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SUMMARY. Management of vegetation is an important element of roadside main-
tenance for safety and aesthetics. Current methods of management by highway
departments principally involve mowing and the use of conventional, chemical
herbicides. This research addressed use of herbicides (citric acid, clove oil, corn
gluten meal, and pelargonic acid) that are considered as alternatives to conventional
herbicides and the use of mechanical treatments of woodchip and bark mulches and
burning. These alternative methods were compared with the use of conventional
herbicides to assess the relative efficacy of treatments on roadside sites. A single
application of pelargonic acid demonstrated immediate or short-term suppression
of growth of vegetation; however, the efficacy lasted for no more than 6 weeks, after
which regrowth was not distinguishable from untreated vegetation. Repeated
applications of pelargonic acid will be necessary for season-long efficacy. Formu-
lations of citric-acetic acid gave no control or only weak suppression of vegetative
growth soon after application, and no suppression was evident after 6 weeks,
suggesting that these materials have only limited use in roadside environments. The
effects of burning lasted for about 6 weeks. No suppression of growth of roadside
vegetation occurred with the use of corn gluten meal, which acted as a nitrogen
fertilizer to promote growth. Mulches of bark or woodchips were strongly
suppressive against emerging vegetation for 2 years, but were more effective in the
first year than in the second year after application. The costs of materials and labor
for the alternative practices were substantially more than for the conventional
herbicides used in this study.

T
he management of vegetation
is an important element of
roadside maintenance for sa-

fety and aesthetics to produce a
healthy roadside environment. Johnson
(2000) noted that a healthy road-
side environment is one that limits
maintenance needs and costs, pre-
serves the roadside surface, provides
safety for travelers and vehicles, limits
the liability of governmental agencies,
maintains good public relations, and
improves the driving experience.
Methods of management to produce
this environment include cultural,
biological, mechanical, and chemical
procedures for weed control. Cultural
procedures, such as growing wild-
flowers or grasses, involve practices
that promote the growth of desirable

plants that restrict the capacity of
weeds to grow. Biological practices
involve using insects, diseases, or even
dense groundcover to control weeds
(Eshenaur, et al., 2007; Stelljes and
Wood, 2000; Weeden et al., 2008;
Yandoc-Abeles et al., 2006a, 2006b).
Mechanical methods, primarily mow-
ing, but also including mulching,
are the most widely used means of
weed control on roadsides (Barker and
Prostak, 2008). Chemical control
involves the use of herbicides, growth
regulators, or other growth retardants.

The use of herbicides provides
much flexibility and low costs in con-
trol of vegetation, considering the
equipment for application and the
wide spectrum of materials that are
available (Henderson, 2000). How-
ever, some of the public may not
believe that herbicides are safe to use
along roadsides (Owens, 1999). Con-
sequently, state departments of trans-
portation are looking into alternatives
to conventional herbicides in weed
management. Alternatives include
chemical treatments with organic her-
bicides (Organic Materials Research
Institute, 2008) and mechanical treat-
ments, such as burning, steaming, or
mulching (Barker and Prostak, 2008;
Young, 2002, 2004).

One chemical alternative is to use
herbicides that have little effect on the
environment after weeds are killed or
controlled. Several alternative herbi-
cides are marketed as products to
manage the growth of vegetation.
These materials have an a.i. that is
often of plant origin and include
various by-products of food and feed
processing and materials that are pre-
pared particularly for their herbicidal
activities (Duke, 1990; Tworkoski,
2002).

Corn gluten meal (CGM) has
been evaluated in recent years as a
plant by-product with herbicidal
effects (Christians, 2007). The by-
product is the proteinaceous fraction
of corn (Zea mays L.) grain and results
from the milling process to make
cornstarch and corn syrup; CGM is
about 60% protein or about 10%
nitrogen by weight (Christians,
2002). Peptides are the active con-
stituents that inhibit root growth
from germinating seeds (Liu and
Christians, 1994; 1996).

