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Abstract

When a postemergence (POST) herbicide is used to control large crabgrass [Digitaria sanguinalis (L.) Scop.] in common bermudagrass
[Cynodon dactylon (L.) Pers.], the herbicide should maintain optimum weed control for 8 to 10 weeks without causing undesirable
injury to the turfgrass. A field experiment was conducted during 1993 and 1994 to determine the lowest rate of Drive (quinclorac)
needed to control large crabgrass without causing undesirable injury to bermudagrass turf. Drive (quinclorac) applied at 0.28 kg ai/ha
(0.25 Ib ai/A) initially in early May and repeated at the same rate at a 2-week interval, controlled 85% large crabgrass for 16 weeks
in 1993 and 70% for 10 weeks in 1994. The control in 1994 was 96% for 17 weeks when the herbicide was applied at 0.28 kg ai/ha
(0.25 Ib ai/A) in each of three applications on May 2, May 29, and June 13. The maximum bermudagrass injury in 1993 from Drive
(quinclorac) applied at 0.28 kg ai/ha (0.25 Ib ai/A) in each of two applications at 2- to 4-week interval was < 27% compared to > 33%
when 2> 0.56 kg ai/ha (= 0.5 1b ai/A) was applied as a single application. Bermudagrass treated initially with Drive (quinclorac) at
0.28 kg ai/ha (0.25 1b ai/A) was injured higher in 1994 (< 35%) than in 1993 (< 14%). Bermudagrass injury was > 40% when the
second application was delayed until mid- to late June either year or when the herbicide was applied in three applications during May
and June 1994.

Index words: Cynodon dactylon, turfgrass injury, weed control.

Herbicides used in this study: Drive (quinclorac), 3,7-dichloro-8-quinolinecarboxylic acid.

Significance to the Nursery Industry

Large crabgrass control by late August 1993 was similar
whether Drive (quinclorac) was applied once in May at 0.84
kg ai/ha (0.75 1b ai/A) (92%) or twice in May at 0.28 kg ai/
ha (0.25 1b ai/A) (85%). However, the control was consis-
tently higher in 1994 when the herbicide was applied at 0.28
kg ai/ha (0.25 1b ai/A) in three applications (96%) than when
applied once at 0.84 kg ai/ha (0.75 1b ai/A) (69%). Com-
mon bermudagrass turf was injured less from the herbicides
when the final application was applied in May or early June
than when delayed until mid- to late June.

Introduction

When a postemergence (POST) herbicide is used for crab-
grass control in warm- and cool-season turfgrasses, the her-
bicide should provide effective weed control for 8 to 10 weeks
with a minimum number of applications. Daconate (MSMA)
(monosodium salt of MAA) will control crabgrass, but re-
peated applications are required (5). Drive (quinclorac) is a
new herbicide in the final development stage for POST crab-
grass control. It is in the olinecarboxylic acid family.

POST crabgrass control with Drive (quinclorac) varies
with plant size. When applied at 1.1 kg ai/ha (1.0 Ib ai/A),
the control was higher when the herbicide was applied to 2-
leaf to S-tiller plants in the spring (1, 3, 4, 8) than when
applied during late summer to mature crabgrass (> 5 tiller)
plants (2). Even though Drive (quinclorac) has POST activ-
ity on crabgrass, the performance varies when applied in a
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single application. When applied at 0.84 kg ai/ha (0.75 Ib
ai/A), large crabgrass control ranged from 73 to 78% for 10
weeks in three cool-season turfgrasses in New Jersey (4) to
67% for 8 weeks in Kentucky bluegrass (Poa pratensis L.)
in Maryland (3). Dates of Drive (quinclorac) applications
influenced large crabgrass control in Georgia (6, 7). When
the herbicide was applied at 0.84 kg ai/ha (0.75 1b ai/A), the
control over a two-year period was higher when applied
during early April to common bermudagrass than during
late April or early June (7); but control was higher when
applied during early June to tall fescue (Festuca arundinacea
Schreb.) than when applied in April. However, large crab-
grass control was consistent (= 83%) in both turfgrass spe-
cies when the herbicide was applied at 0.56 kg ai/ha (0.5 Ib
ai/A) in each of two applications (6, 7).

