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FIELD & LAB PROCEDURES 

 
Field Procedures for Root Sample Collection 

As a continuation of the ringbarking trial process described in the "Hen Ingram Armillaria 
Trial Establishment Report

 

”, March 2009, the ringbarked trees which had been hand-girdled 
in November of 2008 were stubbed by a handfaller along with the control trees in October of 
2009.  Felled trees were slashed by the faller to improve access for planting and for hazard 
abatement.  Of the original 43 ringbarked trees and 43 control trees, 1 control tree and 2 
ringbarked trees were blown down over the past year, 1 ringbarked tree had a broken top 
with only insect frass under the bark and no cambium to sample.  The roots on one of the 
windfelled control trees were desiccated with bark peeled off and we couldn’t find any intact 
roots in the ground so this tree also wasn’t sampled.  Three small ringbarked balsam and 
spruce had died due to sun exposure from a very hot summer but the roots were still 
suitable for sampling.  In the plots in general, balsam and spruce mortality were high from 
exposure; and cedar was also affected with heavy flagging in exposed trees.  Except for the 
cases noted above, all root cambiums were sampled for fungal DNA extraction.  All trial trees 
were stubbed. 

After stubbing, each of the 86 trees was remarked with the original tree number using blue 
paint for girdled trees and orange for control trees.  Tree numbers consisted of the plot #, 
tree # plus a “G” if it was girdled (Photos 1, 2, 3). 
 
One hundred and twenty-nine samples from roots of the surviving 84 trial trees were 
collected in Oct & Nov of 2009 using a chisel and mallet.  For each conifer the dirt (& later 
snow) was first cleared away from an accessible root with a pulaski and hand whisk, the 
chisel was sterilized with a hand torch, and a small rectangular shaped bark sample adjacent 
to the tree base was pried off the root with underlying cambium and some wood adhering to 
the bark. This kept the cambium cleanly contained between wood and bark.  If practical, an 
additional sample was taken along the same root 0.5m from the base sample (Photos 4, 5, 6, 
7); however this section of the root was often buried under rock or otherwise inaccessible.  
Each sample was immediately sealed into a ziplock plastic bag marked with the tree number, 
species, date, & location along the root.  Upon completion the sampled root was covered 
with litter and debris and spot painted for future location (Photo 8).  The sample bags were 
placed in a duffle bag to shield them from the elements during fieldwork, then stored in a 
freezer immediately upon returning from the field. 
 
In general, cambiums appeared desiccated in ringbarked trees compared to the healthy 
cambium of control trees.  This corresponded with crown appearance, in which the 
ringbarked trees were observed to have slightly chlorotic crowns at the time of stubbing 
(Photo 9) as opposed to the healthy looking crowns of control trees.  The trial suffered 
though an extended period of hot dry weather during the summer of 2009 and it was 
thought the ringbarked trees would be in much worse condition than they were. 
 

Lab Procedures for DNA Sequencing 



Three separate small (≈2-4 mm diameter) rectangles were sectioned from the cambium of 
each of the 129 root samples (whether fungus was evident or not) using a flame sterilized 
scalpel.  DNA was extracted for sequencing using a DNAeasy Plant Mini Kit (Qiagen) (see 
photos 10, 11, 12) as per the DNeasy instructions.  Sequencing was done at a major Western 
Canadian University.  The results are summarized in Table 1. 
 

 
Lab Procedures for Starch Granule  Assessment 

Pieces of the root cambium samples were thin sectioned by embedding in wax and cutting 
with a scalpel.  The thin sections were stained with Melzer’s reagent for about 30s, rinsed 
with water and mounted in lactic acid. The starch granules were obvious.  We examined and 
photographed a girdled and non-girdled specimen from each of pine, spruce and cedar.  The 
sections were photographed and a grid overlain the photo in Photoshop.  Starch granules 
were counted at the intersection of the gridlines (Photo 13 and 14).  We had the option of 
sampling more roots in this way but the differences between the treatments was so large 
and obvious that there was no need to sample more to confirm that girdling had depleted 
starch as per the treatment objectives.  In the girdled trees the starch was either completely 
gone or only about 5% to 10% remaining compared to the ungirdled trees. 
 

 
Summary 

All work planned for this year was completed fully and within schedule.  The trial is ready to 
be planted in the spring and all arrangements for planting are on schedule.  Sampling next 
year should give the first indications of whether or not it is the girdling effect of MPB that 
seems to be reducing Armillaria occupancy in MPB affected roots or whether some other 
factors are also involved. 



(collected Oct-Nov 2009)** 

DNA SEQUENCING SUMMARY OF ROOT SAMPLES FROM HEN INGRAM LK RINGBARKING TRIAL 

 

Sample # 

Plot & Tree # 
Tree 

species 

Root Sample 
Position 

Sequenced 
fungi 

Photos 
attached 

Comments 

Ringbarked 
Trees    

(G=girdled) 