Units
To convert U.S. to SI,
multiply by U.S. unit SI unit

To convert SI to U.S.,
multiply by

1.0551 Btu kJ 0.9478
7.8125 fl oz/gal mL�L–1 0.1280
0.3048 ft m 3.2808
0.0929 ft2 m2 10.7639
3.7854 gal L 0.2642
2.54 inch(es) cm 0.3937
0.4536 lb kg 2.2046

48.8243 lb/1000 ft2 kg�ha–1 0.0205
1.6093 mile(s) km 0.6214

305.1517 oz/ft2 g�m–2 0.0033
6.8948 psi kPa 0.1450
0.9464 qt L 1.0567

101.8646 qt/1000 ft2 L�ha–1 0.0098
0.7646 yard3 m3 1.3080
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Attention has been given to the
organic acids, acetic acid (vinegar)
(Johnson et al., 2004; Radhakrishnan
et al., 2003; Webber and Shrefler,
2007; Young, 2004), and citric acid
(Chase et al., 2004). These acids work
as nonselective, contact, postemer-
gence herbicides causing rapid desic-
cation of plant tissues. They are most

effective at killing weeds when applied
as a foliar spray at concentrations
ranging 10% to 20% acetic acid, citric
acid, or blends of the two and when
the weeds are about 6 to 9 inches tall
or less (Doll, 2002; Radhakrishnan
et al., 2003). Generally, 80% to 100%
control can be expected for small
annual and perennial weeds, but

perennial species with persistent root
systems will begin to regrow within
several weeks.

Pelargonic acid (nonanoic acid)
is a naturally occurring fatty acid in
the oil of geranium (Pelargonium
L’Her.) (Coleman and Penner,
2006; Windholz, 1983). It is manu-
factured from other fatty acids to

Table 1. Alternative herbicides, conventional herbicides, mulches, and burning treatments applied in 2 years of investigation
of management of roadside vegetation under guardrails in Expt. 1.

Material Trade name Manufacturer Formulation and applicationz

Citric acid-
acetic acid

Blackberry and Brush Block,
Brush Weeds and Grass

Greenergy, Brookings, OR Blackberry and Brush Block (20% citric acid by
volume) was used in 2005. Brush-Weeds and
Grass (20% citric acid, 8% acetic acid by volume)
was used in 2006. Materials diluted in water
were sprayed 25% formulations (by volume) of
products in 2005 and 50% in 2006. Application
was 0.34 qt/1000 ft2 citric acid in 2005 and
0.67 qt/1000 ft2 citric acid and 0.27 qt/1000
ft2 acetic acid in 2006.

Ground Force Abby Laboratories, Ramsey, MN Citric acid (5% by volume)-acetic acid and water
(94.8% by volume) applied without dilution.
The acetic acid concentration was not specified
on the label. Application was 0.34 qt/1000 ft2

citric acid.
Clove oil

(eugenol)
Matran EC EcoSMART Technologies,

Franklin, TN
Clove oil (50% a.i. by weight) applied by spraying

as a 10% (by volume) formulation of product in
water and with a wetting agent of 20% saponin
by weight (yucca extract, Thermx, Cellu-Con,
Strathmore, CA) added at 0.6 mL�L–1 of spray.
Application was 0.34 qt/1000 ft2 clove oil.

Pelargonic
acid

Scythe Mycogen Corp., San Diego Pelargonic acid (57% pelargonic acid with 30%
paraffinic petroleum oil by weight) applied by
spraying as a 7.0% (by volume) formulation of
product in water. Application was 0.25 qt/1000
ft2 pelargonic acid.

Corn gluten
meal

Various retail Protein fraction (zein and gluten) of corn grain
extracted in wet-milling process (56%–62%
crude protein; 9%–10% nitrogen by weight).
Applied as dry meal at 60 lb/1000 ft2 after
burning of vegetation with torch.

Bark or wood
chip mulch

Local timber company Mixed hardwood and softwood wood chips or
bark about 0.5- to 0.75-inch wide by 1-inch
long applied 3 inches deep by hand after
burning of vegetation with torch.

