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In the next 50 minutes…

Commercial basil production in California 

Weed control in basil

Potential herbicide evaluation



CAUTION
• Except specifically noted, the herbicides tested in these 

trials are currently not registered for use on basil in 
California.

• The rates tested in these studies are designed for research 
purpose only and do not necessarily reflect the actual use 
on your crops. 

• Always follow the herbicide label directions attached to 
the herbicide container you are using. The label is the law. 
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Basil (Ocimum basilicum) is a culinary herb of the 

family Lamiaceae (mint family).

Basil is a heat-lover plant, meaning major production 

is located in sunnier regions (CA, NM, AZ, FL). 

In CA, basil is a summer crop (highly susceptible to 

frost damage), requiring long days of full sun with 

cultivated temperature steadily around 80ºF or above.

In CA’s warmer climates, basil is harvested 3-5 times.



Basil can be direct-seeded or transplanted.

Commercial basil in CA is usually planted from 

seeds. 

Basil is planted on raised beds of 40-in wide with 2 

or 3 lines (10-15 inches between lines). 

Sprinkler or drip irrigation is applied. 

It takes over 10 days for basil seed to germinate 

and about two weeks to emerge. 



For commercial production, basil is usually cut at 

about 4-5 inches above soil to make sure regrowth 

for subsequent cut. 

Hand (harvest sickle) or machine-harvest (e.g., 

sickle bar/mower pulled by tractor) is possible. 

The harvest height is pre-set depending on how 

many harvests growers want to make. 

In machine harvest, mowed/cut basil is dumped 

into a trailer pulled by another tractor. 
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Commercial basil is typically grown with limited herbicide 

application especially after crop emergence. Most frequently 

used herbicide is applied pre-emergently. 

Devrinol DF-XT (50% Napropamide a.i.) is 

a selective surface-applied or 

incorporated Group 15 herbicide for use 

in newly planted or established nuts, 

small fruit, vegetables, and tobacco. It 

does not control established weeds.  



From Devrinol DF-XT



Devrinol 2-XT (22% of Napropamide

as the a.i.) can also use on container-

grown ornamentals, field-grown 

nursery stock, liner stock, ground 

covers, and turfgrass.  



From Devrinol 2-XT



Intensity One (12.6% Clethodium as the 

a.i.) is a Group 1 selective post-emergence 

herbicide for control of annual and 

perennial grasses (e.g., foxtail, crabgrass, 

johnsongrass) in labeled crops. It does not 

control sedges or broadleaf weeds. 



Post-emergence grass herbicide is usually not used by some 

commercial basil growers. 

Poast (Plus) are not 

registered for use 

in basil for post-

emergent grass 

control!



Broadleaf weeds can be a big 

problem (e.g., nut sedge, 

mallow, and purslane) due to a 

huge lack of registered 

herbicide that can avoid hurting 

basil plants. Hand removal will 

have to be enforced.
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The goal is to…

introduce the herbicide evaluation screening trials of 

collecting plant growth and weed control efficacy data 

to facilitate product registration for commercial use.  



Pre-emergent weed control is critical and probably the most cost-

effective way to save labor and post-emergent herbicide in the 

season. We need evaluate other potential, currently non-registered

pre-emergent herbicide on basil weed control to find partners and 

alternatives that can be rotated with the Devrinol products. 



Starting in 2019, we compared the performance of non-registered 

per-emergent herbicide with the registered Devrinol products on 

basil weed control and biomass to facilitate the registration. 

• The tested herbicide is Zeus XC (39.6% 

Sulfentrazone as the a.i.).

• It is a selective Group 14 soil-applied 

herbicide to control broadleaf, grass, and 

sedge weeds for berries, grapes, lemon, 

orange, pistachio, and walnuts. 

• Once it is applied to soil, germinating weed 

seeds and seedlings take up Sulfentrazone

from soil solution. 

It is not registered for use in California!



General Mode of Action: PPO inhibitor-Cell membrane disrupter

Li et al. 2003. Plant Physiology

• Protoporphyrinogen Oxidase (PPO) is 

an enzyme in chloroplast cell.

• The PPO inhibitor blocks the 

biosynthesis pathway of chlorophyll.

• The inhibition of PPO results in 

forming reactive molecules that 

destroy lipids and protein membranes.

• Cell becomes leaky and disintegrates 

rapidly.  



2019 Trials- Two trials were conducted from April 12 to July 12

Herbicide trade name Active 

ingredient

Rate of 

products

Rate of active 

ingredient

Reported in this 

presentation

Untreated-hand weeding N/A UTC

Zeus XC Sulfentrazone 4 fl. oz/acre 0.125 lb./acre Low-ZEUS

Zeus XC Sulfentrazone 6 fl. oz/acre 0.188 lb./acre Med-ZEUS

Zeus XC Sulfentrazone 8 fl. oz/acre 0.25 lb./acre High-ZEUS

Devrinol DF-XT Napropamide 2.5 lbs./acre 1.25 lbs./acre DEV-alone

Herbicide was pre-emergently applied to soil 1 day after seeding (DAS).

