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2016 CWSS AWARD OF EXCELLENCE – STEVE FENNIMORE 

 

 

 

Steve Fennimore managed the large group of authors that wrote chapters for "Principles of Weed 
Control", Fourth Edition, an electronic CWSS publication.  You can find it online at Amazon 
and many other options.  This was an epic effort that strung through probably 7 of the 9 years 
that I served on the CWSS board.  I said previously Steve did a great job managing all of the 
editors, drafts, publication options and inevitable issues, with an excellent textbook as the 
outcome.  That is all true and Dr. Fennimore is a most deserving recipient of this award. 

Rick Miller, CWSS Past President 
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2016 Student Awards 

Presented by CWSS Director-Student Liaison, Scott Oneto 

 

Research Papers 

($500) Ryan Cox, Department of Plant Science, California State University, Fresno 

Effect of Shade and Soil Moisture Level on the Efficacy of Selected Postemergence Herbicides in Control of Junglerice 

(Echinochloa colona) 

($300) Jorge Angeles, Department of Plant Science, California State University, Fresno 

Response of Transplanted Tomatoes to Pre-plant Herbicides 

($200) Elizabeth Mosqueda, Department of Plant Science, California State University, Fresno 

A Comparison between Automated Thinners and Hand Thinning of Lettuce in the Salinas Valley: Weed Control and 

Efficacy 

($200) Sarah R. Parry, Department of Plant Science, Fresno 

Comparison of Weed Control Methods in Organic Broccoli 

 

 

CWSS Director Scott Oneto, Jorge Angeles, Elizabeth Mosqueda, Sarah Parry, Ryan Cox 
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2016 Student Awards 

Presented by CWSS Director-Student Liaison, Scott Oneto 

 

Research Posters 

($500) Whitney Brim-Deforest, Department of Plant Science, University of California, Davis 

Weed Community Dynamics and Agronomic Productivity in Alternative Irrigation Systems in California 

Rice. 

($300) Caio Brunharo, Department of Plant Science, University of California, Davis 

Preliminary Evaluation of Suspected Paraquat-Resistant Italian Ryegrass in a California Orchard 

($200) Pahoua Yang, Department of Plant Science, California State University, Fresno 

Competition between a Glyphosate-Resistant and Susceptible Biotype of Junglerice (Echinochloa colona) 

 

 

 

 

 

 

 

 

 

 

 

 

CWSS Director Scott Oneto, Pahoua Yang, Caio Brunharo, Whitney Brim-DeForest 
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IN MEMORIUM  
 
 
 
 
 
Drago Dolar. The Dolar family of Novato remembers and celebrates their patriarch, Drago, who 
passed away peacefully and in the midst of his loving family, on January 2, 2016 after a 15-
month battle with cancer.  Drago was 80 years old and is survived by his wife, Virginia and his 
three children Steven, Mark and Lisa, four grandchildren, three sisters and many loving nieces 
and nephews. Drago was born in Bosnia, part of the former Yugoslavia, and proudly became a 
U.S. citizen in 1955. He enjoyed a lifelong career with Caltrans, where he worked passionately 
to keep California's highways safe and beautiful.  Drago also enjoyed photography, travel and 
sports, particularly football and soccer.  In 1984, Drago returned to his native country for the 
Winter Olympics as an interpreter for journalists with Associated Press; he spoke Serbo-
Croatian, German, Polish, Russian and English, all fluently. Drago was especially honored to 
have a working role at this peaceful gathering of nations.  A Memorial Mass was scheduled 
Saturday, January 23, at 11:00AM at St. Anthony's Church in Novato, followed by a reception in 
the adjacent hall.  
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Herbicidal Crop Injury Mechanisms and Routes of Exposure. Brad Hanson, UC 

Cooperative Extension Specialist, UC Davis 

 

Herbicides can provide an amazing level of weed control in many situations; however, they can 

also cause unexpected crop injury in some cases.   

 

A great deal of research goes into developing herbicide uses for labeled crops to ensure rates and 

use patterns will allow good crop safety and performance.  In labeled crops this may be due to an 

inherent tolerance, timing or placement of the herbicide relative to the crop, or herbicide 

safeners. In non-labeled crops, safety is usually achieved through separation in time (e.g. rotation 

crop restrictions) or in space by using buffer zones or application techniques to mitigate drift. 

 

When crop injury occurs, it typically is due to either a foliar route or a root uptake route.  The 

effects of foliar exposure can be very dramatic when applied directly to a sensitive crop (wrong 

herbicide, wrong field) or from mixer/loader errors such as a rate miscalculation or sprayer mis-

calibration.  In situations with lower margins of safety, injury can also occur from excessive 

spray overlaps or use of “hot” surfactants.  In-field foliar exposure problems can also be less 

dramatic and variable such as in the case of low doses due to sprayer contamination or drift from 

poorly set up spray booms.  Usually, these scenarios don’t have a clear pattern in the field or may 

be associated with sprayer tank loads if a loading mistake. 

 

Foliar exposure can also happen from drift onto a sensitive crop from an adjacent field, field 

margin, or neighboring area.  This can be dramatic or subtle and is due to direct movement of 

spray droplets out of the targeted area before they ever reach the soil or foliage.  A few 

herbicides are somewhat volatile and can move in the vapor phase after deposition on the target.  

This is more common under moist warm conditions and is generally limited to only a few 

herbicide active ingredients.  Importantly in most cases of drift, either as droplets or volatiles, 

there will be some sort of pattern in the field.  Because the dose will be higher nearest the source 

of the drift, often a gradient of injury is visible and gets less dramatic further from the source 

area. 

 

Herbicide injury from root uptake is usually due to something done in that field, not due to 

neighboring field operations.  Herbicides can be in the soil due to an application in a preceding 

crop persisting at too high of a level for the next crop in the rotation.  Planting a sensitive crop 

too soon after a long–residual herbicide is one factor that can contribute to this type of exposure.  

Excessive application rates or slower-than-expected dissipation rates can also contribute to injury 

in this scenario.  Another route of crop injury caused by herbicide soil exposure is from 

herbicides used in that crop but being incorporated too deeply, either mechanically or by 

excessive downward movement with irrigation or rain water.  Depending on the situation, this 

type of injury can range from patchy and sporadic to fairly uniform across the field and have a 

wide range of severity.  When patterns of injury are noted, it sometimes can be associated 

differences in soil, water, or application rates in areas of the field. 

 

 

 

 



 

12 
 

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.  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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Response of Transplanted Tomatoes to Pre-plant Herbicides. Jorge Angeles1, Kurt 
Hembree2, and Anil Shrestha1,  1Department of Plant Science, California State University, Fresno, 
CA 2University of California Cooperative Extension, Fresno, CA 

 
 

