees with Iow carbon resen'es often
dle.

The objectivcs of our research were to deter-
rnine: (l) the role of canker fungi in madrone
decline in the Puget Sound area, (2) the fungal
composition ofcankers and the influencc ofbranch
size and distance fiom the canker margin, and

1t] the effects (' l  Nd/I/.?rsl./ cnd Frri. oc.rul on
starch reserves in the root burl.

Methods

Study Sites

The sites chosen for this research were in King
County, Washington. All sites were influencedby
urbanization and included city parks and other
public and private property. The sites ranged liom
steep, cxposed bluffs to t'lat, prctected ?reas Soils
were generally sandy, butin some areas compacted
or waterlogged.

Fungal Composit on of l\,4adrone Cankers

Madrone trees growing on four sites in King

Coulty. Washington were sampled during the
surnmerof 199?. These sites were Discovery Park,
Seward Park. Maury Island, and the University
of Washington campus in Seattle Samples were
taken from ( I ) newly foming cankers without a
callus ridge and (2) older cankers with callus and
possibly decay on both small (<20 cm) and large
diametgr stems and branches. Five cankers were
sampled from each type. Four wood chips from
the phloem, cambium and first few rings of sap-
wood were removed with a chisel at distances of
0 .0 .5 ,  l ,  2 ,4 ,  and 8  cm above and be low the
cankcr margin. lf the branch was dead above the
canker, all samples were taken below thc canker
in living tissue. The wood chips werc surface ster-
i l ized in a dilute solution of sodium hypochlorite
and rinsed in deionized water. They were placed
in petri dishes containing 27c malt extmct agar
and incubated at 25'C tbr one weck. The number
of wood chips containing the canker fungi N.
mangiferue and F aesculi were counted. Other
fungi, including yeasts. and bacteria were noted
Isolates of M ilargftra? from Seattle were com-
pared to two isolates from the culture collection
at tbe University ofAlberta Microfungus Collec-
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tion and Herbariu[r (isolates UAMH 6799 and
UAMH 6Em). Natrasslzr nangflrae isolates from
madrone were also compared vith descriptions
in the l iterature (Wilson 19'19, Sigler and
Carmichael 1976, Sutton and Dyko 1989). Fungi
thought to be f oesculi \\ere isolated and com-
pared with descriptions in the literature (English

et al. 1974, Pennycook and Samuels 1985,
Rayachhetry et aI.1996, Gardner 1997). It was
notpossible to obtain a culture ofthis l'ungus tion
a culture collection.

1uo-$u1 ANOVA ua\  u .ed  to  comprre  i io -
lation frequencies of canker lungi in the differ
entcankertypes on !arge and small diameter \'"ood
Isolation fiequencies ofthe fungi at different dls-
tances fiom the canter margin werc also com-
pared. The Tukey multiple comparison test was
used to examine means which were significantly
different at the P=0.05 level (Neteret al 1990).

Koch's postulates were tested with a randomly
selected isolate of M mangiJbrae on 24 two-ye,t
old madrone seedlings grown in 24 cm drameter
pots containing unfenilized vermiculite and peat.
They were kept in a glass shelter under outdoor
conditions of light and temperature at the Uni-
versity ofWashington. A I cm cut was made into
the sapwood about halfway up the stem of each
plant. Four ofthe plants se ed as controls, with
a stedle toothpick inserted into the wound. The
otherplants were inoculated with toothpicks colo-
nized by N. nangiferae. After each plant was
treated, thc wound was wrapped in parafilm. The
toothpicks and parafilm were removed after 2 wk
Lesions were later sampled and N. martgiftrtrc
was re-isolated from inoculated plants.

Effects of Disease on Stored Starch

Tuo hun,lred fifty-cight mrdrone lree. grouinF
on six sites in King County were surveyed dur-
ing sun]mer 1997. The sites vere thtee Seattle
city parks (MagnoliaBluffs, Seward, and Lincoln)'
the University ofWashington campus, the Cross-
roads area ofBellevue, and the Northgate area ol
Seattle. A11 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. omamental plantings, or concrcte. Information
was collected on madrone health includlng amount
of cankering and defoliation from branch dieback
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fbllowing lbrmula to g
surement of the tree's f

TrFoL = ILCR (t

where LCR = liye crowr
tion ofthe crown with br
diseased trees, the base
timated to be where liv
the tree was healthy bas,
Diameter (dbh) was als
ofcankering on the mai
determined by classifyir
based on the number o
conta ined0-5s temcan
kers, and group 3, >15 r

