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SummARry. Callery pear (Pyrus calleryana) is an invasive tree across much of the eastern
United States that can form dense thickets, and tree branches and stems are often
covered in sharp thorns. Landowners and land managers attempting to manage callery
pear infestations are faced with the challenge of killing and/or removing the trees while
also avoiding thorn damage to equipment, which can lead to wasted time and increased
costs. We evaluated fire as management tool to reduce the likelihood of equipment
damage from callery pear thorns. Branches were collected in the field from callery pear
trees that were killed by herbicide, and also from untreated trees, and half the branches
from each group were then burned with a propane garden torch to simulate a low-
intensity prescribed fire. After treatment, all branches were returned either to an old field
or forest floor for 1 year, after which thorn puncture strength was evaluated and
compared with freshly cut thorns. Herbicide treatment and location did not affect thorn
strength, but burning reduced the likelihood that thorns would puncture a tire. Fire
increased tip width, which reduced thorn sharpness. Burning also reduced wood
strength, and fungi proliferated on burned thorns after 1 year in the field or forest.
Both factors likely contributed to decreasing thorn strength and probability of puncture.
Our results show that using prescribed fire as a management tool can weaken callery
pear thorns and dull their tips, reducing the chance of equipment damage and costs
associated with clearing land of this invasive species. Leaving cut callery pear trees on the
ground for 1 year increased fungal colonization, which may also reduce thorn damage.
Prescribed fire can be part of an effective integrated management plan for this, and

possibly other, thorny invasive flora.

allery pear (Pyrus calleryana)
was brought to the United
States in the early 1900s for
grafting onto fruit-producing european
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pear (Pyrus communis) trees to aid in fire
blight management efforts (Culley and
Hardiman, 2007). Although this objec-
tive was largely accomplished, one partic-
ular callery pear individual was marketed
as the bradford pear tree and was once
commonly planted. It is now nearly ubig-
uitous in lawns and other managed land-
scapes across much of the eastern (and
parts of the western) United States. Brad-
ford pear trees are self-incompatible, but
cross-pollination can occur with other
pear (Pyrus sp.) trees. This cross-pollina-
tion results in viable fruit that can be eaten
by birds and other vertebrates, spread
into new areas, and germinate (Culley,
2017; Culley and Hardiman, 2007).
Callery pear is now present across
much of the eastern United States,

vacant urban/suburban lots, and
more recently encroaching into for-
ested areas as shown in Fig. 1 (iNatur-
alist, 2021). Callery pear can grow in
dense thickets and produce fruit in
just a few years (Warrix et al., 2017),
with seeds that can persist for more
than a decade in the seedbank (Serota
and Culley, 2019). Their growth
form tends to be ramulose, and the
many small branches are often cov-
ered in sharp thorn-like spur shoots
(hereafter referred to as thorns), as
shown in Fig. 2. Controlling callery
pear requires sustained efforts, and
several herbicides are effective (Flynn
ct al., 2015; Page et al., 2014; Vogt
et al., 2020). However, lost in these
control efforts is perhaps an equally
urgent and practical question: what
do land managers do about the
thorns? Even after a callery pear tree
has been killed with herbicide or cut
down, the thorns remain sharp and
dangerous. Many land managers and
landowners have told the senior
author (D.R.C.) about instances when
callery pear thorns injured people and
livestock, or punctured vehicle and
wagon tires, as shown in Fig. 3. In
some cases, hundreds to thousands of
dollars and many work hours were lost
because of equipment damage. How to
avoid callery pear thorn damage is a
common query from land managers
and landowners involved with invasive
species management.

Although prescribed fire is com-
monly used as a land management
tool in the southern United States,
fire alone is not a viable management
option for callery pear (Warrix and
Marshall, 2018). However, prescribed
fire is being considered as part of a
larger integrated pest management
plan for callery pear, and knowing its
effects on thorns may help land man-
agers reduce damage to equipment
and livestock. We hypothesized that
fire would reduce the sharpness of
thorns, while increasing their decom-
position rate, thus resulting in a

growing in roadsides, old fields,  decreased probability of tire puncture.
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Fig. 1. Callery pear is common throughout various eastern U.S. landscapes and
can be found along (A) roadsides, (B) in old fields, (C) in vacant lots, and (D) in
mature forests. Yellow arrows point to individual or groups of callery pear

(photos by D.R. Coyle).

