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This issue of the CWSS Research Update and News has a wide range of topics—hopefully, with a topic of interest to all weed science professionals in
California. One of the most popular presentations at the 2013 CWSS conference in Sacramento was a presentation by Rich Zollinger from North Dakota
State University on spray adjuvants and the effect of water quality on herbicide performance. Dr. Zollinger prepared an article with additional information on the topic for this edition of the CWSS Research Update and
News. Automated thinners/weeders are a relatively new and welcome technology for the vegetable industry, especially with labor availability issues
and the loss of herbicide registrations. In this issue Monterey County Farm
Advisor Richard Smith presents his research results examining the effectiveness of different contact herbicides at selectively removing unwanted lettuce
plants leaving the desired plants. Willowherb has been a common weed for
decades but hasn’t really been considered a problem in vineyards until recently. Incoming CWSS Program Chair and Napa County Weed Science
Advisor John Roncoroni explains why willowherb is becoming more prevalent in North Coast vineyards and offers some suggestions for improving
control. The next article discusses the demand for “green” weed management products for use in gardens and landscape environments. Area IPM
Advisor Cheryl Wilen discusses her encouraging results with an iron-based
selective herbicide for turf. Many of you attended the recent CWSS Conference in Monterey. A recurring topic at the conference was herbicide resistant weeds. The herbicide resistance issue has also gotten considerable
press in recent years—some may feel too much. However, the problem is a
legitimate concern and an issue we will have to contend with in many crop
and non-crop systems. The last article in this issue contains information
from Dr. Ian Heap, Director of the International Survey of HerbicideResistant Weeds that indicates the history and current status of resistant
weeds in California.
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Spray Adjuvants: The Rest of the Story
Rich Zollinger (r.zollinger@ndsu.edu) Professor and Extension Weed Scientist
Department of Plant Sciences, North Dakota State University, Fargo

