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Abstract

In the fall of 1999 an experiment was conducted to measure the effect of CGA-
362622, halosulfuron (Permit), glyphosate (Roundup Ultra) and Pyrithiobac
(Staple) on purple nutsedge.  Five rates of Permit (0.25, 0.375, 0.495, 0.75 and
1.0 oz a.i./A), three rates of CGA-362622 (3.035, 4.047, and 6.07 g a.i./A), and
a single rate each of Roundup Ultra (0.75 lb a.e./A), Staple (1.5 oz a.i./A), Staple
+ Bueno 6 (2 lb a.i./A), and Staple + Fusilade (0.25 lb a.i./A) were applied either
once or twice to field populations of purple nutsedge.  Efficacy of each treatment
was measured in three ways: phytotoxicity (stunting, chlorosis and/or necrosis)
ratings were assigned to each plot (0 being no injury and 10 indicating death), the
number of green leaves were counted on 3 large ($8 leaves) and 3 small (#4
leaves) plants per plot at various times after treatment, and the amount of
regrowth after the herbicide treatments was assessed.  All of the herbicide
treatments caused stunting, induced chlorosis and necrosis, and were fairly
effective in controlling nutsedge plants treated at or before the 4-leaf growth
stage.  Only Permit and CGA-362622 effectively controlled plants treated at the
8-leaf growth stage after one application.  The other four herbicides required two
applications to obtain effective control.  For the regrowth parameter parameters,
Permit, CGA-362622 and Roundup Ultra effectively controlled regrowth, but the
Staple, Staple + Bueno 6 and the Staple + Fusilade treatments did not control
regrowth.  Two applications of Permit at the .495 oz a.i./A or greater rates,
Roundup Ultra (0.75 lb a.e./A) and 1 or 2 applications of the 6.070 g a.i./A rate
of CGA-362622 controlled nutsedge with respect to all measured regrowth
parameters and may be the best choices for controlling purple nutsedge.

Introduction

Purple (Cyperus rotundus) and yellow (Cyperus esculentus) nutsedge competition with cotton reduces yield (Moffet
and McCloskey; 1998; McCloskey et. al. 1996).  Unfortunately, these nutsedge species are also difficult to control in
cotton and many other crops.  When purple nutsedge competes with crops in the field, herbicide applications need to
occur at the most favorable time and at an optimum rate in order to control nutsedge growth and reduce its competitive
impact.  Previous studies found that determining optimum herbicide rates, how often they should be used, and which
herbicides are most effective was not straightforward.  Rao and Reddy (1999) found that application of Permit or
Roundup at the 4 to 5 leaf stage or the 8 to 10 leaf stage effectively controlled purple nutsedge grown in pots and
stopped regrowth.  Nishimoto et. al. (1997) found that initial control after a Permit application of was good, but
declined after a few weeks.  A second application of Permit effectively controlled purple nutsedge regrowth but after



a few weeks, the emergence of a second flush of shoots again caused a decline in the level of control.  In this
experiment, we applied 6 different herbicides, some at various rates, one or 2 times and measured the response of a
purple nutsedge population.

Materials and Methods

The study was conducted at the Campus Agricultural Center (CAC) in Tucson, Arizona during the fall of 1999.  The
experimental plots were 12 ft wide by 25 ft long and were arranged used a randomized complete block design with 4
blocks.  The purple nutsedge present in the field was a native population.  There were 21 different treatments in the
study.  Five rates of Permit  (halosulfuron) and three rates of CGA-362622 were all sprayed once, on August 31, 1999.
Four rates of Permit, three rates of CGA-362622, one rate of Roundup Ultra (glyphosate), Staple (pyrithiobac), Staple
+ Bueno 6 (MSMA), and Staple + Fusilade (fluazifop-P) were applied twice, on August 31 and September 28, 1999
(see data tables for rates).  The herbicides were applied using a CO  pressurized backpack sprayer and a 6 nozzle boom2

equipped with Teejet XR8003VS flat fan nozzles.  The broadcast herbicide applications were made at a pressure of 20
psi using a spray volume of 16.7 gal/A and an application speed of 3 mph.  The appropriate adjuvants, non-ionic
surfactant (X-77) or ammonium sulfate were used as indicated in the data tables.

