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Pacific madrone (Arbutus menziesii) is a well-known tree native to the Pacific slope from California 

through British Columbia. In California, madrone’s range extends south to San Diego, throughout the Coast 

Ranges and Klamath Mountains, and along the west slopes of the Sierra Nevada. Also called madrona or Ar-

butus, madrone is easily recognized by its smooth, reddish, exfoliating bark, its bright white urn-shaped flow-

ers, its bright red berries, and the large, swelling burls at its base. These burls can send out new sprouting 

shoots when a madrone is damaged or stressed. Madrones are typically fire- and drought-tolerant and much 

sought after for their dense, hot-burning firewood. They figure prominently in native cultural uses and in the 

general iconography of the Pacific Northwest region. 

Starting in the 1960s, researchers began to catalog and investigate numerous examples of declining ma-

drone trees throughout the northwest. The decline phenomenon continues in the present but manifests in 

different ways in different areas. Some trees decline gradually but uniformly, with foliage in the crowns ap-

pearing sparser from year to year until the tree dies. Some wilt and die over a much shorter period of time. 

Others die very slowly branch by branch, with dying tissue progressing from the tips of branches inward and 

into the tree trunk. For others, the stem wood never dies, but foliage turns brown and shrivels—sometimes 

throughout part of the crown, but sometimes throughout the totality of the crown. Although occasionally 

one of these trees dies, normally new leaves grow out in spring and the trees continue living, although they 

Number: 36     September 2021



may not grow rapidly. 

Part of the madrone decline phenomenon can be attributed to a suite of pathogenic microorganisms, 

and part of it can be attributed to environmental conditions. These factors interrelate and influence each 

other, so blaming one cause exclusively for a specific madrone problem is often a mistake. This Tree Note 

lists the most prevalent pathogens contributing to madrone decline throughout its range and also discusses 

environmental and climatic conditions that may also contribute. 

Foliar pathogens 

Madrone leaf blight is very common throughout its range, but it seems to be more severe in some loca-

tions than others or in particular years, depending on local climatic conditions. Most leaf symptoms consist 

of dark spots on the leaf surface of varying 

sizes. Some begin small and grow to encom-

pass most or all of the leaf. This pattern is typ-

ical of the common leaf pathogen Myco-

sphaerella arbuticola, a fungus that kills entire 

leaves but is unable to enter branches. Leaves 

are probably infected during the wet season, 

and symptoms start showing up the following 

fall. The leaves typically darken in color over 

the winter and remain attached until new leaves emerge in the spring, but the branch wood remains green 

and vigorous (Figure 1). At the height of winter, trees with all the leaves infected by this pathogen are often 

taken for dead, but the appearance of new leaves in spring shows that they are alive. It is unknown if re-

peated killing of leaves for several winters in succession can kill a madrone; although some individual ma-

Figure 1. Madrone with old leaves completely killed over the winter by 

Mycosphaerella arbuticola. New leaves are beginning to flush. Some 

small branches have been completely killed, likely by Fusicoccum aes-

culi/Botryosphaeria dothidea. Location: Humboldt County. 



drones appear to have been killed this way, other, unidentified factors could also be partly responsible. Con-

ducive climatic conditions for infection are also unknown.  

A different foliar pathogen, Phacidiopycnis washingtonensis, has attracted attention in Oregon and Wash-

ington within the past decade but has not yet been reported as a problem in California. This pathogen can 

also cause an almost total foliar blight on madrones, and it has been linked to unusually cold, wet winter sea-

sons. This fungus also infects green shoots and newly emerging foliage. 

Many other leaf pathogens also infect madrone, but in general they rarely result in tree death unless oth-

er underlying factors are also involved. 

