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Importance of Abies spp.
Approximately 50 species belong to the genus Abies and they are mainly native to the temperate 
regions of the northern hemisphere (http://www.discoverlife.org). They play a very important envi-
ronmental role in their regions of origin. Several species are also important for timber production 
outside their native range. 
Others are highly appreciated as ornamentals in landscape plantings. Because of their natural 
conical shape, color and strong branches for holding ornaments, true rs, especially species with 
excellent postharvest needle retention, are also ideally suited for use as Christmas trees and bough 
production. In Europe, the most common species grown as Christmas trees is Nordmann r, while 
in the USA, Fraser (Abies fraseri) and noble r (Abies procera) predominate. 
Other Abies-species marketed as Christmas trees include balsam r (A. balsamea) grand r  
(A. grandis), Korean r (Abies koreana), Siberian r (A. sibirica), subalpine r (A. lasiocarpa), Turkish r 
(A. bornmuelleriana), and white r (A. concolor). Noble r is the main species for bough production 
both in Europe and USA. 
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Phytophthora species
A number of Phytophthora spp. has been isolated from true rs worldwide. The following is a parti-
al list of species that have been reported on specic hosts:

Phytophthora species Disease symptoms Abies species References

cactorum root rot 
stem canker
branch agging

amabilis 
balsamea
balsamea var. phanerolepis
concolor
fraseri
magnica var. shastensis
procera 

Adams & Bielenin, 1988 
Chastagner et al., 1995
Hamm & Hansen, 1982 
Hong & Marston, 2005

cambivora root rot 
stem canker
branch agging

procera Chastagner et al., 1995
Talgø et al., 2006

capsici fraseri Quesada-Ocampo et al., 2009

cinnamomi root rot 
stem canker
branch agging

fraseri
procera

Chastagner et al., 1995
Grand & Lapp, 1974

citricola root rot
shoot blight

balsamea
concolor
fraseri
magnica
procera

Adams & Bielenin, 1988
McCain & Scharpf, 1986
Shew & Benson, 1981 

citrophthora root rot
collar rot

lasiocarpa var. arizonica Józsa et al., 2011

cryptogea root rot 
stem canker
branch agging

procera Chastagner et al., 1995

drechsleri root rot 
stem canker
branch agging

fraseri
procera

Benson et al., 1976
Chastagner et al., 1995

gonapodyides root rot 
stem canker
branch agging

procera Chastagner et al., 1995

inundata-like nordmanniana Talgø et al., 2007

megasperma root rot 
stem canker

lasiocarpa
procera

Chastagner et al., 1995
Talgø et al., 2007

pseudotsugae root rot 
stem canker
branch agging

procera Chastagner et al., 1995

ramorum1 root rot 
stem canker

concolor
magnica
grandis

Chastagner & Riley, 2010
Riley et al., 2011

1 in the European Union P. ramorum is a regulated organism (see chapter ‘Quarantine recommendation’)
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Disease symptoms (see gures)
Wet conditions are necessary for the spread of Phytophthora spores and infection of plants. Most 
Phytophthora spp. are soil borne, which  means that spores are spread in water lms in infested 
soil and may cause root rot and possibly spread to stems in the form of cankers. The rst visible 
symptoms caused by soil borne Phytophthora spp. can include a general discoloration of foliage 
(chlorotic, greyish, and nally necrotic) or one or more dying basal branches (agging). The foliage 
discoloration is due to lack of water and nutrients as the pathogen destroys the vascular system. 
Flagging indicates that an aboveground canker has developed, commonly extending upwards 
on one side of the tree and killing the branches in its path. Multiple cankers and/or spiral deve-
lopment of a single canker may girdle the tree. The cankers appear slightly sunken, sometimes 
cracked along the margins, and darker than the healthy bark. Heavy resin ow may occur. Beneath 
the bark of the cankered areas, the tissue appears brick red with a sharp border at the healthy, 
green tissue along the leading edges. Symptoms caused by P. cambivora on noble r in Norway 
are presented in Figure 1. 
In some cases, especially in nurseries, lower foliage may be infected when water splashes conta-
minated soil onto the foliage. The use of contaminated irrigation water may cause shoot blight, 
which is also a common symptom caused by airborne Phytophthora spp. like P. ramorum. The 
presence of P. ramorum spores during bud break and shoot elongation may also cause infection 
and subsequent canker development on branches of susceptible r species.

Possibility of symptom confusion
Both Armillaria root rot (Armillaria spp.) and Annosus root rot (Heterobasidion annosum) may kill 
the roots of true rs, resulting in discolored foliage similar to the symptoms caused by Phytophtho-
ra spp., but the two pathogens produce clear signs that distinguish the diseases they cause from 
Phytophthora root rot. Armillaria spp. produce root-like rhizomorphs that are visible on the roots 
and root collar, white mycelial fans beneath the bark near the root collar, and fruiting bodies at 
stem bases. 
H. annosum produces a thin, colorful (pink, purple, red, brown) mycelial layer between the bark 
and the wood as well as conks on root collars. The conks are often hidden by litter, but a typical, 
irregularly-shaped dark stain in the older wood of the trunk is normally a reliable symptom and 
sucient for diagnosing the pathogen.