Throughout the experiment there were two general measures of the effectiveness of the herbicide treatments.  First,
entire plots were rated for stunting, chlorosis and necrosis of the plants.  The rating scale was 0 to10, where 0 to 5
indicated stunted plants (4 to 5 severe stunting), and 6 to 10 indicated chlorosis and necrosis (6 to 7 was chlorosis and
9 to 10 was necrosis).  Efficacy of the treatments was also measured by observing how the number of green leaves
changed in individual plants within each plot.  Six plants were flagged in each plot; three had 4 leaves or less and were
considered small plants, and the other three had 8 or more leaves and were considered large plants.  Only green leaves
were included in the counts, although partially green leaves were included as a fraction of a leaf.  The number of leaves
per small or large plant was averaged within each plot (i.e. sub-samples were averaged).  After the second set of
herbicide applications, an additional parameter was used to evaluate herbicide treatments.  We measured the amount
of regrowth that occurred around the flagged plants in each plot.  Regrowth was determined as the number of new
shoots emerging within a 1.5 inch radius of the flagged plants.  Plots 214, 215 and 216 were not flagged by error and
so no leaf number or regrowth data was collected for these plots. The field was well watered during the experiment.
The data were analyzed using analysis of variance and mean separation according to Tukey’s HSD at P=0.05.

Results and Discussion

The effect of the different herbicides on purple nutsedge was measured by looking at chlorosis and necrosis on a whole
plot basis, by counting the number of green leaves per large or small flagged plants, and by assessing the amount of
regrowth within a 1.5 inch radius of the flagged plants. All of the herbicide treatments resulted in significant chlorosis
and necrosis of purple nutsedge plants during the first few weeks of the experiment compared to the untreated control
(Table 1).  The nutsedge control obtained with Permit and CGA-362622 at 1.0 oz a.i./A and 6 g a.i./A, respectively,
were not significantly different from each other after one application (Table 1).  Staple, Staple + Bueno 6, Staple +
Fusilade and the Roundup Ultra treatments were not significantly different from each other after one application and
as a group caused significantly less nutsedge injury than Permit and CGA-362622 (Table 1).  Purple nutsedge control
increased in those treatments that received a second herbicide application and was greater in the Permit, CGA-362622
and Roundup Ultra treatments compared to the Staple treatments but not all of the differences were significant
(Table1).  A second Permit application increased nutsedge control significantly compared to a single 1 oz a.i./A rate
but there was no significant difference between treatments receiving either one or two CGA-362622 applications.
Shoot emergence in the spring was monitored to assess the long term suppression of purple nutsedge caused by the
treatments.  The effectiveness of the various treatments in suppressing purple nutsedge shoot emergence corresponded
to the degree of phytotoxicity observed in the fall (Table 1).  The Permit, CGA-362622 and Roundup Ultra treatments
suppressed shoot emergence much more than the Staple treatments and the untreated controls.  The fact that the degree
of shoot emergence suppression obtained with Roundup Ultra (which has no soil residual activity) was similar to the
suppression observed with Permit or CGA-362622 suggests that soil residual activity of the latter two herbicides was



not important in nutsedge suppression.  It appears that two applications of the highest rate of either Permit (1.0 oz
a.i./A) or CGA-362622 (6 g a.i./A) were the most effective in inducing chlorosis and necrosis in purple nutsedge but
spraying any of these herbicide treatments was better than not applying a herbicide.  This experiment was conducted
in the fall and the improvement in control following a second application of Permit or CGA-362622 might have been
greater and of longer duration if the experiment had been conducted in the spring.