Branch and stem pathogens 

Several pathogens that invade madrone branches and stems have contributed to conspicuous symptoms 

throughout the tree’s range. Some of these pathogens are related, and some have more than one form, and 

these similarities and variability have led to confusion about which agents cause which diseases. For the most 

part, these pathogens require pre-existing wounds or injuries to infect the tree. Madrone is very vulnerable 

to wounding because of its thin bark; sudden exposure of the trunk to strong sunlight after cutting of nearby 

trees, for example, can kill the bark and vascular tissues underneath, leading to a patch of dead bark with no 

active defense against invading fungi. Fungi also often enter madrones through pruned branch stubs. 

Perhaps the best known of these fungi causes what is commonly called “madrone canker.” The fungus 

that causes madrone canker, like many fungi, has two scientific names, one for the form that reproduces 

asexually and one for the form that reproduces sexually (Fusicoccum aesculi and Botryosphaeria dothidea, 

respectively). This pathogen is also known to infect many other plant species. On madrone, infections typical-

ly begin in the twigs and small branches and progress down the branch and into the main stem, a process 

that can occur more or less slowly depending on tree resistance (Figure 2).  



Figure 2. Madrone twig with tip infection, probably caused by 

Fusicoccum aesculi/Botrysosphaeria dothidea. Location: Hum-

boldt County. 

As the fungus progresses, the dead tissue turns dark red and then black, and there is often a sharp de-

marcation between black, cankered tissue and healthy, green tissue. The blackened wood gives infected 

tree parts a burned appearance (Figures 3-5). Since insufficient water commonly lowers tree resistance to 

invading pests, madrone canker often intensifies during droughts. Deep watering can help alleviate the 

problem somewhat, but the waterer must be sure not to waterlog the soil, encouraging the development 

of problems from Phytophthora species or other soil-dwelling pathogens (see “Root Diseases,” below). 

Figure 3 (left). A madrone 

tree infected with Fusicoc-

cum aesculi/

Botryosphaeria dothidea, 

showing characteristic 

“burned” appearance. Lo-

cation: Humboldt County. 

Figure 4 (right). Closer view 

of tree in Figure 3, showing 

sharp boundary between 

dead and living wood in 

the trunk and at branch 

bases. Note that infections 

are progressing into and 

down the tree trunk from 

multiple directions. Loca-

tion: Humboldt County. 



A similar pathogen 

causes what has been 

termed “Arbutus can-

ker” of madrone, a dis-

ease that was first re-

ported as long ago as 1968 after a severe 

drought. The cankers caused by this fungus, 

Neofusicoccum arbuti (the sexual state is not known but is likely a Botryosphaeria), can appear anywhere on 

the branches or trunk. In general, the pathogen invades heat-injured bark or mechanical wounds such as 

those made by pruning. As the fungus kills patches of tissue, a relatively vigorous tree will try to wall it off 

by producing thickened areas of tissue surrounding the infection. This leads to a canker that resembles a 

gnarled or bumpy growth (Figure 6). Another fungus, Neoscytalidium dimidiatum (formerly named Nattras-

sia mangiferae), has also been linked in the past to this type of canker. This fungus was later identified to 

be Neofusicoccum arbuti based on DNA sequence data and was previously identified as Neoscytalidium di-

midiatum because of similar spore morphology. Neofusicoccum arbuti cannot grow at high temperatures, 

where Neoscytalidium dimidiatum can, and this may account for the presence of Neoscytalidium dimidia-

tum on hosts in California and Neofusicoccum arbuti being more common in the cooler climate of coastal 

Oregon, Washington, and British Columbia. More recent published studies do not mention Neoscytalidium 

dimidiatum as part of the 

complex of madrone 

pathogens, so its status in 

this context is currently 

uncertain. Neoscytalidium 

dimidiatum is a known 

Figure 5. Close-up of branch 

infection by Fusicoccum aes-

culi/Botryosphaeria 

dothidea, showing sharp 

boundary line between living 

and dead wood. Location: 

Humboldt County. 

Figure 6. Gnarled, bumpy 

cankers characteristic of 

infection by Neofusicoc-

cum arbuti. Location: 

Humboldt County. 



pathogen of other California trees, including almond and other fruit crops, and it has been isolated from leaf 

lesions on bay laurel.  