     Processing tomato planting in the San Joaquin Valley has transitioned to the use of transplants, 
buried drip irrigation, and shallow tillage.  The use of buried drip tape with shallow tillage on semi-
permanent beds has also facilitated the rotation of crops due the 10-12” depth of the tape and its 
durability.  The use of pre-plant herbicides in tomato production were generally safe and caused 
no negative effects on plant health.  However, in recent years, there are reports of dinitroaniline 
injury symptoms in processing tomato fields that had been treated with regular pre-plant herbicides 
in these systems.  These injury symptoms consisted of stunted plant growth and reduced root 
development.  It is suspected that the breakdown of pre-plant herbicides was facilitated more when 
deep tillage was done after harvest than under the current grower practices.  Therefore, a 
greenhouse study was conducted in Fresno, CA in summer 2015 to assess plant injury to simulated 
residues of pre-plant herbicides.  The objective of this study was to evaluate above- and below-
ground response of transplanted tomato to pre-plant herbicides.  The herbicides included trifluralin 
(Treflan), s-metolachlor (Dual Magnum), and pendimethalin (Prowl H2O) at doses of 0, 0.03, 0.06, 
0.12, 0.25, and 0.5 ppm.  The experimental design was a two factor (herbicide type and dose) 
randomized complete black with four replications.  Field soil was collected and mixed with 
herbicides in a cement mixer.  The treated soil was placed into 3 gallon pots and tomato seedlings 
were transplanted and grown in it for 45 days.  Plant growth (height and leaflet numbers), 
chlorophyll concentration of leaves, and stomatal conductance were monitored weekly during the 
growth period.  At 45 days, plants were clipped and separated into roots, stems, and leaves.  The 
roots were carefully washed to remove the soil.  Total leaf area for each plant was measured and 
then all the above- and below-ground plant parts were placed into a forced-air oven at 60° C for 
72 h and dry weights were recorded.  Data was analyzed using ANOVA procedures, and non-
linear regression models were used to calculate the dose required to reduce biomass by 50% 
(GR50%).  The above- and below-ground biomass was differentially affected by herbicide type and 
doses.  All herbicides resulted in some reduction of above- and below-ground biomass of the 
tomato plants at the higher doses compared to the non-treated plants. Trifluralin and s-metolachor 
resulted in greater reductions in above- and below-ground biomass than pendimethalin.  The GR50 
of trifluralin and s-metolachlor was estimated to be 0.45 and 0.48 ppm, respectively for above-
ground biomass and 0.5 and 0.22 ppm, respectively for below-ground biomass. Pendimethalin 
caused some reductions in the above- and below-ground biomass only at the highest dose.  Leaf 
area and final plant height was also reduced by about 50% and 30% in the s-metolachlor treated 
plants at 0.5 ppm.  Chlorophyll concentration and stomatal conductance of the leaves was generally 
reduced at the higher doses of all herbicides compared to the untreated control, again the reductions 
were greater in the trifluralin and s-metolachlor treated plants.  It can be concluded that, among 
the herbicides tested, s-metolachlor had the greatest potential to cause injury to the tomato plants 
followed by trifluralin.  Although pendimethalin caused some injury at 0.5 ppm, it was generally 
safer than the other two herbicides.   
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Effect of Shade and Soil Moisture Level on the Efficacy of Selected 
Postemergence Herbicides in Control of Junglerice (Echinochloa colona). 
Ryan Cox, Larissa Larocca de Souza, Mala To and Anil Shrestha,  Department of Plant Science, 
California State University, Fresno, CA 93740 

 
     Junglerice (Echinichloa colona) is a problematic weed in annual and perennial cropping 
systems of California.  Further, the discovery of glyphosate-resistant (GR) populations of 
junglerice in the Central Valley has aggravated the problem.  Two alternatives that have been 
identified in perennial cropping systems are sethoxydim and glufosinate, both of which are 
postemergence herbicides.  However, the performance of these herbicides can be influenced by 
environmental conditions such as light intensity and soil moisture.  Junglerice, in orchards, are 
usually growing under shaded conditions.  Further, increasing incidents of drought in the Central 
Valley are promoting regulated deficit irrigation (RDI) of crops.  The combination of drought 
and RDI can create soil moisture stress conditions. Both shade and soil moisture deficiency can 
reduce the efficacy of these herbicides on plants that are growing under stressful conditions.  

     A study was conducted in Fresno, CA in summer 2015 to evaluate the effect of light intensity 
and soil moisture levels on the efficacy of sethoxydim, glufosinate, and glyphosate on potted 
junglerice plants. Four to 6-leaf stage junglerice plants were grown in 3” size plastic pots 
containing field soil.  Three levels of shade (70% shade, 50% shade, and 0% shade) were 
imposed using shade cloth of various transparency and three soil moisture regimes (100% , 50%, 
and 25% of field capacity) were imposed using the gravimetric method.  The plants were treated 
with label rates of the selected herbicides between the second leaf and the first tiller stage. An 
untreated control was also included. Shade was simulated by using shade cloth of various 
transparencies. The experimental design was a split-split-split plot with shade as the main effect, 
soil moisture as the sub-effect, and herbicide type as the sub-sub effect. Mortality and other 
biomass of these plants were evaluated every 7 days after treatment. Data were analyzed using 
analysis of variance procedures in SAS at a significance level of 0.05.  
 
     Results indicated that mortality of the plants was affected differentially by light intensity, 
moisture level, and herbicide type. There was a significant interaction between light intensity and 
soil moisture level.  Therefore, data were analyzed separately for each shade level.  Interactions 
occurred between moisture level and herbicide type under shade but not under full sun. 
Glufosinate provided 100% control of the junglerice plants at all light and moisture levels. 
Sethoxydim provided 70 to 100% control of the plants under full sun. Although all the plants 
were controlled at 100% FC with sethoxydim under 50 and 70% shade, mortality of the plants 
was reduced to 20 to 50% at 50% FC.  Similarly, the efficacy of glyphosate was also affected by 
shade and moisture levels.  The efficacy of glyphosate was generally greater under shade than 
under full sun conditions and mortality was greater at 100% and 75% FC than at 50% FC.  
Among the herbicides compared, glufosinate was the best treatment under all levels of shade and 
moisture conditions.  Control of junglerice with sethoxydim was lower under shaded and low 
moisture conditions, whereas control with glyphosate was better under shaded conditions at 
100% and 75% FC moisture conditions.  Therefore, both shade and soil moisture conditions 
should be taken into consideration when selecting postemergence herbicides for control of 
junglerice.       
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A Comparison Between Automated Thinners and Hand Thinning of Lettuce 
in the Salinas Valley: Weed Control and Efficacy. Elizabeth Mosqueda1, Richard 
Smith2, and Anil Shrestha 1,  1Department of Plant Science, California State University, Fresno, 
CA 2University of California Cooperative Extension, Monterey, CA 

 
     California’s agriculture industry has been hindered by a severe labor shortage during the past 
years. As the leading producer of vegetable crops, a highly labor intensive commodity, this 
problem is even more detrimental in California. In 2012, growers of California’s Salinas Valley, 
the leading producer of lettuce in the nation, began to implement the use of automated lettuce 
thinners. These innovative implements are meant to take the place of a hand thin crew in ensuring 
a lettuce crop is adequately spaced and weeded. As these implements are new to many growers, 
assessments on their efficiency to thin and weed lettuce are needed. Therefore, a study was 
conducted during the 2014 and 2015 lettuce season in the Salinas Valley. The experimental design 
was a randomized complete block design. During the 2014 season, 7 fields acting as a block were 
split into two plots and assigned a treatment (hand thinned or automatically thinned). During the 
2015 season, one field was split into 4 blocks, and each block into two plots and were each assigned 
a treatment. During both seasons each block consisted of 5-10 randomly chosen sub plots from 
which data was acquired. Parameters measured were plant, weed and double (two closely spaced 
plants) counts, all done by performing counts prior and after thinning, and plant spacing 
measurements performed after thinning. Timings were also taken during the initial thinning 
process as well as the double/weed removal pass. The average lettuce thinning time was 3 to 4 
times quicker with the automated than with the manual system. The automated system tended to 
leave more doubles than the manual system; however, the time required for removal of the doubles 
was similar between the two systems. Spacing of plants within rows was also similar between the 
two systems. In terms of weed removal, the automated system was as efficient as the manual 
system. The major weed species present were shepard’s purse (Capsella burla-pastoris) and 
annual sowthistle (Sonchus oleraceus). Therefore, automated thinning holds great potential to aid 
lettuce growers in the Salinas Valley.  
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Comparison of Weed Control Methods in Organic Broccoli. Sarah R. Parry*, 
Larissa Larocca de Souza, Julie Pedraza, and Anil Shrestha, Department of Plant Science, 
California State University, Fresno, CA *Corresponding Author’s Email: 
sarahparry13@mail.fresnostate.edu 
 

