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Abstract

Two sequential experiments examined the effects of abrasive grit on seedlings of grass weeds
and young shoots of perennial weeds. First, four types of grit derived from agricultural resi-
dues (bone meal, eggshell, hazelnut shell, and sugar beet pulp) were tested under high air
pressure in a controlled environment for their abilities to abrade seedlings of an annual
grass, Setaria faberi Herrm., and the perennials Festuca arundinacea Schreb., Poa pratensis
L., and Elymus repens (L.) Gould. Differing grit particle sizes and amounts, as well as weed
seedling stages, were examined for efficacy after abrasion by each type of grit. Second, hazelnut
shell grit was used to control P. pratensis and Taraxicum officinale Weber in field trials with
aronia (Aronia melanocarpa [Michx.] Elliott), which is a new, shrubby, berry crop in the mid-
western USA. Grit weeding was compared to two other treatments: manual weeding (hand-
hoeing + hand-pulling) and no weed control (weedy check) over two years. In the grit com-
parison experiment, control of S. faberi was highest for egg-shell grit (63–100% across grit
particle sizes, rates, and seedling stages) and least for sugar beet pulp (17–97%). The former
grit had the highest bulk density of all grits, and the latter had the lowest bulk density. For
damage to perennial weeds, egg-shell grit performed best (17–80% control) and bone meal
least (10–47% control). Elymus repens was controlled better than other perennial grasses,
especially by eggshell grit (up to 73% control) and hazelnut shell grit (up to 67% control)
with particle sizes of 1–2 mm. In the aronia experiment, both grit abrasion and manual weed-
ing achieved comparable levels of weed suppression (≥87%) and required similar amounts of
cumulative seasonal time spent weeding (3–4 min per shrub). Thus, applications of abrasive
grit derived from agricultural residues are potential alternatives for non-chemical manage-
ment of weeds in aronia and, perhaps, in other high-value perennial crops.

Nomenclature

Aronia melanocarpa cv. ‘Viking’, aronia berry or black chokeberry; Corylus avellana × ameri-
cana, hybrid hazelnut; Elymus repens, quackgrass; Festuca arundinacea, tall fescue; Poa praten-
sis, Kentucky bluegrass; Setaria faberi, giant foxtail; Taraxicum officinale, common dandelion.

Introduction

Aronia berries (also known as black chokeberries) are produced by Aronia melanocarpa
(Michx.) Elliott, a multi-branched shrub in the rose family (Rosaceae) native to the north-
eastern and midwestern USA (Hardin, 1973). Aronia has been domesticated for its fruit,
which are dark purple to black berries with very high concentrations of anthocyanins (Scott
and Skirvin, 2007). This latter trait has been the stimulus for aronia propagation, with the
fruit being used as a food coloring agent, as well as being processed into juices, syrups, and
liqueurs (Kulling and Rawel, 2008). The antioxidant capacity of fresh aronia fruit was higher
than that of any of 18 common fruits examined (Kulling and Rawel, 2008).

When grown as a horticultural crop, aronia has few pest problems, but weeds can interfere
with plant growth as well as crop management (McKay, 2001). Although black plastic mulches
or landscape fabrics are recommended for weed control (Bussieres et al., 2008), weeds still can
cause problems if they establish in transplant openings in such mulches (Fig. 1). Furthermore,
because aronia fruit and fruit products are considered by many as health foods with medicinal
properties, controlling weeds in aronia plantings without the use of synthetic herbicides is
appealing to some growers and consumers.

Weed management without the use of synthetic herbicides often is more costly, more time-
consuming, and less effective than weed control with synthetic herbicides (Coleman et al.,
2019; Domenghini, 2020). However, to meet the needs of some growers and consumers
who desire food products, especially fruits and vegetables (Pearson, Henryks and Jones,
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2011), that are grown free of herbicides, new methods of weed
control must be conceived and tested for their efficacy and reli-
ability. Abrasive grit application is one example of a new method

of weed control. In addition to the absence of synthetic herbicides,
grit weeding has an additional benefit in that it also makes use of
agricultural residues that typically represent disposal problems
and economic burdens for growers or processors.

Grit-weeding uses abrasive grit, typically 1–2mm in diameter,
emitted under high air pressure from nozzles that are aimed at
weeds (Forcella et al., 2020). If the weeds are small seedlings or
young shoots at the time of grit application, the entire aboveground
portions of the plants can be eliminated in less than a second,
whereas larger weeds require longer periods of abrasion. Thus, effi-
ciency is achieved with this method if weed seedlings (annuals) or
shoots (perennials) are≤ 5 cm tall (Forcella et al., 2018).

