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Abstract

The 4lb/gal (4F) formulation of oxyfluorfen was significantly safer than the 2 lb/gal
(2XL) formulation on broccoli when applied at the 2 or 3-leaf stages of growth.
At 6 days after treatment of the first application at the cotyledon stage of the
broccoli, significant injury to the broccoli ranged from 30 to 66% for all
oxyfluorfen treatments.  Crop stand reduction did not occur with either
formulation. The 4F formulation at 0.25 lb AI/A gave nearly the same weed control
as the 2XL formulation at 0.063 lb AI/A.  The 4F formulation applied at the
broccoli cotyledon stage of growth provided longer effective weed control for more
than 3 weeks after applications.  Later applications gave effective weed control for
a period of time between 1 to 2 weeks. 

Introduction

Oxyfluorfen is currently formulated as a 2 lb/gal emulsifiable concentrate (2XL) and is labeled for soil applications.
Direct applications to the foliage are phytotoxic and depending on the crop species or cultivars, sensitivity varies and
the degree of recovery may be rapid or very slow if at all.  A new formulation is being developed that will safen
oxyfluorfen when applied on the foliage of crops and still provide weed control efficacy.  The new formulation contains
4 lb/gal of the active ingredient (4F).  This field experiment compares the weed control efficacy and the crop safety of
oxyfluorfen 4F with the 2 XL formulation.

Materials and Methods

A small plot field experiment was conducted in a commercial broccoli field in the Harquahala Valley, AZ.  Broccoli
was direct-seeded in two seedlines and grown on 40-in raised beds with furrow irrigation.  The treatment plot size was
two beds wide and measured 20 ft long with each treatment replicated four times.  All postemergence (POST) herbicide
applications were made with a backpack CO2 sprayer equipped with a hand-held boom consisting of four nozzles spaced
20-in apart.  The sprays were applied in 20 gpa water pressurized to 30 psi.  No adjuvants were added to the sprays.
The first application timing at the cotyledon stage of the broccoli was made on 27 September 2002.  At the time of
applications, the air temperature was 88EF, sky was slightly overcast, and there was a slight breeze at less than 5 mph.
The soil surface was dry with the following weeds and sizes present: puncturevine at the 2 to 3 true leaf stage; common
purslane with one true leaf; cheeseweed at the cotyledon to 1 true leaf stage; pigweed at the cotyledon to 2 leaf stage;
and volunteer cantaloupe with the first true leaf emerging.  The second application was made on 03 October when the
broccoli was at the 2-leaf stage of growth.  The temperature was 60EF, clear, no wind, and the soil surface was dry. 
Puncturevine had 6 leaflets and stems measured up to 2-in in length; common purslane stems measured 1-in long;
cheeseweed was at the 2 to 3 true leaf stage; pigweed was at the 2 to 4-leaf stage; and volunteer cantaloupe had 1 to 2
true leaves.  The third applications were made on 09 October when the broccoli was at the 3-true leaf stage of growth.
Puncturevine stems measured 4 to 5-in in length; common purslane stems measured 2 to 3-in long; cheeseweed was at
the 5 true leaf stage; pigweed was 1-in tall; and volunteer cantaloupe had 2 to 3 true leaves.  The temperature was 72EF
and there was no wind.  Irrigation followed immediately after the applications.  Evaluations of crop response and weed
control efficacy were made at intervals after each application.  
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Results and Discussion

At 6 days after treatment of the first application (DAT-1) at the cotyledon stage of the broccoli, significant injury to the
broccoli ranged from 30 to 66% for all oxyfluorfen treatments (Table 1).  The 4F formulation of oxyfluorfen caused
progressively increased injury as rates increased.  Oxyfluorfen 4F at 0.25 lb AI/A caused injury comparable to the 2XL
formulation at 0.063 lb AI/A.  At 0.063 lb AI/A, the 4F formulation caused less than half as much crop injury compared
to the 2XL formulation.  Crop stand reduction did not occur with either formulation.  Weed control for the 4F
formulation at 0.125 lb AI/A was comparable to the 0.063 lb AI/A of the 2 XL formulation of oxyfluorfen by giving
near complete control.  At equal rates, the 4F and 2XL formulations were effective against most weeds (>90%) except
volunteer melons. At 12 DAT-1, weed control efficacy remained similar to the earlier rating and crop injury improved
slightly (Table 2).  The broccoli was stunted and the height measurements showed progressively shorter plants with
increased rates of the 4F oxyfluorfen as was observed earlier.  