Burning Red Dragon Flame Engineering, LaCrosse, KS Burning was by 500,000 btu, hand-held, propane-
fired torch until all vegetation was ashed to
ground level.

Glyphosate RoundupPro Monsanto Co., St. Louis Glyphosate (41% a.i. by weight) applied by
spraying as a 1% (by volume) formulation of
product in water. Application was 0.027
qt/1000 ft2 glyphosate.

Glufosinate-
ammonium

Finale Bayer, Research Triangle Park, NC Glufosinate-ammonium (20% a.i. by weight)
applied by spraying as a 1.3% (by volume)
formulation of product in water. Application
was 0.018 qt/1000 ft2 glufosinate-ammonium.

Untreated No material Vegetation was allowed to grow without any
management.

z1 qt/1000 ft2 = 101.8646 L�ha–1, 1 mL�L–1 = 0.1280 fl oz/gal, 1 lb/1000 ft2 = 48.8243 kg�ha–1, 1 inch = 2.54 cm, 1 btu = 1.0551 kJ.
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produce the commercially available
product. Pelargonic acid is a non-
selective contact herbicide that effec-
tively controls annual broadleaf and
grass weeds that are less than 6 inches
high (Ayeni et al., 1999). Repeated
applications may be required with
large annual plants and perennials. It
has also been investigated as a pre-
harvest desiccant (Arboleya et al.,
2005). Research on use along high-
ways (Young, 2002) and in the other
applications indicate that this material
could be used for weed control on
highways, such as for weeds growing
in cracks and joints in pavement and
curbing, near abutments, and under
guardrails.

Clove oil, derived from the clove
plant (Syzygium aromaticum Merr. &
Perry), is active against various organ-
isms, including nematodes (Meyer
et al., 2008), insects (Akhtar et al.,
2008; Yang et al., 2004), microor-
ganisms (Kishore et al., 2007; van der
Wolf et al., 2008), and plants (Boyd
and Brennan, 2006; Tworkoski,
2002), and may have potential for
use in roadside environments.

Burning fields to reduce weed
populations has been a historic prac-
tice for many years. However, burn-
ing has many obvious disadvantages,
including air pollution, reduced visi-
bility caused by smoke, and the chance
of uncontrolled fire. Most flame-
based equipment is fueled by low-
pressure gas (LPG) or propane gas.
Burner-type weeders deliver heat
energy to the plants directly by close
contact to a flame. Ascard (1994,
1995) and Rifai et al. (2002) reported
that weeds with thin leaves and
unprotected growing points were
more susceptible to burning than
grasses and other species with pro-
tected growing points. All species
were most susceptible to burning
when small (0–4 true leaves) com-
pared with larger plants (6–12 true
leaves), and significantly more heat
energy was needed to control the
larger plants.

Covering the soil with a mulch of
an organic layer or of a barrier, such as
plastic or landscape fabric, has poten-
tial use in roadside weed control in
small areas where herbicides are often
used such as around sign posts, along
fence rows, and under guardrails. The
weed-control function of mulches is
based on the blocking of sunlight
from the plants or on the

presentation of a barrier through
which the weeds cannot emerge
(Barker and Bhowmik, 2001; Barker
and O’Brien, 1995).

This research investigated the
use of CGM, acetic-citric acid blends,
pelargonic acid, clove oil, mulches,
and burning as alternative practices
for management of vegetation under
guardrails along a highway in Massa-
chusetts. In assessments of their
efficacies, these practices were com-
pared with use of conventional herbi-
cides of glyphosate and glufosinate-
ammonium. Mowing of vegetation
was also investigated for its effects
on the efficacy of herbicides.

Materials and methods
Two experiments were con-

ducted on the roadside of Interstate
91 in Deerfield, MA.