Introduction
Questions about adjuvant selection are common. Adjuvants are not regulated by the EPA or any other regulatory
agency allowing an unlimited number of adjuvants. Adjuvants are composed of a wide range of ingredients which
may or may not contribute to herbicide phytotoxicity. Results vary when comparing specific adjuvants, even within
a class of adjuvants. POST herbicide effectiveness depends on spray droplet retention, deposition, and herbicide
absorption by weed foliage. Adjuvants and spray water quality (Paragraph 6) influence POST herbicide efficacy.
Adjuvants are not needed with PRE herbicides unless weeds have emerged and labels include POST application.
Spray adjuvants generally consist of surfactants, oils and fertili-zers. The most effective adjuvant will vary with
each herbicide, and the need for an adjuvant will vary with environment, weeds, and herbicide used. Adjuvant use
should follow label directions and be used with caution as they may influence crop safety and weed control. An adjuvant may increase weed control from one herbicide but not from another. To compare adjuvants and determine
adjuvant enhancement, herbicide rates should be used at marginal weed control levels. Effective adjuvants will enhance herbicides at reduced rates and provide consistent results under adverse conditions. However, use of below
labeled rates exempts herbicide manufacturers from liability for nonper-formance.
Surfactants (nonionic surfactants = NIS) are used at 0.25 to 0.5% v/v (1 to 4 pt/100 gal of spray solution) regardless of spray volume. NIS rate depends on the amount of active ingredient in the formulation, plant species and
herbicides used. The main function of a NIS is to increase spray retention, but at a lesser degree, may function in
herbicide absorption. When a range of surfactant rates is given, the high rate is for use with low herbicide rates,
drought stress and tolerant weeds, or when the surfactant contains less than 90% active ingredient. Surfactants vary
widely in chemical composition and in their effect on spray retention, deposition, and herbicide absorption.
Silicone surfactants reduce spray droplet surface tension, which allow the liquid to run into leaf stomata (“stomatal
flooding”). This entry route into plants is different than adjuvants that aid in absorption through the leaf cuticle.
Rapid entry of spray solution into leaf stomata from use of silicone surfactants often does not result in improved
weed control. Silicone surfactants are weed and herbicide specific just like other adjuvants.
Oils generally are used at 1% v/v (1 gal/100 gal of spray solution) or at 2 pt/A depending on herbicide and oil. Oil
additives increase herbicide absorp-tion and spray reten-tion. Oil adjuvants are petroleum (PO) or methylated vegetable or seed oils (MSO) plus an emulsifier for dispersion in water. The emulsifier, the oil class (petroleum, vegetable, etc.), and the specific type of oil in a class all influence effectiveness of an oil adjuvant. Oil adjuvants enhance
POST herbicides more than NIS and are effective with all POST herbicides, except Liberty and Cobra, and will antagonize Roundup. The term crop oil concentrate (COC) is used to designate a petroleum oil concentrate but is misleading because the oil type in COC is petroleum and not a crop vegetable oil.
MSO adjuvants greatly enhance POST herbicides much more than NIS and PO adjuvants. MSO adjuvants are more
aggressive in dissolving leaf wax and cuticle resulting in faster and greater herbicide absorption. The greater herbicide enhancement from MSO adjuvants may occur more in low humidity/low rainfall environments where weeds
develop a thicker cuticle. MSO adjuvants cost 2 to 3 times more than NIS and PO adjuvants. The added cost of
MSO and increased risk of crop injury when used at high temperatures have deterred people from using this class of
(Continued on page 3)
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adjuvants. Using reduced herbicide rates with MSO adjuvants can enhance weed control while lowering risk of
crop injury.
Some herbicide labels restrict use of oil adjuvants and recommend only NIS alone or combined with nitrogen
based fertilizer solutions. Follow label directions for adjuvant selection. Where labels allow use of oil additives,
PO or MSO adjuvants may be used.
NDSU research has shown wide difference in adjuvant enhancement of herbicides. However, in many studies, no
or small differences occur depending on environmental conditions at application, growing conditions of weeds,
rate of herbicide used, and size of weeds. For example, under warm, humid conditions with actively growing
weeds, NIS + nitrogen fertilizer may enhance weed control to the same level as oil adjuvants. The following are
conditions where MSO type additives may give greater weed control than other adjuvant types:
1. Low humidity, hot weather, lack of rain, and drought-stressed weeds or weeds not actively growing due to some
stress condition.
2. Weeds larger than recommended on the label.
3. Herbicides used at reduced rates.
4. Target weeds that are somewhat tolerant to the herbicide. (buckwheat, lambsquarters, ragweed to Pursuit or
Raptor, or yellow foxtail to Accent).
5. When university data supports reduced herbicide rates. Most herbicides, except Roundup, give greater weed
control when used with MSO type adjuvants.
Oil adjuvant applied on a volume or area basis
Labels of many POST herbicides recommend oil adjuvants at 1% v/v. At water volume of 15 or 20 gallons per acre
(GPA), 1% oil adjuvant will provide a minimum adjuvant concentration (1% v/v PO in 17 gpa = 1.4 pt/A). The
optimum rate of a PO is 2 pt/A. State surveys show common spray volumes are 10 gpa or lower. PO at 1% v/v in
8.5 gpa = 0.68 pt/A and does not provide an sufficient amount of oil adjuvant. Further, in aerial applications at 5
GPA, PO at 1% v/v will not provide sufficient adjuvant. For example, Pursuit and Raptor labels require oil adjuvants to be added at 1.25% v/v or 1.25 gal/100 gal water for aerial application at 5 GPA.
Some herbicide labels contain information on adjuvant rates for different spray volumes. To ensure sufficient adjuvant concentration, add oil adjuvant at 1% v/v but no less than 1.25 pt/A at all spray volumes. Surfactant at 0.25 to
1% v/v water is sufficient across all water volumes.
High surfactant oil concentrates (HSOC) were developed to enhance lipophilic herbicides without antagonizing
glyphosate. HSOC adjuvants contain at least 50% w/w oil plus 25 to 50% w/w surfactant, are PO or MSO based,
and are usually applied at ½ the oil adjuvant rate (area basis). Glyphosate must be applied with other herbicides to
control glyphosate tolerant weeds and crops and to delay resistant weeds. Glyphosate is highly hydrophilic, is enhanced by NIS and nitrogen fertilizer surfactant type adjuvants, and is antagonized by oil adjuvants. Postemergence herbicides preferred by growers to mix with glyphosate to increase weed control are lipophilic (Select, Banvel, Laudis, others) and require oil adjuvants for optimum herbicide enhancement. Surfactants are less effective in
enhancing lipophilic herbicides. Oil adjuvants, including PO and MSO adjuvants, may antagonize glyphosate.
NDSU research has shown wide variability among PO based HSOC adjuvants with many performing no different
than common PO adjuvants. However, MSO based HSOC adjuvants enhance both glyphosate and the lipophilic
(Continued on page 4)
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herbicide. MSO based HSOC adjuvants can enhance lipophilic herbicides more than PO based HSOC, MSO and
PO adjuvants.
Some water pH modifiers are used to lower (acidify) spray solution pH because many insecticides and some fungicides degrade under high water pH. Most solutions are not high or low enough in pH for important herbicide
breakdown in the spray tank. A theory has long been postulated that acidifying the spray solution results in greater
absorption of weak-acid-type herbicides. pH-reducing adjuvants (water conditioners/AMS replacement) were developed under this belief. However, low pH is not essential to optimize herbicide absorption.
Many herbicides are formulated as various salts, which are absorbed as readily as the acid. Salts in the spray water
may antagonize formulated salt herbicides. In theory, acid conditions would convert the herbicide to an acid and
overcome salt antagonism. However, herbicides in the acid form are less water soluble than in salt form. An acid
herbicide with pH modifiers may precipitate and plug nozzles when solubility is exceeded, such as with high herbicide rates in low water volumes. Antagonism of herbicide efficacy by spray solution salts can be overcome without
lowering pH by adding AMS or, for some herbicides, 28% UAN.
Acidic AMS replacement (AAR) adjuvants contain adjuvants including monocarbamide dihydrogensulfate (urea
and sulfuric acid) and some adjuvants in this class are similar to NIS + AMS in enhancing glyphosate and other
weak-acid herbicides. The sulfuric acid forms sulfate when reacting with water and can prevent herbicide antagonism with salts in water. The conversion of urea to ammonium is slow but the ammonium formed can partially enhance herbicides. AAR adjuvants must be applied at 1% v/v or greater to achieve the same level of herbicide enhancement as AMS.
Basic pH blend adjuvants are blends of nonionic surfactant, fertilizer, and basic pH enhancer and are used at 1%
v/v regardless of spray volume. Data indicate basic blend adjuvants at 1% v/v from 5 to 20 GPA will provide adequate adjuvant enhancement for similar weed control.
Basic pH blend adjuvants are surfactant based, increase spray solution pH, and contain nitrogen fertilizer to enhance herbicide activity. They contain a surfactant to aid in spray retention, spray deposition, and herbicide absorption, and a buffer to increase water pH. Basic pH blends adjuvants increase water pH to near pH 9 which increases
water solubility of some herbicides and can increase herbicide phytotoxicity. Within the sulfonylurea chemistry the
magnitude of solubility from high spray solution pH can increase from 40 fold (Harmony GT) to 3,670 fold
(UpBeet). The solubility of herbicides in other chemical families increase with high pH: Achieve (1-Dim), florasulam (2-TPS), Everest (2-SACT), Sharpen (14), and diflufenzopyr (19), Callisto and Laudis (27-triketone), and pyrasulfatole and Impact (27-pyrazolone) (numbers represent herbicide mode of action).