A subset of55 tlees I
for starch analysis in Fe

f,

Figurc 3. Architecture Based
juvenilc srage with (
As rhe shoot lenglh
trated at the top of t

s
I

ttp't



iolates UAMH 6799 and
a mungiferae iso\ates from
npared with descnptions
lson 19,19, Sigler and
rn and Dyko 1989). Fungi
i were isolated and com-
; in the Jiterature (English
,ok and Samuels 1985,
5, Gardner 1997). It was
Julture ofthis f'ungus lrom

,vas used to compare lso-
anker fungi in the differ-
) and small diameterwood.
f the fungi at different dis-
r margin were also com-
dple comparison test was
; which were significantly
level (Neter et al. 1990).

ere tested with a nndotnly
nngiJerae on 24 two year
grown in 24 cm diameler

lized vermiculite and peat.
lass shelter under outdoor
I temperature at the Uni-
A 1 cm cut was made into

Lfway up the stem of each
ts served as cortrols, with
:rted into fie wound. The
lated with toothpicks colo-
ue. After each plant was
j wrapped in parafilm. The
rwere removed after 2 wk.
mpled and N. mangikrde
noculated Plants.

,n Stored Starch

,ht madrone trces growing
lounty were surveyed dur-
re sites were three Seattle
lulTs, Seward, and Lincoln),
fngton campus, the Cross-
r, and the Nofihgate area of
in urban arcas and rangcd
s with the madrones grow
ree species and native veg-
o heavily disturbed, where
. of a landscape that i ncl uded
ogs, or conclete. Information
rne health including amount
iation from branch dieback.

Percent foliage (7,FOL) was calculated from the
following tbrmula to gct a more realistic mea-
surement of the tree's photosynfietic ability

9i.FOL=JLCR-(LCR * DEAD)I + IOO

where LCR = live crown ratio and DEAD = frac-
tion ofthe crown with branch dieback. On heavily
diseased trees, the base of the live crown was es-
tlmated to bc where live foliage would begin if
the tlee was healthy based on branching pattems.
Diameter (dbh) was also measured. The amount
ofcankedng on the main stent and branches was
determined by classifying trees into three groups
based on the number of cankers. Group I trees
contained 0 - 5 stem cankers. group 2. 5 -15 can
keIS, and group 3. >15 cankers.

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

3

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

In addition to these trecs, a second starch san-
pling was perfomed 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 ()50c/c foliage) and un-
healthy (<507. loliage) trees.

Samples from each madrone tree were taken
with an increment borer at lbur locations around
the root burl. The first I cm of sapwood inside
the phloem was used for cach sanple. The samples
were placed on dry ica immcdiately after removal

s
I

,,.TJ.,

s 6 1
Figure 3. Architecture Based Crown classification (ABC) for Pacitlc madrone represcnting physiological age. Stage L is lhe

ju\'enilc stage lrith one centralaxis. There is increascd shootgrowth in stagcs 2 5. decreasing as rhe trees gro\{ in size.
As the shool length decreaset. thc number of shoots increases. The trees dclelop a flatter, lcss dense canopy concen-
traied at lhe top ofthe crown in laler stages (6 and 7).
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from the tree and then kept at -20'C until analy-

sis. They were dried tbrl8 hr at 70'C' then ground

to a powder for starch analysis. We assumed that

starch was stored in the ray cells and inter-ray

xylem, and would be present thrcughout the whole

eore. rin.c Paeil lc mldrtrne i '  J resprouting 'pe-

cies (Bell and Ojeda 1999). Thus. The diameter

ol the tree $as irrclevant

Stored starch was detemincd using methods

modified from Haissig and Dickson (1979) and

Kolb and McCormick (1991). Fifty mg of the
grouncl sample was extracted d ee tines with 80c/'

Jthanol. The pellel w s dded ovemight at 70'C'

The next day, it was resuspended in rcetatc buflcr

r t  oH 4 .5 .  ge l leJ  fo r  l5  min  in  ho i l ing  n  a te r '  an tJ

roote.l in in ice bath. Stlrch \\a\ con\cned lo

e lueo.e  bv  r , ld ing  I  m l  o l  r  ny  log luco ' id i l se  {  l5

un i rVmt l  an . t  incuhat ing  fo r  2 - l  h r  r t  5U"C A l le r

incubatjon. thc samples were remoled tiom the

oven and 0.1 n. of sample was added to a 0 4 trrl

buffer. Five ml of enzyme color reagent (Sigme

kit #510) was added to cach tube and incubated

1br 30 min in a 37'C water bath. Absorbancc for

each sample was read in a Perkin Elmer 55E spec

trophotometer at 450 nnl. The amount ofglucose

in the samplc was calculated from a glucose stan-

dard regressron curve.

The data liom the Lincoln Park site were ana-

lyzed by t tests on groups of healthy (percent fo-

liage >j0o/o) and uniealthy (percentfoliage <50%)

trces with respect to starchcontent, dbh.live crown

ratio. percent dead branches, and percent tbliage'

Storecl starch was expressed as mg glucose/g

sample. The Mann-Whitney U test (Neter et al

1990) was used to determine the differences in

the frequency of stem cankers in healthy and un-

health), trees.