The confusion between these pathogens stems from their relatedness and morphological similarity. They 

all belong to the same fungal family; several of them infect many different host trees and shrubs; and they all 

tend to act as opportunistic attackers that infect pre-existing wounds or already damaged tissue. Other close-

ly related pathogens that may sometimes be involved in producing cankers on madrone branches and stems 

are Neofusicoccum nonquaesitum, which has also been observed to cause branch cankers and dieback on 

California bay laurel and several fruit crops including almonds and grapes, and Neofusicoccum andinum. The 

related pathogen Neofusicoccum australe commonly causes branch dieback on various species of manzanita, 

which are related to madrone and can look very similar to it.  

 One final pathogen that deserves mention in the context of madrone branch cankers is Phytophthora 

ramorum, a non-native pathogen that causes sudden oak death of tanoaks and true oaks. P. ramorum is a 

funguslike oomycete rather than a true fungus (see “Root Diseases,” below), but unlike most other species in 

the genus, it spreads primarily through water droplets that are splashed or blown through the air rather than 

through soil or running water. Consequently, spores of this pathogen can land on madrone leaves, twigs, or 

branches and cause infections. It primarily spreads in green, succulent shoot tissues and has difficulty spread-

ing in mature wood. This is why although P. ramorum can kill madrone seedlings or cause dieback of new 

shoots, it has not been observed to kill mature trees. Symptoms of P. ramorum in madrone shoots and twigs 

strongly resemble those of madrone canker: tissues first appear to wilt (Figure 7), then turn black, and symp-

toms progress from the point of infection back toward the base of the branch or seedling stem. However, 

whereas the madrone canker pathogen can continue to progress into the larger woody branches and trunk, 

P. ramorum apparently cannot. It is suspected that P. ramorum may serve as an initial attacker that opens up 

an entry court in the form of damaged tissue that the madrone canker pathogen can subsequently invade. 

Where P. ramorum kills madrone sprouts, it usually kills only some of them, leaving others alive; this is be-



cause it infects aerial plant tissues rather than the root tissues from which the sprouts originate (Figure 8). 

In many cases, visual inspection alone cannot 

determine which pathogen is responsible for 

cankers on madrone (Figures 9-11). However, 

the tree responds in a similar way to all of 

them; disease progress often depends on the 

tree’s stress status; and any control efforts 

should be done in the same manner (see 

“Disease Control,” below).   

Root Diseases 

Madrone is especially susceptible to diseases 

that affect the small feeder roots. Many of 

these diseases are caused by species of Phy-

tophthora. These organisms resemble fungi, 

but they are not true fungi. While some are 

native, many have been brought to the west-

ern U.S. from other places around the world. 

Since they dwell in soil, plants, and water, 

Figure 7. Tip wilt and dieback symptoms caused 

by Phytophthora ramorum. These symptoms are 

indistinguishable from the symptoms of initial 

infection by Fusicoccum aesculi/Botryosphaeria 

dothidea. In this case, the pathogen was con-

firmed by culturing. Absent this diagnostic test, 

context provides one of the only ways to deter-

mine the cause: in the immediate vicinity, tanoaks 

were being killed, and Douglas-firs and California 

black oaks infected, by P. ramorum. Location: 

Sonoma County. 

Figure 8 (top). Madrone sprouts killed by Phytophthora ramorum. Not all 

sprouts in the clump are dead,  suggesting that the cause of death is not a 

root pathogen. It is possible that Fusicoccum aesculi/Botryosphaeria 

dothidea is also involved in this sprout mortality. Location: Sonoma County. 

Figure 9 (bottom). Mature madrone with extensive damage growing in the 

same vicinity as those in Figures 7 and 8. These symptoms could be caused 

by Fusicoccum aesculi/Botryosphaeria dothidea, Phytophthora ramorum, 

or by both, and perhaps by additional pathogens as well. Location: Sonoma 

County. 



many of them arrived in live plants intended for propagation in nurseries and planting for ornament, restora-

tion, or profit. Various species of Phytophthora have been responsible for notorious plant diseases such as 

the Irish potato famine, sudden oak death, Port Orford-cedar root disease, and devastating root rots of agri-

cultural crops from soybeans to taro to strawberries.  