Many types of abrasive grit exist, and several are derived from
agricultural or horticultural residues (Perez-Ruiz et al., 2018).
Some of these residues represent disposal problems for growers
and processors. The most common among these is grit derived
from the cobs of corn (Zea mays L.). The use of corn cob grit
to manage weeds has at least three attributes: (a) corn cobs are
an abundant commodity, (b) their use represents increased eco-
nomic value for a plant product that typically is returned to the
field as a degradable agricultural residue, and (c) abrasive weeding
with corn cob grit does not include the use of herbicides. These
attributes are especially valuable in the Midwestern USA where
corn is the dominant crop. However, corn cob grit is considered
a soft grit, which often is used for ‘blasting’ to remove excess
grease, rust, etc. from metal surfaces, refurbish wood siding on
homes and other buildings, and so forth. It is an effective replace-
ment for hard grits (e.g., silicon carbide, aluminum oxide, etc.)
that might damage sensitive surfaces (Hansink, 2000).

Small annual broadleaf weed seedlings can be controlled effect-
ively with pressurized corn cob grit (Erazo-Barradas et al., 2018;
Forcella et al., 2020), but management of perennial weeds, espe-
cially grasses, is more difficult (Forcella et al., 2018). With corn
cob grit, the amount of grit needed and the time required to
abrade perennial weeds to eliminate their influences on perennial
crops is too high to be practical for even high-value horticultural
crops (Forcella, Poppe and Hoover, 2023).

Grits harder than those from corn cobs may be more useful for
abrading and controlling tenacious perennial weeds. Candidate grits
derived from plentiful Midwestern agricultural residues include
bone meal, eggshells, nut shells and, possibly, pulp from sugar
beet (Beta vulgaris L.). Grit from shells of walnut (Juglans regia
L.) grown in California and Oregon already is marketed as a blasting
medium, but to our knowledge the other three potential grit sources
have not been examined previously as abrasive grits. An objective of
our research was to test these agricultural residues for their effective-
ness in abrading hard-to-control weeds, such as annual and peren-
nial grasses. Grit from walnut shells, however, was replaced by that
from hazelnut shells, as shrub-like hybrid hazelnut (Corylus avel-
lana L. × C. americana Marshall) is a new commercial crop in
Minnesota and Wisconsin (Braun et al., 2019). Once the harvested
nuts of this plant are processed, abundant woody shells remain as a
waste product and disposal issue. Thus, we also explored the use of
hazelnut shell grit as an abrasive agent for damaging grass weeds
and controlling perennial weeds in aronia berry.

Materials and methods

Grit testing on annual and perennial grasses

We examined grits derived from (a) bovine bone meal, (b)
chicken eggshells, (c) hazelnut shells, and (d) sugar beet pulp.

Figure. 1. (A) Ten-year old aronia berry (chokeberry) shrub that previ-
ously had been transplanted into 40 cm slits in woven landscape fabric.
(B) Close-up view of base of aronia berry shrub with multiple stems and
excellent weed control. (C) Taraxicum officinale emerging through trans-
plant slit in woven landscape fabric.
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Sources of all of these livestock- and crop-derived materials were
from commercial industries in Minnesota and Wisconsin. All
grits were processed and provided by the Agricultural
Utilization Research Institute, Waseca, Minnesota. Each of the
raw materials was converted into grits of four different sizes;
i.e., grits were able to pass through sieves with openings of (a)
0.5 mm, (b) 0.7 mm, (c) 1.0 mm, and (d) 2.0 mm. The latter cat-
egory excluded grit < 1.0 mm diameter.

Annual grass weed experiments
Seeds of Setaria faberi Herrm. (giant foxtail) were collected in
western Minnesota, stored at room temperature until dormancy
was lost, sown in 8.5-cm diameter pots filled with loam potting
mix, and grown in a heated greenhouse (23°/18° day/night) dur-
ing January through March 2021 at the West Central Research
and Outreach Center, Morris, Minnesota, USA. Pots were thinned
to one seedling. Four nearly identical experiments were per-
formed on separate sets of seedlings of S. faberi, with three repli-
cations (seedlings) per treatment. The four experiments were as
follows:

Experiments 1 and 2. When seedlings were 5–7.5 cm tall, they
were subjected to a single abrasion event (see below for abrasion
details) by 7.5 ml (Expt 1) or 15 ml (Expt 2) of grit in one of each
of 13 different treatments using differing types of grit (Table 1).
These grit types were bone meal, eggshell, hazelnut shell, and
sugar beet pulp, each with three different particle size classes
(0.5, 0.7, and 1.0 mm). Corn cob grit (1–2 mm) also was included
for comparison because of its use in prior experiments (e.g.,
Forcella et al., 2020).

