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Audiences 
interested in 
controlling 
weeds 
naturally or 
organically

Residential audiences/homeowners

School and child care staff and parents

Municipalities, parks and recreation

Landscape professionals, utilities, ROW

Universities and colleges





Organic Weed 
Control 
Options 

Sanitation Cover 
cropping Animals  

Tillage Mowing Mulching 

Flaming Steaming Solarization

Organic 
Herbicides  



Research on Alternatives to Glyphosate
• Until recently, little research had 

been conducted in turf and 
ornamental for alternatives and 
organic products
• Research is catching up with 

public demand changes in policy  
• Important to communicate 

understanding weeds, reasons 
for weed control, herbicides and 
how they are work. 



How Do Organic 
Herbicides Work?
• All are contact herbicides- grasses and 

perennials 
• Good spray coverage is essential
• Work best on clear sunny days
• Usually work better in warm weather (80º F 

or above)
• Organic surfactants improve weed control
• Repeat applications are needed for larger 

weeds or very weedy areas



Plants oils, soaps, derived from natural sources. All organic?



Products tested in our trials
Product name Active Ingredients Signal Word Organic?

Avenger AG 70% d-limonene Caution Yes
AXXE 40%, ammonium nonanoate Warning Yes

Burnout 8% citric acid, 2 % clove oil Danger Yes
Fiesta Iron HEDTA Caution No
Finale glufosinate-ammonium Warning No

Finalsan 22% ammoniated soap of fatty acids Warning Yes
Nature's Wisdom 20% acetic acid Danger Yes

Ranger Pro 41% glyphosate Caution No
Scythe 57% pelargonic acid; 3% fatty acids Warning No

Suppress + BioLink 47% caprylic acid, 32% capric acid Warning Yes
Weed Slayer (Part A & B) 6% eugenol; 35% Rhamnolipid biosurfactant Caution Yes

Weed Zap 45% clove oil,  45% cinnamon oil Caution Yes



Efficacy 
(preliminary studies)



Sacramento Delta 
site, 2019 • Major weeds at this site included 

clovers, bristly oxtongue, 
dandelion, mallow, various grasses



Sacramento Delta region, February-March 
2019

Plots were 5 x 10 ft

Three nozzle, flat fan; 100 GPA

12 plots per rep; 4 reps

Temperature range 50-65º F



Product Formulation Rate
Avenger 70% d-limonene 6%
AXXE 40% ammonium nonanoate 10%
Burnout II (concentrate) 24% citric acid, 8% clove oil 25%
Fiesta Iron HEDTA 4%
Finale Glufosinate-ammonium 1%
Finalsan 22% Ammoniated soap of fatty acids 17%
Nature's Wisdom 20% acetic acid Full
Scythe 57% pelargonic acid; 3% fatty acids 6%
Suppress 47% caprylic acid, 32% capric acid 6%

Suppress + BioLink 47% caprylic acid, 32% capric acid + biosurfactant 6% + 1%
Weed Zap 45% clove oil,  45% cinnamon oil 6%
CONTROL
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Major weeds in the site:  
dandelion, wild 

strawberry, sedge, 
bermudagrass, 

dallisgrass, crabgrass, 
broadleaf plantain

California State University, 
Sacramento, August-Sept 
2019





CSU Sacramento, August-Sept 2019

Almost same materials as Sac Delta

Plots were 5 x 10 ft

Three nozzle, flat fan; 50 GPA

12 plots per rep; 4 reps

Temperature range 70-104º F



Product Active Ingredients Rate
Avenger AG 70% d-limonene 6%
AXXE 40%, ammonium nonanoate 10%
Burnout 8% citric acid, 2 % clove oil 25%
Fiesta Iron HEDTA 4%
Finale glufosinate-ammonium 1%
Finalsan 22% ammoniated soap of fatty acids 17%
Ranger Pro 41% glyphosate 1%
Scythe 57% pelargonic acid; 3% fatty acids 6%
Suppress + BioLink 47% caprylic acid, 32% capric acid 6% + 1%

Weed Slayer (A & B)
6% eugenol; 35% Rhamnolipid 

biosurfactant
1 qt/acre (treatment 1); 3 

qt/ac (treatment 2) 

Weed Zap 45% clove oil,  45% cinnamon oil 6%
CONTROL
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Tradeoffs



Tradeoffs associated with conventional glyphosate products or a nonselective organic alternative.

Conventional glyphosate product1 Organic nonselective herbicide

Mode of action Systemic Contact

Signal word Caution Variable depending on product: Caution, 
Warning, or Danger

Personal Protective 
Equipment (PPE)

California minimum PPE (long-sleeved shirt, long 
pants, shoes plus socks, protective eyewear, and 
chemical-resistant gloves)

Variable depending on product, may include: 
California minimum PPE, chemical-resistant 
footwear, coveralls, or respirator

Rate of observable 
weed injury Visible injury in 4 to 20 days Visible injury in hours to days

Reapplication 
frequency for 
broadcast spray

Lower reapplication frequency Higher reapplication frequency

Active ingredient 
volume Lower volume of active ingredient Higher volume of active ingredient

Cost per application 
area Lower cost per application area Higher cost per application area

1Information for a standard glyphosate-containing product



Products used in 2019 trials
Product name Active Ingredients Signal Word Organic?