Some herbicides degrade rapidly in high pH spray solution. Cobra (diphenylether), Resource and Valor
(N_phenylphthalimide), and Sharpen (pH 9) degrade within a few minutes in high pH water but are stable for several days at low pH. Optimum use of pH adjusting adjuvants requires some knowledge of herbicide chemistry or
experience. Research has shown that basic pH blend adjuvants may enhance weed control similar to MSO adjuvants and can be used in situations where oil adjuvants are restricted.
Spray carrier water quality
Minerals, clay, and organic matter in spray carrier water can reduce the effectiveness of herbicides. Clay inactivates
paraquat, diquat, and glyphosate. Organic matter inactivates herbicides. Hard water cations or micronutrients such
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as calcium, magnesium, manganese, sodium, and iron reduce efficacy of all weak-acid herbicides. Cations antagonize glyphosate efficacy by complexing with glyphosate to form salts (e.g. Glyphosate-Ca) that are not readily absorbed by plants. Antagonistic minerals can inactivate the activity of most POST herbicides, including glyphosate,
growth regulators (not esters), ACCase inhibitors, ALS inhibitors, HPPD inhibitors, and Ignite. The antagonism is
related to the salt concentration. At low salt levels, loss in weed control may not be noticeable under normal environmental conditions but will occur when weed control is marginal because of drought or partially susceptible
weeds. The precise salt concentration in water that causes a visible loss in weed control is difficult to establish because weed control is influenced by other factors.
North Dakota water often contains a combination of sodium, calcium, magnesium, and iron and these cations generally are additive in the antagonism of herbicides. Water in ND, SD, and MT is often high in sodium bicarbonate
which does not normally occur in other areas of the U.S. Calcium levels above 150 ppm and sodium bicarbonate
levels above 300 ppm in spray water can reduce weed control in all situations. Water with 1600 ppm sodium bicarbonate can occur in ND, but total hardness levels can exceed 2,500 ppm. California water can have some of the
same characteristics but varies greatly depending on the area of the state and the water source. Therefore, it is important to have water quality determined by a laboratory before making assumptions.
Ammonium nitrogen increases effectiveness of most weak-acid herbicides formulated as a salt. Fertilizers should
always be used with herbicides unless prohibited by label. Ammonium ions greatly enhance herbicide absorption
and phytotoxicity even in the absence of antagonistic salts in the spray carrier. However, enhancement of Roundup* and most other POST herbicides from ammonium is most pronounced when spray water contains large quantities of antagonistic cations-. Herbicide enhancement by nitrogen compounds appears in most weed species but is
most pronounced in species like volunteer corn and species that accumulate antagonistic salts on or in leaf tissue
(lambsquarters, velvetleaf, and sunflower).
AMS enhances phytotoxicity and overcomes salt antagonism for weak-acid herbicides formulated as a salt including glyphosate, growth regulators (not esters), ACCase inhibitors, ALS inhibitors, HPPD inhibitors, and Ignite.
The antagonism may be overcome by increasing the glyphosate concentration relative to the cation content or by
adding AMS and some water conditioners to the spray solution. Effective water conditioners include EDTA, citric
acid, AMS, and some acidic AMS replacements. Of these, AMS has been the most widely adopted. When added
to a spray solution, the ammonium (NH4+) ion complexes with the glyphosate molecule and reduces glyphosate
interaction with the hard-water cations, and the sulfate (SO42_) ion complexes with the hard-water cations (e.g.
calcium sulfate), causing the salt to precipitate from solution. This combined effect increases absorption and efficacy. Natural sulfate in water can be disregarded but can reduce antagonism if the sulfate concentration is at least
three times the calcium concentration.
Antagonism of Roundup by calcium in a spray solution was overcome by sulfuric but not nitric acid, indicating
that the sulfate ion was important, but not the acid hydrogen ion. The importance of the sulfate ion explains the
effectiveness of ammonium sulfate, and not 28% UAN, in overcoming calcium antagonism of glyphosate. Other
herbicides that become acid at a higher pH than Roundup may realistically benefit from a reduced pH as has been
shown for Poast. However, Poast does not require a low pH for efficacy. pH of 4 has overcome sodium antagonism of Poast, but nitrogen fertilizer or AMS also will overcome sodium antagonism of Poast without lowering the
pH. The ammonium ion provided by these fertilizers is apparently the important ion.
AMS is recommended at 8.5 to 17 lb/100 gal spray volume (1 to 2%) on most Roundup* labels. However, AMS at
4 lb/100 gal (0.5%) is adequate to overcome most salt antagonism but more than 4 lb/100 gal may be required to
(Continued on page 6)
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fully optimize herbicides. AMS at 0.5% has adequately overcome antagonism of glyphosate from 300 ppm calcium. Use at least 1 lb/A of AMS when spray volume is more than 12 gpa. The amount of AMS needed to overcome
antagonistic ions can be determined as follows:
Lbs AMS/100 gal = (0.002 X ppm K) + (0.005 X ppm Na) + (0.009 X ppm Ca) + (0.014 X ppm Mg) + (0.042 X
ppm Fe).
This does not account for antagonistic minerals on or in the leaf tissue in species like lambsquarters, sunflower, and
velvetleaf which may require additional AMS.
AMS may contain contaminants that may not dissolve resulting in plugged nozzles. Use spray grade AMS to prevent nozzle plugging. Commercial liquid solutions of AMS are available and contain approximately 3.4 lbs of
AMS/gallon. For 8.5 lbs of AMS/100 gallons of water add 2.5 gallons of liquid AMS solution.
28% UAN fertilizer is effective in enhancing weed control and overcoming mineral antagonism of most POST
herbicides, but not calcium antagonism of Roundup. Sodium bicarbonate antagonism of Poast is overcome by 28%
UAN and AMS. AMS or 28% UAN does not preclude the need for an oil adjuvant with lipophilic herbicides. Generally, 4 gal of 28% UAN/100 gal of spray has been adequate. AMS and 28% UAN enhance herbicide control of
most weeds even in water without antagonistic salts. Nitrogen fertilizer/surfactant blends may enhance weed control of most herbicides formulated as a salt.
Water conditioner adjuvants are liquid for user preference, applied at low use rates, may contain no or very little
AMS, may lower spray solution, and are advertised to replace AMS, and thus are also called AMS replacement adjuvants. Pesticide applicators prefer the convenience of low use rate water conditioners, but performance has been
inconsistent. Glyphosate plus commercial water conditioner products that included AMS at the equivalent rate of
1% w/w can give similar control to 1% w/w (8.5 lbs/100 gal) AMS. Commercial water conditioners that do not provide an equivalent amount of AMS give less control than glyphosate with 1% or 2% w/w AMS and are often no
better than glyphosate alone.
Acidic AMS replacement (AAR) adjuvants have been developed for use with glyphosate and other weak acid
herbicides. Claims have been made to enhance herbicide activity, and negate the effects of antagonistic salts in
spray water and the antagonism from micronutrient solutions added for crop health. Most adjuvants in this class
contain monocarbamide dihydrogen sulfate or AMADS (urea plus sulfuric acid) which lowers spray solution pH to
1.4 to 3. The low pH is below the pKa of postemergence herbicides causing most herbicide molecules to be in the
acid state which results in fewer molecules binding to positively charged salts.
Some water conditioner adjuvants and acidic AMS replacement adjuvants (AAR) are marketed to modify spray
water pH, but low pH is not required for herbicide efficacy. The type of acid or components of buffering agents and
the specific herbicide all need to be considered before using pH-modifying agents. Several commercial AAR adjuvants applied with glyphosate in distilled water were tested and ranked as follows: surfactant + AMS > AMS > NIS
= AAR. A commercial AAR adjuvant composed primarily of sulfuric acid was much less phytotoxic than most
AAR adjuvants which support the concept and use of ammonia to enhance weak acid herbicides. Generally, AAR
adjuvants applied with glyphosate in 1000 ppm hard water (Ca and Mg) gave similar weed control as when applied
in distilled water supporting the theory of non-binding herbicide molecules when pH is below the pKa of the herbicide. Clearly, commercial adjuvants vary greatly in function, use, and chemical and biological effect.
(Continued on page 7)
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Low spray volumes (5 to 10 gpa) have been equally or more effective than higher spray volumes for many herbicides. Low spray volume originally was considered important to glyphosate efficacy because it would reduce the
ratio of glyphosate and antagonistic cations in the spray solution. However, low spray volumes have enhanced
glyphosate efficacy because of higher glyphosate concentration in the spray deposit. Greater efficacy from higher
concentrated droplets has been shown with many other herbicides but is logical that the highly concentrated droplets with low volume would be positive for translocated herbicides (NDSU Pile Theory). Contact herbicides
(Cobra, Cadet, Ignite, Flexstar/Reflex, paraquat, Sharpen) require higher spray volume for adequate and thorough
coverage to enhance control.
Low spray volumes usually imply use of low-volume nozzles that produce small droplets which can increase offtarget movement. However, drift-reducing nozzles have been developed that produce large droplets at low volume.
In low spray volumes, larger droplets produced by drift-reducing nozzles have been equally effective as small
droplets with several translocating herbicides. However, coarse or larger droplets may be less phytotoxic than fine
and medium size droplets for sethoxydim, imazethapyr, tembotrione, and 2,4-D. Limited research is available
about efficacy based on droplet size although will become important as regulation requires larger droplet size to
mitigate drift from small droplets.

