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2014 Award of Excellence – Dr. Anil Shrestha
(Presented by Chuck Synold, CWSS Past President)
It is a privilege to present Dr. Anil Shrestha, the California
Weed Science Societies’ Award of Excellence. His numerous
achievements and contributions to weed science along with his
guidance and mentorship to the next generation of weed control
professional, make him a very deserving recipient of this award.
Anil received an MS degree from Cornell University, a PhD
from Michigan State University, and postdoc in weed science at the University of Guelph, Canada.
He served as a weed ecologist under the UC IPM program at the UC Kearney Agricultural Center
in Parlier. In 2008 Anil joined the Department of Plant Science at CSU Fresno and currently serves
as Associate Professor-Weed Science.
Anil worked with other farm advisors to document the first case of glyphosate-resistant horse weed
in California. This important finding created national and international interest and led to TV and
radio interviews, numerous extension articles and presentations at CWSS and other regional,
national and international societies. Anil was also involved in the discovery of glyphosateresistant hairy fleabane, and helped document multiple herbicide resistance, along with one of his
grad students. According to one colleague, Anil conducts an expansive and reputable research
program. As professor at Fresno State, he has had ongoing research studies with several UC weed
advisors, specialists, Davis campus scientists, as well as graduate students. He has numerous peerreviewed publications and is a great team player.”
Through his leadership, CSU Fresno now has the largest weed science scholastic program in the
state.
Anil is currently guiding and mentoring many of California’s next generation weed control
professionals. A colleague comments “Anil gets students interested in a great variety of weed and
vegetation management projects. At 7pm on weekends you’ll find him editing student abstracts
to make sure they can participate at the CWSS conference. He enjoys it and is happy for his
students whether they are presenting the work, doing the experiments with farm advisors or
learning in the classroom.”
Anil has received statewide, national and international recognition for his accomplished work in
weed science. Beyond that, every day he continues to encourage, guide and mentor the next
generation of weed control professional, the very future of the California of the Weed Science
Society. Dr Anil Shrestha is a very deserving recipient of the societies Award of Excellence.
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2014 Award of Excellence –
Dr. Brad Hanson
(Presented
President)

by Chuck

Synold,

CWSS

Past

The California Weed Science Society is pleased to
present Dr. Brad Hanson its Award of Excellence.
Brad currently serves as Cooperative Extension
Specialist at University of California Davis.
Previously he held the position of Research
Agronomist/Weed Scientist with the USDA-ARS in Parlier. Brad says his specific research skills
and interests are oriented to using field-based research to reduce the impact of weeds on cropping
system productivity. He often conducts collaborative research with farm advisors, faculty and
other specialists in order to effectively and efficiently serve the statewide perennial crop industries.
One colleague says of Brad, “Dr Hanson’s research program has made significant research
contributions to finding technically and economically viable alternatives to methyl bromide soil
fumigation, developing strategies for herbicide-resistant weeds, and evaluating effective weed
management options in tree and vine crops”. Another colleague comments, “Dr. Hanson is an
outstanding weed scientist. He has been at the forefront of many new discoveries within weed
science and is currently one of the leaders in the dissipation of herbicides in the soil and in
herbicide resistance management. And that Dr Hanson also has a very impressive publication
record for someone so early in his career”.
Brad is also the developer of a Weed Science blog on the UC Weed Research and Information
website. The blog provides up-to-date information on best management practices and strategies
for weed control in perennial cropping systems. Although it is still young, the number of hits on
the site has gone from a few hundred to several thousand per month and is now the fifth most
viewed website in all of the University of California Cooperative Extension system.
Along with the California Weed Science Society, Brad is active in Weed Science Society of
America, Western Society of Weed Science, and American Society of Agronomy. Brad has been
keenly involved with each CWSS conference since 2009. He has served numerous times as a
presenter or session co-chair and for the past two conferences, coordinated and chaired the Weed
School portion of the program.
In consideration of Dr. Hanson’s contributions to weed science along with his numerous and
significant contributions to the California Weed Science Society, it’s with pleasure we present him
the society’s Award of Excellence.
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Carl Bell - Presidential Award for Lifetime Achievement in Weed Science
(Presented by Steve Fennimore, CWSS President)

Presidential Award for Lifetime Achievement in Weed Science
Carl Bell is currently (since 2000) the University of California
Cooperative Extension Regional Advisor, based in San Diego,
for management of invasive plants in six Southern California
Counties. His focus is on management of non-native plants in
natural ecosystems on private and public lands. Carl’s research
focuses on the biology, ecology and management of invasive
plants. Carl has one of the leading programs in California in this
area.
Previously Carl was a Weed Science Advisor in Imperial County from 1979 to 2000. Carl
worked on weed management in the many horticultural and agronomic crops in the Imperial
Valley. He was a leader in the development of soil solarization and also was a key player in IR-4
which led to the registration of numerous pesticides for specialty crops.
Carl has contributed a tremendous amount of time and talent to the California Weed Science
Society. Carl took the time to revise the bylaws of CWSS – a tedious and time consuming task.
The result of this reorganization is a larger board of directors, and outreach tools such as our
website and newsletters. Carl was the President of CWSS in 2008 then served as past President
twice during 2009 and 2010. He has also has contributed a great deal of his time to revising the
Principles of Weed Control 4th edition as the co-editor and he was a key author in previous
editions.
Carl has previously been awarded the Award of Excellence and he is an Honorary Member.
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2014 Student Awards
Presented by CWSS Director-Student Liaison, Oleg Daugovish

Research Papers
($400) Rafael Pedroso, University of California, Davis – Mechanism of Propanil Resistance in
Cyperus difformis L.
($400) Sonia Rios, California State University, Fresno – Increasing Prevalence of Palmer
amaranth in the San Joaquin Valley: Evaluating for Glyphosate Resistance
($200) Michelle Dennis, California State University, Fresno – Evaluation of Saflufenacil on
Growth Stage of Glyphosate Resistant Hairy Fleabane
Research Posters
($500) Whitney Brim-DeForest, University of California, Davis – Dynamics of weed emergence
in alternative rice irrigation systems in California
($300) Katie Neylan, University of California, Davis – Evaluation of pendimethalin application
timing on seeded and transplanted romain lettuce
($200) Elizabeth Karn, University of California, Davis– Glyphosate-resistant Italian ryegrass
(Lolium multiflorum) in Sonoma County

Student Award Winners Whitney Brim-DeForest, Sonia Rios, Rafael Munhoz Pedroso,
Elizabeth Karn, Katie Neylan. Not pictured – Michelle Dennis.
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A California Perspective on Herbicide-Resistant Weeds
Brad Hanson, University of California, Davis, Dept. of Plant Sciences, bhanson@ucdavis.edu
The Weed School Session of this year’s CWSS meeting focuses on the issues of herbicideresistant weeds. I’ll give a quick overview of the situation in California; Stanley Culpepper from
the University of Georgia will share the situation in the Southeast and update us on the situation
in the Midwest and South; finally, Albert Fischer will discuss mechanisms of herbicide resistance
with a special focus on the unique management challenges conferred by nontarget site based
resistance mechanisms. As we go through the meeting program, you’ll also notice the issue of
herbicide resistance cropping up in graduate student research, and in the various crop and noncrop concurrent sessions.
In California, like in other regions, our weed management practices impose selection pressure
for species that are tolerant or resistant to the practice. Less diverse management practices impose
greater selection pressure compared to more diverse weed management programs. While very
effective for weed control, herbicides impose great selection pressure; especially in systems with
physical or economic limitations on non-chemical weed control methods. Currently, there have
been 26 cases of herbicide-resistant weed populations confirmed in California. However, these
are not equally distributed among all situations and differ in some ways from herbicide resistance
in other regions of the country. Herbicide resistance in the US is primarily a problem in agronomic
crops and the majority of the resistance cases are in broadleaf weeds. Conversely, in California,
we’ve got more issues with herbicide-resistant grasses and monocots and our problems are in
specialty crops like rice, orchards, and vineyards, and non-crop areas like roadsides and rights-ofway. So far, our agronomic crops are less affected but this may change as tillage and irrigation
practices evolve in the state.
There are few easy solutions to California’s problems with herbicide-resistant weeds because
non-chemical weed control options are limited in some cases by economic, environmental, or
practical limitations. Additionally, there are simply relatively few herbicide modes of action
registered in many of our specialty crops. Thus, changes to selection pressure are likely to be slow
and measured rather than fast and widespread. An additional concern in in much of the US is
multiple-resistance – that is resistance to more than one mode of action in the same weed
population. We have this to some degree already, especially in flooded rice systems, and this could
greatly impact other California cropping systems too. Non-target site based resistance imparts an
additional challenge as these can be difficult to predict and may also impart tolerance to other
biotic and abiotic stress conditions. Weed management always includes tradeoffs; herbicide
resistance management will also require growers to consider long- and short-term benefits to
mitigating resistance selection. Economics and grower perception of the problem with herbicide
resistance will be the biggest challenges. Although herbicide-resistant weeds will remain a serious
management challenge, the challenge will not be felt equally among all situations. Rice, roadsides,
and agronomic crops will be probably have greater difficulty while high intensity fruit and
vegetable crop or more complex systems like rangelands will likely have fewer problems with
resistance. Our challenge in light of herbicide-resistant weeds is to go back to systemic and long-
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term thinking about integrated weed management strategies for specific situations rather than
simply relying on one-size-fits-all herbicide solutions.
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Weed Resistance – National Perspective
A. Stanley Culpepper, University of Georgia, Tifton, GA
Herbicide-resistant weeds are certainly not new but the impact from these weedy pests during
the last decade has changed agriculture forever. In the Southeast, glyphosate-resistant Palmer
amaranth, horseweed, and common ragweed as well as annual ryegrass resistant to ALS/ACCase
inhibiting herbicides are having the greatest impact in agronomic crop production. Growers are
managing these weeds effectively but at a significant cost, especially when fields are infested with
Palmer amaranth. Increased costs to manage these pests in soybean, peanut, wheat, and cotton are
$25-35, $10-15, $10-20, and $30-60 per acre, respectively.
Resistant weeds with greatest impact in the Midsouth include glyphosate-resistant Palmer
amaranth, horseweed, ryegrass, johnsongrass, and goosegrass as well as annual ryegrass resistant
to ALS/ACCase inhibiting herbicides. Similar to the Southeast, Palmer amaranth is the greatest
challenge but, overall, resistant weeds have increased costs in corn, soybean, and cotton $15-30,
$35-45, and $30-60 per acre, respectively. One difference when comparing the Midsouth with the
Southeast is that growers in the Midsouth are still having significant yield losses occurring even
after implementing additional management expenses.
Waterhemp resistant to glyphosate and at least four other classes of herbicide chemistry offer
the greatest challenge for Midwest farmers. Glyphosate-resistant Palmer amaranth, horseweed,
and giant ragweed are also extremely problematic in areas where they are present as are foxtails
with resistance to ALS inhibiting herbicides. Midwest scientists suggest management increases of
$10-30 per acre are occurring on many soybean acres with increases of $0-15 per acre noted in
corn due to these problematic weeds.
In Texas, herbicide-resistant weeds influencing agronomic crop production include ALSresistant Amaranthus species and nutsedge as well as recently confirmed infestations of
glyphosate-resistant Palmer amaranth. Growers who have these infestations, primarily Palmer
amaranth, are spending approximately $20 per acre to manage them.
Scientists from each of these regions had similar suggestions to help growers prevent/manage
resistant weeds. It is essential that growers understand the need for diversity in their management
programs. For areas heavily infested with glyphosate-resistant Palmer amaranth, herbicides alone
are simply not a sustainable option. Thus, growers must implement an integrated management
approach including as many control tactics as economically feasible such as an effective herbicide
program, cover crop residue, tillage, hand weeding, and/or crop rotation. For large scale agriculture
the herbicide system remains the key component in most weed management systems and must be
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protected. Therefore growers need to develop programs that 1) rotate herbicide modes of action
within years and across years, 2) include residual herbicides and herbicides with postemerence
control of problematic pests, and 3) apply appropriate herbicide rates. Ultimately the goal of the
integrated management approach is to attack the seedbank thereby reducing weed populations,
input costs, and pesticide use over time. In many areas, hand removal of Palmer amaranth prior
to seed development has been extremely effective with lower seedbank populations noted within
just a few years of initiating the practice. Growers should also employ sound equipment sanitation
methods when purchasing equipment or when moving equipment from an area infested with a
problematic weed to areas where the weed is not an issue.
The author would like to thank the following individuals for contributing to this presentation:
Daniel Stephenson, Louisiana State University; Mike Owens, Iowa State University; Aaron Hager,
University of Illinois; Kevin Bradley, Missouri State University; Jason Bond, Mississippi State
University; Larry Steckel, University of Tennessee; Peter Dotray, Texas Tech/Texas A&M
Universities; and Alan York, North Carolina State University.
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Mechanism of Propanil Resistance in Cyperus difformis L.
R.M. Pedroso, A.J. Fischer, University of California, Davis
rmpedroso@ucdavis.edu
Weed resistance to herbicides was first discovered nearly 30 years ago. To date, 396 different
weed biotypes showing resistance to diverse herbicide chemical classes have so far been reported.
Herbicide- resistance in Cyperus difformis L., a major weed of rice, is widespread worldwide but
has thus far only been reported for acetolactase synthase-inhibiting herbicides. Faced with the
ensuing reduced control options, rice growers in California have come to rely on the contact
herbicide propanil (3,4- dichloropropionanilide) for control of ALS-resistant C. difformis
populations. Nonetheless, growers have recently experienced poor control with any of the
available propanil formulations, suggesting resistance to this photosystem II-inhibiting herbicide
may have evolved in C. difformis populations. The objectives of this study were to (a) confirm
resistance to propanil in C. difformis lines by means of whole-plant dose- response experiments
and establish resistance levels, and to (b) examine whether or not mutations at the photosystem
II thylakoid-membrane-bound D1 protein could be playing a role in the propanil-resistant plant’s
ability to survive a rather lethal dose of propanil. A C. difformis line derived from populations
collected in rice fields of California’s Sacramento Valley was confirmed resistant to propanil; its
resistance level (R/S ratio) equaled 16.8. This is the first case of such resistance outside the
Poaceae family and the first time C. difformis exhibits resistance to an herbicide mechanism of
action other than ALS inhibition. Carbaryl - a known propanil synergist due to its role as substrate
for the propanil- degrading enzyme aryl acylamidase - did not increase propanil toxicity in R
plants but did synergize propanil against S plants, resulting in an R/S ratio of 38.9 when carbaryl
was present. Such results indicate enhanced degradation of the herbicide molecule is not playing
a role in C. difformis resistance to propanil. By means of whole-plant dose-response experiments,
R plants were shown to resist greater levels of the PSII- inhibitors bromoxynil, diuron and
metribuzin relative to S plants, but are as susceptible to atrazine as the latter. Following such
results, we selectively amplified the herbicide-binding region of the chloroplast psbA gene of
propanil-R and -S plants using PCR. Sequence analysis of the R plants exhibited a substitution
from valine to isoleucine at position 219 of the D1 protein encoded by the psbA gene, thus
suggesting a partial loss of affinity between propanil and its binding site could be playing a role
in C. difformis resistance to propanil. Such mutation (Val219Ile) has been reported for
metribuzin, diuron-resistant Poa annua populations. To our knowledge this is the first report of
a higher plant exhibiting resistance to propanil due to a psbA mutation, for all previous cases
were attributed to enhanced propanil degradation by aryl acylamidases. The loss of propanil to
control this important weed of rice underscores the fragility of herbicide-based weed control in
monoculture rice. Integrated weed management approaches to decrease herbicide selection
pressure are needed to mitigate the evolution of multiple-herbicide resistance in C. difformis of
California rice.
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Management Strategies of Potential Herbicide Resistant Weeds in Cotton in
the San Joaquin Valley
Gerardo Banuelos, California State University, Fresno
banny89@mail.fresnostate.edu
Glyphosate-resistant (GR) weeds are changing the Roundup Ready (RR) cotton (Gossypium
hirsutum L.) production system throughout the US cotton belt. This phenomenon has compelled
cotton producers in the San Joaquin Valley (SJV) of California to search for options before the
onset of this problem. One such option could be the combined use of pre-emergence (PRE)
residual and postemergent (POST) herbicides. We hypothesized that PRE herbicide applications
may reduce the density of weeds at initial application of glyphosate in RR cotton production
systems. Further, this may also be an effective weed seedbank management strategy. Therefore,
the objectives of this study was to compare the efficacy of some POST and PRE herbicides
applied at 15 and 35 days prior to planting cotton (DPP) on weed control, and to assess their
deleterious effects on the crop.
Once the crop established, crop injury and stand loss evaluations were taken in May and June.
Monthly weed density evaluations were taken from May to September. In both years, the PRE
treatments did not cause crop injury or stand loss. Final plant mapping was taken before
defoliation. In both years, the crop was harvested in October. It is not determined if the PRE
treatments incorporated did an excellent job of controlling weeds or weed pressure was just low.
The data for both years showed that weed pressure was nonexistence. None of the treatments
affected (P>0.05) weed densities, stand loss, crop injury, and final plant mapping. Although, the
treatments applied at 35 DPP had no effect on lint yield, differences occurred between the
treatments for lint yield when they were applied at 15 DPP.
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Increasing Prevalence of Palmer amaranth in the San Joaquin Valley:
Evaluating for Glyphosate Resistance
Sonia Rios1, sonia12@mail.fresnostate.edu, Anil Shrestha1, and Steve D. Wright2, California
State University, Fresno1, University of California Cooperative Extension, Tulare/Kings Co.2
Glyphosate has been a popular herbicide for weed management in annual, perennial cropping
systems and non-crop areas for more than a decade. Heavy reliance on a single mode of action
can increase the risk of weed species evolving resistance to the herbicide. Glyphosate-resistant
(GR) populations of Palmer amaranth have been confirmed throughout the southeast United States
since 2005. Since 2012, growers in California’s San Joaquin Valley (SJV) have observed poor
control of Palmer amaranth in glyphosate-tolerant corn (Zea mays L.) and cotton (Gossypium
hirsutum L.). Palmer Amaranth (Amaranthus palmeri) is one of the most problematic weeds
because of its competitive ability, C4 photosynthesis, high water use efficiency and drought
tolerance, rapid growth rate, and prolific seed production. However, it is not known if these are
cases of GR populations or application of glyphosate at more tolerant stages of the weed.
Glyphosate screenings at rates ranging from 0 to 88 oz/ac were conducted on natural populations
of Palmer amaranth at various growth stages in the field in 2013. However, all the plants were
controlled with the labeled rate of glyphosate in these studies. Therefore, Palmer amaranth seeds
from 23 annual and biannual cropping systems from different locations of the SJV were collected
for evaluation of glyphosate resistance. To date, two SJV populations have been evaluated against
a known GR and a glyphosate-susceptible (GS) population from New Mexico. The experimental
design was a 4 by 9 factorial randomized complete block with four replications. The 4 populations
and the 9 herbicide doses were the factors. Glyphosate treatments were administrated at the 5- to
8- leaf stage at 0.5x, 1x, 1.5x, 2x, 2.5x, 3x, 3.5x, and 4x rates with a control, where 1x= 22 oz/ac
(labeled rate). The study was repeated. Both the SJV populations had 100% mortality at the 22
oz/ac rate of glyphosate in both studies and therefore deemed to be GS. However there was a
significant difference (P< 0.05) between the two studies in the biomass. When the light intensity
and day length were increased in the chamber in the second study, some of the plants from one of
the SJV population took a longer time to die and regrew at the1.5x and 2.5x rate of glyphosate.
Additional field studies are also being conducted to evaluate the effect of growth stage of the plants
in tolerance to glyphosate. Collectively, these studies will provide information on whether the
reported lack of control in the SJV Palmer amaranth populations are cases of GR populations or
due to tolerance to glyphosate at later growth stages and environmental conditions during
glyphosate application.
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Distribution of Glyphosate-Resistant Junglerice in the Central Valley and
Management in Tree Nut Orchards
Marcelo L. Moretti, Seth Watkins, Milton A. Garcia, Albert J. Fischer, and Bradley D. Hanson
University of California – Davis, Department of Plant Sciences, MS-4 One Shields Ave Davis,
CA 95616
mlmoretti@ucdavis.edu
Glyphosate-resistant (GR) junglerice (Echinocloa colona L.) was first documented in
California in 2010, in the northern Central Valley. Poor control of junglerice with glyphosate also
was observed in tree nut crops in other regions which raised questions about the distribution of GR
junglerice in the state. Growers and advisors need information on management of GR junglerice
with alternative herbicides in order to reduce its spread and economic impact. Therefore, the
objectives of this study were to (1) assess the distribution of GR junglerice in the Central Valley,
and (2) to evaluate post-emergence (POST) control of GR junglerice with currently registered
herbicides. Junglerice seed was collected from orchards and vineyard production areas extending
from Butte County to Kern County in 2010 and 2011. Seed was collected from 26 populations of
junglerice and the progeny were screened for glyphosate resistance in greenhouse dose-response
experiments. Known GR and known glyphosate-susceptible (GS) populations were included for
comparison. Plants were sprayed at the four-leaf stage with increasing rates of glyphosate up to
four-fold the recommended label rate (Roundup Powermax - 22 fl oz/A). Plant survival and aboveground dry biomass were recorded 28 days after treatment. A four-parameter log-logistic model
was fit to plant biomass and the calculated growth reduction by 50% (GR50) was used to compare
populations. In the dose response experiments, five of the 26 tested populations had two- to fourfold level of resistance to glyphosate when compared to the GS junglerice population. GR
populations were found in Colusa, Madera, and Kern counties. In addition to the greenhouse
studies, two field experiments were conducted in 2013 to evaluate management options in GS and
GR junglerice populations in Contra Costa and Kern Counties, respectively. POST herbicides
including glyphosate, glufosinate, paraquat, rimsulfuron, penoxsulam with oxyfluorfen,
flumioxazin, and sethoxydim were tested alone or in combinations. Four week after treatment,
glufosinate (Rely 280 - 82 fl oz/A) or paraquat (Gramoxone SL- 4 pt/A) provided good control (>
90%) of junglerice. Sethoxydim (Poast - 1.5 pt/A) provided better control (> 90%) in Kern County
on smaller junglerice plants compared to the larger plants evaluated in Contra Costa County.
Excellent control (> 95%) was provided by a tank-mix of glyphosate (Roundup Powermax - 32 fl
oz/A) plus rimsulfuron (Matrix - 2 oz/A or 4 oz/A) in both tested locations. Performance of all
POST treatments diminished over time due to newly germinating junglerice plants after the initial
applications were made. After first confirmation of GR junglerice in California resistant
populations have been found in north, central, and south regions of the Central Valley. POST
herbicides can be used to manage GR junglerice but should not be the sole management options.
Research is ongoing on biology of junglerice, mechanism of resistance to glyphosate, and efficacy
of residual herbicides to provide integrated weed management information to growers on
management of junglerice in California orchards.

22

Responses of C₄ Waterhemp and C₃ Cotton to Ozone and Moisture Stress:
Contribution to a Developing Weed Problem?
Rama Paudel1, Hai-Bang Vu2, Nancy Grulke³, David A. Grantz2, and Anil Shrestha1,
1
Department of Plant Sciences, California State University, Fresno
2
Department of Botany and Plant Sciences, University of California, Riverside
³USDA Forest Service, Prineville, OR
Tropospheric ozone (O₃) is a major air pollutant and an important anthropogenic stressor in
agricultural cropping systems of the Central Valley of California. Studies have reported that O₃
can have differential effects on crops and weeds and thereby alter crop-weed competition dynamics
in some crops. Some weeds like black nightshade (Solanum nigrum), horseweed (Conyza
canadensis), and yellow nutsedge (Cyperus esculentus) have been found to be tolerant to O₃ and
in some cases more competitive with crops in elevated O₃ condition. Common waterhemp
(Amaranthus tuberculatus) is a problematic weed in the Midwest soybean and corn production
systems. Although it is not a widespread weed in California, it has been reported in some counties
such as San Diego, Santa Barbara, and Sacramento. Preliminary studies showed that some
populations of this weed species were tolerant to glyphosate at later growth stages (beyond 6”
size). Due to its ability to spread rapidly and tolerance to glyphosate at later-stages, common
waterhemp could be a potential weed in the Central Valley and other parts of California. Further,
availability of water for irrigation is a challenge in the Central Valley and it has resulted in an
increased interest in research on regulated deficit irrigation (RDI) in several cropping systems.
However, it is not known how this weed species would adapt to elevated O₃ levels and reduced
moisture conditions. Knowledge of the response of common waterhemp to these environmental
conditions would help predict the invasive potential of this weed in the Central Valley. Therefore,
a study was conducted to determine the effect of different O₃ levels and reduced irrigation on
common waterhemp. The study was conducted in controlled O₃ environments in continuously
stirred tank reactor (CSTR) chambers. The growth and stomatal conductance (day and night) of
cotton (Gossypium hirsutum) and common waterhemp in these chambers were compared in a splitplot design with O₃ as main effect and irrigation as sub-effect. The main plots consisted of three
different concentrations of 12 hour mean exposure to O₃ (15ppb: low O₃, 80ppb: medium O₃, and
150 ppb: high O₃) and the sub-plots consisted of two irrigation levels (control and reduced). The
experiment was conducted twice (in early and late summer of 2013). Ozone and irrigation level
had a significant (P<0.05) effect on the day and night time stomatal conductance of cotton but not
on common waterhemp. Day time stomatal conductance decreased while night time stomatal
conductance increased in cotton as O₃ concentration increased. Similarly, while increasing O₃ and
reduced irrigation level significantly decreased the above- and below-ground biomass of cotton,
these variables had no effect on common waterhemp. Our results suggest that common waterhemp
can be more invasive and more competitive with crops under high O₃ and deficit irrigation
conditions in the Central Valley. The problem can be more serious if this weed evolves resistance
to glyphosate. Therefore, the spread of this weed needs to be monitored carefully so that it does
not become a serious threat in the Central Valley as in other parts of the country.
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Evaluation of Saflufenacil on Glyphosate and Paraquat-resistant Hairy
Fleabane (Conyza bonariensis)
Michelle R. Dennis1, Anil Shrestha1, John Bushoven1,and Kurt Hembree2
Department of Plant Science, California State University, Fresno, CA 93740
2
University of California Cooperative Extension, Fresno, CA
Corresponding author’s Email: michelledennis@mail.fresnostate.edu

1

Hairy fleabane is a problematic weed in California. This problem has been further aggravated
by the discovery of glyphosate-resistant (GR), paraquat-resistant, and glyphosate + paraquat
resistant (GPR) hairy fleabane biotypes in the Central Valley. New herbicides are being sought to
control these resistant biotypes. The objective of this experiment was to evaluate the effect of a
fairly new herbicide, saflufenacil (Treevix ®), on glyphosate-susceptible (GS), GR, and GPR
biotypes of hairy fleabane when applied at different developmental stages. Potted hairy fleabane
plants were grown in a greenhouse set at 25°C with ambient lighting. Plants were treated at the
seedling stage (5-8 leaves), rosette stage (16-20 leaves), or initial bolting (extension of main stem).
Treatments included saflufenacil applied at the rate of 0, 0.25x, 0.5x, 1x, and 2x (where x = 1
oz/ac of saflufenacil), glyphosate (28 fl. oz/ac), or a mixture of saflufenacil (1 oz/ac) + glyphosate
(28 fl. oz/ac). The experimental design was a split-split-plot with growth stage as mainfactor, biotype as sub-factor, and herbicide treatment as split-split-factor. The experiment
was replicated five times and repeated.
Results showed plants were most susceptible at the seedling stage. The mix of saflufenacil and
glyphosate provided the best result with 100% mortality of all 3 biotypes at the seedling stage. At
the rosette stage, the 2x rate of saflufenacil resulted in only 70% mortality of the GS biotype and
50-60% of the GPR and GR biotypes respectfully. The mix of saflufenacil provided better control
of the plants at the rosette stage with 80% mortality of the GPR biotype, 90% of the GR biotype,
and 100% mortality in the GS biotype. At the initial bolting stage, the 2x rate of saflufenacil only
provided 40-50% control of the GS and GR biotypes and no control of the GPR biotype. The mix
of saflufenacil and glyphosate had only 50% control of the GS biotype, 30% control of the GR
biotype, and no control of the GPR biotype at the initial bolting stage. Of the remaining treatments,
glyphosate was only effective on the GR biotype at the seedling stage, although it controlled up to
60-80% of the GS biotype up to the initial bolting stage. Saflufenacil had some level of control at
lower rates (0.25x, 0.5x and 1x), but once the plant reached the initial bolting developmental stage,
these rates did not show any control. Therefore, it can be concluded that it is best to apply
saflufenacil alone or as a tank-mix with glyphosate up to the 5- to 8-leaf stage. Any applications
beyond this growth stage will result in inconsistent control or poor control
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Herbicide Resistance Management – Human Dimensions to an Evolving
Problem
David R. Shaw, Mississippi State University, 617 Allen Hall, PO Box 6343, Mississippi State, MS
39762 dshaw@research.msstate.edu
The evolution of an increasing number of herbicide-resistant weed species and populations has
become a major concern across U.S. agriculture, particularly in those crop production systems that
depend upon the widespread use of a limited number of weed management practices. The
scientific community has expressed concern that the ability to manage weeds in production
agriculture will decrease if an integrated system of best management practices (BMPs) is not
developed and implemented. In May 2012, a number of organizations, with support from a USDA
AFRI conference grant, sponsored a National Herbicide Resistance Summit which was hosted by
the National Research Council in Washington, DC. The WSSA used this forum to promote a
special report commissioned by USDA Animal and Plant Health Inspection Service (APHIS) on
BMPs, their levels of adoption, impediments to adoption, and recommendations to optimize
herbicide resistance management (Norsworthy et al. 2012). A summary of results from the
Summit can be viewed at http://nas-sites.org/hr-weeds-summit/.
Rather than an end-point, the first Herbicide Resistance Management Summit was viewed as a
starting point and call for action. Since the first Herbicide Resistance Management Summit, the
WSSA has presented findings from the APHIS report to a number of organizations and has also
published a comprehensive suite of herbicide resistant weed management training modules that
have been widely disseminated (http://wssa.net/). The WSSA continues to be actively engaged
with industry, grower organizations, state and federal agencies, and the science community on how
to facilitate the adoption of herbicide resistant weed management practices. However, while some
progress is being made as evidenced by increasing grower adoption of more diversified weed
management programs, the level of adoption is still far below expectations and acreage infested
with herbicide resistant weeds continues to grow at an increasing rate. It should be noted that the
effectiveness of BMP adoption on a single farm is at least partly dependent on adoption by
neighboring farms, as weeds have the capacity to travel across property lines. Thus, the
effectiveness of BMPs is dependent on a wide range of adoption.
The myriad of factors driving the evolution of herbicide resistant weeds in crop production
make its management incredibly complex. Weed management is ultimately the responsibility of
farmers and farm managers. However, each farm household and faming enterprise are different,
facing a variety of sociologic, economic and agronomic conditions. “One-size-fits-all” BMP
recommendations cannot account for this variety and thus will have uneven success at best, and
may prove costly and ineffective at worst. Moreover, dispersal of weed pollen and seeds, whether
natural or human mediated, means that herbicide resistance can spread throughout the farm
community. This “common pool” nature of the herbicide resistance problem makes the collective
actions of neighboring farmers and the widespread adoption of BMPs necessary to ensure
sustainable solutions.
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The process of farm management innovation, including the development and dissemination of
new technologies, strategies and tactics, has been studied by social scientists. The development
and implementation of solutions to the myriad of problems in agriculture is part of a complex
process that is influenced by factors such as farmer knowledge, values and objectives, size of
operation, specific commodities produced, community social structure and other social networks,
market influence, resource costs, governmental regulations and policies, and crop price signals.
What is now widely recognized is the need to engage all stakeholders in a dialog that results in
the identification of the most important decision drivers that impact weed management across
different crop production settings and ecosystems. The results of this dialog will be an
understanding of how best to approach effective weed management planning from all who
contribute to these decisions, including growers, land managers, retailers, applicators,
agrichemical industry, university research and extension, crop advisors, state and federal agencies,
and others.
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How Plants Talk and Why We Should Listen
C.J. Swanton, M. Afifi and E.Page. University of Guelph, Guelph, ON
cswanton@uoguelph.ca