Relationships between ABC crown class and

other variables and the number of stem cankers

and other variables werc examined using one-\\'ay

ANOVA on the data ftom the other sites. The Tukey

rnultiple comparison test was used to examlnc

meani that were significantly different at the

P=0.05 level (Neter et aI 1990) Data were ana-

lyzed using SPSS v. 10.0

Besults

Fungal Compos tion of N,4adrone Cankers

N attras s ia mangil e rae, F us icrtcc ttm ae se'trl i' and

Trichoclemu spp. occurred the most fiequently
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in culture. Notr.ls.sid nrtrgiferae was found more

often than any othel species in all cases. and was

tbund in samples from the canker margin 90cl6 of

the time. The fungi Fnsicoccum aesculi and Tri

thoderma spp. were isolated from about l0% of

the samples. tn some cascs, growth ol lricftoder'fl'?

suppressed that of Nal/rur.\ia.

Other fungi present in smaller numhers were

Pefi i c i! Liun spp., Fus ari um spp, and Asper giLlus

spp., and yeasts Bacteria were also present'

Microscopic exarnination showed no motpho-

logical dillbrence between isolates ofN nz?tglerde
f'mnr Pacific maclrone cankers in Seattle and iso-

lates from madrone cankers in British Columbia

that were in the University ofAlbefia culture col-

lection. The main identifying t 'cature of M

tttturgiJerue is thc production of pigmented ar-

thrcspores (Figurc 2), which distinguishes itlrom

E aesclli. Both of these t'ungi produce dirk mycelia

in culture. The isolates from Pacific madrone in

Seattle also conform to the dcscriptions of N'

mangiferae in the literature (Sutton and Dyko

1989).In the tcst ofKoch's postulates, all the trees

inoculated with N. t?airgtlerac dcveloped cankers

that contained the fungus These cankers werc

growing vertically along the stem and were smooth

ancl black, similar to newly developing cankers

found on stressed madlone ffees in the field

Thc number of organisms isolated decreased

u,ith distance from the canker margin ln some

samples, especiitlly those takcn fafthest t'rom thc

canker margin. no fungi were isolated. The num

ber of samples contai ning N. mangiferae declined

signiticantly (P < 0.001) with distance from the

canker margin. There vas a -507, decrease be-

tween 0 and 0.5 cm (Figurc 4). The lungus was

found in only 216lc ilf the samples at the distance

of 8 cm.

Di f le rence.  be lueen c , rnker  l lpe \  \ ^ere  \ ig -

niticant tbrM rzal.qilerne, with the fungus lbund

most often in actively grcwing cankers on large

diameler wood (Figure 5) (P = 0.03) Nanrassia

nangiferae was found least often in cankers on

small-diameter branches. There was no signitl-

cant difference in the amount of M mangilerae

found in new and old cankers. and in cankers on

stems vs. branches.

L tt: ic,tL , rttn uesr'ri l i  did nol occur in it '  man)

samples as N. nangiferae. but was found most

frequently in cankers on small-diameter branches
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Figure,l. lsolalion ffequency of the canker fungi Ndnrdrrtd
tnangilerue and Fusicoc.rn d.,r.rrli from P.rcific
madrone cankers. Average percenrage ol isolarions
our of 20 attempted lbr distance from ihc caDker
margin. The highest propodon of isolalions was
made up lo I cm from the canker margin. No or
ganisms {'erc isolated from many ol lhe samples
at distances greater rhan 2 cm tion fte canker
nargin. Therc were significant differences in the
amount of I'drr..riJid /rdnA,,J+'rc related ro disrancc
fronr the canker margin (P<0.01). Leriers abovc
each bar indicate significant difttrences in rhe
trm^Lnr o l  \ r f lm,r i r  i \o lared f t l<re qere no,rC
nificant differcnces in ihe amounl ol Frst.o..r,n
isolated.

(Figure 5). It was found mosr often at the dis-
tance of 1 cm from the margin, as opposed to M
mangiJerae, which occurred most olten at the
canker margin (Figure 4). It occuned in the sijLne
canker as NQltra-rJia on several samples taken from
canker margins. as noted by English et al. ( 1974)
on almond trees.

There were no significant differences antong
the canker types and distances from the canker
matginfor Trichotlenna spp., however, more Zri-
chodermu spp. was obser-ved in older cankers.
These cankers tended to have less N. zatg4ferac
than newer cankers. There was no relationship
between the amount of Trichodermo spp. and F.
ae.rcirll in the cankers.