Avenger AG 70% d-limonene Caution Yes
AXXE 40%, ammonium nonanoate Warning Yes

Burnout 8% citric acid, 2 % clove oil Danger Yes
Fiesta Iron HEDTA Caution No
Finale glufosinate-ammonium Warning No

Finalsan 22% ammoniated soap of fatty acids Warning Yes
Nature's Wisdom 20% acetic acid Danger Yes

Ranger Pro 41% glyphosate Caution No
Scythe 57% pelargonic acid; 3% fatty acids Warning No

Suppress + BioLink 47% caprylic acid, 32% capric acid Warning Yes
Weed Slayer 6% eugenol; Bacillus megaterium Caution Yes

Weed Zap 45% clove oil,  45% cinnamon oil Caution Yes

NOTE from KR: some of these may not be considered organic due to carrier ingredients, even if the active ingredient
would be considered organic.



Signal Words indicate acute toxicity

SIGNAL WORD Toxicity Approx Human 
lethal dosage

DANGER-POISON Highly toxic Drop to a teaspoon

DANGER Highly hazardous Pesticide-specific

WARNING Moderately toxic 1 teaspoon-1 oz

CAUTION Low toxicity 1 oz to relatively 
nontoxic

3049 UC IPM Maintenance Gardener
Fig. 3.21
Frutiger 9/11

1. SKIN

Skin contact is the most 
common type of pesticide 
exposure. If some pesti-
cides contact the skin they 
may cause a skin rash or 
mild skin irritation. Other 
pesticides may cause more 
severe skin injury, such as 
burns. Pesticide absorbed 
through the skin can 
cause internal poisoning: 
the blood carries the 
pesticide to other organs 
in the body.

The lungs quickly absorb 
certain pesticides. The 
blood transports these 
pesticides to other parts of 
the body. Some pesticides 
cause serious lung injury. 
Use the correct respiratory 
protective measures to 
avoid breathing dusts and 
vapors during mixing or 
application.

It is rare for someone to 
accidentally drink a pesti- 
cide. More often, pesticides 
are taken in when spray 
materials or pesticide dusts 
splash or blow into your 
mouth during mixing or 
application. Sometimes 
pesticides are taken in 
when someone consumes 
contaminated food or drink. 
Smoking while handling 
pesticides increases your 
risk of taking in pesticides.

The eyes provide another 
way for pesticides to 
get into your body. The 
active or inert ingredients 
of some pesticide formu-
lations are caustic to 
the eyes. 

4. EYES2. MOUTH 3. LUNGS
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FinalSan

by day 13, weeds are regrowing by day 22, they are filling in; a 
second spray was applied



Protective eyewear
Coveralls over long sleeved shirt 

and long pants
Socks plus shoes

Chemical resistant gloves –
category and specific glove 

materials

Causes substantial but temporary eye injury



Personal Protective Equipment

Personal Protective Equipment (PPE) Applicators and 
other handlers (other than Mixers and Loaders) must 
wear:
• Long-sleeve shirt and long pants
• Shoes plus socks
• Protective eyewear
• Chemical-resistant gloves – Category A (e.g. barrier 

laminate, butyl rubber, nitrile rubber, neoprene 
rubber, natural rubber, polyethylene, polyvinyl 
chloride (PVC), or Viton®)

• A dust/mist NIOSH-approved respirator with any N, R, 
P, or HE filter. The respirator should have a NIOSH 
approval number prefix TC-84A.

Is that all he 
needs?



Cost per 1000 sq. ft.
Product name Active Ingredients Signal Word Organic? Price/btl Size

price/ 
1000 ft2

Avenger AG 70% d-limonene Caution Yes $200 2.5 gal $5.50

AXXE 40%, ammonium nonanoate Warning Yes $207 2.5 gal $9.45

Burnout 8% citric acid, 2 % clove oil Danger Yes $100 2.5 gal $11.41

Fiesta Iron HEDTA Caution No $180 2.5 gal $3.31

Finale glufosinate-ammonium Warning No $175 2.5 gal $0.80

Finalsan 22% ammoniated soap of fatty acids Warning Yes $81 2.5 gal $6.29

Nature's Wisdom 20% acetic acid Danger Yes $75 2.5 gal $34.24

Ranger Pro 41% glyphosate Caution No $70 2.5 gal $0.32

Scythe 57% pelargonic acid; 3% fatty acids Warning No $180 2.5 gal $4.95

Suppress + BioLink 47% caprylic acid, 32% capric acid Warning Yes $190 2.5 gal $5.22

Weed Slayer 6% eugenol; Bacillus megaterium Caution Yes $185 1 gal $2.64

Weed Zap 45% clove oil,  45% cinnamon oil Caution Yes $175 2.5 gal $4.81



What’s Next?

Finish analyzing data

Continue trials in other sites in Sacramento & Yolo 
County

Testing products at different rates/tank mix?

Trials in different weather conditions

Publish results





Green Bulletin e-newsletter



Questions?

Karey Windbiel-Rojas
kwindbiel@ucanr.edu
916-291-7791
ipm.ucanr.edu

http://ucanr.edu