EXPERIMENT 1. The first experi-
ment was conducted at the weigh
station beside the northbound lane
past Exit 24 and investigated several
alternative herbicides and mechanical
treatments for management of vege-
tation under guardrails (Table 1). The
research was conducted in 2005 and
in 2006 with individual treatments,
except for mulches, being applied to
the same plots in each year. Plots were
4 ft wide by 20 ft long under guard-
rails along the highway. Treatments
were applied in mid-June of each year
with three replications in a random-
ized-complete-block design. The site
was sprayed with glyphosate (Round-
upPro; Monsanto, St. Louis) by the
Massachusetts Highway Department
in 2004, the year before this experi-
ment was conducted. Therefore, most
of the vegetation in the plots emerged
in the year of application of the herbi-
cides. The principal vegetation on this
site was a mixture of annual grasses
and annual broadleaf plants, princi-
pally crabgrass (Digitaria sanguinalis
Scop.), spiny sowthistle (Sonchus asper
Hill), rabbit-foot clover (Trifolium
arvense L.), and lambsquarters (Che-
nopodium album L.). The grasses were
less than 2 inches tall; the broadleaf
weeds were about 4 inches tall, and all
plants had about four true leaves.

Sprayed herbicides (Table 1)
were applied with 1.5 L of herbi-
cide-water mix to wet the vegetation
of three plots (240 ft2). The sprayer
was a standard, diaphragm unit
(model 485; Solo, Newport News,
VA) operating at 60 psi and equipped

with a flat-spray tip (TeeJet XR, 110�;
TeeJet Technologies, Springfield,
IL). Mulches of bark or woodchips
were applied only in 2005 and in
duplicates within blocks with one plot
of the pair to be sprayed with an
alternative herbicide (clove oil) after
emergence of vegetation through the
mulch. The treatment of spraying the
mulches with an alternative herbicide
was included to assess the necessity of
a supplemental treatment to restore
the efficacy and appearance of
mulched areas, especially in years fol-
lowing the initial application.
Mulches were applied 3 inches deep
to plots that had been burned to
remove vegetation. The supplemental
spray treatment did not occur in 2005
because weed growth through
mulches was insufficient to require
the supplement. In 2006, a spray
treatment of clove oil (Matran EC;

Table 2. Descriptions of visual
indices (0–10 scale) used in scoring
the efficacy of alternative treatments
in control of vegetation in roadside
plots under guardrails.

Index
score Description of score

0 No control of vegetation.
1 Less than 10% of vegetation

controlled.
2 10% to 20% of vegetation

controlled.
3 20% to 30% of vegetation

controlled.
4 30% to 40% of vegetation

controlled.
5 40% to 50% of vegetation

controlled.
6 50% to 60% of vegetation

controlled.
7 60% to 70% of vegetation

controlled.
8 70% to 80% of vegetation

controlled.
9 80% to 90% of vegetation

controlled.
9.5 A special rating used

when more than 90% of
the vegetation was
controlled with only one
or two live plants
remaining in a plot.

10 This rating was applied
when all of the vegetation
was killed or if no
regrowth occurred at the
time of the rating.
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EcoSmart, Franklin, TN) in the
same amounts as that applied to the
clove oil-treated plots (Table 1) was
applied to the one of each pair of
the mulched plots after emergence
of vegetation through the mulches
(about July 1). Clove oil was chosen
as the supplemental treatment be-
cause it is an OMRI-listed (Organic
Materials Review Institute, Eugene,
OR) alternative herbicide and ex-
hibited some potential for weed con-
trol (Barker and Prostak, 2008).
CGM was applied by surface applica-
tion to plots that had been flamed
to remove vegetation. Preliminary
research in a greenhouse (Barker and
Prostak, 2008) and other research
(Young, 2002) showed no differences
in efficacy between surface-applied
and soil-incorporated CGM. In
each randomized block, one plot
received no treatment and served as
a control.