• Four basil varieties were double-line seeded.

• For each variety, all treatments were replicated four times. 

• Herbicide treatments were made using a backpack sprayer.



V1 V2 V3 V4

• V1 = ‘Passion’

• V2 = ‘Obsession’

• V3 = ‘Devotion’

• V4 = ‘Helena’ 

• Weed ratings, crop injury, 

and leaf biomass were 

analyzed and compared. 

2019 Trials- Two trials were conducted from April 12 to July 12
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• Trial/Run 1: April 12 to June 28; 
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Pictorial example of weed rating

2019 Trials- Weed ratings

0 = no visible weeds in the frame;

1 = visible weeds no more than 

10% of the frame;

2 = visible weeds between 10% 

and 25%;

3 = visible weeds between 25% 

and 50%;

4 = visible weeds between 50% 

and 75%;

5 = visible weeds over 75%. 



2019 Trials-

Weed control (7-28 DAS)

Variety = ‘Passion’ 7 DAS 14 DAS 21 DAS 28 DAS

Trials One    Two One    Two One    Two One    Two

UTC 0       0 1       1 2       2 4       4

Low-ZEUS 0       0 1       1 1       1 2       1

Med-ZEUS 0       0 0       0 1       1 2       2

High-ZEUS 0       0 1       0 1       1 2       2

DEV-alone 0       0 0       0 1       1 2       1

Variety = ‘Obsession’

UTC 0       0 1       1 2       2 4       4

Low-ZEUS 0       0 0       0 1       1 1       2

Med-ZEUS 0       0 0       0 1       1 2       1

High-ZEUS 0       0 1       0 1       1 2       2

DEV-alone 0       0 0       0 1       0 2       1

Variety = ‘Devotion’

UTC 0       0 1       1 2       2 4       3

Low-ZEUS 0       0 1       1 1       1 2       2

Med-ZEUS 0       0 1       0 1       1 1       1

High-ZEUS 0       0 1       1 2       1 3       2

DEV-alone 0       0 0       0 1       1 2       2

Variety = ‘Helena’

UTC 0       0 1       1 2       2 4       3

Low-ZEUS 0       0 0       0 1       1 1       2

Med-ZEUS 0       0 0       0 1       1 1       1

High-ZEUS 0       0 1       1 1       1 2       1

DEV-alone 0       0 0       0 0       1 2       2

After 35 DAS, all plots 

were hand weeded as 

the grower’s standard 

practice. 



2019 Trials- Leaf injury (36 DAS in Trial 2)



2019 Trials-

Basil leaf biomass

Variety = ‘Passion’ Leaf biomass (lbs./acre)

Trial 1 Trial 2

UTC 9455   A 18825   A

Low-ZEUS 9555   A 19110   A

Med-ZEUS 10655   A 12595   B

High-ZEUS 9500   A 4370   C

DEV-alone 10265   A 19765   A

Variety = ‘Obsession’

UTC 9790   AB 18825   A

Low-ZEUS 9765   AB 16610   A

Med-ZEUS 9500   AB 12490   B

High-ZEUS 8615   B 9005   C

DEV-alone 10315   A 18800   A

Variety = ‘Devotion’

UTC 9635   B 20370   A

Low-ZEUS 10420   AB 16470   B

Med-ZEUS 11075   A 15905   BC

High-ZEUS 10030   AB 12410   C

DEV-alone 10475   AB 18015   AB

Variety = ‘Helena’

UTC 10260   B 15660   A

Low-ZEUS 11755   AB 15080   A

Med-ZEUS 11755   AB 19045   A

High-ZEUS 13325   A 16990   A

DEV-alone 11890   A 13425   A

Biomass values followed by the same letter are not significantly different at P ≤ 0.05 

according to Tukey’s Studentized Range Test.

Applying Zeus XC right 

after seeding at 4 oz/acre 

(Low-ZEUS) produced 

comparable biomass and 

weed control without 

hurting basil plants.



2020 Trial- Test 4 oz/acre rate used alone and in tank mixes with Devrinol

Herbicide trade name Active ingredient Rate of products
Rate of active 

ingredient

Reported in this 

presentation

Zeus XC Sulfentrazone 4 fl. oz/acre 0.125 lb./acre DPRE

Zeus XC Sulfentrazone 4 fl. oz/acre 0.125 lb./acre ZEUS-alone

Zeus XC + Devrinol 2-

XT

Sulfentrazone + 

Napropamide

4 fl. oz/acre + 3 

qt./acre

0.125 lb./acre + 1.5 

lbs./acre
ZEUS-DEV1

Zeus XC + Devrinol 2-

XT

Sulfentrazone + 

Napropamide

3 fl. oz/acre + 3 

qt./acre

0.094 lb./acre + 1.5 

lbs./acre
ZEUS-DEV2

Devrinol 2-XT Napropamide 4 qt./acre 2 lbs./acre DEV-alone

Weed-free control N/A UTC

DPRE = Delayed pre-emergent application at 7 DAS. 

Other herbicide treatments were made immediately after seeding. 

