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Abstract

Nicosulfuron, quinclorac, triflusulfuron, MKH-3586, pyraflufen, and tribenuron
applied PREE appeared to be safe on the lettuce crops while demonstrating
variable activity against weeds. Head lettuce and romaine were not as tolerant to
POST herbicides compared to PREE herbicides.  Sulfosulfuron, MKH-3586,
rimsulfuron, ethametsulfuron and pyraflufen applied POST caused various degrees
of injury on the lettuces that were less injurious than other treatments.
Thifensulfuron, nicosulfuron, and quinclorac applied PREE or POST showed
acceptable broccoli tolerance.  Ethametsulfuron exhibited adequate safety when
applied POST on broccoli.  Thifensulfuron, nicosulfuron, and quinclorac applied
PREE also showed spinach tolerance.  Similar to head lettuce and romaine spinach
was not as tolerant to POST herbicides compared to PREE herbicides.

Introduction

New herbicides have not been developed or introduced for vegetable crops such as lettuce or cole crops for many years.
Major manufacturers generally do not put efforts into developing herbicides for smaller acreage and high value crops
because of higher risks associated with potential crop injury.  In 1999, field tests in lettuce, broccoli, and melons were
initiated to evaluate herbicides that were recently introduced for use in major crops such as corn, soybeans, small grains,
or cotton.  About eighteen products were evaluated when sprayed preemergence (PREE) or postemergence (POST) on
vegetable crops.  Results offered some marginally safe herbicides that proceeded into secondary evaluations.  One
herbicide is still being further investigated to determine if crop injury is acceptable.  

Additional products have been introduced since 1999 and these new screening experiments include sixteen to seventeen
herbicides to evaluate tolerance in head lettuce, romaine, broccoli, and spinach.  Many of the products are in the
sulfonylurea class of chemistry as well as other classes that are effective as fast-acting herbicides.  These experiments
are part of a project being conducted in collaboration with the University of California.  Any successful leads would
be further evaluated in coastal California and then proceed to further investigations in the desert during the next year.
Utilizing the desert and coastal growing regions offers multiple cropping seasons and a more rapid screening process
for seeking new vegetable herbicides.

Materials and Methods

Two small plot field tests were conducted at the University of Arizona, Maricopa Agricultural Center, Maricopa, AZ.
Each treatment replicate consisted of two conventional 40-inch raised beds with one bed planted to one seedline of head
lettuce cv. Cibola and another seedline of romaine lettuce cv. Coastal Star spaced 12 inches apart.  The second bed was
planted to one seedline of spinach cv. Bejo 2521 and the other seedline planted to broccoli cv. Laguna.  Crops were
planted on 24 October 2002.  The crops were furrow irrigated during the season.  Herbicide treatments were applied
as a single replicate on two beds with the four crops measuring 180 ft in length.  On 25 October, preemergence (PREE)
herbicide treatments were applied on the dry soil surface.  Herbicides were applied using a hand-held boom equipped
with four flat fan 8002 nozzle tips spaced 20 inches apart.  The treatments were sprayed using a CO2 backpack sprayer
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set up to deliver a constant dilution of the spray solution from a 0.5 L plastic bottle supplied with 2L of water.  The
sprays were applied in 24 gpa water pressurized to 30 psi.  At the time of PREE applications, the weather was partly
cloudy with air temperature at 80EF and an occasional breeze at less than 3 mph.  The soil was dry and 77EF.  The field
was irrigated soon after herbicide applications on the same day and the beds were wetted completely across to activate
the herbicides and germinate the crops.  Postemergence (POST) herbicide applications were made on 20 November with
the same equipment and delivery system.  The lettuces were at the 4-leaf stage of growth, broccoli was at the 2-leaf
stage, spinach was at the very early 3-leaf stage. Very few weeds included barnyardgrass (Echinochloa crus-galli),
purslane (Portulaca oleracea), lambsquarters (Chenopodium album), and sowthistle (Sonchus oleraceus), all at the 2-
leaf stage of growth.  The air temperature was 72EF, clear, and there was an occasional slight breeze during applications.
Crop safety and weed control were evaluated visually at 3 and 8 weeks after treatment (WAT) for the PREE treatments
and at 15 and 30 days after treatment DAT for the POST treatments.  Acceptable weed control was measured as better
than 80% control and acceptable crop safety was measured as less than 30% injury.  The rate of the herbicide
demonstrating crop safety and effective weed control was calculated by measuring the distance between the application
of the starting rate and the observed effective rate.

Results and Discussion

Head lettuce and romaine seeding was not complete and some skips occurred in some plots.  Data was not available and
could not be calculated for a few of the herbicide treatments.  Weeds occurred very sporadically throughout both test
areas and the control rate that was calculated represents the best estimate.  The starting rates for flumioxazin,
thifensulfuron, and ethametsulfuron in the PREE test were higher than in the POST test.  Prosulfuron was not included
in the PREE test.