Control 
Trees 

base other * fungal appearance in lab 
Tree condition at time of sample 

collection 

3 7-4G  Cw X  

Lentaria 
pinicola & 
Ramaria  
pinicola 

  chlorotic crown 

16  6-1 F  0.5m 
Asterodon 

ferruginosum  
yellowish fuzzy fan-shaped 

thin mycelium (looks white in 
photo) 

healthy green crown 

25 4-2G  F X  
Armillaria 
ostoyae #4(field) wispy mycelial fans 

slightly chlorotic crown; 
Armillaria fans in adj. Pl snag 

26 4-1G  F X  
Armillaria 
ostoyae  

dead cambium with live 
Armillaria fans chlorotic crown; slight basal 

resinosis 
27 4-1G  F  0.5m 

Armillaria 
ostoyae  

dead cambium with live thin 
Armillaria fans 

39 4-2G  F  0.5m 
Armillaria 
ostoyae #4(field) live Armillaria fans 

slightly chlorotic crown; 
Armillaria fans in adj. Pl snag 

46  3-2 F  0.5m 
Armillaria 
ostoyae  live Armillaria fans healthy green crown 

49 3-4G  Cw X  
Armillaria 
ostoyae  live Armillaria fans on half of 

sample 
chlorotic crown 

57 5-3G  F X  
Armillaria 
ostoyae  live Armillaria fans crown very slightly chlorotic 

58 5-4G  F X  
Armillaria 
ostoyae  live Armillaria fans 

virtually a snag (a few red & 
green needles) 

60  5-1 Hw  0.5m 
Malassezia 

restricta #5(field)  healthy green crown 

67 5-3G  F  0.5m 
Armillaria 
ostoyae  white mycelium crown very slightly chlorotic 

76 2-3G  Sx X  gymnopus sp.   crown buried under debris 



81  2-1 F X  
Armillaria 
ostoyae  live Armillaria fans 

very slight chlorosis; basal 
resinosis 

95 1-3G  Hw X  
Armillaria 
ostoyae 

 #6(field) 
#10(lab)  

slightly chlorotic crown; basal 
resinosis 

96 1-3G  
Hw 

 0.5m 
Armillaria 
ostoyae 

 

fan-shaped fungus at top of 
sample 

98 1-3G   0.5m 
Armillaria 
ostoyae 

smaller fan-shaped fungus in 
opposite corner 

105 8-5G  Sx  0.5m 
Armillaria 
ostoyae #12(lab) 

clear fan-shaped mycelium 
at one end of sample (on 

tree side) slightly chlorotic crown 

107 8-5G  Sx X  
Armillaria 
ostoyae #11(lab) live thin Armillaria fans 

111 8-2G  Bl X  
Armillaria 
ostoyae   

dead tree with few red needles 
(exposure) 

112 8-3G  F X  
Armillaria 
ostoyae  live Armillaria fans 

slightly chlorotic crown 
113 8-3G  F  0.5m 

Armillaria 
ostoyae  

live Armillaria fans (thin, 
weak) 

118 9-3G  Sx  0.75m 
Mycena 

galericulata   healthy crown 

 
TOTALS 

23 
sequenced 

samples 
total 

19 ring-
barked 
trees 

infected 
with fungi 

4 control 
trees 

infected 
with 
fungi 

 

10 base 
root 

samples 
infected 

with 
Armillaria 
ostoyae 

8 root 
samples 
0.5m+ 

from tree 
infected 

with 
Armillaria 
ostoyae 

fungal type in 
18 of 23 root 
samples was 

Armillaria 
ostoyae 

  

SAMPLE POPULATIONS 

- originally 43 trees girdled & 43 
control trees reserved over 10 
plots in Nov/2008. 

Field: 

 - 129 root bark samples (86 at 
root base & 43 at 0.5m) then 
collected from surviving trees 
(42 ringbarked & 42 control) in 
Oct & Nov/2009 for lab analysis. 

- 129 samples sectioned for DNA 
sequencing; negative results are 
not shown. 

Lab: 

 

16 ring-
barked trees 

with 
Armillaria 
ostoyae 

2 control 
trees with 
Armillaria 
ostoyae 

      

 
Armillaria ostoyae 

present  in 89% of ring-
barked trees, 11%

 
 in 

     



control trees 

 * distance along root from base sample             March 12, 
2010 
** root samples were collected in field one year after ringbarking 



 

 
Photo 1 - Stubbing of Plot 9 in progress 

 
Photo 2 - Plot 2 after stubbing, slashing & re-painting



 
Photo 3 - Plot 8 stubbed, slashed & re-painted 

 
Photo 4 - girdled tree #4-2G (Douglas fir) with confirmed Armillaria mycelium in base & 0.5m samples 



Photo 5 - base & 0.5m samples on healthy root of ungirdled hemlock #5-1 

 

Photo 6 - base sample removed from root of girdled Hw #1-3G showing confirmed Armillaria mycelium 



 
Photo 7 - girdled balsam #4-4G with uninfected but desiccating cambium (crown turning chlorotic) 

 

Photo 8 - same as photo 7 with sampled root re-covered with litter & spot painted for future relocation 



 
Photo 9 - slightly chlorotic crown of ringbarked tree #9-3G (Douglas fir) one year after girdling, 

surrounded by pine snags 

 

Photo 10 - base sample from girdled Hw in photo 6 with three cambial sections removed for sequencing 



Photo 11 - spruce base sample (#8-5G) with confirmed Armillaria mycelium, prior to lab sectioning 

 

Photo 12 - 0.5m sample of Sx root in photo 11, showing outwardly advancement of Armillaria along root



 

Photo 13 – Ungirdled cedar cambium thinsection with Photoshop grid.  Thirteen of 56 intersections 
(23%) fell on starch granules. 



 

Girdled Cedar 

 

Photo 14 – Girdled cedar cambium thinsection with Photoshop grid.  Zero of 56 intersections fell on 
starch granules.  There was an obvious and large reduction in starch in the girdled trees. 

 