     Weed management in organic cropping systems is a major challenge. These systems generally 
rely on mechanical, physical, or cultural methods of weed control. Furthermore, there are very 
limited number of herbicides labeled for use in organic cropping systems and most of these are 
postemergence herbicides which are generally expensive.  Therefore, weed management 
accounts for a substantial portion of farm budgets in organic systems.  For example, 2010 
estimates show that broadcast application of organic herbicides can cost approximately $400-
600/acre.  However, in recent years, some newer certified-organic herbicides have been 
registered in California. One such herbicide is Suppress® a postemergence, broad spectrum, 
contact herbicide. The active ingredients in this herbicide are caprylic acid and capric acid. 
Broccoli is an important commodity in California and the state accounts for 91% of organic 
broccoli production in terms of sales nationwide.  Estimates from 2008 show that the area under 
organic production of broccoli is approximately 4300 acres. Weed management in organic 
broccoli production is a concern as in any other organic cropping systems and cost-effective weed 
control measures need to be developed for the sustainable production of this crop.  Therefore, a 
study is being conducted in Fresno, CA comparing several weed management treatments in organic 
broccoli production.  Treatment comparisons include hand weeding once a week, hand weeding 
alternate weeks, propane flaming once a week, propane flaming alternate weeks, herbicide 
(Suppress) application twice during the growing season, herbicide application once + hand weeding, 
herbicide application once + propane flaming.  An untreated control was also included.  The 
experiment was designed as a randomized complete block with four replications.  Data are being 
taken on weed densities by species. Time taken to implement each of these weed control treatments 
are being recorded. Amount of propane used during each application and herbicide costs will also 
be estimated.  At harvest, weed biomass in each treatment plot will be estimated. Crop yield, 
quality, and chlorophyll concentration of the broccoli leaves will also be recorded at harvest.  It is 
anticipated that this study will provide valuable information on comparative weed management 
methods in organic broccoli production.   
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Biological Control of Aquatic Weeds:  Research in California.  
Paul D. Pratt1, Patrick Moran1, and John Madsen2 
1USDA ARS Exotic and Invasive Weed Research Unit, Albany and Davis, CA 
2USDA ARS Exotic and Invasive Weed Research Unit, Albany and Davis, CA 
 
 
     Weed biological control has a long history in California and the western U.S. The choice of 
selecting which of the many possible plants to target with weed biological control is often driven 
by available financial support. This selection method may not consistently select the most 
problematic, most feasible, or weed with the greatest likelihood for success. The presentation 
will describe a new selection process that maximizes demand and benefits for improved long 
term success of weed biological control projects. The presentation will also include an overview 
of the current weed biological control projects that the USDA’s Exotic and Invasive Weeds 
Research Unit are focusing their research efforts on. 
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The Reboot of Aquatic Plant Management in the Delta. Angela Llaban, CA State 
Parks Division of Boating and Waterways 

     The California State Parks Division of Boating and Waterways (DBW) is designated as the 
lead State agency for cooperating with agencies of the United States and other public agencies in 
controlling invasive aquatic plants in the Sacramento-San Joaquin Delta and its tributaries. By 
using an integrated pest management approach, DBW currently implements control measures for 
water hyacinth (Eichhornia crassipes), Brazilian waterweed (Egeria densa), South American 
spongeplant (Limnobium laevigatum), and curly leaf pondweed (Potamogeton crispus).  Other 
aquatic plant species such as water primrose (Ludwigia spp.), Eurasian watermilfoil 
(Myriophyllum spicatum), fanwort (Cabomba caroliniana), and coontail (Ceratophyllum 
demersum) are identified as candidate species for future management. The Aquatic Invasive 
Species Program’s objectives are to keep waterways safe and navigable by controlling the 
growth and spread of invasive plant species and to minimize negative impacts on the 
environment, public health, and economy. Faced with challenges of invasive aquatic plant 
management in the Delta, DBW recognizes an opportunity to strengthen its scientific and holistic 
approach through research and interagency collaboration. 
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Management of Submersed Aquatic Vegetation in Lakes and Ponds.  Joseph D. 
Vassios.  United Phosphorus, Inc., Rocklin, CA, USA.  joseph.vassios@uniphos.com 
 
     Submersed aquatic plants are a vital part of the aquatic ecosystem, but nuisance and invasive 
species can drastically effect the economic and ecological value of lakes and ponds.  These 
negative impacts may occur through alteration of habitat, water quality, recreational uses, 
irrigation, and municipal uses.  For this reason, it is important to manage these plants to maintain 
the usage of these water bodies.  There are a number of these species that occur across 
California, and each of them have distinguishing features that can be used to identify the species 
and determine the appropriate management approach.  There are a number of mechanical, 
biological, physical, cultural and chemical methods available for control, and each can be 
appropriate based on the features of an individual water body.  One of the most common control 
methods is the use of herbicides.  These herbicides are separated into two groups, contact and 
systemic herbicides.  Contact herbicides generally require shorter exposure times, and will 
generally act faster than systemic herbicides.  Systemic herbicides generally require longer 
exposure times, and are often used for larger scale or whole-lake treatments.  While different 
conditions present at the time of treatment can effect which product or management method is 
the best option, implementing a suitable method can provide management of the species at a 
level that will allow for continued use of the water body, and maintain its ecological and 
economic function. 
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Life History and Aquatic Weed Management. John D. Madsen, USDA ARS Exotic 

and Invasive Weed Research Unit, Davis, CA  

 

 

     Under Integrated Pest Management, the goal is to achieve long-term control of the weed 

population.  While this is a laudable goal, a valid question is to ask, what is the population that 

you should target?  What is an individual?  For aquatic weed management, the best way to 

address this issue is to better understand the life cycle and biology of the target plant species.  

Most aquatic weeds will follow one of three life history patterns: annual, herbaceous perennial, 

or evergreen perennial.  For each of these life history patterns, there are identifiable propagules 

or stages that can be targeted for management.  Management success can be evaluated by 

monitoring the population of the target propagule.  The application of this concept will be 

reviewed using four species:  Waterchestnut (Trapa natans), curlyleaf pondweed (Potamogeton 

crispus), flowering rush (Butomus umbellatus), and Eurasian watermilfoil (Myriophyllum 

spicatum). 
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Junglerice (Echinocloa colona) Growth and Development in Response to 
Temperature and Shade. L. M. Sosnoskie*1, A. Ceseski1, S. Parry2, A. Shrestha2, B. D. 
Hanson1; 1University of California, Davis, Davis, CA, 2California State University, Fresno, CA 

Glyphosate-resistant junglerice (Echinocloa colona) in orchards and vineyards is a significant 
concern as there are few herbicide options registered for its control, relative to non-specialty crop 
systems. It is, therefore, critical to understand the biological and physiological factors driving the 
evolution and spread of this species in order to develop effective and economical management 
options. In 2015, we conducted several experiments to describe the germination, growth, and 
development of seven (A3, A8, C6, H5, L2, N3, SV2) junglerice accessions from California to 
differing temperature (15, 20, 25, 30, 35, 40°C) and light conditions (0, 30, and 60% shade) that 
could be encountered in tree and vine crops throughout the Central Valley. 

Temperature and germination: Junglerice seed were scarified in concentrated sulfuric acid for 
30 minutes; 50 seeds of each biotype were placed in Petri dishes containing 7.0mL of 0.2% 
Captan fungicide solution. The Petri dishes were held in nested cardboard flats to exclude 
intense, direct light and minimize desiccation potential.  Seed germination was monitored, daily; 
a seed was considered germinated when the protruded radicle was as long as the length of the 
seed coat. Germinated seeds were counted and then discarded at each observation point. Results 
showed that the rate of seed germination increased with increased temperature. All biotypes 
reached 50% germination 2-4 days after plating for all temperatures except 15°C, where it took 
5-37 days to reach 50% germination. Maximum germination was reached by 49 days after 
plating for all biotypes at 15°C; by 40 days for all biotypes, but L2, at 20°C; and by 5 days for 
most biotypes at temperatures between 25-40°C. This study is currently in the process of being 
repeated. 

Temperature and growth: Seedlings of each biotype were planted in 1600 cm plastic pots filled 
with a mixture of peat, compost, sand and perlite, grown out to the 3-tiller stage, and then placed 
into growth chambers programmed to constant temperatures between 20-40°C. Plant growth and 
development was monitored for 28 days after which each specimen was destructively harvested 
and the aboveground biomass separated into three, distinct tissue classes: stems, leaves, and 
panicles. Results from this experiment demonstrated that junglerice growth and development can 
occur over a wide range of temperatures (20-40°C). Maximum basal stem production occurred at 
25°C and ranged from 37 stems/plant (C6) to 67 stems/plant (SV2) with an average (across 
accessions) of 53 stems per plant. Per plant panicle production was greatest at 30-35°C; 
maximum panicle production ranged from 18 panicles per plant (C6) to 45 panicles per plant 
(N3) with an average maximum production of 24 panicles per plant (across all accessions). This 
study is currently being repeated in its entirety. 