Experiments 3 and 4. When seedlings were 10–15 cm tall, they
were subjected to a single abrasion event by 15 ml (Expt 3) or 30
ml (Expt 4) of grit in one of each of 16 different treatments using
differing types of grit (Table 1). These grit types were bone meal,
eggshell, hazelnut shell, and sugar beet pulp. There were four par-
ticle sizes for each type of grit: 0.5, 0.7, 1.0, and 1.0–2.0 mm. Corn
cob grit was not included for comparison in these experiments.

Immediately after abrasion, each seedling was visually assessed
for damage with a score of 0–10, with 0 indicating no damage by
abrasion and 10 indicating complete removal of the aboveground
portion of the plant through abrasion. Pots were reset on green-
house benches in a randomized manner and surviving seedlings
were allowed to regrow for two weeks, at which time the max-
imum height of each seedling was measured to the nearest cm.

Perennial grass weed experiment
For experiments on perennial grasses, sod plugs (2 cm diameter,
7.5 cm deep) of Festuca arundinacea Schreb. (tall fescue) and
Poa pratensis L. (Kentucky bluegrass), as well as 5-cm rhizome
segments of Elymus repens (L.) Gould (quackgrass), were collected
from field sites in Morris, MN, and grown as above. When plants
were 5–7.5 cm tall they were abraded once by 30 ml of the grits
derived from bone meal, eggshell, and hazelnut shell. Four grit
sizes (described above) were used for each grit type. Each treat-
ment was replicated three times. Damage to shoots was assessed
immediately after abrasion treatments on a scale of 0–10
(described above). Each perennial grass species was considered a
separate experiment. Neither F. arundinacea nor P. pratensis nor-
mally are considered weeds; indeed, both species often are planted
in alleyways in orchards and berry farms. However, over time
both species can invade crop rows either through seed dispersal
or by creeping rhizomes; thus, they were candidates for weed con-
trol experiments.

Abrasion was accomplished through a trigger-operated sand-
blasting nozzle as pictured in Forcella (2009). The nozzle was con-
nected to an air compressor that generated 820 kPa of air pres-
sure. A 100-ml funnel served as a grit reservoir, which was
connected to the sand blaster via a short and flexible nylon
tube. Depending upon specific experiments, volumes of grit
used per abrasion event were either 7.5, 15, or 30 ml. Delivery
rates were >7.5 ml s−1 (Forcella, James and Rahman, 2010), but
when applying grit the trigger was held for 5 s to insure complete
depletion of the volume of grit in the funnel. The nozzle of the
sand blaster was positioned approximately 30 cm from the target
seedlings and at an angle of about 45°. Distances and angles var-
ied slightly to accommodate targeted seedlings of different sizes.

Lastly, bulk densities of each type of grit in the 1.0 mm particle
size class were estimated by weighing three 150 ml volumes of dry
grit and calculating weight per volume (g cm−3).

Analysis of variance and Fischer’s LSD were used to assess
each experiment and determine differences among treatment
means (P = 0.05).

Aronia berry field trial

The study site was at Country Blossom Farm, Douglas County,
Minnesota (4 117 5.87°, −95.47°), and consisted of 9–10-yr-old
multi-stemmed shrubs of aronia (cv. ‘Viking’) that previously
had been transplanted into 40 cm slit-like openings in woven
landscape fabric. Shrubs were spaced at approximately 2 m within
rows and 3 m between rows (Knudson, 2008). Twelve uniform
shrubs, each about 1.2 m tall (S.E. = 0.07), were chosen for
study. Four blocks (replications) were established. Each block
was comprised of three adjacent shrubs within the same row,
and each block was in a different row. One of the following
three treatments was assigned randomly to one plant in each
block: (a) weeds controlled through abrasion by grit, (b) weeds
controlled manually by hoeing with a hand-held hoe as well as
by hand-pulling, and (c) weeds not controlled. The site was sur-
veyed once weekly beginning on April 30, 2021 and again on May
5, 2022, and during each survey a visual determination was made
regarding the need for weed control each week in the grit and
hand-hoeing treatments. Weekly surveys ended in July each year.