PREE test.  At 3 WAT, nicosulfuron and quinclorac demonstrated reasonable safety on head lettuce while giving weed
control (Table 1).  At 8 WAT, nicosulfuron at 0.031 lb AI/A continued to show head lettuce tolerance.  Quinclorac at
0.09 lb AI/A had slightly improved lettuce tolerance as the season progressed.  Triflusulfuron and MKH-3586 also had
improved lettuce tolerance at the later date compared to the earlier evaluation.  Mesotrione, flumioxazin, thifensulfuron,
bensulfuron, ethametsulfuron, rimsulfuron, trifloxysulfuron, and tribenuron were not safe on head lettuce at the lowest
rate when applied PREE.  Pyraflufen was not active PREE and did not injure any of the crops.

On romaine, triflusulfuron and tribenuron showed very marginal safety relative to the rate to control weeds.  Mesotrione,
flumioxazin, sulfosulfuron, thifensulfuron, and ethametsulfuron, trifloxysulfuron were not safe on romaine at the lowest
rate when applied PREE.

Broccoli exhibited tolerance to the most herbicides at the early rating date but the crop safety declined at the later date
for many of the herbicides.  Thifensulfuron 0.025 lb AI/A, nicosulfuron at 0.013 lb AI/A, and quinclorac at 0.19 lb AI/A
showed weed control with a margin of safety on the broccoli.  Mesotrione, sulfosulfuron, triflusulfuron, trifloxysulfuron,
ethametsulfuron, tribenuron, and florasulam showed early broccoli tolerance without giving adequate weed control.
Only mesotrione and triflusulfuron continued to show safety on broccoli at the later rating date.  Bensulfuron and
flumioxazin were not safe on broccoli at the lowest rate when applied PREE.

Thifensulfuron 0.025 lb AI/A, nicosulfuron at 0.011AI/A, quinclorac at 0.19 lb AI/A, and tribenuron at 0.016 lb AI/A
showed weed control with a margin of safety on the spinach at the early rating date.  Herbicides that exhibited some
tolerance by spinach without adequate weed control were mesotrione, rimsulfuron, triflusulfuron, MKH-3586, and
florasulam.  Flumioxazin, sulfosulfuron, and ethametsulfuron were not safe on spinach at the lowest rate when applied
PREE.  

POST test.  For head lettuce, most of the herbicides caused crop stunting at the early rating date at 15 DAT and none
offered adequate weed control (Table 2).  At 30 DAT, rimsulfuron, ethametsulfuron, and pyraflufen at the lowest rates
that were applied continued to exhibit stunting or leaf spotting injury.  Mesotrione, flumioxazin, sulfosulfuron,
thifensulfuron, trifloxysulfuron, florasulam, and prosulfuron were not safe on head lettuce at the lowest rate when
applied POST.



The herbicide performance on romaine was similar to head lettuce where many herbicides caused initial stunting and
the margin of safety was not adequate.  Sulfosulfuron, MKH-3586, and pyraflufen were slightly safer on romaine at
rates higher than the effective weed control rates but each showed injury symptoms.  Mesotrione, flumioxazin,
bensulfuron, trifloxysulfuron, tribenuron, florasulam, and prosulfuron were not safe on romaine at the lowest rate when
applied POST.

On broccoli, mesotrione at 0.037 to 0.042 lb AI/A, nicosulfuron at 0.006 lb AI/A, and ethametsulfuron at 0.011 lb AI/A
were very narrowly safe at 30 DAT while giving early weed control.  Sulfosulfuron, thifensulfuron, rimsulfuron,
triflusulfuron, and quinclorac caused stunting of broccoli.  Flumioxazin at 0.02 lb AI/A appeared to be safe on broccoli
but stem girdling at the soil line was evident.  Tribenuron, prosulfuron, and florasulam were not safe on broccoli at the
lowest rate when applied POST.

The margin of safety and effective weed control was not separated for any POST herbicide on spinach.  POST herbicide
effects on spinach were similar to head lettuce and romaine where stunting occurred.  Nicosulfuron at 0.007 to 0.008
lb AI/A was marginally safe on spinach while controlling weeds.  Thifensulfuron, rimsulfuron, triflusulfuron,
ethametsulfuron, and quinclorac, stunted the spinach.  Mesotrione, flumioxazin, sulfosulfuron, bensulfuron,
trifloxysulfuron, tribenuron, florasulam, and prosulfuron were  not safe on spinach at the lowest rate when applied
POST.

Summary. Crop safety for head lettuce and romaine was better with PREE herbicides than POST herbicides.
Nicosulfuron, quinclorac, triflusulfuron, MKH-3586, and tribenuron applied PREE appeared to be safe on the lettuce
crops while demonstrating variable activity against weeds.  Sulfosulfuron, MKH-3586, rimsulfuron, ethametsulfuron
and pyraflufen applied POST caused various degrees of injury on the lettuces that were more tolerable than other
treatments.  
On broccoli, thifensulfuron, nicosulfuron, and quinclorac applied PREE or POST could be confirmed for safety and
efficacy in further testing.  Ethametsulfuron at 0.011 lb AI/A POST, may be more selective in cole crops since it is
labeled for use on canola, a close relative.  