Automated Thinner/Weeders Gain Popularity in Lettuce Production
Richard Smith (rifsmith@ucanr.edu), University of California Cooperative Extension, Monterey County

Commercial lettuce is primarily direct seeded and is hand thinned to a stand at about 25-30 days after planting.
Typically lettuce plants are thinned to 10-12 inches apart with one swipe of a hoe and a good number of weeds are
removed, and as a result, it can be called a thinning/weeding operation. In 2013 there was a labor shortage in the
Salinas Valley which made it difficult for growers to find sufficient help to get thinning operations completed in a
timely fashion. Interesting, in 2013 we saw the arrival of commercial automated thinners that were capable of thinning lettuce. These machines were new in 2013 and many growers were in the early phases of testing their use;
however, the machines worked well and have the potential to help growers deal Photo 1. Agmechtronix
with labor shortages. There are now four companies that are producing lettuce
thinners:
Agmechtronix: Silver City, NM. http://www.agmechtronix.com/
Blue River Technology: Sunnyvale, CA. http://bluerivert.com/
Foothill Packing: Salinas, CA. http://www.foothillpacking.com/
Vision Robotics Corporation: San Diego, CA. http://www.visionrobotics.com/
(see photos 1-4)

Photo 2. Blue River Technology

Photo 3. Foothill Packing

Photo 4. Vision Robotics

(Continued on page 8)

PAGE 7

CWSS RESEARCH UPDATE & NEWS
(Continued from page 7)

Photo 5. Spray pattern on bed

The machines utilize a camera to detect the lettuce plants and a computer to
process the image and decide which plants to remove and which to leave.
Unwanted lettuce plants are sprayed and the desired plants are not sprayed
(photos 5&6). The current technology uses spectral evaluation to distinguish lettuce plants, but has limited ability to distinguish lettuce plants from
weeds. As a result, the machines work best in situations with low weed
pressure and preemergent weed control is critical to the efficient functioning of the thinner. One challenge is that a few years ago leaf lettuce lost the
registration to the most used preemergent lettuce herbicide, Kerb. Growers
cope with this situation by utilizing the alternative preemergent herbicides
registered for leaf lettuce, Balan and Prefar, in fields where the weed spectrum allows or use the machine in fields with low weed pressure. Thus far,
this has not been a major
impediment to the use of Photo 6. Unthinned plant with thinned (dying) plants
automated thinners.

Ten to fourteen days following the thinning operation, a hand
crew goes through the field to remove doubles and weeds that
escaped the thinning/weeding operation. The speed with
which this crew moves through the field is dependent on how
efficient the thinning operation was conducted. One challenge
for the automated thinners is to remove doubles (photo 7). It
is tricky for the machine to safely spray a lettuce plant that is
close to the lettuce plant that it wants to keep; this is an area
where the developers of the thinner machines are actively
working to make improvements and growers are working to
improve lettuce seed singulation.

Photo 7. Lettuce double

Spray materials available to remove lettuce seedlings and weeds include acid (sulfuric and NpHuric) or salt (AN20 and UN32) based
fertilizers as well as post emergent herbicides registered for use on
lettuce. Registered post emergent herbicides for use on lettuce include: glyphosate, paraquat, pelargonic acid and carfentrazone. We
initiated trials to evaluate the best materials for use with the automated thinners. We did not consider the use of glyphosate because of its
systemic activity might prove a problem if small amounts wafted
onto adjacent plants. Paraquat has a danger label which might complicate its use and sulfuric acid may also have worker safety issue.
We therefore researched the efficacy of pelargonic acid (Scythe),
carfentrazone (Shark, Aim) and salt based fertilizers (14-0-0-5).