Conditions of weed populations
and appearance under guardrails were
rated by visual indexing (Table 2)
during June, July, August, and Sep-
tember. In late September when
growth had ended due to senescence,
a harvest of shoot biomass was made
by cutting vegetation at ground or
mulch level and weighing the harvest.
Estimates of the cost of materials were
made from the retail prices paid for
herbicides and alternative materials
used in this investigation. Labor was
not included in the estimates; how-
ever, the time to apply the various
materials was recorded, and a projec-
tion of the hand labor needed to treat
1 mile of highway was made.

EXPERIMENT 2. The second
experiment investigated the effects
of mowing of roadside vegetation on
the efficacy of herbicides applied to
plots under guardrails at a site near
Exit 24 of Interstate 91 (Table 3).
This site was not sprayed with herbi-
cide in 2004, and the vegetation at
the site was principally perennial
grasses [quackgrass (Agropyron repens
Beauv.) and tall fescue (Festuca arun-
dinacea Schreb.)], each about 12
inches tall. Mowing occurred 1 d
before the herbicide treatments were
applied. Mowing was to 4-inch height
by a hand-held, plastic-string trim-
mer. The herbicide treatments were
applied in mid-July 2005, as de-
scribed above in Expt. 1 for the liquid
herbicides. Treatments were eval-
uated for efficacy by visual indexing

(Table 2) at 2, 6, and 10 weeks after
treatment. The evaluation at 2 weeks
after treatment was at a time per-
ceived by the investigators as being a
peak expression of efficacy of all her-
bicidal treatments. The evaluation at
6 weeks rated the efficacy at a time at
which the alternative herbicides were
waning in their effects, and the eval-
uation at 10 weeks was at the end of
the growing season at the end of
September. The experiment was in a
randomized-complete block design
with a split-plot treatment arrange-
ment with mowing treatments as the
main plots and with herbicide treat-
ments randomized within the mow-
ing treatments. Plots were 4 ft wide
by 20 ft long under guardrails along
the highway.

STATISTICAL ANALYSIS. Data were
processed by analysis of variance
(Steel and Torrie, 1980). Separation
of treatment means was by least sig-
nificant difference (Steel and Torrie,
1980).

Results
ALTERNATIVE HERBICIDES AND

MECHANICAL TREATMENTS (EXPT. 1).
In 2005, the mulches gave season-
long (mid-June through September)
control of vegetation and had the
least end-of-season weed biomass
among the treatments employed
(Tables 4 and 5). In 2005, weed
growth through the mulches was sup-
pressed sufficiently so that the supple-
mental spray was not needed. The
pretreatment with burning perhaps

Table 3. Material, product name, concentrations of formulations, and rates of
application of alternative and conventional herbicides applied to roadside
vegetation under guardrails with or without mowing pretreatment in Expt. 2 in
2005.

Material Productz

Application of product

Concn (%)y Rate (qt/1000 ft2 a.i.)x

Clove oil Matran EC 20 0.67
Citric acid AllDown 100 0.34
Pelargonic acid Scythe 7 0.025
Glufosinate-ammonium Finale 1.3 0.018
Glyphosate RoundupPro 1.0 0.067
zMatran EC (50% clove oil; EcoSMART, Franklin, TN), AllDown (5% citric acid and 0.2% garlic; Green Chemistry
Herbicide; SummerSet Products, Eagan, MN); Scythe (57% pelargonic acid; Mycogen, San Diego), Finale (20%
glufosinate-ammonium; Bayer, Research Triangle Park, NC), RoundupPro (41% glyphosate; Monsanto, St.
Louis).
yConcentration (by volume) of commercial formulation in water.
x1 qt/1000 ft2 = 101.8646 L�ha–1.

Table 4. Efficacy as assessed by a visual index of actions of mulches or corn gluten
meal on control of roadside vegetation under guardrails and at three stages of
plant development as measured by time following treatments in 2 years of
research in Expt. 1.