Light quantity and growth: In the summer of 2015, two to three seedlings (at the three tiller 
stage) of each biotype were transplanted into field plots (1 m wide by 15 m long) that were 
exposed to either full sunlight (0% shade) or 30% and 60% shade environments. The shade 
treatments were established by covering the entire plots with black, plastic fabric of differing 
mesh size on PVC frames. Plant growth and development was monitored for four weeks after 
which each specimen was destructively harvested. Each shade environment was replicated three 
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times and the entire study was conducted at two locations: UC Davis and CSU Fresno. With few 
exceptions, junglerice plants were largest when gown in full sunlight. In general, tissue number 
and biomass (stem, leaf, panicle) decreased as the amount of transmitted light decreased. For 
example, tiller number per plant averaged between 79 and 134 at 0% shade; at 30% shade, tiller 
number ranged from 62 to 88 per plant; at 60% shade, the mean number of tillers per plant did 
not exceed 61. Similar observances were made with respect to leaf number and panicle 
production. Knowledge of the growth and development of junglerice under different 
environmental conditions is critical for understanding the species’ invasive potential. Results 
from our study show that junglerice populations collected from the Central Valley of California 
can grow and develop under a range of temperatures and light environments. Continuing 
analyses will help us describe how multiple environmental variables affect the potential for 
junglerice invasion across a diverse array of habitats. 
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        New Herbicides Broadworks & Zeus: Where's the Fit for Tree & Vines?                                                                      
Mick Canevari, UCCE Emeritus, San Joaquin County 

 

For decades, herbicides have been used for weed management in perennial tree and vine crops in 
California.  When used under the right conditions, herbicides provide effective control of a large 
variety of weeds both summer and winter and aid crop growth and productivity.   The nut and 
grape industry in California continues to grow at a significant pace, with almonds leading the 
way as the largest tree crop estimated at 1,000,020 acres followed by walnuts, 400,000 and 
pistachios, 215,000 acres. Vineyard acreage is 928,000 as of 2014. The production areas occur in 
the San Joaquin and Sacramento valleys from Butte County in the north to Kern County in the 
south. New orchard and vineyard developments continue to expand in coastal regions and the 
east side of the valleys into the rolling hills.   The registration of new herbicide mode of action is 
important as the industry continues to grow and typically uses multiple herbicide applications per 
season. California orchards and vineyards are beginning to see resistant weed issues occurring 
similar to other areas of the U.S. Glyphosate and paraquat are foundation post herbicides used 
repeatedly in pre and post herbicide applications. The frequent and repeated use of these two 
products is increasing efficacy issues and confirmed resistant’s developing on conyza species 
fleabane and horseweed. 

New Herbicides 

Broadworks™ mesotrione is new active ingredient registered in California nuts and pome fruits 
in 2015. It is not registered in grapes!  It is a class of HPPD inhibitor (group 27) that is designed 
for preemergent programs controlling broadleaf weeds. It will not control grasses so a tank 
mixture with a grass active herbicide is highly desirable. It does have some post activity on select 
type of broadleaf weeds such as fleabane, marestail, annual clover, which is seen as a secondary 
benefit. Table 1. There is one use rate of 6 oz per acre recommended at the winter weed 
germination window between November and February. There are also summer weeds it controls 
such as lambsquarter, knotweed and more to be determined.  It has shown suppression of 
bindweed, when used in combination with glyphosate or glufosinate.  Trees need to be 
established for 12 months and it has a 30 PHI.  Having a new mode of action that controls 
fleabane and marestail is especially important as glyphosate and paraquat resistant’s is spreading 
in these two species.  The tank mixtures with either Princep, Prowl, Surflan, Matrix, Alion and 
Chateau, all having different mode of action, offer a flexible resistant management program 
while increasing control of many more weeds. Table 2. 

Zeus sulfentrazone is a new active ingredient for California registered in 2014 for use in nut 
crops and vineyards. Crops include grape, lemon, orange, pistachio and walnut, but not almonds.  
It is a group 14 herbicide classified as a PPO inhibitor. Other herbicides in this class are Goal, 
Chateau and Shark to name a few but all have a unique weed spectrum at different levels of post 
and pre emergent actively.  It has a use rate is 10-12 fl oz/A.   Zeus has some post activity on 
broadleaf’s and sedges but is recommended together with Roundup, Rely or Gramoxone aiding 
in better control of emerged weeds.  Crops must be established for 3 years, the PHI is 3 days and 
at least a 0.5” or more of rain or sprinkler irrigation is needed for herbicide placement within the 
seed zone and overall weed performance. Zeus shows some interesting activity on yellow 
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nutsedge ranging from moderate to excellent control in trials. In our research, the variability of 
nutsedge control was determined to be the amount of water after herbicide application to 
incorporate the herbicide into the zone of nutlets. So timing to nutsedge emergence and enough 
water is very important for maximizing control. Table 3. Trials in San Joaquin County and 
Kearney research station have also shown good efficacy on fleabane and marestail. Tank mixing 
with other preemergent herbicides is an integral part to improve grass control and provide a 
longer interval of general weed control.  Some of the best tank mix programs include Prowl, 
Alion and Matrix. Table 4.  

Summary. The addition of two new registered herbicides Zeus and Broadworks, brings new 
opportunities for weed control in an expanding market of crops that are moving into new 
agricultural areas which bring new challenges.  Both herbicides offer solutions to help manage 
against herbicide resistant’s, improve weed efficacy, while opening new possibilities to control 
some of our more difficult perennial species. Like all new tools, we remain on a learning curve 
to develop better effectiveness and understand how they best fit into our cultural practices.  

 

 

 

 

Table 1. 

 

BROADWORKS POST ACTIVITY 
2014

0 10 20 30 40 50 60 70 80 90 100

Calisto+Touchdown 6 oz+1 Qt

Calisto+Touchdown 3 oz+1Qt

Touchdown 1 Qt

H Fleabane

Lambsqrt

Pigweed

Barnyard grass

prk Lettuce

sp spurge

Malva

Bindweed

Rate: oz pr/A

% Control  20  DAT

Appl: June 21 2014    All treatments  included 0.25% NIS + AMS 2.5% VV .  
MICK CANEVARI
UCCE  EMERITUS
SAN JOAQUIN COUNTY  
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Table 2. 

BROADWORKS & TANK MIXES
2014

0 20 40 60 80 100

Broadworks +Princep A 6+64 fb Meso 3 B

Broadworks+Matrix 6+4 A fb Meso 3 B

Broadworks+Prowl H2O 6+128 fb Meso 3 B

Broadworks 6 A fb 3 B

Matrix + Alion 3 + 5

Broadworks+Princep 6 + 64

Broadworks + Matrix 6 + 4

Broadworks+ Prowl H2O 6 + 128

Broadworks 12

Broadworks 6   

Fleabane

Sowthistle

Spurge

Rate: oz pr/A

91 DA-A 

Appl: A - Jan 7;  B - Feb 3; Rely 280 @ 82 floz/A + Activator 90 @ 0.25% V/V + N-Pak AMS @2.5% V/V
included in all treatments.

MICK CANEVARI
UCCE  EMERITUS
SAN JOAQUIN COUNTY

41 DA-B

% Control 

 

Table 3. 

Pre Emergence Nutsedge 
Control in Grapes

2014

0 10 20 30 40 50 60 70 80 90 100

11.Zeus 12.0floz + Prowl H2O 128 floz

10.Chateau 11.8 oz

8.Zeus + Matrix 9.9 floz+4.03 oz

6.Zeus+Matrix 12floz+2.75 oz

4.Matrix 4.03 oz

3. Zeus 9.9 floz

UTC

20 DAT 44 DAT 64 DAT

MICK CANEVARI
UCCE  EMERITUS
SAN JOAQUIN COUNTY

Rate: prod/A

Appl: 2-25-14; Rely @ 2.0  qts/A. and  Activator 90 @ 0.25% V/V 
added to all treatments.  Rainfall following application = 1.85”.

% Control  

DAT = Days after App
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Table 4. 