We observed that Shark at 1.0 oz/A provided good control of lettuce plants and that higher rates of Shark caused
greater injury to unthinned lettuce plants (Table 1). Scythe was less effective than Shark. In a subsequent trial
Shark was more effective than 14-0-0-5 at removing doubles and in reducing the amount of time in the double
removal/weeding operation (Table 2). It should be mentioned that a fertilizer like 14-0-0-5 can do an excellent job
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at removing lettuce plants, but it is affected by the amount of moisture on that plants at the time of application.
The salt based fertilizers do a better job when the lettuce plants are dry, but growers may find it inconvenient to
wait until the plants are dry to start thinning operations.

Table 1. Trial 1. Evaluation of materials for use b an automated thinner1 to remove unwanted lettuce plants
Treatments

Pre-thin

& Rate/A

plants/A

Doubles
&

Post thin
plants/A

Plant spacing
inches

Stunted
lettuce
plants/A

unkilled

Harvest
Mean
head wt

Hand Thinned
Shark 1.0 oz

Feb. 22
121,334
120,447

plants/A
Mar. 4
105
1,464

COC 0.25% v/v
Shark 2.0 oz

122,418

1,555

29,978

10.5

3,502

2.62

COC 0.25% v/v
Shark 4.0 oz

116,764

1,594

30,109

10.4

3,215

2.55

COC 0.25% v/v
Scythe 9.0% v/v

120,243

2,091

32,696

9.6

470

2.69

--------------March 7--------------33,715
9.3
0
34,003
9.2
810

lbs
April 30
2.87
2.78

1—Foothill Packing automated thinner applying 20 GPA of spray material on two bands/40 inch bed

Table 2. Trial 2. Evaluation of Shark and 14-0-0-5 for use by an automated thinner1 to remove unwanted lettuce
plants
Treatments

Double/A

& Rate/A

Stand

Plant

Plants/A

spacing

Shark 1.0 oz

inches
-------------March 28----------4,120
37,611
8.4

COC 0.25% v/v
14-0-0-5 22 gals

6,344

52,524

6.0

Double
removal

Stand

Plant

Harvest

Plants/A

spacing

Mean

Hrs/A

inches
-----------April 3-----------2.6
33,162
9.5
5.1

31,952

9.8

head wt lbs
May 14
2.1
2.1

1—Foothill Packing automated thinner applying 20 GPA of spray material on two bands/40 inch bed

We therefore conducted a trial to examine the impact of dew on
the effectiveness of various organic and conventional post emergent herbicides (Photo 8 – note dew droplets on sow thistle
seedling). Applications were made at dawn when dew was still
on the plants to provide a test of the worst case scenario. Table
3 shows that the organic herbicides, Biolink was highly effective and that Shark was the most effective conventional material. These results indicate that even under conditions where lettuce plants are wet with dew, both Biolink and Shark have the
Photo 8. Dew on lettuce and sow thistle at dawn

(Continued on page 10)
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potential to effectively remove unwanted lettuce plants and weeds.

Table 3. Lettuce plant, malva and overall weed control rating on September 30 of the 14 day after planting and 5 days
after application
Control Material

Rate

Adjuvant

Rate

Lettuce

Malva

Control
rating1

Control
rating1

Overall
Weed
Control
rating1

Organic
BioLink Herbicide

12% v/v

BioLink Spreader

4 oz/100 gal

9.8

9.1

9.3

Final San-O

20% v/v

Oroboost

100 oz/100 gal

3.5

1.8

4.3

Weed Pharm

100% v/v

Oroboost

100 oz/100 gal

7.0

3.3

6.8

Weed Zap

5% v/v

Oroboost

100 oz/100 gal

3.5

2.8

7.8

Scythe

9% v/v

DynAmic

0.25% v/v

8.1

6.5

8.0

Shark

1.0 oz/A

DynAmic

0.25% v/v

10.0

10.0

9.8

NpHuric

20% v/v

DynAmic

0.25% v/v

4.0

3.0

6.3

14-0-0-5

20 gal/A

DynAmic

0.25% v/v

8.1

4.0

6.6

Untreated

---

---

---

0.0

0.0

0.0

<0.0001

<0.0001

<0.0001

1.2

1.3

2.0

Conventional

Pr>Treat
LSD (0.05)
1—lettuce plant and weed control rating 0 = no control to 10 = complete control

A request for a 24c registration for Shark for use in the automated thinners has been submitted to the California Department of
Pesticide Registration; a similar request for Aim (the trade name
for carfentrazone in Arizona) in Arizona was recently granted.
Biolink is currently not registered for use in organic production,
but registration is expected in 2014.
The emergence of the automated thinners opens up new possibilities in crop management. In the short term, they help growers to
effectively deal with labor shortages. However, this technology
has other potential. One of the companies installed a second
manifold on the sprayer that can apply crop protection chemicals
or crop nutrients to the unthinned plants (photo 9). This offers
growers an ultra precise means of applying these chemicals that
can potentially help improve crop production efficiencies and
reduce water quality issues. The advent of this type of technology to agriculture is welcome and we look forward to its continued development.
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Photo 9. Pattern of spray for the thinning plants
(long horizontal pattern), and the 2nd manifold
spray pattern (short vertical pattern) applying fungicide and/or plant nutrients
(Photo Tom Taggert)
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Control of Willowherb in California’s North Coast Vineyards
John Roncoroni (jaroncoroni@ucanr.edu), UCCE Napa County