Plants are able to exchange information regardless of the intent or fitness consequences for
other plants. Mechanisms of information exchange often occur through the emission of volatile
organic compounds which may be released in response to insect or disease infestation. The ability
to exchange information may occur both above and below ground and result in enhanced fitness
for the neighbouring plant population. In this presentation, we propose that exchange of
information can occur through the detection of changes in light quality. The ability of crop plants
to exchange information with neighbouring weeds is viewed as a primary mechanism of plant
competition. This presentation will discuss the physiological and morphological changes that
occur as a result of the ability of a weed to talk to a crop plant.
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Management of Western Watermilfoil in the Friant-Kern Canal
Eric R. Quinley, Maintenance Manager, Friant Water Authority
854 N. Harvard Ave., Lindsay, CA 93247
Email: equinley@friantwater.org
The Friant Water Authority (Authority) oversees the Operation and Maintenance of the
Friant-Kern Canal (FKC). A principal feature of the Central Valley Project, the 152 mile long
FKC conveys critical supplies of water to Water Contractors (Contractors) along the eastern side
of the lower San Joaquin Valley. These Contractors utilize their supplies for agricultural,
municipal/industrial, and groundwater recharge purposes within their service areas which
encompass over 1,000,000 acres of highly productive land. Over a 14 year period invasive
Myriophyllum hippuroides, or western watermilfoil, spread to entire earthen sections of the FKC
causing numerous operational challenges in the FKC, Contractor’s distribution systems, and end
user’s systems. In response, the Authority prepared the bold and ambitious FKC Western
Watermilfoil Treatment Program (Program) in coordination with federal, state, and local
stakeholders. During the winter of 2012, the Program utilized a pre-emergent drawdown
application of Fluridone, trade name Sonar Genesis, and Imazamox, trade name Clearcast. The
Authority reintroduced water into the FKC in early 2013 at which time evaluation of the Program’s
effectiveness began. Initial evaluation indicates the Program was successful in retarding or
limiting the regrowth of western watermilfoil in areas of the FKC leaving the question as to the
duration of control open for ongoing evaluation.
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Weed Control in North Coast Vineyards
John Roncoroni, UCCE Napa County, jaroncoroni@ucanr.edu
Two studies were conducted in 2013 to evaluate weed control in vineyards in California’s North
Coast vineyards. The first study was conducted at the UC Oakville Station, Oakville, Napa Co,
and compared three weed control methods over two years to determine differences in weed
populations. This ongoing study compares mechanical cultivation, postemergence treatment with
glyphosate herbicide and a combination of preemergence and postemergence herbicides on several
weed species. Evaluations show that panicle willowherb (Epilobium brachycarpum C. Presl) is the
dominant and spreading weed in the postemergence (glyphosate) only treatment. Grasses,’ Zorro’
fescue and’ Blando’ brome, that were moved into the undervine area of the vineyard from the
middles are now dominant in the cultivated plots and may be acting as a mulch to compete with
weeds.
The second study was conducted in American Canyon, Napa Co. compared 22 treatments for
weed control, predominately panicle willowherb. 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 occurred 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.
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Orchard Herbicide Symptomology Refresher
Brad Hanson, University of California, Davis, Dept. of Plant Sciences, bhanson@ucdavis.edu
Herbicides can provide an amazing level of weed control in many situations; however, they can
also cause unexpected crop injury in some cases. Most of the margin of safety with the herbicides
used in orchards is due to placement; we apply the herbicides below the tree or vine foliage and
minimize the exposure to the deeper-rooted perennial crops. Foliar routes of exposure to orchard
and vineyard crops can include drift (from outside or inside the orchard), vapor movement, and
movement on soil dust. Damage from soil and root exposure most often happens in overdose
situations or when unusual or unexpected soil or weather conditions move the herbicide deeper
into the soil profile.
When trying to diagnose herbicide symptoms on any crop, it’s important to think about how
they work (mode of action), how they move in soil or plant tissue. This information can provide
important clues as to expected symptoms, timeline, and duration of injury. Most of this
presentation is a picture-based refresher on the symptoms that different classes of herbicides can
cause to orchard crops and not very amenable to written descriptions. However, in troubleshooting
suspected cases of herbicide injury, remember that symptoms can vary widely depending on the
crop species, part exposed to the herbicide, the dose/rate of exposure, and the time since exposure.
Additionally, many biotic and abiotic disorders can be confused with herbicide injury so it’s
important to avoid jumping to conclusions. When in the field, take good photos of the symptoms
and include both overviews and close-ups. Describe the timeline of events and symptom
development on crop and non-crop plants. Question the growers and advisors about herbicides
and other practices used at the site in question as well as think about the weed control practices
used in surrounding areas. Look for patterns in the field – these can be especially important in
diagnosing application errors or soil issues and may reveal other cultural practices that can cause
crop damage. Finally, symptomology can never be fully diagnostic of herbicide injury – when in
doubt, collect leaf and tissue samples and freeze in case it becomes necessary to confirm herbicide
exposure through laboratory analyses.
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Resistance Management in Trees and Vines in California
Kurt Hembree
University of California Cooperative Extension, Fresno County, Fresno, CA 93710
kjhembree@ucanr.edu
Tree and vine growers in California try to maintain fields in a relatively weed-free state were
possible to facilitate irrigation, harvest, and other cultural operations, as well as to promote
healthy, vigorous trees and vines. Although both pre- and postemergent herbicides are routinely
used in orchards and vineyards, glyphosate is the most widely used herbicide (see figure) in these
systems because of its ease of use and relatively cheap cost, compared to other herbicides.
Currently in California, there are 19 herbicideresistant weed biotypes resistant to herbicides in eight
different chemical families, including the glycines
(glyphosate). In recent years, glyphosate-resistant
Conyza bonariensis (hairy fleabane) C. canadensis
(horseweed), Echiochloa crus-galli (junglrrice), and
Lolium multiflorum (Italian ryegrass) have become
especially problematic in tree and vine production
systems in the southern San Joaquin Valley.
Development of herbicide-resistant weed biotypes is usually associated with repeated use of a
single herbicide mode-of-action (MOA), as is the case with those mentioned here.
To help combat glyphosate- and other herbicide-resistant weed populations and prevent
additional outbreaks, growers must be proactive in their approach to weed management. This
means growers need to consider multiple options and be willing to modify their programs as
conditions warrant. The different weed control options available vary in effectiveness at
impacting resistance (see chart).
At the forefront of combating herbicide
resistance is preventing weedy plants from
producing new seed (potential herbicide-resistant
offspring). This means eradicating weeds within
the treated field escaping chemical or physical
control, as well as those along field edges, borders,
ditches, and other near-by sites where weeds tend
to proliferate. Preventing weed seed production in
these areas will help reduce the risk of new weeds
entering the field.
Herbicide labels have written sections referring to weed resistance management
recommendations and strategies. It is important to follow these label guidelines, to help reduce
the risk of developing herbicide resistance and to maintain that product’s effectiveness over time.
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A third consideration should be given to the operation of the spray equipment used to treat
weeds. If the proper dose of herbicide and carrier are not uniformly applied over the treated area,
weed control will suffer and risk of resistance development increases. It is necessary to routinely
monitor the spray operation, including items such as sprayer and spray tip performance, spray
coverage, and environmental conditions. Employing an applicator with the right attitude and
level of skill necessary to ensure the area is treated appropriately is critical for successful weed
management. The applicator should be aware of the consequences of under- or over-dosing
herbicides applied to the field to help minimize risk of resistance.
Applying herbicides at the appropriate timing, according to label recommendations, is also
important to consider. Failure to treat when weeds are the most susceptible to the herbicide(s)
usually leads to herbicide failure, requiring additional follow-up treatments, Often times, this
leads to hardened-off plants which can still flower and produce seed. This is a common
occurrence when hairy fleabane and horseweed are treated with glyphosate beyond their seedling
stages of growth.
Because tree and vine growers in California rely on herbicides for economic weed control, it
is important that consideration be given to use of herbicide MOAs for management of weed
resistance. Over-reliance on a single herbicide MOA is a sure-fire way of encouraging resistance
development. Combining multiple
herbicides with different MOAs in
the spray tank and rotating different
herbicide MOAs should be used
where possible. Simply changing
herbicide brand names or active
ingredients may or may not mean
one is using different herbicide
MOAs. Therefore, one needs to
recognize these differences when
selecting products. Most herbicide
labels list the herbicide MOA for
that particular product and active
ingredient. To aid recognition,
product labels often list the MOA by name and/or by group number or code. An example of
herbicide active ingredients and their corresponding MOA group numbers for herbicides
registered for almonds in California is shown in the table. As weed flora changes within a field
over time, there will be a need to modify the herbicide program as needed.
Herbicide-resistant weeds are not new to California. Growers must take a proactive approach
to weed management, particularly when it comes to herbicide selection and use, in order for
them to be effective in their weed management efforts. Consideration must be given to weed
seed production, label recommendations, spray operation, herbicide timing, and herbicide MOA
selection in order to successfully combat and help prevent herbicide-resistant weed populations
from developing.
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Impacts of Harmful Algal Blooms on Humans and their
Environment
Ben E. Willis, M.S. SePRO 16013 Watson Seed Farm Road Whitakers, NC
27891, ben.willis@sepro.com; West M. Bishop, M.S. SePRO 16013 Watson Seed
Farm Road Whitakers, NC 27891, westb@sepro.com; Rebecca S. Haynie, Ph.D.
SePRO 11550 North Merdian Street Suite 600 Carmel, IN 46032,
RebeccaH@sepro.com
Algae encompass a diverse array of life, and thrive in a variety of habitats.
Specifically, cyanobacteria are of special concern for freshwater resources via their
production of toxins. Humans are exposed to algal toxins more than previously
thought (tainted food, inhalation, and etc.), and have been reported to cause illness
and death with cattle, pets, and people. There are multiple toxins produced by
cyanobacteria (e.g. saxitoxins, anatoxins, hepatotoxins, and dermatoxins), and new
toxins and affects are discovered frequently. Despite these negative impacts
attributed to algal toxins there are proactive and reactive solutions to mitigate these
risks. Decisions to protect ourselves and our interests are dependent on human
actions, and the longer one waits to resolve harmful algal blooms the worse a
problem can grow.
Presenter Autobiography
Ben Willis is a scientist that received a B.S. in Environmental Science from
Western Carolina University, NC where through is passion and love of water
inspired concentrated focus on chemistry and water resource management. He
additionally, received his M.S. at Clemson University, SC where he conducted and
published research on the fate and effects of copper algaecides. Ben’s passion for
water and science continues through his work with SePRO Corporation where he
discovers new solutions with his colleagues for resolving algae, water quality, and
aquatic weed issues.
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2013 Update on Hydrilla in California
Pat Akers, California Department of Food and Agriculture, pakers@cdfa.ca.gov
Hydrilla has been called the world’s worst submerged aquatic weed. It proved its destructive potential
in California in the Imperial Irrigation District infestation, where it reduced water deliveries in some canals
by as much as 85%. Since hydrilla was first found in California in 1976, the Department of Food and
Agriculture has worked hard to keep the weed from spreading in the state, with much success. Of over 30
distinct infestations, CDFA has eradicated all but about 5. Four infestations were declared eradicated
between 2010 and 2012, and of the five active eradications, at least three have had no plants for six years
or more. The major remaining infestations with plants are in Clear Lake and a small canal and associated
ponds in the Sierra foothills about halfway between Marysville and Grass Valley. Even in these
infestations, numbers of plants are now very low. CDFA has achieved these goals with persistent effort
and employing a wide range of treatment options including burial, lining, herbivorous fish (sterile grass
carp), dewatering combined with soil fumigation, manual removal, and dredging of root structures, as well
as standard aquatic herbicides.
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The New 2014 California NPDES Aquatic Pesticide Permit
Michael S. Blankinship
Blankinship & Associates, Inc. Agricultural & Environmental Consultants
1590 Drew Avenue, Suite 120, Davis, CA 95618 mike@h2osci.com (530) 757-0941

Intentional introduction of pesticides into Waters of the US to control algae and weeds
requires an NPDES permit, not just compliance with the label. Differences between the
old permit (2004-2013, RIP) and new permit are significant. Compliance with the new
permit requires that you know where your herbicide is, when it is there and what it is
doing, or more importantly, not doing. Details, tools and examples will be presented to
help you recognize if you need a permit and if you must have one, how to comply with it
in a cost-effective manner.
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Aminopyralid Research Summary for Aquatic Labeling
Vanelle F. Peterson*1 vfpeterson@dow.com, John J. Jachetta2, Patrick L. Havens2, Louise A.
Brinkworth2, William N. Kline3, William T. Haller4, John L. Troth2; 1Dow AgroSciences, Mulino,
OR, 2Dow AgroSciences, Indianapolis, IN, 3William N Kline, LLC, Ball Ground, GA, 4University
of Florida, Gainesville, FL
Aminopyralid is a member of the pyridinecarboxylic acid family of herbicides and controls
noxious and invasive broadleaf weeds in rangeland, permanent grass pastures, Conservation
Reserve Program (CRP) acres, non-cropland areas including industrial sites, rights-of-way (such
as roadsides, electric utility and communication transmission lines, pipelines, and railroads), nonirrigation ditch banks, natural areas (such as wildlife management areas, wildlife openings,
wildlife habitats, recreation areas, campgrounds, trailheads and trails), and grazed areas in and
around these sites. It is currently registered in products either alone (Milestone®) or with other
active ingredients such as metsulfuron, clopyralid, triclopyr, or 2,4-D (for example, Opensight®,
Sendero®, Capstone®, or ForeFront® HL, respectively). The current labels state, “It is permissible
to treat non-irrigation ditch banks, seasonally dry wetlands (such as flood plains, deltas, marshes,
swamps, or bogs) and transitional areas between upland and lowland sites. Milestone can be used
to the water’s edge. Do not apply directly to water and take precautions to minimize spray drift
onto water.” The labels also state, “Do not contaminate water intended for irrigation or domestic
purposes. Do not treat inside banks or bottoms of irrigation ditches, either dry or containing
water, or other channels that carry water that may be used for irrigation or domestic purposes.”
Aminopyralid degradation rate in water in sunlight (photolytic half-life of 0.6 days) is similar to
triclopyr, an active ingredient registered for aquatic uses (half-life of 0.5 days).
Therefore, to expand the utility of aminopyralid containing products, research was conducted
in 2010 to gather data for a submission to support the addition of aquatic uses to aminopyralid
product labels. Research studies in ponds and in moving water generated residue data in order to
establish tolerances for fish, shellfish and crustaceans and define the dissipation kinetics in water
and sediment over time. Pond studies were conducted in Texas and Indiana and moving water
studies in Oregon and Florida. Data were used in submissions to support aquatic uses for
Milestone, GrazonNext® HL, ForeFront HL, Capstone, and PasturAll® HL. Following approval
labels are expected to have no restrictions on recreational or livestock use of water after
applications but use will not be permitted on the inside banks of irrigation ditches. Use
precautions and restrictions on use of water treated with Milestone for irrigation will likely be
included on the new label. Registration is anticipated for the use season in 2014.
®™

Trademark of The Dow Chemical Company (“Dow”) or an affiliated company of Dow
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MONITORING DROPLET SIZE TO MINIMIZE DRIFT
Marty Wagner, TeeJet Technologies marty.wagner@teejet.com
Improperly sized spray tips have the real potential to create an application pattern that contains
very small droplets which can result in excessive drift of active spray material away from the
intended target and spray area.
Droplet size monitors provide real time operating pressure and corresponding droplet size
category feedback for liquid applicators. In-cab mounted monitors will normally include a bright
backlight adjustable touch screen. Graphics will include imaged based tip series and tip capacity
settings that promote simple, one touch selection of correct spray tips. The tip capacity settings
will normally utilize ISO color coding as well as text for easier tip identification and selection. In
addition to visual displays, the monitors will also incorporate high and low pressure audible alarms
to alert operators when system pressure deviates from an operator selected range or limit. Unit
measurements can be designated as US (PSI) or metric (bar). More advanced monitors may also
include pre-loaded performance criteria for user defined “favorite” tips.
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Demonstrating Drift-Reducing Nozzles for Adoption in Foothill
Vineyards
Lynn R. Wunderlich1 and Kurt J. Hembree2
1
University of California Cooperative Extension-Central Sierra. 311 Fair Lane, Placerville, CA.
95667. lrwunderlich@ucanr.edu
2

University of California Cooperative Extension-Fresno County.

Introduction and Background. Drift reducing nozzles for herbicide applications are one of
the most exciting developments in spray technology today. These nozzles can reduce drift by
increasing droplet size spectra and include “turbulence” nozzles, Turbo TeeJet (TT), turbo
nozzles with split orifices, Turbo TwinJet (TTJ), air induction (A.I.) nozzles-also called
“venturi” nozzles, and combinations, i.e. TeeJet’s air induction turbo twinjet (AITTJ). Although
herbicide spray drift is not a large problem in Sierra foothill vineyards, grapes are extremely
sensitive to off-site spray movement. Pesticide labels are beginning to
indicate
recommendations for larger nozzle droplet size ranges, pointing to the need for applicators to
consider and implement drift management. Drift reducing nozzles are relatively inexpensive for
growers to try, and present a very hands-on “teachable moment” for spray application extension.
Furthermore, recent work (Hembree and Hanson, 2012) has shown that drift reducing nozzles
can be as effective as standard flat fan nozzles for controlling weeds with contact materials.
A pesticide nozzle typically produces a range or spectrum of spray droplet sizes,
indicated by the volume mean diameter (VMD or Dv0.5), using microns (µm) as the unit of
measure. Droplet size spectra is categorized, using standards developed by the British Crop
Production Council (BCPC) and American Society of Biological and Agricultural Engineers
(ASBAE) as “fine” (<177 µm), “medium” (177-218 µm), “coarse” (218-349 µm), or “very
coarse” (349-428 µm). Manufacturers such as TeeJet color code nozzles based on droplet size
categories for growers to easily pick out nozzle differences. The smaller the droplet size, the
more likely the droplets are to drift. Yet the conundrum for applicators is that the smaller the
droplet size, traditionally, the better the coverage. Thus, a standard XR TeeJet nozzle has a
“fine” droplet spectra rated for “excellent” results with a contact product, while a TeeJet Turbo
nozzle has a “coarse” droplet spectra rated for “very good” results with a contact product
(www.teejet.com). However, work by Hembree and Hanson (2012) showed that Turbo and
Turbo TwinJet nozzles provided similar weed control as an XR or standard flat fan nozzle,
when applying contact herbicides. Their work also showed that air induction nozzles needed
larger volumes for adequate control. We wished to repeat this work in a foothill vineyard
demonstration trial and extend the results to growers.
We asked the questions 1.) Can we get adequate weed control (equal or better than with
a standard XR nozzle) with drift reducing nozzles using contact materials? and 2.) How does
spray coverage vary with the different nozzles, as compared to a standard XR nozzle?
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Methods. We compared 5 drift reducing nozzles to a standard XR flat flan in a replicated
trial and measured weed control by visual rating and spray card coverage using laboratory
analysis. The nozzles were an air induction (AI), an extended range air induction (AIXR), a
Turbo TeeJet (TT) a Turbo TwinJet (TTJ) and an air induction turbo twinjet (AITTJ), compared
to a XR flat fan. The spray mixture consisted of 64 oz. Rely 280, 6 oz. Chateau and 4.25 lbs.
ammonium sulfate per sprayed acre. Since this trial was conducted on-farm, in a commercial
situation, the grower determined the spray mix rate. All nozzles were 11003, delivering 0.3
gal/min. at 40 psi and manually calibrated to confirm flow rate. Spray boom height was 18
inches and one nozzle was used, giving a 4 foot swath width in two passes. Tractor speed was 3
mph, and application volume was 26 gal./acre. A weed badger (unsprayed) treatment was also
included for demonstration purposes. Each treatment was replicated four times in a RCB design.
Treatment date was March 11, 2013. Main weed species present included red stemmed filaree,
radish, yellow starthistle, clover, panicle willowherb and various grasses.
Weed control was visually rated at 7DAT and 23DAT. We used a rating scale of 0-10
where 0= no control, 5.5=55% control, 10=100% control etc. Water sensitive spray cards were
placed in the center (vine row) and to the east and west of the vine row, within the spray swath,
of each replicate, and analyzed in the laboratory for percent coverage.

Mean percent card coverage

Fig. 1. Comparison of Mean Percent Card Coverage For Drift- Reducing vs. Standard
Nozzles
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Results. Spray card coverage analysis found that all nozzles had equal or better than the
standard XR nozzle. The AITTJ nozzle provided the greatest coverage, 60.07%, as compared to
the other nozzles. The TTJ, TT, and AIXR nozzles all gave similar and next highest percent
coverage but only the TTJ was different than the AI or XR nozzles. The AI and XR nozzles
gave similar percent coverage and had the lowest coverage of the nozzles overall.
The visual ratings at 7 and 23 days after treatment showed no differences in observable weed
control between the nozzles (Fig. 2). We held a successful field day to demonstrate the nozzles
to growers with 25 attendees. 100% of post-survey respondents said they would try drift
reducing nozzles.
Fig. 2. Mean visual ratings of weed control comparing drift reducing nozzles to a standard
XR nozzle at 7 and 23 DAT. Scale 0-10: 0=no control, 10= 100% control.
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Individual Nozzle Control Combined with Variable Rate and GPS For Boom
Spraying
Ken Rost, Frost Services Inc., ken@frostserv.com
Bio info:
BS & MS at University of Minnesota – Agricultural Sciences/Animal Science
Over fifteen years of professional career as International and OEM Sales Manager at
Hypro/Pentair. Pentair (formerly Hypro) manufactures sprayer components for the spraying
industry.
Founded Frost Services Inc in 2009 to bring new and specialized technologies to the spraying
market.
Member of American Society of Agricultural and Biological Engineers
Expanded presentation description:
Individual spray nozzle control is now possible using can-bus communication between the
controller and nozzles. The Seletron system, developed by ARAG, includes multiple nozzles at
every position to add variable speed range while keeping spray pressure in an optimal zone. GPS
guidance using WAAS and DGPS creates a high accuracy system where spray over-lap is virtually
eliminated. Shape files generated with GIS software can be up-loaded for controlled spray
applications and spray job files can be exported easily for records management. Faster, more
accurate spray applications are achieved along with chemical savings.
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INJECTION RIG TECHNOLOGY UPDATE
Dick DuBey, Spraytec, Walnut Creek, CA, rdubey@sbcglobal.net
Industrial weed control and right-of-way spray application equipment that employs direct chemical
technology is becoming more sophisticated and user friendly in recent years. In-cab controllers
now have the capacity to monitor and control up to six injection pumps and both multiple product
and variable application rates, using preprogrammed prescription files. Utilizing GPS guidance,
spray controllers can produce detailed application maps and site specific job reports that include
acres (or miles) sprayed, applied active ingredient totals and other job specific requirements such
as multi line or shape files of the actual application, weather and equipment used.
This versatility has been matched by an evolution of spraying application devices and booms. With
the systems’ ability to react to rapid swath width changes and/or changes in spread as experienced
in roadside and ditch bank spraying, the use of “boomless” spray nozzles and spraying devices has
become more readily acceptable and very necessary.
Boomless heads that include the capacity to increase and decrease swath widths using individual
control of nozzle “clusters” are in great demand for right of way, ditch bank and flood control
channel maintenance. These clusters might create patterns as narrow as twelve inches or broad
multiple swaths or swaths as great as twenty or thirty feet. Unlike the “Off Center” single boom
nozzles, multiple nozzle boomless spray heads utilize “zero” degree spray tips in multiple nozzle
clusters or groups to cover individual segments of the sprayed pattern. Individual pin streams are
set up to fill a narrow potion of a sprayed swath.
“Zero” degree spray tips are noted for the coarse droplets created in the pin shaped stream.
However, there is still the potential for drift off target as the projected stream completes its’
trajectory from the tip to the target. Smaller droplet sizes and drift off target are not suitable for
most roadside applications due to drift off target into sensitive vegetation areas that might border
a right ow way.
Air induction is a fairly recent breakthrough in nozzle design and has created an excellent tool for
use in boomless heads. Based on an internal venture incorporated into the nozzle design, the
introduction and mixing of ambient air into the sprayed stream as it passes through the nozzle has
created the capacity to increase droplet average median diameter size by as much as 400%. The
resulting pin streams contain significantly larger droplets, demonstrate better wetting
characteristics and produce a more clearly defined swath width with readily discerned reduction
of drift particles and overspray.
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MONITORING NOZZLE FLOWS TO AVOID STREAKS AND SKIPS
Marty Wagner, TeeJet Technologies, marty.wagner@teejet.com
Plugged or partially blocked spray tips can have a significant impact on the quality of a sprayed
application. Streaks in the field caused by misapplication can result in yield reductions, increased
weed pressure and the need to re-apply – all of which can be costly.
In-cab mounted Tip Flow monitors individually monitor flow performance from every spray tip
on a boom array. The technology is simple, - a compact flow meter mounted in each spray tip
nozzle body. The flow meter detects flow variation caused by clogs, nozzle damage or loss of
upstream flow due to restrictions. The in-cab central controller has the capacity to monitor many
tips, in some cases as many as seventy five. The monitors are usually back lit with easy to
understand graphic displays. A tip error is indicated by an audible alarm, monitor display
notification and, in some cases, an illuminated Light Emitting Diode (LED) at the affected nozzle.
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Effects of Regulations on Vegetation Management
in the Santa Clara Valley
Mark E. Wander, Vegetation Field Operations Unit Manager, Santa Clara Valley Water District,
5750 Almaden Expressway, San Jose, CA 95118, mwander@valleywater.org
The Santa Clara Valley Water District is responsible for the management of an integrated
water resources system that includes the supply of clean, reliable water, ensuring flood
protection and maintaining healthy creeks and ecosystems on behalf of Santa Clara County’s 1.8
million residents and businesses.
A key component of the District’s successful management of water resources, assets and
infrastructure is vegetation management. The Vegetation Field Operations Unit is responsible
for the District’s vegetation management program, which includes the following activities:








Weed abatement and vegetative pruning for fire code compliance and maintenance access
Control of in stream vegetation for flood control and water conveyance
Algae and pondweed control on Groundwater Recharge Ponds
Control of vegetation on Levees and Dams to maintain the structural integrity of the asset
Management of mitigation
Formal landscape maintenance
All pesticide related activities and compliance

Work performed by the Unit exceeds 4,000 acres annually on:







10 Dams and Reservoirs
3 Water Treatment Plants
More than 400 acres of Groundwater Recharge Ponds
140 miles of Pipeline Right of Way
3 Pump Stations
Over 275 mile of streams

The author started his career in the vegetation program at the District in 1986, or about 70
pounds ago. Back in those days you came in, did your work and went home. A regulator was a
car part that you hoped didn’t leave you stranded on the side of the road. Seriously, we had
permits and agreements from agencies (formerly known as) the California Department of Fish
and Game, and the Soil Conservation Service, and dealt with the Army Corps of engineers on

45

some projects, but for the most part, those were pretty much “slam dunks” as we went about our
day to day business.
Things began to change in the late 1990’s. In 1997, the California Red Legged Frog (CRLF)
was listed as an endangered species. The entire vegetation management program was suspended
for the summer construction season, meaning a deferral of all work until such time as permits
could be negotiated with the US Fish and Wildlife Service.
This was the beginning of a series of species listings that would affect how and if we did
maintenance work.
Today, the District deals with nine different agencies to acquire the various permits to do
vegetation management and other activities in meeting the goals of its flood control and asset
management programs:











California Department of Fish and Wildlife
United States Fish and Wildlife Service
United States Environmental Protection Agency
United States Army Corps of Engineers
National Marine Fisheries Service
Central Coast (Region 3) Regional Water Quality Control Board
San Francisco Bay (Region 2) Regional Water Quality Control Board
Santa Clara County Department of Agriculture
Merced County Department of Agriculture

Once permits are issued by these agencies, work can still not proceed without “PreConstruction Surveys” to determine the presence (or absence) of endangered, threatened, listed,
or “soon to be listed” species of plants and animals. In the Santa Clara Valley, there are 18 such
species on the current list, with an additional 148 species which could be listed at any time in the
future.
Pre-Construction Surveys are performed relative to the time of year, the potential for species
presence, and even the type of terrain such as soil or vegetation type. Each survey is only good
for a specific time frame, which varies by species, season and surrounding habitat. The
following are a few examples of survey windows and durations:
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Ground Nesting Birds: Surveys necessary between January 15th and August 31st.
Duration of surveys is 14 days before re-survey is required.
California Red Legged Frog: Surveys required year around. Duration of surveys is 7
days before re-survey is required
California Tiger Salamander: Surveys are necessary year around. Duration of surveys is
7 days between August 1st and October 31st, and 3 days between November 1st and July
31st before re-survey is required.

Program Limits
As part of the permitting process, the District set up program limits. By definition, program
limits “Define the maximum amount of work by activity that will be performed during the life of
the permit.
Program limits relative to vegetation management consist of “Acres of Work Performed” and
“Quantity of Herbicides Used”. In the case of the current permit the program limits define the
total limits for the 10 year program as well as the annual limit in any one year of the permit. For
example, the annual limit may be 20% of the program limit, but the program limit may not be
exceeded.
I would caution anyone setting up a similar program that you may want to carefully consider
whether or not to use a staff person with only 3 years left in their career to establish the 10 year
program limits. On one hand they have no real ownership in the end results of the ten year
program. On the other hand, you have someone to blame if things do go wrong. Check their
work carefully!

Reporting
As part of the permit requirements, the District is required to prepare and submit two
documents each year defining the work proposed and the work performed.
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The Notice of Proposed Work, or NPW defines the location, amount of work and activity
type proposed. The NPW is due to the agencies April 1st of each year.
The Annual Post Construction Report, or PCR describes the location, amount of work
and activity type actually performed. The PCR is also used to calculate and track the
work limits total for the year.