Weed Control 
Zeus Tank Mix

0 10 20 30 40 50 60 70 80 90 100

13. Goal+Prowl H2O 1.5+1.5

12. Zeus+Alion .375+.04

11. Zeus+Princep Caliber 90 .375+2.0

10. Zeus+Matrix .375+.047

9. Zeus+Surflan FL .375+4.0

8. Zeus+Prowl H2O .375+3.0

7. Zeus .375

6. Trellis .75 

5. Alion .0655

4. Matrix .0625

3. Goal Tender 1.5

2. Chateau .38

1. Rely+Roundup Power Max 1.0+1.0

97

98

94

93

96

93

89

72

94

89

91

96

22

Total Vegetation Control (113 Days)

MICK CANEVARI
UCCE  EMERITUS
SAN JOAQUIN COUNTY

Rate: lb ai/A

Appl: 1-17-12; Rely @ 1.0 lbai/A. 
and  Roundup Power Max @ 1.0 lbai/A. 

% Control

Weeds: fillaree, fleabane swinecress,
Redmaids, chickweed, ratail fescue,
Shepherds purse, sowthistle
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Managing Tough Winter and Summer Weed Spectrums with Sequential 
Herbicide Programs. Brad Hanson, UC Cooperative Extension Specialist, UC Davis 
 
As most orchardists and pest control advisors are well aware, glyphosate-resistant weeds have 
been one of the biggest weed management challenges in California orchard crops for several 
years.   
 
Depending on where you are located in the Central Valley, your biggest challenges in the 
glyphosate-resistant weed department are probably one or more of the following winter annual 
weeds.  In the San Joaquin Valley, hairy fleabane and horseweed (also known as mare’s tail), 
dominate.  While in the Sacramento Valley and in some North coast areas, annual or Italian 
ryegrass is more common.  For an extra challenge, many growers have a mix of several of these, 
in addition to their other common orchard weed spectrums. 
 
In developing management strategies for these winter annual weeds, we’ve typically focused our 
herbicide-based programs on timely applications of preemergence herbicides.  Because 
preemergence herbicides generally work on germinating weed seed or very small seedlings, 
“timely” applications for these winter annual species usually means getting the herbicide 
treatments out in late fall or early winter.  In normal rainfall seasons, this timing ensures water-
incorporation of the herbicide at about the same time as the seeds germinate and, hopefully, good 
control.  Mission accomplished, right? 
 
Recently, we’ve been seeing new glyphosate-resistant weed challenges that require a different 
management approach.  The species I mentioned a moment ago are all winter annuals, which 
means they typically germinate and emerge during our cool season and reach a reproductive 
stage by spring or early summer.  However, several recently confirmed (or suspected) 
glyphosate-resistant species are summer annual grasses.  Summer annual weeds typically 
germinate and emerge as our season warms up in the late spring and early summer and they grow 
well into the summer before reaching maturity.   A few examples include junglerice, threespike 
goosegrass, and several other glyphosate-questionable species such as feather fingergrass, 
sprangletop, and witchgrass.  So, how do these grasses present such a different challenge? 
 
The challenge with glyphosate-resistant summer grasses is that even though we have a number of 
good preemergence herbicides that can work very well on grasses, these species emerge long 
after our typical orchard preemergence herbicide programs are applied.  Thus, herbicide 
programs that are applied during mid-November to mid-February targeting winter annual weeds 
sometimes fail to control summer annual weeds that emerge in May-July.  If spring applications 
of foliar materials like glyphosate fail because of resistance, problems can quickly become 
apparent.  How can we use our existing preemergence herbicide tools to help address this 
problem? 
 
To answer that question, it’s useful to think about what happens to a preemergence herbicide 
when you apply it to the soil.  Herbicides “dissipate” in soil, a term that encompasses a suite of 
processes by which the herbicide is either broken down or made unavailable.  Chemists use 
terms like “half-life” to describe differences in dissipation rates but this doesn’t exactly get at our 
interest in weed control performance.  From a performance standpoint, it’s more useful to think 
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of a herbicide concentration threshold.  When the amount of herbicide in the soil solution is 
above the threshold for a certain weed, it remains effective on that weed.  However, dissipation 
processes will eventually reduce the herbicide concentration below the threshold and the 
herbicide begins to “break”.  The threshold may occur at different levels for different weed 
species and dissipation rates may vary in different areas of the fields (wet vs dry areas, for 
example). 
 
So, how do we typically account for dissipation of preemergence herbicides in orchard crops?  I 
tend to think of three general strategies: 

• Use mixtures of more than one preemergence herbicide 
• Apply a higher (labeled!) rate of a preemergence herbicide 
• Use a sequential approach to preemergence programs in orchards. 

 
Mixtures: Using herbicide mixtures, particularly products with different modes of action, is a 
great strategy for managing and delaying herbicide resistance but doesn’t really help in this 
situation.  Because herbicide dissipation rates are affected primarily by the chemistry of the 
individual herbicide and the environmental conditions, a tankmix will not exactly help extend the 
residual control beyond what we’d expect from the longest-lasting material.  Or, to say it another 
way: if you mix a short residual herbicide with a long residual herbicide, one will last a short 
time and the other a long time but the mix will not last longer. 
 
Higher rates: Many, but not all, preemergence herbicide labels have a range rates registered in a 
crop to account for differences in soils, required level of control, weed spectrums, etc.  Within 
the labeled rate, it stands to reason that given similar dissipation processes, a higher rate will 
result in the soil concentrations of the herbicide remaining above the efficacy threshold for a 
longer time than a lower rate.  This is generally true and is a common approach when we only 
have one opportunity to make a preemergence herbicide application.  However, I think this is an 
indirect way to approach the problem of summer grasses in orchard crops. 
 
Sequential approach: In the orchard cropping system, some growers may want to consider 
using a sequential approach to available preemergence herbicides to tackle problems with 
glyphosate-resistant summer annual grass weeds.  Conceptually, this approach simply moves a 
portion of the winter preemergence herbicide program to a bit later in the year to late winter or 
early spring.  A preemergence herbicide with activity on summer grasses would be applied along 
with the grower’s spring burndown herbicide program and, thus, would be present in the soil 
solution much closer to the timeframe when summer grasses begin to germinate and emerge.  
Importantly, I think this could be achieved in many situations with no significant changes in cost, 
number of field operations, or negative environmental impacts.   
 
Illustration: An almond grower who typically uses an effective preemergence program (pick 
your favorite program) applied around the first of December followed by a March “cleanup” 
treatment with glyphosate may still have difficulty managing glyphosate-resistant grasses.  The 
grower knows that herbicides like oryzalin or pendimethalin (eg. Surflan or Prowl H2O) could 
help with grasses.  Using the higher rate approach, the grower could use a high label rate one of 
these materials in December with the idea that it will persist long enough to control summer 
grasses emerging six months later.  Using the sequential approach, the grower could move all or 
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part of the oryzalin or pendimethalin component of the program to the March timing to more 
directly target those summer germinating grasses, possibly at a the same or even lower total 
application rate. 
 
Who might want to consider a sequential approach?  This approach requires a bit of close 
management attention.  First, because incorporation of preemergence herbicides is key to their 
performance, moving some of this product to late spring will require either timely rain or 
overhead irrigation capabilities.  Growers with solid-set or micro sprinkler systems should have 
little problem with this, but single- or double-line drip irrigated orchards will need to get a rain 
and should not delay too late in the spring.   
 
Second, moving all or part of the preemergence grass herbicide to late in the year requires that 
growers know their weed spectrum.  If you know or suspect glyphosate-resistant summer weeds, 
this may be an approach to consider.  You should also have an idea of what weeds you are 
managing during the winter season too and make sure that your winter program still addresses 
that part of the weed spectrum. 
   
Weed management in orchard crops is complex and getting further complicated by new 
glyphosate-resistant weeds.  Because of our relatively mild climate and seasonally variable 
temperature and moisture conditions, we encounter weed germination and emergence in every 
season. Strategies to manage one fraction of the weeds present in a given orchard may not work 
equally well for other species.  Handling shifting weed problems may require different 
approaches in order to make the most effective use of existing weed management tools. 
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Development of a Novel Herbicide, Benzobicyclon + Halosulfuron, (BUTTE®), 
for California Rice Production.  James R. Brazzle*1, N. Alonso1, K. Holmes2, A. 
Takahashi3.  1Gowan USA, 2Gowan Company, 3SDS Biotech K.K.  *jbrazzle@gowanco.com 

 

     Benzobicyclon + halsulfuron, BUTTE® herbicide, is currently under development by Gowan 
Company & SDS Biotech K.K. for use in the California rice market.  Beginning in 2008 thru 
2015, field and laboratory studies have been conducted to evaluate crop safety, weed spectrum, 
use rates and guidelines, and fit in resistance management and integrated weed management 
programs in California.   