Biology and Background.
Epilobium brachycarpum C. Presl., most commonly known as panicle willowherb. “The willowherbs are ruderal natives that typically inhabit disturbed places. They are a desirable component of the vegetation in natural
areas but can be weedy in orchards, vineyards, landscaped areas, nurseries, and elsewhere.” Willowherb belongs to the evening primrose family
(Onagracea) of which only a few species (evening primroses and gauras)
are listed as weeds and are almost always found in non-crop and rangeland
areas. It is classified as a summer annual that germinates from mid to late
spring but in the moderate climate of Northern California willowherb begins to germinate in late October or November when moisture is available.
Germination will decrease as soil temperatures cool, but growth of seedling will continue slowly throughout the winter. Until recently willowherb
was rarely considered a weed that needed special attention and many
growers were unfamiliar with it even though it was probably growing in
their vineyard. Willowherb was present in almost every weed survey I had
ever conducted, but rarely in numbers to be considered a problem. Then
how, or why, did it become such a major weed in North Coast vineyards?
Willowherb, more than any other weed in this region, adapted to
the change in cultural practices from cultivation to no-till under
the vines and a move away from long-lasting pre-emergence
herbicides to the ‘Round-up only’ regime accepted by many
growers. Since grapevines here often retain green leaves until
early December growers are hesitant to spray glyphosate until
after leaf drop because of drift concerns, giving willowherb an
opportunity to germinate and grow to a size of 2-4 leaves. Removing grape leaves from the ground before herbicide applications is practiced by very few North Coast grape growers. These
large leaves can ‘protect’ weeds from herbicide applications. I
conducted the study described below to test this effect.
Effect of grape leaf litter on weed control.
Method. I conducted a trial in a mature merlot grape vineyard in Rutherford, Napa County, CA during the
winter of 2007. Seven sets of contiguous paired plots were established in one row. Each plot was 4 vines (24
feet) long. Leaves were removed in raked plots by hand, using a standard leaf rake before treating the plots on
December 12, 2007. An application of 10 oz./ac Chateau (flumioxazin) plus 24 oz./ac Roundup Pro
(glyphosate) and BroncPlus (ammonium sulfate + surfactant mix) was made by two ATV sprayers, one from
each side of the row using a single OC04 nozzle. Just prior to application a visual evaluation was made to determine the amount of grape leaf cover (percent) in each of the unraked plots.
(Continued on page 12)
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Evaluations. (See table 1) Filaree, predominantly whitestem filaree (Erodium moschatum) and some redstem filaree (Erodium cirutarium), was evaluated at 72 DAT. Evaluations were made on a percent cover basis using the
average of two ½ meter by 1 meter quadrats to determine the effectiveness of the treatment. The subsequent evaluations were made on the entire plot using a visual evaluation of weed control. A visual rating of 1 means that the
weed was not controlled; a rating of 10 means complete control of the weed. Weeds evaluated in the ‘weed control’ rating at the 93 DAT rating were whitestem and redstem filaree, willowherb, common groundsel (Senecio
vulgaris), annual sowthistle (Sonchus oleraceus), spiny sowthistle (Sonchus asper), and prickly lettuce (Lactuca
serriola).
Results and discussion. The data in Table 1 show that removing grape leaves before making the herbicide application in this trial had a dramatic effect on the amount of filaree remaining. The greatest difference in control was
seen at the highest amount of leaf cover. Willowherb control was affected, even at the 176 DAT rating. There does
not appear to be a relationship between the amount of leaf cover and the effect on willowherb control, but all levels in this test resulted in what would not be considered unacceptable control by growers.
TABLE 1

72 DAT

% leaf cover

% FILAREE COVER

60
50
50
40
40
33
25
AVE

RAKED
5
7
15
3
5
1
5
5.9 %

UNRAKED
50
30
40
20
10
15
20
26.4%

93 DAT
WEED CONTROL

176 DAT
WILLOWHERB CONTROL

RATINGS (1-10)

RATINGS (1-10)

RAKED
9
8
7
8
7
9
9
8.1

UNRAKED
4
5
4
5
6
5
4
4.6

RAKED
10
10
9
9
10
9
10
9.6

UNRAKED
7
5
4
5
7
7
7
6.0

The leaves that covered the ground and interfered with weed control will often
breakdown or blow away allowing the weeds to continue to grow. A second
glyphosate treatment in the late spring or early summer (before verasion) is a
standard practice in many vineyards. This will control many weeds but willowherb is very tolerant of glyphosate (Kassim al-Khatib, UCIPM director, personal communication) and will not be controlled. These plants continue to grow
but often take on an appearance of being mowed, with much of the growth now
being done through the lateral buds. Willowherb like some other weeds leaves
a skeleton when the plant senesces in the late fall. This skeleton holds grape
leaves that fall from the vine, restricting the wind from blowing them away,
perpetuating the cycle of growth.
Willowherb control.
Methods. We initiated a test on January 9, 2013 in American Canyon, Napa County, CA. Several herbicides and
combinations were tested for control of vineyard weeds, primarily willowherb. All treatments were applied at 30
GPA with a CO 2 backpack sprayer using a single 8004E nozzle. All treatments (except untreated control, UTC)
contained 3 pints/ac Roundup WeatherMax (glyphosate) and ProAMS at 0.25%. All grape leaves were removed
from the trial site prior to herbicide applications.
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Evaluations. A visual rating of 1 means that the weed was not controlled; a rating of 10 means complete control of
the weed. Willowherb was the predominant weed present in this study while whitestem filaree and broadleaf
filarere (Erodium botrys) were the next most prominent, but in much lower concentrations.
Results and discussion. (see Table 2) This test was conducted under less than desirable conditions. The current
California drought began in January 2013. This site received 10 inches of precipitation prior to application, a rain
event of 0.23 inches occured 13 days after application, but only a total of 2.17 inches of rain fell between application and the end of the growing season. This lack of precipitation caused a high degree of variability in the results.
Matrix (rimsulfuron), Alion (indaziflam), Chateau (flumioxazin) (all combined with glyphosate) and combinations
of these treatments provided very good season long control. Trellis (isoxaben) and Surflan (oryzalin) did not perform as well under these trial conditions for the control of willowherb.

Table 2

Conclusions. After six years of testing herbicides for the control willowherb several trends became evident.
Glyphosate alone is not effective on willowherb, especially those four inches or larger. Rely (glufosinate) has been
very effective on willowherb, but it’s availability to grape growers has been limited in recent years. The herbicides
that have been the most effective on willowherb in several tests are Chateau and Matrix. Under ‘normal’ winter
conditions both herbicides control willowherb effectively. Other herbicides such as Goal (oxyfluorfen), Prowl
(pendimethalin), Surflan and Trellis are effective on many broadleaf weeds but have shown variable, though less
than complete control of willowherb in the north coast when used as a single preemergent herbicide when mixed
with glyphosate. The realization that many weeds are tolerant, or have developed resistance to glyphosate has
demonstrated that the dependence on any one herbicide will lead to decreased weed control.
Reference:
Weeds of California and Other Western States, 2007 J.M DiTomaso and E.A. Healy, University of California Press.
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An Iron-based Selective Herbicide for Turf
Cheryl Wilen (cawilen@ucanr.edu) Area IPM Advisor
UC Statewide IPM Program and UCCE San Diego, Los Angeles , and Orange Counties

