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Biological Control of western hemlock dwarf mistletoe 
 
 

Abstract 
 
 

Virulent isolates of two candidate fungi for biological control of hemlock dwarf 
mistletoe (Colletotrichum gloeosporioides (Penz.) Penz. & Sacc., a parasite of dwarf 
mistletoe shoots and fruit, and Neonectria neomacrospora (Booth & Samuels) Mantiri & 
Samuels, a parasite of mistletoe infected hemlock bark and possibly the endophytic 
system) were selected and tested for efficacy in a field trial at Spider Lake near 
Parksville. Conidia were produced in culture and applied in either a Stabileze formulation 
or in a sucrose-gelatin solution in late August.  Mistletoe shoot, fruit and swelling 
characteristics were recorded before treatment and at 0.5, 1, 2, 3, 4 and 5 months after 
treatment.  C. gloeosporioides reduced the current seed crop by >50% with virtually no 
difference between formulations.  Analysis of shoot loss associated with C. 
gloeosporioides is in progress.  N. neomacrospora produced sporodochia on the bark of 
wounded and inoculated DM swellings at significantly greater frequency than on parallel 
control treatments.  It also caused a marked reduction in the number of healthy dwarf 
mistletoe shoots five months after treatment.  Further work involving culturing and 
dissection is required to elucidate the mode of infection of N. neomacrospora infection.   
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Biological control of western hemlock dwarf mistletoe 
 
 
 

I  Introduction 
 
 
 
 

Hemlock dwarf mistletoe (Arceuthobium tsugense (Rosendahl) Jones) is a vascular 
plant that parasitizes branches and boles of western hemlock (Tsuga heterophylla (Raf.) 
Sarg.) along the Pacific coastal forests from Oregon to Alaska.  Infected trees suffer 
increment loss, deformation, reduced wood quality, and eventually death.  The parasite 
spreads primarily via forcibly ejected sticky seeds, and the resulting rate of spread into 
uninfected areas is quite slow.  Since dwarf mistletoe cannot live apart from its host (it is 
an obligate parasite), removal of all infected hosts (or all hosts) from an area also 
removes dwarf mistletoe, and if the area is large enough, it may take many decades or 
even centuries before it is fully reinvaded by the parasite.  Traditional silvicultural 
methods have utilized this phenomenon.  Control of mistletoe consisted of creating large 
clearcuts, preferentially with mistletoe-free boundaries, and removal of all infected 
residuals within the area.  This approach works well and partially emulates the larger 
natural disturbances of coastal forests.  

In recent years, it has become clear that sustainable and publicly acceptable forest 
practice on the coast must follow natural disturbance patterns more closely by leaving 
riparian reserves and small patches of mature timber, an approach that has become known 
as partial retention silviculture.  Much of the remaining old growth forest is at least 
lightly infected by hemlock dwarf mistletoe, and the conditions created by partial 
retention are ideal for quick and heavy infection of hemlock regeneration by dwarf 
mistletoe seed produced high in the crowns of retained trees.  Hence an alternative 
method of reducing dwarf mistletoe damage is required. 

In 2001 Simon Shamoun at PFC and Bart van der Kamp at UBC initiated a joint 
research project funded by FRBC to develop a biological control method for hemlock 
dwarf mistletoe using naturally occurring fungal parasites of mistletoe.  The initial work 
consisted of selecting and characterizing mistletoe parasites that had potential as 
biological control agents.  We needed fungal parasites that (1) could be grown in culture 
to produce abundant inoculum (conidia) that could be mass produced, stored, and 
resuspended in special formulations without loss of viability; (2) that were strongly 
parasitic on hemlock dwarf mistletoe and that would result in near total repression of 
mistletoe seed production for several years.  The initial work consisted largely of 
selecting potential candidate biological control agents, characterizing them, and verifying 
pathogenicity.  Two candidates were selected: Colletotrichum gloeosporioides (Penz.) 
Penz. & Sacc., a parasite of dwarf mistletoe shoots and fruit, and Neonectria 
neomacrospora (Booth & Samuels) Mantiri & Samuels, a parasite of mistletoe infected 



hemlock bark and possibly the endophytic system, causing bark necrosis resulting in 
death of mistletoe shoots and eventually of whole mistletoe infections.   