Grit-weeding was accomplished by abrasion of weedy plants
through the application of hazelnut shell grit (ca. 1–2 mm diam-
eter) at high pressure (ca. 600–700 kPa). Grit was emitted through
a single nozzle applicator connected to a grit reservoir and an air
compressor all mounted on a portable hand-pulled wagon
(Forcella et al., 2020). During application of grit, the nozzle typ-
ically was held 15–30 cm from small seedlings of annual weeds or
small shoots of perennial weeds, as abrasion of older plants is not
effective. The volume of grit used and time spent grit-weeding was
recorded during each weeding session.

Hand-hoeing was performed with a beet hoe (1.25 m pole
tipped with a small triangular steel tine), which allowed easier
access within slits in the landscape fabric than other types of
implements. Hand-pulling also was implemented as needed, espe-
cially for aronia shrubs with clustered stems that impeded hoeing
(e.g., Fig. 1B). Times spent hoeing and hand-pulling were
recorded.

Weed management continued until July 2, 2021 and July 7,
2022, by which times emergence of most annual weeds had
ceased. Subsequently, remaining weeds were allowed to grow for
an additional week and were then clipped at ground level within
the entire 40 cm-long fabric slit on July 9, 2021 and July 13, 2022,
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stored in paper bags on a greenhouse bench and air-dried until
reaching a constant weight Dry weights were recorded to the near-
est gram. Identities of most of the weed samples were noted.

After aronia shoot growth ceased in late autumn, five leader
shoots of each shrub were selected randomly and annual growth
(shoot elongation) in 2021 and 2022 was measured to the nearest
mm. Average annual shoot elongation was calculated for each
shrub.

Analyses of variance (ANOVA) were performed for weed
weights, weed control percentages, times spent weeding, and
annual average aronia leader shoot growth using the Data
Analysis package in MicroSoft Excel. LSDs among treatment
means were calculated using a statistical probability level of
0.05. Data for each year were analyzed separately using single-
factor ANOVA, whereas two-factor ANOVA was employed
when experimental years were compared. Some comparisons
required the use of Student’s t-tests (P = 0.05).

Results and discussion

Grit testing on annual and perennial grasses

Annual grass weed experiments
In Experiment 1 the highest average value for visually assessed con-
trol of small Setaria faberi seedlings was 9.3 for small-diameter

eggshell grit (Table 1). However, none of the other eggshell
grits, nor the bone meal (0.7 mm) or hazelnut (1.0 mm) grits
differed significantly from this maximum control value. Only
very small amounts of grit (7.5 ml) were used in this experiment.
Larger volumes of grit (15 ml) were used in Experiment 2, and
damage to small S. faberi seedlings was higher (>8.0) for nearly
all treatments. In both of these experiments, the scores for corn
cob grit were <8.0 and significantly less than maximum values
for other treatments, which indicated that the ‘soft’ nature of
corn cob grit is less effective than harder grits for damaging
grass weeds. Grits derived from eggshells tended to have the high-
est scores, and those derived from sugar beet pulp (another soft
grit) had the lowest scores (Table 1).

In Experiments 3 and 4, seedling sizes (10–15 cm) were larger
than in the two prior experiments and, therefore, were more
difficult to control. In Experiment 3, eggshell grit again tended
to have the highest scores (≥7.3) (Table 1), but bone meal
(1–2 mm) and hazelnut (1–2 mm) also damaged S. faberi seed-
lings significantly (scores up to 7.3 and 8.0, respectively). With
large volumes (30 ml) of grit applied in Experiment 4, eggshell
and bone meal grits achieved the highest scores, as did hazelnut
shell grit (1–2 mm) and sugar beet pulp (1–2 mm), with scores
as high as 10.0, 9.3, 10.0, and 9.7, respectively (Table 1).