Drive (quinclorac) has generally not injured any of the
cool-season grasses (1, 3, 4, 6). However, bermudagrass was
severely injured (35 to 40%) immediately after treatment
with the herbicide at 0.56 kg ai/ha (0.5 1b ai/A) in 1 of 2
years in Virginia (1) and at 1.1 kg ai/ha (1.0 Ib ai/A) in 2 of
3 years in Georgia (8). Dates of treatment at 0.84 kg ai/ha
(0.75 1b ai/A) also influenced common bermudagrass injury
in Georgia, but was not consistent across years (7). For ex-
ample, turfgrass injury was 60% when applied April 10,
1991, but the injury was < 30% during the same period in
1992. When treatments were made on June 10, the injury
was > 40% both years. Drive (quinclorac) applied at 0.56 kg
ai/ha (0.5 1b ai/A) in each of two applications severely in-
jured (> 30%) common bermudagrass after each treatment
and required 3 to 4 weeks for recovery.

Drive (quinclorac) applied at > 0.84 kg ai/ha (>0.75 1b ai/
A) has POST activity on crabgrass, but severely injures
bermudagrass. Therefore, an experiment was initiated to de-
termine the lowest herbicide rate needed to effectively con-
trol large crabgrass without injuring bermudagrass, whether
applied as a single or multiple applications.
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Materials and Methods

Mature common bermudagrass was overseeded with large
crabgrass seed at 10 kg/ha (9 Ib/A) in January for two con-
secutive years before treatment with Drive (quinclorac) dur-
ing 1993 and 1994 at Griffin, GA. The population of large
crabgrass was excellent with a density of 68 and 95% in
untreated plots by late August in 1993 and 1994, respec-
tively. Drive (quinclorac) was applied in single and sequen-
tial applications. Herbicide treatments were applied as a
broadcast spray in 375 liter/ha (40 gal/A) of water. A sur-
factant BAS 09002S from BASF Corp., P.O. Box 13528,
Research Triangle Park, NC 17709 was applied with Drive
(quinclorac) at 0.25% v/v. Treatments are given in Table 1
for 1993 and Table 2 for 1994. Treatments were applied
initially on May 5, 1993 and on May 2, 1994 when large
crabgrass was in the 3-leaf to 3-tiller growth stage. Differ-
ent plots were used each year.

The bermudagrass was fertilized each year with SON-22P-
42K kg/ha (45N-20P-38K 1b/A) during early April and early
September. An additional 50 kg N/ha (45 1b/A) was applied
during late May or early June. The turfgrass was irrigated
as needed to maintain optimum growth. Actively growing
turf was mowed three times per week with a reel mower at a
height of 3 cm (1.2 in). The soil type was a Cecil sandy clay
loam (clayey, kaolinitic thermic Typic Kanhapludult) with
63% sand, 16% silt, and 21% clay. Organic matter was 2%.

Visual ratings for turfgrass injury and large crabgrass
control were made at various times during the spring and
summer. Turfgrass injury ratings were made within one week
after initial treatment and at 1- to 2-week intervals until late
August. The ratings were based on 0 to 100 where 0 = no
injury, 1-15 = minor leaf discoloration, 16-30 = moderate
leaf discoloration with some plant necrosis, > 30 = moder-
ate to severe leaf discoloration and plant necrosis, and 100

= complete kill. Large crabgrass control ratings were made
mid-June and at bi-weekly intervals until late August and
based on 0 to 100 where 0 = no control and 100 = complete
control.

Drive (quinclorac) treatments were applied in a random-
ized complete block design with four replications. Plot size
was 1.5 by 3.0 m (5 by 10 ft). Analysis of variance (ANOVA)
using the Statistical Analysis System (General Linear Model
Procedure) was conducted within and across years (9), and
the means were separated by LSD at the 0.05 level. Herbi-
cide by year interactions were found and means were pre-
sented separately by year.

Results and Discussion

Turfgrass injury—I1993. The injury to common
bermudagrass during 1993 was within an acceptable range
(< 30%) when Drive (quinclorac) was applied initially (May
5) at 0.28 kg ai/ha (0.25 1b ai/A) or 0.43 kg ai/ha (0.38 1b ai/
A), and followed by 0.28 kg ai/ha (0.25 1b ai/A) at 2 (May
17), or 4 (June 2) weeks later (Table 1). However, the injury
was > 30% when the second application was delayed until
June 17 (6 weeks). The higher injury from repeated June 17
treatment, compared to repeated treatments on May 17 and
June 2 was probably related to higher temperature. The mean
low-high temperature for 7 days following the June 17 treat-
ment was 27C (80F), compared to < 24C (< 75F) following
the earlier dates. The injury from the 0.28 + 0.28 kg ai/ha
(0.25 + 0.25 Ib ai/A), was lower for two weeks than from the
0.43 + 0.28 kg ai/ha (0.38 + 0.25 1b ai/A). At the lowest
rates, the injury was > 20% for only one week, compared to
three weeks when treated with the higher rates.

