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L

onicera maackii (family Caprifoliaceae), often referred
to as Amur Honeysuckle, is a perennial shrub native
to temperate Asia. In the Midwestern United States,
L. maackii is an invasive shrub that was first made available
as an ornamental plant and was later used for soil retention (Saxton 2012). The shrub now infests many savannas, woodlands, and grasslands in the region. Lonicera
maackii has traits that make it a strong competitor. The
shrub’s leaves emerge very early in spring and stay green
long into fall. Lonicera maackii can dominate the shrub
canopy, leaving ground layer plants with much reduced
sunlight. The shrub also produces allelopathic chemicals
that inhibits other species (Hartman and McCarthy 2004).
Its seeds are highly viable, germinate easily, and recruit
readily, especially in areas with a lot of sunlight (Schulz
and Wright 2015). The shrub rarely shows signs of disease.
Lonicera maackii is difficult to eradicate. Spraying the
foliage causes herbicide to land on large areas of the ground
layer, likely damaging desirable plants. Pulling the shrub
from the ground when plants are small is effective, but even
modestly-sized plants are a physical challenge to pull and
leave the soil disturbed. Cutting the plant and applying
herbicide to the cut stem produces high mortality; however, cutting can be laborious (Love and Anderson 2009).
Mowing shrubs and prescribed fire can top-kill the plants,
which will re-sprout.
In this study, we examined the efficacy of basal bark
application in the month of May. We chose to study a
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basal bark herbicide treatment in May because in the few
weeks after prescribed fire season (March–April), Nachusa
Grasslands’ herbaceous weed management season has not
started, and it is obvious which shrubs have not been killed
by prescribed fire or previously treated with herbicide. We
conducted this 2014 work at The Nature Conservancy’s
Nachusa Grasslands preserve, Ogle County, Illinois (latitude 41°53'41.64" N, longitude 89°22'11.28" W, elevation
247 m). The site was in the Stone Barn Savanna unit with
an over-story of Quercus alba (white oak), Quercus velutina (black oak), Quercus macrocarpa (bur oak), Carya
ovata (shagbark hickory), and Carya cordiformis (bitternut hickory). The tract was purchased in 1999 and had
a dominant understory cover of L. maackii shrubs. The
study area was within a prescribed burn unit that has had
almost annual fire since 1999; however, some of this area
has had little direct fire due to the dense shading from the
shrubs providing little fuel to carry fire. No fire occurred
in the treatment plots from the herbicide application on
May 22, 2014 to the data collection on September 13 and
14, 2014.
We randomly chose three treatment plots from 0.45 ha
of a ridgeline running east-west. The plots were relatively
flat with a slight southern aspect with a slope of 0–3%.
The three plots were each approximately 30 m in the eastwest direction and 15 m in the north-south direction. All
three treatments plots were dense with L. maackii, with a
ground layer of exposed soil and a few typical herbaceous
plants such as Geranium maculatum (wild geranium),
Ageratina altissima (white snakeroot), Alliaria petiolata
(garlic mustard), Circaea lutetiana (enchanter’s nightshade), and Pilea pumila (clearweed). One of the three
treatment areas contained a retired, shallow, dolomite
quarry.
The main treatment was basal bark herbicide applied
to L. maackii. We also had a treatment of the mineral oil
carrier without herbicide (to confirm the herbicide, not the
carrier, was the lethal agent). We also had a control whereby
no treatments were made to L. maackii. The shrubs varied
in size with stem diameters ranging from 0.25–15 cm
at ground level. Those that were multi-stemmed had
re-sprouted from previous mowing or burning.
The treatments were performed from May 22–25, 2014.
For the controls, live shrubs were chosen and marked
with a 10–15-cm stripe of orange tree-marking paint (on
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Table 1. Study layout of the two treatments and control treatment of Lonicera maackii invaded plots in the
Nachusa Grasslands Preserve, Ogle County, Illinois.
Basal bark
treatment
1
2
3
Total