Etfects of Disease on Stored Starch
Large diarneter trees tended to have less live foli-
agein the crcwn and morc stem cankers than small
diameter trees. The amount of branch dieback in
the crown increascd with the number of cankers
on the main stem (Table 1).

Stored starch was highest inABC crown classes
3 through 6 and lowest in young trees (crown

60

1 2 3 4
cankertype

Figure 5. Isolation liequency of the cankef fungj r\h1rr.d.rrt.r
mangifera( ,nd FuticoL.I/, d"r.r,li tioln Pacific
madronc cankers. Average percenrage of isolarions
out of20 atrcmpied for cach canker rypc. The can-
ker types sampled w ere rhe ibllowing: I = ncw caD,
kers on branchcs < 20 cm dianicter 2 = old callus
ing cankers on branches.3 = ne$ cankers on stems
andbranches > l0 cm diamerer, and:l = old callus
rng crnkers on stcms. Five cankcrs \tere \amplcd
lbr each type, with fbuf samplcs laken from cach
loctttion. Therc were significanl diflerences jn the
anount of rv.rrr.drri.r ,rdrg&/dr relared !o cach
canker type (P<0.05).

classes I and 2) and in the oldest trecs (crcwn
class 7) (Table 2). Mean diameter of the trees in
each group increased and the percentage of foli-
agc decreased, with a large decrease in fbliage
betweencrown classes 6 and 7. Therc was a similar
decrease in starch content between these two
groups, suggesting that >507r defoliarion affects
the amount of stored starch in mature rrees.

In a selected group of large diameter trees (mean
dbh 68 cm) at the Lincoln Park site, hcalthy trees
()50% fbliage) had tewer srem cankers than un-
healthy trees (< 50o/e foliage) (Figure 6). Healthv
mature madrones had more storcd starch than

TABLE L Number of N.rfrdJrld cankcrs on the main neln
aDd ldrge branches ofPacific nadronerelatile to
nean stem dbh and branch dieback. Standard er-
ror in parcnlheses. Diffcrcnl letters within col-
unns indicalc significanr dilerences. (p < 0.05).

Number ofcankerVlree Branch
dbh(cm) dieback (%)

50

Ig , ^

l 0

0 5 (8O
5 r5  (32)
>r5  (25)

38 .2 , (2 .3 )  16 .1 , (1 .5 )
.16.3h (2.6) 29.9r (3.,1)
.r8.9h (1.8) 51.2' 12. ' ,7)
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TABLE 2. Summary ofdala for nladrones in eachABC (Architecture Based Crorvn Class). Storcd slarch is erpressed in terms of
mg glucose/g sample. Nunlbcrs lbllowed by a dii|rent letier iD each row are significandy dittcrcnt (P < 0.05).

dbh (cm)

'/. dead

% lbliage

Srarch (mg/g)

2

5.0"

0.

100.
.19.1s

1

5..1'

100.

51.7$

5

12.2*

2.0.
' /  / .7r

1',7.9'

8

40..Ii

2.5.

71 .1 -

65.5r.

l 3

39.61

r0 .5 "
.10.'1L

65.7"*

1 8

59.3h

17 .1 "
.11.9L

68.1tr

1
59.u'
5 1 . 7 b

t ) .2
16.',7'

Number of cankers

Fi gure 6. N umbcr of stcnr cankcr s on a selected group of large
diamctcr rccs (mcan dbh 68 cm). Health] trees (>
507. litiage) had iewer stem canker\ than un-
hcalthy rccs (< 50?. lbliage) (P = 0.08. N1ann-
Whitnc!  U lcn) .

TABLE 3. Results oft-tests between heakhy (>50c. foliagc)
and unherlth! (<50./. foliage) on mature nrad
rone trees al Lincoln Park. Seattle, \\'ashington
fof dbh, li\e cro\\'n ratio (LCR), % cro\\'n die
back, L foliage. and stored riarch. Standard cr
ror rn parentheses.

Healthv

of starch samples was takgn, when the average
temperaturc was 5.3oC (Westem Regional Climate
Center2002). Thc higher temperature in 2000 may
have resulted in more growth and less starch storage
in Pacific madrones, since they are an evergreen
species and can photosynthcsize during the win
ter if conditions are ilorable.

Discussion

Nattrqs.tiq mafigtferae appea$ tobe an introduced
fungus and is causing considerable dieback and
mortality in Pacific madrone in westem Wash-
ington. Low disease resistance in madrone, se-
vere wcather conditions, and the practice of fire
suppression in the 20th century may have made
this typically weak pathogen a serious problem
on Pacific madrone. Greatcr weakening of trees
lhrough de[olri l l ion is cuused b1 rhe oppofluni.-
tic pathogen Fusicoccum aesculi.