The second measure of herbicide effectiveness used was the number of green leaves per small or large purple nutsedge
plants.  Plants that had 4 or fewer leaves at the time of the first herbicide applications were considered small plants.
All of the high rate herbicide treatments significantly decreasing small plant green leaf number compared to the
untreated control (Table 2).  By mid-October, small plants in almost all of the Permit or CGA-362622 treatments had
less than 0.5 green leaves left regardless of whether there were one or two applications of the herbicide.  The Roundup
Ultra treatment and the treatments containing Staple received two herbicide applications and were also effective in
suppressing the growth of small purple nutsedge plants.  These data imply that a fall application of the herbicides
included in this study should be made at or before the 4 leaf stage to effectively control the above ground population
of purple nutsedge plants.

Plants with 8 or more leaves at the time of the first herbicide applications were considered large plants.  About two
weeks after the first set of herbicide applications (September 16), the only  treatments that were significantly different
than the untreated control were the high rates of Permit and CGA-362622 (Table 3).  On October 11 (about two weeks
after the second set of herbicide applications) and on November 2 (about a month following the second set of herbicide
applications), all of the treatments similarly reduced the number of green leaves except for the Staple alone and the
Staple+Fusilade tank mix treatments which never fell into the same statistical grouping as the high rates of Permit and
CGA-362622.  Permit and CGA-362622 seemed to control large plants effectively regardless of the number of
applications.  In contrast, by comparing the September 30 and November 2 data, it appears that 2 applications of the
Staple, Staple + Bueno 6, Staple + Fusilade and Roundup Ultra herbicides were needed to control large nutsedge plants.
Before the second set of applications, none of these treatments visibly reduced the number of green leaves.  Between
September 16 and 30, the number of leaves on the large plants in these treatments increased.  The decrease in leaf
number in the control between September 16 and November 2 may have been due to lower nighttime temperatures and
natural senescence of the plants at the end of the experimental period.  Despite this, it is still important to note that
all treatments, except the Staple and Staple + Fusilade, were significantly different than the control.

Another measure of the effectiveness of the herbicide treatments used in this study was the amount of regrowth around
the flagged large and small plants.  Regrowth was measured by counting all newly emerging shoots within a 1.5 inch
radius of the flagged plants (Table 4).  Two applications of Permit (1.0 oz a.i./A), CGA-362622 (6 g a.i/A) and
Roundup Ultra (0.75 lb a.e./A) seemed best able to control regrowth near both small and large plants; however, due
to the large amount of variation in the data, none of these treatments were significantly different from one another.
In contrast, the Staple, Staple + Bueno 6 and Staple + Fusilade treatments did not control regrowth effectively in either
large or small plants and were not significantly different from each other.  If the goal is not only to kill existing plants,
but also to control regrowth of purple nutsedge, it may be best to not use any of the Staple treatments.  The data suggest
that two applications of the high rate of CGA-362622 (6 g a.i./A) or Permit (1.0 oz a.i./A) were the best alternatives
for controlling regrowth around both large and small plants.

Since Permit and CGA-362622 were the most effective herbicides in inducing phytotoxicty and in controlling regrowth,
we also looked at how various rates of these two herbicides affected these parameters.  The data show that two
applications of Permit induced chlorosis and necrosis much more effectively than only one application of the herbicide,
although the treatments were not all significantly different from each other (Table 5).  One application of CGA-362622
was as effective as two applications in promoting chlorosis and necrosis (Table 5).  Comparing the data for all the rates
of Permit and CGA-362622, it appears that two applications of the 0.495, 0.75 or 1.0 oz a.i/A of Permit and one or
two applications of the 6.07 g a.i./A rate of CGA-362622 would most efficiently control regrowth (Table 6).

Considering all of the parameters evaluated we conclude that using at least two applications of the .495 oz a.i./A rate
or greater of Permit, two applications of Roundup Ultra at 0.75 lb a.e./A or 1 or 2 applications of the 6.070 g a.i./A
of CGA-36262s would be the most effective treatments for controlling purple nutsedge populations.  All three types



of herbicides caused chlorosis, necrosis and stunting in both large and small plants, although they appear to work more
quickly on small plants, and are able to adequately control regrowth in the field.
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Table 2.  Changes in individual small purple nutsedge plant leaf number in response to herbicide treatment.  Plants
had 3 to 4 leaves at the time of initial herbicide application on August 31,1999.  The second set of herbicide
applications were made on September 28, 1999.