Summary
To say that things have changed dramatically in how work can be performed on Santa Clara
Valley Water District projects since 1986 would be an understatement. The cost of doing work
has risen significantly with the added costs of permits, surveys, mitigation of impacts and
reporting of work performed. It costs more to do less. The level of service is reduced, as a
larger portion of the budgeted funding for projects is spent on these added costs, and in effort to
minimize impacts and provide associated mitigation.
The public taxpayer expects the same level of service as they are accustomed to, which can
only be achieved through increased costs. Priorities for work types have to be established.
Having to find different ways to approach the work to accomplish the desired outcomes becomes
a way of life.
Educating the public and “re-tooling” their expectations is critical to the success of any program.
The modern vegetation manager who can accomplish this will have a successful program.
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Challenges to Vegetation Management in the Bay Area
Bill Nantt, CalTrans, Stockton, CA
My name is William Nantt and I serve as a Caltrans Landscape Specialist in District 4 which covers
the San Francisco Bay Area. There are three Landscape Specialists in District 4. I cover Alameda
and Contra Costa Counties. We are all licensed Pest Control Advisors. Each part of the Bay Area
presents its own vegetation management challenges and today I’ll mainly cover the ones I face on
a regular basis.
Imagine facing the daily challenge of engaging people who don’t respect you. People who feel
you’re out of touch. Emotional peole who consider you clueless and an obstacle to getting anything
done. Well I’m not talking about people in the Bay Area, I’m speaking of living in a house with
two junior high aged teens with smartphones. With that juxtaposition in mind, working in the Bay
Area seems completely manageable.
I usually get sympathetic looks when I tell people where I work. The perception is that you can’t
get anything done in the Bay Area. Most people think everyone you encounter is an activist with
an agenda of some sort and write the entire area off as a place unfriendly to business. While there
is truth to these perceptions you’d be ill served to take such a simplified view. I’ll cover my
experience with these matters in today’s presentation.
Bay Area folks have a well-deserved reputation of being against vegetation removal and often even
vegetation management of any sort. Many feel all vegetation including invasive weeds should
remain in a “natural” state. We of course know that there is nothing natural about the vegetation in
this mainly urban environment and these opposing views are the front lines of an ongoing battle.
This vegetation mentality is not without merit. Imagine growing up in a world where creeks and
rivers are mainly channeled concrete with dense civilization butted up against it. Imagine driving
down freeways of endless soundwalls and mega concrete structures. Just getting from point A to
point B involves sitting in stop and go traffic with a seemingly unchanging view. In Lodi where I
grew up and still live there are open spaces and a nice river. Even the irrigation canals are more
inviting than the waterways of the Bay Area.
Due to an excellent climate, job availability, higher than average pay and lenient attitudes, the Bay
Area is a popular place to live. Most of the Bay Area is much too expensive to migrate to and for
that reason the East Bay is one of the fastest growing locations in California. With rapid population
growth on top of already dense population conditions you get corresponding issues that need to be
solved.
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If you looked at a satellite view of the Bay Area at night you would see there is actually a fair
amount of open space and might wonder why that is. Basically, the flatland areas of the Bay Area
have been developed. In addition, areas near the bay have been modified for commerce and foothill
areas claimed for more expensive housing. There has been an anti-sprawl desire in most of the Bay
Area for decades. Hundreds of thousands of acres adjacent to these areas are in a state of
preservation and will never be developed. This preservation desire separates the Bay Area from
what has happened in the Los Angeles basin.
I’ll cover just a few of the problems associated with the aforementioned geographical realities and
vegetation preservation mentalities. The first one is the federal Water Board system and the
associated NPDES permit. Another satellite view shows how most of the developed areas
surrounding the bay go right up to the water. When we used to have rain events in California there
wasn’t much preventing all the fluids and debris from washing directly into the bay. Consequently
the Boards that govern the Bay Area take a strict view of what happens around the bay involving
water. As you might imagine with all the Caltrans managed freeways close to the bay they take a
keen interest in Caltrans maintenance activities. They do challenge certain spray activities and
their perception appears to be that our herbicides are washing directly into the bay. I have seen no
evidence of that however and will change our BMPs if faced with evidence. They don’t seem to
respect label language in my experience and we have discussed these sorts of issues. The people
I’ve spoken to didn’t even know the difference between a pre and post emergent herbicide
application. Fortunately for our spray program the Boards are currently going after the litter issue
in earnest. Litter is a much less abstract concept than herbicide use and easily spotted. It is,
however, warm and fuzzy compared to “chemicals”.
Wildfire danger is ever-present in California and the Bay Area is no exception. A variety of factors
make the Bay Area even more susceptible to wildfire than many other parts of the state. One of
them is my previous mention of the regional reluctance to allow vegetation removal. Another is
the number of vegetated, non-irrigated areas located in close proximity to dense population centers.
Ignition sources also contribute to the danger. In addition to the obvious vehicle sources are the
large number of homeless who live in vegetated areas near to developed areas but hidden from
view.
The Oakland Hills fire of 1991 opened a lot of eyes to wildfire potential. That October saw an
apparently quenched fire rekindle and permanently change the lives of thousands of people. In all,
1525 acres were burned, 25 deaths reported, 3,354 homes destroyed and 437 apartment units lost.
The monetary damage exceeded 1.5 billion dollars. Many building codes changed and fire
awareness increased but with each passing year the passion subsides. It you visit the area today
you’ll see mature Eucalyptus trees and broom covering the hillsides. The homeowners who
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sustained losses from the fire are adamant about removing fuel, and the people who have moved
in since are just as adamant about keeping vegetation.
The Bay Area is a popular spot for launching federal injunctions. The entire state is bound by the
Red Legged Frog Injunction but the Bay Area counties are constantly threatened with additional
ones. The so-called Gobi 11 is one example. These injunctions never seem to get resolved so you
just end up moving on.
Some of Caltrans' problems are self-inflicted. Many of our designs are not practical from a
maintenance standpoint and resources are seldom sufficient for the need. I’ve said many times that
“maintenance is not sexy” and the money flows to concrete and steel instead.
As an optimistic person I wouldn’t conclude this presentation without offering some solutions to
the problems I’ve highlighted. The first step while working in a complicated place like the Bay
Area is to define success in advance. This isn’t like working in Pixley. You can think of it as guiding
a load of barges loaded with toxic waste down a river with a million people watching from the
shoreline. My first advice is don’t make any sudden movements. Make considerate movements
and always keep your eyes up looking for danger.
There are a lot of passionate people in the region. Make that work for you. Not all passion is
misguided. Engage small groups of people with the goal of mutual respect. You have more in
common with these people than you might think. Explain what your goals are and entertain
suggestions. It’s an opportunity to show people the complexity of some of the challenges you face.
Collective solutions are a great way to tackle problems. Partnering with other agencies with
common goals really works. Every bureaucracy has strengths and weaknesses. Utilize the expertise
of more than one agency to fill in the gaps. One such partnership is between Caltrans, East Bay
Regional Parks and Dow Agro. Together we have been restoring endangered species habitat at the
Hayward Regional Shoreline over the last three years. The results have been spectacular with huge
numbers gains for the California Least Tern. In addition Caltrans is involved in an invasive weed
abatement project with the City of Richmond, Contra Costa County and the Chevron Corporation.
I anticipate more such partnerships in the future.
A valuable tool for Caltrans is IVM. Many people scoff at IVM but you can’t perform weed
management in the Bay Area without it. Proper IVM starts with good design. With minimal
maintenance resources available, design with vegetation management in mind is paramount. Good
design takes into consideration major issues such as water use, herbicide use reduction, homeless
pressure, green waste reduction, aesthetics and of course worker safety.
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Some of the IVM practices we employ are guardrail treatments, grazing animals, mulch, mowing
and use of herbicides. Caltrans has achieved nearly 80% reduction in herbicide use over the last
22 years. This would not be possible without IVM.
Training is a critical element to a successful vegetation management program. There is a big
turnover in personnel annually in Caltrans maintenance. People promote and jockey to find jobs
closer to home to avoid driving great distances in the heavy traffic. Local knowledge is often not
passed down so regular training is essential. Mandated training is not enough to be honest. The
mandated annual pesticide handler training is obsolete in my opinion. Additional training has to
be provided. It’s difficult to believe calibration training is not mandated for spray personnel.
Having the proper equipment for the job is essential. With worker safety in mind Caltrans uses
large spray trucks to mitigate the danger of being struck by passing vehicles. The next generation
vehicles are just now coming on the line. The workhouse spray rig is a 1000 gallon capacity vehicle
equipped with the new Midtech Legacy computer injection system. The rig has GPS capability
and daily spray reports can be downloaded from the computer in the truck and transferred to a
laptop or desktop and then used to generate spray reports and records. Another vehicle being
delivered is a 2500 gallon capacity spray tanker. It is also equipped with the Legacy system and
can spray 50 acres of roadside firestrip without refilling. That equals 100 miles at 50 gallons per
acre.
Excellent recordkeeping is critical in the Bay Area. Of course recordkeeping is mandated by law
but you will be well served to take it to another level. When you are being challenged by outside
groups and other entities on their perceived notion of how you are managing vegetation, it helps
to have the facts handy. Of course facts don’t always carry much weight with emotional people,
but they do in court.
A couple of things I’ve learned about dealing with agitated groups of people: do not appear at a
meeting of angry people on their home turf. You can meet with representatives of these groups but
do so at a neutral site. Remember to take names and use them. Remember mutual respect will serve
you well. Another good policy is to have in your records canned responses to typical complaints.
Don’t try to reinvent the wheel every time someone calls to complain that you are poisoning the
earth.
Finally I want to briefly mention the future. Who knows what the future holds for transportation
in the Bay Area. I only know that the future comes faster there. You have to be flexible and no
matter how creative the solutions, the weeds will be there stronger than ever.
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Weed Resistance Update in Non-crop Areas
Anil Shrestha1, Steven D. Wright2, Kurt J. Hembree3, and Richard Miller4
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Evolved resistance to herbicides in several important weed species is a global phenomenon
and a matter of great concern as there are a limited number of herbicide modes-of-action
(MOA) and very few new herbicide active ingredients in the pipeline. Globally, there are 416
biotypes of weeds that are deemed to be resistant to one or more herbicides. These herbicideresistant weeds have been observed in agricultural and non-agricultural systems. There are 20
different weed species reported to have herbicide-resistant biotypes in California. Although
some of these species have been reported from non-crop areas such as roadsides, much of the
local and national attention has focused on herbicide resistance in agricultural weeds.
Weeds growing on roadsides, and near water ways and canal banks can also travel with water
and invade crop fields. A recent example of such invasion seems to be sprangletop in
orchards and vineyards. A similar example of such invasions in the past few years is that of
horseweed and hairy fleabane. Glyphosate-resistant (GR) biotypes of these weed species
were first documented from non-crop areas adjacent to irrigation canals and ditchbanks. It is
not known if the selection pressure of glyphosate in these non-crop areas led to GR biotypes
which moved to crop areas or if occurrence of GR horseweed and hairy fleabane in crop and
non-crop areas were independent events. Therefore, integrated weed management and
planning for herbicide-resistance management may require a landscape approach where
weeds in cropped and non-cropped areas are considered integral parts of the landscape.
Although most reported cases of herbicide resistance have been from cropped areas, several
of these weed species also occur in non-crop areas such as roadsides, railway tracks, right-ofway areas, fallow areas, and canal banks. In recent years, escapes of species such pigweeds
(primarily Palmer amaranth, spiny pigweed), Russian thistle, prickly lettuce, shortpod
mustard, and common sunflower are becoming prominent in the Central Valley and in some
cases, in the Central Coast. It is not known, if alternate MOAs being used in these areas are
causing a species shift to these weeds or herbicide-resistant biotypes of these weed species
are evolving. However, herbicide resistance should not be confused with herbicide failure as
environmental (e.g. temperature, humidity, soil moisture etc.) conditions and growth stage of
the weed during herbicide application, water quality etc. can all cause herbicide failures.
Therefore, it is important to follow label directions during herbicide applications.
References:
Heap, I. 2014. International survey of herbicide resistant weeds. www.weedscience.org
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Understanding the Utility Vegetation Management Business
Nelsen R. Money, NRM-VMS, Inc., ISA Certified Arborist/Utility Specialist, Licensed California
Professional Forester, Licensed California Pest Control Advisor
Utility vegetation management activities surrounds our state in many ways. Utility vegetation
management begins at the powerhouse then moves to substations where transmission and
distribution lines move electricity to our communities. There are additional utility vegetation
management done for gas transmission lines and access roads to all facilities. Knowing why the
utilities conduct utility vegetation management can help property owners and agencies accept
many of the practices.
The utilities do have rights for their facilities and maintenance. Rights are in the form of easements,
franchise, prescriptive, permit and special use. Each document has different descriptions and
responsibilities for the utility. While the utilities have the right to do reasonable maintenance, there
is always room to negotiate for a win-win for the utility and property owner.
Utilities are required by specific laws to maintain their facilities. Electric utilities must meet the
requirements of GO 95 Rule 35, Public Resource Code 4292 and Public Resource Code 4293. GO
95 Rule 35 requires utilities to have a minimum of 18 inches clearance from trees in cities. PRC
4293 requires a minimum of four feet clearance on distribution lines in wildland fire areas,
additional clearances for transmission line and specific requirements related to hazard trees. PRC
4292 requires a bareground circle around specific poles that have equipment that can drop hot
burning material to the ground as a result of operation. Some critical transmission lines are also
regulated by NERC FAC-003 which require the utility to have no outages from vegetation
clearances and hazard trees from any vegetation within the right of way.
The utilities have industry standards and best management practices. ANSI A300 part 1, Utility
Tree pruning best management practices which provides clear direction on how to prune trees
under and adjacent to powerlines. Vegetation management within transmission right of ways has
standard ANSI A300 part 7, Best Management Practices for Integrated Vegetation Management.
There is an important first step in ANSI A300 Part 7 Best Management Practices that describes
the internal and external communications and this is where most utilities have problems. A utility
vegetation manager can be more successful by building partnerships with internal and external
stakeholders. Partnerships are developed through communication and applying the first three steps
of the BMP’s, 1) Set Objectives 2) Evaluate Site, and 3) Define thresholds. This is where a utility
can look for ways meet adjacent landowner needs while still meeting compliance and reliability
requirements.
The other three steps are 4) Evaluate and select control methods, 5) Implement IVM and Monitor
treatments and 6) Quality Assurance. Control methods include manual, mechanical, biological,
cultural and chemical. Utilities that do not include all control methods are not practicing Integrated
Pest Management. Herbicides and their application methods can help develop sustainable
vegetation types that require less environmental disturbance.
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Partnerships with landowners and agencies can help reduce conflicts. For example, an agency may
have some noxious weeds within the right of way and a utility can offer to include some treatment
options as part of their herbicide applications. Utilities can look for environmental organizations
like Pollenator Partnership to help build community and agency relations while developing their
IVM project.
Utilities have the responsibility to provide safe and reliable power. There are many options to the
practice of complete clear cutting of right of way vegetation that adjacent landowners and agencies
can negotiate with the Utility.
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Weeds and Stormwater Management
John T. Law Jr. Ph.D. ValleyCrest Companies
jlaw@valleycrest.com
Many commercial and municipal landscapes now include areas designed to intercept and
filter stormwater and other runoff from impervious surfaces like roofs and pavement. These areas
require weed management since weeds are usually among the best adapted plant on these parts of
landscapes, just like rest of the landscapes. This presentation describes some of the terminology
and concepts that managers of “stormwater” landscapes may have to understand when
communicating with property managers and local regulators about weed control.
Weed control in these “runoff bio filtration” areas may have different management
expectations since these “stormwater” landscape areas are technically regulated as part of the
EPA’s Clean Water Act and have a National Pollution Discharge Elimination System (NPDES)
permit regulating their construction and management. The goal of the Clearwater Act was to
restore all "Waters of the United States" to their "fishable" and "swimmable" conditions, and the
NPDES permit is the regulatory mechanism to achieve this. Unfortunately, most “Waters of the
United States” remain classified as “impaired” in spite of greatly reducing industrial and sewage
discharges. Much of the “impairment” is due to polluted runoff from streets, roofs and other
impervious surfaces. Also, “impairment” is a moving target since lower and lower concentrations
of chemicals can be now be measured, and there is much more concern about substances active in
very low concentrations such as pesticides that can perhaps be endocrine disruptors. Plant nutrients
like nitrogen and phosphorous are common in the urban or built environment and these are
considered potential pollutants. The purpose of bioswales, detention basins etc. is to remove much
of the pollution and nutrients in the runoff before it goes into the stormwater drain system and
into "Waters of the United States".
These NPDES permits go through a political process that incorporates many interests and
sustainability values. Consequently, the stormwater regulations include very hard to define terms
like natural, native, safe, and non-toxic. There are also scientifically dubious statements like
“fostering a healthy environment in which plants have the strength to out-compete weeds”. In fact
these stormwater landscapes often have weed seeds from pavement washed into them along with
sediment and plant nutrients. And they can be moist for long periods. This can be an ideal weed
growing environment and often a poor root environment for the desirable landscape plants.
In California the NPDES permitting agency is the State Water Resources Control Boards.
These permits include many programs managed by cities, counties, regional agencies and selfperpetuating joint powers authorities (JPA) like StopWaste.org. StopWaste.org claims “85–
95% weed suppression without herbicides”. The permit compliance is enforced by local ordinances
and encouraged by grants. Most California counties operate under Municipal Regional Stormwater
Permits (MRP) that requires water treatment by using the landscape to filter runoff through
vegetation, soils and organic matter, and biodegrade pollutants by the soil-food-web. Some of the
runoff is “captured” by infiltration, groundwater recharge, evapotranspiration, and rainwater
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harvesting. The concept of the regulations is to have landscape areas mimic “natural” hydrologic
functions using vegetated swales, bioretention systems and permeable pavements. These landscape
features also assist with water conservation.

Pesticides
For regulators in California and most states a pesticide is something that kills pests – weeds,
insects, fungi, mice – any pest. Unfortunately, for most of the public, and most public agency
people a pesticide is synonymous with insecticide – a pesticide is something that kills insects.
Stormwater regulations have a history with insecticides, but use the term pesticide. First
chlorinated hydrocarbons like DDT, then organophosphates like Diazinon and now neonicotinoids
have been found in aquatic systems from storm water. When Clean Water legislation was written
the term least toxic pesticide basically referred to “not-an-organophosphate”. Organophosphates
are much more toxic to people than most other insecticides. Local regulations to manage
stormwater runoff often copy the term “least toxic” but not the definition or history. General use
of the term “least toxic” does not inform a weed control professional which herbicide can legally
be used to control weeds in a biofiltration landscape. For example, the following is from a
Municipal Regional Stormwater NPDES Permit:
…urban development can create new pollution sources and increase levels of
existing sources such as car emissions, car maintenance wastes, municipal sewage,
pesticides, household hazardous wastes, pet wastes, trash, etc. As rain becomes runoff,
it collects pollutants while passing over impervious surfaces. The runoff typically enters a
storm drain system that rapidly conveys it, untreated, to a lake, creek, river, bay, or ocean.

It is not clear if pesticides refers to improper use of household insecticides or proper use of
Roundup (glyphosate). All the other pollution sources mentioned are clearly pollution. In practice
this means landscape maintenance managers may have to define the terms pesticide and herbicide
for the property manager, or more likely their sustainability consultant.
Here is another example from a Municipal Regional Stormwater NPDES Permit:
… Avoiding pesticides … is particularly important when maintaining stormwater
treatment measures to protect water quality. IPM encourages the use of many strategies
for first preventing, and then controlling, but not eliminating, pests. It places a priority on
fostering a healthy environment in which plants have the strength to resist diseases and
insect infestations, and out-compete weeds. Using IPM requires an understanding of the
life cycles of pests and beneficial organisms, as well as regular monitoring of their
populations. When pest problems are identified, IPM considers all viable solutions and
uses a combination of strategies to control pests, rather than relying on pesticides alone.
The least toxic pesticides are used only as a last resort.

This kind of regulation terminology makes weed control management difficult. First the
regulation says “avoid pesticides”. Which most people would interpret as, don’t use pesticides.
Then it says “fostering a healthy environment in which plants have the strength to …. out-compete
weeds.” Healthy environment is never defined, and like a “healthy lifestyle” is very hard to define
even if the regulations tried to. Very few landscape plants in urban landscapes can out-compete
weeds. And lastly the undefined term “least toxic pesticide” is used.
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What is the biological definition of weeds? A weed is often a plant that is adapted to
disturbed habitats, and the reason weeds are often the best adapted plant on the landscape. People
have been disturbing plants and the soil for a long time. When developing a commercial landscape
there is a lot of soil disturbance. The existing vegetation is removed and the soil is reshaped,
compacted and consolidated to remain stable, and for California, to remain stable during an
earthquake. This disturbance usually continues as the site development goes through all the phases
required to go from the initial state, through temporary roads, utility installation, constructing
buildings and to the final landscape. Weeds are not only adapted to disturbance, they usually can
maintain their abundance in repeatedly disturbed landscapes. This often creates the situation where
a large seed bank is created over the course of site development. These seeds can be viable for
many years and will germinate for many years, especially when soil is re-disturbed in a bioswale
by digging up weeds or removing sediment. An important part of landscape weed control is not
disturbing the soil once the landscape is installed.
Many weeds adapted to grazing and Mediterranean climates are hard to control. The roots
and other underground parts usually need to be controlled. Short of extensive digging, soil
pasteurization or soil fumigation, the only way to do this is with systemic herbicides. There are no
“alternative” or “least-toxic” systemic herbicides.

Biofiltration
Many stormwater regulations on built on the assumption that post-development runoff will
be no more than pre-development run-off. This assumes that there is a lot of undeveloped pervious
land for runoff to be directed onto. This may be true in parts of the east where a lot of the
stormwater regulations were developed, but is not typically true in California. The Municipal
Regional Stormwater Permits requires stormwater treatment requirements to be met by using
evapotranspiration, infiltration, rainwater harvesting and reuse. Where this is infeasible,
landscape-based biotreatment is allowed. As discussed above, part of site development in
California is stabilizing the soil by compaction. The result is no free draining pores (high bulkdensity) and low infiltration or percolation rate. This limits the amount of stormwater than can be
expected to soak into the ground. Consequently most stormwater is filtered by landscape
biotreatment and released to stormwater drains. Plants and soil life can absorb nutrients and many
soluble materials However, pavement collects a lot fine material from wear and tear of pavement
and vehicles. Plants constantly shed parts the produce a lot of fine material. All filters, including
biofilters require maintenance as the pores in the filter clog up. For many landscape biofilters this
means cultivation to break up the layer of accumulating fine particles. Also accumulating sediment
has to be cleaned out to maintain a grade that water flows down. These soil disturbances are
favorable for weeds. It is important to recognize that standing water in which mosquitoes can breed
is typically not allowed. The water has to flow. Some stormwater designs have water detention
and retention ponds. These often require aquatic weed control as well as mosquito control.
“Alternative” aquatic weed controls are usually not very effective.
Weed control is required on many landscape areas devoted to stormwater. Hopefully this
introduction to stormwater management will help you manage any weed control challenge in spite
of regulations that can seem designed hamper the use of systemic and preemergent herbicides. My
conclusion from reading NPDES Permits is that, if your weed control program is compliant with
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County Agricultural Commissioners and California Department of Pesticide Regulations, you will
be compliant on stormwater landscaping. Hand weeding may always be an option, but the soil
disturbance often makes this option less desirable.
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Cultural Practices for Managing Herbicide Resistant Weeds in California
Rice Systems
Bruce Linquist and Albert Fischer, University of California, Davis
balinquist@ucdavis.edu
California rice systems have more herbicide resistant weeds than any other cropping system in
the world. The reasons for this are first, that most rice systems are continuous rice systems (not
rotated with other crops) due to the nature of the soils. Second, the herbicides used have similar
modes of action or detoxification mechanisms. Of the weeds with resistance the big problem weeds
are watergrass and the sedges. Cultural practices, along with good herbicide management, are
needed to effectively control these weeds and ensure the sustainability of rice systems.
Research experiments were set up at the Rice Experiment Station to examine how alternating
establishment systems (between wet and drill seeding) and the use of stale seed beds affect
population dynamics of important rice weeds. Stale seedbed refers to the practice of preparing the
seedbed as normal and then flushing with water to recruit or germinate weed seeds. From this point
on there is no further disturbance of the soil. Once weeds have germinated they are killed with a
broad spectrum herbicide and the field is planted either by water or drill seeding methods.
The way rice was established had a large effect on weed populations. Water seeded rice was
dominated by aquatic weeds, such as the sedges and ducksalad. In contrast, drill seeded rice was
dominated by grass weeds such as barnyardgrass and sprangletop. Thus by drill seeding rice it was
much easier to control the aquatic weeds and vice –versa. One problem with this study was that
watergrass was not present at the site. Watergrass germinates and grows effectively under both
wet (anaerobic) and drill seeded (aerobic) systems and thus switching from one establishment
practice to another is not likely to control it.
With the use of stale seed beds however, watergrass can be controlled. In wet seeded systems,
the stale seedbed practice effectively controlled grasses and to a limited degree the sedges. In drill
seeded systems the stale seedbed was not effective in controlling grass weeds primarily because
drill seeding disturbs the soil surface and brings more weed seeds to the surface. With proper
herbicide and N fertilizer management it is possible to achieve the same rice yields with stale
seedbeds as conventionally managed rice
Based on these findings and from experience with growers who have used the stale seedbed the
following observations/recommendations can be made.
1. The stale-seedbed is an option growers use as a last resort when other options have failed.
2. Only attempt stale-seedbeds with water seeded rice as is not effective in drill seeded
systems.
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3. When using stale seedbeds do not attempt to go after the sedges. Sedges take longer to
germinate and will delay planting. Some sedges will germinate but plan to take care of late
emerging sedges with appropriate herbicides.
4. Research has shown that weeds germinate fastest when the soil is kept very moist near
saturated conditions. However, this is not practical to achieve at a field level. Rather the
field should be flooded and the water allowed to slowly subside. This generally keeps the
field flooded or wet long enough to germinate the grass weed seeds.
5. This practice is difficult to manage on large fields due to difficulty of maintaining soil/field
water conditions uniform across a field. Therefore, growers should try to become familiar
and learn the practice on small fields first.
6. The stale-seedbed delays planting due to the time required to germinate weed seeds.
Therefore, short duration varieties (such as M105) should be used.
7. Nitrogen will need to be applied to the surface (urea is usually recommended) after the
field has been sprayed with a broad spectrum herbicide and before flooding to plant. The
N rate will need to be increased by about 30 lb N/ac compared to the comparable aqua-N
rate.
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A Learning Cycle in Global Weed Management
Anil Shrestha1and Steven D. Wright2
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Weed management has taken major strides in history from hand-pulling of weeds to the
discovery of modern synthetic herbicides. Additionally, the development of crops with
herbicide-tolerant traits has further simplified weed management in several annual cropping
systems. The herbicide industry in recent years has exceeded $20 billion and it is projected that
there will be further growth in this industry as developing countries start using herbicides. The
need for the use of herbicides in several developing countries has been triggered by shortages
in labor as the labor-force has shifted to industries with higher wages than agriculture. While
all these projections and scenarios may pose a rosy picture to the pesticide industry in terms of
herbicide sales and profit, it is important to realize that despite all the weed control efforts and
an arsenal of herbicides, weeds are still present in agricultural cropping systems of the countries
which began using herbicides decades ago. In fact, there are now 416 known cases of herbicideresistant weed biotypes and weed management in developed countries is becoming a challenge
due to these resistant weeds to the extent that growers in several cropping systems have been
forced to resort to hand weeding. Thus, as herbicide use is beginning to gain popularity in
developing countries, have the developed countries completed a learning cycle on weed
management? Is herbicide technology failing in developed countries or have people forgotten
the basics of weed science?
It is time to revisit the information on the biology and ecology of weed species, consider
economically viable non-chemical methods of weed control, and to use herbicides judiciously.
It must also not be forgotten than there are a limited number of herbicides belonging to about
26 different sites of action that have been developed so far. Further, there has been almost no
development of herbicides with new modes of action. Also, not all of these herbicide groups
are labeled for use in every crop or situation. Therefore, we may have to rely on the existing
herbicide modes for several years to come while the known cases of herbicide-resistant weeds
continue to increase.
As developing countries start using herbicides, it is important to realize that these countries
may have access to only a limited number of herbicides, people using these herbicides may not
have the level of education and training as those in developed countries, these countries may
have a lack of weed scientists, and herbicide users may not be aware of environmental and
human health issues surrounding herbicide use. For example in some areas, growers may only
have access to glyphosate and paraquat, however they may not know the difference in terms of
human safety or weed management. Success of certain herbicides in these countries may
prompt them to use the same mode of action repeatedly and thus select for herbicide-resistant
weeds. With the current scenarios of global trade and global villages, it may not take too long
to spread the seeds of these resistant weed species worldwide and to cause unintended
irreversible environmental impacts that may have adverse consequences globally. Therefore,
given the predicted rise in herbicide use globally, it becomes important to take proactive
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measures on herbicide resistance management and environmental stewardship not only locally
but also globally. Weed scientists and the herbicide industry, therefore, may have to face the
challenge of herbicide resistance and environmental adversities on a much bigger scale in the
very near future. As part of training agronomists and weed scientists one should consider also
the significance of the plants (is it a toxic weed, competitive, or an important medicinal plant
or highly nutritious for human consumption. When drought takes place often people depend
on certain plants for survival. It may be advisable for weed scientists in developed countries to
take proactive measures on weed management on a global scale as agriculture is faced the
challenge to feed the increasing population under scenarios of diminishing crop acreages and
limited water availability.
References:
1. Heap, I. 2014. International survey of herbicide resistant weeds. www.weedscience.org
2. Crop Protection Chemicals Market - Global Scenario, Trends, Industry Analysis, Size,
Share And Forecast, 2011 - 2018 http://www.transparencymarketresearch.com/
3. Gianessi, L. P. 2013. The increasing importance of herbicides in worldwide crop
protection. Pest. Manag. Sci. 69:1099-1105.
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New Developments in Alfalfa Weed Management
Steve Orloff* and Mick Canevari
UC Cooperative Extension, Siskiyou County, 1655 South Main St. Yreka, CA 96097
Email: sborloff@ucdavis
It is critical to effectively control weeds in alfalfa because most markets expect nearly
weed-free alfalfa or the price is significantly discounted. Weed control practices in alfalfa
are continually evolving to develop more effective weed management systems.
Roundup Ready Alfalfa
The most significant recent advancement in alfalfa weed control has been the
development of Roundup Ready (RR) alfalfa, its initial commercial release in the fall of
2005, and its reintroduction in 2011. It is debatable whether this should be considered a
“recent” development. While definitive data are not available, anecdotal evidence suggests
that the popularity of RR alfalfa continues to increase. A survey of RR alfalfa growers
conducted in 2011 indicated that 85% of the growers who had tried it were either very
pleased or felt it had exceeded their expectations and 72% indicated that they would plant it
again. The primary advantages cited are the improvement in weed control and the simplicity
of weed management.
Roundup is very effective for the control of some problematic weeds in alfalfa like
dodder, Bermudagrass, dandelion, and quackgrass. Roundup also controls larger weeds than
are typically controlled with most post-emergence herbicides. However, growers are still
encouraged to treat when the weeds are relatively small (typically when the alfalfa has 3-5
trifoliolate leaves). While larger weeds can be controlled, early season competition with
alfalfa seedlings can have a lasting effect.
The most significant risk with RR technology is the possibility of weed shifts and
worse yet, the evolution of herbicide resistant weeds. Growers are encouraged to treat early
while the more tolerant weeds are still small. Common weeds encountered in alfalfa fields
that are somewhat tolerant to Roundup include burning nettle, ryegrass, malva or
cheeseweed, filaree, knotweed, black mustard and others. Treating early may help control
the more susceptible of these weeds but the oftentimes a tank mix with a complementary
herbicide is necessary.
The evolution of weeds with resistance to glyphosate is a serious concern in RR crops
including alfalfa. Hopefully, alfalfa growers will recognize this threat and will use sound
weed management practices to reduce the likelihood of weed resistance. The principle
method to avoid weed resistance is to reduce selection pressure. This is accomplished
through crop rotation, rotating to herbicides with another mode of action and herbicide tank
mixes. Fortunately, there are numerous other herbicides registered for use in alfalfa and they
all have a different mode of action than glyphosate. The key is not to rely solely on Roundup
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over the life of the alfalfa stand and to include other herbicides or weed management
practices in an integrated weed management program.
Lack of New Herbicide Active Ingredient Registrations
It is interesting to examine the registration timeline for herbicides in alfalfa in
California. The precise registration date was not recorded prior to 1970 so most herbicides
registered before then are just noted as pre 1970. Several herbicides were registered in the
late 70’s to early 80’s. Then there was an 8 year gap without new herbicide registrations
except for a new formulation of 2,4-DB. From 1992 to late 2003 there were ten new
herbicide or herbicide formulation registrations culminating with the registration of the
herbicide Chateau in 1993 and Prowl H2O in 2004. The recent drought in new herbicide
registrations, nearing 10 years, has been the longest time period without a new registration
since registration dates were recorded. The lack of new registrations is likely due to the
escalating costs for herbicide registrations coupled with manufacturers perceiving reduced
potential market share with the increased acreage of RR alfalfa.