The next steps in the overall project, funded by FII for 2002 –03 and described in 
this report, consisted of a field trial of these two organisms.  While the two candidate 
biological control agents were tested in the same location, the specific questions to be 
addressed were somewhat different for the two.  For C. gloeosporioides the objectives 
were: (1) to select from among the isolates available at PFC the most virulent one; (2) to 
test two common formulations for inoculum delivery in the field; and to assess the impact 
of a single spray to run-off on dwarf mistletoe seed production and shoot survival.  The 
question of persistence over time was not directly addressed in this 7-month trial.  For N. 
neomacrospora the main questions were: (1) is bark wounding required for infection; (2) 
are conidia capable of causing bark infections or does that require ascospores; and (3) 
what is the effect of bark invasion on mistletoe shoot survival and seed production.  This 
report describes the results for the two parasites sequentially and then discusses the 
overall outcomes  

The work on C. gloeosporioides was conducted by Sue Askew, and that on N. 
neomacrospora by Lea Rietman.  Both are MSc students in the Department of Forest 
Sciences at UBC jointly supervised by Dr. Simon Shamoun at PFC and Dr. Bart van der 
Kamp at UBC.  The lab work was conducted at PFC.   

 

 



II    Biological control of hemlock dwarf mistletoe using  
C. gloeosporioides. 

 
 

A Introduction 
 

Colletotrichum gloeosporioides is a parasite of mistletoe shoots and berries.  C. 
gloeosporioides has be isolated from a number of dwarf mistletoe species found in the 
United States and western Canada ( Kope et al. 1997, Muir 1967,  Wicker and Shaw 
1968, Parmeter et al. 1959).  C. gloeosporioides infections first appear as small, brown to 
black lesions on the shoots and berries. Disease progression on a shoot results in 
blackened shoot dieback.  Disease progression on the berries results in blackened 
mummified berries.  Under moist condition lesions on both the shoots and berries can 
develop produce acervuli resulting in the release of salmon coloured conidia. The release 
of conidia may result in further infection on western hemlock dwarf mistletoe.  It is 
unknown whether C. gloeosporioides can invade the mistletoe endophytic system in the 
host bark.  
 
 
 
B Pathogenicity screening of C. gloeosporioides isolates. 

 
Pathogenicity was initially screened on detached hemlock branches infected by 

hemlock dwarf mistletoe.  Infected hemlock branches were placed in rockwool cubes.  
Five isolates of C. gloeosporioides in the PFC isolate collection from three different 
locations from were screened for pathogenicity.  A 108 conidia/ml of water suspension 
was sprayed on DM shoots on the detached swellings until run off (control: water spray). 
 
Table 1- Percent infection of detached dwarf mistletoe shoots and fruit for five 
isolates of C. gloeosporioides 

 
 
PFC isolate 

# 
Location Area Percent of 

shoots infected 
Percent of berries 

infected 
2415 Spider Lake Parksville 60 se 5.05 80 se 5.3 

2280 Bowser Parksville 55 se 4.2 70 se 2.3 

4060 Holt Creek Cowichan 30 se 3.1 50 se 2.3 

4058 Holt Creek Cowichan 40 se 2.6 60 se 3.3 

4059 Holt Creek Cowichan 50 se 4.8 75 se 4.3 



 

 
Following these results, Isolate PFC#2415 was selected for further testing in the field 
 
 
 
C    Field test of the efficacy of C. gloeosporioides for control of hemlock 
dwarf mistletoe. 
 

Conidia of isolate PFC#2415 were grown on a millet culture medium, collected by 
washing and centrifugation, and prepared in a Stabileze (Quimby et al., 1999) 
formulation and as a conidial suspension in a 2% sucrose - 0.5% gelatin solution.  

A field site was selected near Spider Lake near Parksville in the Coastal Douglas-
fir Zone on Vancouver Island.  It consisted of a rather open, naturally regenerated, 
hemlock leading stand heavily infected by hemlock dwarf mistletoe with many young, 
clean (ie. no evidence of fungal parasites) mistletoe infections within 1.5 m of the 
ground.  140 clean young mistletoe infections were tagged and described.  These were 
then allocated to four treatments as follows: Sprayed to runoff with (1) Stabileze and (2) 
the sucrose gelatin suspension, with controls consisting of (3) Stabileze and (4) sucrose 
gelatin solution, both without conidia.  Treatments were applied August 20-24, 2002. 

Assessment of mistletoe was conducted before treatment and at 2 weeks and at one, 
two, three, four and five months after treatment.  The pre-treatment assessment recorded, 
for each mistletoe infection, location (tree number), diameter, length of swelling, 
maximum distance between shoots, number of shoots, number of buds (immature shoots 
without elongated segments), sex, vigour rating, and for females, number of berries.  At 
each assessment after treatment the following were recorded for each experimental unit: 
swelling diameter, number of buds, number of shoots, number of diseased shoots, number 
of berries, and number of diseased berries.  At each remeasurement some diseased shoots 
and berries were collected to microscopic examination, symptom description, and 
verification of C. gloeosporioides.  Diseased berries were black and shrivelled, and 
remained attached to the female shoot for several months, while all healthy berries had 
been shed to release their seed by November.   

Table 2 summarizes results for mistletoe fruit. The two treatments yielded almost 
identical results: both reduced seed production by >50%. Differences between treatment 
and control were statistically significant (p<0.05) in both cases.  Analysis of shoot 
mortality is in progress. 
 