Spinach showed PREE herbicides to be safer than POST.  Thifensulfuron, nicosulfuron, quinclorac, and tribenuron
performed similarly on spinach as they exhibited lettuce tolerance and with some weed control.  

Further testing is warranted on products on more cultivars of head lettuce, romaine, cole crops, and spinach to determine
crop tolerance and weed control efficacy on a broader range of weeds.  The leads generated in these experiments offer
a starting point for secondary and advanced testing in the future.  
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Table 1.  Preemergence herbicide screen study

Treatment Start Rate
(lb AI/A)

Safe Rate Control
Rate

Head Romaine Broccoli Spinach Weeds 

3 WAT 8 WAT 3 WAT 8 WAT 3 WAT 8 WAT 3 WAT 8 WAT 3 WAT

mesotrione 0.25 <0.027 <0.027 <0.027 <0.027 0.067 0.065 0.049 0.048 0.13

flumioxazin 0.53 <0.056 <0.057 <0.056 <0.057 <0.056 <0.057 <0.056 <0.057 <0.056

sulfosulfuron 0.1 0.02 0.02 <0.011 <0.011 0.026 0.025 0.011 <0.011 0.06

thifensulfuron 0.04 <0.004 <0.004 <0.004 <0.004 0.025 0.025 0.025 0.025 0.016

bensulfuron 0.063 <0.006 <0.007 0.006 0.01 <0.006 <0.007 0.015 0.012 0.011

nicosulfuron 0.031 0.014 0.031 - - 0.013 0.013 0.011 0.013 0.003

rimsulfuron 0.031 <0.003 <0.003 0.005 0.004 0.005 0.006 0.006 0.007 0.031

triflusulfuron 0.031 0.006 0.007 0.017 0.008 0.005 0.011 0.005 0.008 0.031

trifloxysulfuron 0.04 <0.004 0.005 <0.004 <0.004 0.006 0.006 0.006 0.005 0.04

ethametsulfuron 0.45 <0.05 <0.05 <0.05 <0.05 0.065 0.065 <0.05 <0.05 0.45

tribenuron 0.016 <0.002 <0.002 0.016 0.016 0.013 0.016 0.016 0.016 0.012

quinclorac 0.25 0.065 0.09 - - 0.19 0.25 0.25 0.25 0.06

MKH-3586 0.5 0.125 0.13 0.125 0.13 0.315 0.28 0.44 0.28 0.5

pyraflufen 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043

florasulam 0.05 0.009 0.01 0.015 0.015 0.03 0.034 0.045 0.05 0.05

Sprayed on 25 October 2002



Table 2.  Postemergence herbicide screen study

Treatment Rate 
(lb AI/A)

Safe Rate Control
Rate

Head Romaine Broccoli Spinach Weed

15 DAT 30 DAT 15 DAT 30 DAT 15 DAT 30 DAT 15 DAT 30 DAT 15 DAT

mesotrione 0.25 <0.027 <0.027 <0.027 <0.027 0.037 0.042 <0.027 <0.027 0.034

flumioxazin 0.094 <0.01 <0.01 0.01 <0.01 0.02 0.02 0.01 <0.01 <0.01

sulfosulfuron 0.1 0.011 <0.01 0.013 0.013 0.012 0.01 0.018 <0.01 0.012

thifensulfuron 0.004 <0.0004 0.0006 0.0008 0.0008 0.0008 0.0007 0.0005 0.0005 0.0013

bensulfuron 0.063 - - 0.007 <0.007 0.008 <0.011 0.015 <0.007 0.029

nicosulfuron 0.031 0.004 <0.003 - - 0.005 0.006 0.007 0.008 0.005

rimsulfuron 0.031 <0.003 <0.003 <0.003 <0.003 0.005 <0.003 <0.003 <0.003 0.007

triflusulfuron 0.031 <0.003 <0.003 <0.003 <0.003 0.005 0.008 0.005 0.007 0.009

trifloxysulfuron 0.04 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 0.005

ethametsulfuron 0.028 0.004 <0.003 0.004 <0.003 0.005 0.011 0.003 <0.003 0.009

tribenuron 0.016 - - <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.002

quinclorac 0.25 0.04 0.04 - - 0.06 0.125 0.05 0.085 0.17

MKH-3586 0.5 0.20 0.092 0.17 0.092 0.079 0.095 0.19 <0.05 0.08

pyraflufen 0.043 0.013 <0.005 0.013 0.01 0.005 0.011 0.006 0.01 0.005

florasulam 0.05 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.011

prosulfuron 0.02 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 -

Sprayed on 20 November 2002


