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Inoculation
BEST PRACTICES

By Laura Georgi and Sara Fitzsimmons

Inoculation represents a critical evaluation step in 
TACF’s breeding program. This step must be performed 
consistently and accurately in order to provide reliable 
information about each inoculated tree’s susceptibility 
to blight, so we can make the right selections for the 
breeding program. At Meadowview Research Farms,  

we inoculate in June. This avoids failures when 
inoculation is followed by a period of cold, wet 
weather, which can occur in May in our area.
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Materials
Materials needed for inoculation 
include cork borers, sharpeners, a test 
tube of 95% ethanol and cigarette 
lighters for sterilizing tools, a pint jar 
of 70% ethanol and a rag for sanitizing 
bark, petri dishes of fungal inoculum, 
spatulas, ½ inch masking tape, and a 
caddy to carry all of these items 
(Figures 1 and 2). It is desirable to 
have an extra caddy with spares of 
everything, plus a stone for squaring 
off ends of damaged borers before 
re-sharpening. A permit from the 
Animal and Plant Health Inspection 
Service (APHIS) is needed to transport 
inoculum across state lines.

We traditionally have used #1 cork 
borers for routine inoculations. 
Recently, however, it has become 
virtually impossible to buy a sharpener 
capable of sharpening this size of 
borer. Vendors continue to display 
images of “good” cork borer 
sharpeners, and claim that their 
product is capable of sharpening #1 
diameter borers, but we have 
repeatedly been disappointed with the 
product that they actually ship 
(Figure 3). Occasionally, good cork 
borers and sharpeners are offered for 
sale on eBay. If finding or sharpening 
cork borers is problematic, Maryland 
Chapter member Gary Carver (who is 
a carver of wood by profession, not 
just by name) has suggested using a 

“hollow punch” instead. A hollow 
punch is used to make holes in metal, 
wood, or leather. To expedite 
inoculations, the punch can be used 
with a heavy-duty cordless drill. A 
single fully charged battery on a 
DeWalt drill will last for several 
hundred trees but make sure to have 
extra charged batteries on hand. Sets 
of hollow punches are available from 
various suppliers. Just pick ones that 
have the diameters you need, and if 
you wish to use them with a power 
drill, be sure to get a set that is 
designed for that use. Originally, 
hollow punches were intended to be 
struck with a hammer, and this style is 
still offered for sale. A #1 cork borer 
corresponds to a 3/16" hollow punch. 
Smaller, 1/8" punches are available for 
small tree inoculations.

For inoculating smaller trees at 
Meadowview, we use 1/8" brass tubing, 
which is available on Amazon.com 
(catalog number B000FN40U8). As 
shipped, these are 36" long, so you will 

need a small pipe cutter to cut them 
into reasonable lengths, say, 6" or so. 
Too long, and they tend to bend and 
eventually break; too short, and they 
are a misery to use. In contrast to the 
cork borers, the brass tubing is 
sharpened from the inside, using a 
number 11 X-ACTO blade (you will 
need a handle for the blade), with the 
back edge of the blade flush against 
the inside of the tubing, and twisting 
gently, so as not to flare the tubing or 
roll back the edge. This produces the 
broadest bevel achievable with this 

setup; broad is 
desirable, since 
the narrower 
the bevel, the 
faster the edge 
goes dull.  
The initial 
sharpening is 
particularly 
hard on the 
X-ACTO blade. 
Continue 
shaving the 
inside surface 
without using 
excessive 
pressure, until 
the sharpened 
edge of the 
tubing no 
longer has any 

flat spots anywhere, but is still level 
around the circumference. You may 
need to “kiss” the outside of the 
sharpened tubing on a fine sharpening 
stone to remove brass burs, but do not 
use the stone to sharpen. The other 
use for the stone is to square off the 
end if it gets too cock-eyed; then you 
have to start over to re-sharpen the 
tubing. Only sharpen one end, to avoid 
punching holes in your hand as well as 
the trees. Wrapping some tape around 
the middle of the tubing can make it 

Figure 1 

Stone, pipe-cutter, X-ACTO blades, knife, cleaning wire, 1/8" brass tubing, lighter, cork borer,  
and cleaning rod.