Turfgrass injury in 1993 was = 33% when Drive
(quinclorac) was applied alone at > 0.56 kg ai/ha (= 0.5 Ib
ai/A) (Table 1). Therefore, Drive (quinclorac) applied at 0.28

Table1. Effect of dates and frequency of Drive (quinclorac) treatments on injury of common bermudagrass, Griffin, GA. 1993.
Treatments
Rates Turfgrass injury*
Date
kg ai/ha Ib ai/A applied May 17 May 24 June 7 June 21 June 28
%
Untreated — — 0 0 0 0 0
0.84 0.75 May 5 35 29 3 6 13
0.56 0.50 May 5 33 22 10 5 13
043 0.38 May 5 25 23 0 0 11
0.28 0.25 May 5 12 10 2 3 12
0.28 +0.28 0.25+0.25 May 5 + May 17 12 27 3 2 8
May S + June 2 11 16 24y 7 12
May 5 + June 17 14 15 3 44 19
0.43 +0.28 0.38 +0.25 May 5 + May 17 24 25Y 24 0 13
May S + June 2 27 20 27 5 23
May 5 + June 17 30 20 1 43y 24
0.43 +0.43 0.38 + 0.38 May 5 + May 17 30 40" 8 9 15
May 5 + June 2 28 22 35 7 23
May S + June 17 23 16 9 46* 18
LSD @ 0.05 8 12 7 7 13

“Turfgrass injury ratings were based on 0 to 100 where 0 = no injury, 1-15 = minor leaf discoloration, 16-30 = moderate leaf discoloration with some plant necrosis,
> 30 = moderate to severe leaf discoloration and plant necrosis, and 100 = complete kill.

YIndicates injury from a second herbicide application.
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kg ai/ha (0.25 Ib ai/A) in each of two applications offers an
advantage of less turfgrass injury during the recovery pe-
riod than when application was made at > 0.56 kg ai/ha (2
0.5 Ib ai/A). )

Turfgrass injury—I1994. The initial common
bermudagrass injury from Drive (quinclorac) applied at 0.28
kg ai/ha (0.25 1b ai/A) was consistently higher in 1994 (<
35%) (Table 2), than in 1993 (< 14%) (Table 1). At 10 days
after treatment in 1994, no difference was detected in
turfgrass injury, whether the herbicide was applied at any
rate from 0.28 to 0.84 kg ai/ha (0.25 to 0.75 1b ai/A).

When Drive (quinclorac) was applied at 0.28 kg ai/ha
(0.25 1b ai/A) or 0.43 kg ai/ha (0.38 1b ai/A) on May 2,
1994, and followed by 0.28 kg ai/ha two weeks later, the
maximum turfgrass injury was 22% (Table 2). However, the
injury was severe (> 40%) when the May 2 treatment was
followed by an additional application at 0.28 kg ai/ha (0.25
Ib ai/A) on June 22, or when followed by two additional
applications at 0.28 kg ai/ha (0.25 1b ai/A) on May 29 and
June 13.

These results show that Drive (quinclorac) will cause vary-
ing degrees of bermudagrass injury immediately following
treatment. During 1993, the turfgrass injury was less when
0.28 kg ai/ha (0.25 1b ai/A) was applied in each of two ap-
plications at a 2-week interval than when applied once at >
0.56 kg ai/ha (= 0.5 1b ai/A). All Drive (quinclorac) treat-
ments injured common bermudagrass > 30% in 1994. How-
ever, the maximum injury from repeated application was
less when either 0.28 or 0.43 kg ai/ha (0.25 or 0.38 1b ai/A)
was applied as an initial treatment in early May and fol-
lowed by 0.28 kg ai/ha (0.25 b ai/A) at a 2-week interval
(17 to 22%) than when the repeat treatment was delayed
until late June (42 to 44%).