Several different species of Phytophthora have been associated with madrone decline, especially in Cali-

fornia. These include most prominently P. cinnamomi and P. cactorum. P. cinnamomi is probably native to 

the islands of southeast Asia and has been spreading around the world since the 19th century. We know less 

about the origins of P. cactorum, but as a pest of fruit trees it too has been spreading for well over a century. 

These pathogens thrive in wet and even waterlogged soil, especially soil that is both wet and warm. Under 

such conditions they produce abundances of spores that infect and decay the tree’s fine roots, keeping the 

tree from readily absorbing water when soil moisture conditions return to normal. This syndrome can be 

most damaging when periods of heavy rain are succeeded by drought conditions. If enough fine roots have 

been destroyed during the wet period, the tree may wilt quickly and die during the drought. 

Figure 10 (left). Cankers of indeterminate origin. These cankers resemble those caused by Neofusicoccum arbuti, but since 

branch stubs are showing in the middle of some of them, they may be caused by Fusicoccum aesculi/Botryosphaeria dothidea. 

Location: Humboldt County. 

Figure 11 (right). A weeping canker of indeterminate origin, showing tree responses to injury and fungal invasion. A small branch 

was removed; subsequently, the tree produced new tissue, visible as swelling at the base of the pruned branch, to contain fungal 

advance down the branch and into the trunk. A canker formed to the left of the pruned branch, perhaps because more sunlight 

reached the trunk after the branch was removed, scalding the bark. This area has also been invaded by a fungus, and the tree is 

producing a saplike exudate in response. Location: Humboldt County. 



More gradual symptoms of madrone decline associated with Phytophthora infection include a crown that 

gradually loses foliage or bears leaves that are smaller than normal (Figure 12), or a gradual killing of the 

wood at the tree that spreads upwards from the roots (Figure 13). This death of woody tissue  under the 

bark typically looks dry and just slightly darker brown than the surrounding tissue, not soft, spongy or de-

cayed. Phytophthora species can also kill small seedlings rapidly (Figure 14). 

Figure 12. Madrones exhibiting 

diffuse symptoms of infection 

by Phytophthora cinnamomi 

and P. cambivora, including 

diffuse crown thinning and 

branch dieback. Location: 

Sonoma County. 

Figure 13. Interface 

between living wood 

and wood killed by Phy-

tophthora species at 

the base of a dying ma-

drone. At this site, the 

pathogen could not be 

isolated directly from 

the wood, but both P. 

cinnamomi and P. cac-

torum were isolated 

from the soil at the 

base of the tree. Loca-

tion: Santa Cruz Coun-

ty. 



Other root disease organisms sometimes infect madrones. For example, Heterobasidion irregulare, 

a fungus that commonly kills pines in California, will infect and decay madrones if they are growing near 

an infected pine root system. H. irregulare moves upward from the fine roots into larger ones and will 

render the tree hazardous after many years of infection. By this point, fungal fruiting bodies are often 

produced on root exteriors underground; if the tree is uprooted or part of it falls over, these fruiting 

bodies will be revealed. They have a cream-colored to white spore-producing surface that may or may 

not be complemented by another side that is woody and brown with a white, wavy, irregular lip sepa-

rating the two sides, and they are variable in size from popcorn- to fist-sized. The wood becomes de-

cayed and structurally weak. Advanced decay in wood is a white rot. 

Several species of Armillaria cause root rot and decay in madrones. Extensive white rot with black 

Figure 14. Madrone seedling killed by the same Phytophthora species as 

in Figure 12. Location: Santa Cruz County. 