Treatment

Visual index (0–10 scale) with time
after application of treatmentsz

2 weeks 5 weeks 10 weeks

2005
Bark mulch 9.0 ay 9.5 a 9.3 a
Woodchip mulch 10.0 a 9.5 a 9.3 a
Corn gluten meal 8.8 a 4.3 b 0 b

2006
Bark mulch 7.7 a 5.3 b 7.3 a
Woodchip mulch 6.0 b 5.7 b 7.7 a
Bark + clove oil 9.0 a 8.0 a 8.3 a
Woodchip + clove oil 9.0 a 9.0 a 8.0 a
Corn gluten meal 10.0 a 8.0 a 3.0 b

zMulches were not reapplied in 2006. Dates are about 1 July, the first week of August, and the second weed of
September in each year. Rating was on a scale of 0 (no control) to 10 (complete control) of vegetation (See Table
2).
yWithin years, means followed by different letters in columns are significantly different by least significant difference
at P = 0.05.
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contributed to the efficacy of the
mulches in 2005. In 2006, visual
indexing (Table 4) suggested that
the mulches continued to give good
control of vegetation and that spray-
ing with clove oil improved the con-
trol. However, in 2006, suppression
of the end-of-season weed biomass by
the mulches was not better than any
the other alternative treatments
except the use of CGM. The high
biomass in the mulched plots with or
without spraying in 2006 was due to
the large weights of a few weeds;
however, visual indexing indicated
that the plots were relatively clean.
Spraying of mulches with clove oil
gave no improvement in suppression
of weed biomass at the end of the
season harvest (Table 5) but
improved the appearance of the plots.
Conventional chemical herbicides,
glyphosate and glufosinate-ammo-
num (Finale; Bayer, Research Trian-
gle Park, NC), gave good control of
vegetation throughout the season but
had a weed biomass that was larger
than that in the mulched plots in
2005 (Table 5). In 2006, glyphosate
and glufosinate-ammonium per-
formed better than the mulches, and
no harvestable biomass was present in
2006 with these herbicidal treat-
ments. Perhaps 2 years of treatment
with these conventional herbicides
contributed to their effectiveness in
2006. Pelargonic acid (Scythe; Myc-
ogen, San Diego) gave good weed
control early on (about July 1 or 2
weeks after treatment) and midseason
(about Aug. 1 or 6 weeks after treat-
ment), but the efficacy of this treat-
ment was dissipated by 10 weeks
(about Sept. 1) after treatment and

at harvest in late September (Table 5;
Fig. 1). In the end, pelargonic acid
was no better than any other alter-
native herbicide tested. Pelargonic
acid is a naturally occurring chemical,
but because Scythe is made from
other fatty acids, it is not on a list of
organic substances prepared by
OMRI. Organic herbicides formu-
lated from clove oil or from citric acid
and acetic acid blends (Ground Force;
Abby Laboratories, Ramsey, MN;
Blackberry and Brush Block, Brush
Weeds & Grass; Greenergy, Brook-
ings, OR) had little efficacy at any
time during the growing season (Fig.
1), and weed biomass in these plots
approached or equaled that of the
untreated plot (Table 5). Torch burn-
ing gave good control of vegetation
in the early and midseason, but lost its
effectiveness by fall. Plots treated with
CGM also exhibited control during
the early and midseason. However,
this effect is considered to be due to
the burning pretreatment to prepare
the plots for application of the meal.
The efficacy of the meal was gone by
the 10-week rating and fall harvest.
Weed biomass from the plots receiv-
ing the CGM was the largest with any
treatment, and plants in these plots
were growing vigorously in Septem-
ber with no signs of senescence.

MOWING AND ALTERNATIVE

HERBICIDES (EXPT. 2). The effect of
mowing on the growth of vegetation
was not significant, and mowing did
not interact with the herbicidal treat-
ments or dates (Table 6). Clove oil
(Matran) and citric acid (AllDown;
SummerSet Products, Eagan, MN)
had weak efficacy on vegetation con-
trol at all dates of assessment (2, 6, or

10 weeks after treatments). The max-
imum rating of these materials was
about 2 on the visual index scale
(Table 2). The efficacy of pelargonic
acid (Scythe) was initially moderate
but lessened with time at and after 6
weeks. Vegetation control with glyph-
osate (RoundupPro) and glufosinate-
ammonium (Finale) was strong on all
dates in this experiment, approaching
or reaching complete suppression of
vegetation.