Large crabgrass control—1993. Drive (quinclorac) ap-
plied at > 0.56 kg ai/ha (= 0.5 1b ai/A) controlled large crab-
grass effectively (86%) throughout the growing season dur-
ing 1993 (Table 3). The control was similar from 0.43 kg ai/
ha (0.38 Ib ai/A) through mid-July, but declined to an unac-
ceptable level (67%) by late August. A single application at
0.28 kg ai/ha (0.25 Ib ai/A) did not control large crabgrass
at any time during the spring or summer (< 41%).

When Drive (quinclorac) was applied at 0.28 kg ai/ha
(0.25 1b ai/A) in each of two applications on May 5 and May
17, large crabgrass was controlled 85% when final ratings
were made on August 23, 1993 (Table 3). No difference was
found in control when the herbicide was applied at 0.28 kg
ai/ha (0.25 Ib ai/A) in each of two applications or at 0.56 kg
ai/ha (0.5 1b ai/A) in a single application (86%). Large crab-
grass control during 1993 was similar when the second 0.28
kg ai/ha (0.25 1b ai/A) application of Drive (quinclorac) was
made at a 2, 4, or 6-week interval.

Large crabgrass control—1994. Drive (quinclorac) did
not control large crabgrass as effectively during 1994 (Table
4) as during 1993 (Table 3). In 1994, large crabgrass con-
trol from a single application of the herbicide was 86% with
0.28 kg ai/ha (0.25 1b ai/A) at 7 weeks (June 21), 72% with
either 0.43 or 0.56 kg ai/ha (0.38 or 0.5 1b ai/A) at 8 weeks
(June 28), and 88% with 0.84 kg ai/ha (0.75 Ib ai/A) at 10
weeks (July 11). Large crabgrass control was unacceptable
(< 70%) from any of the single treatments after these dates.
Drive (quinclorac) applied at 0.28 kg ai/ha (0.25 1b ai/A) on
May 2 and followed by the same rate on May 29 and June 13
controlled large crabgrass higher (96%) by late August than
when the herbicide was applied once in May at 0.84 kg ai/
ha (0.75 Ib ai/A) (69%). Large crabgrass control was poor
(< 70%) by late August when Drive (quinclorac) was ap-

Table2. Effect of dates and frequency of Drive (quinclorac) treatments on injury of common bermudagrass, Griffin, GA. 1994.

Treatments
Rates Turfgrass injury?
Date
kg ai/ha Ib ai/A applied May 12 May 30 June 6 June21  June 28
%

Untreated — —_ 0 0 0 0 0
0.84 0.75 May 2 32 15 11 17 10
0.56 0.50 May 2 30 20 18 18 18
0.43 0.38 May 2 33 19 20 18 16
0.28 0.25 May 2 31 16 18 18 14
0.28 +0.28 0.25+0.25 May 2 + May 15 35 17y 6 14 12
0.28 + 0.28 + 0.28 0.25+0.25 +0.25 May 2 + May 29 + June 13 35 25 22y 407 30
0.28 + 0.28 0.25 +0.25 May 2 + June 22 31 23 20 14 44y
0.43 +0.28 0.38 +0.25 May 2 + May 15 29 22 9 15 16
0.43 +0.28 + 0.28 0.38 +0.25 +0.25 May 2 + May 29 + June 13 31 15 21y 41v 34
0.43 +0.28 0.38 +0.25 May 2 + June 22 36 27 26 18 42y
0.43 +0.43 0.38 +0.38 May 2 + May 15 36 30 14 27 20
0.43 +0.43 +0.43 0.38 +0.38 + 0.38 May 2 + May 29 + June 13 33 22 28 43~ 26
0.43 +0.43 0.38 + 0.38 May 2 + June 22 36 24 22 21 47

LSD @ 0.05 12 14 13 15 16

“Turfgrass injury ratings were based on 0 to 100 where 0 = no injury, 1-15 = minor leaf discoloration, 16-30 = moderate leaf discoloration with some plant necrosis,
> 30 = moderate to severe leaf discoloration and plant necrosis, and 100 = complete kill.

YIndicates injury from a second herbicide application.

*Indicates injury from a third herbicide application.
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Table3. Effect of dates and frequency of Drive (quinclorac) treatments on large crabgrass control in common bermudagrass. Griffin, GA. 1993.