Caddy with inoculation tools and supplies. Preferred cork borer.

Figure 2 Figure 3
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easier to get a grip on it for punching 
holes in trees.

Alternatively, a Dremel attachment can 
be used to sharpen tubing or even 
cork borers. This method also works 
by sharpening from the inside of the 
tube, so you may not care to use it on 
borers that were previously sharpened 
on the outside. There are several 
attachments that will work depending 
on the diameter of the tube with 
which you are working, but in general 
the “Grinding and Sharpening” line 
works best. Two models used with 
success for #1 cork borers or 1/8" 
tubing are #952 and #9531.

We grow inoculum on acidified Potato 
Dextrose Agar (details available on 
request). In order to have an 
abundance of actively-growing fungus, 
the plates need to be inoculated with 
actively-growing cultures about three 
to five days prior to the planned date 
of use (Figure 4). We only punch 
disks from the actively-growing 
margins of the cultures, and since we 
want the fungus to be in active growth, 
we do not refrigerate the cultures. 
Growth rates can be modulated by 
adjusting the temperature, provided 
you stay within the range over which 
the fungus can grow, that is, between 
15 and 30° C. Young, small colonies 
don’t yield many disks, but the fungus 
necessarily stops growing when it hits 
the side of the plate. 

Methods
For routine inoculations using a #1 
cork borer, trees should be a couple of 
inches in diameter, but should not be 
so large that they are suffering from 
competition from their neighbors. In 
our seed orchards, which are planted 
at an in-row spacing of one foot, and 
even in our progeny tests (two-foot 
spacing), we typically inoculate in 
their third growing season. Even so, 
with proper fertilization and weed 
management plus adequate water 
either from precipitation or irrigation, 
the trees can be easily more than five 
feet tall after two growing seasons, 
and some will be producing catkins 
and even the occasional female flower. 
As a concession to their youth and 
dense spacing we use a sharpened 
1/8" brass tube rather than a cork 
borer on these trees; furthermore, at 
this stage, the seed orchard trees 
only receive a single inoculation 
with a less aggressive strain of 
the blight fungus. Under these 
conditions, even Chinese chestnut 
seedlings can be killed by inoculating 
with a highly aggressive strain.

Efficient inoculation is a team effort, 
requiring one puncher, one to two 
inoculators, and one to two tapers. If 
more than one fungal strain is being 
used, it is best to assign each to a 
different inoculator. It can be helpful to 
have a person in charge of the caddy 
and cigarette lighter. This allows an 

individual who is not physically able to 
crawl under hundreds of small trees to 
assist the process. One individual 
should be responsible for recording 
the trees inoculated as well as any 
deviations from protocol. If volunteers 
are involved, it is also desirable to keep 
track of participants and hours worked. 

The puncher selects the designated 
number of inoculation sites, avoiding 
blighted areas, crotches, and 
rhytidome initiators, which are 
involved in bark development and 
manifest as vertical green stripes along 
the trunk (Figure 5). Holes should be 
placed at least 10 cm above ground 
level, and 15 cm apart (Figure 6). You 
want to leave room for cankers to 
expand without interference, and 
inoculation sites too low on the trunk 
may also encounter antibiosis from 
resident soil microbes.2 Sterilize the 
tree trunk to reduce competition from 
resident microbes. You can do this in 
one of two ways. One method involves 
wiping inoculation sites with a rag 
moistened with 70% ethanol. Another 
method, developed by Alan Tumblin of 
the Pennsylvania Chapter, uses a spray 
bottle filled with 70% ethanol to spray 
the trunk without wiping. Either way, 
be sure that the bark isn’t dripping 
with ethanol when you punch it; you 
don’t want the hole to fill with ethanol. 

After the stem is sterilized, the next 
step is to punch out a small disk of 
bark, exposing the tree’s cambium 

Figure 4 Figure 5 Figure 6

Five-day-old culture of Cryphonectria parasitica 
on acidified PDA.

Chestnut stem showing rhyditome initiator 
(dark green vertical streak).