At 6 DAT-2 of applications on the 2-leaf stage broccoli, minimal phytotoxicity was observed for all of the 4F treatments
at less than 15% (Table 2).  The 2XL formulation caused 26% unacceptable injury and slight height reduction compared
to the untreated check.  Weed control of most weeds for the 4F formulation at 0.125 and 0.25 lb AI/A was nearly equal
at 90 to 95% and improved over the 0.063 lb AI/A rate that was not acceptable at less than 85%.  Oxyfluorfen 2XL gave
slightly better weed control than the higher rates of 4F formulation.   

At 9 DAT-3 of applications on the 3-leaf stage broccoli, less than 15% crop injury was observed for the 4F treatments
while the 2XL treatment caused slightly unacceptable injury at 18% (Table 3).  Broccoli height reduction was observed
but it was similar to the 2-leaf stage application and was not severe as the cotyledon stage application.  Weed control
was not as rapid at the later timing of application as compared to the two earlier timings of application for oxyfluorfen.

The final evaluation showed that oxyfluorfen 4F caused slight injury at acceptable levels when applied on broccoli at
the 2-leaf stage or later (Table 4).  Injury was not acceptable when applied on small broccoli at the cotyledon stage of
growth.  Oxyfluorfen 4F applied at 4 times the rate of the 2XL formulation was significantly safer when applied on
broccoli having at least 2 true leaves.  Weed control was more effective with oxyfluorfen 4F at 0.125 lb AI/A at the
cotyledon stage of broccoli than 0.25 lb AI/A at later application timings.  

Oxyfluorfen 4F was significantly safer than the 2XL formulation on broccoli when applied at the 2 or 3-leaf stages of
growth.  The 4F formulation at 0.25 lb AI/A gave nearly the same weed control as the 2XL formulation at 0.063 lb
AI/A.  The 4F formulation applied at the broccoli cotyledon stage of growth provided longer effective weed control for
more than 3 weeks after applications.  Later applications gave effective weed control for a period of time between 1 to
2 weeks.  It appeared that larger weeds were injured but recovered and began to regrow.  

Development of the 4F formulation will significantly improve weed control programs in broccoli and other cole crops
by offering a POST herbicide for application timings that currently do not exist.  A program that includes a
preemergence herbicide followed by an effective and safe POST herbicide complemented with cultivation will improve
cole crop production systems.
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Table 1.  Oxyfluorfen applications to cotyledon stage broccoli

Form
.

Rate Timing Broccoli Weed Control (%)

(lb
AI/A)

stand
(plt/3')

injury
(%)

TRBTE POROL AMARA MALPA CUMMC

Untreated check 18.8 0 0 0 0 0 0

Oxyfluorfen 4F 0.063 cotyl 18.8 30 90 94 94 96 28

Oxyfluorfen 4F 0.125 cotyl 17.3 55 98 99 97 99 55

Oxyfluorfen 4F 0.25 cotyl 17.3 65 99 99 98 99 68

Oxyfluorfen 2XL 0.063 cotyl 18.5 66 99 98 98 99 65

LSD (P=0.05) 2.88 12.5 5.2 4.4 4.4 2.8 10.4

Ratings at 6 DAT-1
TRBTE = Tribulus terrestris, puncturevine; POROL = Portulaca oleracea, purslane; AMARA = Amaranthus sp,
pigweed species; MALPA = Malva parviflora, cheeseweed; CUMMC = Cucumis melo, volunteer cantaloupe

Table 2.  Comparison of oxyfluorfen applications to cotyledon and 2-leaf stage broccoli

Form. Rate Timing Broccoli Weed Control (%)

(lb AI/A) height
(inch)

injury
(%)