The public’s increasing demand for safe “green” products has resulted in many new environmentally-friendly
products becoming available for controlling weeds in the garden and landscape. Even though information on
the efficacy of these new products is limited, their use is still heavily promoted by environmental awareness
groups and public agencies in an effort to reduce the use of other herbicides that have a greater potential to
contaminate surface waters. Suppliers are beginning to stock pesticides that are considered least-toxic alternatives; most of them containing essential oils or other natural plant extracts targeting weeds.
The majority of these “green” weed control products are botanically-based oils (ex. clove oil, eugenol, and dlimonene) or are soaps (ex. pelargonic acid) or acetic acid. Unfortunately, because these herbicides only kill
the green part of the plant they contact, they will not provide long-term control of weeds with extensive root
systems or underground storage structures like rhizomes, tubers, or bulbs. These herbicides are very fast acting
but non-selective (Figure 1).
Figure 1. Effect of a plant essential oil-based herbicide on grass growth 1,2,14,24, and 72 hours
after application. However, the grass recovered in about 2 weeks.

Another common natural herbicide is corn gluten meal (CGM). While the previously listed herbicides are
postemergent types, CGM is sold as selective, preemergent herbicide. Although widely advertised as an effective herbicide that will control seedlings as they geminate, in numerous tests, we have not been able to get adequate positive results that justify its use. For example, there were no differences in the time needed to remove
weeds from plots treated with CGM than from plants that were handweeded or from the plots that were not
subjected to any other treatment (Figure 2).

(Continued on page 15)
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Figure 2. Time needed to weed a landscape beds that were treated with the
shown materials.

However, herbicides with the active ingredient iron HEDTA
(FeHEDTA) have recently come
on the market that have minimal
human health or environmental
effects and in fact, are listed as a
biopesticide by US EPA. Various
sources of information about
FeHEDTA state that it provides
control or suppression of a number of broadleaf weeds including
common lawn weeds dandelion,
English daisy, white clover, black
medic, common chickweed, and
broad-leaved plantain but will not
injure grasses making this a selective herbicide for use on lawns. Fiesta is the product directed towards professional applications while the 3
others listed in Table 1 are for the home use market.
Table 1. California registered herbicides containing Fe HEDTA (checked December 2013).
Formulation

Company

Name

Percent Active

Concentrate

Bayer

BAYER ADVANCED NATRIA LAWN

26.5%

Concentrate

Engage

FIESTA TURF WEED KILLER

26.5%

Concentrate

Gardens

IRON-X SELECTIVE WEED KILLER

26.5%

Ready to use

Scotts

ORTHO ELEMENTALS LAWN WEED

1.5%

Ready to use

Scotts

WHITNEY FARMS LAWN WEED

1.5%

In preliminary tests where FeHEDTA was applied on broadleaf plantain, dandelion, oxalis, and black medic
in a tall fescue lawn and on weeds in concrete cracks there was no observable difference if the herbicide was
applied in the sun or the shade. On some weed species, especially black medic, the herbicide did not adhere
well to the leaf and bead up (Figure 3) although the material appeared to provide good suppression despite the
large droplets (Figure 4). It took about 1 week for broadleaf plantain to die. However, the oxalis and dandelion exhibited injury in 1 day and were controlled in about 3 days. There was no turf injury. The product also
provided good control of oxalis growing in cracks in concrete sidewalks and did not stain the sidewalk. There
is no soil residual. The area sprayed for oxalis had new plants, although not as many as the untreated section,
within about one month after treatment (Figure 5b).

(Continued on page 16)
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Overall, this active ingredient is a promising addition to the turf weed management market. While it will likely not replace current broadleaf herbicides, the product may be a good fit in situations where the customer prefers a biopesticide.
Figure 3. FeHEDTA sprayed on black medic. Note
poor spray coverage due to beading of the
solution.

Figure 4. Foliar injury to black medic 5 days after
spraying.

Figure 5. Oxalis in tall fescue lawn treated with FeHEDTA, one week after treatment (a) and 4 weeks after
treatment (b).

b

a
Untreated oxalis
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Status of Herbicide Resistant Weeds in California
Steve Orloff (sborloff@ucanr.edu) UCCE Siskiyou, Farm Advisor

Agricultural trade magazines and weed science journals are chock-full of articles about herbicide resistant weeds
these days and most articles deal with resistance to glyphosate. One might conclude that herbicide resistance is
something new, but the truth is the first case of herbicide resistance actually occurred way back in 1968. One might
also be led to believe that herbicide resistance is worse with glyphosate than with other herbicides or herbicide classes. This is not the case, and resistant weeds will almost certainly occur with any herbicide when used repeatedly.
Herbicide resistance is actually more likely with herbicides that have a single binding site and singe target enzyme
mechanism of action like acetolactate synthase (ALS) or acetyl-CoA carboxylase (ACCase) herbicides than it is
with glyphosate. The widespread and repeated use of glyphosate along roadsides and other non-crop areas, orchards
and vineyards, and in glyphosate tolerant (RR crops) is the reason for the increase in glyphosate tolerant weeds seen
as of late. While herbicide resistance is not new, the impact and prevalence is being felt more now than ever before.
The total number of resistant weeds worldwide is over 400 and there are likely many more that just simply have not
been officially documented due to the laborious and time-consuming task of documenting resistance in greenhouse
studies.
Herbicide resistance has not been as big an issue in California because of the diversity of our cropping systems, but
it is clearly beginning to become more of a concern. It is enlightening to examine the history of herbicide tolerance
in California to get a better understanding of our situation. The table, on the following pages, prepared by the Director of the International Survey of Herbicide-Resistant Weeds Dr. Ian Heap shows when herbicide resistance was first
documented in California, the weed species, the herbicide name and class, the cropping system and the contact person(s) who first reported the case of herbicide resistance. Dr. Heap has a website on the worldwide occurrence of
resistant weeds with fascinating graphs and tables on the number of resistant weeds listed by country, site of action,
crop, species, etc. I would encourage anyone with an interest in herbicide resistant weeds to visit his website http://
www.weedscience.org/summary/home.aspx.
The first case of herbicide resistance in California occurred with common groundsel (Senicio vulgaris) in asparagus
in 1981. Eight years later the next herbicide tolerant weed, perennial ryegrass, was confirmed. Since then the frequency in occurrence has increased dramatically with multiple species being confirmed in some years. Herbicide
resistance has been a greater challenge in rice production in California than in any other cropping system with 11
weeds with confirmed herbicide resistance. Glyphosate resistance was first documented in California in 1998 in
almond orchards. Since then several other weeds have confirmed resistance to glyphosate. The current total is six
glyphosate resistant weeds with others being suspected. It has become increasingly difficult to control Palmer amaranth in the Central Valley of California, but to date resistance has not been officially confirmed. Resistance can
sometimes be difficult to detect and may not always be black and white. Weeds may gradually appear to have developed an increased level of tolerance to an herbicide which may also be affected by environmental conditions or
weed size at the time of application.
Weed resistance in California has been most common in rice, roadsides and ditch banks, and in trees and vines.
Cases are becoming more common in agronomic crops as well. Weed resistance is not an easy problem to resolve
and the number of resistant species continues to rise. The United States leads the world in the number of resistant
weeds. In Dr. Brad Hanson’s presentation at the recent CWSS conference in Monterey he stated that there are 144
herbicide resistant weeds in the United States, 62 in Australia and 59 in Canada. The key to avoid the evolution of
herbicide resistant weeds is simply to minimize selection pressure by rotating crops, rotating herbicides and using
tank mixes with complimentary mechanisms of action. While the solution is simple, it is not easy to employ in
many weed management systems but if we don’t comply we will be paying the price for decades.
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1981