Punching small chestnut with 1/8”  
brass tubing.

1For a handy guide of available Dremel attachments, please reference this website: http://www.quality-handtool-review.com/support-files/bit-guide-poster.pdf.
 This interaction is the basis for treatment of cankers with mudpacks to prolong the life of infected trees.
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layer. Traditionally, this is performed 
with a cork borer. Dip the cork borer 
and the cleaning rod into 95% ethanol 
(not too deeply!) and ignite to sterilize, 
waving tube gently to promote air 
movement into the borer to support 
combustion of the ethanol. You don’t 
want any ethanol inside the borer 
when you punch the tree. Also, take 
care not to ignite nearby combustibles 
with drips of flaming ethanol. Push the 
sterilized borer into the bark and twist 
until you hit wood. Usually, the bark 
plug will come out of the hole, and will 
need to be pushed out of the borer. 
Using cork borers, you may be able to 
get away with punching several trees 
before pushing out the plugs, but with 
small (1/8 inch diameter) brass tubing, 
it is best to clean as you go. A pin/
surveyor’s flag is a good cleaner. You 
can punch multiple trees (10 or so) 
before re-sterilizing the tools, if care is 
taken not to touch anything else with 
them. If you inadvertently punch into a 
canker, you will need to re-sterilize. 
Don’t get too far ahead of inoculators 
or the holes will dry out. You may also 
need to point out the holes to the 
inoculators, and you will need to 
punch disks of inoculum for them 
periodically. Always re-sterilize before 

punching inoculum. Inoculum disks 
should come from the actively-
growing margin of the colony. The 
plate in the illustration (Figure 7) is 
very nearly too old, but the outer 
fringe of the colony is still white.

If you are using a hollow punch and 
cordless drill instead of the traditional 
cork borer, you will still need to 
sterilize the punch as described above. 
An advantage of the hollow punch is 
that it is self-cleaning: there is a slot on 
the side through which the bark disks 
will be pushed as subsequent trees are 
bored. On the other hand, you will 
need a tube of the same diameter as 
your hollow punch to make disks of 
inoculum. This could be an old cork 
borer, since it does not have to be as 
sharp for punching agar disks as for 
making holes in bark.

The inoculator inoculates the holes 
made by the puncher. To inoculate, 
flame the end of the spatula, then 
scoop up one disk of agar onto the 
spatula and push it into the hole, fuzzy 
side in (Figure 7). If the bark is thinner 
than the agar in the plate, it helps to 
scoop out just enough of the disk to 
fill the hole, rather than attempting to 
mash a full-depth agar disk into a 

shallow hole. This also makes it less 
likely that the taper will dislodge the 
disk from the hole. Flame the spatula 
after each disk. You may, if you wish, 
flame both ends of the spatula and 
alternate between the ends. To 
minimize contamination, keep petri 
dishes closed when not cutting or 
removing disks; and keep them shaded 
so fungus will not overheat and die. 
Likewise, do not leave inoculum in 
closed vehicles parked in the sun.

The taper serves as quality control, 
making sure that all holes have been 
properly inoculated, and each hole is 
covered with masking tape. The tape 
needs to wrap completely around the 
trunk, and overlap over the inoculum 
(Figure 8). Tape sticks to tape; 
without this overlap, the tape will fall 
off and the fungus will dry out and die. 

Instructions are available on how  
to evaluate resulting cankers 
post-inoculation. “Determining 
Blight Resistance in Chestnut Trees” 
by Dr. Fred Hebard is available 
online in the March/April 2012 issue 
of the Journal: acf.org/journal.php.

Figure 7a Figure 7b Figure 8

Chestnut blight fungus ready for inoculation. 
Note round disks punched around edge  
of colony. 

Plug being inserted into hole punched  
into tree bark.
Figures 1- 7 courtesy of Laura Georgi.

Applying tape to inoculated stem.
Figure 8 courtesy of Bill Tindall. 

If you have trees in need of inoculation, please contact  
your local TACF chapter and/or your local regional science 

coordinator for assistance (acf.org/Staff.php). 
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