Trade Name
Treflan
Eptam
Butyrac
Gramoxone
Sencor
Karmex
Kerb
Roundup
Balan
Buctril
Butyrac
Velpar
Poast
Treflan TR-10
Butyrac
Prowl
Pursuit
Pursuit
Select Max
Solicam
Butyrac
Sandea
Raptor
Chateau
Prowl H20

Common Name
Trifluralin
EPTC
2,4-DB, dimethylamine salt
Paraquat dichloride
Metribuzen
Diuron
Pronamide
Glyphosate, Isopropylamine salt
Benefin
Bromoxynil octanoate
2,4-DB, butoxyethanol ester
Hexazinone
Sethoxydim
Trifluralin
4(2,4-DB), isooctyl ester
Pendimethalin
Imazethapyr
Imazethapyr, ammonium salt
Clethodim
Norflurazon
2,4-DB
Halosulfuron methyl
Imazamox
Flumioxazin
Pendimethalin
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Date First Alfalfa
Registration Date
6/17/1966
Pre 1970
Pre 1970
Pre 1970
Pre 1970
Pre 1970
Pre 1970
Pre 1970
4/11/1977
12/28/1978
3/4/1980
8/11/1982
5/20/1983
5/30/1984
3/18/1987
1/30/1992
8/17/1993
8/17/1993
10/31/1994
10/29/1996
5/20/1997
9/26/2000
7/10/2002
10/16/2003
8/17/2004

Data provided by
Eileen M.
Mahoney,
Research Program
Specialist, DPR

Shift in Herbicide Uses
To evaluate how alfalfa herbicide use has changed over the last decade, data was
collected for Siskiyou County (representative of the Intermountain Region) and Tulare
County (representative of the Central Valley). The most recent data available was for 2012
so it was compared with 2002 data (a decade earlier). In the Intermountain area, Raptor
(imazamox) has now become the primary herbicide used for weed control in conventional
seedling alfalfa. Paraquat (Gramoxone) was applied to more acres than any other herbicide.
Metribuzin (Sencor) and hexazinone (Velpar) were also dominant herbicides used on
established alfalfa. Glyphosate (Roundup) was only used for stand removal in 2002 but has
already become the fourth most widely used herbicide on alfalfa in 2012.
Figure 1. Herbicide use in Siskiyou County in 2002 vs. 2012.
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Herbicide use patterns have changed more dramatically in Tulare County. In 2002
bromoxynil (Buctril), 2,4-DB and imazethapyr (Pursuit) were the dominant herbicides used
on seedling alfalfa and now that has switched to Pursuit and imazamox (Raptor).
Sethoxydim (Poast) usage has dropped way off and Clethodim (Select) has become the
primary post-emergence grass herbicide. Trifluralin (Treflan TR-10) was widely used in
2002 but has now been largely replaced by Prowl H2O. Diuron (Karmex), Velpar, and
norflurazon (Zorial) were dominant herbicides in 2002 but their use has dropped off
dramatically in 2012. Flumioxazin (Chateau) has become the second most widely used
herbicide on alfalfa, largely replacing the other soil residual herbicides for winter annual
weed control. As in Siskiyou County, paraquat is used on more acres than any other
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herbicide. Roundup use has also increased dramatically, and is now used for weed control in
RR alfalfa in addition to its previous use for stand removal.
Figure 2. Herbicide use in Tulare County in 2002 vs. 2012.
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Potential New Herbicide
As noted above, Gramoxone is now the most widely used herbicide in these two
California counties. This underscores the need for post-emergence broad spectrum
herbicides for use in established alfalfa to complement the soil residual herbicides currently
used and for use in RR alfalfa production systems to rotate with glyphosate. The new
herbicide saflufenacil (Sharpen) is currently being evaluated in established alfalfa. It shows
considerable promise for controlling a broad spectrum of broadleaf weeds but it does not
adequately control grasses. It is a contact herbicide providing rapid burn down of the foliage
it contacts. Plant tissue necrosis is more extensive and longer lasting than what is observed
with paraquat. Research is currently underway to quantify the appropriate application timing
to avoid crop injury that could result in a yield loss. One of the most promising attributes of
Sharpen is its excellent control of common groundsel, a troublesome toxic weed in alfalfa
that has been difficult to control with currently available herbicides. When Sharpen might
receive registration in California is unknown, but it may be the next herbicide registration
potentially ending the drought in new active ingredient registrations in California for alfalfa.
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Managing Weeds in Conservation Tillage and Conventional Corn
Steve Wright, Gerardo “Lalo” Banuelos, Sonia Rios University of California Cooperative Extension,
Tulare/Kings Counties, 4437 S. Laspina Street, Tulare CA 93274, sdwright@ucdavis.edu
Introduction
In California, approximately 650, 000 acres of corn are grown in 2011, two-thirds of it planted for silage.
The majority of the corn was planted in the Central Valley. No single weed control regime is effective for
all growing conditions. An integrated weed management program utilizes a combination of cultural,
mechanical, and chemical methods for consistent, effective weed control. It also helps prevent the
development of weed resistance to herbicides and the emergence of a few dominant weeds. Some of the
major weeds include pigweeds, tall and annual morningglory, common and horse purslane, barnyardgrass,
and purple and yellow nutsedge. The major grass weeds include barnyardgrass, sprangletop, Johnsongrass,
and volunteer wheat. Purple and yellow nutsedge are controlled using halsulfuron or glyphosate in
combination with sweep type cultivators. Accent gives excellent control on Johnsongrass and small
barnyardgrass when applied to up to 20 inch tall corn, then after that using drop nozzles to 36 inches.
Cultural practices play an important role in corn weed management. In California, a well-managed corn
crop is extremely competitive with most weeds. Good cultural practices, including timely cultivations,
often control weeds sufficiently to maximize yields and profit.
Growing corn under no-till or reduced tillage may reduce weeds because the soil is not disturbed, thus
reducing the number of seeds that germinate. Preirrigation prior to planting and controlling volunteer
cereals and emerged weeds will get the crop off to a good start, although this practice delays planting.
For weeds that do emerge, postemergent herbicides can be applied. In practice though much of the
reduced tillage corn has uncomposted manure spread on the fields, fields are irrigated up, and often a
single mode of action (glyphosate) is used, leaving fields very weedy by the end of the growing season.
Preplant, preemergent, or postemergent herbicides are available that will selectively control most species
of weeds in corn. Select an herbicide based on costs, weeds present, stage of corn growth, soil type,
succeeding rotation crop, and adjacent crops.
Transgenic Corn. Herbicide-tolerant varieties represent approximately 60% of corn grown in California
and provide additional options for weed control. The Roundup Ready technology has provided growers
with an excellent tool for managing many annual and perennial grasses. Glyphosate can be applied post
emergence so growers can wait and see the weeds present. There are no plant back restrictions nor is it
listed as a restricted material like several other corn herbicides. There is substantial fuel savings, as
tillage operations are reduced.
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Fig. 1. 2010 Herbicide Usage in California Corn

The following herbicides are used in corn:
Pre-Plant: Atrazine, Aatrex, Eradicane, Sutan, Roundup, Dual Magnum, Outlook, Gramoxone Inteon,
Micro-Tech
At Planting: Micro-Tech, Aatrex, Atrazine, Dual Magnum, Roundup, Gramoxone Inteon, Eradicane
After Planting: Accent, Prowl, glyphosate, 2,4-D, Banvel, Clarity, Distinct, Buctril, Gramoxone
Inteon, Sencor, Aatrex, Atrazine, Sandea, Shark, Yukon, Option, Outlook, Laudis, Matrix, Standis
Weeds not controlled by a pre-plant incorporated herbicide or by cultivation can often be controlled with
a postemergent herbicide application, depending on the weed species present and its growth stage.
Postemergent herbicides are most effective when applied to weed seedlings.
An over-the-top application can be used, but some products or tank mixes require a directed spray on
corn larger than 8 to 12 inches in height to keep the herbicide out of the whorl and to minimize the risk
of corn injury. Postemergent herbicides commonly used in corn include 2,4-D, bromoxynil (Buctril),
carfentrazone (Shark), dicamba (Clarity), dicamba/halsulfuron (Yukon), diflufenzopyr (Distinct),
halosulfuron (Sandea), metribuzin (Sencor), nicosulfuron (Accent), and foramsulfuron (Option). It is
important, however, to pay close attention to application guidelines on the labels to avoid phytotoxicity
to the crop, especially with carfentrazone (Shark). Fig. 1 demonstrates the acreage of various herbicides
used in California. Even though there are many herbicide options to use in corn, the chart demonstrates
the dominance of a one mode of action approach. Research conducted in 2011- 2013 with Matrix
(rimsulfuron) as a post plant but either preemergent or postemergent to the weed demonstrated excellent
weed control. Laudis and Standis add to the options available for corn growers.
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Summary
Weed management in corn should incorporate resistance management strategies that include crop
rotation, herbicide rotation, and control of weed escapes by tillage or hand. In Roundup Ready crop
systems in other states, weed shifts and weed resistance occurs. Weed shifts occurred when an herbicide
program was used repeatedly, resulting in the survival of only weeds that are tolerant of the herbicide.
Weed shifts were associated with reduced tillage systems and not rotating herbicides nor including
tillage even when that was the most appropriate weed control tool.
A major concern is the development of resistance to glyphosate (Roundup) in lambsquarter, pigweed
species, horseweed, fleabane, and junglerice in California. Rotating glyphosate-resistant corn with
another glyphosate-resistant crop such as cotton or alfalfa will only increase this problem. To help
prevent the development of herbicide-resistant weeds and prevent weed shifts from occurring, it is
important to incorporate tillage into your weed management practices, as well as alternating herbicides
that have a different chemical mode of action. Manage field edges as many of these weed seeds can
blow into neighboring fields.
References:
Wright, S., D. Munier, M. Canaveri, 2010. Weed Control in Corn. University of California IPM Pest
Management Guidelines in Corn Publication.
Wright, Steve, 2010. Integrating Weed Control in Cotton and Corn. California Weed Science Society.
Wright, Steve, R. Vargas. 2008. Integrating Weed Control in Cotton and Corn. California Weed Science
Society.
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Benefits and Concerns with Future Herbicide Tolerant Traits
A. Stanley Culpepper, University of Georgia, Tifton, GA
Technology with tolerance to glyphosate, glufosinate, and 2,4-d or dicamba will offer cotton
growers more effective weed management programs with potentially greater long-term
sustainability. However, adoption of these technologies and respective herbicide programs will
be determined by the ability of growers to manage off-target movement; primarily for the auxin
herbicides 2,4-D or dicamba. In response to the development of auxin technologies, tremendous
advancements in reducing off-target movement have occurred. For example, researchers now have
the ability to quantify the percentage of driftable fine spray droplets while actually spraying an
herbicide mixture just as if it were applied in the field. This approach allows researchers to
determine the most effective spray tip to use with any given herbicide mixture in an effort to reduce
drift while still maintaining weed control. Developing auxin-tolerant crops has also led to vast
improvements in reducing off-target movement through formulation advancement with both 2,4D and dicamba. New formulations for both of these herbicides are nearing commercialization and
have been shown to be less volatile and/or less prone to drift than current formulations. Improved
methods for cleaning herbicide residues from spray tanks are also being realized. One process
currently being studied (process developed over 100 years ago) includes a deactivation agent that
can be added into a “dirty” tank and within 30 minutes the tank and lines (with proper mixing) be
free of numerous herbicides including dicamba and 2,4-D. Progress in managing pesticide
movement has been monumental over the past few years and these efforts will undoubtedly
continue with auxin technology commercialization. Further advancement in managing off-target
movement will be needed to negate the large foot-print 2,4-D and dicamba have on many highvalue sensitive broadleaf specialty crops.
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Controlling Broadleaf Weeds in Irrigated Pasture
Josh Davy1, Betsy Karle2, Guy Kyser3 ; 1UC Farm Advisor Tehama, Glenn, Colusa
Counties, 2UC Dairy rep Glenn, Tehama, Colusa Counties, 3UC Davis Specialist

In 2011 and 2012 we evaluated herbicide methods for controlling broadleaf weeds in Northern
Sacramento Valley irrigated pastures. Our intent was to find methods of controlling broadleaf
weeds with minimal impact on desirable pasture vegetation. We applied differing rates of the
following broadleaf-selective herbicides and combinations: bromoxynil (0.5 lb a.e./acre, 2011),
dicamba/diflufenzopyr (0.125/0.05 and 0.25/.1 a.e./acre, 2011), dicamba/2,4-D (0.25/0.72 lb
a.e./acre, 2011), 2,4-D/triclopyr (2.0/1 lb a.e./acre, 2011), MCPA (0.23, 0.46, and 0.93 lb a.e./acre,
2012) carfentrazone (0.014 and 0.03 lb a.e./acre, 2012), 2,4-D/triclopyr (0.5/0.25, 1.0/0.5, 2.0/1
lb a.e./acre, 2012,), 2,4-D (0.95 and 1.9 lb a.e./acre, 2011&12), and triclopyr (1.0 lb a.e./acre,
2011&12). As target species we evaluated their control of slender aster (Aster subulatus var.
ligulatus), buckhorn plantain (Plantago lanceolata), and field bindweed (Convolvulus arvensis).
In 2011 all treatments controlled slender aster except for the combination herbicide
dicamba/diflufenzopyr. In 2012 carfentrazone and the lowest rate of MCPA (0.23 lb a.e./acre)
were not successful in controlling slender aster. All treatments controlled plantain. Treatments of
2,4-D looked the most promising for bindweed control. Unfortunately, all treatments decreased
the cover of birdsfoot trefoil (Lotus corniculatus). However, 2,4-D (0.95 lb a.e./acre or less),
bromoxynil, and carfentrazone did not adversely impact the cover of white clover (Trifolium
repens), usually a very desirable component of irrigated pasture. The application of 2,4-D at 0.95
lb a.e. /acre looks very promising for broad spectrum broadleaf weed control without negatively
impacting most of the desirable pasture species. No treatments significantly affected any of the
grass species present.
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Aminopyralid Prevents Seed Production in Ventenata and Medusahead
Matt Rinella, USDA-ARS, matt.rinella@ars.usda.gov
Medusahead (Taeniatherum caput-medusae (L.) Nevski) is an invasive annual grass
negatively impacting rangelands throughout the western U.S. Amino acid synthesis inhibitor and
photosynthesis inhibitor herbicides are sometimes used to control medusahead. Conversely,
growth regulator herbicides are generally considered ineffective against invasive annual grasses.
However, in a recent study of pre-emergence herbicide applications, the growth regulator
aminopyralid appreciably reduced medusahead cover, primarily by killing emerging medusahead
plants. Additionally, in recent studies of post-emergence herbicide applications, we found the
growth regulators aminopyralid, dicamba and picloram drastically reduced seed production of
downy brome and Japanese brome, two other invasive annual grasses. In these post-emergence
studies, growth regulators sterilized the plants without otherwise greatly affecting them. The
purpose of this greenhouse study was to extend our growth regulator/plant sterility research from
downy brome and Japanese brome to medusahead and ventenata. Each tested aminopyralid rate
and application growth stage (late seedling, internode elongation, heading) reduced medusahead
seed production to nearly zero. Picloram also reduced medusahead seed production, but not quite
as consistently as aminopyralid. With ventenata, aminopyralid applied at the seedling stage
reduced seed production ~95-99%. Beyond the seedling stage, however, ventenata responses to
aminopyralid were highly variable. Picloram had low activity against ventenata seed production.
These results contribute to a growing body of evidence suggesting it may be possible to use growth
regulators to control invasive annual grasses by depleting their short-lived seedbanks.
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Tulare County WMA Leading Edge Cost-Share Yellow Starthistle Control
Program
James L. Sullins, 1 Katherine Wilson2, Bob Hamlin3, Andrew Isner2
1
Livestock and Natural Resource Advisor, WMA Chair, UCANR CE Tulare County California;
2
WMA Program Coordinator, UCANR CE Tulare County California; 3Staff Analyst UCANR CE
Tulare County California
Few noxious weeds have caught the general public’s attention as has Yellow starthistle
(Centaurea solstilialis). Yellow starthistle (YST) proliferation is a serious threat to the biodiversity
and the productive potential of California’s rangelands and natural areas. YST has continued to
colonize susceptible habitats including an estimated 20,000 acres of Tulare County foothill range.
UC Cooperative Extension Tulare County (UCCE) office conducted various research trials from
1997-2008 to determine effective control strategies for yellow starthistle. The Tulare County Weed
Management Area (TCWMA) was established, in 2000. The TCWMA acquired a California
Department of Food and Agriculture (CDFA) grant in 2001, which funded an YST cost-share spray
control program. Between 2002 and 2013 the WMA conducted 10 years of treatment programs for
a total of 411 sites totaling 2929 acres of YST controlled with Transline® (clopyralid) and/or
Milestone VM® (aminopyralid). In 2013, the cost-share program experienced the highest level of
participation, with 64 participants. The cost-share program has significantly reduced infestations
within rangelands and provides small landowners an affordable method of control. Landowners
contribute a cost-share of $50 up to three acres and $15 per acre for greater than three acres. In
2009, based on increasing invasive threats to the National Park and Forest lands, CDFA and USFS
ARRA funds were acquired to enhance the cost-share program, hire a program coordinator, and to
develop a “Leading Edge” program effort. Funding to support a part time program coordinator
significantly increased the program’s impact through various community outreach efforts, improved
surveying and monitoring strategies; as well as improved use of GIS for monitoring and data analysis.
Funding has been increased through joint funding partnerships, and increasing the scope of the WMA
strategic plan to include weed source and transportation issues. Cooperators now include aggregate
and construction material producers and the County Roads Department.
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Role of Seed Treatments in Plant Competition
Afifi, M. and C.J. Swanton, University of Guelph, Guelph, ON
Thiamethoxam, is a broad-spectrum neonicotinoid insecticide which when applied to seed, has
been observed to enhance seedling vigour under environmental stress conditions. No previous
work has explored the effect of thiamethoxam as a seed treatment on the physiological response
of maize seedlings growing in the presence of weeds. Thiamethoxam was found to enhance
seedling vigour and to overcome the expression of typical shade avoidance characteristics in the
presence of neighbouring weeds. The enzymatic and physiological responses that occurred within
the maize seedlings will be presented. These results suggest that seed treatments may provide an
opportunity to enhance crop competitiveness with weeds.
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Robotic Weed Control
Mark C. Siemens, Dept. of Agricultural and Biosystems Engineering, University of
Arizona, Yuma Agricultural Center, 6425 W. 8th St., Yuma, AZ 65364;
siemens@cals.arizona.edu
In their 2008 comprehensive review of autonomous robotic weed control systems,
Slaughter et al. (2008) reported that systems for plant detection and their classification
(crop vs weed) presented the greatest technical challenge for development of a successful
weeding robot. Methods for precision weed control also needed further development.
Although thefew fully autonomous robotic weeding systems that had been developed at
the time showed promise for reducing hand labor and/or pesticide requirements, none had
been successfully commercialized. Since then, technology has advanced and several
automated weeding machines are commercially available. This paper describes some of
these devices and provides an update on the current state of robotic weeding.
Commercial robotic weeding machines utilize one of several means to kill weeds
including mechanical, flame or herbicidal spray. Robotically controlled devices are used
to eliminate weeds in the seed line between the crop plants (intra-row) while weeds
between the seed lines (inter-row) are controlled with conventional cultivation techniques.
All systems use a camera-based machine vision system to detect plants. Due to proprietary
reasons, the specifics of how these machines’ computer algorithms work is not known, but
based on observation and a review of product literature; it is assumed they donot classify
plants as being either crop or weed, but rather selectively identify crop plants. Classifying
plants as either crop or weeds is difficult with system accuracies of around only 85%, even
under ideal conditions. There are many ways to identify crop plants in digital images, but
typically this is done by first analyzing a captured imaged and classifying each pixel in the
image as being either a plant or a non-plant part using some type of green thresholding
technique. Once the image has been “segmented”, adjacent pixels are analyzed. Regions
with high levels of contrast between plant and non-plant parts indicate potential leaf edge
boundaries and contour lines are traced around the borders of these areas. These “objects”
are then further analyzed based on size, location relative to each other, position relative to
the seed row, shape and color. Objects that do not meet the user defined criteria as being
characteristic of a crop plant are removed from the segmented image. Once crop plant
objects have been located, commands are sent to a microcontroller which controls the intrarow weeding device. An example of the image processing technique described is depicted
in figure 1. In this example, the machine vision system is used to identify plants for the
purpose of selective
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thinning. Plants to be “saved” are selected
based on the desired final plant spacing.

Fig. 1. Illustration of the image processing steps
used by a robotic thinning machine: a) raw
image captured, b) image segmented image
based on color thresholding (green), c) contours
traced around regions of high contrast, d)
objects contained within contour boundaries are
further analyzed for color, size and shape, e)
objects that do not meet criteria for crop plant
color, size and/or shape are filtered, f) bounding
boxes placed around plant objects identified, g)
plants to be “saved” or selectively thinned are
chosen based on plant location and desired final
plant spacing.

The first commercially available
robotic weeding machine was probably a
device called the Robocrop. The
technology was developed by Tillet and
Hague Technology Ltd. (Silsoe, United
Kingdom) and commercialized by Garford
Farm Machinery Ltd. (Peterborough,
England). The device utilizes a forward
looking camera to detect crop plants and
sets of rotating disc blades attached to an
off center shaft to cultivate around crop
plants and within the crop row. Fennimore
et al. (2013) compared the device with
hand weeding in direct seeded and
transplanted Bok Choy, celery, lettuce and
radicchio. They concluded that the
machine provided acceptable performance
in transplanted crops, but was not suitable
for use in directed seeded crops. An
explanation for this is that in addition to
color, the machine’s plant detection
algorithm utilizes plant spacing and size as
selection criteria. In direct seeded crops
where crop plants are irregularly spaced
and of similar size to weeds, the system has
difficulty reliably differentiating between
crop and weed plants.

The IC-Cultivator, manufactured by
Machinefabriek
Steketee
BV
(Harringvleit, Netherlands), has been in commercial production for only two years. The
technology was developed in partnership with Wageningen University Research
(Wageningen, Netherlands). The robotic weeding machine utilizes cameras, one for each
crop rowto identify crop plants based on color, size and spacing. To ensure that images of
consistent quality are obtained, the cameras are enclosed in a hood and artificial lighting is
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provided by LEDs. As the machine travels through the field, a pneumatic cylinder is
actuated to open and close a set of cultivating knives around the crop plants. The machine
was released in Europe in 2013 and several units will be available in North America in
2014 via Northern Equipment Solutions (Wasage Beach, Ontario, Canada). According to
product literature, the unit is modular in design providing for working widths of ranging
from roughly 5-20 feet. Hoeing capacity is 3-4 plants per second. With plant spacing at
11 inches, this translates to an operating speed of 1.9-2.5 mph. The price for a six row unit
is $80,000 or about $13,000 per row. No information about the performance of the machine
could be found.
F. Poulsen Engineering Aps. (Hvalsø, Denmark) manufactures a similarly styled
mechanical hoeing robot. The unit utlizes cameras positioned over each crop row
anddetects crop plants based plant color, size and spacing. Intra-row weeds are controlled
by knife blades that are opened and closed around crop plants as the machine travels
through the field. Although the cameras are not enclosed in a hood, artificial lighting is
provided so that images of consistent quality can be obtained. Depending on soil and plant
conditions, product literature states that the machine is capable of operating at speeds of
up to 2.5 mph and available in modular 3-6 row units. Multiple modules can be mounted
on a toolbar to provide wider working widths. The cost of the system is about $125,000
for a five row unit (about $25,000 per row) and there is no known U.S. distributor. No
information about the performance of the system could be found.
F. Poulsen Engineering Aps. (Hvalsø, Denmark) also manufacturers an intra-row
weeding robot that uses flame to kill weeds. The machine uses the Robovator vision system
to identify crop plants. A series of plasma jets oriented towards the crop row are cycled on
and off to kill weeds between crop plants. Multiple jets are used for each crop row so that
a sufficient amount of heat is applied to kill the weeds. The company’s website states that
the patented system can be operated at speeds of 0.6-3.75 mph. Again, no information
about the performance or cost of the system could be found.
Automated lettuce thinning machines can be thought of as intra-row weeding robots
since they are used to remove undesired plants in the seed row. Since 2011, four automated
thinners have been commercialized in the U.S. These include units from Ramsay
Highlander Inc. (Gonzales, Calif.), Agmechtronix LLC, (Silver City, N.M.), Blue River
Technologies Inc. (Mountain View, Calif.), and Vision Robotics Corp. (San Diego, Calif.).
All systems use a machine vision system to locate lettuce plants for selective thinning and
herbicidal spray solutions to kill unwanted plants. These machines are capable of thinning
crops planted as close as 1.5 inches apart as speeds of 2-3 mph.
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Prices for a tractor pulled
four bed (2 wide beds) machines
are roughly $150,000 while selfpropelled, two bed (1 wide bed)
units
cost $250,000.
The
technologies utilized by these
devices could easily be adapted
for robotic weeding purposes
since crop plants are identified by
color, size and location. The
technique
shows
promise.
Siemens et al. (2012) evaluated a
prototype
automated
lettuce
thinner and found that the system
was able to control 88% of the
unwanted lettuce plants within 8
inches of the saved crop plant
(Fig. 2). This was comparable to
Fig. 2. Plant spacing distribution after thinning lettuce hand thinning where 92% of the
seedlings nominally spaced 2 inches apart with a) an
unwanted lettuce seedlings were
automated thinner and b) by hand.
controlled. Better performance
should be expected today since technolgy has advanced since the time of the study. To
utilize automated thinning technologies as robotic weeding machines, theortically all that
is needed to have the user be able to adjust thesize of the ”objectes” the system considers
to be a crop plant. This can easily be accomplished programatically. The unit would also
need to be equipped with banding nozzles to spray and control inter-row weeds. It is not
known how well such a system would control intra-row weeds, especially those close to
the crop plant and further research is needed. We have initiated studies to address this
issue.
In summary, over the last several years, several technologies for robotic weeding
have become commercially available. To date, there is little information about their
performance or their viabilty for use in California production systems. Research is needed
to address issue. Automated thinner technologies show good promise for use as robotic
weeding machines, but further study is also needed. As technologies continue to advance,
robotic weeding machines will become more precise, have expanded capabilities and be
more affordable. It is reasonable to expect that these type of devices will play an will play
an increased role in production agriculture in the future.
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Links to some of the videos shown during presentation are provided below.
Robocrop (Garford Farm Machinery Ltd., Peterborough, England):
http://www.thtechnology.co.uk/Movies%20and%20thumbs/Robocrop%20incrow%20weeder.wmv
IC-Cultivator (Machinefabriek Steketee BV, Harringvleit, Netherlands):
http://www.youtube.com/watch?feature=player_embedded&v=NrozkDh4VxQ
Robovator (F. Poulsen Engineering Aps., Hvalsø, Denmark):
http://www.youtube.com/watch?v=qeYyWiLfiYw
Thermal Hoeing Robot (F. Poulsen Engineering Aps., Hvalsø, Denmark):
http://www.visionweeding.com/Videos/flame-normal-speed.wmv
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Heat Treatment of Soil for Weed Control
Steven A. Fennimore, UC Davis, safennimore@ucdavis.edu
Our research program has been evaluating physical weed control tools such as heat for soil
disinfestation. These methods use heat to kill weed seed in the soil seedbank, i.e., soil
disinfestation. Heat kills soil pests like weed seeds by heating the soil to lethal temperatures for a
critical length of time, i.e., dwell time, sufficient to kill soil pests. Decades of steam use in
greenhouse soils have found that a dwell time of 20 minutes at 158˚F is sufficient to kill weed seed
in the soil. Reported here are two methods we have tested recently, dry heat in the case of the
Culticlean from The Netherlands and steam for soil disinfestation.
Culticlean. The Culticlean, a commercial soil pasteurizing device from the Netherlands,
helps manage weeds by heating the planting bed with a propane flame as it rototills the top 2 inches
of a finished seedbed prior to planting. Our goal was to test this claim, and also to see if the system
would also control the soil borne lettuce drop pathogen, Sclerotinia minor. Eighty inch beds were
prepared and planted with 5 seed lines per bed of romaine lettuce, ‘Sunbelt’ at the Spence USDA
Farm at Salinas, CA. Plots were 80 inch wide beds by 20 foot long replicated plots with 4
treatments; each replicated 4 times, in a randomized, complete block design. Mustard seed meal
at 3,000 lb/A was included because we have found in other studies that mustard seed meal and
steam are complimentary (Fennimore et al. 2013).
Perennial ryegrass and pigweed seed were seeded into the finished beds, The Culticlean
device was next run over all treated beds on 5/28/13, rototilling the top 2 inches of soil, and the
heating element (which heated the tilled soil briefly to 400ºF) was engaged in half the treatments.
Lettuce was seeded 5/29/13 and first irrigation was 5/30/13, followed by 3 per week irrigations
until established, then 2 per week until harvest.
Weed control was modest with some reduction in ryegrass, but little improvement in
pigweed or groundsel control (Table 1).Apparently the dwell time was not sufficient to kill weed
seed. The Culticlean either needs to go slower, or be better insulated so that soil temperatures
remain above the critical temperature for sufficient dwell time to kill weed seed. Results are
somewhat promising, but the treatment as performed here needs improvement.

non-treated
MSM @ 1.5 t/a
Culticlean
Culticlean+MSM @ 1.5 t/a
treatment probability (P)

Table 1 Impact of Culticlean treatment on weed densities
Ryegrass density
Pigweed density
Groundsel
#/ft2
#/20ft2
#/10ft2
6/18/13
6/18/13
6/24/13
87.25 a
20.25 a
17.25 a
53.75
b
18.75 a
9.75 a
60.50
b
42.50 a
7.75 a
38.75
b
4.00 a
1.00
b
.0066
.0711
.0028
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Steam.Field tests were conducted to evaluate a prototype steam applicator designed to
deliver steam to raised strawberry beds. In previous work we concluded that existing designs from
European manufacturers were impractical, requiring development of a new design for California
strawberry. With funding from the Propane Education and Research Council (PERC) in October
2011we built an automatic steam applicator. The objective of this research was to compare preplant
soil disinfestation of raised strawberry beds with our custom designed steam applicator to standard
soil fumigation in strawberry.
Materials and methods
Equipment description.The initial prototype consisted of a tractor-towed wagon with a
propane fueled Clayton 100 HP steam generator (Clayton Industries, City of Industry, CA) capable
of steaming one 52 inch wide raised bed per field pass. Steam was injected and mixed into the
soil through a bed shaper equipped with a rototiller, multiple steam injection shanks in front and
behind the tiller, and steam injection nozzles above the tiller. Water was supplied to the steam
generator through a 1,200 long hose reel.
Field tests. Four tests total were done during 2011 to 2013. Two tests were done in October
2011, one at Salinas, CA and the second at Watsonville, CA. Soil at both Salinas and Watsonville
sites were a sandy loam soil. Two tests were done in September 2012,both near Watsonville, CA.
Soil at both sites were a Salinas clay loam. Soil temperatures were measured with Hobo
temperature loggers (Onset Computer Corp. Pocasset, MA). Weed seed bags were installed in the
strawberry beds as soon as the steam applicator passed. Weed seed were removed 1 week after
treatment and tested for viability with tetrazolium. The trials were arranged in a randomized
complete block design with 4 reps. In 2011 Pic-Clor 60 EC was included as a fumigant standard
at 350 and 250 lbs/A in Watsonville and Salinas, respectively. In 2012 mustard seed meal at 3,000
lbs per acre (Farm Fuels, Watsonville, CA) as applied to one set of the steam treated beds prior to
steam application. Weed densities were measured periodically and weeding times were recorded
as described in Samtani et al. 2012. Fruit harvest was measured by a commercial harvest crew
once or twice weekly as needed during the April to September 2012 and 2013 harvest intervals.
Results and discussion
At all locations the soil temperature at 2, 6 and 10 inches from the bed surface reached
>158˚F for >20min. The 10 inch probe marks the lower end of heat penetration into the bed and
temperatures were cooler at the bottom of the bed. Fuel consumption was measured at 1,561
gallons/A propane, which means that 163 MJ m-3of energy were applied which is comparable to
that listed in Baker and Roistacher (1957). Estimated machine, fuel and labor costs are
$5,727/Abased on the single bed prototype and the field application rate was 19 hours/A. We
estimate the cost of a two bed unit would be about $3,700 /A based on our current design and an
application rate of 8 hours/A. The comparable 2013 price of methyl bromide plus chloropicrin
broadcast fumigation in California was $4,000 /A.
Viability of chickweed, knotweed and yellow nutsedge were reduced by steam and Pic-Clor 60
fumigant compared to the control (Table 2). Only steam killed the bluegrass seed. Measurements
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of weed fresh weights and weed densities, indicate that steam and Pic-Clor 60 performed similarly
(Table 3).
Table 2. Weed seed viability at Watsonville steam test in 2011-12.
Bluegrass
Chickweed
Knotweed
Mallow
Nutsedge
Control (%) a
Steam
1 b
2 b
72 b
0 b
6 b
Pic Clor 60
86 a
4 b
0 b
63 b
0 b
Control
66 a
69 a
96 a
95 a
45 a
a
Means with the same letter within columns are not significantly different according to Fisher’s LSD at P = 0.05
Treatment