Table 2-Diseased and total hemlock dwarf mistletoe berries following application of 
C. gloeosporioides in two formulations. 
 

Treatments Diseased 
Berries1 

Total 
Berries2 

Percentage of berries 
remaining healthy3 

Stabileze with fungus 551 849 34.9 
Stabileze control 86 307 72.0 
Sucrose-gelatin with fungus 550 816 36.2 
Sucrose-gelatin control 239 1024 76.7 
 

1 Total diseased berries on 35 mistletoe infections at 4 months 
2 Total berries at the pre-treatment assessment 
3 Average of percentages for individual infections. 

 



III     Biological control of hemlock dwarf mistletoe  
using N. neomacrospora. 

 
 
A      Introduction 
 

Neonectria neomacrospora is a canker causing pathogen that appears to be 
restricted to dwarf mistletoe infected bark.  It occurs on several dwarf mistletoe hosts, but 
it is not know whether these represent host specific races of the pathogen.  The species 
produces both perithecia and sporodochia.  It is not known at which time of year and 
under which conditions either of these reproductive structures is produced.  Conidia are 
produced in abundance in culture.  Parasitised dwarf mistletoe infections exhibit areas of 
black, cracked bark, often associated with resin exudation.  Dissection shows that 
necrosis extends to the vascular cambium, and that the xylem below and beyond infected 
areas exhibits a blue-black stain.  The fungus can be isolated both from necrotic bark and 
from xylem, but isolation from the former often yields a variety of presumably secondary 
fungi as well.  The main effects on mistletoe are twofold: mistletoe shoots on necrotic 
areas are aborted, and whole mistletoe infections can be girdled and killed.  It is believed 
that the pathogen establishes a perennial canker on mistletoe swellings.  

The objectives of this study were: 
 To determine whether infection by N. neomacrospora conidia requires wounding 

of bark or of mistletoe shoots; 
 To assess the impact of N. neomacrospora on mistletoe seed production over 

time; 
 To determine the location of N. neomacrospora within the mistletoe swelling; and  

 
B     Methods 

In previous work six isolates from various locations on southern Vancouver Island 
were assessed for growth rate and conidia production, and single isolate (PFC#2559) 
selected for assessment in a field trial.  A test site was selected near Spider Lake (see 
above).  231 ‘healthy’ hemlock dwarf mistletoe infections, all bearing shoots were tagged 
and randomly assigned to three treatments and four controls as described in Table 3 

Each experimental unit was assessed at 2 weeks and 1, 2, 3, 4, and 5 months post-
inoculation. Assessment involved measuring the number of healthy and diseased hemlock 
dwarf mistletoe shoots and berries, the number of hemlock dwarf mistletoe buds, and the 
occurrence of symptoms and signs associated with N. neomacrospora infection. 
Symptoms and signs include resinosis, cracking, blackening of the bark, and the 
occurrence of perithecia or sporodochia. 

 



 
Table 3: The treatments and controls for Neonectria neomacrospora at the Spider 
Lake trial.  
 

Treatment of DM infection Not 
wounded 

All DM 
shoots cut at 
5 mm  

DM swelling 
bark incised 

Conidia in 
Stabileze  

A (35)1 B (35) C (33) 

Stabileze 
without conidia 

J (35) K (35) L (35) 

Spray 
application 

Water only 
 

N+X (23)   

 
1 Number of experimental units in brackets  
 
 
 
C   Results  
 
i) Sporodochia 
 

The occurrence of spore producing structures can be considered as good evidence 
of infection of hemlock dwarf mistletoe swellings by N. neomacrospora.  On the other 
hand, absence of spore producing structures does not necessarily mean that infection was 
unsuccessful.  Sporodochia were first observed two months after inoculation, and more 
appeared at three, four and five months.  In most cases, once sporodochia were observed 
they were present at each subsequent observation.  All DM infections that had 
sporodochia at least at one of the observations was considered to bear sporodochia.  
Figure 1 shows the frequency of sporodochia production by treatment.   

Significant differences were found between treatments A (spray with Stabileze) 
and B (cut shoots and sprayed with Stabileze formulation), and between treatments A 
(spray with Stabileze) and C (incised bark sprayed with Stabileze formulation) (P = 0.015 
and P = 0.019, respectively).  These results suggest that wounding of the hemlock dwarf 
mistletoe shoots or bark swellings facilitates infection, or at least early sporodochia 
production by N. neomacrospora.  The high incidence of sporodochia production in 
treatment L (bark incised but not inoculated) suggests that infection is limited by absence 
of wounds rather than absence of inoculum.  Destructive examination and culturing to re-
isolate N. neomacrospora of all DM swellings in the trial will be required to establish 
whether sporodochia production is a good index of infection success by N. 
neomacrospora. 