Figure 15. Scale insects on madrone branch, foliage, and shoots. Photo: 

Manon Berning. Location: Calaveras County. 



zone lines is a common symptom. Sometimes the fungus fruits in the fall, producing brown mushrooms 

at the base of the tree.  

Insects 

Compared to pathogens, relatively few insects cause serious problems for madrones. One of the 

most conspicuous is fall webworm (Hyphantria cunea), which encases branch tips and the leaders of 

small trees in webs to enable protected feeding by caterpillars. Although fall webworm is unsightly and 

can cause significant seasonal defoliation, it rarely does so for consecutive seasons. Other insects often 

found on madrones are two moths, the madrone shield bearer (Coptodisca arbutiella) and a casebearer 

moth (Coleophora sp.), which can cause conspicuous leaf mining symptoms on leaf surfaces, and the 

madrone psyllid (Euphyllura arbuti), which sucks sap but rarely causes lasting damage. Scale insects in-

fest foliage, small branches, and green shoots of madrone. They feed on sap and may cause damage 

such as curling of foliage (Figure 15). 

Pests and Madrone Ecology 

Understanding why madrone is attacked by pests requires an understanding of the ecology of ma-

drone growth and reproduction. Madrone has a suite of adaptations that make it well-suited to the 

sites where it grows but also make it vulnerable to the pathogens and insects mentioned in this sum-

mary. Throughout their range, madrone trees tend to grow on sites that are sunnier, hotter, and drier 

than average; they have deep rooting systems, which make them windfirm and also enable them to find 

and exploit water deep within the soil profile. Thus madrones are very drought-tolerant. Because of 

their deep roots, but also because their roots normally form associations with mycorrhizal fungi, ma-

drones can utilize soils that are thinner, drier, rockier, and more nutrient-poor than those used by many 

other tree species. Many hotter, drier sites tend to experience frequent wildfire. Madrones are adapted 



to frequent fire; although their thin bark means that wildfire frequently kills mature trees, the deep root 

systems and large basal burls will survive to produce prolific basal sprouts (also called “suckers”). 

When madrones’ preferred environmental conditions are altered, the tree becomes vulnerable to pest 

attack. For example, like many other deeply rooted, drought-resistant trees that prefer drier conditions 

and good drainage, madrones growing in wet sites with heavy clay soils are particularly vulnerable to Phy-

tophthora root disease. Since madrones have brittle branches, those growing in intermediate elevations 

with heavy, wet snowfalls experience a lot of branch breakage, and broken branch surfaces allow entry for 

the madrone canker pathogen. Like many other early-successional tree species that are adapted to fre-

quent fires, madrones growing in areas where fire is excluded can gradually accumulate pathogens that 

fire would normally remove periodically from the system. 

Disease Control 

From the foregoing discussion, it can be seen that the best control of madrone diseases is preventive in 

nature, achieved by maintaining tree vigor and providing optimal environmental conditions for tree 

growth. Some example practices that can help optimize madrone growth include avoiding water ponding 

around the tree, avoiding cutting all the trees suddenly around a normally shaded madrone stem, pre-

scribed burning where appropriate and feasible, and occasional deep watering during long drought peri-

ods. For some diseases, various chemical applications can help provide some disease control or pathogen 

resistance. For protection against Neofusicoccum arbuti, Fusicoccum aesculi, and the various Phytophtho-

ra species, injections of phosphorous acid at the bark-xylem interface can help stimulate the tree’s natural 

resistance mechanisms (see Elliott and Edmonds 2008) and prevent initial infection or extensive disease 

development. For protection against foliar pathogens, spraying direct contact fungicides are likely of lim-

ited help because of uncertainty about when leaf infections happen. Therefore, several sprays per season 

may be required. Since these pathogens do relatively little damage, the cost-benefit ratio may not work 



out to the landowner’s benefit except in a very limited number of situations. Damage from foliar patho-

gens can be reduced by reducing humidity in the canopy to allow air circulation and reduce periods of leaf 

wetness during which fungal pathogens can germinate and infect.  
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