Table 3 Cumulative weed biomass and weed densities at four sites over two seasons. The MBA, TCR and SJR sites
are all near Watsonville, CA and the Spence site is near Salinas, CA.
Weed biomassa,b
Weed density
2011-2012
2012-2013
2011-2012
2012-2013
Units:
Lbs./A
1,000 /A
trial : MBA
Spence
TCR
SJR
MBA
Spence
TCR
SJR
treatments
non-treated 102
386 a
80 a
1
18 a
80 a
223 a
2
steam
6
15 b
1 b
1
3 b
16 b
5 b
1
steam + MSM
--11 b
2
--13 b
1
Pic-Clor 60
5
138 b
--2 b
37 b
--P = .0999
.0127
.0141
.6329
.0016
.0027
.0015
.2586
a
Biomass data for 2011-2012sites was taken fresh; for 2012-2013 sites after oven drying.
b
Mean separations by Duncan’s multiple range test, P ≤.05. Values based upon 4 (MBA, TCR, SJR) or 5 (Spence)
replications

Summary. What these data indicate is that dry heat as delivered by the Culticlean is marginal.
Steam is more dependable than dry heat, but slower and more expensive. Additional engineering
work is needed to improve the efficiencies of both of these technologies.
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Field Bindweed Management in Processing Tomatoes
C. Scott Stoddard1, W. Thomas Lanini2 , Lynn M. Sosnoskie3
University of California Cooperative Extension, 2145 Wardrobe Ave, Merced, CA,
95341. csstoddard@ucanr.edu
2
University of California, Dept of Plant Science, 278 Robbins Hall, Davis, California, 95616.
3
University of California, Dept of Plant Science, Davis, California 95616.
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Subsurface drip irrigation in processing tomatoes (Solanum lycopersicum) has been rapidly
adopted in California over the past decade, and is now used on approximately 90% of the
production area. The economic necessity of maintaining the beds and replanting with only
minimal tillage for multiple seasons has created a system where field bindweed (Convulvulus
arvensis) has become more prevalent. Field bindweed is extremely difficult to manage because
established plants have extensive root systems and are less susceptible to control measures.
Currently, UC IPM guidelines are limited with respect to their management options for established
bindweed: glyphosate and repeated cultivation. Clearly, additional management information is
needed. Therefore, beginning in 2011, field studies were conducted at University of California
Davis campus to evaluate the efficacy of registered herbicide combinations in controlling
established field bindweed in processing tomatoes; parallel studies were conducted at the UC West
Side Research and Extension Center in 2012 – 13 using drip irrigation. The treatment design was
a randomized block split-plot with four replications. Main plots consisted of pre-emergent (PRE)
and pre-plant incorporated (PPI) applications of Prowl H2O (pendimethalin, 3 pints/A; 1600 g a.i.
ha-1), Treflan (trifluralin, 2 pints/A; 1120 g a.i. ha-1), Zeus (sulfentrazone, 4.5 fl oz/A; 112 g a.i.
ha-1), and Matrix (rimsulfuron, 2 oz/A; 35 g a.i. ha-1), which were applied prior to transplanting
and either mechanically or water incorporated, according to label recommendations. Split plot
treatments were post-emergent (POST) applications of Matrix (2 oz/A; 35 g a.i ha-1) or Shark
(carfentrazone, 2 fl oz/A; 35 g a.i. ha-1) applied one week after transplanting to emerged bindweed.
Concurrently, additional herbicide treatment combinations were tested with a randomized block
design, and included sequential POST applications of Matrix (2 oz + 2 oz/A), Shark (2 oz + 2 oz
/A), Shark + Roundup (2 fl oz/A + 2% glyphosate; 96 g ai ha-1), Treflan applied PPI and again at
lay-by (2 pts + 2 pts/A), Zeus + Dual Magnum (4.5 oz + 1.5 pints/A S-metolachlor, 1600 g a.i. ha1
) PPI, and a Treflan + Dual + Matrix combination that is commonly used in tomatoes, as well as
untreated and hand weeded controls. Post-emergence applications of Shark were applied using a
shielded sprayer as to minimize contact with the tomato crop; Matrix was applied over the top with
a non-ionic surfactant at 0.25% v/v. The second post application for select plots was done about
21 days after transplanting. Weed-free check plots were maintained by manually removing all
weeds at bi-weekly intervals during the growing season. Weed and crop ratings were made at 14,
28, 54 days after treatment by estimating the percentage of the plot area covered with bindweed;
the analysis of variance was performed on arc-sin transformed data and means separation using
Fisher’s protected LSD at p = 0.05. These transformed data were then used to calculate bindweed
control estimates as a percentage of the untreated control plot. In 2013, the UC Davis trial was
changed to include transplanting date and pre-plant glyphosate treatments along with several of
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the PPI herbicides described above; Treflan was a component of all herbicide programs in this
study.
Combining results from all years, Treflan was the most effective pre-emergence treatment
for suppressing established field bindweed. As compared to the untreated control, PPI Treflan
ranged from about 20 to 75% control of bindweed, with an average of 39%. Suppression faded as
the season progressed; as a result, Treflan did not significantly differ from the other treatments or
the untreated control by the last evaluation date. In contrast, the application of Matrix or Shark as
a POST treatment usually provided significant suppression of bindweed as compared to the
untreated plots on all evaluation dates. Post-emergent applications of Matrix and Shark were
statistically similar in improving bindweed control (about 20% averaged across all treatments)
although Matrix provided significantly better total weed control and improved crop safety as
compared to Shark (Table 1). Thus, the combination of Treflan PPI + Matrix POST gave the best
overall bindweed control (Figure 1, results are for WSREC only and weed pressure ratings, not
bindweed control; UCD was similar). The PPI x POST herbicide interaction was not significant
for any evaluation date.
Bindweed growth was significantly reduced by some of the additional herbicide treatments
included in the studies, including Treflan applied pre-plant and again at layby. In 2012, a double
POST application of Matrix gave good bindweed suppression; in 2013, Shark + Roundup applied
POST, sequentially, also worked well. While only evaluated for one season and location, the 2013
trial at Davis had very good suppression, > 70%, when a pre-plant application of Roundup was
included in a herbicide program with Treflan PPI and Matrix or Shark POST. The use of Dual
Magnum and Zeus (PPI) Matrix (PRE), in combination with Treflan also helped to reduce field
bindweed density in late planted tomatoes. Pre-plant applications of glyphosate to emerged
bindweed (late planted tomatoes) reduced weed cover by more than half in herbicide treated plots,
supporting a common IPM recommendation that all growers should strive to plant into clean fields.
The combination of Treflan PPI and either Matrix or Shark applied post-emergence, or
applying Treflan both PRE and at layby, have been the best treatments for suppressing established
field bindweed in both furrow and drip irrigated processing tomatoes. Pre-plant Roundup also
improved control about 15% when applied to late planted tomatoes. Yields were significantly
higher in the herbicide treatments as compared to the untreated check plots at both locations (data
not shown); however, concerns about this herbicide program remain for its potential crop
phytotoxicity and plant-back restrictions to crops other than tomatoes.
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Table 1. Field bindweed control for the various treatments as compared to the untreated control
at WSREC and UC Davis, 2011 - 2013.
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Figure 1. Field Bindweed cover in processing tomatoes at the last evaluation date in 2012 (top) and 2013
(bottom) as affected by herbicide treatment at the UC WSREC location.
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Weed Control in Carrots at Bolthouse Farms
Philip R. Northover, Bolthouse Farms, 7200 East Brundage Lane,
Bakersfield, CA 93307 Email: pnorthover@bolthouse.com

Bolthouse Farms is the largest carrot (Daucus carota) producer in North America,
cultivating carrots in California, Arizona, Washington, Georgia and Ontario, Canada.
Headquartered in Bakersfield, carrots are grown primarily in Kern County. Outside of Kern
County, production areas include field locations within the Salinas Valley, the GreenfieldAtwater areas, Avenal and Coalinga, Cuyama, Lancaster and Palmdale, and south to the Imperial
Valley, Holtville region.
With approximately 30,000 acres in production and a wide range of environmental
conditions in the growing areas, carrot cultivation can take place year round. Harvesting can be
conducted on a daily basis, as planting dates and growing seasons in the various areas provide
conditions to allow for a continuum of carrots, to be run through the Bakersfield, processing
plant.
A range of carrot based products are produced, derived from conventional and certified
organic fields. From an agronomic perspective, the carrot production could be split into three
main categories:
1) Cello production- carrots that are sold as intact taproots;
2) Short-cut or cut and peel production—taproots that will be cut into segments to ultimately
be marketed as “baby carrots”;
3) Bunching—carrots that are sold in bunches with both leaf and taproot intact.
Cultivation of carrots
Carrots are grown from seed on raised beds with approximately 40 inch (1 metre) between
bed centers. This provides a usable bed surface of about 25-28 inches across. There may be
anywhere from four to seven seed lines on each half of the bed. Cultivars are selected based on
the suitability to the growing region, from information on soil conditions, temperature, and
typical climatic conditions, to ensure they are grown in areas where they will be the most
productive and competitive. Crops are may be irrigated by pivot, solid set, flood, and subsurface
drip irrigation.
Density of planting/seeding rate differs depending upon the ultimate taproot shape required.
Cello carrots are grown at lower densities than short cut carrots, which are grown in close
proximity to one another, to constrain growth to the specific diameter range required.
Short-cut carrots are cut into segments, which will eventually be used in the production of baby
carrots. These carrots are cultivated to grow straight with a uniform diameter for much of the
length. Cello carrots are generally spaced to a greater extent, and have a wide shoulder (root
crown) and a more pronounced taper to the root tip relative to cello carrots.
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Principles of Carrot Weed Management
The basic principles of carrot cultivation and carrot weed management are summarized in
the following quote from Luther Tucker in an 1861 article in The Cultivator , entitled ”A Carrotty
Exhortation” :
“Carrots should be well cultivated--- because they are carrots and carrots will not grow where
weeds are more plenty than carrots; therefore keep the ground mellow and the weeds clean from
among the carrots”
From this brief quote, it is suggested the ground should be weed free, but also alludes to
the fact that even 150 years ago, carrots were recognized as being poor competitors with other
plants, especially in cases where weeds establish before the carrot is seeded.
In the early stages of growth, carrots are poor competitors relative to the broad spectrum
of potential weeds that may be found in a carrot field. Carrots are slow growing, leaf expansion
can be slow, the young seedlings have a very low leaf areas index, and the thin feather-like leaves,
do not provide shade capable of suppressing other weeds, until much later in the growing season.
After germination of the seed, the hypocotyl slowly increases in length to develop into
the taproot usually about 10 days after germination under ideal conditions (See Figure 1). In the
initial 30 days of growth, the tap root increases in length, appearing as a long and thin easily
damaged thread. This period of growth is critical for the development of the taproot, as the final
length of the taproot length for the entire growing season is largely determined at this stage of
growth. In the case of shortcut carrots, a decrease in desired length will reduce the number of
potential segments from each taproot that will ultimately be marketed as baby carrots.
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10 days

20 days

45 days

30 days

60 days

75 days

Figure 1: Typical development of the carrot tap root over time. Days to
development will vary with environmental conditions, cultivar, and other cultivation
practices.
Table 1 shows the importance of early season weed infestations on the development of the carrot.
Even though the majority of the season was free of weed competition. The effect of early season
weed infestations resulted in significant reductions in taproot mass and diameter that were not
recovered.
Table 1: Influence of competition duration after planting and infestation level on the reduction in root
fresh weight and root diameter, immediately after weed removal (Spring) and at harvest. All values
are significant at the p=0.01 level (modified from Shadbolt, C.A. and Holm L.G. 1956)
% Reduction in Root Diameter
Length of
Weed Stand
% Reduction in Root fresh
Competition
(%)
Weight
(days)
Spring
Harvest
Spring
Harvest
31
15
43.6
30.1
12.6
10.7
31
30
81.2
30.6
25.3
10.0
31
50
92.9
44.5
30.1
17.8
38
15
77.7
38.7
50.1
14
38
30
87.4
47.4
58.1
23.9
38
50
90.9
61.9
62.2
32.5

Reduction in Harvest Efficiency
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Carrots are harvested through the use of equipment that initially loosens the soil, and
utilizes the strength of the leaves, to pull the carrots from the ground where they are dropped into
trailers for shipping back to the processing plant in Bakersfield. If
a carrot bed has a high infestation of weeds, these can be pulled
into the carrot harvester. At some point the harvester will have to
stop, in order to prevent damage to equipment. This can lengthen
the period of time needed to harvest a field.
Weeds can cause direct damage to the carrot tap root. While
this is not a common problem, nutsedge roots can actually
penetrate carrot tissue (See Figure 2 )
Mechanical cultivation practices for weed management in
carrots during the growing season can be difficult to employ and
have been used on a limited basis. To remove weeds in a carrot
planting, at times that herbicides are unable to be used, hand
Figure 2: Nutsedge (Cyperus spp.)
weeding is required both in conventional and organic carrot
root damage to carrot tap-roots.
Damage to the taproot may also
cultivation. While necessary, hand weeding in a carrot crop can
result in decay of tissues.
be difficult due to the close proximity of the carrots to each other,
and the difficulty of removing weeds without removing and injuring carrots. Weeds that typically
are problems in carrots can be found in Table 2.

Carrot Weed Management Plan
Crop Rotation
Crop rotations are planned years in advance when possible, though there may be restrictions
on lands that are rented, and will not be under the control of Bolthouse Farms, prior to carrot
planting.
Herbicide Management
Generally there are few options for weed management in carrots, this poses a number of
challenges. Typically, the approach is to apply a post pre-plant product, followed with a post crop
emergent product. When permitted by the label, applications are conducted by
Pre-Plant
Prior to planting, fields are pre-irrigated anywhere from 4-5 weeks before seeding to
germinate weed seeds. This is followed by shallow cultivation, to avoid bringing any seeds or
propagules to the soil surface.
In fields with nematode and soilborne plant pathogens, based on soil sampling and field
history, a degree of weed control is derived from fumigation with a metam potassium or metam
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sodium product 2-3 weeks before planting. Depending upon plant back restrictions on the land
be cultivated, trifluralin for grass and broadleaf control may be applied.
Pre-emergence-Post Plant
At this stage in planting, there are generally four herbicide options:
•
•
•
•

Trifluralin; for grass and broadleaf control (depending on plant back restrictions)
Linuron; for broadleaves and grasses
S-metolachlor; chiefly for yellow nutsedge (Cyperus), thought this has lessened other
species pressure
Pendimethalin; barnyard grass, pigweeds, london rocket

After the Crop Emerges
There are relatively few products that can be applied in season to carrots, generally linuron is
used with the most frequency due to broad spectrum of weeds, that can be managed.
•
•
•

Fluazifop-p-butyl, sethoxydim: grasses
Linuron: broadleaf weeds, small grasses, suppression of yellow nutsedge
Metribuzin: broadleaves

Summary
Carrots are generally poor crop competitors, and weed management is required early in the
season in order to have the best chance of maximizing yields. Cultural practices within the seeded
areas of the bed are limited to manual removal of weeds. Herbicides registered for use on carrots
are available, but in season uses are limited.
Table 2: Weeds that have been of concern in carrots fields, in California.
Common name
Latin name
Yellow nutsedge
Cyperus esculentus L.
Purple nutsedge
Cyperus rotundus L.
Barnyard grass
Echinochloa crus-galli (L.) P. Beauv.
Field Bindweed
Convolvulus arvensis L.
Common Purslane
Portulaca oleracea L.
Shepherd’s Purse
Capsella bursa-patoris (L.) Medik.
Russian Thistle
Salsola tragus L.
Pigweeds (prostrate,tumble)
Amaranthus spp.
Cheeseweed/Mallow
Malva spp.
Wild Mustard
Sinapsis arvensis L.
London Rocket
Sisymbrium irio L.
Lambsquarters
Chenopodium album L.
Nightshades
Solanum spp.
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DPR New Research Authorization Requirements
Don Antonowich, Senior Environmental Scientist (Specialist), CDPR, Sacramento, CA

Today’s (RA) presentation covers general definitions and need for Research Authorizations (RA) in
California. It explains recent changes to the application forms, information required, fumigant Notice
of Intent’s (NOI), and violation penalties for the 2014 test year and beyond. These changes coincide
with the Department of Pesticide Regulation’s redesign of its RA database, necessitated by the State
mandate to migrate databases to a secure off-site server.
New Forms
•
•

DPR recently redesigned its RA database.
Several new data elements about the proposed research are required to be submitted on
new RA application and use reporting forms.

Experimental pesticides needing to be tested
•
•
•
•
•

New formulations of existing products
New products containing old active ingredients
Applications to any crop or site not on the California-registered label (or no label exists)
Use of any spray adjuvant not registered in California
Use in conflict with the California registered label

RA Test Methodology
•
•
•

U.S. EPA Product Performance Test Guidelines (OCSPP Series 810.3000)
Good scientific practices
Testing under “California-like” conditions

Research Credibility
•
•
•
•
•
•
•

Proper experimental design
Criteria used for assessing efficacy
Pre-treatment and post-treatment counts
Randomized & replicated treatments
Untreated control & positive control
Rate-response relationship to verify that selected label rates are appropriate
Statistical analysis

United States Environmental Protection Agency (U.S. EPA) and DPR Guidelines
• Data must
o address all proposed uses
o demonstrate efficacy
o address phytotoxicity, and
o demonstrate mode of action
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•

Product must be tested at different rates, including the lowest rate listed on the label

Personal protective equipment requirements:
•
•

Use the pesticide label for personal protective equipment requirements
In absence of a registered label, use the MSDS or SDS for personal protective equipment
requirements

Fumigant applications restrictions
•
•

Check with the Agricultural Commissioner for special County restrictions.
At least 72 hours prior to fumigant application, the researcher must provide DPR with a copy of
the notice of intent submitted to the County Agricultural Commissioner. The copy may be
submitted by e-mail to RA_NOI@cdpr.ca.gov or by fax to 916.324.5872. Note: Some new AIs
are subject to the same 72 hr NOI notification if there are special human or environmental concerns.

AREAS WHERE RA’s ARE NOT ISSUED BY CDPR
Any University of California (UC) campus and field stations
•
•

Any other land or treated site (including livestock) when used in experimental pesticide
research field trials and demonstration operations that are activities of the UC
Any land owned, controlled, or maintained by the UC to such an extent that a reasonable
presumption can be made that the experimentally treated commodities will not be harvested
or removed from the premises without authorization of the supervisor

Agricultural Research and Extension Centers
Registrants that are operators of the property where research is conducted and continue to be operators
until the treated commodity is destroyed or harvested
Greenhouses or Laboratories
•
•

Except where treated transplants will be planted
DPR does have authority over nursery and lath houses

Federal or tribal lands
•

Use on such lands requires Federal or tribal authorization
o
Bureau of Indian Affairs/Tribal lands
o
Bureau of Land Management
o
Bureau of Reclamation
o
Department of Defense (includes Army Corps of Engineers lakes)
o
Fish and Wildlife Service/Wilderness
o
Forest Service
o
National Park Service
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TIMEFRAME – DATABASES & FORMS
Old database and forms
•
Experimental field trials concluded by December 31, 2013
o
PR-REG-027 (Rev. 2/12)
o
PR-REG-028 (Rev. 1/01)
•
Outstanding/Overdue Experimental Pesticide Use Reports
o
PR-REG-028 (Rev. 1/01)
New database and forms
•
Experimental field trials beginning January 1, 2014
o
PR-REG-027a (Est. 12/12)
o
PR-REG-027b (Est. 12/12) for additional pesticides
•
Experimental field trials concluded after January 1, 2014 (submit within two weeks)
o
PR-REG-028a (Est. 12/12)
o
PR-REG-028b (Est. 12/12) for additional trial information
VIOLATION PENALTIES
Failure to comply with any of the conditions of an RA could result in its revocation and an
administrative fine up to $5,000 for each time a condition is violated.

RA Application & Report Forms
The instructions and forms presented at today’s session are available on the CDPR
website http://www.cdpr.ca.gov/docs/registration/regforms/ra/ramenu.htm

QUESTIONS
Questions regarding the RA process can be directed to:
Mr. Don Antonowich, dantonowich@cdpr.ca.gov or 916-445-3686.
Questions about the new forms should be sent to: RAs@cdpr.ca.gov
Answers to frequently asked questions about the new forms can be found at the DPR
website http://www.cdpr.ca.gov/docs/registration/regforms/ra/ramenu.htm (beginning February
2014)
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Effects of Destabilized Lignocellulosic Compost and Solarization on Weed
Seed Mortality and Soil Biology
James J. Stapleton, Statewide IPM Program, UC Kearney Agricultural Center, Parlier,
CA, jjstapleton@ucanr.edu; Ruth M. Dahlquist, Department of Biology, Fresno Pacific
University, Fresno, CA; Christopher W. Simmons, Department of Food Science & Technology,
UC Davis; Megan N. Marshall, Department of BioAg Engineering, Pennsylvania State University,
University Park, PA; and Jean S. VanderGheynst, Department of BioAg Engineering, University
of California, Davis, CA
Overview
Both soil solarization and knowledge-based application of organic materials (e.g., “ASD”;
“BSD”) can be useful as pre-plant treatments to eliminate weed propagative structures in soil,
without using fumigants or herbicides. With the goal of making both approaches more effective,
predictable and flexible, we tested mortality of Brassica nigra (black mustard) seeds in field soil
amended with mature green waste compost, and destabilized with wheat bran, as compared to nonamended field soil. The soils were solarized in the field at Parlier, CA for 22 days or 15 days.
Mortality of seeds buried in compost-amended soil was significantly higher than non-amended
soil both years. Additional laboratory and field studies showed that amended and destabilized soil
initially was phytotoxic to lettuce seedlings. However, phytotoxicity was eliminated by
subsequent solarization treatment. Amended soil resulted in temperatures 2-4 oC higher than in
soil alone, and ~85% of total organic carbon in amended soil was exhausted within 22 days of
heating. Bacterial community structure in solarized soil was measured by 16s rDNA sequencing.
Community structure changed based on soil amendment and solarization. Also, bacterial
communities varied with soil depth, indicating possible enrichment of thermophiles and other
niche-specific taxa.
Table 1. Research Products for Additional Information
Dahlquist, R.M., Prather, T.S., and Stapleton, J.J. 2007. Time and temperature requirements for weed seed thermal
death. Weed Science 55:619-625.
Gamliel, A., and Stapleton, J.J. 2012. Combining organic amendments and solarization for soil disinfestation. Pp.
109-120 in: Soil Solarization: Theory and Practice. APS Press, St. Paul, MN.
Marshall, M.N., Rumsey, T.R., Stapleton, J.J., and VanderGheynst, J.S. 2013. A predictive model for soil temperature
during solarization and its validation at two California field sites. Transactions of the American Society of Agricultural
and Biological Engineers 56:117-133.
Simmons, C.W., et al. 2013 Managing compost stability and amendment to soil to enhance soil heating during
solarization. Waste Management 33:1090-1096.
Simmons, C.W., et al. 2014. Characterization of bacterial communities in solarized soil amended with lignocellulosic
organic matter. Applied Soil Ecology 73:97-104.
This research was funded by the United States-Israel Binational Agricultural Research and Development Fund (BARD
#US-4266-09 R)
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Dynamics of Weed Emergence in Alternative Rice Irrigation Systems in
California
Whitney Brim-DeForest1*, Rafael Pedroso1, Louis Boddy2, Bruce Linquist1, and Albert
Fischer1.
1
Department of Plant Sciences, University of California, Davis; 2Marrone Bio
Innovations, Davis, CA. *wbrimdeforest@ucdavis.edu
The development of resistance in major weed species of rice in California, including
Cyperus difformis L. (smallflower umbrellasedge) and Echinochloa phyllopogon (Stapf)
Koss (late watergrass), has necessitated the search for management options that utilize
cultural controls such as alternative tillage and irrigation methods. In order to effectively
apply these controls, weed germination and emergence under a variety of tillage and
irrigation methods needs to be understood. Recently developed laboratory models of
germination and emergence for C. difformis and E. phyllopogon have accurately
predicted timing of germination and emergence using soil moisture and temperature
(hydro- and thermal-time models) in controlled environments. The long-term goal is to be
able to utilize these models to predict weed emergence in the field, and thus, assessments
were begun in 2013 to determine the models’ validity under field conditions. Two
locations known to have large seedbanks with susceptible populations of each species
were selected. Beginning from the initial flood or flush, daily counts of emerged C.
difformis and E. phyllopogon seedlings were conducted under two irrigation treatments:
continuously flooded (water maintained at approximately 10 cm above the soil), and
flushed (flush irrigated when the top layer of soil became dry). Plants were counted until
no more plants emerged (45 days for smallflower umbrellasedge, and 40 days for late
watergrass). Volumetric water content (m3/m3) and air and soil temperature (°C) were
recorded continuously for the duration of the counts. In order to compare the field data to
the laboratory-generated data, percent daily emergence was calculated per growing
degree-day (GDD), using laboratory-determined averaged base temperature (Tb) for two
biotypes of susceptible California smallflower umbrellasedge (18.39°C), and laboratorydetermined base temperature for the susceptible biotype HR for late watergrass (9.03 °C).
When expressed in growing degree-days (GDD), smallflower umbrellasedge initiated
emergence from the flushed treatment at between 103 (±6) (GDD ± S.E.) and 113 (±6)
GDD, whereas under the continuously flooded irrigation, emergence was initiated much
earlier, between 63 (±2) and 73 (±2) GDD (both p = 0.0037). The average total number
of plants that emerged under a continuous flood was 315 (±36) (average total number of
plants ± S.E.), which was greater (p = 0.0014) than the average total number of plants
that emerged from the flushed treatments (25±3). Late watergrass initiated emergence
between 96 (±3) and 109 (±3) GDD in the flushed treatments. Timing of emergence in
the continuously flooded treatments was between 104 (±2) and 117 (±2) GDD (no
different from the flushed treatments, p = 0.1069 and p = 0.1134, respectively). The
average total number of plants that emerged under flush irrigation was 24 (±3), which
was no different (p = 0.3549) from the average total number that emerged from the
continuously flooded treatment (36±10). When compared to the predicted emergence
curves generated using the thermal time model with laboratory-generated parameters, G=
[log tg – (log θT(50) – log (T– Tb))] / σθT, there are differences between the predicted data
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generated in the laboratory and observed emergence in the field. Reasons for the
differences remain to be further evaluated.
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Yellow Nutsedge Control in Nut Tree Crops
Marcelo L. Moretti, Seth Watkins, and Bradley D. Hanson
University of California, Davis, Department of Plant Sciences, MS-4 One Shields Ave Davis, CA
95616
mlmoretti@ucdavis.edu
Yellow nutsedge (Cyperus esculentus L.) is perennial weed from the Cyperaceae family and is
commonly found in tree and vine crops of California. This fast growing plant propagates mostly
by tubers and to a lesser extent from seed, and is a particular problem in young orchards and sandy
soils. These tubers have several buds that able to sprout after tillage or herbicide applications
contributing to yellow nutsedge resilience. The objective of this study was to evaluate control of
yellow nutsedge with herbicide treatments and assess treatment effects tuber production and
viability. A field experiment was conducted in a four-year old almond orchard in Merced County,
CA where yellow nutsedge was the most common weed present (4 to 6 plants per sq ft). The
experiment was initiated in March 2013, and sequential treatments applied four weeks later.
Herbicides registered in almond were tested alone, in combinations, or sequential applications.
Final control assessments were made eight weeks after treatment (WAT) when above ground
biomass and weed density were recorded in a 0.25 m2 area with the experimental plot. At that time,
yellow nutsedge tubers were collected from two soil samples in each plot using a soil auger.
Number of tubers, fresh weight, and viability were evaluated. Four WAT, all treatments provided
more than 70% control of yellow nutsedge, except paraquat (Gramoxone SL – 3 pt/A) which
provided less than 50% control. At 8 WAT, all sequential applications outperformed tank mix
treatments in yellow nutsedge control, aboveground biomass, and ground cover ratings.
Glyphosate tank mixed with rimsulfuron or flumioxazin controlled yellow nutsedge better than
glyphosate tank mixed with oxyfluorfen, carfentrazone, or glufosinate. No treatments significantly
reduced yellow nutsedge tuber weight or density at 8 WAT. Average tuber density 35 tuber per
liter of soil and an average weight of 0.045 oz per tuber. All treatments significantly reduced the
viability of tubers (<14% viable) compared to untreated control (26% viable). Sequential
applications of herbicides reduced tuber viability (< 3.5% sprouted) than tank mixes of the same
herbicides (> 5.8% sprouted).
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Herbicide Strategies for Weed Control in Onions in Northeast
California
1

Matt Barber, Rob Wilson, Steve Orloff
California State University Chico, 2UC Intermountain Research and Extension Center,
Tulelake, CA, 3University of California Cooperative Extension, Siskiyou County
1