No. of 
Appl.Herbicide Rate 9-14-99 9-30-99 10-11-99

Number of green leaves

untreated control - - 10 (0) ± 0.3 a 7.4 (0) ± 2.3 a 6.2 (0) ± 1 a1

Permit 1.0 oz a.i./A 1 2 (78) ± 1.0 bc 0.4 (93) ± 0.3 c 0.1 (98) ± 0.2 b
X-77 0.5% v/v

Permit 1.0 oz a.i./A 2 0.9 (89) ± 0.7 c - 0.1 (98) ± 0.2 b
X-77 0.5% v/v

CGA362622 6.07 g a.i./A 1 2.4 (73) ± 0.9 bc 1 (85) ± 0.8 bc 0.4 (92) ± 0.6 b
X-77 0.5% v/v

CGA362622 6.07 g a.i./A 2 2.1 (77) ± 1.2 bc - 0.3 ( 94) ± 0.5 b
X-77 0.5% v/v

Roundup Ultra 0.75 lb a.e./A 2 4.7 (48) ± 2.8 b 2.8 (57) ± 1.3 bc 1.5 (70) ± 1.2 b
AMS 17 lb/100 gal

Staple 1.5 oz a.i./A 2 3.1 (66) ± 0.6 bc 2.6 (63) ± 2.7 bc 0.9 (80) ± 0.7 b
X-77 0.5% v/v

Staple 1.5 oz a.i./A 2 2.8 (70) ± 0.6 bc 3.2 (56) ± 2.4 ab 0.7 (90) ± 0.9 b
Bueno 6 2 lb a.i./A

Staple 1.5 oz a.i./A 2 3.7 (60) ± 0.7 b 5.0 (31) ± 2.1 ab 1.1 (77) ± 0.6 b
Fusilade DX 0.25 lba.i./A
X-77 0.5% v/v

 Data are means ± standard deviations of four replications with three sub-samples per plot; means followed by the1

same letter in a column are not significantly different at P=0.05 according to Tukey’s HSD.  Values in parentheses
following the means are percent control values calculated based on the number of green leaves in the untreated control.



Table 4. Regrowth around small and large plants as indicated by the number of shoots emerging within a 1.5 inch
radius of flagged plants.

No. of
Appl.Herbicide Rate 10-11-99 10-11-99 11-2-99

Regrowth near Regrowth near large plants
small plants

untreated control - - 4.5 ± 1.9 a 1.8 ± 1 c 3.8 ± 1.9 bc1

Permit 1.0 oz a.i./A 1 0.3 ± 0.5 c 0.5 ± 1 c 1.5 ± 1.9 c
X-77 0.5% v/v

Permit 1.0 oz a.i./A 2 0 ± 0 c 0.3 ± 0.5 c 0 ± 0 c
X-77 0.5% v/v

CGA362622 6.07 g a.i./A 1 0 ± 0 c 1.3 ± 1 c 4 ± 3.2 bc
X-77 0.5% v/v

CGA362622 6.07 g a.i./A 2 0 ± 0 c 0.5 ± 1 c 0.2 ± 0.5 c
X-77 0.5% v/v

Roundup Ultra 0.75 lb a.e./A 2 0.8 ± 1.5 bc 2.8 ± 3.6 bc 1.2 ± 1.3 c
AMS 17 lb/100 gal

Staple 1.5 oz a.i./A 2 2.7 ± 1.5 abc 10.7 ± 4.7 a 9.5 ± 3.5 ab
X-77 0.5% v/v

Staple 1.5 oz a.i./A 2 3.3 ± 3 abc 7 ± 2.2 ab 12.8 ± 7 a
Bueno 6 2 lb a.i./A

Staple 1.5 oz a.i./A 2 4.0 ± 1.4 ab 10.5 ± 1.9 a 13.5 ± 3.7 a
Fusilade DX 0.25 lb a.i./A
X-77 0.5% v/v

 Data are means ± standard deviations of four replications with three sub-samples per plot; means followed by the1

same letter in a column are not significantly different at P=0.05 according to Tukey’s HSD.  