TRBTE POROL AMARA MALPA CUMMC

Untreated check 3.9 0 0 0 0 0 0

Oxyfluorfen 4F 0.063 coty 3.1 19 88 92 92 90 50

Oxyfluorfen 4F 0.125 coty 3.0 23 95 97 97 96 55

Oxyfluorfen 4F 0.25 coty 2.6 34 98 98 98 92 66

Oxyfluorfen 2XL 0.063 coty 2.9 26 97 97 96 94 70

Oxyfluorfen 4F 0.063 2 lf 3.7 2 76 81 81 83 55

Oxyfluorfen 4F 0.125 2 lf 3.7 9 91 95 93 90 73

Oxyfluorfen 4F 0.25 2 lf 3.5 13 91 94 93 90 73

Oxyfluorfen 2XL 0.063 2 lf 3.4 26 97 99 96 95 80

LSD (p=0.05) 0.45 9.8 11.6 5.4 4.8 6.2 16.8

Ratings at 12 DAT-1 and 6 DAT-2
TRBTE = Tribulus terrestris, puncturevine; POROL = Portulaca oleracea, purslane; AMARA = Amaranthus sp,
pigweed species; MALPA = Malva parviflora, cheeseweed; CUMMC = Cucumis melo, volunteer cantaloupe



Table 3.  Comparison of oxyfluorfen applications to cotyledon, 2-leaf, and 3-leaf stage broccoli

Form. Rate Timing Broccoli Weed Control (%)

(lb AI/A) height
(inch)

injury
(%)

TRBTE POROL AMARA MALPA CUMMC

Untreated check 8.5 0 0 0 0 0 0

Oxyfluorfen 4F 0.063 coty 7.0 8 84 85 83 79 25

Oxyfluorfen 4F 0.125 coty 6.1 25 89 95 91 86 38

Oxyfluorfen 4F 0.25 coty 6.3 23 98 96 96 90 66

Oxyfluorfen 2XL 0.063 coty 6.5 23 94 95 95 94 60

Oxyfluorfen 4F 0.063 2 lf 8.0 5 56 64 64 38 13

Oxyfluorfen 4F 0.125 2 lf 7.9 2 79 80 71 90 0

Oxyfluorfen 4F 0.25 2 lf 7.3 13 75 84 74 87 13

Oxyfluorfen 2XL 0.063 2 lf 6.8 21 88 91 85 98 55

Oxyfluorfen 4F 0.063 3 lf 8.0 0 44 31 30 38 13

Oxyfluorfen 4F 0.125 3 lf 7.7 8 69 60 61 74 25

Oxyfluorfen 4F 0.25 3 lf 7.7 13 76 73 74 96 25

Oxyfluorfen 2XL 0.063 3 lf 7.8 18 75 72 76 90 43

LSD (p=0.05) 0.79 8.2 23.9 19.5 19.9 23.3 31.3

Ratings at 21 DAT-1, 15 DAT-2, and 9 DAT-3
TRBTE = Tribulus terrestris, puncturevine; POROL = Portulaca oleracea, purslane; AMARA = Amaranthus sp,
pigweed species; MALPA = Malva parviflora, cheeseweed; CUMMC = Cucumis melo, volunteer cantaloupe



Table 4.  Comparison of oxyfluorfen applications to cotyledon, 2-leaf, and 3-leaf stage broccoli

Form. Rate Timing Broccoli Weed Control (%)

(lb AI/A) injury
(%)

TRBTE POROL AMARA MALPA CUMMC

Untreated check 0 0 0 0 0 0

Oxyfluorfen 4F 0.063 coty 19 79 89 74 66 50

Oxyfluorfen 4F 0.125 coty 26 86 91 86 94 60

Oxyfluorfen 4F 0.25 coty 34 96 95 96 86 63

Oxyfluorfen 2XL 0.063 coty 35 92 94 90 89 60

Oxyfluorfen 4F 0.063 2 lf 2 0 18 13 13 0

Oxyfluorfen 4F 0.125 2 lf 5 79 79 69 79 25

Oxyfluorfen 4F 0.25 2 lf 10 79 88 80 88 60

Oxyfluorfen 2XL 0.063 2 lf 25 85 86 84 98 60

Oxyfluorfen 4F 0.063 3 lf 2 59 60 56 67 25

Oxyfluorfen 4F 0.125 3 lf 6 64 71 65 98 30

Oxyfluorfen 4F 0.25 3 lf 11 83 89 80 98 53

Oxyfluorfen 2XL 0.063 3 lf 19 83 83 81 98 55

LSD (p=0.05) 8.6 22.0 22.1 22.1 31.4 27.3

Ratings at 26 DAT-1, 20 DAT-2, and 14 DAT-3
TRBTE = Tribulus terrestris, puncturevine; POROL = Portulaca oleracea, purslane; AMARA =
Amaranthus sp, pigweed species; MALPA = Malva parviflora, cheeseweed; CUMMC = Cucumis melo,
volunteer cantaloupe


