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Abstract. Research was conducted to evaluate crabgrass [Digitaria ischaemum (Schreb.)
Muhl.] control, incidental dollar spot (incited by Lanzia and Moellerodiscus spp.) suppres-
sion, and turfgrass quality following sequential, low-level postemergence applications 
DSMA to creeping bentgrass (Agrostis stolonifera var. palustris Farwell). DSMA was
applied at 22 mg•m–2 at 7-day intervals for 15 consecutive weeks (DSMA-W) from Ma
through Aug. 1986 and 1987 and for 10 consecutive weeks from June through Aug. 19
DSMA also was applied in three split applications of 110 mg•m–2 every 10 days (DSMA-S
in June and July of each year. DCPA was applied in a single, preemergence application
May as a comparative standard for crabgrass control. Percent crabgrass in either DSMA
treated plot was 20% by 11 Sept., an infestation that was unacceptable for high-quali
turf. Percent crabgrass infestation was 6% at all rating dates in 1987 or 1988 for DSMA
W and 11% at all dates in 1987 or 1988 for DSMA-S. DCPA significantly reduced perce
crabgrass as compared to the nontreated control at all rating dates, but the perce
crabgrass ratings tended to be higher than those for either DSMA treatment by the fina
rating dates of each year. The DSMA treatments significantly reduced dollar spo
incidence in each year. Turfgrass discoloration was observed following the DSMA
treatment in July 1987 as compared to the control, but the turf quality recovered b
August. Turfgrass quality was higher for DSMA treatments than for either DCPA or the
nontreated control due to season-long crabgrass control and disease suppression. Che
cal names used: disodium methanearsonate (DSMA), dimethyl tetrachloroterephthala
(DCPA).
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Organoarsenical herbicides, such 
DSMA, offer an economical, yet effective
means of postemergence weedy grass con
in cool-season turfgrasses, but they freque
cause turfgrass discoloration (Dernoeden 
Nash, 1981; Engel and Ilnicki, 1969; Mille
and King, 1982; Musser, 1962). Multiple a
plications of organoarsenicals are necessa
control many annual grass weeds and to
duce turfgrass phytotoxicity (Engel and Ilnick
1969; Miller and King, 1982). Turfgrass di
coloration is a concern in high-quality turfgras
particularly creeping bentgrass. A prelimina
experiment on creeping bentgrass in June 1
(unpublished) indicated that DSMA applic
tions at labeled rates of 165 or 330 mg•m–2 at
10-day intervals provided acceptable po
emergence crabgrass control and reduced
incidence of dollar spot. However, objectio
able turfgrass discoloration occurred wh
these levels of DSMA were applied at daytim
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means >27C. Therefore, field trials were co
ducted during the 1986, 1987, and 1988 gro
ing seasons to evaluate turfgrass quality 
the efficacy of DSMA applied sequentially 
less than the recommended use levels for c
grass control in creeping bentgrass turf.

Materials and Methods

The experiments were conducted on
creeping bentgrass turf on a Lodi silt loam s
(typic Hapludult clayey, kaolinitic, mesic fam
ily; pH 6.3) at the Turfgrass Research Cen
Blacksburg, Va. The turf received N, P, and
each at 49 kg·ha–1 in mid-May of each year
Turf was mowed three times weekly at a 0
cm cutting height and clippings were remov
Plots were irrigated as needed to prevent m
ture stress. Crabgrass infestation was nat
each year. Different experimental sites w
used each year to avoid effects of prior che
cal treatment.

DSMA was applied at 22 mg•m–2 for 15
consecutive weeks (DSMA-W) from 15 Ma
through 14 Aug. 1986 and 1987 (330 mg•m–2

total applied). In 1988, DSMA-W was applie
for 10 consecutive weeks from 13 June throu
22 Aug. (220 mg•m–2 total applied) due to lat
emergence of crabgrass. DSMA also was
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plied in three split applications every 10 da
(DSMA-S) at 110 mg•m–2/application on 18
and 27 June and 7 July 1986; 18 and 27 J
and 7 July 1987; and 20 and 29 June and 9
1988. The total amount of DSMA-S deliver
was also 330 mg•m–2 each year. The preeme
gence herbicide DCPA was used as a c
parative standard for crabgrass control; it w
applied at 1.2 g•m–2 in a single application o
15 May of each year.