Disease development
Damage potential by Phytophthora spp. on Christmas trees is considered moderate to high 
(Chastagner & Byther, 1997). Phytophthora spp. produce motile spores under wet conditions. They 
can actively swim for a few millimeters in water, enough to reach and infect nearby roots, or be 
transported over longer distances in windborne droplets or by water movement in soil or along 
waterways. 
Soil borne Phytophthora spp. can spread up the roots and kill the cambium and inner bark. Disease 
development depends on several factors; health of the seedling transplants, soil type, weather 
conditions, and the Phytophthora and Abies species in question. Disease-free nursery stock is es-
sential for a good outcome. Plants grown in well-drained soils, as opposed to poorly-drained hea-
vy soils, are less prone to Phytophthora problems. In cases where transplants are latently infected 
(e.g. where the pathogen is present, but symptoms are suppressed by fungicides), and then are 
planted in saturated soil, mortality can be very high in a short period of time (Talgø et al., 2007). 
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Another concern is that infected transplants may introduce the pathogen into uninfested elds. 
The aggressiveness of dierent Phytophthora spp. varies, and some Abies spp. are more suscepti-
ble than others. In North Carolina (USA), P. cinnamomi is a well-known pathogen on native Fraser 
r that is grown in Christmas tree plantations (Grand & Lapp, 1974). In the western USA, noble r 
grows naturally in the mountain areas and has also become the major Christmas tree grown in 
plantations in the region. In Oregon and Washington State a total of eight Phytophthora spp. are 
associated with root rot development on noble r, with P. cactorum, P. cambivora, P. cinnamomi, 
and P. cryptogea considered to be the most aggressive species. 
Laboratory and eld studies in North Carolina and in the U.S. Pacic Northwest have clearly 
demonstrated that there are signicant dierences in the susceptibility of true rs to Phytophtho-
ra root rot (Bensen et al., 1997; Chastagner, 2010; Cooley et al., 1988; Frampton & Benson, 2012; 
Hinesley et al., 2000) (Fig. 2). Variation in susceptibility is dependent on the Phytophthora spp, host, 
and environmental conditions. Noble, balsam (A. balsamea), grand, California red (Abies magnica), 
Fraser, and Shasta (A. magnica var. shastensis) rs are among the more susceptible species, where-
as Turkish, European silver (A. alba), Veitch (A. veitchii), Nordmann, Momi (A. rma), and Korean rs 
tend to be much less susceptible. 

Diagnosis 

It is not possible to identify a Phytophthora infection only by disease symptoms. Dierent diag-
nostic techniques like direct isolation, molecular and serological methods help to identify Phytoph-
thora as the cause of the tree disease and to specify the Phytophthora species. Information on 
Phytophthora diagnosis on trees is given for example in  
http://forestphytophthoras.org/key-to-species, http://www.phytophthoradb.org,  
http://phytophthora-id.org and in Martin et al. (2012). 
Please contact your national authorities (see next chapter) for help with diagnosis. 

What to do in case trees are suspected to be infected?

Contact your responsible national authorities, for example: addresses.pdf
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Management and control
The use of healthy transplant seedlings and site selection are the most important cultural factors 
aecting the management of Phytophthora root rot. At the farm level, proper drainage is required 
to avoid saturated soils. Highly susceptible rs should not be planted on sites with heavy, poorly 
drained soils. Avoiding the use of overhead irrigation, particularly if the water is contaminated 
with Phytophthora inoculum, will prevent shoot blight. 
Pruning should not be done during wet periods to enable a quick drying of the wound and a 
quick periderm development. Injury of the stem, for example by mechanical weed control, should 
be avoided since any kind of wounding increases the potential for invasion by Phytophthora spp. 
Soil fumigation is commonly used in bare root conifer nurseries to control Phytophthora spp., 
however it is not an economical practice in Christmas tree plantations or farms. Selective systemic 
fungicides are also used in nurseries, but fungicides are rarely eective in Christmas tree elds. In 
addition, from a Christmas tree grower’s point of view, the practice of using fungicides in nurseries 
may not be benecial since it does not cure the disease. It only suppresses the symptoms and may 
lead to extensive damage when asymptomatic plants are out in the eld. The use of soil fumigants 
and other chemicals can be restricted. Please contact your national authorities to get information 
on the current issue on the national registration.

Quarantine recommendation 

The European and Mediterranean Plant Protection Organization (EPPO) considers P. ramorum to 
be a dangerous organism. It is listed on the EPPO Alert List.  
For details see http://www.eppo.int/QUARANTINE/Alert_List/alert_list.htm.
In the European Union P. ramorum is a regulated organism according to the Commission Decision 
2002/757/EU. 
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Links to further information
Phytophthora in the Forests:  
http://forestphytophthoras.org/  
P. ramorum:  
www.suddenoakdeath.org  
http://rapra.csl.gov.uk/  
www.eppo.org    
Phytophthora determination keys:  
http://apsjournals.apsnet.org/doi/abs/10.1094/PDIS-08-11-0636 
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Disease symptoms of Phytophthora on Abies spec. (true rs)

Figure 1: Disease symptoms caused by root infection of 
Phytophthora cambivora on Abies procera (noble r) in 
Norway (1)
Left: Discolored foliage 
Right: Canker extending upwards from roots resulted in  
              agging and resin ow 

Figure 2: Row of noble r trees killed 
by Phytophthora root rot in a test plot 
at Washington State University 
Abies procera (noble r) are between 
two rows of Abies nordmanniana (Nord-
mann r) (2)

Photos: (1) – V. TALGØ; (2) – G. A. CHASTAGNER


