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SUMMARY
In the spring of 2002 University of Wisconsin sci-

entists initiated a comprehensive study to investi-
gate the effectiveness of abrasive aggregates for
potential suppression of earthworm casting produc-
tion in low-cut golf course turf when applied as a top-
dressing amendment.
• EartilWOlTI1Sare beneficial to the soil, but on
golf courses the castings they form are a nui-
sance.

• Because earthworms are beneficial organisms,
no pesticide is registered or labeled for their
control in the United States.

• Abrasive aggregates applied as topdressing
reduce earthworm activity to tolerable levels,
but their efficacy declines over time.

E arthworms 3r~abundant, well-known inhabitants 01"
the soil belonging to the order Oligochaeta. They are

often referred to by a variety of names such as angle-
worms, fish worms, night crawlers, and dew worms. They
are widely considered beneficial organisms due to certain
favorable attributes such as soil formation, aeration and
drainage, organic matter breakdown and incorporation,
and even enhancement ofmicrobial activity (3).
It is estimated that there arc as many as 8,000

species from about 800 genera worldwide (3). They
live in diverse locations, ranging from forests to lakes
and streams, as 'veil as grasslands, agroecosvstems,
including turfgrass (3, 4, 5). Earthworms are round in
many regions of the world OCCULTingin a wide variety
of soil types, though they tend to be relatively scarce
in primarily sandy soils.
Earthworms have two primary requirements. moist

soil and. an organic-matter food source, both of which
are commonly plentiful on golf courses. In North
America, it is estimated that there an' 24 species of
earthworms, however only three 11<'1vebeen reported
in turfgrass.
Fr-iend or Foe?
Despite the beneficial attributes of earthworms,

they can be problematic due to the earthen casts that
they produce on golf course turf, particularly in
shaded, well-irrigated sites (1, 2, 6). OJ the three
earthworm species found in turf, only two species
create soil castings. The night crawler, U):rnbn:cus
terreetris L., is the most common and abundant
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species of the two that construct earthen castings.
Earthworm casts arc most common on low-cut turf

including putting greens, approaches and collars, tee
boxes, and fairways (6) (Figure 1). Earthworm casts dis-
rupt the uniformity, appearance, and playability of
affected areas (2). Soft wet castings are readily
squashed nat by early morning mowing operations, and
closely mowed turf beneath tJ1C leveled casting is smoth-
ered. As a result, appearance and playability are nega-
tively impacted in areas of the course where earthworm
populations are dense. Furthermore, such impacted turf
areas often experience turf damage or loss due to U1P
inability of the plants to properly photosynthesize (4).
Moreover, mechanical damage to mowing equipment
including bed knives and reels may occur,

r

, Figure 1. Despite the beneficial
attributes of earthworms, They
can be problematic due to the
, earthen casts they produce on
golf course turf, particularly in
shaded, well-irrigated sites,

Because earthworms are considered beneficial organ-
isms, no pesticides are registered or labeled for their con-
trol, and any pesticide application specifically intended to
control earthworm» is illegal in the United States.
Therefore, alternative, nonchemical earthworm manage-
ment strategies are needed.
Earthworms migrate up and down through the soil

profile in response to changes in soil moisture content
and soil temperature. Because the cuticle (skin) at"earth-
worms is quite sensitive, sand and other abrasive sub-
stances likely irritate and repel them. The following
research was aimed at exploiting this weakness.
Casting Suppression Studies
A three-year study was initiated in 2002 on two golf

course fairways at Blackhawk Country Club (Madison,
Wis.) where earthworms were problematic. The fairway
was comprised or a mixture of creeping bentgrass
(Agrosl'ls slolon?/fJra) and annual bluegrass (Poa
GiYlJ1,'/..W.) maintained at approximately 7/16 inch (11 mil-
limeters). Respective treatments were applied to 10 x 10
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Figure 2. Experiments were initiated in 2003 and 2004 thai
included treohnents of a coarser grade of Black Jeek (A), another
abrasive aggregate called Amber Jack (Bl, and Best Sand, an
angular ropdressing sand (el.
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feet ploLs (i.c., 100 In in a randomized design with fOUI

replications per treatment.
Several diverse earthworm casting suppression

treatments were applied in 2002. Based on the
promising results obtained from 2002 study, another
similar experiment was initiated in 2003 ancl2004 that
included new treatments. These treatments included
a coarser grade of Black Jack, another abrasive aggre-
gate called Amber Jack, ami Best Sand, an angular
topdressing sand (Figure 2).
Black Jack, a byproduct of the coal industry, is com-

posed of the remains of coal alter it is burned for produc-
tion of electricity. Once the coal is burned, the resulting 1-
2 inch (2.5-5-centime-ter) colloids are crushed, fraction-
ated into respective size ranges, demagnetized and kiln-
dried. Black Jack is essentially inert, extremely hard,
highly angular and predominantly black in color. Amber
Jack a byproduct of the paper mill industry, is compa-
rable to Black Jack. It, too, is inert, highly angular and
extremely hard, but it is considerably lighter in color,
ranging from almost clear to reddish amber.
2002 Treatments
In spring 2002, an earthworm activity study was ini-

tiatecl that included the following treatments:
• untreated control
• thiophanate-methyl (Cleary's 3336) Iungicldeap-
plied every 14-21 days