Materials and methods

We conducted this study in an
old field near Fair Play, SC (lat.
3432'58.5"N, long. 8258'43.7"W).
This area has a humid subtropical cli-
mate, with hot summers and mild
winters [Koppen-Geiger climate clas-
sification (Beck et al., 2018)]. The
average annual temperature is 16.2°C
and rainfall averages 1220 mm/year
(Climatedata.org, 2021). Woody veg-
etation at this site was dominated by
callery pear, with secondary compo-
nents that included chickasaw plum
(Prunus angustifolin), common per-
simmon (Diospyros virginiana), lob-
lolly pine (Pinus taedn), and
sweetgum (Liquidambar styraciflun).
Groundcover vegetation consisted
primarily of grasses [e.g., crowngrass
(Paspalum  sp.), bluestem  grass
(Andropogon sp.)]. Adjacent to the
old field was a mixed pine-hardwood
forest dominated by loblolly pine,
sweetgum, and various oaks ( Quercus
sp.). Groundcover in the forest site
consisted of various forbs [e.g., horse-
weed (Comyza canadensis)], vines
[e.g., carolina jessamine (Gelseminum
sempervivens)], and sedges (Carex
sp.).

Callery pear branch sections
(each ~12 inches long) were collected
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from trees in Feb. 2019 or 2020
(Table 1). Branches (n = 200) came
from standing dead trees (killed with
herbicide in Fall 2018) or from
untreated living trees (n = 200). All
trees were 2 to 3 m tall, and all
branches were collected 1 to 2 m
aboveground. Branches were gener-
ally 1 to 2 years old, and selection was
based on thorn characteristics—specif-
ically, uniform, stiff, and straight
thorns around 2 to 4 cm long, as
shown in Fig. 4. Thorns in this size
range are strong and the most likely
to result in a punctured tire. Branches
from herbicide-treated trees (n = 100)

Fig. 2. Callery pear has a large
diversity of thorn shapes and sizes,
ranging from long and skinny to short
and stout. Each thorn type poses
unique dangers to people, animals,
and equipment (photo by D.R. Coyle).

Fig. 3. Callery pear thorn that has
punctured a tractor tire, shown from
the inside of the tire (photo by R.
Hodgson).

and untreated control trees (n = 100)
were then burned with a propane gar-
den torch at its lowest setting for 15 s
to simulate a low-intensity prescribed
fire. This resulted in the branches
being charred, but not consumed, as
would be typical in a prescribed fire.
Maximum fire temperature, measured
with stainless steel type-K thermocou-
ples (model TCP6-K12; Onset Com-
puter Corp., Bourne, MA) was
270°C, comparable to that of pre-
scribed fires in the region (Coates
etal.,2018).

Branches from each treatment
were placed atop groundcover vegeta-
tion in the old field and mixed pine—
hardwood forest and left for 1 year.
We selected these two sites to assess
how the presumed differences in abi-
otic and biotic conditions between
them might influence decomposition
rates, thorn sharpness, and probability
of tire puncture. All branches were
collected, labeled, and taken to the
Clemson University Forest Ecology
and Fire Science Laboratory, Clem-
son, SC, for testing in Feb. 2020, at
which time 20 additional callery pear
branches were collected from live
trees in the old field. Ten of these

Fig. 4. Callery pear thorns used in the
study were chosen based on size and
shape (photo by B.M. Williams).
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Table 1. Ten treatments were used in the study to evaluate several potential management strategies for callery pear thorns.
Treatments included a combination of herbicide-treated and untreated with herbicide overlayed with burned and unburned
treatments; these evaluations were conducted on thorns that had sat on the ground for 1 year. Freshly cut, burned and

unburned thorns were also evaluated.