• Same basil varieties.

• Five replications per treatment per variety. 

• Backpack spray.



2020 Trial 

Seeding on April 29

Harvest on July 7 



2020 Trial

Weed control (14 to 56 DAS)

Same 0-5 scales as 2019

Variety = ‘Passion’ 14 DAS 28 DAS 42 DAS 56 DAS

DPRE 0 0.2 0.5 0

ZEUS-alone 0 0.2 0.4 0

ZEUS-DEV1 0 0 0 0

ZEUS-DEV2 0 0 0 0

DEV-alone 0 0 0 0

UTC 0 0 0 0

Variety = ‘Obsession’

DPRE 0 0 0.2 0

ZEUS-alone 0 0.4 0 0

ZEUS-DEV1 0 0 0 0

ZEUS-DEV2 0 0 0 0

DEV-alone 0 0 0 0

UTC 0 0 0 0

Variety = ‘Devotion’

DPRE 0 0.2 0 0

ZEUS-alone 0 0.2 0.2 0

ZEUS-DEV1 0 0 0 0

ZEUS-DEV2 0 0 0 0

DEV-alone 0 0 0 0

UTC 0 0 0 0

Variety = ‘Helena’

DPRE 0 0 0.2 0

ZEUS-alone 0 0.2 0 0

ZEUS-DEV1 0 0 0 0

ZEUS-DEV2 0 0 0 0

DEV-alone 0 0.2 0 0

UTC 0 0 0 0



2020 Trial- Weed species

Common purslane Common mallow



2020 Trial

Comparisons of leaf injury

and loss of germination.

            DPRE                     ZEUS-alone             ZEUS-DEV1                ZEUS-DEV2                 DEV-alone                        UTC

Variety = ‘Obsession’

28 Days After Seeding

42 Days After Seeding

56 Days After Seeding



2020 Trial

% leaf injury and growth inhibition

Variety = ‘Passion’ 28 DAS 42 DAS 56 DAS

DPRE 76   A 73   A 55   BC

ZEUS-alone 63   B 62   B 52   C

ZEUS-DEV1 76   A 76   A 68   A

ZEUS-DEV2 72   A 72   A 62   AB

DEV-alone 17   C 21   C 13   D

UTC 2     D 4     D 0     E

Variety = ‘Obsession’

DPRE 73   A 67   A 50   A

ZEUS-alone 46   C 42   B 30   B

ZEUS-DEV1 70   A 65   A 50   A

ZEUS-DEV2 60   B 60   A 53   A

DEV-alone 19   D 12   C 12   C

UTC 1     E 0     D 0     D

Variety = ‘Devotion’

DPRE 93   A 88   A 68   A

ZEUS-alone 63   C 62   C 48   C

ZEUS-DEV1 72   B 70   B 50   BC

ZEUS-DEV2 62   C 59   C 55   B

DEV-alone 23   D 9     D 5     D

UTC 2     E 3     E 0     D

Variety = ‘Helena’

DPRE 76   A 76   A 65   A

ZEUS-alone 54   C 48   B 45   B

ZEUS-DEV1 61   B 52   B 50   B

ZEUS-DEV2 51   C 49   B 45   B

DEV-alone 12   D 8     C 2     C

UTC 2     E 2     D 0     C

Delayed application caused 

severe leaf injury and 

growth/germination inhibition. 



2020 Trial- Leaf chlorophyll concentration at 56 DAS



2020 Trial 

Basil leaf biomass

Variety = ‘Passion’ Leaf biomass (lbs./acre)

UTC 15250   A

DPRE 6775   C

ZEUS-alone 11880   AB

ZEUS-DEV1 9360   BC

ZEUS-DEV2 8050   BC

DEV-alone 14370   A

Variety = ‘Obsession’

UTC 20130   A

DPRE 11780   B

ZEUS-alone 17440   AB

ZEUS-DEV1 14270   AB

ZEUS-DEV2 13320   B

DEV-alone 18100   AB

Variety = ‘Devotion’

UTC 17185   A

DPRE 10375   B

ZEUS-alone 17675   A

ZEUS-DEV1 14695   AB

ZEUS-DEV2 15745   AB

DEV-alone 20225   A

Variety = ‘Helena’

UTC 27660   A

DPRE 10965   D

ZEUS-alone 18230   BC

ZEUS-DEV1 14270   CD

ZEUS-DEV2 16695   BCD

DEV-alone 21960   AB

• From the two years’ screening trials, 

applying Zeus XC immediately after 

seeding at 4 oz/acre produced 

comparable biomass and weed 

control compared to Devrinol and 

weed-free plots.

• The delayed application or tank-

mixed with Devrinol were not viable 

practices. 



Where are we now? 

All performance data from the two years’ trials along with paperwork 

will be submitted for DPR review and inspection. The final approval will 

perhaps take years. It will not be adjudicated immediately after all trials 

are completed.  



GOOD LUCK! 

THANK YOU

Zheng Wang, Ph.D.

UCCE Vegetable Crops Farm Advisor

209.525.6822

zzwwang@ucanr.edu