Table 5.  Phytotoxicity of various rates of Permit and CGA-362622 after one or two applications to purple nutsedge.
Injury ratings were a combination of stunting, chlorosis and necrosis and were on a 0 to 10 scale.  An injury rating of
0 indicated no injury, values of 4 to 5 indicated severe stunting (i.e., no growth since treatment), values of 6 to 7
indicated stunting and chlorosis, and values of 9 to10 indicated necrosis (i.e., no growth since treatment and tissue
death).  All Permit and CGA-362622 herbicide spray solutions included the non-ionic surfactant X-77 at 0.5% (v/v).

# of
Appl

Phytotoxicity Evaluation

Herbicide Rate 09-30-99 10-11-99 11-2-99

untreated control - - 0 ± 0 e 0 ± 0 g 1.8 ± 3.5 ef1

Permit 0.25 oz a.i./A 1 2.5 ± 1.3 cd 3.1 ± 1.3 efg 5.5 ± 0.9 cde

Permit 0.375 oz a.i./A 1 7.2 ± 1a 7.6 ± 1.4 abc 6.8 ± 1.3 a-d

Permit 0.495 oz a.i./A 1 7.0 ± 2.2 a 7 ± 3.4 a- d 5.2 ± 3.8 cde

Permit 0.75 oz a.i./A 1 6.3 ± 1 ab 7.2 ± 0.7 a-d 6.8 ± 1.4 a-d

Permit 1.0 oz a.i./A 1 7.6 ± 1.1 a 8.1 ± 0.6 ab 7.8 ± 2 a-d

Permit 0.375 oz a.i./A 2 7.1 ± 0.8 a-d 9 ± 0 abc

Permit 0.495 oz a.i./A 2 8.4 ± 1 ab 9.1 ± 0.7 abc

Permit 0.75 oz a.i./A 2 8.4 ± 1.2 ab 9.5 ± 0.5 ab

Permit 1.0 oz a.i./A 2 9.2 ± 0.5 a 9.8 ± 0.1 a

CGA-362622 3.035 g a.i./A 1 3.5 ± 1.3 bc 5.1 ± 1.3 b-f 5.6 ± 0.8 b-e

CGA-362622 4.047 g a.i./A 1 6.0 ± 2.9 ab 7 ± 2.2a-d 6.5 ± 1.8 a-d

CGA362622 6.07 g a.i./A 1 8.0 ± 1.1 a 8.2 ± 0.9ab 7.9 ± 0.8 a-d

CGA362622 3.035 g a.i./A 2 5.6 ± 2.1b-f 7.8 ± 0.5 a-d

CGA362622 4.047 g a.i./A 2 6.6 ± 0.5 a-e 8.8 ± 0.8 a-d

CGA362622 6.07 g a.i./A 2 8.2 ± 0.5ab 9.5 ± 0.4 ab

 Data are means ± standard deviations of four replications with three sub-samples per plot; means followed by the1

same letter in a column are not significantly different at P=0.05 according to Tukey’s HSD.



Table 6. Purple nutsedge regrowth as indicated by the number of new shoots emerging within a 1.5 inch radius of
individual small and large plants after one or two treatments with various rates of Permit and CGA-362622.  All Permit
and CGA-362622 herbicide spray solutions included the non-ionic surfactant X-77 at 0.5% (v/v).