Yr collected Herbicide Burned Overwinter location Field management strategy tested

2019 Yes No Field Kill with herbicide, cut, leave on ground for 1 year

2019 Yes Yes Field Kill with herbicide, cut, burn, leave on ground for 1 year
2019 No No Field Cut, leave on ground for 1 year

2019 No Yes Field Cut, burn, leave on ground for 1 year

2019 Yes No Forest Kill with herbicide, cut, leave on ground for 1 year

2019 Yes Yes Forest Kill with herbicide, cut, burn, leave on ground for 1 year
2019 No No Forest Cut, leave on ground for 1 year

2019 No Yes Forest Cut, burn, leave on ground for 1 year

2020 No No NA No management

2020 No Yes NA Burn only

NA = not applicable.

branches were lightly burned with the
propane torch to be used as fresh
burned samples; 10 were unburned.
Thus, 10 potential field management
strategies were evaluated (Table 1).
Thorns (10 per treatment) that
were uniformly straight and 36 + 0.6
mm in length were then cut at the
base from different branches. Thorn
sharpness was determined by measur-
ing the thorn’s tip with a digital cali-
per to the nearest 0.01 mm.
Sharpness is important because thorns
with wider tips are less sharp. Using a
hydraulic press under consistent speed
and pressure, thorns were then
pressed between the treads of a strip
of automotive tire. Tire thickness
between treads was ~5 mm. We
recorded whether the thorn punc-
tured the tire or broke under the
increasing pressure. Maximum punc-
ture pressure (measured in kilopascals)
was recorded for all successful punctu-
res. Thorns that did not puncture
were excluded from these measure-
ments as a result of the difficulty of
recording maximum puncture pres-
sure accurately at the exact moment
of thorn breakage. The tire strip was
moved after each puncture attempt to
ensure that each thorn contacted a
different location on it. A three-factor
analysis of variance was conducted to
assess the how the different treat-
ments (herbicide, fire, and location)
and their interactions affect thorn
sharpness and maximum puncture
pressure. Probability of tire puncture,
derived from a binary variable (yes/
no), was analyzed with a nominal
logistic model. To tease out the
effects of fire further, regardless of
other treatments, subsequent ¢ tests
(for  sharpness and  maximum
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puncture pressure) and x> tests (for
probability of puncture) were per-
formed to compare pooled burned vs.
unburned treatments. Differences
were considered significant at a =
0.05. All analyses were conducted
using JMP (version 14; SAS Institute,
Cary, NC).

Results and discussion

Neither  herbicide  treatment
alone (x* = 0.04, df = 1, P = 0.78),
location (field or forest, x* = 0.08,
df=1, P=0.79), nor their interaction
(x* =0.08,df =1, P=0.82) impacted
the probability that thorns would
puncture a tire. Burning reduced the
likelihood that a thorn would punc-
ture a tire by impacting thorn sharp-
ness and strength, as shown in Fig. 5.

100

Tip width (mean + Sg) was signifi-
cantly greater in burned (1.17 + 0.08
mm) than unburned (0.48 + 0.02
mm) treatments (t = 8.5, df = 55, P <
0.01), and it took significantly greater
pressure for burned (165.5 + 9.7 kPa)
than unburned (113.8 = 4.1 kPa)
thorns to puncture a tire (t = 4.9,
df =45, P< 0.01). There was a signit-
icantly greater chance that unburned
thorns would puncture a tire (92%,
n = 46) compared with burned thorns
(70%, n = 35) (x> =82,df =1, P <
0.01). Although fire can increase the
hardness of sharp wooden points
slightly, it also reduces wood strength
and makes it more brittle (Ennos and
Chan, 2016). Furthermore, fire can
degrade the chemistry and structure
of wood [see reviews by Bartlett et al.,

95 Unburned

[0
85
80
Burned
70

65

Likelihood of tire puncture (%)

60

55

50

0.8 1 1.2 1.4 1.6

Tip width (mm)

Fig. 5. Relationship between callery pear thorn tip width («-axis) and likelihood
of tire puncture (y-axis) for burned vs. unburned thorns. Red points, fresh
samples; blue points, after 1 year of decomposition. Points represent the means of
10 thorns from each of the 10 management strategies outlined in Table 1.
Statistical comparisons were conducted between burned and unburned treatment
clusters (blue ovals) and declared statistically significant at & = 0.05; 1 mm =

0.0394 inch.
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(2019) and Watson and Potter
(2004)], and, as predicted, did reduce
the chance of a tire puncture.