The DSMA-W treatment was initiated wh
crabgrass first became visible, and DSMA
application began when crabgrass was in t
to 3 tiller stage of development. The tre
ments were applied to 0.9 × 1.8-m plots with a
compressed-air boom sprayer delivering aq
ous solutions or suspensions of 748 liters•ha–1

at 276 kPa.
Percent crabgrass infestation was visu

rated periodically in each plot; crabgrass 
ings ≥20% were considered unacceptable
high-quality turf. Turfgrass quality was rat
on a scale of 1 = low-quality turf resulting fro
a combination of crabgrass infestation, disc
oration from herbicide treatment, and dise
incidence; 6 = minimum acceptable qual
and 9 = highest quality turf. The ratings we
made relative to the expected aesthetic app
ance of high-quality creeping bentgrass t
Dollar spot disease incidence was rated v
ally on a scale of 1 = no disease incidence
= severe turf blighting. The design of ea
experiment was a randomized complete bl
with four replications of each treatment. Ana
ses of variance were performed and treatm
means for each variable measured were s
rated by Fisher’s protected LSD test (SAS Insti-
tute, 1987).

Results

Crabgrass infestation. Percent crabgras
infestation was significantly reduced co
pared to the nontreated control for all chem
treatments at all rating dates in 1986 (Table
However, crabgrass infestations were ≥20%
by 11 Sept. for all chemical treatments, a
control was considered unacceptable for h
quality turf. Percent crabgrass was ≤6% at all
rating dates in 1987 for DSMA-W and ≤11%
for DSMA-S, although there was no signi
cant difference between the two DSMA tre
ments. While DCPA significantly reduce
crabgrass compared to the nontreated con
the infestation was >20% by 15 Aug. (Ta
1). The herbicidal activity of the DCPA app
cation on 15 May had apparently dissipated
mid-August.

Percent crabgrass infestation in all pl
was unexpectedly low in 1988 (Table 1). 
crabgrass was observed for DSMA-S at 
rating date in 1988, and a rating of only 3
was recorded for DSMA-W on 5 Sept. Infe
tation ratings in DCPA-treated plots and 
nontreated controls were 9% and 19%, res
tively, by 5 Sept. (Table 1).

Turfgrass quality. Turfgrass quality rat
ings in 1986 were higher for both DSM
treatments than for the control throughout 
experiment (Table 2). Creeping bentgrass q
ity was similar for the DSMA treatments 
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each rating date, except on 29 Aug., wh
DSMA-W plots were discolored as a result
the final weekly application of DSMA on 1
Aug. (Table 2). DCPA-treated turf had a high
quality than the control on all dates, except
14 Oct., when increased crabgrass in DCP
treated plots resulted in lower quality scor

Turfgrass quality for the DSMA-S trea
ment was significantly lower than for DSMA
W at all rating dates in 1987, except 15 Au
(Table 2). Compared to the control, DSMA
reduced turfgrass quality through 31 July, b
was rated higher on 29 Aug. and 4 Sept. T
HORTSCIENCE, VOL. 29(8), AUGUST 1994

Table 2. Quality ratings for creeping bentgrass tur
herbicides.

Rating
date DSMA-Wx DSMA-S

198
11 July 6.7 a 6.7 a
28 July 6.0 a 6.0 a
29 Aug. 6.0 b 7.0 a
11 Sept. 6.0 a 6.4 a
14 Oct. 6.0 ab 6.7 a

198
9 July 7.0 a 5.0 c
17 July 7.0 a 4.0 d
31 July 7.7 a 5.7 c
15 Aug. 8.0 a 7.3 ab
29 Aug. 8.3 a 7.3 b
4 Sept. 8.3 a 6.7 b

198
22 June 8.8 a 7.2 b
11 July 7.5 7.0
26 July 7.2 ab 7.5 a
9 Aug. 7.0 ab 6.2 bc
22 Aug. 7.5 ab 6.5 ab
5 Sept. 7.2 ab 6.5 bc
zTurfgrass quality scale: 1 = low-quality turf as a re
disease incidence; 6 = minimal acceptable turfgr
yDSMA-W applied weekly at 22 mg•m–2 from 13 Ma
Aug. 1988; DSMA-S applied at 110 mg•m–2 in each o
and 1987, and on 20 and 29 June and 9 July 198
xMean separation in rows by Fisher’s protected LSD te
NSNonsignificant.

Table 1. Percent crabgrass infestation in creep
herbicides.

Rating
date DSMA-Wy DSMA-S

198
28 July 13.3 b 13.3 b
29 Aug. 10.0 b 10.0 b
11 Sept. 20.0 b 20.0 b
14 Oct. 20.0 bc 13.3 c

198
9 July 3.0 b 4.7 b
17 July 4.0 c 3.0 c
31 July 1.7 c 0.0 c
15 Aug. 5.3 c 8.0 c
21 Aug. 6.3 c 10.7 bc
4 Sept. 2.3 c 6.3 c