86 plants
66 plants
109 plants
261

Mineral oil only
treatment
24 plants
11 plants
18 plants
53

Control
(untreated)
57 plants
54 plants
73 plants
184

upper stems) and left as is. For the main test of basal bark
herbicide, again live individual shrubs were chosen and
marked with a 10–15-cm stripe of blue tree-marking paint
and then basal bark herbicide with mineral oil carrier was
applied to all stems of each shrub by spraying using a Birchmeier Flox backpack sprayer. The basal bark herbicide was
Garlon 4 Ultra with active ingredient 60% triclopyr (Dow
AgroSciences, Indianapolis, IN). This herbicide/mineral oil
mix was made as follows: 10 l of Garlon 4 Ultra added to
a 57-L drum containing 47 L Bark Oil Red LT (Loveland
Products, Loveland CO). The total solution was 57 L in the
drum which was a 17% solution. Shrubs were sprayed with
approximately a 15-cm band close to the soil and sprayed
such that the circumference of all stems were covered. To
test if the mineral oil carrier had any effect on mortality,
live shrubs were chosen and marked with a 10–15-cm
stripe of yellow tree-marking paint and then Bark Oil Red
LT mineral oil was applied to all stems of each shrub with
a Birchmeier Flox backpack herbicide sprayer.
We performed all the applications during the same four
days, choosing live shrubs at random, (first the control,
then the herbicide, then the mineral oil). Each shrub was
spray painted with tree marking paint with its particular
color so that we were confident several months later which
shrubs were treated and which were control. We assessed
efficiency of the treatments in causing mortality on September 13 and 14, 2014. To confirm mortality, we examined each treated shrub for browning of leaves, number
of dead stems, number of living stems, and diameter of
the largest stem.
Basal bark application with triclopyr in the growing
season yielded 100% mortality on 261 plants of L. maackii.
The herbicide was effective on all diameters of shrub
encountered, from 0.25 cm to 15 cm. Applying mineral
oil without herbicide yielded 4% mortality. There was 0%
mortality in the control treatment.
The literature is sparse on the efficacy of basal bark application on L. maackii. We found only two relevant papers.
One of these studies was performed in January 2003, in
which the authors found inconsistent and poor control
using basal bark applications, possibly due to the treatment
being applied in the dormant winter months (Rathfon
and Ruble 2007). In 2004 Rathfon (2006) repeated this

original study with a similar experiment which found 95%
mortality. In correspondence with us, Rathfon confirmed
that basal bark application was effective. In Rathfon and
Ruble (2007), the study area had very dense undergrowth
and individual shrubs were not marked after being sprayed
with herbicide, so some smaller shrubs were likely missed
during the treatment work. There was also an inch of snow
on the ground with very cold temperatures. Rathfon noted
the herbicide label cautions against applying with snow
on the ground or when bark is moist or frozen. In the
second study, Rathfon (2006) found very effective control
of L. maackii applying basal bark triclopyr herbicide in
various months. Our experiment is consistent with Rathfon
(2006).
A May 2012 study by Nachusa volunteer Mike Carr
resulted in 100% mortality of 208 basal bark treated plants
of all sizes with no control. This experiment and our current experiment show basal bark to be highly effective in
the early growing season (May). Other control methods
such as cut-and-treat and foliar applications have been
found to be effective. However, basal bark application
offers advantages such as: 1) Basal bark application kills
a smaller area of surrounding desirable plants than foliar
spraying due to the wide spray pattern needed for foliar
herbicide on tall shrubs; 2) Basal bark application is quiet,
safe, and efficient; Cut-and-treat takes more time, is physically demanding, and is hazardous due to the use of cutting
tools; and 3) Basal bark application has no soil disturbance,
whereas manual or machine pulling of the plant root does.