Although these data support the
idea that prescribed fires—which are
commonly used land management
techniques, especially throughout
much of the eastern United States—
can benefit landowners and land man-
agers by reducing the likelihood of
tire punctures from callery pear, they
also highlight the resilience of callery
pear thorns. Even after 1 year of
decomposition and a fire, there was
still a puncture rate of 70% in our
study, although this was based on pre-
sumably unlimited pressure. We were
unable to test this using actual
vehicles to determine whether typical
vehicles used in these areas were heavy
enough to result in tire puncture,
although this is a logical next step. A
hotter fire, or a fire that burned for a
longer duration, would likely further
decrease the probability of puncture
by reducing wood strength (Bartlett
et al., 2019). Many factors influence
fire behavior, and in a field setting
these would include ignition tech-
nique (head fire, or a fire that advan-
ces with the wind; backing fire, or a
fire that advances into the wind; or
flanking fire, a fire that travels parallel
to the wind), wind speed, humidity,
fuel moisture, and ambient tempera-
ture (Waldrop and Goodrick, 2018).
Managers have some ability to manip-
ulate fire outcomes by burning under
the conditions that produce the
desired fire behavior.

Burned branches left in the field
for 1 year had rates of puncture that
were not statistically different from
freshly cut branches (P = 0.20). How-
ever, we noticed anecdotally several
instances when, after 1 year of decom-
position in the field, burned thorns
were being colonized by various spe-
cies of fungi, as shown in Fig. 6.
Fungi were largely absent on
unburned thorns. White rot fungi,
which preferentially degrade wood
from hardwood trees, consume lignin
(Daniel, 2016)—a component of
wood that gives it strength—and to
that end, fungal decay is known to
reduce wood strength in several hard-
wood tree species (Blanchette, 1984,
1991; Eslyn and Highley, 1976).
Therefore, allowing callery pear to sit
for 1 year (or more) in the field could
also help decrease the likelihood of a
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Fig. 6. Several different types of
basidiomycete fungi were found
growing on callery pear branches that
had been cut and sat for 1 year in the
field. This was especially prevalent on
burned branches (photos by B.M.
Williams).

tire puncture resulting from fungal
decomposition,  reducing  thorn
strength, especially when fire is also
used.

Although many different types
of thorns can be found on a single
callery pear tree and all of them can
injure living things, some are likely
structurally too weak or too short to
puncture a tire. Our study measured
the impact of fire on what we
believed were the most likely thorns
to puncture a tire—those long and
strong enough to reach between
tire treads. Our study only showed a
modest overall decrease in puncture
risk resulting from burning, but
landowners and land managers
agree that any technique that
reduces potential damage would be
worthwhile (D.R. Coyle, personal
communication with landowners
and land managers).

Using prescribed fire as a man-
agement tool helped reduce the likeli-
hood of damage from thorns, and this
tactic may also be useful for other
thorny, woody invasive species. In the
United States, shrubby olive (Elzeag-
nus sp.), buckthorn (Rbamnus sp.),
trifoliate orange (Poncirus trifoliata),
and nonnative roses (Rosa sp.) all
have thorns on their branches that can
injure people or damage equipment.
Black locust (Robinia pseudoncacin),
which has sharp, thornlike stipular
spines, is an invasive species in Europe
and, although native to the United
States, is often managed as an invasive
species because of its propensity for
taking over pastures and other areas.
As with callery pear, fire may top-kill
these species, but prolific resprouting
is likely to occur (Anderson and
Brown, 1980). However, prescribed
fire does have potential as a compo-
nent of an integrated management
plan for callery pear.

Conclusion

Callery pear continues to spread
and impacts many landowners in the
United States, and landowners and
land managers incur considerable
costs to eliminate this tree. Metal-
tracked equipment can eliminate the
possibility of tire puncture, but these
machines are not always available or
affordable. Prescribed fire can help
reduce damage from this plant pest,
especially in forested or old-field sce-
narios. Ultimately, an integrated pest
management plan is required to man-
age this pest effectively, because a sin-
gle tactic or treatment rarely
eliminates it permanently in heavily
infested areas.
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