Weeds in processing onions can decrease yields, reduced onion stands, and obstruct
harvest equipment. Hand-weeding and herbicides are the two main methods used for weed
control in Northeast California. Weed control in onions can be particularly difficult due to the
early emergence of weeds and the slow emergence and growth of onions after planting.
Preemergence herbicides applied shortly after planting often provide the best weed control in
onions because they control fast-growing weeds before they compete with the crop. On the flip
side, early herbicide applications elevate injury risk as small onions are sensitive to herbicide
injury. A weed control study was conducted at the Intermountain Research and Extension Center
(IREC) in 2013 to evaluate at what rates DCPA (Dacthal) alone and combined with
pendamethalin (Prowl H20) at loop stage can effectively control kochia populations in onions
grown on silty clay soil with high organic matter. Sulfentrazone (Zeus) was tested at various
rates as a preemergence and post emergence herbicide on the same soil type. Prowl H20 applied
immediately after planting and at loop stage and in combination with Zeus were also tested.
Onions were planted on April 22, 2013 on 28 inch beds with four seed rows per bed. Plot size
was 12ft x 25ft arranged in a randomized complete block design with five replications. Weed
densities were evaluated by counting kochia plants in each plot. All plots were hand-weeded at
the five-leaf stage in order to prevent excessive weed competition. Onion stand density, visual
injury, and crop yield were measured to determine early season herbicide injury and treatments
influence on onion yield.
Results showed that Dacthal in combination with Prowl H20 at loop stage worked
significantly better than Dacthal alone for controlling kochia on silty clay loam soil with high
organic matter. Prowl H20 applied immediately after planting provided higher kochia control
than Prowl applied at loop stage. Zeus (unregistered herbicide) applied at the 3fl oz/A rate
immediately after planting or after the 3 leaf stage was safe on onions and provided over 88%
control of kochia. Zeus applied at 4fl oz/A immediately after planting and at 2 fl oz/A at the loop
stage caused unacceptable onion stand loss or yield reduction. Tulelake growers have long
believed Dacthal was not effective on Tulelake soils due to their fine soil texture and high
organic matter. This research contrasts this previously held belief showing Dacthal applied after
planting can be effective at affordable rates when combined with Prowl H20. 1
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Melon Tolerance and Weed Control with New Herbicides
Oscar Morales, Lynn Sosnoskie, Brad Hanson, and Tom Lanini
Department of Plant Sciences
University of California – Davis, Davis, CA 95616
omorales@ucdavis.edu
According to the most recent statistics, the United States is the world’s sixth largest producer
of melons, with the majority of the country’s production occurring in California, who leads the
nation in both volume and value; the 2011 crop of cantaloupes and melons in California was worth
an estimated $227 million. Weed control in melons is necessary to maximize yields, but can be
difficult because of the limited availability of registered herbicides. The objective of this current
study was to evaluate the effects of pre-emergence (PRE) herbicides, along with a layby herbicide,
on melon safety and season-long weed control.
The 2013 research trial was seeded on 6 June at a research farm on the University of California–
Davis campus. Soil at the site is a fine, silty loam (Yolo series). Both cantaloupe (‘Oro Rico’ and
‘Yosemite’) and honeydew (‘Saturno’) melons were evaluated in the study. Each main plot
consisted of three sets of two-row sub-plots (one set for each type of melon) that were 30 feet in
length and were on a 60 inch spacing. Every other bed was planted, allowing for 120 inches
between seed lines. Herbicides in the trial included: ethalfluralin (Curbit at 4 pt/A), clomazone
(Command at 0.55 pt/A), ethalfluralin plus clomazone (Strategy at 4 pt/A), halosulfuron (Sandea
at 0.75 oz/A), metolachlor (Dual Magnum at 1.33 pt/A), sulfentrazone (Zeus at 3.2 oz/A) and
trifluralin (Treflan at 1.5 pt/A). Except for the Treflan, which was applied at layby, herbicide
applications were made after planting (using a backpack sprayer calibrated to 20 GPA), but prior
to crop emergence, and incorporated with sprinkler irrigation. Crop size and weed cover and
density were evaluated weekly to bi-weekly for the first 6-8 weeks of the experiment. Fruit were
harvested from each plot at maturity
The lowest levels of weed control occurred in the Command plots and the untreated check (887% cover 3-6 weeks after crop emergence). All other herbicide programs provided good to
excellent control of weeds (0-11% cover) for up to 6 weeks after crop emergence. The greatest
amount of crop injury (plant sizes were sometimes reduced by >50%) was observed in the Zeus
plots, which also provided the best weed control. Herbicide injury was still evident in the Zeus
plots at 5 weeks after crop emergence. Control plots, at 5 weeks after emergence, showed reduced
plant growth as the result of significant weed competition. Crop yields (total fruit numbers and
weights per plot) were the lowest in the check and Command plots (86 fruit/plot, 312 lbs/plot),
where weed cover was the greatest. Despite significant early season injury, Zeus-treated plots (109
fruit/plot, 380 lbs/plot) yielded better than the control treatment and as well as the Curbit (101
fruit/plot, 370 lbs/plot) standard. Strategy, Sandea and Dual Magnum performed as well as the
Curbit standard.
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Evaluation of Pendimethalin Application Timing in Seeded and Transplanted
Romaine Lettuce
Katie Neylan, Steve Fennimore, and John Rachuy, University of California, Davis

Experiments were conducted to evaluate several application timings of pendimethalin for crop
tolerance and weed control in seeded and transplanted romaine lettuce. Two pendimethalin
evaluations were conducted concurrently on romaine lettuce in Salinas, CA. The first trial was
performed on seeded lettuce, the second on transplanted lettuce.
In the seeded lettuce trial, pendimethalin at 2.1 pt/A was applied to 1, 2, 3 and 4-leaf romaine
lettuce; and compared to pronamide at 2.5 pt/A, applied pre-emergence and to 3 leaf lettuce. In
transplanted lettuce, pendimethalin at 2.1 and 4.2 pt/A were each applied 1 day pre-transplant and 1
day post-transplant; and compared to pronamide at 2.5 pt/A, applied at the same application timing.
Post-application evaluations for weed density, and crop injury, stand, and yield were conducted during
each trial.
In seeded lettuce, pendimethalin applied at 4-leaf or later was safe on romaine lettuce.
Pendimethalin applied to 1 to 3 leaf lettuce significantly reduced both lettuce stand and yield
compared to pendimethalin applied at the 4-leaf stage or compared to pronamide. Herbicide
treatments in the seeded lettuce trial did not reduce weed densities compared to the control. The
reduction of shepherd’s-purse by pendimethalin, applied to 1 leaf lettuce, was equal to that of the preemergence application of Pronamide. In transplant lettuce, both rates of pendamethalin applied preand post-transplant were safe on romaine lettuce. When applied post-transplant, pendimethalin at 2.1
and 4.2 pt/A showed significant reduction in crop stand compared to pronamide at 2.5 pt/A. Both rates
of pendimethalin, at pre- and post-transplant application timings, did not reduce yield, compared to
pronamide. Pendimethalin applied pre- and post-transplant provided good control of sow thistle and
total weeds compared to similar applications of pronamide. Pre- and post-transplant pendimethalin
applications resulted in similar weed control.
Pendimethalin was not safe for post-emergence use on seeded romaine lettuce prior to the 4th-leaf
stage. Pendimethalin applied to 4 leaf lettuce at 2.1 pt/A provided overall weed control and produced
crop stand and yields equal to the grower standard (pronamide at 2.5 pt/A) applied at both preemergence and 4th-leaf. In transplant lettuce, pendimethalin at 2.1 and 4.2 pt/A were safe when
applied to either pre- or post-transplant romaine lettuce. The post-transplant applications of
pendimethalin significantly reduced crop stand below that of the pronamide treatment. Pre- and posttransplant applications of pendimethalin at 2.1 and 4.2 pt/A resulted in yields equal to that of
pronamide. When applied at either pre- or post-transplant, the two rates of pendimethalin provided
significantly greater sow thistle and overall weed control than pronamide.
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Spent Oyster Mushroom (Pleurotus ostreatus) Substrate as a Pre-emergent Bio-herbicide
Nadia Juarez and Anil Shrestha
Department of Plant Science, California State University, Fresno, CA 93740
Weed management in organic cropping systems has often been cited as a major problem. Weed
control in these systems generally rely on mechanical or physical methods because of the lack of
reliable, organically accepted herbicides. In recent years, some organic herbicides have been
accepted and registered for use in these certified organic systems. However, all of them are nonselective post-emergent materials that have the potential to injure the crop. Therefore,
development of an organically-acceptable bioherbicide that prevents weed seed germination and
seedling emergence can be of benefit to organic producers.
Isolated cases of allelopathic properties of spent oyster mushroom (Pleurotus ostreatus) substrate
on weeds and crops have been reported in literature. The spent substrate is readily available
locally and the material at present is being disposed as waste material by the mushroom industry.
Therefore, the costs of developing this product as a bioherbicide may be very low. The range of
weed seeds that are susceptible to extracts of this substrate is, however, unknown. Similarly, the
phytotoxicity of the material to transplanted crops is also unknown. Therefore, the objective of
this study was to examine the potential of extracts of spent oyster mushroom substrate as a preemergent bio-herbicide.
Spent oyster mushroom substrate was obtained from a local mushroom farm in Sanger . The
volume of 3 kg of the substrate was measured and a volume of deionized water equivalent to half
that of the substrate was added (1:0.5, v/v i.e. 3 kg of substrate and 3.22 l of water). The
substrate and water was thoroughly mixed and allowed to soak for 24 hours. The extracted
solution was filtered and collected in a conical flask. Twenty five seeds each of common weeds
such as common purslane (Portulaca oleraceae), field bindweed (Convolvulus arvensis), hairy
fleabane (Conyza bonariensis), horseweed (C. canadensis), and Palmer amaranth (Amaranthus
palmerii) were placed in a 9.5 cm diameter petri dish containing Whatman#2 filter paper. Five
ml of the solution was pipetted into each petri dish. An additional set of seeds was put into petri
dishes and 5 ml of deionized water was added. The petri dishes were immediately sealed with
parafilm and placed in a growth chamber at a constant temperature of 20°C with a 12 hour day
light. Each treatment was replicated five times and the experiment was arranged as a completely
randomized design. The seeds were checked for germination every third day for two weeks. A
seed with a 1 mm radicle and plumule emergence was considered as germinated. Data for total
seed germination was recorded. The experiment was repeated.
None of the seeds of the weed species tested germinated in the solution containing the oyster
mushroom substrate extract whereas, the seeds of all the species germinated in the petri dish
containing deionized water. Therefore, this study showed that the oyster mushroom substrate
extract contained some allelochemical(s). A low molecular weight phenolic composition test is
being conducted to determine the potential allelochemical(s) in the extract. The study will be
expanded to larger greenhouse and small plot studies to examine the potential of this substrate as
a pre- and post-emergence bioherbicide.
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Nitrogen Uptake of Glyphosate-Susceptible and Glyphosate Resistant
Horseweed and Hairy Fleabane Seedlings
Hannah Pacheco and Anil Shrestha
Department of Plant Science, California State University, Fresno, CA 93740
Horseweed (Conyza candensis) and hairy fleabane (C. bonariensis) are troublesome pests in
orchards, vineyards, and non-crop areas of the Central Valley. The exclusive use of glyphosate
in these areas led to the evolution of glyphosate resistant (GR) biotypes of both these species in
the Central Valley. Recent studies reported that the GR biotypes have increased vigor and
growth compared to the glyphosate-susceptible (GS) counterparts. However, it is not known if
this is due to better nitrogen use efficiency (NUE) in the GR than in the GS plants. Nitrogen (N)
is well known as an important nutrient for plant growth and vitality. Plants that have a greater
ability to access and assimilate N have a competitive advantage over other plants as they
generally have increased biomass and vigor. Therefore, the objectives of this project were to a)
determine the rate of N accumulation, and b) to determine total N uptake in the GR and GS
biotypes of horseweed and hairy fleabane.
For objective 1, an ion exchange study was conducted using solutions of 0.2mM CaSO4 and
1.0mM KNO3. Plants were suspended above solution so only roots were exposed to the solution.
The solutions were changed every 12 hours, 4 times and the pH and nitrate (NO3-) concentration
of the solution was measured each time. After 48 hours, the plants were removed, separated into
roots and shoots, and their dry weights were recorded. For objective 2, GR and GS horseweed
and hairy fleabane seedlings were planted in 2” pots containing sterile potting medium, fertilized
weekly with a measured amount of N fertilizer, and grown for 60 days. Above- and belowground biomass was recorded and plants were analyzed for N content. Data were analyzed using
analysis of variance (ANOVA) procedures at α = 0.05.
Results showed that the pH of the KNO3 solution increased in a similar manner for both species
and their biotypes. This means that NO3- uptake, especially in the first 12 hours, was greater
than the K+ uptake and the horseweed and hairy fleabane plants and their biotypes had similar
NO3- uptake patterns. However, NO3- concentrations remaining in the solutions showed that
hairy fleabane was more efficient than horseweed in NO3- uptake. The GR and GS hairy
fleabane had similar NO3- uptake levels; however, the GS horseweed was more efficient than the
GR horseweed in NO3- uptake. Hairy fleabane accumulated more root biomass than horseweed
but the shoot biomass was similar. The GS hairy fleabane had more root biomass than the GR
hairy fleabane but the shoot biomass was similar. In contrast, the shoot biomass of the GS
horseweed was greater than the GR horseweed.
Some of these findings are contrary to other studies that have shown more aboveground biomass
in the GR than in the GS biotypes. However, the other experiments were conducted for longer
durations. The second objective of our study may provide more information on N dynamics.
These results may have important implications for management of these weed species and their
biotypes.
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Glyphosate-Resistant Italian ryegrass (Lolium multiflorum) in Sonoma
and Lake Counties
Elizabeth Karn, Marie Jasieniuk, University of California, Davis
In recent years, resistance to glyphosate has become widespread in Italian
ryegrass (Lolium multiflorum) in areas of northern California and resistance to
glufosinate is suspected to be present in some populations. The objectives of this
study were to determine the occurrence and geographic distribution of glyphosate
and glufosinate resistance in Italian ryegrass within orchards and vineyards of
Sonoma and Lake Counties. In 2013, seeds were sampled from 18 ryegrass
populations, planted in the greenhouse, and individual plants are currently being
cloned and treated with field rates of glyphosate (490 g ae ha-1) and glufosinate
(1290 g ae ha-1) to test for resistance. The ryegrass populations screened for
resistance to date have shown varying responses to both glyphosate and to
glufosinate with the percentage of surviving plants ranging from 8 to 72% for
glyphosate and 5 to 26% for glufosinate but many more populations remain to be
tested.

107

Weed Management in Fresh Market Spinach (Spinacia oleracea) with
Phenmedipham and Cycloate
Ran N. Lati, John S. Rachuy and Steven A. Fennimore
University of California, Davis, Department of Plant Sciences, 1636 East Alisal, Salinas, CA
93905

Fresh market spinach has a limited number of herbicides and the weed management in this
crop depends upon hand weeding. Phenmedipham is a post emergence herbicide registered in
California for use on processing and seed spinach (at rates ranging between 550 to 1100 g ai ha1
), but not fresh market spinach. This study evaluates the potential for use of phenmedipham for
weed control in fresh spinach in combination with cycloate. Greenhouse and field studies were
conducted in 2013 using high and low phenmedipham tolerance spinach varieties. The
greenhouse studies showed that phenmedipham at rates of 270 g and 550 g ai ha-1 was safe to
spinach when applied at the four leaf stage for the low and high tolerance verities, respectively.
Phenmedipham was evaluated in four field experiments applied to four leaf spinach. It was
applied alone at 550 g ai ha-1, and then as a sequential application following cycloate (pre
emergence, 1700 g ai ha-1) at rates ranging from 90 to 270 g ha-1. When applied as a single
application, phenmedipham was safe to spinach but the weed control was no better than cycloate
alone. When applied as a sequential treatment following cycloate, all phenmedipham rates were
safe and significantly reduced the weed biomass compared to cycloate alone. Cycloate Fb
phenmedipham at 270 g ha-1 provided 87% weed control relative to cycloate alone. This level of
weed control was similar to the cycloate plus hand weeding treatment which provided 98%
control. Results here show that of cycloate Fb phenmedipham improves weed control compared
to cycloate alone, and has the potential to reduce need for hand weeding in fresh spinach.
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Charles Siebe
Bill Hopkins
Jim Dewlen
Norman Akesson
Cecil Pratt
Warren Johnson
Floyd Holmes
Vince Schweers
Dell Clark
Bryant Washburn
Howard Rhoads
Tom Fuller
Dick Fosse
Jim McHenry
Les Sonder
Floyd Colbert
Harry Agamalian
Conrad Schilling
Lee Van Deren
Dave Bayer
Butch Kreps
Ed Rose
Hal Kempen
Ray Ottoson
Ken Dunster
George Gowgani
Ed Kurtz
Dennis Stroud
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California Weed SCienCe SoCiety – Conference History
CONFERENCE

DATE HELD

LOCATION

PRESIDENT

43rd
44th
45th
46th
47th
48th
49th
50th
51st
52nd
53rd
54th
55th
56th
57th
58th
59th
60th
61st
62nd
63rd
64th
65th
66th

January 21, 22, 23, 1991
January 20, 21, 22, 1992
January 18, 19, 20, 1993
January 17, 18, 19, 1994
January 16, 17, 19, 1995
January 22, 23, 24, 1996
January 20, 21, 22, 1997
January 12, 13, 14, 1998
January 11, 12, 13, 1999
January 10, 11, 12, 2000
January 8, 9, 10, 2001
January 14, 15, 16, 2002
January 20, 21, 22, 2003
January 12, 13, 14, 2004
January 10, 11, 12, 2005
January 16, 17, 18 2006
January 8, 9, 10, 2007
January 28, 29, 30, 2008
January 12, 13, 14 2009
January 11. 12. 13 2010
January 19, 20, 21, 2011
January 23, 24, 25 2012
January 23, 24, 25 2013
January 22, 23, 24 2014

Santa Barbara
Sacramento
Costa Mesa
San Jose
Santa Barbara
Sacramento
Santa Barbara
Monterey
Anaheim
Sacramento
Monterey
San Jose
Santa Barbara
Sacramento
Monterey
Ventura
San Diego
Monterey
Sacramento
Visalia
Monterey
Santa Barbara
Sacramento
Monterey

Jack Orr
Nate Dechoretz
Alvin A. Baber
James Greil
Nelroy Jackson
David Cudney
Jesse Richardson
Ron Vargas
Scott Johnson
Steve Wright
Matt Ehlhardt
Lars Anderson
Bruce Kidd
Pam Geisel
Debra Keenan
L. Robert Leavitt
Deb Shatley
Carl Bell
Stephen Colbert
Stephen Colbert
Dave Cheetham
Michelle LeStrange
Chuck Synold
Steve Fennimore
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2014 CWSS CONFERENCE ATTENDEES
TROY ABRAHAMSON
CALTRANS
1120 N ST.
SACRAMENTO CA 95814
neal_abrahamson@dot.ca.gov

CARL AHRENDES
ALLIED WEED CONTROL, INC.
1414 HOLLAND
CLOVIS CA 95611
csahrendes@att.net

SHAR AHRENDES
ALLIED WEED CONTROL, INC.
1414 HOLLAND
CLOVIS CA 95611
csahrendes@att.net

CRAIG ALFORD
DUPONT CROP PROTECTION
12631 JERSEY CIRCLE EAST
THORNTON CO 80602
craig.alford@dupont.com

EDDIE ALLEN
ALBAUGH INC
284 POST AVE.
SANGER CA 93657
eddiea@albaughinc.com

LARS ANDERSON
WATERWEED SOLUTIONS
PO BOX 807
PT. REYES CA 94956
lwanderson@ucdavis.edu

MARK ANDERSON
BLUE OCEAN ORGANICS
4620 W JACQUELYN AVE #102
FRESNO CA 93711
manderson@blueoceanorganics.com

DAVID ANDRADA
BAYER CROP SCIENCE
2221 WILD PLAINS CIR
ROCKLIN CA 95765
david.andrada@bayer.com

MICHAEL ANDREW
CLARK PEST CONTROL
555 N GUILD AVE
LODI CA 95240
mandrew@clarkpest.com

JAMES ATHERSTONE
SO SAN JOAQUIN IRRIGATION DIST
P.O. BOX 747
RIPON CA 95366
jima@ssjid.com

FRANK AULGUR
DUPONT LAND MANAGEMENT
PO BOX 92
DUNNIGAN CA 95937
l-frank.aulgur@dupont.com

RUSSELL AURIA
RUSSELL AURIA PEST CONTROL SVCS
P.O. BOX 265
SEASIDE CA 93955
rapcs@wildblue.net

BOB AUSTIN
BAYER CROP SCIENCE
572 RIVERGATE WY
SACRAMENTO CA 95831
robert.austin1@bayer.com

ALBERT AVILA
FRIANT WATER AUTHORITY
854 N. HARVARD AVE.
LINDSAY CA 93247
aavila@friantwater.org

THOMAS AYERS
INDEPENDENT
325 COURT ST
JACKSON CA 95642
abotanical@gmail.com

BRUCE BADZIK
NATIONAL PARK SERVICE
BLDG 201 FORT MASON
SAN FRANCISCO CA 94123
bruce_badzik@nps.gov

RORY BALDWIN
SELF-EMPLOYED
887 BLAKE ST
SANTA MARIA CA 93455
agr854@yahoo.com

CLANCY BALL
AMVAC CHEMICAL
8100 OAK AVE
ROSEVILLE CA 95747
clancyb@amvac-chemical.com

JOE BALLMER
SYNGENTA
207 MARSH HAWK DR
FOLSOM CA 95630
joe.ballmer@syngenta.com

LIEN BANH
CAPCA
2300 RIVER PLAZA DR. #120
SACRAMENTO CA 95833
lien@capca.com

CARL BANNON
DUPONT CROP PROTECTION
3590 PAYDIRT DR
PLACERVILLE CA 95667
carl.d.bannon@dupont.com

REED BARNES
DEPT. OF WATER RESOURCES
34534 116TH ST. E.
PEARBLOSSOM CA 93553
rbarnes@water.ca.gov

DON BARTEL
SIERRA CONSULTING & IPM LLC
P.O. BOX 1971
NEVADA CITY CA 95959
donald.bartel@sbcglobal.net

JOHN BATISTICH
RETIRED
995 HIDDEN BROOK CT
MINDEN NV 89423
jbatistich@gmail.com

NATHANIEL BATTIG
CROP PRODUCTION SERVICES
1137 PRINCETON AVE
MODESTO CA 95350
nathaniel.battig@cpsagu.com

MIKE BATTLES
LOWER TULE RIVER IRRIGATION DISTRICT
357 E. OLIVE AVE.
TIPTON CA 93272
mbattles@ltrid.org

MICHAEL BEEVERS
CAL AG RESEARCH, INC.
4141 N VINELAND
KERMAN CA 93630
mbeevers@calag.net

PAMELA BEITZ
EAST BAY RPD
PO BOX 5381
OAKLAND CA 94605
cbrierley@ebparks.org

JUDY BELL
SAN DIEGO ZOO GLOBAL
PO BOX 33632
SAN DIEGO CA 92163
judyann-bell@hotmail.com

WAYNE BELLVILLE
CASNER EXTERMINATING INC.
11025 COMMERCIAL PARKWAY
CASTROVILLE CA 95012
wbellville@casnerexterminating.com
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TOM BENGARD
TOM BENGARD RANCH, INC.
959 OLD STAGE ROAD
SALINAS CA 93908
tomb@bengardranch.com

SHARON BENZEN USDAARS
1636 E ALISAL ST
SALINAS CA 93905
sharon.benzen@ars.usda.gov

LARRY BETTIGA
UCCE
1432 ABBOTT ST
SALINAS CA 93901
lbettiga@ucanr.edu

TROY BETTNER
SEPRO CORP
11550 N MERIDIAN ST STE 600
CARMEL IN 46032
troy.bettner@sepro.com

STEVE BICKLEY
BRANDT MONTEREY
PO BOX 35000
FRESNO CA 93745
steve.bickley@brandt.co

ANDRE BISCARO
UCCE LOS ANGELES
335 EAST AVE K10
LANCASTER CA 93535
asbiscaro@ucanr.edu

MIKE BISCIEGLIA
BAYER ENV SCIENCE
1735 E HEITMAN AVE
LA CENTER WA 98629
mike.biscieglia@bayer.com

ALAN BISHOP
MONSANTO
2370 ERLING WAY
KINGSBURG CA 93631
alan.v.bishop@monsanto.com

DOUG BLAIR
PARAMOUNT FARMING CO.
33141 E. LERDO HWY.
BAKERSFIELD CA 93308
dougb@paramountfarming.com

LISA BLECKER
UC STATEWIDE IPM PROGRAM
DAVIS CA 95616
lblecker@ucanr.edu

DAVE BLODGET
SEPRO CORPORATION
3300 NORD AVE
BAKERSFIELD CA 93314
daveb@sepro.com

SCOTT BOONE
GROVER LANDSCAPE SERVICES
709 W. ROSEBURG AVE.
MODESTO CA 95350
sboone@groverlsi.com

RYAN BOUNDS
SYNGENTA
P.O. BOX 6951
VISALIA CA 93290
ryan.bounds@syngenta.com

ART BOWMAN
SALIDA AG CHEM
7212 COVERT RD
MODESTO CA 95358
artbow@juno.com

JAMES BRADLEY
SACRAMENTO CO DWR - RETIRED
116A HOXSIE CT
FOLSOM CA 95630
jamesbradley1304@comcast.net

JACK BRAMKAMP
CROP PRODUCTION SERVICES
2622 THIRD ST.
RIVERSIDE CA 92507
jack.bramkamp@cpsagu.com

JOSE BRASIL
SOILFUME, INC.
974 FRIGUGLIETTI AVE
LOS BANOS CA 93935
josebrasil@comcast.net

BOB BRENTON
BRENTON VMS
P.O. BOX 1399
FOLSOM CA 95763
brenvms@comcast.net

CARA BRENTS
MONTEREY CO AG COMM OFFICE
1428 ABBOTT ST
SALINAS CA 93901
brentsc@co.monterey.ca.us

CASEY BRIERLEY
EAST BAY RPD
PO BOX 5381
OAKLAND CA 94605
cbrierley@ebparks.org

THOMAS VAN BROCKLIN
WILBUR ELLIS COMPANY
PO BOX 1027
WOODLAND CA 95695
tvanbroc@wilburellis.com

CHRIS BROOKS
KERN DELTA WATER DISTRICT
501 TAFT HWY
BAKERSFIELD CA 93307
terrys@kerndelta.org

RORY BROOKS
5750 ALMADEN EXPWY
SAN JOSE CA 95118
rbrooks@valleywater.org

DONNA BROWNE
TARGET SPECIALTY PRODUCTS
10551 HATHAWAY DR
SANTA FE SPRINGS CA 90670
dbrowne@agriturfdistributing.com

DAVID BRYSON
RAINBOW FARMS
1220 HALL RD
DENAIR CA 95316
dbryson@vffi.com

HENRY BUCKWALTER
FMC CORP
2700 CASCADE TRAIL P.O. XO 218
COOL CA 95614
henry.buckwalter@fmc.com

TIM BUFFALO
BUFFALO LAND MANAGEMENT
1476 ANITA ST.
CARPINTERIA CA 93013
tbuff3@msn.com

KEITH BUNGO WELLPICT, INC.
5201 STRONG CIRCLE
ROYAL OAKS CA 95076
kbungo@wellpict.com

TODD BURKDOLL
VALENT USA
7498 REMINGTON AVE STE 102
FRESNO CA 93711
tburk@valent.com

JAMES BURKHARD
SAN JOAQUIN DELTA COLLEGE
5298 BRUNSWICK RD
MANTECA CA 95336
jburkhard@deltacollege.edu
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CASEY BUTLER
SYNGENTA CROP PROTECTION
695 S LANUS DR
GILBERT CA 85296
casey.butler@syngenta.com

EDWARD BYRNE
J.G. BOSWELL COMPANY
PO BOX 9759
BAKERSFIELD CA 93389

MARC CAMINO
GAR TOOTELIAN
1517 VENTURA ST
KINGSBURG CA 93631
caminomarc@gmail.com

DAVID CANNELLA
SIMPLOT GROWER SOLUTIONS
8961 ROAD 272
TERRA BELLA CA 93270
david.cannella@simplot.com

PHIL CAREY
STATE OF CALIFORNIA - DWR
1450 RIVERBANK RD
WEST SACRAMENTO CA 95605
pcarey@water.ca.gov

SCOTT CARNEGIE
W.M. BEATY & ASSOCIATES, INC.
PO BOX 990898
REDDING CA 96028
scottc@wmbeaty.com

HENRY CARRASCO
CROP PRODUCTION SVCS
P.O. BOX 657
SALINAS CA 93902
agroamigo@comcast.net

MARTIN CARRILLO
BRANDT
P.O. BOX 35000
FRESNO CA 93745

MARTIN CARRILLO
CALI CONSULTING SERVICE
12960 IVIE RD
HERALD CA 95638
caliag@att.net

VINCE CARVALHO
COUNTY OF SONOMA PUBLIC WORKS
2175 AIRPORT BLVD
SANTA ROSA CA 95403
greg.chiossi@sonoma-county.org

NINO CARVALHO
NINO CARVALHO FARMS
7696 S. JAMES RD.
TRANQUILLITY CA 93668
ncas@rocketmail.com

SERGIO CASILLAS
D'ARRIGO BROTHERS
21777 HARRIS RD
SALINAS CA 93908
sergio.casillas@darrigo.com

LARRY CASNER
CASNER EXTERMINATING INC.
11025 COMMERCIAL PARKWAY
CASTROVILLE CA 95012
l.casner@att.net

MAX CASSIE
EYENON WEED CONTROL
600 AIRPORT RD
OCEANSIDE CA 92058
max.cassie@eynonweed.com

PATRICK CAVANAUGH
KMJ RADIO
2191 DECATUR AVE
CLOVIS CA 93611

ED CENTERS
AG CONSULTING INC.
29284 THE HORSESHOE
WINTERS CA 95694
agcon6238@gmail.com

JAMES CHAMBERS
SAN BERNARDINO COUNTY AG DEPT
777 E RIALTO AVE
SAN BERNARDINO CA 92415
elopez@awm.sbcounty.gov

JOELLEN CAUSEY-CHANDLER
CALTRANS
2913 HAYMAN AVE
VALLEJO CA 94591
tazjo437@aol.com

RILEY CHANEY
RILEY CHANEY FARMS
2706 W ESCALON
FRESNO CA 93711
rileychaneyfarms@gmail.com

DAVID CHANG
COUNTY OF SANTA BARBARA AG COMM
263 CAMINO DEL REMEDIO
SANTA BARBARA CA 93110
dchang@co.santa-barbara.ca.us

JOHN CHAVEZ
KALIFORNIA GOLD AG SVC, INC.
28777 AVE 13
MADERA CA 93638
kalgold1@yahoo.com

SALVADOR CHAVEZ
TANIMURA & ANTLE
1370 BYRON DR
SALINAS CA 93901
salvadorchavez@taproduce.com

DAVE CHEETHAM
HELENA CHEMICAL CO.
3155 SOUTHGATE LN.
CHICO CA 95928
cheethamd@helenachemical.com

GREG CHIOSSI
COUNTY OF SONOMA PW
2175 AIRPORT BLVD
SANTA ROSA CA 95403
gchiossi@sonoma-county.org

DALE CHRISTENSEN
PLANT PROTECTION CONSULTING
1951 CHATEAU CT
WALNUT CREEK CA 0
mdccc59@att.net

SIG CHRISTIERSON
1172 S MAIN ST #207
SALINAS CA 93901
sigchristierson@yahoo.com

KEVIN CHUMAN
CROP PRODUCTION SERVICES
5466 N. FELAND AVE.
FRESNO CA 93711
kchuman@sprynet.com

PATRICK CLAY
VALENT USA
7498 N REMMINGTON AVE STE 102
FRESNO CA 93711
pat.clay@valent.com

GRADY VAN CLEVE
GVC CONSULTING, LLC
5530 TEE ST.
SOQUEL CA 95073
vancleve@cruzio.com

VALERIE CLEVENGER
DWR
31770 GONZAGA RD
GUSTINE CA 95322
irma.clevenger@water.ca.gov
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SCOTT COELHO
CLARK PEST CONTROL
480 E SERVICE RD
MODESTO CA 95358
scoelho@clarkpest.com

STEPHEN COLBERT
DUPONT CROP PROTECTION
1413 SIERRA DR
ESCALON CA 95320
stephen.f.colbert@usa.dupont.com