Without fire to destroy inoculum. disease can
increase in a stand of Pacific madrones. Above-
ground pads are killed by disease rathcr than tire.
Infection by N. mangiferae and E aeJculi may
also reduce fruit and seed production by killing
truit-producing twigs in the upper crown. Declining
trees arc less able to resprout afier the aboveground
pofiion of the lree is killed by disease since the
root burl is depleted of starch. lt appears that dis-
ease is replacing fire as the main disturbance agent
responsible tbr killing aboveground plant par1s.

Stored starch decreascs r'",ith physiological age,
reducing reserves to detend against disease and
predisposing the trees to decline (Tablc 2). This
trend was also seen in the group of mature mad-
rones sampled at Lincoln Park and is similar to
forestdeclines in which the dominant and codomi-
nant trees in a stand have the most severe decline
symptoms (Manion, 1981. Gedsh 1993, Mueller-
Domhois lc)9.1). Th js patrem is common in 'pe\ ie'
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tJnheaithv

dbh (cm)

LCR

?; crown dicback
q. foliage
Stored starch (mg/g)

58.3 (22.5)
0.80 (0.0.1)

21 (6)
50 (,r)

).22 ( 1 .01)

s,r.l ( l5.r)
0.71 (0.26)

78 (4)
13  (3 )

r . l 8  ( 0 .70 )

0.66
0.92

<0.01
<0.01
0.02

unhealthy trees (Table 3). Starch levels were gen-
erally lou'er in this group than those shown in
Table 2 because the trees were sampled in Febru-
ary 2000 when the average temperature fof No-
vember through Fcbruary was 6.7"C. This was a
warmer winter than 1997. when the first group
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red stafchis exprcssed in terns of
:icanrly diilercnl (P < 0.05).

that establish after a disturbance such as fire and
are shade intolennt (Ogden et al. 1993). The critical
diameter for open-grown or codominant maclrones
seems to be around 40 cm. A madrone tlec that is
>40 cm dbh is in balance between carbon pro-
duction and demand. A stress that causes the tree
to lose some of its foliage will decrease the ratio
of photosynthetic to respiring area and cause the
tree to begin ro decline (Gerrish 1993, Ogden er
al. 1993). Larger. older trees lack the resources
to defend themselves against canker fungi by
growth or defensive chenricals, both of which
require carbon.

Defoliation as a result of the presence of can
ker fungi can add to the effects ()f age on a ma-
ture madrone tree. Na ttrassia mangifetae cankers
girdling the stem create water stess in the crown.
Under these conditions. the oppor.tunistic patho
gen Fusit:occwn aescirll becomes active and kills
twigs and branches. A decline spiral (Manion 1981)
is crcated when the tuees have lost >507e oftheir
canopy to branch dieback. Stored starch levels in
mature trees drop significantly when compared
to trees with less than 50./. defoliarion (Tables 2
and 3). Trees with >50ol. defoliation may havc
difficulty escilping the decline spiral without suf'-
ficient carbohydmtes available for growth and
defense because rheir phorosyntheric ability is
lessened. Changes in carbohydrate chemistry in
defoliated madrones may also reduce their resis-
tance to other pathogens. sttch as Armilloria
(Garraway et al. 1991). Increased infection by
Armillaria would create more water slress. ru.-
ther reducing tree defenses and increasing dam-
age by canker fungi. A study of carbohydrare
metabolism in declining madrones needs to be
conducted to confim this.
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Small diameter branches in the upper crown
of madrone trees exhibit symptoms of dieback
belirre largc-diamerer branche. and rhe main srem.
During drought periods small diameter branches
r re  lhe  l i r \ l  to  undergo ! ' ,a lc r  \ t re \ \ .  (u r r \ ing
Fusicoccum aesculi to become aggressive (Houston
198,1. Boyer 1995). Additional water stress due
to N. mangiferae cankers lower on the tree can
also decrease the water supply to the upper
branches. F,slcocc,n was not isolated as often
as Nattrassia from cankers in our study.
I'usicoccum may catse more damage to nadrones
in California than in western Washington and
British Columbia because of the drier climate
there. In California. Firsicoccrm produces wedge-
shaped cankers on madrone (McDonald and
Tappeiner 1991), but we did nor observe these.
However, all the declining trees had F,sicoccam
dieback in the crown. We tended not to sample
these branches and concentrated our sampling
on typical N.ltralJia c,u <en thatoccur rllore com,
rnonly on large diameter material. Fusicoccum
could be more important than our sampling in-
dicated. Although Fusltoccnn may cause more
dJmage on madrones  In  Ca j i fo rn iu ,  jn  uer te rn
Washington and British Columbia N.jfr.asJi.r is
the primary canker pathogen on largcr diameter
material. Trichoderma is not known to be patho-
gcnic and may becompeting successfully for space
and nutrients with Nattrqssia in older cankers.