Bulk densities in g cm−3 of eggshell, hazelnut shell, bone meal,
corn cob, and sugar beet pulp were 0.96, 0.59, 0.50, 0.43, and 0.21,

Table 1. Visually assessed control scores (10 = complete control) of seedlings of the grass weed, Setaria faberi, immediately after high-pressure (820 kPa) abrasion
by differing types of grit, sizes of grit, and volumes of grit

Expt 1 Expt 2 Expt 3 Expt 4

Grit size
Grit volume applied

Grit type (mm) 7.5 ml 15 ml 15ml 30 ml

---------------- ------------ ------------- ------------ ------------ ------------

Bone meal 0.5 8.0 8.7 1.0 5.0

0.7 9.0 9.7 1.7 8.7

1.0 7.7 9.3 2.3 8.3

1.0–2.0 7.3 9.3

Eggshell 0.5 9.3 9.3 8.3 6.3

0.7 9.0 9.0 7.3 9.3

1.0 9.0 10.0 8.0 9.3

1.0–2.0 8.0 10.0

Hazelnut shell 0.5 6.7 7.0 1.3 4.7

0.7 7.3 8.7 5.0 7.3

1.0 8.3 10.0 5.0 7.7

1.0–2.0 8.0 10.0

Sugar beet pulp 0.5 5.7 8.7 1.7 2.0

0.7 7.0 8.7 3.0 3.0

1.0 7.7 8.7 5.0 7.3

1.0–2.0 3.7 9.7

Corn cob 1.0–2.0 7.3 7.7

LSD (0.05) 1.1 0.8 2.5 2.2

Experiments assessed two size ranges of giant foxtail seedlings: 5–7.5 cm tall (Expts 1 and 2) and 10–15 cm tall (Expts 3 and 4) at time of treatment. LSD = Fischer’s least-significant difference
at P = 0.05. Values in bold do not differ from maximum control value within columns.
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respectively (all S.E. < 0.02). When averaged across grit particle
sizes, the densest grit, eggshell, abraded S. faberi better than
other grits. Sugar beet pulp, the least dense grit, had the lowest
average abrasion scores. However, all grit types sometimes
abraded S. faberi seedlings well, with scores of ≥9.7 (Table 1).

Regrowth of weeds in Experiments 1–4 is shown in Figure 2.
Basically, if initial visual scores (assessments of control) of
S. faberi seedlings were >8, regrowth of those seedlings was
minimal. In contrast, regrowth could be substantial if initial con-
trol values were scored as <8. Larger S. faberi seedlings resisted
abrasion more than smaller seedlings, and their regrowth was
greater as well despite being abraded by larger volumes of grit.

Perennial grass weed experiments
Damage scores to small shoots of perennial grasses by the various
types of grits ranged from 1.0 to 8.0 (Table 2). For each type of
grit the lowest values tended to occur for the smallest particles
sizes, and the highest damage scores occurred with the two larger
particles sizes. These damage assessments for the perennial
grasses were noticeably lower for all grit types compared to
those seen for S. faberi (Table 1).

For both Festuca arundinacea and Poa pratensis, relatively high
scores (5.7–8.0) for immediate damage by abrasive grits occurred
only for eggshell grit. Bone meal and hazelnut shell grits did not
appear to be effective in appreciably damaging these two peren-
nial grasses, with damage scores ranging from 1.0 to 4.7 and 1.0
to 5.0, respectively. Elymus repens also was damaged appreciably
by eggshell grit (score as high as 7.3), and also significantly
affected by hazelnut shell grit (5.0–6.7), especially with the larger
grit sizes (1.0 mm and 1.0–2.0 mm).

Aronia berry field trial

The primary weeds found in the landscape fabric openings were
the perennials, Taraxicum officinale Weber (common dandelion),
and Poa pratensis. The former weed likely infested the openings
through its wind-dispersed seeds, whereas the latter had been
sown in the alleyways between the rows of aronia, and its seeds
likely dispersed to the openings after inter-row mowing
operations.

By mid-July dry weights of weeds (±S.E.) per linear meter of
opening in landscape fabric averaged 88 g ± 32 across years in
the absence of control treatments (Fig. 3). (Neither year nor the
interaction of year and treatment was significant, P > 0.28 and
0.17, respectively.) This value was significantly greater than
those for grit-weeding and hand-hoeing (7 ± 4.1 g m−1 and 2 ±
0.3 g m−1, respectively, P < 0.01); values for the latter two treat-
ments did not differ significantly from one another. Average
weed control affected by grit-weeding was 87% ± 5.6, and that
for hand-hoeing was 95% ± 1.7 (LSD0.05 = 14). There was no effect
of year or an interaction of year by treatment on control
percentages.

Weed growth affecting aronia shrubs was assessed visually 10
times each year (2021 and 2022), but weeding operations were
deemed necessary only 6 and 7 times in those same years.
Average cumulative times spent grit-weeding and hand-hoeing
were 3.9 ± 1.11 and 2.8 ± 0.34 min per shrub per season, respect-
ively, which did not differ significantly (P = 0.39). Neither year
(P = 0.27) nor the interaction of year × treatment (P = 0.91) were
significant.