RYAN COLLEY
BUREAU OF LAND MGMT
20 HAMILTON CT
HOLLISTER CA 95023
rcolley@blm.gov

PETER COMPTON
VALLEY FARM SUPPLY
PO BOX 370
NIPOMO CA 93444
maryvfs@yahoo.com

JERRY CONDREN
CROP PRODUCTION SVCS
9355 COPUS RD
BAKERSFIELD CA 93313
jerry.condren@cpsagu.com

JOSHUA COOK WILBURELLIS CO.
1850 N. FIRST ST.
DIXON CA 95620
jacook@wilburellis.com

AMBER CANDELA-COONEY
DWR
5280 BRUNS RD
BYRON CA 94514
acooney@water.ca.gov

THOMAS COOPER
CALTRANS DISTRICT 11
7440 COLONY DR SP#19
LA MESA CA 91942
thomas.cooper@dot.ca.gov

DEAN COOPER
HELENA CHEMICAL CO.
1315 24TH ST #3
SACRAMENTO CA 95816
cooperc@helenachemical.com

GABRIEL COOPER
J.G. BOSWELL COMPANY
27922 DAIRY AVE
CORCORAN CA 93212
gcooper@jgboswell.com

MAR CORREIA
SOILFUME, INC.
209 RIVERSIDE DR
WATSONVILLE CA 95076

RODNEY CORRERIA
SOILFUME, INC.
209 RIVERSIDE RD
WATSONVILLE CA 95076

CYNTHIA COSSI
VALLEY LANDSCAPES
4325 B ORANGE GROVE AVE
SACRAMENTO CA 95841
valleylandscapes4@gmail.com

VIRGINIA COURTNEY
MONTEREY BAY PEST CONTROL
1997 DEL MONTE BLVD
SEASIDE CA 93955

MICHAEL COX
BASF CORPORATION
1536 E. PRINCETON CT.
VISALIA CA 93292
michael.cox@basf.com

WILL CRITES
WILL CRITES CONSULTING
649 TEAK CT.
WALNUT CREEK CA 94598
bugkiller@aol.com

WES CROXEN
ALLIGARE, LLC
PO BOX 1175
MADERA CA 93639
wcroxen@alligare.com

DONALD DAVIS
DAVIS FAMILY FARMS
1295 HIDDEN RIVER CT
RENO NV 89523
ddavis7114@gmail.com

JOSH DAVY
UCCE
1754 WALNUT ST
RED BLUFF CA 96080
jdavy@ucdavis.edu

BRIAN DEETER
GOWAN CO.
35124 QUALLS PRATHER RD.
AUBERRY CA 93602
bdeeter@gowanco.com

STEVE DEITZ
SAWTOOTH AG RESEARCH
P.O. BOX 314
WOODLAKE CA 93286
stevesdeitz@gmail.com

TIM DESILVA
J.G. BOSWELL COMPANY
PO BOX 877
CORCORAN CA 93212
tdesilva@jgboswell.com

DANIEL DESMOND
BUTTE COUNTY RICE GROWERS ASSOC
790 RAMIREZ RD
MARYSVILLE CA 95901
jdesmond@bucra.com

STEVE DOLAR
COUNTY OF SONOMA PW
2175 AIRPORT BLVD
SANTA ROSA CA 95403
steve.dolar@sonoma-county.org

NEIL DONAT
SPRAYTEC
866 ESTABROOK ST.
SAN LEANDRO CA 94577
neil@spraytec.us

JAMES DOW
CROP PRODUCTION SERVICES
37060 FOOTHILL RD
SOLEDAD CA 93960
wfsjim24@yahoo.com

ROBERT DOW
J.G. BOSWELL COMPANY
PO BOX 877
CORCORAN CA 93212
bdow@jgboswell.com

TANYA DRLIK
CONTRA COSTA COUNTY
4585 PACHECO BLVD
MARTINEZ CA 94553
tdrlik@hsd.cccounty.us

DENNIS DUDA
WILBUR-ELLIS COMPANY
P.O. BOX 2216
MANTECA CA 95336
dduda@wilburellis.com

BEN DUESTERHAUS
MID VALLEY AG SERVICES
544 BUCKAROO CT
OAKDALE CA 95361
bduesterhaus@midvalleyag.com
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ROBERT DUFFEY
DWR
6908 COLUSA HWY P.O. BOX 40
SUTTER CA 95982
rduffey@water.ca.gov

DAVID DUNGY
TESSENDERLO KERLEY
P.O. BOX 770
SHAVER LAKE CA 93664
ddungy@tki.net

JESS DURAN
SAN LUIS & DELTA MENDOTA WATER
15990 KELSO RD
BYRON CA 94514
jess.duran@sldmwa.org

LARRY DURANT
TARGET SPECIALTY PRODUCTS
24755 S. HOLLYBROOK
CANBY OR 97013

FRED ECKERT
BASF TURF & ORNAMENTAL
3604 PINE AVE.
MANHATTAN BEACH CA 90266
fred.eckert@basf.com

KEVAN EDEN SELFEMPLOYED
PO BOX 390
YOLO CA 95697
buggs711@yahoo.com

DARRIN EDEN
SELF-EMPLOYED
PO BOX 352
ARTOIS CA 95913
darrin.eden@yahoo.com

W. DANA EDSON
UNIVERSITY OF CALIFORNIA
300 WILSON LANE
WINDSOR CA 95492
danaedson@att.net

KIRK ELHOLM
W.M. BOLTHOUSE FARMS
PO BOX 811
WASCO CA 93280
KElholm@bolthouse.com

ANTHONY ENCALADE
SSJID
PO BOX 747
RIPON CA 95366
jima@ssjid.com

CURTIS ENGLE
UNITED PHOSPHORUS LLC
9433 N FOWLER AVE
CLOVIS CA 93619
curtis.engle@uniphos.com

JOHN ERBE
J VINEYARDS & WINERY
11447 OLD REDWOOD HWY
HEALDSBURG CA 95448
sara@jwine.com

JOE ETCHEVERRY
WEGIS RANCH
12816 JOMANI DR
BAKERSFIELD CA 93312
joe@wegisandyoung.com

DALE EVENSON
SLO FARM SUPPLY COMPANY
7455 CASEY DRIVE
SAN MIGUEL CA 93451
osuzeq2@yahoo.com

DUANE EWING
EWING & ASSOCIATES
1812 OLVERA DR.
WOODLAND CA 95776
duane@ewing-associates.com

STEPHEN EYNON
EYNON MANAGEMENT
600 AIRPORT RD
OCEANSIDE CA 92057
mike.eynon@eynonweed.com

LARRY FAUSETT
PRIVATE CONSULTANT
3739 MERU LANE
SANTA BARBARA CA 93105
dolphin20@cox.net

JOE FEIL
ABATE-A-WEED
7104 PALM TREE CIR
BAKERSFIELD CA 93308
Joe@abateaweed.com

STEVE FENNIMORE
UNIVERSITY OF CALIFORNIA
1636 E ALISAL ST
SALINAS CA 93905
safennimore@ucdavis.edu

NICK FERERIA
SOUTH SAN JOAQUIN IRRIGATION DIST
P.O. BOX 747
RIPON CA 95366
nfereria@ssjid.com

GREG FERNALD WILBURELLIS
7740 FILICE DR
GILROY CA 95020
gfernald@wilburellis.com

SHAWN FIELDS
TRICAL, INC.
521 RANGER ST
OAKDALE CA 95361
sfields@trical.com

JULIE FINZEL
UCCE
1031 S MT. VERNON AVE.
BAKERSFIELD 93307
jafinzel@ucanr.edu

DAN FISER
BRANDT
PO BOX 35000
FRESNO CA 93745
dan.fiser@brandt.co

KEN FISH
CLARK PEST CONTROL
480 E. SERVICE RD.
MODESTO CA 95358
kfish@clarkpest.com

LOUIS FONTES
KERN DELTA WATER DISTRICT
501 TAFT HWY
BAKERSFIELD CA 93307
terrys@kerndelta.org

DAN FOREY
EUROFINS AGROSCIENCE SVCS
465 E. SAMPLE AVE.
FRESNO CA 93710
DanForey@eurofins.com

LORIANNE FOUGHT
J.R. SIMPLOT CO.
11856 ROAD 29
MADERA CA 93637
lorianne.fought@simplot.com

JAMES FOWLER
CALTRANS
4821 ADOHR LN.
CAMARILLO CA 93012
james_fowler@dot.ca.gov

TYLER FOWLER
CLEAN LAKES, INC
2150 FRANKLIN CANYON RD
MARTINEZ CA 94553
tfowler@cleanlake.com
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SALVATORE FRANCIS
DEL MESA CARMEL
500 DEL MESA CARMEL
CARMEL CA 93923
grounds@delmesacarmel.org

JEREMY FREDRIKS
THOMASON TRACTOR CO.
PO BOX 297
CHOWCHILLA CA 93610
jeremyfredriks@yahoo.com

ASHLEY FREDRIKS
THOMASON TRACTOR CO.
P.O. BOX 297
CHOWCHILLA CA 93610
jeremyfredriks@yahoo.com

ROY FREER
CALTRANS/RETIRED
7792 TASSAJARA CREEK RD
SANTA MARGARITA CA 93453
rcfreer@gmail.com

NEAL FRIESEN
AGRICEN
5473 N. SALINAS #146
FRESNO CA 93722
nfriesen@agricen.com

DAVID FRYE
SOILFUME, INC.
209 RIVERSIDE RD
WATSONVILLE CA 95076
dave@soilfume.com

JAMES GABEL
BOYER INC.
11676 CIENEGA RD
HOLLISTER CA 95023
gabel.jim@gmail.com

TAD GANTENBEIN
RETIRED
1608 MCCLAREN DR.
CARMICHAEL CA 95608
tadgantenbein@att.net

KEVIN GASH
TREMONT AG
1439 PABLA CT.
YUBA CITY CA 95993
kgash@tremontag.com

SETH GERSDORF
BAYER CROP SCIENCE
5511 N CEDAR AVE APT 234
SACRAMENTO CA 93710
seth.gersdorf@bayer.com

NICHOLAS GIANNECCHINI WILBURELLIS CO.
1850 N. 1ST ST.
DIXON CA 95620
ngiannecchini@wilburellis.com

DIRK GIANNINI
CHRISTENSEN AND GIANNINI
1588 MOFFETT ST STE B
SALINAS CA 93905
ghinds@christensenandgiannini.com

MIKE GILES
CONTRA COSTA COUNTY
255 GLACIER DR
MARTINEZ CA 94553
mlued@pw.cccounty.us

MIKE GIOVANNONI
VINO FARMS
10651 EASTSIDE RD
HEALDSBURG CA 95448
mgiovannoni@vinofarms.net

JEFF GLEAVES
THE LYMAN GROUP
PO BOX 198
KELSEYVILLE CA 95451
gleaves@mchsi.com

DOYLE GOINS
CROP PRODUCTION SERVICES
5 LAKEVIEW RD
WATSONVILLE CA 95076
doyle.goins@cpsagu.com

PETER GOLLINGER
CONTRA COSTA COUNTY PW
255 GLACIER DR
MARTINEZ CA 94553
mlued@pw.cccounty.us

ANGEL GONZALEZ
CROP PRODUCTION SERVICES
63251 ARGYLE RD
KING CITY CA 93930
jagonzal2002@yahoo.com

STEVEN GOULD
MONSANTO IT & O
23905 CLINTON KEITH RD 114-522
WILDOMAR CA 92595
steven.d.gould@monsanto.com

STUART GRAY
SIERRA PACIFIC INDUSTRIES
8246 CHURN CREEK RD.
REDDING CA 96002
sjgray@spi-ind.com

PATRICK GRIFFIN
DWR
31770 GONZAGA RD
GUSTINE CA 95322
patrick.griffin@water.ca.gov

KRIS GRIFFIN
CALTRANS
6575 NAVAJOA AVE
ATASCADERO CA 93422
kris.griffin@dot.ca.gov

DOUGLAS GRUPE
18063 MONTE VISTA DR
LINDEN CA 95236
dgrupe@lymanaggroup.com

JOEL GUERERRO
SOILFUME, INC.
2051 SMOKEY DR
LOS BANOS CA 93635
monkeyman831@gmail.com

LARRY GUIDOTTI
AG RX
9908 FLYROD DR
PASO ROBLES CA 93446
larryg@agrx.com

JOSE GUTIERREZ
HELENA RESEARCH & DEVELOPMENT
50 E REILLY RD
MERCED CA 95340
jgutierrez@helenaresearch.com

DAVID HAAS
CALTRANS
2801 TOPAZ DR APT A
RIVERSIDE CA 92507
david.haas@dot.ca.gov

MICHAEL HAILE
LINWOOD SUPPLY, INC.
PO BOX 463
DIXON CA 95620
michael@linwoodsupply.com

DENNIS HALLER
STATE OF CALIFORNIA
575 CIRCLE DR
OROVILLE CA 95966
dhaller@water.ca.gov

GREG HALLQUIST
ORO AGRI INC.
3816 S WILLOW AVE #101
FRESNO CA 93725
ghallquist@oroagri.com
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ROGER HAMAMURA
PLANASA, LLC
3767 ROLLAND DR
COTTONWOOD CA 96022
r.hamamura@planasa.us

DERRICK HAMMONS
SYNGENTA CROP PROTECTION
17860 COUNTY RD 83A
ESPARTO CA 95627
derrick.hammons@syngenta.com

LIONEL HANDEL
KLEEN GLOBE INC.
12966 JADE DR
SALINAS CA 93906
lionell@kleenglobe.com

JEREMIAH HANSEN
THE WEED WORKS
P.O. BOX 99
PASO ROBLES CA 93447
theweedworks@gmail.com

MARK HANSEN
CPS-TIMBERLAND DIVISION
328 7TH AVE
SEASIDE OR 97138
mark.hansen@cpsagu.com

BONNIE HANSEN
STUDENT
710 CATALINA DR
LIVERMORE CA 94550
isbonnie@comcast.net

DAVID HANSON
VALLEYCREST LANDSCAPE MAINTENANCE
825 MABURY RD
SAN JOSE CA 95133
dhanson@valleycrest.com

BRAD HANSON
UC DAVIS
PLANT SCI DEPT MS4 ONE SHIELDS AVE
DAVIS CA 95616
bhanson@ucdavis.edu

STEPHEN HARDGRAVE
AMVAC
6074 MILLERTON RD
FRIANT CA 93626
steveh@amvac-chemical.com

RON HARDING
HARDING FARMING
242 N. HARDING RD
MODESTO CA 95357
rharding@bigvalley.net

LARRY HARRIS
KINNIKINNICK
150 N DANA FOOTHILL RD
NIPOMO CA 93444
kinnikinaservice@sbcglobal.net

CINDY HARRIS
J.G. BOSWELL COMPANY
PO BOX 877
CORCORAN CA 93212
charris@jgboswell.com

TOM HARRIS
DUPONT CROP PROTECTION
17472 PLAZA ABIERTO UNIT 11
SAN DIEGO CA 92128
thomas.j.harris@dupont.com

WILL HARRISON
TARGET SPECIALTY PRODUCTS
14861 LAUREL GROVE CIR
IRVINE CA 92604
will.harrison@target-specialty.com

DAVE HATTEM
COUNTY OF MARIN PARKS
18 JEANNETTE PRANDI WAY
SAN RAFAEL CA 94903
dhattem@marincounty.org

BILL HAYWOOD
DWR
31770 GONZAGA RD
GUSTINE CA 95322
william.haywood@water.ca.gov

KRIS HEADLEY
CROP PRODUCTION SERVICES
45214 APPALOOSA WY
KING CITY CA 93930
kris.headley@cpsagu.com

JEANETTE HEINRICHS
VAN BUERDEN INSURANCE SVC INC
PO BOX 67
KINGSBURG CA 93631
jheinric@vanbeurden.com

JOHN HELM
WESTERN AG RESEARCH PROFESSIONALS
7187 VIA MARIA
SAN JOSE CA 95139
jhwarp@gmail.com

KURT HEMBREE
UCCE
550 E SHAW AVE STE 210-B
FRESNO CA 93710
kjhembree@ucanr.edu

ROBERT HERNANDEZ
226 BERRYKNOLL CT
WATSONVILLE CA 95076
rhf1010@sbcglobal.net

DAN HICKS
HULST RESEARCH FARM SERVICES, INC.
4449 TULLY RD
HUGHSON CA 95326
hrfs@att.net

DAN HIGGINBOTHAM
PLANT DOCTOR
8970 CURBARIL AVE
ATASCADERO CA 93422
plant_doctor_dan@yahoo.com

MAHLON HILE
EMERITUS - CSU FRESNO
6309 N. 9TH ST.
FRESNO CA 93710
mahlon_hile@csufresno.edu

FLOYD HOLMES
SANTA BARBARA CO FLOOD CTRL
130 E VICTORIA ST STE 200
SANTA BARBARA CA 93101
gsweany@cosbpw.net

TED HUCKABY
ARVIN EDISON WATER DIST
PO BOX 175
ARVIN CA 93203
thuckaby@aewsd.org

DOUG HUDSON
FMC AG SOLUTIONS
3843 SERENA AVE
CLOVIS CA 93619
doug.hudson@fmc.com

IAN HUDSON
TRICAL, INC.
PO BOX 1327
HOLLISTER CA 95024
ihudson@trical.com

JOSE HUERTA
J.G. BOSWELL COMPANY
P.O. BOX 877
CORCORAN CA 93212
jhuerta@jgboswell.com

JEREMY HUGHES
JEREMY HUGHES FARMS
12226 N VIA TESORO AVE
CLOVIS CA 93619
jeremyhughesfarms@gmail.com
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JOSIE HUGIE
WILBUR ELLIS CO.
1137 PRINCETON AVE
MODESTO CA 95350
jhugie@wilburellis.com

BRANDON HULST
HULST RESEARCH FARM SVCS
4449 TULLY RD
HUGHSON CA 95326
hrfs@att.net

ROBERT HUNTER
SEPRO CORP
P.O. B OX 422
LA JOLLA CA 92038
roberth@sepro.com

VINCE HUPPE
CITY OF CAMPBELL
70 NORTH 1ST ST
CAMPBELL CA 95008
vinceh@cityofcampbell.com

DOUG HURAK
THE SCOTTS COMPANY
14111 SCOTTSLAWN RD
MARYSVILLE OH 43041
doug.hurak@scotts.com

RICHARD HURSTAK
CROP SCIENCE SERVICES
710 RIVER OAKS DR
PASO ROBLES CA 93445
hurstak@cropsciser.com

MARK HUTSON
FARMLAND MGMT SVCS
13534 AVENUE 19 1/2
CHOWCHILLA CA 93610

SHAUN HYDE
SEPRO CORPORATION
11550 N. MERIDIAN ST. #600
CARMEL IN 46032
shaunh@sepro.com

ROBERT IMBACH
THE TREMONT GROUP, INC.
102 MARSHALL AVE
WOODLAND CA 95695
rimbach@tremontag.com

DARYL ITO
TRI-CAL INC.
PO BOX 0069
CAMARILLO CA 93010
ito1putt@aol.com

RONALD JACKSON
STATE OF CALIFORNIA - DWR
5805 CAMP ST
BAKERSFIELD CA 93307
rgjacks@water.ca.gov

CHARLES JEFFRIES
INTEGRA IVM
1430 CAPE COD WAY
CONCORD CA 94521
chuckjeffries@yahoo.com

CHRIS JENNINGS
UNITED PHOSPHORUS INC
PO BOX 1627
TEMPLETON CA 93465
chris.jennings@uniphos.com

ANDERS JERNER
HULST RESEARCH FARM SVCS
4449 TULLY RD
HUGHSON CA 95326
hrfs@att.net

JEFF JOHNSON
NO. SALINAS VLY. MOSQ. DISTRICT
342 AIRPORT BLVD
SALINAS CA 93905
info@montereycountymosquito.com

SUEANNE JOHNSON
UCANR
2801 SECOND ST
DAVIS CA 95618
suejohnson@ucanr.edu

JOHNNIE JOHNSON
SOLANO COUNTY
1214 S. SUNSET
LODI CA 95240
johjohnson@excite.com

MARTIN JOHNSON
AG SERVICES
21147 OLD RANCH CT
SALINAS CA 93908
martyjohnson53@comcast.net

RICHARD JONES
STATE OF CALIFORNIA - DWR
36623 PEARL PLACE
PALMDALE CA 93550
richjons@water.ca.gov

CARL JOPLIN
NOVOZYMES BIOLOGICALS
8814 N SIXTH ST
FRESNO CA 93720
c.joplin@comcast.net

GARY JORGENSEN
G. JORGENSEN AND CO.
PO BOX 9931
FRESNO CA 93794
gjorgensen@gjorgensenco.com

TIMOTHY JUNGENBERG
VENTURA COUNTY DEPT OF AIRPORTS
555 AIRPORT WAY STE. B
CAMARILLO CA 93010
tim.jungenberg@ventura.org

JESSICA KALINA
DOW AGROSCIENCES
5405 ALTON PKWY STE. 5-A-360
IRVINE CA 92604
jakalina@dow.com

JOHN KASHETA
AQUATICS ANSWERS INC.
1849 PLEASANT HILL RD
PLEASANT HILL CA 94523
jkasheta@aquatics-answers.com

JIM KAUTZ
BARKLEY SEED, INC.
410 N SUTTER CT
VISALIA CA 93291
jkautz@barkleyseed.com

STEVE KAWAGUCHI
SOUTHLAND SOD FARMS
136 COTTAGE GROVE AVE
CAMARILLO CA 93012
steve@sod.com

GREG KAZARIAN
FOWLER PACKING CO.
8570 S CEDAR AVE
FRESNO CA 93725
greg@fowlerpacking.com

KEN KETCHER
DWR
31770 GONZAGA RD
GUSTINE CA 95322
ken.ketcher@water.ca.gov

MARYAM KHOSRAVIFARD
CDPR
1001 I ST.
SACRAMENTO CA 95814
mkhosravifard@cdpr.ca.gov

CONRAD KIERNAN
STATE OF CALIFORNIA
577 N HANDY
ORANGE CA 92867
conrad.kiernan@dot.ca.gov
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MICHAEL KIRKORIAN
MICHAEL J. KORKORIAN COMPANY
3136 E KERCKHOFF AVE
FRESNO CA 93702
mjkco317@gmail.com

DOUG KLEWENO
CYGNET ENTERPRISES WEST INC.
5040 COMMERCIAL CIRCLE STE E
CONCORD CA 94520
dkleweno@cygnetenterprises.com

DAVID KLUTTZ
LAKELAND RESTORATION SVCS
78 E RIVER SPUR
PRIEST RIVER ID 83856
lakeland@wildblue.net

TED KOBAYASHI
GAR TOOTELIAN INC.
5762 N ORCHARD
FRESNO CA 93710

MARJA KOIVUNEN
NOVOZYMES BIOLOGICALS, INC.
1445 DREW AVE
DAVIS CA 95618
mko@novozymes.com

TIM KSANDER
CHEMINOVA, INC.
1695 GREENWOOD WAY
YUBA CITY CA 95993
tim.ksander@cheminova.com

ARLENE KUROKAWA
BAYER CROP SCIENCE
5194 N. VIA TREVI
FRESNO CA 93711
arlene.kurokawa@bayer.com

JEFF KWASNY
U.S. FOREST SERVICE
47555 HIGHWAY 1
BIG SUR CA 93920
jkwasny@fs.fed.us

WAYNE LACEY
WILBUR-ELLIS CO.
2275 E. LOCUST CT.
ONTARIO CA 91761
wlacey@wilburellis.com

KATHRYN LACEY
PCA
379 N SAGUARO DR
ORANGE CA 92869
one59katlac-pink@yahoo.com

PAUL LANCASTER
LANCASTER AG TECH
195 PALM CIRCLE
TULARE CA 93274
lancasterpauld@gmail.com

LON LANINI
CROP PRODUCTION SERVICES
PO BOX 657
SALINAS CA 93902
lon.lanini@cpsagu.com

RAN LATI
UC DAVIS
1316 E ALISAL
SALINAS CA 93905
ranlati@gmail.com

MAC LEARNED
FMC AGRICULTURAL PRODUCTS
1126 OLD PEACHY CANYON RD
PASO ROBLES CA 93446
leland.learned@fmc.com

CHARLES LEEGER
RETIRED/CALTRANS
6590 KAREN LANE
RIVERSIDE CA 92509
drdeermouse@yahoo.com

KENT LEGGE
CROP PRODUCTION SERVICES
930 WOOLLOMES
DELANO CA 93215
kent.legge@cpsagu.com

MICHAEL LEHMAN
CONTRA COSTA WATER DISTRICT
P.O. BOX H2O
CONCORD CA 94524
mlehman@ccwater.com

KEN DE LEO
VALENT USA
5026 W SPRUCE AVE
FRESNO CA 93722
ken.deleo@valent.com

RICK LEONARD
BAYER CROP SCIENCE
12204 MARSHFIELD WY
BAKERSFIELD CA 93312
rick.leonard@bayer.com

RICK LETTERMAN
TESSENDERLO KERLEY
18570 RANCHITO DEL RIO DR
SALINAS CA 93908
rletterman@tkinet.com

ALLEN LEVY
CALTRANS
2418 22ND AVE.
SAN FRANCISCO CA 94116
allen_levy@comcast.net

DON LEWIS
SYNGENTA CROP PROTECTION
61 BROOKVINE CIR
CHICO CA 95973
don.lewis@syngenta.com

ERNIE LEYVA TRICAL INC.
P.O. BOX 1327
HOLLISTER CA 95024
eleyva@trical.com

CHAD LINDLEY
MONTEREY PACIFIC INC.
29655 CHUALAR CYN RD
CHUALAR CA 93925
chad@montereypacific.com

BUTCH LINDLEY
J & L FARMS
27755 ENCINAL RD
SALINAS CA 93908
wblindley@yahoo.com

BOB LINO TRICAL INC.
P.O. BOX 1327
HOLLISTER CA 95024
blino@trical.com

BRUCE LINQUIST
UC DAVIS
DEPT PLANT SCI M/S 4, 1 SHIELDS AVE
DAVIS CA 95616
balinquist@ucdavis.edu

PAUL LOFTHOUSE
CALTRANS
PO BOX 3733
PASADENA CA 91031
manfordway@hotmail.com

EMILIO LOPEZ
COUNTY OF SAN BERNARDINO
777 E RIALTO AVE
SAN BERNARDINO CA 92415
elopez@awm.sbcounty.gov

ALFREDO LOPEZ
RIVERSIDE CO. FLOOD CONTROL
1995 MARKET ST
RIVERSIDE CA 92501
acvalencia@rcflood.org
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STEPHEN LUCICH
PO BOX 1464
TEMPLETON CA 93465
stevelucich@yahoo.com

GABRIEL LUDWIG
HELENA CHEMICAL COMPANY
18307 W WOODROW LN
SURPRISE AZ 85388
ludwigg@helenachemical.com

JOHN MACDONALD
CROP PRODUCTION SERVICES
910 HARRISON DR
SANTA MARIA CA 93454
john.macdonald@cpsagu.com

MATT MACEDO
SOUTH SAN JOAQUIN IRRIGATION DIST
P.O. BOX 747
RIPON CA 95366
mmacedo@ssjid.com

JOSEPH MACILVAINE
PARAMOUNT FARMING CO.
LOS ANGELES CA

RICK MACK
CROP PRODUCTION SERVICES
2149 VISTA VALLE VERDE
FALLBROOK CA 92028
rick.mack@cpsagu.com

MARK MAHADY
MARK M. MAHADY & ASSOCIATES INC.
P.O. BOX 1290
CARMEL VALLEY CA 93924
markmahady@aol.com

LAWRENCE MARAIS
LEFFINGWELL AG SALES CO.
2037 E MONTE VISTA CT
VISALIA CA 93292
lmarais@leffingwellag.com

ANTHONY MARCI
NAURIPE BERRY GROWERS
P.O. BOX 4280
SALINAS CA 93912
tony@naturipe.com

HECTOR MARISCAL
DEVAN INC.
7522 STRATH PL.
GILROY CA 95020
hmariscal@yahoo.com

LARRY MARQUES
SAN LUIS DELTA-MENDOTA WATER
15990 KELSO RD
BYRON CA 94514
larry.marques@sldmwa.org

ROGELIO MARTINEZ
RANCHO AZUL
17518 QUAIL HILL LANE
AROMAS CA 95004
RMPRES63@GMAIL.COM

MIKE MARTINEZ
FMC CORP
570 PINECONE WAY
ARROYO GRANDE CA 93420
michael.martinez@fmc.com

DANIEL MARTINEZ
DWR
34534 116TH STREET E
PEARBLOSSOM CA 93553

SUZANNE MCCASLIN
SAN LUIS OBISPO FARM SUPPLY
P.O. BOX 111
SAN LUIS OBISPO CA 93401
suzanne558@yahoo.com

KEVIN MCCLASKEY
CPS
36400 COLONY RD
SOLEDAD CA 93960
kmacc@razzolink.com

BRYAN MCCLEERY
AMVAC CHEMICAL
5057 ABUELA DR
SAN DIEGO CA 92124
bryanm@amvac-chemical.com

GREG MCCOSKER
HARVEY LYMAN COMPANY
PO BOX 279
WALNUT GROVE CA 95690
gmmccosker@lymanaggroup.com

KEVIN MCCOSKER
THE LYMAN GROUP
PO BOX 279
WALNUT GROVE CA 95690
kevin@lymanaggroup.com

WALTER MCDONALD
MCDONALD FARMS
2112 11TH
LOS BANOS CA 93635
waltmc2112@yahoo.com

DAVID MCEUEN
J.G. BOSWELL COMPANY
P.O. BOX 877
CORCORAN CA 93212
dmceuen@jgboswell.com

ALISTAIR MCKAY
DOW AGROSCIENCES
3141 CARSON AVE
CLOVIS CA 93611
ahmckay@dow.com

BRADFORD MCKINSEY
B 7 D FARMS, INC.
425 SOARES AVE
SANTA MARIA CA 93455
bmckinsey@me.com

THOMAS MCNABB
CLEAN LAKES, INC
2150 FRANKLIN CANYON RD
MARTINEZ CA 94553
tmcnabb@cleanlake.com

JACOB MCNALLY
J.G. BOSWELL COMPANY
PO BOX 877
CORCORAN CA 93212
jmcnally@jgboswell.com

NEALE MCNUTT
TRI-TECH AG PRODUCTS, INC.
P.O. BOX 0069
CAMARILLO CA 93011
nmcnutttritek@aol.com

GEORGE MCPHERSON
RIVERSIDE CO. FLOOD CONTROL
1995 MARKET ST
RIVERSIDE CA 92501
gmcpherson@rcflood.org

TONY MEDINA
CONTRA COSTA COUNTY PWD
255 GLACIER DR
MARTINEZ CA 94553
mlued@pw.cccounty.us

SHERI MELKONIAN
JOHN JAEGER COMPANY, LLC
9543 ROBLIN COURT
ELK GROVE CA 95758
john@jsjaeger.com

ALLAN MELTON
SOILFUME, INC.
5575 BROADWAY
LIVE OAK CA 95953
allan@soilfume.com
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JASON MELVIN
CONSTELLATION BRANDS
980 BRYANT CYN RD
SOLEDAD CA 93960
jason.melvin@cbrands.com

JASON MENDES
J.G. BOSWELL COMPANY
28001 S. DAIRY AVE
CORCORAN CA 93212
jmendes@jgboswell.com

KAY MERCER
KMI
750 SHANNON HILL DR
PASO ROBLES CA 93446
klmercer@charter.net

JOHN MILLER
MILLER BROS.
8652 CERES AVE
KNIGHTS LANDING CA 95645
tmiller@tremontag.com