Future Research
• Does basal bark application work in the dormant
season? The total mortality of our early May application is clear, and Rathfon (2006) supports good dormant season control. However, further studies of
applications throughout a year are needed to increase
confidence in this method.
• If basal bark herbicide is applied to shrubs in fall,
winter, or spring does a follow-up fire that top kills the
shrub stems still allow the chemical to kill the roots?
• What is the extent of damage to nearby plants from
applying basal bark herbicide? Natural areas managers have occasionally noted such damage and browning of vegetation adjacent to basal barked stems. Is
this due to overspray, runoff, applying on wet stems,
or applying on hot days? Future experiments could be
done on how this off-target damage compares to foliar
spraying.
• What basal bark mixture is most effective? This study
used 17% triclopyr whereas others are using 20% triclopyr and some are adding a second herbicide to
increase potency of the herbicide mix.
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Management Recommendations for
Controlling L. maackii, and Other
Invasive Shrubs
• Map out occurrences in your area of interest. Take a
few photos from fixed points and retake photos later
to see progress.
• Implement prescribed fire when feasible and keep a
short return interval as this will top kill many shrubs
and keep them from setting seed.
• Use basal bark techniques when the brush is not too
dense to traverse on foot. Use a brush mower on
thickets and then basal bark herbicide the individual
re-sprouting shrubs after they emerge in late spring.
• For areas that have had L. maackii invasion for years
it will take more than one year of treatment. The reintroduction of native understory herbaceous species may be needed to restore such an area to quality
native habitat (Hopfensprenger et al 2017).
Here we demonstrated the efficacy of basal bark herbicide application to invasive L. maackii shrubs in May with
the shrubs in full leaf. All treated shrubs died. All sizes of
shrubs were affected equally. Applying an oil-based herbicide to the bark (basal bark application) is efficient because:
1) the mortality is very high; 2) the work is physically easier
than cutting the shrubs one by one; and 3) the damage to
nearby desirable plants is limited to several inches surrounding the shrub. The herbicide mix is expensive, but
time and safety gains makes the treatment cost competitive.
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A Simple Technique for Estimating Beta
Diversity as a Measure of Spatial Structure
in Grasslands

William Sluis (The Wetlands Initiative, 53 W Jackson Blvd,
Chicago, IL 60604, wsluis2@yahoo.com)

D

iversity is commonly used as a goal for conservation
and restoration (Brudvig 2011). However, there are
different ways to measure diversity (Laurila-Pant et al.
2015). Common measures of diversity at different scales
include alpha, beta, and gamma. Alpha is species richness within a site or community type. Beta diversity is
differences in composition among sites or among community types. Gamma diversity is richness of all sites or a
region. These metrics have also been used at the site level
as plot richness, differences among plots, and all plots
combined into one sample (Sluis et al. 2017). Originally
used to determine adequate sample size, these measures
have been used to measure spatial structure (McDonald et
al. 2016), shown to distinguish between mesic prairie remnants and restorations (Sluis et al. 2017), but there is no
single method to calculate beta diversity (Scheiner 2003).
Koleff et al. (2003) review 24 different methods of
calculating beta-diversity. One method of calculating
beta diversity is from species-area curves (Smith et al.
1985). Species-area curves depict the fundamental property of increasing species number with increasing area
sampled and is considered one of the few laws of ecology (Schoener 1976). The shape of species-area curves
is affected by spatial patterns of richness and diversity
at different scales; for example, low alpha diversity and
high gamma diversity combine to produce a steep curve,
as measured by beta diversity (Thompson and Withers
2003). Scheiner (2003) describes six types of species area
curves based on sampling scheme, analysis method, and
whether or not they are spatially explicit. Rarefaction is
one type of analysis that estimates mean area diversity
for a given area by calculating species number of all
possible combinations of single quadrats, pairs of quadrats, etc, producing a smooth curve (Smith et al. 1985,
Figure 1A). Rarefaction curves are often used to estimate
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