198
1 Aug. 0.5 b 0.0 b
9 Aug. 0.5 b 0.0 b
22 Aug. 0.0 b 0.0 b
5 Sept. 3.0 bc 0.0 c
zDSMA-W applied at 22 mg•m–2 in 15 weekly applic
10 weekly applications from 13 June to 22 Aug. 
applications on 18 and 27 June and 7 July 1986 
applied at 1.2 g•m–2 on 15 May.
yMean separation in rows by Fisher’s protected LSD te
n
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low-quality ratings for DSMA-S reflecte
turfgrass discoloration following herbicid
treatment in July when average daytime te
peratures exceeded 30C. Dernoeden 
Grande (1983) reported that turfgrass disc
oration from organoarsenical treatments es
lated as temperatures rose from 29 to 35C. 
quality ratings for the DSMA-W-treated plo
were significantly higher than for control plo
throughout the experiment, and higher th
for DSMA-S at all dates except 15 Aug. (Tab
2). The higher quality attained with DSMA-W
than with DSMA-S was a result of less turfgra
A
 3).
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f during 3 years following postemergence applica

Ratingsz

Treatmenty

DCPA Control LSD

6
5.7 b 4.7 c 0.
5.3 b 4.0 c 0.
5.0 c 4.0 d 0.
5.0 ab 4.0 b 1
5.3 bc 5.0 c 0.

7
7.0 a 6.0 b 0.
6.0 b 5.3 c 0.
8.0 a 7.0 b 0.
6.7 ab 6.0 b 1.
6.3 c 6.3 c 0.
6.0 c 5.0 c 0.

8
8.0 ab 8.2 ab 1

6.8 6.8 NS

6.0 b 6.2 ab 1.
5.8 bc 5.2 c 1.
5.8 bc 4.8 c 1.
5.8 bc 4.8 c 2

sult of crabgrass infestation, herbicide phytotoxic
ass quality; 9 = highest quality turf.
y to 10 Aug. 1986 and 1987, and from 13 June to
f three applications on 18 and 27 June and 7 July 1
8; DCPA applied at 1.2 g•m–2 on 15 May.
st, P ≤ 0.05.

ing bentgrass turf for 3 years following applicat

Treatmentz

DCPA Control LSD

6
13.3 b 30.0 a 15
13.3 b 36.7 a 7.
30.0 b 53.3 a 20
30.0 b 53.3 a 12

7
8.3 b 36.7 a 8.

15.0 b 38.3 a 6.
18.3 b 45.0 a 8.
28.3 b 55.0 a 13.
21.0 b 55.0 a 11
20.0 b 51.7 a 7

8
1.2 b 6.8 a 5.0
3.0 b 9.8 a 4.9
3.8 b 13.8 a 5.
8.8 b 18.8 a 8

ations from 13 May to 10 Aug. 1986 and 1987, an
1988; DSMA-S applied at 110 mg•m–2 in each of three
and 1987, and on 20 and 29 June and 9 July 198

st, P ≤ 0.05.
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discoloration from the weekly 22 mg DSMA
m2 treatments compared to three applicatio
of 110 mg•m–2 at 10-day intervals.

Quality ratings in 1988 were similar for a
treatments through 26 July, primarily as 
result of no crabgrass in the plots (Table 2
DSMA-W-treated plots were rated signifi
cantly higher than DSMA-S plots on 22 Jun
because of turfgrass discoloration from the 
June application of 110 mg DSMA/m2. DSMA-
W plots were rated higher than the control o
22 Aug. and 5 Sept. as a result of crabgra
control and dollar spot suppression.

Dollar spot control. A nontarget effect of
dollar spot disease suppression by DSM
treatments was evident in each year (Table
During 1986, the DSMA-S treatment consi
tently had the lowest disease ratings throu
11 Sept. This result indicated that the disea
suppression activity of DSMA-S apparentl
continued through the summer, although t
final application of the split treatment wa
made on 7 July (Table 3). DSMA-W provide
significant dollar spot reduction through 2
Aug., but its effect did not differ from the
nontreated control thereafter. DCPA-treate
plots had lower dollar spot ratings than th
nontreated control on 11 July and 29 Aug.

In 1987, DSMA-W plots had significantly
less dollar spot than the control on all dat
except 15 Aug. (Table 3). DSMA-S-treate
plots received significantly lower disease ra
ings than the control through 31 July. How
ever, no further disease reduction was 
corded after this date, which indicates that t
disease suppression activity had dissipat
DCPA plots had significantly lower dollar
spot ratings than the control through 17 Ju
For 1988, there was no significant differenc
in disease ratings between any treatments
22 June, but DSMA-W had less disease in
dence on 11 July and 9 Aug., and DSMA-S 
11 and 26 July (Table 3).

Discussion

While little work has been done to verif
fungicidal activity of organoarsenical com
pounds, evidence does support the conc
that these compounds might have fungicid
activity (Sijpesteijn et al., 1969). Howeve
further research is necessary to test this 
pothesis.

