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OVERVIEW 
In California and throughout the Pacific Northwest, orchards of pear and 
other horticultural crops have been established on land cleared of native 
forests [1]. Armillaria is a native soil-borne fungus with a broad range of 
hardwood hosts along the West Coast [1] [2]. In a variety of woody plants, 
Armillaria infection causes root system decay, gradual health decline, and 
ultimately death [3] [4] [5]. The most common species of Armillaria in California 
are Armillaria mellea and Armillaria gallica [2] [6]. This study focused on A. 
mellea because it is the most lethal and widely distributed species [2]. 
a 
PROBLEM 
Reports of A. mellea infections in pear orchards started to increase in the 
1990s [1]. Image 1 shows a tree exhibiting sign and symptoms of possible 
Armillaria infection. The lack of leaf coverage can result in lower fruit 
production and ultimately lower yield. Pears in the past were considered 
“immune or highly resistant” to Armillaria infection and as a result were 
highly recommended as replants for other tree crops killed by A. mellea in 
California [1] [7]. There is no method to eradicate the pathogen from infected 
trees nor therapeutic methods that counteract tree death of highly 
susceptible species. Image 2 showcases the white Armillaria fungus 
penetrating the bark tissue of an infected tree stump.  Armillaria is a very 
slow growing fungus and is able to persist in the soil within residual infected 
root or bark tissue for over 10 years [3]. 
 

WHAT TO DO 
Currently, there is no pear rootstock known to be resistant to Armillaria. This limits options for replanting trees 
in infected orchards. Due to the broad host range of Armillaria, other tree crops face a similar challenge. In order 
to identify sources of resistance to be utilized in rootstock breeding programs, a rapid and reliable screening 
technique for pears is necessary. Studies in other susceptible crops, namely grape, walnut, and Prunus, have 
shown that greenhouse experiments with Armillaria are largely unsuccessful, whereas in vitro experiments 
(under sterile lab conditions, Image 3) are more repeatable [4] [8] [9] [10] [11]. In greenhouse experiments, symptoms 
can take multiple years to be expressed and often a high proportion of plants ‘escape’ infection [8]. Baumgartner 

et al. (2010) [10] developed an Armillaria in 
vitro screening technique for grape, and 
subsequently used a similar approach to 
identify sources of resistance in walnut and 
almond rootstocks [3] [4]. For in vitro 
evaluations, plants are micropropagated, 
rooted in vitro, and inoculated with A. 
mellea on tissue culture (agar) medium 
which supports both the roots of the plant 
and the pathogen, rather than using soil-
based media. This study was performed to 
optimize a rapid and reliable in vitro 
phenotyping protocol in pears. There were 

Image 1: Possible Armillaria infected pear 
tree in a Lakeport pear orchard. Scarce and 
minimal leaf development. 

Image 2: Armillaria infected bark tissue. 
Sample collected from crown of dead pear 
tree stump that most likely died from 
Armillaria infection. The white specks within 
the bark tissue are the Armillaria fungus. 

Image 3: Week 0 (left) is the day of Armillaria inoculation and Week 6 (right) show 
plantlets six weeks after Armillaria inoculation. Plantlet number 5 has a purple strip of 
tape to indicate it was a control (was not exposed to the Armillaria inoculum). Black 
leaves are visible in Week 6, progression of disease development.  

Week 0 Week 6 



85 different clonal genotypes and 185 different seedling genotypes tested. Clonal rootstocks are genetically 
identical to each other, whereas each individual seedling is genetically unique. The use of seedlings in this study 
increased the diversity of rootstocks observed. Each clonal rootstock was propagated to at least 20 replicates, 
while the seedling numbers varied based on germination success. Each plantlet was placed into an individual 
test tube and inoculated with a homogenized liquid suspension of cultured A. mellea, as seen in Image 3. 
Plantlets were visually inspected on a weekly basis and scored for necrosis on a scale of 0 to 100% for a total of 
6 weeks. Necrosis, the blackening of the leaves and stem, was deemed a symptom of infection.  
e 
RESULTS  
This study used the area under the disease progress curve 
(AUDPC) to quantify disease development over the six-week 
treatment for each individual plantlet (Figure 1) [12] [13]. The 
smaller the AUDPC the more resistant the genotype. Two elite 
P. communis rootstocks, OH×F 87 and OH×F 97, stood out as 
highly resistant based on low overall AUDPC scores, as seen in 
Figure 2. OH×F 87 and OH×F 97 are two clonal genotypes 
already in commercial production and also show great 
resistance to fire blight [14]. The OH×F varieties also have great 
micropropagation qualities which would facilitate their use in 
additional in vitro studies. It may also be beneficial to field-test 
the OH×F 87 and OH×F 97 genotypes. OH×F 87 and OH×F 97 
are the strongest recommendations for possible replants from this study.  

The long-term goal of breeding pear rootstocks resistant to Armillaria is one step closer to fruition with 
the development of this optimized in vitro protocol for rapid and reliable Armillaria screening. 
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Figure 1: Line graph of a single plant’s disease development 
over the course of 6 weeks. Area under the curve was calculated 
to give an AUDPC value for each plant. This value was used to 
determine which genotypes preformed the best. 

Figure 2: Boxplot of average AUDPC scores for all 85 clonal genotypes inoculated. The green boxes show the genotypes OH×F 87 and OH×F 97. 
Ordered from lowest AUDPC mean scores (more resistant) to highest AUDPC mean scores (more susceptible).  

 