Discussion
In both experiments, all alterna-

tive herbicide applied as sprays showed
a decline in efficacy with time after
application, indicating that repeated
applications of these materials would
be necessary to effect control. The
alternative herbicides control vegeta-
tion through foliar contact, thereby
killing or injuring the vegetation
exposed to the herbicide. These herbi-
cides are not translocated to the
crowns, roots, or other plant parts;
hence, regrowth can occur. Several
formulations of citric acid-acetic acid
were evaluated. In diluted formula-
tions, none of these materials had
potential for suppression of growth of
vegetation. Formulations of citric acid-
acetic acid must be used at full-strength
(about 20% a.i.) without dilution with

Table 5. End-of-season biomass of shoots of roadside vegetation treated for 2
years with alternative and conventional herbicides under guardrails in Expt. 1.

Weed biomass (g�m–2 FW)z

Treatment 2005 2006

Citric-acetic acids 700 ay 514 b
Clove oil 636 abc 445 b
Corn gluten meal 900 a 1,552 a
Pelargonic acid 668 abc 521 b
Glufosinate-ammonium 368 cd 0 c
Glyphosate 383 bcd 0 c
Mulches 154 d 362 b
Mulches + clove oil spray N/A 366 b
Burning 880 a 359 b
Untreated 800 a 546 b
zHarvests were in the last week of September in each year; 1 g�m–2 = 0.0033 oz/ft2, FW = fresh weight.
yWithin columns, means followed by different letters are significantly different by least significant difference at P =
0.05.

Fig. 1. Time-based efficacy of
treatments of alternative herbicides,
burning, and conventional herbicides
for management of roadside vegetation
as assessed by visual indexing.
Composite of results by dates in 2005
and 2006. Years are not distinguished
by data points. Rating was on a scale of
0 (no control) to 10 (complete control)
of vegetation (see Table 2). The dates
after treatment range from 3 d to 10
weeks from mid-June to the first week
of September in each year.
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water to impart suppression of vegeta-
tive growth, although some label rec-
ommendations are for use at 25% to
33% strength of the concentrated for-
mulation. The efficacy of pelargonic
acid was initially moderate, about 60%
suppression of growth soon after appli-
cation, but lessened with time after 6
weeks with essentially no control being
apparent at the end of the growing
season (10 weeks after application).
Repeated applications of the alternative
herbicides apparently will be needed
for season-long control of vegetation,
perhaps at intervals of every 6 weeks
or more often. The conventional
herbicides (glyphosate and glufosinate-

ammonium) are translocated throughout
the plants and gave systemic killing
with control for at least 10 weeks in
these experiments.

The costs of purchasing the alter-
native herbicides will be much more
than the use of conventional herbi-
cides (Table 7; Wilen and Boise, 2008;
Young, 2004). The costs of materials
shown (Table 7) are retail prices paid
for materials in this research. Labor
costs also will be higher for the alter-
native herbicides because multiple
applications, perhaps three or more
per year, will be needed to bring about
season-long control of vegetation. Young
(2004) suggested five applications of

acetic acid per year. In practice, mecha-
nized methods of applications will be
used, but in this research, the hand labor
required for one application of the
sprayed herbicides or the CGM was
about 8 h/mile and for the mulches
was 88 h/mile.

The mulches (bark and wood-
chip) gave season-long control of
vegetation and in the first year had
the least end-of-season weed biomass
among the treatments employed. In
the second year of research, mulches
were not reapplied, and the initial
application gave only limited control
of vegetation; however, in the second
year, a treatment with an alternative
herbicide improved control in the
early season. Spraying of mulched
plots was not needed to manage
vegetation with this treatment in the
first year of investigation. Mulching,
although highly effective in weed
management, is the most costly for
purchase of material (Table 7) and is
labor intensive.