Treatments
Rates Large crabgrass control*
Date
kg ai/ha 1b ai/A applied June 14 June 28 July 15 Aug23
%
Untreated — — 0 0 0 0
0.84 0.75 May 5 99 99 97 92
0.56 0.50 May 5 98 99 81 86
043 0.38 May 5 96 97 83 67
0.28 0.25 May 5 41 33 20 13
0.28 +0.28 0.25 +0.25 May 5 + May 17 98 98 96 85
May 5 + June 2 99 99 93 79
May 5 + June 17 66 98 98 88
043 +0.28 0.38 +0.25 May 5 + May 17 99 100 99 96
May 5 + June 2 96 97 94 77
May 5 + June 17 97 100 98 96
0.43 +0.43 0.38 +0.38 May 5 + May 17 98 100 100 96
May 5 + June 2 99 100 99 97
May 5 + June 17 93 100 98 99
LSD @ 0.05 8 7 8 13

“Large crabgrass control ratings were based on 0 to 100 where 0 = no control and 100 = complete control.

plied in one or two applications. An exception occurred when
0.43 kg ai/ha (0.38 1b ai/A) was applied twice (May 2 and
May 15). The poorer large crabgrass control from Drive
(quinclorac) during 1994 (Table 4) than during 1993 (Table
3) was probably related to excessive rainfall. Total rainfall
during June and July 1994 was 73.1 cm (28.8 in), with 34.7
cm (13.7 in) occurring over a 2-day period on July 5 and 6.

These results indicate that Drive (quinclorac) will con-
trol large crabgrass in common bermudagrass turf. During
1993, the control was effective for 16 weeks (85%) when

the herbicide was applied initially at 0.28 kg ai/ha (0.25 1b
ai/A) on May 5, and repeated at the same rate on May 17.
Common bermudagrass treated with the sequential Drive
(quinclorac) treatments had minor leaf discoloration symp-
toms for one week after the initial application (12% injury),
and moderate leaf discoloration with some plant necrosis
symptoms for one week after the second application (27%
injury). The injury was temporary, and the turfgrass fully
recovered within one week after each application. When the
0.28 kg ai/ha (0.25 Ib ai/A) was applied in each of two ap-

Table4. Effect of dates and frequency of Drive (quinclorac) treatments on large crabgrass control in common bermudagrass. Griffin, GA. 1994.

Treatments
Rates Large crabgrass control*
Date
kgai/ha 1b ai/A applied June 21 June 28 July 11 Aug29
%

Untreated — — 0 0 0 0
0.84 0.75 May 2 95 92 88 69
0.56 0.50 May 2 89 72 67 38
0.43 0.38 May 2 83 72 60 39
0.28 0.25 May 2 86 61 46 41
0.28 +0.28 025 +0.25 May 2 + May 15 98 95 70 51
0.28 + 0.28 + 0.28 0.25 +0.25 + 0.25 May 2 + May 29 + June 13 100 100 100 96
0.28 + 0.28 0.25+0.25 May 2 + June 22 85 97 79 40
0.43 +0.28 0.38 +0.25 May 2 + May 15 98 97 93 65
0.43 +0.28 + 0.28 0.38 +0.25 + 0.25 May 2 + May 29 + June 13 100 100 100 99
0.43 +0.28 0.38 +0.25 May 2 + June 22 83 98 91 57
043 +043 0.38 +0.38 May 2 + May 15 98 100 96 79
0.43 +0.43 +0.43 0.38 +0.38 + 0.38 May 2 + May 29 + June 13 100 100 100 99
043 +043 0.38 +0.38 May 2 + June 22 85 91 91 61

LSD @ 0.05 11 11 12 18

*Large crabgrass control ratings were based on 0 to 100 where 0 = no control and 100 = complete control.
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plications in 1994, large crabgrass control was excellent for
8 weeks (95%), but declined rapidly thereafter (70% by 10
weeks; 51% by 17 weeks) from heavy rainfall during June
and July. Drive (quinclorac) applied at 0.28 kg ai/ha (0.25
1b ai/A) on May 2 and repeated at the same rate on May 29
and June 13 controlled large crabgrass effectively (96%) for
17 weeks. However, these treatments caused moderate to
severe leaf discoloration during May (25 to 35%) and June
(22 to 40%). Common bermudagrass required approximately
four weeks to recover fully from the sequential treatments.
Therefore, multiple applications of Drive (quinclorac) im-
proved large crabgrass control in 1 of 2 years, but generally
injured the bermudagrass. When bermudagrass injury oc-
curred from the herbicide treatment, the turf fully recovered
within 2 to 4 weeks after each application with no stand
loss.
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