     At a use rate of 101 - 121 gm ai/A of benzobicyclon + 21 – 26 gm ai/A of halosulfuron, 
BUTTE herbicide provides excellent sedge and select broadleaf weed control.  Strong activity on 
grasses requires more refined application timing.  BUTTE has shown greater activity against, 
sprangletop (Leptochloa spp.) verses watergrass (Echinochloa spp.).  Several resistant weed 
species have been tested under field and laboratory conditions highlighting the benefits of 
benzobicyclon’s novel mode of action.  In crop safety studies rates over 242 gm ai/A have shown 
a high degree of selectivity as measured in rice stand, growth & crop yield.  Multiple varieties at 
several stages of crop growth have been tested.  In 2013-2015, larger scale aerial application 
studies were conducted to confirm and compliment results observed in smaller scale studies.   

     BUTTE herbicide fits well into the water seeded production system employed in California.  
This new mode of action potentially provides rice growers a novel tool to combat the growing 
resistant weed patterns observed in California.  Overall BUTTE has a strong fit as a foundation 
herbicide in California’s integrated weed and resistance management programs.  

mailto:*jbrazzle@gowanco.com
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Modeling Weed Growth in California Rice: Opportunities for Management. 
Whitney Brim-DeForest, University of California, Davis 
 
Due to the development of herbicide resistance in major weed species of rice in California, 
including Cyperus difformis L. (smallflower umbrella sedge) and Echinochloa phyllopogon 
(Stapf) Koss (late watergrass), it is has become necessary to use integrated pest management 
(IPM) techniques. IPM in rice includes cultural controls such as alternative tillage and irrigation 
methods, as well as stewardship of our remaining herbicides.  
 
Predicting the emergence and growth patterns of major weed species under a variety of tillage 
and irrigation methods will enable us to effectively suppress weeds using these methods. 
Likewise, to prevent the evolution of resistance to the remaining herbicides, it is important to 
utilize these herbicides at the appropriate growth stage of each weed. We have been developing a 
model that will utilize soil temperature and moisture to accurately predict the emergence and 
growth of late watergrass and smallflower umbrella sedge. The model will be an effective tool 
for growers to utilize in the management and prevention of herbicide resistant weeds.  
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Target-Site Resistance to Propanil in Smallflower Umbrella Sedge and 
Ricefield Bulrush from California Rice: Implications for Management. 
 Albert J Fischer, Ibrahim Abdallah, Rocio Alarcón-Reverte, Kassim Al-Khatib, and Rafael M 
Pedroso, University of California, Davis 

     Smallflower umbrella sedge (Cyperus difformis; CYPDI) and ricefield bulrush 
(Schoenoplectus mucronatus; SCHMU) are major weeds of California rice which recently 
evolved resistance to propanil, an important photosystem II (PSII)-inhibiting herbicide. We 
conducted a series of experiments aimed at assessing levels of resistance present in newly-
obtained biotypes obtained from field-collected CYPDI and SCHMU populations, as well as 
elucidating their propanil resistance mechanism. Such information is essential for proper 
management of resistant (R) populations in rice fields and for the design of applied prevention 
and management practices to delay the spread of resistance. Propanil-R CYPDI and SCPMU 
lines studied displayed at least a 14-fold level of propanil resistance. Our results indicate that, 
unlike all previous cases of propanil resistance in plants, an amino acid alteration at propanil’s 
target-site in CYPDI and SCHMU entails resistance to not only propanil but also diuron, 
metribuzin, and bromoxynil, which are also PSII inhibitors. Such modification, however, is here 
shown to possess a novel attribute for propanil-R lines displayed an increased susceptibility to 
the PSII inhibitor bentazon, another important herbicide used in rice worldwide. Tank-mixing 
bentazon and propanil can thus be seen as an interesting option to manage and prevent the spread 
of the resistant phenotype, but seems unlikely due to the current ban on bentazon usage in 
California. One can expect propanil resistance to spread by the movement of seeds rather than 
carried by pollen due to the mutated gene being part of the chloroplast genome. Therefore, 
efforts to minimize seed movement across fields - such as proper equipment sanitation and 
leaving resistant fields as last harvest - might play a major role in slowing down the spread of 
propanil-R CYPDI and SCHMU within California’s rice-growing areas. 
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Optimizing Weed Management Program in Rice: Challenges and 
Opportunities. Kassim Al-Khatib, University of California, Davis 

     Weeds are considered a serious problem in California rice fields. Decades of using a 
continuously-flooded rice cropping system in California have selected specific weed species that 
display similar ecological requirements and growing patterns to rice. Although effective 
preplanting weed control and proper cultural practices including water management is used in 
weed management program in rice, herbicides continue to be the most important component of 
any weed management program in rice. With the excessive reliance on a few herbicides and lack 
of crop rotation, however, several weeds in rice fields have evolved resistance to herbicides 
including California Arrowhead, Smallflower Umbrella Sedge, Ricefield Bulrush, Late 
Watergrass, Redstem, Barnyardgrass, Early Watergrass, and Junglerice.  In California, rice has 
more herbicide-resistant weeds than any other crop or region in the United States which result in 
more complex and expensive weed management program. Proper identification of weed species 
and understanding their susceptibility/resistance to herbicides are essential to any successful 
weed management in rice. In addition, knowledge of the species and its competitive ability are 
critical to target the most important and potentially damaging weeds.  Most California rice fields 
have between 10 to 15 weed species, however, not all of these species have similar damaging 
effects on rice. To develop effective weed control practices, it is not enough only to identify a 
particular species, but whether or not it exhibits herbicide resistance. Selection of any herbicide 
program in rice is difficult. Weed pressure, herbicide resistance, water management practices, 
weather conditions, herbicide formulation, and nearby nontarget susceptible plants influence the 
any decision to select herbicide programs.  The ideal and most effective weed management 
program integrated prevention, good cultural and water management practices, and herbicides.  
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Esplanade™ Herbicide for Invasive Annual Grass Control. Harry Quicke, 
Western Region Stewardship and Development Manager, Bayer Vegetation Management. 
harry.quicke@bayer.com  

     Managing invasive winter annual grasses is a challenge in many regions of the US.  During 
the winter and early spring, these species exploit moisture and nutrients before native plant 
communities break dormancy.  This results in dense stands of winter annual grasses invading 
roadsides and other disturbed areas and significant reductions or elimination of desirable 
perennial grass, forb, and shrub species.  Currently, there are limited management options for 
controlling winter annual grasses that work consistently, provide multiple years of control, and 
do not injure desirable plant communities. This presentation covers research conducted at 
Colorado State University demonstrating that Esplanade herbicide provides long-term residual 
control of winter annual grasses allowing for the release or re-establishment of desirable species.  
Field studies compared downy brome and feral rye control with Esplanade to currently 
recommended herbicides.  A greenhouse study compared Esplanade and Plateau® herbicide for 
pre-emergence control of downy brome, feral rye, jointed goatgrass, Japanese brome, 
medusahead and ventenata.  This research provides the first evidence of a new option for residual 
invasive winter annual grass control. 
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Impacts of Deficit Irrigation on Weed Spectrum in Turf. Cheryl Wilen, Area IPM Advisor, 
University of California Cooperative Extension/UC IPM 9335 Hazard Way, Ste. 201, San Diego, CA 
92123 cawilen@ucanr.edu 
 
In April 2015, Governor Brown announced that there will be an enforced 25% water use reduction for the entire 
state of California.  In response to the to this executive order, many landscape managers severely cut back on 
irrigation in turf areas, often exceeding the mandated 25%.  This was likely done so that other areas such as 
playing fields or other public areas can be maintained in high quality for both safety and aesthetics.  
 
Nevertheless, the complete shutdown or severe reduction of irrigation at previously well-watered sites resulted in 
turf death as would be expected but also in the growth of weeds that could survive under this level of deficit 
irrigation.  The following are my personal observations at various locations in southern California during the 
summer and fall of 2015. 
 