No.
of

Appl

Regrowth near
small plants Regrowth near large plants

Herbicide Rate 10-11-99 10-11-99 11-2-99

untreated control - - 4.5 ± 1.9 a 1.8 ± 1 cd 3.8 ± 1.9 cde1

Permit 0.25 oz a.i./A 1 1.3 ± 2.5abc 9.3 ± 2.9 ab 10.5 ± 5.1 abc

Permit 0.375 oz a.i./A 1 0.3 ± 0.5 bc 2.8 ± 3.6 cd 4.8 ± 4.9 a-e

Permit 0.495 oz a.i./A 1 0.5 ± 0.6 bc 0 ± 0 d 1.5 ± 1.9 de

Permit 0.75 oz a.i./A 1 0.7 ± 1.2 abc 2.7 ± 2.1 cd 6.3 ± 1.5 a-e

Permit 1.0 oz a.i./A 1 0.3 ± 0.5 bc 0.5 ± 1 d 1.5 ± 1.9 de

Permit 0.375 oz a.i./A 2 0.8 ± 1 abc 1.8 ± 1.3 cd 1.5 ± 1.3 de

Permit 0.495 oz a.i./A 2 0 ± 0 c 1.3 ± 1.9 cd 0.5 ± 1 e

Permit 0.75 oz a.i./A 2 0 ± 0 c 0 ± 0 d 0 ± 0 e

Permit 1.0 oz a.i./A 2 0 ± 0 c 0.3 ± 0.5 d 0 ± 0 e

CGA-362622 3.035 g a.i./A 1 1.3 ± 1.5 abc 10 ± 2 a 12.7 ± 2.1 ab

CGA-362622 4.047 g a.i./A 1 1 ± 2 abc 6 ± 6.4 a-d 8.5 ± 7.2 a-e

CGA-362622 6.07 g a.i./A 1 0 ± 0 c 1.3 ± 1 cd 4 ± 3.2 b-e

CGA-362622 3.035 g a.i./A 2 1.3 ± 1.5 abc 6 ± 1.2 a-d 5.2 ± 1.5 a-e

CGA-362622 4.047 g a.i./A 2 1.3 ± 1.5 abc 2 ± 1.6 cd 1.3 ± 1.5 de

CGA-362622 6.07 g a.i./A 2 0 ± 0 c 0.5 ± 1 d 0.2 ± 0.5 e

 Data are means ± standard deviations; means followed by the same letter in a column are not 1

significantly different at P=0.05 according to Tukey’s HSD.



Table 1.  Leaf chlorosis and necrosis in purple nutsedge populations induced by herbicide treatments.  The initial herbicide applications were made on August 31
and the second set were made in selected treatments on September 28, 1999.

No. of Phytotoxicity evaluation Shoots/m1 2

Herbicide Rate Appl. 9-14-99 9-30-99 10-11-99 10-19-99 11-2-99 3-21-002 3

mean ± s.d. mean ± s.d. mean ± s.d. mean ± s.d. mean ± s.d. mean ± s.d. 

untreated control - - 0 ± 0 d 0 ± 0 b 0 ± 0 e 0 ± 0 f 1.8 ± 3.5 d 303 ± 45 a

Permit 1.0 oz a.i./A 1 8.0 ± 1.0 a 7.6 ± 1.1 a 8.1 ± 0.6 ab 7.9 ± 1.3 bc 7.8 ± 2.0 abc 9 ± 5 cd
X-77 0.5% v/v

Permit 1.0 oz a.i./A 2 7.4 ± 0.8 a - 9.2 ± 0.5 a 9.8 ± 0.1 a 9.8 ± 0.1 a 2 ± 3 d
X-77 0.5% v/v

CGA362622 6.07 g a.i./A 1 7.4 ± 0.5 a 8.0 ± 1.1 a 8.2 ± 0.9 a 7.5 ± 0.7 bcd 7.9 ± 0.8 abc 26 ± 22 bc
X-77 0.5% v/v

CGA362622 6.07 g a.i./A 2 7.1 ± 0.5 a - 8.2 ± 0.5 a 8.8 ± 0.6 ab 9.5 ± 0.4 ab 2 ± 2 d
X-77 0.5% v/v

Roundup Ultra 0.75 lb a.e./A 2 2.6 ± 0.2 b 1.0 ± 0.7 b 6.1 ± 1.3 bc 6.5 ± 0.7 bcd 8.4 ± 0.8 abc 6 ± 4 cd
AMS 17 lb/100 gal

Staple 1.5 oz a.i./A 2 2.0 ± 0.8 b 1.2 ± 0.5 b 2.7 ± 0.5 d 3.6 ± 1.9 e 5.0 ± 0.8 c 226 ± 151 a
X-77 0.5% v/v