Acknowledgements

This research was supponed by grants from Save
Magnolia's Madrones and the City of Seatrle
Depaftnent ofNeighborhoods. We thank L. Sigler
for culture material and the Center for Urban
Horticulture, University of Washington for pot-
ted plants.

Adams. D., and K. Kosra. 1993. Madrone canker in Catiibr_
nia. Trce Nores :,Jo. 16. Calilomia Dcp.rdmenr of For_
estry and Fire ftoledion. Sacramen|o. Calitbmia.

Bell. T. L.. and F. Ojeda. 1999. Underground starch sroraSe
in tr.i.d species of rhc Cape Florisric Rcgion-,iil'
ferences between seeders and.esprouiers.  Ne$
Phylologist l,l,li 1.13- 1 52.

Boyer, J. S. 1995. Biochemical and biophlsicat aspecrs of
water dclicits and the predisposirion 1() drseasc. An_
nual Review of Phyroparho togy 33:251 ?,1.

tsressefte. D. K. I 995. Derermining causes of ctec tinc of pacific
madrone in urban landscapes ol rhe pacilic Nofthwcsl.

l 8

59.3b

17 .1 -

41 .9L

6u.4""

7

59.0.

51 .7b

12.2'

46.1'

.s taken, when the average
I (Westem Regional Climate
rer temperature in 2000 may
Iowth and less starch storagc
rince they are an evergreen
)synthesize during the win-
rvorable.

, appears to be an intrcduced

I considerable dieback and
nadrone in westem Wash-
resistance in madrone, se-
rns, and the practice of fire
th century may have made
athogen a serious problem
3reater weakening of tees
i caused by the oppoflunis-
:um aescult.

itoy inoculum. disease can
' 
Pacific madrones. Above

I by disease rather than fire.
',iferae and F aestuli may
seed production by killing
n the uppercrcwn. Declining
iprout after the aboveground
killed by diseasc since the
fstarch. lt appears that dis-
s the main disturbance agent
g aboveground plant parts.

ases with physiological age,
defend against disease and
s to decline (Table 2). This
r the group of mature mad-
coln Park and is similar to
h the dominant and codoni
ave the most severe dgcline
981, Genish 1993, Mueller-
lattem is common in species

Pacific Madrone Decline 301



M.S. Theiis, Universi!) ofWashington, Seattle, Wash
jnglon.

Calavan, E. C.. and J. M. Wallace. 195:1. Hendcrso uld
,)f&/r,i.Ld Nattrass on cinus in Calitbmia. Phyropa-
thology.l.l:635'639.

Davison. A. D. I 972. Factors aiGctiDg deve lopment of mad
ronc canker Plant Disease Reporler 56t50 52.

English, H., J. R. Davis. and J. E. Devay. 197,1. Relationship
of Botr\osplnerid dothidea and He dersonula
rrJ.r./oid€d to a canker discasc ol almond. Phytopa-
thology 65r l1, l  122.

Gardner, D. E. l997.4., )-osphaerid mumdn( sp. no\- asso-
ciacd sith witches -broonrs on thc endemic forest
tree Sophora chr;sophyllu in Hawaii. Mycologia
89:298-303.

Gaffaway. M. O.. A. Huttermann. and PM. Wargo 1991.On-
logeny and physiolc'g,,-. Pages 2l-47 ./l? c. C. Sha$:
lll and C. A. Kile (editort. Armillaria Rool Disease.
USDA Forest Service Agric ullure Handbook No.691.
Washington, D. C.

Gatsuk L. E., Smimova. O. V. Vorontzova, L. B., and l-. A.
Zhukora. | 980. Age sirte s of plants of various growlh
lbrms: a fevie\\'. Journal ofEcology 68:675-696.

Gerrish. G. 1993. Using a ]ile history-carbon balance model
lor lbrest decline research. Pages 2,13 250 ,r R. F.
Huettland D. Mucllcr Dombois (editors), Fbrest Dc
cllne in lhe Atlaniic and Pacific Region. Springer-
Vcrlag. Berlin.

Haissig, B. E.. and D. E. Dickson. 1979. Starch measuremen!
in p lanl  maler ia ls using enzymat ic hydrolysis.
Physiologia Planldlum,lT: I 5 I - I 57.

Houston. D. R. 1984. Stres\ related to discases. Arboricu lrural
Journal  8:  I37 149.

Hunt, R. S.. B. Callan, and A. Funk. 1992. Conrmon Pesrs of
Arbutus. Canadian Foresq- Service. FPL 63. Vicbria
Brilish Columbia.

Jayasingh. C. K., and W. P K . Sil\a. 1994. Foot canker and
sudden $'ilt of Heru brasiliensis associated \lith
Nattnstiu na,ryikrae . Plant Pathology :13:938 9,10.