• Residential lawn that was sodded with tall fescue; no supplemental irrigation applied - fescue died out and 
the lawn is being invaded with kikuyugrass. Another lawn under similar conditions was strongly invaded 
by woodsorrel after the tall fescue died. 

• City park used primarily for youth soccer and picnicking; tall fescue and ryegrass; irrigation reduced 
about 25% in playing field and more in the turf surrounding the field – playing field has small patches of 
kikyugrass, surrounding area is nearly all kikuyugrass; picnic areas are kikuyugrass, tall fescue, and 
annual broadleaf weeds. Interestingly, fairy rings are common in the deficit irrigated picnic areas 

• Sidewalk medians that had tall fescue – most of fescue died; weeds in site were common chickweed, 
black medic, cheeseweed, spotted spurge, common purslane, and dandelion 

• In many sites, dallisgrass proliferated 
 
As expected, weeds which became established under deficit irrigation were those that had an adaptive mechanism 
which facilitated growth and development under conditions that are generally stressful for the tall fescue, a 
common turf species used in southern California.  These weeds tended to have deep tap roots or rhizomes, e.g. 
cheeseweed, dandelion, dallisgrass, spotted spurge, kikuyugrass.  Additionally, when the turf thinned out, there 
was considerably less competition and annual weeds were able to establish.   
 
The impacts of deficit irrigation are going to have an impact on turf management even if the executive order is 
lifted or rainfall increases.  As shown in the figure below, as turf irrigation is reduced to the point where the turf is 
no longer competitive, the weeds increase and turf quality declines.  It is likely that herbicide use will increase to 
manage weeds that would normally be suppressed and in extreme situations, the site will needs to be completely 
renovated, also often resulting in additional herbicide use.  
 
 
 
 
 
 

Weeds 

Turf quality 

Herbicide 

Renovation $$$ 
Overseeding 
Re-sodding? 

Herbicide 
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Drip Irrigation and Weed Control.  John T Law Jr., Ph.D., ValleyCrest Companies 
 

     This discussion is about weed control on commercial landscapes, or what is called the built 
environment. The term built environment refers to landscapes that are built to provide a setting for 
people to live, work, shop, move around and other activities.  The built environment includes 
infrastructure like electricity, water for irrigation and drainage structures. The soil in the built 
environment is extensively modified by compaction to provide support for structures and the 
infrastructure. Compacted soil in the built environment has a high bulk density which means very 
few pores large enough for water to move. Consequently, the landscape soil has a low water 
infiltration rate and water percolation rate. The water infiltration rate is typically much slower than 
water is applied by irrigation systems. Water tends to run off.  Amending the soil to improve 
structure typically results in only a short lived improvement. Organic amendment added to soil 
during landscape installation breaks down quickly and is usually gone in a few months or less. 
Once installed, a commercial landscape cannot be tilled or amended as is done with agriculture 
and garden soil. Consequently, irrigation water tends to run along the soil surface to lower areas. 
Water collecting in lower areas, combined with generally uneven irrigation provides good moisture 
for weed growth. If the water constantly displaces air in the soil, roots of ornamentals cannot grow 
well, making the ornamentals less competitive to the weeds. Weeds basically only need light and 
water, so managing irrigation and soil moisture is important. Of course, there are other weed 
control challenges in the “built environment. 

     The recent GMO - cancer - glyphosate narrative has resulted in some clients not allowing 
glyphosate use. Clients often propose “alternative” burn back or contact herbicides, but they have 
been poor performers. It is important to recognize that there is a huge gap in scientist vs. citizen 
beliefs about the hazards of herbicides and other chemicals. Social science research says this gap 
cannot be closed by education or facts. Some clients insist on natural organic fertilizer. Natural 
organic fertilizer contains significant amount of phosphorous (P), which is basically a “starter” 
fertilizer for weed seeds. Landscape ornamentals typically do not need P. Besides favoring weeds, 
natural organics have a high carbon footprint compared to polymer coated urea, and if the P goes 
off site it can be a pollutant. 

     Drip irrigation is typically an agency or municipal requirement for new landscape installations. 
It is not unusual to see claims that drip is 95% efficient to support these mandates. That is 
impossible on landscapes, and probably anywhere. Even to give landscape water use design 
numbers is misleading. Irrigation output calculations can be difficult for drip systems and the 
numbers typically have a lot of false precision. Nevertheless, drip or other low pressure irrigation 
is the way to irrigate narrow bed areas.  Also, recycled water is best delivered by drip to minimize 
exposure to air born from the recycled water. However, stream rotors are usually just as efficient 
as drip, in spite of the frequently misleading numbers. The main limitation is stream rotors work 
best in beds wider than 15 feet, and 20 feet is better. Designing a landscape with perhaps fewer, 
but larger planting areas has other benefits. Trees grow better and stormwater can be managed 
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better in bigger beds. However, what is usually important for landscape design is flow and site 
lines. This often leads to narrow and/or small ornamental beds along the flow.  

     Overhead sprays can be used on narrower beds, and are useful for watering preemergent 
herbicide, keeping down dust, and wetting mulch. However, spray heads are not as efficient as 
drip. Some consideration should be given to having both drip and spray irrigation. The drip can be 
used most of the time and the spray heads used when overhead water is needed such as a 
preemergent application to prevent annual weeds. Overhead irrigation is a consideration for 
perennial weeds as well. 

     An important part of establishing a landscape is the initial control of existing perennial weeds 
such as Bermudagrass, Kikuyugrass, Oxalis, bindweed, nutsedge etc. The best way to do this is 
“grow and kill”. The landscape site is irrigated to stimulate growth of dormant rhizomes, as well 
as weed seeds. It is much more difficult to soak the soil with drip irrigation than with overhead 
irrigation. The stimulated weed growth and active underground growth are then killed by 
glyphosate or other systemic herbicides. The stimulated weeds can also be killed by smothering 
them, but that typically takes too long for typical construction schedules, and may result in 
underground portions going dormant rather than dying.  Tilling is usually not practical unless done 
before site development begins. The advantage of glyphosate is that it can be applied to planned 
landscape areas after all the infrastructure has been installed.  

     Weeds can easily grow back into a new landscape, especially when plants are not established. 
Plants that have not established a root system have to be irrigated more often, favoring weeds. And 
the plants don’t grow significantly to shade the soil, which also favors weeds. So, the quicker the 
landscape plants establish the easier it will be to control weeds. Keeping root balls moist on new 
plants is always a challenge, especially for container grown plants. Water needs to be applied 
directly over the root ball until roots grow into the surrounding soil. Overhead irrigation provides 
water somewhat better than typical inline drip installations. However, using emitters on flexible 
PVC pipe is the best. The flexible PVC pipe can be moved from the rootball to beside the root ball, 
and then farther out as the tree or shrub grows. There is a limit to how much area the drip system 
can be expanded to cover. So if the goal is complete plant cover of well-established woody plants 
then overhead rotors will get you there faster. Overhead irrigation also has another advantage. 

     Roots and water often find the same cracks and pores, but drip placement might not be where 
these cracks and pores are. Overhead irrigation is more likely to flow into these “voids”. So 
overhead rotors can achieve the much desired goal of “targeted delivery” of the water where it is 
needed. The roots essentially target themselves for water via interacting with soil voids that water 
can flow into and drain out of. This is why modern installation specs call for fracturing soil 
(http://www.urbantree.org/details_specs.shtml). Fracturing follows natural weaknesses in the 
compacted soil so the cracks tend to be longer and more connected than just tilling, rototilling or 
mixing. If the goal is not complete cover, then weeds will be much more likely, since weeds 
basically just need light and water. As discussed earlier there are usually parts of a landscape that 
stay wet a significant amount of time. Water is applied unevenly on most ornamental beds, and a 
lot of turf. So to keep the driest areas from drying out, some of the wettest areas stay wet. A 3X 

http://www.urbantree.org/details_specs.shtml
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difference in water application would not be unusual. And, remember that the soil is compacted, 
so water does not readily soak in, and tends to run.  Most roots are near the soil surface where they 
can get air. It takes at least several years and usually longer for roots to grow down into the soil 
with the result that the plants can be irrigated less often. Again, fracturing the soil will speed this 
deeper root growth by creating cracks for roots to grow into. Mulching with chips from pruning 
operations also helps roots grow. Mulch of course shades the soil to inhibit weeds, but as the mulch 
breaks down it helps achieve less frequent irrigation which keeps weed seeds from successfully 
germinating. When mulch decays it creates a spongy layer on top of the soil, basically an O 
horizon. This layer can detain the irrigation water, giving it more time to soak in. The decaying 
mulch also creates an ecosystem of invertebrates, some of which burrow in to the soil creating 
pores for water infiltration. Mulch decay depends on moisture and the decay process will be much 
slower with drip under mulch than with overhead irrigation. There are also other considerations of 
drip vs. overhead irrigation. 