Staple 1.5 oz a.i./A 2 3.1 ± 0.5 b 0.8 ± 0.3 b 4.0 ± 1.4 cd 5.6 ± 1.9 cde 6.1 ± 1.5 bc 136 ± 103 ab
Bueno 6 2 lb a.i./A

Staple 1.5 oz a.i./A 2 3.4 ± 0.5 b 1.4 ± 0.7 b 4.5 ± 1.2 cd 5.1 ± 0.8 de 6.4 ± 0.5 bc 130 ± 105 ab
Fusilade DX 0.25 lb a.i./A
X-77 0.5% v/v

 Data are means ± standard deviations; means followed by the same letter in a column are not significantly different at P=0.05 according to Tukey’s HSD.  Data1

values are injury ratings on a 0 to 10 scale with 0 indicating no injury and 10 indicating necrosis.   Evaluation was a combination of stunting, chlorosis and necrosis.
A value of 4 to 5 indicates severe stunting (no growth since treatment), 6 to 7 stunting and chlorosis, and 9-10 necrosis (i.e., no growth since treatment and tissue
death).
 Only one application had been made in the plots that ultimately received two applications.2

 The second applications in the treatments receiving two applications were made 2 days before evaluation.3



Table 3.  Changes in individual large purple nutsedge plant leaf number in response to herbicide treatment.  Plants had 8 or more leaves at the time of initial
herbicide application on August 31, 1999.  The second set of herbicide applications were made on September 28, 1999.

No. of Number of green leaves

Herbicide Rate Appl. 9-16-99 9-30-99 10-11-99 11-2-99

mean (%) ± s.d. mean (%) ± s.d. mean (%) ± s.d. mean (%) ± s.d.1

untreated control - - 11.8 (0) ± 1.3 a 9.6 (0) ± 2.6 abc 5.5 (0) ± 3.1 a 3 (0) ± 1.6 a

Permit 1.0 oz a.i./A 1 7.1 (38) ± 1.4 b 3.0 (63) ± 2.1 c 1 (78) ± 1 b 0.3 (88) ± 0.3 c
X-77 0.5% v/v

Permit 1.0 oz a.i./A 2 6.8 (40) ± 1.1 b - 0.7 (85) ± 0.6 b 0 (99) ± 0 c
X-77 0.5% v/v

CGA362622 6.07 g a.i./A 1 7.3 (36) ± 1.6 b 4.2 (50) ± 3.3 bc 2.5 (53) ± 1.9 b 0.7 (75) ± 1 c
X-77 0.5% v/v

CGA362622 6.07 g a.i/A 2 7.6 (34) ± 0.6 b - 2 (59) ± 0.5 b 0.3 (87) ± 0.4 c
X-77 0.5% v/v

Roundup Ultra 0.75 lb a.e./A 2 9.6 (17) ± 1.2 ab 11.2 (0) ± 2.7 ab 0.7 (86) ± 0.4 b 0.7 (72) ± 0.9 c
AMS 17 lb/100 gal

Staple 1.5 oz a.i./A 2 12.7 (0) ± 0.8 a 15.4 (0) ± 3.5 a 3.6 (36) ± 2.2 ab 2.7 (0) ± 1.5 ab
X-77 0.5% v/v

Staple 1.5 oz a.i./A 2 10.9 (6) ± 1 a 11.9 (0) ± 3.7 ab 1.1 (74) ± 1 b 0.2 (88) ± 0.5 c
Bueno 6 2 lb a.i./A

Staple 1.5 oz a.i./A 2 9.9 (15) ± 2 ab 12.8 (0) ± 5.2 a 3.2 (30) ± 2.6 ab 1.5 (33) ± 1.8 bc
Fusilade DX 0.25 lb a.i./A
X-77 0.5% v/v

 Data are means ± standard deviations; means followed by the same letter in a column are not significantly different at P=0.05 according to Tukey’s HSD.  Green2

leaf number was an average of 3 plants per plot and all plots of the same treatment were averaged together.  Values in parentheses following the means are percent
control values calculated based on the number of green leaves in the untreated control.