Kolb, T. E.. and l-. H. Mccomick. l99l. Relarionship be
rseen In ld l  nnrrrrLclurr l  ( rbuh)1f i  r re c^ncel , rat ion
and root diamercr in sugar maple. Forcn Science
37:3'13-3.16.

Loehle, C. 1987. Tree lifc hisrory strategies: the role of dc
tenscs. Canadian Joumrl of Forest Rcscarch l8:209-
222.

Manion, P D. 1981. Trcc Disease Concepts. Prenticc Hall.
Eneler\,ood Clits. New Jersey.

Mayer. S. 1998. Archirecture Based Classiicalion (ABC):

Evaluation ofan architcclural nerhod designedto as
sess vigor oi Pacilic madfone. Unpublishcd Repon
lo Save Magnolia s Madroncs. On tile at,l75l \\tst
Ruffncr St. Seaule. washington 98199.

McDonald. P M, and J. C. Tappeiner. ll. I99L Arbutus
rr€rri"rtt Pursh Pacific Madronc. USDA Forest Ser-
vice Agricu ltural Handbook#654. USDA Forest Ser
vice, Washington. D. C. Available online at htrpr//
w $ , w . n a . f s . f e d . u s / s p f o / p u b s / s i l v i c s _ m a n u a l /
table of contcnts.htm.

Msikita. W. J. S. Yaniniek, M. Ahounou. H. Baimev, and R-
Fagbemissi- 1997. First rcpo^ ol Nattmssi. ntlngifetue

302 Elliott. Edmonds, and Mayer

root and stem rot ol cassava inWest Africa. Plant Dis-
e a s e  8 1 : 1 3 3 2 .

N,lueller-Donrbois. D. 1993. A natural dicback rheory. cohorr
senesccncc as an alternative to rhc decline disease
theory'. Paees 26 37 /r P D. Manion and D. Lacharce
(ediro|s). Fores! Dccline Conceprs. APS Prcss. St. Paul,
Minncsola.

Natlrass. R. M. 1933. A ncw species ol Henlertonula (H.
rrr'rloile.r) on deciduous trees in Egypl. Transactions
of  the Br i t ish Mycological  Societ)  l8:189-198.

Neter. J.. W Wassermann. and M. Kutner 1990. Apptied Linear
Statistical Models: Regression,Analysis ofV.rriance,
and Experimental Design. Rich ard D. Irwin. Inc. Burr
Ridge. I l l inois.

Ogden, J.. C. H. Lusk. and M. c. Steel. 1993. Episodic mor-
tali!y. tbrcst decliDe, and diversit_v in a dynamic land
scape:Tongariro Nalional Prrk, New Zealand. Pages
26 | 27,11, R. F Huettl and D. Mueller-Dombois (edi
rors). Forest Decline in lhc Arlanric and Paciflc Re
gion. Springer-Verlag. Beriin.

Pandey, R. S., S. N. Bhargava. D. N. Shukla. and D. V S.
Khat i .  1981. A ncw leafspot  d isease olmango. Planr
Disease 65:441-:#2.

Paxron. J. D.. and E. E. Wilson. 1965. Anaromical and physi-
ological aspectsofbranch wiltdisease in Persian wal
nut .  Ph! ' topathology 55r 2 l -26.

Pennycook. S. R.. and c. J. Samuels. 1985. Botr)-osthdehu
and F ri.o.crfi species associaled with ripe fruit rot
of Actitlidia deli&)\o (kwifiuit) in Ner Zcaland.
Mycotaxon 24r4,15,158.

Pusey, P L. 1989. Inluence ofwater stress on susceptibility
of nonwounded peach bark to Botr)Dt?haoia
d"/ l t lpr ' .  P 'anl  Disel ,e 7J:1000- 001

Raphael, M. C. 1987. Use of Pacific madrone bv caviry-nesring
bids. Pages 198 202 rr T. R. Plumb and h\. H. Pillsbury
(technical coordinators), l,rocccdings. Symposiunr on
Multiple Lrse Managemen! of Califbrnia's Hardwood
Resources. November l2 i,l. 1986, San Luis Obispo.
California. USDA Forest Service ceneral Tcchnical
RepotPSW I00. Pacilic Southwest Forcsl andRange
E\pel imenr Sr.  r ion.  Bcrkele) .  Cl l i f^rn iJ

Rayachhetry. M. B.. C. M. Blakeslee. R. S. webb. aDd J. $l
Kimbrough. 1996. Characlcrinicsof thelrri.o..x,tr
anamorph of llrr!-r,rph.r.r"id r.ib,r, a poiential biologi-
cal control agenl fbr Mzld le t:a qui,tquenenid inso\\th
Flonda. Mlcologia 88:239-2,18

Sigler ,  L. ,  and J.  W. Carmichael .  1976. Taxonomy of
Malbrancheu and some other hyphomycetes wirh
arthroconidia. Mycotaxon 4r3,t9,188.