CGM had little efficacy for use in
management of roadside vegetation.
This material is applied for suppres-
sion of emerging vegetation from
germination of seeds in the soil. It is
not phytotoxic to growing plants.
Burning gave adequate preparation
of sites for use of the meal, but the
meal did not suppress growth of
emerging vegetation. In most cases,
CGM, with about 10% nitrogen by
weight, was a nitrogen fertilizer
that stimulated growth of vegetation
throughout the growing season and

Table 7. Estimates of costs of materials to treat a mile of highway with alternative materials or conventional herbicides
for 1 year based on the number of applications per year, the total amounts of materials applied, and unit cost of the
materials

Material
Applications/

year

Total appliedz
Cost

($/unit)y
Cost ($/mile
of highway)xa.i./mile product/mile

Citric-acetic
acid group

3 8–14 qt 40–142 qt $3.50–$9/qt $270–570

Clove oil 3 7 qt 14 qt $16/qt $220
Corn gluten meal 1 n/a 1,270 lb $0.70/lb $890
Pelargonic acid 3 5.3 9.3 qt $12.50/qt $120
Glyphosate 1 0.57 1.4 qt $15/qt $20
Glufosinate-

ammonium
1 0.38 1.9 qt $30/qt $60

Bark mulch 1 n/a 195 yard3 $22/yard3 $4,300
Woodchip mulch 1 n/a 195 yard3 $18/yard3 $3,500
z1 qt/mile = 0.5880L�km–1, 1 lb/mile = 0.2818 kg�km–1, 1 yard3/mile = 0.4751 m3�km–1, n/a = not applicable.
yRetail prices paid for products in this investigation; $1.00/qt = $1.0567/L, $1.00/lb = $2.2046/kg, $1.00/yard3 = $1.3080/m3.
xIncludes only the cost of materials ($1.00/mile = $0.6214/km). The labor for hand application in this investigation was 8 h/mile (5.0 h�km–1) of highway for one
application of the sprayed materials or corn gluten meal and 88 h/mile (54.7 h�km–1) for application of the mulches. Application was on a 4-ft-wide (1.2 m) strip under
guardrails.

Table 6. Efficacy as assessed by a visual index of actions of conventional and
alternative herbicides in management of mowed or unmowed vegetation at three
stages of plant development measured by time following treatments under
guardrails during Expt. 2.

Treatment

Visual index (0–10 scale) for dates after
treatment and mowing regimez

2 weeks 6 weeks 10 weeks

Mow Unmy Mow Unm Mow Unm

Untreated 0 cx 0 d 0 b 0 c 0 b 0 b
Clove oil 2.0 bc 2.3 c 1.3 b 2.0 bc 0.3 b 0.3 b
Pelargonic acid 4.0 b 6.3 b 2.0 b 4.3 b 0 b 0.7 b
Citric acid 2.0 bc 2.0 c 1.3 b 2.0 bc 1.0 b 0.3 b
Glyphosate 9.3 a 10.0 a 9.8 a 10.0 a 9.2 a 10.0 a
Glufosinate-

ammonium
9.5 a 10.0 a 8.8 a 9.5 a 8.0 a 9.2 a

Meanw 4.5 5.1 3.9 4.6 3.1 3.4
zRating was on a scale of 0 (no control) to 10 (complete control) of vegetation (See Table 2); 2 weeks = 29 July
2005, 6 weeks = 25 Aug. 2005, 10 weeks = 29 Sept. 2005.
yMow = mowed before application of treatments, Unm = not mowed before application of treatments.
xIn columns, means followed by different letters are significantly different by least significant difference at P = 0.05.
wMean effect of mowing or not mowing was not significant on any date, and no interaction occurred between
mowing and the herbicidal treatments (P > 0.05 by F-test in analysis of variance).
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that prolonged the season of growth
past that of untreated vegetation.
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