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Oak Decline (Phytophthora quercina) is a soilborne root rot fungus belonging to 
Phylum Oomycota and Family Pythiaceae (14). 

Since the 1980s, fluctuations in oak mortality occurred in Europe (16). At first the 
cause of the decline in European Oaks (Quercus robur and Q. patraea) remained 
unknown (16). However in the mid-1990s, several disease complexes, including a 
number of Phytophthora species were linked to the dieback scientists had been 
observing (16).  A newly described species, Phytophthora quercina, was described by 
WǳƴƎ Ŝǘ ŀƭΦ мффф ŀƴŘ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ ƻƴŜ ƻŦ ǘƘŜ ǇǊƛƳŀǊȅ ŎŀǳǎŜǎ ƻŦ ǘƘƛǎ Ψƻŀƪ 
ŘŜŎƭƛƴŜΩ όмсύΦ  ¢ƘŜ ƎŜƻƎǊŀǇƘƛŎ ƻǊƛƎƛƴ ƻŦ ǘƘƛǎ ǇŀǘƘƻƎŜƴ ǊŜƳŀƛƴǎ ǳƴŎƭŜŀǊΣ ƘƻǿŜǾŜǊΣ 
populations analyses of P. quercinasuggest that it was introduced to Europe and 
spread prolifically due to the lack of host diversity (6).

Since its discovery, Phytophthora quercina, has been isolated from European oaks 
that exhibit the characteristics of decline as well as those that are asymptomatic (1, 3, 
11). 

The pathogen is adapted to a wide range of temperatures and environmental 
conditions. However, optimal growth occurs between 22.5-25̄ C (72.5-77̄ F) in dry, 
nutrient rich clay or loamy soils with a more acidic pH of 3.5-7.0 (2, 5, 11, 12). High 
ŎŀƭŎƛǳƳ ŀƴŘ ƳŀƎƴŜǎƛǳƳ ƭŜǾŜƭǎ ƛƴ ǘƘŜ ǎƻƛƭ Ƴŀȅ ŀƭǎƻ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ ǇŀǘƘƻƎŜƴΩǎ 
success (2). 
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The present known distribution of Oak Decline is limited to oak forests in Europe and 
western Asia (16). Countries where Oak Decline has been reported include those 
marked on the map (16):
ωAustria
ωBelgium
ωEngland
ωFrance
ωGermany
ωHungary
ωItaly
ωLuxemburg
ωSerbia and Montenegro
ωScotland
ωSweden
ωTurkey
ωUnited Kingdom
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Oak Decline has a narrow host range like other Group 
I Phytophthoraspecies. True hosts appear to be 
limited to oak trees, Quercusspp., as infections in 
non-oak tree hosts have not yet been reported (12). 

Documented hosts include (13, 17):

ïEuropean Turkey Oak, Quercus cerris
ïItalian Oak, Q. frainetto
ïHartwissiana Oak, Q. hartwissiana
ïHolly Oak, Q. ilex
ïSessile Oak, Q. pubescens
ïCommon, Pedunculate Oak, Q. robur
ïKasnak Oak, Q. vulcanica
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Although a Phytophthora quercina ΨƭƛƪŜΩ ƻǊƎŀƴƛǎƳ ǿŀǎ ŦƻǳƴŘ ƛƴ aƛƴƴŜǎƻǘŀΣ 
Wisconsin, and Missouri, molecular analysis separates isolates found in the United 
States from the Oak Decline pathogen of Europe (16). The abundance of possible host 
material and overall climatic similarities of U.S. with its current range in Europe, it is 
important to monitor oak forests for Oak Decline. The Mediterranean shrubland of 
California and the temperate broadleaf forests in the northeastern states may provide 
prime habitat for Phytophthora quercina (17). 

The map featured here was developed by USDA-APHIS-PPQ-CPHST and illustrates 
host density of QuercusǎǇǇΦ ǿƛǘƘƛƴ ǘƘŜ ŎƻƴǘƛƎǳƻǳǎ ¦Φ{Φ hŀƪ ŦƻǊŜǎǘ ΨƘƻǘ ǎǇƻǘǎΩ ŀǊŜ 
indicated by warm tones and low host density is represented by blue tones.

5



Oak Decline in Europe is often considered to be a mixture of many abiotic and biotic 
factors, therefore it is difficult to determine the extent of economic and 
environmental damage that can be solely attributed to Phytophthora quercina. 
Pathogenicity of P.quercinamay be dependent on environmental conditions that 
predispose oaks to infection, such as drought or flooding, species diversity, and 
presence of additional pests or pathogens (17). 

However, overall damage can be seen in aesthetically declining oak stands as well as 
reduced marketability of lumber. Annual oak mortality in Germany, partially caused 
by Oak Decline, has been estimated at 205 mature oaks per hectare, or 
approximately 1-2 oaks/ac (10). 

Oak Decline is gradual and progressive occurring after several years with defoliation 
and dieback as primary symptoms. Within German and French nurseries, P. quercina
is undetectable due to a short growing period (2-3 years) that does not allow for 
extensive development of belowground root damage and subsequent aboveground 
symptoms (16).