1989

1993

1993

1994

1996

1997

1997

1998

1998

1998

2000

2000

2000

2

3

4

5

6

7

8

9

10

11

12

13

14
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1

Year

Echinochloa crusgalli

Ammania coccinea

Echinochloa phyllopogon
Echinochloa phyllopogon
Echinochloa oryzoides

Lolium rigidum

Scirpus mucronatus

Ammania auriculata

Avena fatua

Salsola tragus

Sagittaria montevidensis
Cyperus difformis

Lolium perenne

Senecio vulgaris

Species

Long-Leaved loosestrife
Barnyardgrass

Early Watergrass

Late Watergrass

Late Watergrass

Rigid Ryegrass

Ricefield Bulrush

Redstem

Wild Oat

Smallflower Umbrella Sedge
Russian Thistle

California Arrowhead

Perennial Ryegrass

Common Groundsel

Common Name

ACCase inhibitors (A/1)
Thiocarbamates and
others (N/8)

ALS inhibitors (B/2)

Thiocarbamates and
others (N/8)

Thiocarbamates and
others (N/8)
ACCase inhibitors (A/1)

Glycines (G/9)

ALS inhibitors (B/2)

ALS inhibitors (B/2)

Unknown (Z/26)

ALS inhibitors (B/2)

ALS inhibitors (B/2)

ALS inhibitors (B/2)

Photosystem II inhibitors (C1/5)
ALS inhibitors (B/2)

SOA

cyhalofop-butyl
fenoxaprop-P-ethyl
thiobencarb = benthiocarb
molinate

thiobencarb = benthiocarb
molinate
bensulfuron-methyl

thiobencarb = benthiocarb
fenoxaprop-P-ethyl

glyphosate

bensulfuron-methyl

bensulfuron-methyl

chlorsulfuron
sulfometuron-methyl
difenzoquat

bensulfuron-methyl

bensulfuron-methyl

sulfometuron-methyl

atrazine

Herbicides

Rice

Rice

Rice

Rice

Rice

Almonds

Rice

Barley
Wheat
Rice

Roadsides

Rice

Rice

Railways
Roadsides

Asparagus

Crops

Albert Fischer

Jim Hill

Albert Fischer

Albert Fischer

Albert Fischer

Joseph Di Tomaso
Thomas Lanini

Jim Hill

Jodie Holt
Timothy Prather
Jodie Holt
Steve Orloff
Jim Hill

Michael Carriere

Michael Carriere

Leonard Saari
Josephine Cotterman

Jodie Holt

Contacts

Herbicide Resistant Weeds in California (Developed by Dr. Ian Heap, Director of the International Survey of Herbicide-Resistant Weeds)
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2001

2002

2005

2007

2008

2008

2009

16

17

18

19

20

21

22

PAGE 19

25

2013

2000

15

Year

Cyperus difformis

Conyza bonariensis

Lolium multiflorum

Echinochloa colona

Conyza bonariensis

Digitaria ischaemum
Conyza canadensis

Phalaris minor

Echinochloa phyllopogon

Species

Smallflower Umbrella Sedge

Hairy Fleabane

Italian Ryegrass

Junglerice

Hairy Fleabane

Horseweed

Smooth Crabgrass

Little Seed Canary
Grass

Late Watergrass

Common Name

Ureas and amides
(C2/7)

Bipyridiliums (D/22)
Glycines (G/9)

Glycines (G/9)

Glycines (G/9)

Glycines (G/9)

Glycines (G/9)

Synthetic Auxins (O/4)

ACCase inhibitors (A/1)

ACCase inhibitors (A/1)
Thiocarbamates and
others (N/8)

SOA

propanil

paraquat
glyphosate

glyphosate

glyphosate

glyphosate

glyphosate

quinclorac

cyhalofop-butyl
fenoxaprop-P-ethyl
thiobencarb = benthiocarb
molinate
fluazifop-P-butyl
fenoxaprop-P-ethyl
sethoxydim
clethodim

Herbicides

Rice

Orchards
Roadsides
Corn (maize)
Orchards
Roadsides
Grapes

Corn (maize)
Orchards
Roadsides
Grapes
Fencelines

Roadsides

Corn (maize)
Orchards
Roadsides
Grapes
Wheat
Fencelines

Rice

Onions

Rice

Crops

Albert Fischer
Rafael Pedroso

Brad Hanson
Anil Shrestha
Kurt Hembree
Steve Wright

Marie Jasieniuk

Albert Fischer
Thomas Lanini
Brad Hanson
Steve Wright

Brad Hanson
Anil Shrestha
Kurt Hembree

Brad Hanson
Anil Shrestha
Kurt Hembree
Steve Wright

Albert Fischer

Joseph Di Tomaso

Albert Fischer

Contacts
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