The cumulative total volume of hazelnut grit applied per
shrub averaged 1.4 ± 0.41 liters, with no difference between
years (t-test, P = 0.34). The grit applicator applied grit at approxi-
mately 0.35 L min−1, and the volumes applied reflected the times
spent on applications each year which, in turn, were associated
with weed abundances each year.

Aronia leader shoot growth did not differ among treatments
(P > 0.80) in either year, with rates being 26, 29, and 28 mm per
shoot in 2021, and 59, 50, and 46 mm per shoot in 2022 for
manually weeded, grit-weeded, and weedy check treatments,
respectively. However, the difference in growth between years
was highly significant (P < 0.01), with elongation rates averaging
28 mm per shoot in 2021 and 52 mm per shoot in 2022.
Greater growth of aronia shoots in 2022 than in 2021 likely
reflected May through July rainfall. The long-term average rainfall
for this period is 261 mm at the nearby Chandler Field Airport
(Alexandria, Minnesota), but comparable rainfall in 2021 was
only 96 mm (37% of average) but 320 mm in 2022 (123% of aver-
age). Air temperatures during this same period average 17.8°, but
were 19.8° in 2021 and 18.8° in 2022. Thus, the main portion of
the growing season for aronia was much dryer and somewhat
hotter in 2021 than in 2022.

Grit-weeding around the bases of aronia shrubs did not injure
the bark or stems of the shrubs, and we observed no damage to
the landscape fabric through which the shrubs were growing.
Although we did not test young aronia transplants, which likely
have thinner and more sensitive barks than established shrubs,
we previously have applied grit at high air pressures around the
bases of young canes of newly transplanted raspberry (Rubus
idaeus L.) and saw no damage to the crop (Forcella et al.,
2020). Woody stems probably are naturally resistant to abrasion
by grit. Another potential concern is accumulation of grit on
the mulch or in crop rows after repetitive applications. Rain
appears to wash grit from the mulch surface to adjacent alleys,
and when in contact with soil or sod, the grit disappears within
one year, possibly through rapid decomposition because of its
very small particle size.

The hybrid hazelnuts used as a shell source were grown and
processed in Minnesota and Wisconsin. The bone meal, egg-
shells, and sugar beet pulp also originated in Minnesota.
Many other types of agricultural residues, from a wide variety
of sources and agricultural regions, also can be used as sources

Figure. 2. Regrowth (cm) of Setaria faberi seedlings two weeks after
abrasion by various volumes and types of grit in four different experi-
ments. Initial seedling sizes ranged from 5 to 15 cm, and applied grit
volumes ranged from 7.5 to 30 ml. Note that when initial control ratings
were ≥8, regrowth was limited appreciably regardless of grit type, grit
volume, or initial seedling size.
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of grit. These include grits derived from those mentioned above
as well as corn cobs, grape pomace, pelleted organic fertilizers,
spent coffee grounds, and walnut shells (Forcella, James and
Rahman, 2010; Forcella, 2017; Perez-Ruiz et al., 2018; Carlson
et al., 2020). Use of such agricultural residues as weed-stunting
abrasive grits converts burdens into value-added products and
economic opportunities. However, this conversion can be suc-
cessful only if applications of abrasive grits actually control
weeds with reasonable efficacies and costs for labor and materi-
als. Although grit-weeding may be economically favorable in
some high-value organic horticultural crops (Wortman et al.,
2020), our work with aronia berries transplanted into landscape
fabric can address only some of these issues. Hazelnut shell grit

did control weeds with efficacies and time allotments similar to
those of manual weeding (i.e., hand-hoeing), of which the latter
would be a form of weed control prevalent on organic farms. At
this point, we cannot address the issue of material and applica-
tion costs, as products such as hazelnut shell grit and abrasive
grit applicators do not have, as yet, assigned monetary values.
However, Oregon-grown hazelnut shells are sold in bulk for
as little as $40 per cubic yard ($0.05 L−1). At that price, the
cost per aronia shrub for grit in the current experiment would
have been $0.07, and that for the entire 0.1 ha orchard would
be $12. Labor costs ($20 h−1) solely for time spent applying
grit to all shrubs in the orchard would have been $217.
Naturally, many additional expenditures need to be included
to fully account for total costs of grit weeding, but too little
information exists to do so. Despite these shortcomings, prac-
tical and economically viable application of abrasive grit in
organic horticultural settings, such as aronia berries, seems
possible.
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