The image on the left is an example of an tree mortality of Holly Oak, Quercus ilex, 
and crown dieback and chlorosis in the Common/Pedunculate Oak, Q. robur, are seen 
on the right. 
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Symptoms of Oak Decline caused by Phytophthora quercina are difficult to 
distinguish from decline caused by other Phytopthoraspecies in the field. Branch and 
crown dieback, epicormic shoots, and chlorotic and wilting leaves are common 
aboveground symptoms (17). Overall reduced growth can be associated with crown 
defoliation as well as necrotic and discolored feeder roots (17). 

Lumber can be negatively affected with bark loosening, tylose formation, and 
discoloration of the sapwood (17). Tyloses form as plant defensive response involving 
the enlargement of parenchyma cells to block the spread of vascular pathogens in the 
xylem.

Tree death can be see in the image on the left and root loss on the right. 
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Morphological features of Phytophthora quercina vary considerably between 
individual specimens and accurate identification of the pathogen should be done with 
molecular analysis (12). 

Colonies grown optimally at 20̄C on malt extract agar or potato dextrose agar are 
fluffy and dome-shaped in appearance, becoming more flattened or appressed with 
maturity (12, 16). Hyphae are aseptate and exhibit terminal sympodial branching, 
meaning conidia develop on branches that arise at the ends or terminal growing 
points of the hyphae (9, 16). Sporangia of P. quercinahave several different growth 
forms ranging from ovoid or globose to pyriform (pear-shaped) or ampulliform (flask-
shaped) (16). The images on the left reveal two different sporangia forms ς
ƻōǇȅǊƛŦƻǊƳ ŀƴŘ άōŀƴŀƴŀ- or peanut-ƭƛƪŜέΦ !ƭƭ ǎǇƻǊŀƴƎƛŀ ƘŀǾŜ ŀ ǎǿƻƭƭŜƴ ƭǳƳǇΣ ǇŀǇƛƭƭŀŜΣ 
indicated by the black arrows, along the edge.

Chlamydospores are inconsistent produced, but when present they are spherical in 
shape (16). Oogonia are spherical to ovoid and generate globose oospores (16).
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Since its discovery in 1999 by Jung et al., little remains known or understood about 
the biology and epidemiology of Phytophthora quercina (16). 

This diagram illustrates the general disease cycle of a typical Phytophthoraspp. root 
rot. 

Since Phytophthora quercina is a soilborne pathogen, dispersal is likely to occur as a 
result of contaminated logging machinery and planting material, as well as zoospore 
infested surface water. Soil particles can contain the oospores that have thick walls 
which allow them to withstand unfavorable conditions for multiple years including 
application of the fungicide metalaxyl (16). 
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Survey methods for isolating and identifying Phytophthora quercinaare based on soil and/or root samples. 

With direct isolation necrotic roots or bark cankers are rinsed, dipped in 95% ethanol for surface sterilization, and 
plated on semi-selective media (17). Active pathogen growth occurs within main roots after only a few days of 
initial infection of the fine roots (11, 12). The pathogen becomes dormant in the fine roots and greatly extends 
the germination process allowing selective media to become contaminated by other bacteria. It is necessary to 
obtain pure cultures for species confirmation utilizing morphological and molecular methods. Consequently, 
isolations from fine roots via baiting them with young oak leaves is considered the best method for this pathogen 
(11, 12).

The Cooperative Agricultural Pest Survey (CAPS) approved survey method utilizes oak leaflet baits cut in a herring 
bone pattern and placed into a mesh bag submerged in a water-flooded soil sample (17). Bait is removed after 48 
hours and observed for lesions after 1 week (17). The photo on the right is an example of rhododendron leaf 
baiting and isolation for other Phytophthoraspp. conducted at the University of Florida. Zoospores are attracted 
to leaves and can disperse through the water to cause decay in the bait. Following infection, the bait is rinsed 
surface sterilized and plated (17).

Soil-root samples may be collected from symptomatic trees and visually surveyed from different stages of decline 
(17). The soil can then be baited, flooded, and dried at room temperature to isolate Phytophthora  (11). 

Detection Surveys are used to determine whether or not Oak Decline is present in an area in which it was 
previously not known to occur. Detection Surveys may be broad in scope and consider multiple pests/pathogens 
or they may be more restricted to a smaller area where a pest has potential to occur (16). However, it is 
important to note that a negative Detection Survey does not necessarily guarantee the absence of a pest or 
disease.

If a new detection is confirmed in the US, or if a detection in a new area where the pest was not previously found 
is confirmed, regulatory officials will form a Technical Working Group (TWG) to outline the procedure for 
conducting a Delimiting Survey (16). Delimiting Surveys define the extent, geographic range, and possible rate of 
spread of the newly detected disease(16). 

After regulatory officials determine any necessary and appropriate control options, implementation follows. 
Monitoring Surveys are used to measure the effectiveness of control efforts (16).
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