Creeping bentgrass is known to be ve
susceptible to dollar spot (Couch, 1973). B
controlling crabgrass, DSMA might have fur
ther reduced the occurrence of dollar spot 
removing another potential host, but this e
planation needs further evaluation. This r
search showed no clear indication that cra
grass served as a primary host for Lanzia and
Moellerodiscus spp., as indicated by the crab
grass and dollar spot ratings of 1988 (Table
and 3). In 1988, crabgrass infestation was lo
in DSMA-treated plots, while dollar spot rat
ings were higher than in 1986 and 1987 (Tab
1 and 3). If crabgrass control had been
primary means of eliminating a host of th
causal agents of dollar spot, then dollar sp
ratings likewise would have been low. Add
tional research is necessary to determine w

tions of
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Table 3. Ratings for dollar spot on creeping bentgrass during 3 years following postemergence appli
of herbicides.

Disease ratingz

Rating Treatmenty

date DSMA-Wx DSMA-S DCPA Control LSD

1986
11 July 2.7 c 1.7 c 4.7 b 6.7 a 1.7
28 July 2.7 b 2.0 b 4.0 ab 6.0 a 2.2
29 Aug. 3.7 c 2.0 d 5.3 b 7.0 a 0.8
11 Sept. 4.7 a 2.3 b 6.0 a 6.0 a 1.9
14 Oct. 4.3 a 3.0 b 4.0 ab 3.3 ab NS

1987
9 July 2.7 b 1.7 c 2.3 b 3.7 a 0.6
17 July 2.3 c 2.7 c 4.0 b 5.3 a 0.7
31 July 1.0 b 1.0 b 1.7 ab 2.3 a 0.7
15 Aug. 2.1 b 5.0 a 4.0 ab 2.5 b 1.6
29 Aug. 1.3 c 4.7 a 4.3 ab 3.3 b 1.3
4 Sept. 1.3 b 4.7 a 4.0 a 3.0 ab 1.8

1988
22 June 3.0 3.5 3.3 2.8 NS

11 July 3.0 b 2.8 b 4.2 a 4.2 a 1.1
26 July 4.0 ab 3.8 b 4.8 ab 6.0 a 1.8
9 Aug. 3.5 b 4.8 ab 5.2 a 6.0 a 1.4
22 Aug. 2.5 c 4.3 ab 5.0 ab 5.8 a 1.7
5 Sept. 1.8 b 4.8 a 4.8 a 5.2 a 1.8
zDollar spot disease scale: 1 = no sign of disease, 9 = severe turf blighting.
yDSMA-W applied weekly at 22 mg•m–2 from 13 May to 10 Aug. 1986 and 1987, and from 13 June to 
Aug. 1988; DSMA-S applied at 110 mg•m–2 in each of three applications on 18 and 27 June and 7 July 1
and 1987, and on 20 and 29 June and 9 July 1988; DCPA applied at 1.2 g•m–2 on 15 May.
xMean separation in rows by Fisher’s protected LSD test, P ≤ 0.05.
NSNonsignificant.
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role crabgrass control might play in suppre
ing dollar spot.

We cannot explain the limited but signif
cant dollar spot suppression observed fr
DCPA treatment; however, the possibili
exists that the disease suppression was so
how related to controlling crabgrass, as pre
ously discussed.

Compared to three split DSMA applic
tions at manufacturer-suggested use lev
sequential DSMA applications at reduced le
els acceptably reduced crabgrass infestatio
two out of the three years while lesseni
turfgrass discoloration. Turfgrass quality fro
both DSMA treatments was generally im
proved compared to the nontreated contro
DCPA due to reduced crabgrass infestat
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and dollar spot suppression. The possibil
existed for turfgrass discoloration followin
treatment during hot weather, as evidenced
the phytotoxicity from DSMA-S application
in July 1987. However, quality ratings for th
DSMA-W treatment never dropped below th
minimum acceptable rating of 6, and th
DSMA-S treatment performed similarly i
both 1986 and 1988. While DSMA treatme
did not fully control dollar spot, the diseas
suppression was a desirable nontarget ef
that improved turf quality.

The feasibility of low-level, weekly DSMA
applications for smooth crabgrass control w
not meet the management programs of 
turfgrass professionals and must be cons
ered on an individual basis. The increases
cations

22
986

labor, time, and applicator exposure fro
weekly DSMA applications are factors tha
must be judged, as well as the increased pot
tial of environmental problems from mishan
dling the herbicide. However, a carefull
planned program of weekly, low-level, DSMA
applications offers the desirable prospect 
applying only a small dosage of the chemic
as it is needed, thus avoiding undesirab
turfgrass phytotoxicity. Obviously, treatmen
can be omitted or stopped if the crabgra
infestation is not sufficient to justify chemica
application. This possibly could have been t
case in the 1988 trial when crabgrass infes
tion was inherently low. Furthermore, usin
postemergence herbicides on a curative ba
offers the advantage of targeting only th
weed-infested areas, rather than making p
ventive, large-scale, preemergence herbic
applications.
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