• carbaryl (Sevin) insecticide applied every 14-21 days
• soap, .loy dishwashing detergent applied every 7 clays
• Hydroject, water-injection every 28 days
• Dragon spice (ground oriental mustard seed), one
application

• zeolite, soil amendment, one l/S-inch (3.2-nlil-
lirneter) application

• Black Jack 20/40 crushed coal slag, one lI8-inch
(3.2-millimeter) application

2003-2004 Treatments
• untreated control
• thiophanate-methyl, fungicide applied every 21-28
days (1 gallon spray volume/l,OOO tt:J)

• thiophanate-rnethyl, fungicide applied every 21-28
days (2 gallon spray volwne/l,OOO fL~)

• Black Jack 20/40, spring application only
• Black Jack 20/40, fall appllcaticn only
• Black Jack 20/40, spring and fall application
• Black Jack 30/GO, spring application only
• Black Jack 30/60, fall application only
• Black Jack 30/60, spring and fall application
• Amber Jack, spring application only
• Amber Jack, fall application only
• Amber Jack, spring and fall application
• Best Sand, spring application only
• Best Sand, rail application only
• Best Sand, spring and [all application
• 2002 application of Black Jack 20/40
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Figure 3. The use of angular, abrasive materials (Black Jack, Amber
Jack, and Best Sand) resulted in fewer earthworm castings per plot
when compa~ to untreated control plots. (2004 datal
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figure 4. Although the use of abrasive topdressing materials to
plots redU<ed the number of earthworm castings compared to
untreated control plots, they were not as effective CIIS fungicide
(thiophona'e methyl) and ;ru;ecticide(carbaryl, data not shown) in
reducing the number of earthworm castings per plot. (2004 dglo)
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Figure S. The results of timing study for QbrQsiveQpplications were
variable, however, due to the abrasive. dispeuion or il5 incorporg-
tion into the soil, it is recommended that abrasives be applied both
spring and fall to maintain suppression of earthworm castings.

Results
Mean number of castings were calculated for each

treatment during the growing season (April-November).
Using pooled data, the use of abrasives (Black .Iack
2040, Black Jack 3060, Amber Jack 100, and Best Sanel)
significantly reduced nurnber of castings per plot com-
pared to untreated control plots (Figure 3} However,
abrasives were not as effective in reducing castings per
plot as fungicide treatments (Figure 4) or insecticides
(data not shown). All other treatments had relatively
little effect on earthworm activity.
TIle effects of spring versus fall applications <mela com-

bination of spring and fall application of abrasive top-
dressing abrasives were evaluated in the 2003 growing
season (April November} Turf quality, thatch accumula-
tion and dlsease activity were also rated throughout the
2003 season to document any possible adverse effects that
a thin layer of abrasive material might have in the upper
rootzone of intensively managed golf course turf. Figure 5
shows the mean number of earthworm castings per plot
for abrasives applied in the fall only, spring only, and spring
and fall versus untreated control plots. Although results
'were variable between years, fall and spring treatments
seem effective compared to untreated control plots.
Data also revealed that the effectiveness of the abra-

sives' abilities to reduce earthworm castings decrease
measurably over time. We hypothesized that the aggre-
gate's effectiveness had decreased because ofits disper-
sian or its incorporation into the soil These results sup-
port the idea that the aggregates eventually disperse
into the soil, thus lose their effectiveness over time. As
a result, additional applications of the aggregates are
necessary to maximize their effectiveness.
When angular soil aggregates such as Amber Jack,

Best Sand, or Black Jack were applied in both spring
and fall (combination), sustained suppression of earth-
worm castings occurred. No measurable rlilferences the
aforementioned aggregates occurred, nor did particle
size have any meaningful effect.
As previously mentioned, the residual activity (effec-

tiveness) of single season applications of soil aggregates
appear to decline over time. Thus, multiple treatment
applications is necessary. Since earthworm activity is
most pronounced in the spring and again in the Jall.
when ambient and soil temperatures are typically lower
and soil moisture is greater, spring and fall topdressing
applications of highly angular, abrasive aggregates may
reduce earthworm populations to tolerable levels.
Potential for use of abrasive, angular aggregates
for suppression of earthworm casts
The results of this study suggest that abrasive,

angular aggregates such as Amber Jack, Best Sand,
and Black Jack may provide an alternative, legal, non-
pesticidal management strategy for reducing earth-
worm castings to tolerable levels on low-cut golf
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course turf. However, because the Long-term attrib-
utes of abrasive, highly-angular soil aggregates are not
understood, careful consideration should be adminis-
tered before completely adopting this novel manage-
ment strategy. When considering the use of such
amendments, begin by treating only small areas of turf
where earthworms are highly problematic Loevaluate
this management strategy before adopting for wide-
spread use.
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