Evidence of N. neomacropsora infection based on resinosis and bark 
discolouration was ambiguous.  It proved difficult to distinguish between resin associated 
with wounding and that arising from N. neomacrospora infection.  Similarly, without 



Figure 1  Percentage of dwarf mistletoe swellings bearing N. neomacrospora 
sporodochia by five months after the inoculation treatment. 
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actual cracking of young bark it was not possible to identify bark necrosis with certainty.  
We suspect that a considerable number of DM infections may harbour N. 
neomacrospora, but have not as yet produced sporodochia.  Perithecia have not been 
observed on any the experimental material, although they have been seen on old 
infections at the study site that were not part of this experiment.   
 
 
ii) Number of healthy hemlock dwarf mistletoe shoots 
 
The number of healthy hemlock dwarf mistletoe shoots can be considered a good index 
of DM seed production.  Figure 2 gives the average number of healthy shoots per DM 
infection for the seven treatments.  Treatment B and K should be ignored here because 
the treatment itself involved shoot removal.  The number of shoots recorded for those 
treatments represent new shoots formed from buds that have elongated since treatment.  
Treatment C had significantly fewer shoots than J and L (Dunn’s method, p<0.05).  
These results suggest that wounding hemlock dwarf mistletoe swelling and applying N. 
neomacrospora inoculum results in marked shoot mortality and presumably DM seed 
production.  
 
 

 
 
 
 



 
 

Figure 2.  Number of healthy dwarf mistletoe shoots per mistletoe infection six 
months after inoculation with N. neomacrospora. 
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IV   Developing a biological control techniques for hemlock dwarf 
mistletoe – outcomes and applicability 

 

During the year 2002-03 significant progress was made in the development of a 
biological control techniques for western hemlock dwarf mistletoe.  The main project for 
the year was to assess the efficacy of two potential biological control agents (C. 
gloeosporioides and N. neomacrospora) in a field trial.  Isolate selection and inoculum 
production took several months, and the field trial was inoculated during the third week 
of August 2002, and remeasured biweekly and then monthly intervals until March.  In 
January the decision was made to terminate the trial in order to allow for destructive 
examination of N. neomacrospora inoculated DM infections, and also because there was 
some evidence of secondary spread of these parasites to ‘control’ DM infections.  Several 
encouraging results were obtained: 

• N. neomacrospora conidia readily infect wounded mistletoe-infected hemlock 
bark and also, somewhat surprisingly, cut mistletoe shoots, apparently moving 
down the cut shoot to the bark.  Ascospores are not required for bark infection.  
So, in terms of propagule production, N. neomacrospora is a good candidate.  On 
the other hand, the apparent requirement for wounds for infection may restrict its 
usefulness.  However, the final assessments of the extent of infection and necrosis 
in all treatments are just getting under way and these will take some time to 
complete.  It may be that the parasite does become established in unwounded 
infections, perhaps through DM basal cups, but that it is slower starting, or 
alternatively that wounding also induces sporodochia production.  Mistletoe shoot 
loss on parasitized DM swellings is substantial, and in all likelihood the parasite 
will turn out to be perennial in hemlock bark – an important feature for 
persistence.   

• Application of C. gloeosporioides conidia resulted in high level of DM berry 
infection as well as substantial DM shoot loss after four month. Status of the 
experimental infections at the test site kept changing from month to month, and 
for that reason a final assessment of shoot loss is not available at this time.  The 
data was collected and is currently being analysed.   

• Mistletoe seed production was substantially reduced by both parasites (at least by 
50%), and that may be enough to reduce impact to acceptable levels in some 
situations.  It is also apparent (not reported in this study) that the two parasites can 
be applied together without interfering with each other.  In any large control 
program, the cost of application is likely to comprise the largest part of the total 
cost, and applying more than one biocontrol agent at the time may be an attractive 
way of increasing efficacy. 

• Opportunities for further improvements in efficacy are many, and include: a wide-
ranging search for the most effective isolates; optimization of time-of-year for 
application; and optimization of inoculum production technique to enhance 
viability.  All of these can be expected to improve efficacy.   

 



The overall recommendation arising out of this year’s work is that development of 
this biological control technique should continue, and an application has been submitted 
to FII in support of that further development.   

 

We have sought to advertise the project widely among pathologists in order to draw 
in the best advice and experience available, and to alert potential users that a biological 
control technique is under development.  To that end presentations describing the work 
were made at the Western International Forest Disease Work Conference at Powell River 
in October 2002, and at the International Congress of Plant Pathology in Christchurch, 
NZ February 2003 (travel to the latter not financed by FII).  In addition we have 
presented the work via posters at these and other local meetings and workshops.  We 
have received much interest and good advice and suggestions from fellow scientists, 
while local managers have encouraged us to continue the work because of the great need 
for a mistletoe management technique on the coast.   
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