TODD MILLER
AGRIFORM
440 WEST RD
ARBUCKLE CA 95912
tmiller@tremontag.com

BEAU MILLER
DOW AGRO SCIENCES
P.O. BOX 292609
SACRAMENTO CA 95829
bjmiller@dow.com

RICK MILLER
DOW AGRO SCIENCES
9854 OAKPLACE EAST
FOLSOM CA 95630
rmiller@dow.com

BRAD MINTON
SYNGENTA CROP PROTECTION
20310 LAKE SPRING COURT
CYPRESS TX 77433
brad.minton@syngenta.com

JOHN MITCHELL
15101 VIA NAPOLI DR
BAKERSFIELD CA 93305
jcmplm@msn.com

KYOSUKE MIYAMOTO
NIHON NOHYAKU CO., LTD.
345 OYAMADA-CHO
KAWACHI-NAGANO OSAKA 0
miyamoto-kyosuke@nichino.co.jp

NELSEN MONEY NRMVMS
12081 LODESTAR
GRASS VALLEY CA 95949
nelsen.money@gmail.com

GREG MONTEZ
EUROFINS AGROSCIENCE SVCS
328 N BETHEL AVE
SANGER CA 93657
gregorymontez@eurofins.com

JOHN MOORE
GROWERS CROP CONSULTING
7816 CAROL SUE CT
BAKERSFIELD CA 93308
growers@bak.rr.com

SHERYL MOORE
DWR
31770 GONZAGA RD
GUSTINE CA 95322
sheryl.moore@water.ca.gov

DAVID MOORE
NEUDORFF USA
PO BOX 2264
APTOS CA 95001
david.moore@neudorff.com

ED MORA
D'ARRIGO BROTHERS
21777 HARRIS RD
SALINAS CA 93908
EMORA@DARRIGO.COM

JUAN MORALES
WILBUR-ELLIS CO.
841 W ELKHORN BLVD
RIO LINDA CA 95673
jamorales@wilburellis.com

DWAIN MORTON
DOW AGROSCIENCES
2376 WILLET WAY
ARROYO GRANDE CA 0
demorton2@dow.com

DEAN MOSDELL
SYNGENTA
501-I S. REINO RD. #183
NEWBURY PARK CA 91320
dean.mosdell@syngenta.com

ELIZABETH MOSQUEDA
STUDENT
36200 MISSION RD
SOLEDAD CA 93960

JAMES MUELLER
DOW AGROSCIENCES
175 MESQUITE CT.
BRENTWOOD CA 94513
jpmueller@dow.com

LONNIE MUNSON
L.A. COUNTY FLOOD CONTROL
160 E LONGDEN AVE
IRWINDALE CA 91706
lmunson@dpw.lacounty.gov

KEN MURRAY
CALTRANS
1120 N ST.
SACRAMENTO CA 94581
kenneth_murray@dot.ca.gov

GLENN MURTA
NPS
1700 BROADWAY # 102
SAN FRANCISCO CA 94109
glenn.murta@gmail.com

ANDREA MUSICK
AMERICAN HERITAGE LANDSCAPE
7013 OWENSMOUTH AVE
CANOGA PARK CA 91303
amusick@americanheritagelandscape.com

JOHN MYERS
KUSTOM TILLING
366 N. POWERS AVE
MANTECA CA 95336
jkmco_96@hotmail.com

RICH NAGAOKA
THE GRAPE DOCTOR
1171 EDWARDS ST
ST HELENA CA 94574
grapedoctor@grapedoctor.com

WILLIAM NAIRN
BASF
7081 N MARKS #341
FRESNO CA 93711
william.nairn@basf.com

BILL NANTT
CALTRANS
1744 WINDJAMMER
LODI CA 95242
bill.nantt@dot.ca.gov

STEWART NELSON
ALL SEASONS WEED CONTROL
P O BOX 1548
GRASS VALLEY CA 95945
stewart@allseasonsweedcontrol.com
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JIM NEWBY
STATE OF CALIFORNIA
1044 WASHINGTON AVE
LOS BANOS CA 93635
jnewby@water.ca.gov

KATHLEEN NORRIS
CITY OF FAIRFIELD
420 GREGORY STREET
FAIRFIELD CA 0
knorris@fairfield.ca.gov

CHERYL NORTON
ROSS ENVIRONMENTALS
3119 MIDWAY ISLAND ST
W SACRAMENTO CA 95691
cheryl.norton@att.net

GREGORY NOWELL
ALL SEASONS WEED CONTROL
P.O. BOX 1548
GRASS VALLEY CA 95945
greg@allseasonsweedcontrol.com

JEFF NULL
SOLANO IRRIGATION DISTRICT
940 SOMMER DR
DIXON CA 95620
jeffnull@earthlink.net

RAY O'BOSKY
GOWAN COMPANY
3104 N FULGHAM CT
VISALIA CA 93291
robosky@gowanco.com

BILL OGLESBY
BRANDT
P.O. BOX 35000
FRESNO CA 93745
bill.oglesby@brandt.com

CLINT OLENBERGER
SIMPLOT GROWER SOLUTIONS
25967 AVENUE 70
TERRA BELLA CA 0
clint.olenberger@simplot.com

THOMAS OLIVARES
COLLEGE OF THE REDWOODS
7351 TOMPKINS HILL RD
EUREKA CA 95501
thomas-olivares@redwoods.edu

STEVE OLIVEIRA
PANCHO RICO VINEYARDS
PO BOX 272
SAN ARDO CA 93450
steve_cross_oliveira@yahoo.com

CRAIG OLIVER
J.G. BOSWELL COMPANY
PO BOX 9759
BAKERSFIELD CA 93389
coliver@jgboswell.com

JAMES OLIVERA
CROP PRODUCTION SERVICES
411 SILVERADO AVE
SANTA MARIA CA 93455
james.olivera@cpsagu.com

BERNARD OLSEN
NOVA SOURCE/TKI
3045 LINNE RD
PASO ROBLES CA 93446
bolsen@tkinet.com

HANS OLSEN
BAYER CROP SCIENCE
24371 VERONA CT
WILDOMAR CA 92595
chris.olsen@bayer.com

GARY OMORI
AGRI CHEMICAL & SUPPLY, INC.
4011 AVENIDA DE LA PLATA STE 301
OCEANSIDE CA 92056
garyo@acshabitat.com

RAY OMORI
AGRI CHEMICAL & SUPPLY, INC.
4011 AVENIDA DE LA PLATA STE 301
OCEANSIDE CA 92056
tracyo@acshabitat.com

YOKO OMORI
4011 AVENIDA DE LA PLATA STE 301
OCEANSIDE CA 92056
tracyo@acshabitat.com

SCOTT ONETO
UCCE
12200B AIRPORT RD
JACKSON CA 95642
sroneto@ucdavis.edu

STEVE ORLOFF
UCCE SISKIYOU
1655 S MAIN ST
YREKA CA 96097
sborloff@ucanr.edu

GERARDO OROZCO
TRICAL, INC.
PO BOX 1327
HOLLISTER CA 95024
gorozco@trical.com

RYAN OSBORN
DUPONT LAND MGMT
67 ALLSMEER DR
WEST GROVE PA 19390
ryan.j.osborn@usa.dupont.com

GARY OSTEEN
P O BOX 20006
BAKERSFIELD CA 93390
gwosteen@aol.com

PAUL OSTERLIE
AMERICAN FERTILIZER & FOLIAR CO., LLC
2505 SHERIDAN WAY
STOCKTON CA 95207
peagcon@aol.com

MARY ANN OSTERLIE
AFF
2505 SHERIDAN WAY
STOCKTON CA 95207
posterlie@americanfertilizer.net

DAVID OVERSTREET
WEST COAST FARMING, INC.
12307 LAMBERTON ST
BAKERSFIELD CA 93312
david.overstreet@wcgfi.com

JEFFREY PACHECO
DUPONT CROP PROTECTION
2740 E MOUNTAIN SKY AVE
PHOENIX AZ 85048
jeffrey.l.pacheco@dupont.com

DON PALMER
REDDING SPRAY SERVICE
2150 AIRSTRIP RD #A
REDDING CA 96003
heroknot@gmail.com

ANDREW PALRANG
BAYER CROP SCIENCE
740 S. LUM AVE.
KERMAN CA 93630
drew.palrang@bayer.com

NIK PARIS
JG BOSWELL COMPANY
PO BOX 877
CORCORAN CA 93212
nparis@jgboswell.com

ROBERT PARKES
EUROFINS AGROSCIENCE SERVICES
328 N BETHEL AVE
SANGER CA 93657
robertparkes@eurofins.com
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MICHAEL PARKS WILBURELLIS
7607 EICKMEYER CT
COTATI CA 94931
mparks@wilburellis.com

ANNE-MARIE PATTERSON WILBURELLIS CO
841 W ELKHORN BLVD
RIO LINDA CA 95673
apatterson@wilburellis.com

JOHN PATTULLO
BOUTONNET FARMS
10855 OCEAN MIST PKWY STE. B
CASTROVILLE CA 95012
johnp@oceanmist.com

CRAIG PAULY
BASF CORPORATION
16791 S. AVENUE 2 1/4 E.
YUMA AZ 85365
craig.pauly@basf.com

SLAVISA PAVLOVIC
J.G. BOSWELL COMPANY
PO BOX 9759
BAKERSFIELD CA 93389
spavlovic@jgboswell.com

MONTE PECKINPAH
VALENT USA
5444 W. GROVE CT
VISALIA CA 93291
mpeck@valent.com

ANDREW PEDERSEN
BRANDT MONTEREY
PO BOX 35000
FRESNO CA 93745
andrew.pedersen@brandt.co

DENNIS PENNER ABATE-AWEED
9411 ROSEDALE HWY
BAKERSFIELD CA 93312
dennis@abateaweed.com

KEITH PERANICK
BRANDT
P.O. BOX 35000
FRESNO CA 93745
kelly.mendrin@brandt.co

RICHARD PERONA
GOLDEN RAIN FOUNDATION
1882 BUENA TIERRA ST
BENICIA CA 94510
rperona@rossmoor.com

VANELLE PETERSON
DOW AGROSCIENCES
28884 S. MARSHALL RD
MULINO OR 97042
vfpeterson@dow.com

JOHN PETRONI
HENRY MILLER RECLAMATION DIST
11704 HENRY MILLER
DOS PALOS CA 93620
john@hmrd.net

GEORGE PICCARDO
VILLA DI NOCE CO.
3651 ST. ANDREWS DR
STOCKTON CA 95219
gfpj@sbcglobal.net

MARK PINHEIRO
MILLER CHEMICAL CO.
5222 COSUMNES DR APT 236
STOCKTON CA 95219
markpnhr@yahoo.com

ROGER POCOCK
GOAT THROAT PUMPS
60 SHELL AVE
MILFORD CT 06460

PETER PORPIGLIA
AMVAC CHEMICAL CORP
4695 MACARTHUR CT
NEWPORT BEACH CA 92660
pjp218@gmail.com

STEVEN POSEY
SAN LUIS & DELTA MENDOTA WATER
15990 KELSO RD
BYRON CA 94514
steve.posey@sldmwa.org

FAITH POTTER
TKI
1037 E. VARTIKIAN
FRESNO CA 93710
fpotter@tkinet.com

MICHAEL PRUETT
LANDSCAPES USA
9164 REHCO RD
SAN DIEGO CA 92121
mpruett@landscapesusa.com

NICHOEL PRYOR
SYNGENTA
PO BOX 503
ESPARTO CA 95627
nichoel.pryor@syngenta.com

ERIC R QUINLEY
FRIANT WATER AUTHORITY
854 N. HARVARD AVE.
LINDSAY CA 93247
equinley@friantwater.org

JUAN QUINTERO
TANIMURA & ANTLE, INC.
21 AREZZO CIR
SALINAS CA 93905
juanquintero@taproduce.com

JEFFEREY QUITER
HEDGEROW FARMS, INC.
21905 COUNTY ROAD 88
WINTERS CA 95616
info@hedgerowfarms.com

JOHN RACHUY
U.C. DAVIS
1636 E. ALISAL ST
SALINAS CA 93905
jsrachuy@ucdavis.edu

JESUS RAMIREZ
COUNTY OF MONTEREY
1428 ABBOTT ST
SALINAS CA 93901
ramirezj3@co.monterey.ca.us

JERRY RASMUSSEN
NO. SALINAS VLY. MOSQ. DISTRICT
342 AIRPORT BLVD
SALINAS CA 93905
info@montereycountymosquito.com

HUGH RATHBUN
DELLAVALLE LABORATORY, INC.
1910 W. MCKINLEY STE. 110
FRESNO CA 93728
hrathbun@dellavallelab.com

JAMES RATHKE
DEPT OF WATER RESOURCES
1416 9TH ST
SACRAMENTO CA 95814
jrathke@water.ca.gov

RICH RECORDS
AGRI-TURF DISTRIBUTING
12442 COUNTRY LN
SANTA ANA CA 92705
rrecords@agriturfdistributing.com

MARGARET REIFF
CDPR
1001 I STREET
SACRAMENTO CA 95812
mreiff@cdpr.ca.gov
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MICHAEL REINEKE
VALLEY FARM SUPPLY INC
P.O. BOX 370
NIPOMO CA 93444
maryvfs@yahoo.com

ROBERT RIEHLE
CROP PRODUCTION SERVICES
801 S GRAND AVE
SAN JACINTO CA 92582
bob.riehle@cpsagu.com

PETER RIGALI
DWR
34534 116TH STREET E
PEARBLOSSOM CA 93553

DANIEL RIVERA
SAN BERNARDINO CO AG DEPT
777 E RIALTO AVE
SAN BERNARDINO CA 92415

JIMMY RIVERS
CPS
1022 VISTA GRANDE ST
PASO ROBLES CA 93446
jimmy.rivers@cpsagu.com

JASON ROBBINS
TARGET SPECIALTY PRODUCTS
2478 N SUNNYSIDE
FRESNO CA 93727
jason.robbins@target-specialty.com

KEITH ROBBINS
VINO FARMS
1451 STANLY LN
NAPA CA 94558
krobbins@vinofarms.net

RAMIRO RODRIGUEZ
D AND D PEST CONTROL, INC.
1825 E. 21ST ST.
MERCED CA 95340
ddpest@sbcglobal.net

JOSEPH RODRIGUEZ
D AND D PEST CONTROL, INC.
1825 E. 21ST ST.
MERCED CA 95340
ddpest@sbcglobal.net

JOHN RONCORONI
U.C.C.E. NAPA
1710 SOSCOL AVE STE 4
NAPA CA 94559
jaroncoroni@ucanr.edu

GILBERT DEL ROSARIO
DOW AGROSCIENCES
14581 LIVINGSTON ST
TUSTIN CA 92780
gmdelrosario@dow.com

JOHNNY ROSECRANS
CPSU, SAN LUIS OBISPO
170 TOLOSA PL
SAN LUIS OBISPO CA 93401
jrosecra@calpoly.edu

JANET ROWLEY
DOW AGRO SCIENCES
11525 E QUIET VALLEY PL
TUCSON AZ 85749
jlrowley@dow.com

KEVIN RUBLE
WOOLF FARMING & PROCESSING
7041 N VAN NESS BLVD
FRESNO CA 93711
kruble@woolffarming.com

DALE RUSH
RUSH, MARCROFT & ASSOC.
28951 FALCON RIDGE RD
SALINAS CA 93908
ag4n6@comcast.net

DON SALFEN
LYMAN GROUP
13045 BORDEN RD
HERALD CA 95638
sheep4u@inreach.com

VINCENT SANCHEZ
NO SALINAS VLY MOSQUITO ABATE DIST.
342 AIRPORT BLVD
SALINAS CA 93905
info@montereycountymosquito.com

JAMES SCHAEFFER
UCANR
4353 N DELNO
FRESNO CA 93705
schaeffer_0808@yahoo.com

TODD SCHINDLER
EXCEL TECH
PO BOX 2357
SHINGLE SPRINGS CA 95682
exceltechinc1@gmail.com

ANNE SCHINDLER
EXCEL TECH
PO BOX 2357
SHINGLE SPRINGS CA 95682
exceltechinc1@gmail.com

BELINDA SCHLICHTING
DEPT. OF WATER RESOURCES
460 GLEN DR.
OROVILLE CA 95966
belinda.schlichting@water.ca.gov

SHARON SCHNABEL
JOHN JAEGER COMPANY, LLC
9543 ROBLIN COURT
ELK GROVE CA 95758
john@jsjaeger.com

ANDREA SEALOCK
CYGNET ENTERPRISES WEST INC.
5040 COMMERCIAL CIRCLE STE E
CONCORD CA 94520
asealock@cygnetenterprises.com

JOSEPH SEDOR
INDEPENDENT PCA
733 WASHINGTON ST
DELANO CA 93215
joesedor@pacbell.net

RICHARD SEFTON
BRANDT
P.O. BOX 35000
FRESNO CA 93745

T.J. SHELBY
UNIVAR ENV SCIENCES
650 W 800 SOUTH
SALT LAKE CITY UT 84104
tj.shelby@univarusa.com

MILES SHELDON
BRANDT MONTEREY
PO BOX 35000
FRESNO CA 93745
miles.sheldon@brandt.co

ERIC SHELLER
ALLIGARE, LLC
1812 COOPERS POND RD
AUBURN AL 36830
esheller@alligare.com

EDDIE SHITANISHI
1624 AVOCADO RD
OCEANSIDE CA 92092
eshitanishi@cox.net

KRISTINA SHORT
HELENA CHEMICAL CO.
3155 SOUTHGATE LN
CHICO CA 95928
kshort@helenaresearch.com
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ANIL SHRESTHA
CSU FRESNO
2415 E SAN RAMON AVE M/S AS 72
FRESNO CA 93740
ashrestha@csufresno.edu

SCOTT SHULER
SEPRO CORPORATION
11550 N MERIDIAN ST STE. 600
CARMEL IN 46032
scotts@sepro.com

JOSE SILVA
ORO AGRI INC.
3818 S WILLOW AVE STE 101
FRESNO CA 93725
jsilva@oroagri.com

MICHAEL SILVEIRA
WILBUR ELLIS CO.
4553 CO. RD. RR
ORLAND CA 95963
msilveira@wilburellis.com

CHRIS SIMONI
J.R. SIMPLOT CO.
4951 ST ANDREWS DR
STOCKTON CA 95219
chris.simoni@simplot.com

ED SIRIBOHDI
CALTRANS DISTRICT 7
100 S. MAIN ST., MAINT ENGINEERING MS3
LOS ANGELES CA 90012
ed.siribohdi@dot.ca.gov

ANDREW SKIBO
SEPRO CORPORATION
1145 ARUBA DR
FORT COLLINS CO 80525
andrew.skibo@sepro.com

BYRON SLEUGH
DOW AGROSCIENCES
7521 W CALIFORNIA AVE
FRESNO CA 93706
bbsleugh@dow.com

RICHARD SMITH
UNIVERSITY OF CALIFORNIA
60 CARR AVE
AROMAS CA 95004
rifsmith@ucanr.edu

PAUL SMITH
HELENA CHEMICAL CO.
1197 E. 7TH ST.
CHICO CA 95928
smithp@helenachemical.com

STEPHEN SMITH
ARVIN EDISON WSD
PO BOX 175
ARVIN CA 93203
ssmith@aewsd.org

MATTHEW SMITH
CROP PRODUCTION SERVICES
1659 FLOD CT
SANTA MARIA CA 93454
matt.smith@cpsagu.com

SCOTT SNYDER
SAN BERNARDINO CO AG DEPT
777 E RIALTO AVE
SAN BERNARDINO CA 92415

JOSUE SOLIS
JOHN DEERE LANDSCAPES
11323 ATWATER JORDAN RD
ATWATER CA 95301
jsolis@johndeerelandscapes.com

LYNN SOSNOSKIE
UC DAVIS
PLANT SCI DEPT MS4
DAVIS CA 95616
lynn.sosnoskie@gmail.com

ALEX SPENCE
ALLIED WEED CONTROL, INC.
10218 LIBERTY AVE
LIVINGSTON CA 95334
alex@alliedweed.com

PERRIN SPENCE
ALLIED WEED CONTROL, INC.
10218 LIBERTY AVE
LIVINGSTON CA 95334
alex@alliedweed.com

KURT SPINGATH
ECO-PAK LLC
PO BOX 5511
SALEM OR 97304
kspingath@ecopakllc.com

JOHN SPITHORST
CALTRANS DISTRICT 10
P.O. BOX 231
WILTON CA 95693
john.spithorst@dot.ca.gov

GARY SPONSLER
CITY OF FAIRFIELD
420 GREGORY ST
FAIRFIELD CA 94533
gsponsler@fairfield.ca.gov

ERNIE RONCORONI SR.
UNIVERSITY OF CALIFORNIA-RETIRED
702 RUBICON PLACE
WOODLAND CA 95695
ejr9587@sbcglobal.net

WAYNE STEELE
DUPONT CROP PROTECTION
2114 E OMAHA AVE
FRESNO CA 93720
wayne.j.steele@dupont.com

FORREST STEPHANIAN
CALIFORNIA VETERAN SUPPLY INC.
1109 4TH STREET
CLOVIS CA 93612
forrest@veteransupply.com

FRED STEWART
UC DAVIS
PLANT SCI - 1 SHIELDS AVE
DAVIS CA 95616
fmstewart@ucdavis.edu

SIERRA STILWELL
TARGET SPECIALTY PRODUCTS
1155 MABURY RD
SAN JOSE CA 95133
tony.stilwell@tartet-specialty.com

SCOTT STODDARD
UC MERCED
2145 WARDROBE AVE
MERCED CA 95340
csstoddard@ucanr.edu

JON STORR
NUFARM
18319 E. 11TH AVE
GREENACRES WA 99016
jon.storr@us.nufarm.com

MICHELLE LE STRANGE U.C.C.E.TULARE COUNTY
4437-B S. LASPINA ST.
TULARE CA 93274
mlestrange@ucdavis.edu

STEVE STRINGER
BRANDT
PO BOX 35000
FRESNO CA 93745
steve.stringer@brandt.co

DIANA STROWBRIDGE
CAPCA
2300 RIVER PLAZA DR. #120
SACRAMENTO CA 95833
dee@capca.com
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MIKE STURDIVAN
MODESTO IRRIGATION DISTRICT
929 WOODLAND AVE
MODESTO CA 95351
mikest@mid.org

JAMES STURGES
AMVAC CHEMICAL COMPANY
2831 ASHLAND DR
ROSEVILLE CA 95661
jims@amvac-chemical.com

STEPHEN SUBIA
103 CECELIA CT
HOLLISTER CA 95023
stephen.subia@hollister.ca.gov

TERRY SUTTON
KERN DELTA WATER DISTRICT
501 TAFT HWY
BAKERSFIELD CA 93307
terrys@kerndelta.org

KB SWAIN
NORSTAR INDUSTRIES, INC.
2302 A ST SE
AUBURN WA 98002
kbs@norstarind.com

ED SWAN
CONTRA COSTA COUNTY PWD
255 GLACIER DR.
MARTINEZ CA 94553
mlued@pw.cccounty.us

GLENN SWEANY
SANTA BARBARA CO. FLOOD CONTROL
3405 DRIFTWOOD
SANTA MARIA CA 93455
gsweany@cosbpw.net

CHUCK SYNOLD
AGRI-TURF DISTRIBUTING
2475 N BUNDY DR
FRESNO CA 93727
csynold@agriturfdistributing.com

BRYAN TAHMAZIAN
SIMPLOT
PO BOX 550
KINGSBURG CA 93631
bt2644@sbcglobal.net

PERRY TARSITANO
TARGET SPECIALTY PRODUCTS
PO BOX 22752
CARMEL CA 93922
nd2hnt@aol.com

STEPHEN LEE-THOMAS
SOILFUME, INC.
34339 ROAD 162
VISALIA CA 93292
w6slt@sbcglobal.net

TERRI THOMAS
DUPONT CROP PROTECTION
13130 RD 19
MADERA CA 93637
terri.l.thomas@dupont.com

STEVE THOMAS
ATTAWAY FIELD RESEARCH
1050 E. GOBBI
UKIAH CA 95482
stevethomas929@gmail.com

BRYAN THOMPSON
PEST OPTIONS INC.
135 N MANCHESTER
ANAHEIM CA 92802
bthompson@pestoptions.com

JEFF TIENKEN
T & T AG SERVICES
P O BOX 915
LINDSAY CA 93247
tienkenj@yahoo.com

EDWARD TOBIAS
MODESTO IRRIGATION DISTRICT
PO BOX 4060
MODESTO CA 95352
fourteenmiler@sbcglobal.net

DENNIS TONKS
ISK BIOSCIENCES
221 S PLATTE CLAY WAY STE B
KEARNEY MO 64060
tonksd@iskbc.com

JOEL TRUMBO
CA DEPT FISH & WILDLIFE
1812 NINTH ST
SACRAMENTO CA 95811
joel.trumbo@wildlife.ca.gov

JAMES TUTTLE
BRANDT MONTEREY
P.O. BOX 35000
FRESNO CA 93745
jim.tuttle@brandt.co

BUZZ UBER
CROP INSPECTION SERVICE
31130 HILLTOP DR
VALLEY CENTER CA 92082
buzzuber@cs.com

ANNETTE UCCELLI
CROP PRODUCTION SERVICES
P.O. BOX 399
GREENFIELD CA 93927
annette.uccelli@cpsagu.com

BRAD URQUHART
FALLBROOK FERTILIZER
215 W FALLBROOK ST
FALLBROOK CA 92028
bradu0902@yahoo.com

TIMOTHY USTICK
3540 HARPERS FERRY DR.
STOCKTON CA 95219
timmu@sbcglobal.net

JOSE VALDEZ
D'ARRIGO BROTHERS
21777 HARRIS RD
SALINAS CA 93908
jose.valdez@darrigo.com

THOMAS VALENTA
MERCED IRRIGATION DISTRICT
3321 FRANKLIN RD
MERCED CA 95348
tvalenta@mercedid.org

SHEA DE VANEY
J.G. BOSWELL COMPANY
P.O. BOX 877
CORCORAN CA 93212
sdevaney@jgboswell.com

NIC VANHERWEG
AMVAC CHEMICAL
822 GUADALUPE RD
ARROYO GRANDE CA 93420
nicv@amvac-chemical.com

ROBERT VARNI
P O BOX 686
FREEDOM CA 95019
wisdom7957@aol.com

JESUS VASQUEZ
D'ARRIGO BROTHERS
21777 HARRIS RD
SALINAS CA 93908

JOE VASSIOS
UNITED PHOSPHORUS INC.
2817 CATALINA DR.
ROCKLIN CA 95765
joseph.vassios@uniphos.com
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DANIEL VEIK
P.O. BOX 1555
FREEDOM CA 95019
danveik@gmail.com

NANCY VOORHEES
VALENT PROFESSIONAL PRODUCTS
1511 SPINNAKER LN
HALF MOON BAY CA 94019
nvoor@valent.com

GORDON VOSTI
BAYER ENVIRONMENTAL SCIENCE
731 VIA BANDOLERO
ARROYO GRANDE CA 93420
gordon.vosti@bayer.com

GREG WAHL
BASF
3329 MCCOWAN WAY
CARMICHAEL CA 95608
greg.wahl@basf.com

E.T. WALGENBACH
OAKFIELD APPARATUS
25560 VIA CAZADOR
CARMEL CA 93923
WALGIES4@AOL.COM

PAUL WALGENBACH
BAYER CROP SCIENCE
789 LAKECREST DR.
EL DORADO HILLS CA 95762
paul.walgenbach@bayer.com

MARK WANDER
SANTA CLARA VALLEY WATER DISTRICT
5750 ALMADEN EXPRESSWAY
SAN JOSE CA 95118
mwander@valleywater.org

DAVID WARMAN
NOVOZYMES BIO AG
PO BOX 7966
AUBURN CA 95604
dwar@novozymes.com

KENNETH WARREN
SAN LUIS OBISPO CO. FARM SUPPLY
P.O. BOX 698
CAYUCOS CA 93430
kwarren@farmsupplycompany.com

KEVIN WARREN
J.R. SIMPLOT CO.
11574 STROUD AVE
KINGSBURG CA 93631
kevin.warren@simplot.com

RAYMOND WATJE
SELF-EMPLOYED
5930 COURTLAND DR.
RIVERSIDE CA 92506
rwatje@aol.com

DAN WEISS
SANTA LUCIA PRESERVE
19 VIA CONTENTA
CARMEL VALLEY CA 93924
fogwyzz@comcast.net

PAUL WESTCOTT
APPLIED BIOCHEMISTS
15420 N. 29TH AVE.
PHOENIX AZ 85053
paul.westcott@lonza.com

NANCY WESTCOTT
GOAT THROAT PUMPS
60 SHELL AVE
MILFORD CT 06460
pr@goatthroat.com

DAVID WHEELER
FMC
1305 BROADVIEW WAY
BOWLING GREEN KY 42103
david.wheeler@fmc.com

ROY WHITSON
BAYER CROP SCIENCE
2732 W. BROWNING
FRESNO CA 93711
roy.whitson@bayer.com

DANIEL WICKHAM
WILBUR ELLIS COMPANY
1 LOS PIONEROS
RANCHO SANTA MARGARITA CA 92688
dwickham@wilburellis.com

FRANK WILLIAMS
WIND FALL FARMS 1
3009 E. CARDELLA
FIREBAUGH CA 93622
juwil71@comcast.net

BEN WILLIS
SEPRO CORPORATION
16013 WATSON SEED FARM RD
WHITAKERS NC 27891
ben.willis@sepro.com

MATTHEW WILSON
WOOLF FARMING & PROCESSING
7041 N VAN NESS BLVD
FRESNO CA 93711
mwilson@woolffarming.com

ERIC WILSON
FRIANT WATER AUTHORITY
854 N. HARVARD AVE.
LINDSAY CA 93247
ewilson@friantwater.org

BILLY WISWALL
COLUMBINE VINEYARDS
PO BOX 21793
BAKERSFIELD CA 93390
billywiswall@gmail.com

RON WOLFE
STATE OF CALIFORNIA - DWR
13906 VIA LA MADERA
BAKERSFIELD CA 93314
ronaldw@water.ca.gov

JOE WOODS
PO BOX 1148
EL DORADO CA 95623
woodsjoe53@yahoo.com

LEE WOZNIAK
TARGET SPECIALTY PRODUCTS
431 DAISY LN
SAN MARCOS CA 92078
lee.wozniak@target-specialty.com

KEN YELLE
AGRI SEARCH
P O BOX 775
ELK GROVE CA 95759
k.yelle@comcast.net

WAYNE YETTER
NO SALINAS VLY MOSQUITO ABATE DIST.
342 AIRPORT BLVD
SALINAS CA 93905
info@montereycountymosquito.com

PATRICK YOUNG
PAT YOUNG VEG MGMT CONSULTING
31665 ROCK CREEK RD
MANTON CA 96059
mantonman1@yahoo.com

LINDA YOUNG
PAT YOUNG - VMC
31665 ROCK CREEK RD
MANTON CA 96059
mantonman1@yahoo.com

JAKE ZACCARIA
ZACCARIA AG CONSULTING
5408 SUMMERWIND WAY
BAKERSFIELD CA 93308
zacoar@aol.com
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DAVID ZACHARY
STATE OF CALIFORNIA - DWR
4201 SABODAN ST
BAKERSFIELD CA 93313
dzachary54@hotmail.com

ARIANA ZAMORA
CAPCA
2300 RIVER PLAZA DR. #120
SACRAMENTO CA 95833
ariana@capca.com

MATT ZOOST
ALLIGARE
1407 CONCORD
SANTA MARIA CA 93454
mzoost@alligare.com
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CARLOS ZAVALA
TANIMURA & ANTLE, INC.
1359 RIDGEVIEW CT
SOLEDAD CA 93960
carloszavala@taproduce.com