Sigler. L., R. C. Summerbelt,L. Poole. M-Wieden. D. Suuon.
M. G. Rinaldi, M. Aguirre. G. W. Es|es, and J- N.
Calgiani. 1997. In\'asive N.rttrds sia tnan gi.t'eve infec
tions: casc rcport. literature review. andlaxonomic ap-
praisal. Jounul of Clinical Microbiologv 35:.133-440.

Sutton, B. C.. andB. J. Dyko. 1989. Rcvision ofHade^onala.
Mycological Research 93:466 .188.

U \ D A F u r e . r  S e n i c e .  ) n 0 '  F  e ( r l ( J r '  i r  t ^ r n  J r r o n , ) . l e n r .
U.S. I)epanrnenr of Agriculfure. Foresl Service, Roclq
Mountain Rescarch Station, Fire Scienccs Laborarory
Mlssoula, Montana. Available online at http://
wwwf s.fed-us/databasc/leis/.

Wilson, E. E. 19,17. The branch,
and its cause. Hilgardia I

wilson, E. E. 1949. Tbe pycnidia
$,i]t fungus, Erospori'm
53:'705 '7 12.

Received ll February 200

Accepted for publication 5



ofcassava inWest Aiiica. Planr Dis

r93. A naturaldicback theor_1,. cohort
n allemative to &e decline disease
37./n P D. Manion and D. Lrchancc
)ecline Concepts. A PS Press Sr. paul.

|new species of Hentloso uld (H.
ciduous trees in Egypt. Tmnsaclions
/cological  Society l8: tE9 198.
, and M. Kutner. 1 990. ,{pplied Linedr
s: Regression. Analysis of Variance,
I Design. Richard D. Il1l'in. lnc. Buff

ld M. C. S|eel. 1993. Episodic nror
Ine. and diversily in a dvnamic land-
Natjonal P.[k. Ncr," Zealand. Pages
luettl and D. Mueller-Dombois (edi-
line in the Allaniic and Pacific Rc
rrlag, Berlin.
argava. D. N. Shukla. and D. V. S.
:w leafspot diseasc ofmango. Plant

r'ilson. 1965. Anatomical and physi,
,fbranch wiltdisease in Pcrsian wal-
)gy 55:  21 26.
. J. Samuels. 1985. Borryaipiacria
ipecies associared wirh ripc liuit rot
ctord (kiwifruit) in New Zealand.
t5-458.
lce ol water srress on susceptibiliiy

peach bark to Rotnosphaetia
isease 73:1000-1003.
of Pacifi c madrone by cavit! nesting
02 rrl R. Plumb and N. H. Pillsbury
rators), Proceedings. Symposium on
ugement ofCalifornia s Hardwood
nb€r l2 14,  1986. San Luis Obispo.
i Forest Service cencral Technical
Pacific Southwest Foresr and Range
)n, Berkeicy. Califomia
{. Blakeslee, R. S. Webb, and J. W
. ChJracteristics of rhe f uri.o..rrr
rcryrdenrr r.iris, a potcnlial biologi
)t Me kleuca quotquetrc tu^ iu ir Sourh
ia 88:239-248
larmichacl. 1976. Taxonomy of
I some o$er hyphonyceres u,irh
cotaxon 4i349 488-
ell, L. Poole. M.Wieden.D. Surton,
l- Aguirre. G. W Estes. and J. N.
vasiye Na russia ntlngtferce infec-
Lrterature review, and taxonomic ap-
Clinical Microbiology 35:433 440.
io. 1989. Revision of tkrl€,r.rorrld.
arch 93:466 488.
)2. Fire e1{ccls informali.rn sysrem.
f Agriculturc. Forcst Service. Rocky
h Station, Fire Sciences Laboratory,
Ina.  Avai lable onl ine at  h l lp: / /
abaseffeis/.

Wilson. E. E. 1947. The branch wilt of Pcrsian walnur trees
and i ls  cause.  Hi lgardia 17: : l l3  :130.

Wilson. E. E. 19,19. The p,vcnidial \1age of the walnut branch
wilt fungus, E.toyorina Ji .rcttii. Phytopathology
53r705 712.

Receiverl. ll February 2002
Accepted.fttr publicatiotr 5 Julr 2002

Wcsten1Regional Climatc Ccnter 2002. Desert Rcscarch In,
st i tute,  Reno, Nclada.  Avai lable onl jne at  ht ip: / /
w$,r,.\l rcc.sagc.dri.edu/.

Pacitic Madrone Decline 303