     More and more irrigation water contains a significant amount of salts. Recycled water contains 
more salt than potable water. This salt will accumulate unless it is leached below the root zone. 
Leaching is much more efficient with overhead irrigation than with drip irrigation. Salts, as well 
as biological activity from the nutrients in recycled water typically cause more clogging problems 
for drip irrigation than for overhead rotors. Monitoring and maintenance of drip systems is more 
demanding because the system is usually buried or under mulch. Leaks can be hard to find.  

     Weeds are the best adapted plant in the landscape and they are much more of a problem when 
soil stays moist. When designing a landscape consider weed control. One of these consideration is 
drip vs overhead rotors on areas wider than 15 feet. Drip is sometime mandated even where it will 
not make any more efficient use of water than rotors and can make weed control more difficult. 
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Irrigation Cutbacks for Conservation, Less Water, More Weeds, Dead Trees. 
Loren Oki, CE Specialist, Landscape Horticulture, Department of Plant Sciences, UC Davis 

     Following four years of drought, the Governor mandated a statewide 25% reduction in water 
use in 2015.  In single family homes, about half of the household water use is for outdoor 
purposes, including irrigation.  Indoor conservation measures tend to be previously implemented, 
but this is usually not the case for outdoor uses.  Most of the outdoor use is for irrigation and turf 
has been labeled as a high water user.  But, it is okay to reduce irrigation to the turf and let 
quality diminish.  However, there has been a range of responses from reductions in applications 
to completely shutting off all irrigation.  The issue is that when irrigation to turf is reduced, trees 
that are planted in or near the turf and have become dependent on irrigation become stressed or 
are killed.  This is because turf irrigation tends to be done improperly with short, frequent 
applications that result in shallow roots.  Proper irrigations should wet the soil deeply, to a depth 
of 12” for turf, but most applications are much shallower.  Because of this the irrigation 
reductions have resulted in poorly performing turf, sometimes exposing soil that facilitates weed 
invasions, and stresses trees.   

     It is important to recognize water stress symptoms and provide water to trees before their 
health is compromised.  Water stressed trees are susceptible to infestation by insects, such as 
borers, and diseases, such as root rots.  When providing irrigation to trees, properly placing 
irrigation is important to facilitate water uptake.  Applications should be near the drip line of the 
tree canopy where most of the roots that absorb water are located and not at the base of the tree 
near its trunk, which can compromise tree health.  Water should be applied slowly and should 
wet the soil to a depth of 2-3 feet depending on the tree species, age, soil type, and other factors. 
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Evaluation of Products for Control of Rogue Bentgrass (Agrostis spp.) 
and Annual Bluegrass (Poa annua) in Fine Fescue Fairways. 
Mark Mahady, President, Mark M. Mahady & Associates, Inc., P. O. Box 1290, 
Carmel Valley, CA 93924 (831) 236-2929 markmahady@aol.com 

 
 

 
Introduction 
 
The ongoing six-year drought in California continues to emphasize the importance of 
water conservation and the thoughtful use of all natural resources in the maintenance of 
turfgrass systems. 
 
The fine fescue species including hard fescue (Festuca longifolia or duriuscula), 
Chewings fescue (Festuca rubra subp. commutata), (blue) sheep fescue (Festuca ovina), 
creeping red fescue (Festuca rubra subp. rubra), and slender creeping red fescue (Festuca 
rubra subp. litoralis) exhibit some of the lowest water use rates of all cool season grasses. 
This fine textured turfgrass is well adapted to cool Mediterranean microclimates in the 
coastal areas of Central Coast and Northern California. Fine fescues are often blended 
and used successfully as a stand-alone turf type where traffic is moderate or can be 
utilized in mixtures with other cool season grasses such as perennial ryegrass and 
Kentucky bluegrass. 
 
Unfortunately, rogue bentgrass types and annual bluegrass (Poa annua) are frequent 
contaminants of fine fescue resulting in small and large patches of aggressively growing 
turf types that differ greatly in color, texture and visual appearance. If left unchecked, 
these rapidly growing patches of rogue bentgrass and Poa annua will persist and over 
time expand in size, greatly reducing visual uniformity, aesthetics, playability and surface 
quality of fine fescue fairways and rough areas. 
 
The objectives of this replicated field trial were as follows: 
 

1. to evaluate products for enhanced suppression and control of rogue bentgrass and 
Poa annua, and safe use on fine fescue fairways, when applied as multiple 
sequential applications, and  
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2. to utilize this information in the development of a practical agronomic program 
for the suppression and control of rogue bentgrass and Poa annua in fine fescue 
turf stands. 

 
Materials & Methods 
 
The field study was conducted from July 2 to December 22, 2014 in a fairway area on the 
seventeenth hole at the California Golf Club located in South San Francisco, California. 
The fine fescue grass stand consisted of a well-maintained three-way mixture of SR5250 
creeping red fescue, SR5130 chewings fescue and SeaLink slender creeping red fescue 
with a plot average of 19.6% bentgrass and 23.5% Poa annua cover. 
 
The site was mowed two to three times per week depending on the season at a cutting 
height of 0.400 inches and irrigated to avoid moisture stress. Soil was classified as sand 
to loamy sand. This area is characterized as a true Mediterranean climate with moderate 
summers and moderate to cool winters. 
 
Treatments were deployed as presented in Table 1. The first application was deployed on 
July 2, 2014. The spray interval for sequential applications was treatment specific and 
deployed at 21, 28 or 42-day intervals. At 12:08 pm on the afternoon of the first 
application, the soil temperature registered 73.3° F at a depth of three inches with an air 
temperature of 70.8° F. 
 
Plots measured 10’ x 10’ with 5’ x 10’ treatment plots directly adjacent to 5’ x 10’ in-plot 
check plots. This plot orientation allows for side-by-side comparison of treated versus 
untreated areas and aids in the identification of subtle treatment effects. Treatments were 
replicated four times. 
 
A calibrated CO2 propelled spray system pressurized to 28 psi and equipped with four 
11008LP Tee-Jet nozzles applied liquid treatments at a spray volume of 1.5 gallons per 
thousand square feet (1000 ft2). A pacing watch was used for spray applications to ensure 
uniform and accurate delivery. The field plot was not mowed for 24 hours prior to 
application and was not mowed for 48 hours after application. 
 
Fine fescue injury, percent bentgrass and Poa annua cover, and calculated percent 
bentgrass and Poa annua control were evaluated. Fine fescue injury was rated on a 0-100 
scale with 0 representing no injury, 30 a maximum level of acceptable injury and 100 
dead turf.  
 
Percent creeping bentgrass and Poa annua cover were visually estimated on a 0-100% 
scale. Percent creeping bentgrass and Poa annua control were statistically calculated 
based on the change in percent cover of treatments versus the untreated check plot. Data 
were summarized and statistically analyzed. Differences between means were determined 
via LSD. 
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Table 1. Treatment application schedule at the California Golf Club. S. San Francisco, CA. Mahady & Assoc., Inc. 
 

   Application 
Treatments Rate Frequency & Interval Application Schedule 
 
1) Untreated Check * * * 
 
2) Tenacity1 + NIS2 5 oz/A + 0.25% v/v 3x: 21-day interval 7/2, 7/23, 8/13/14 
 
3) Tenacity + Turflon3 + NIS 5 oz/A + 8 oz/A + 0.25% v/v 3x: 21-day interval 7/2, 7/23, 8/13/14 
 
4) Tenacity + Turflon + NIS 5 oz/A + 16 oz/A + 0.25% v/v 3x: 21-day interval 7/2, 7/23, 8/13/14 
 
5) Xonerate 4SC4 2.8 oz/A 3x: 21-day interval 7/2, 7/23, 8/13/14 
 
6) Tenacity + Xonerate 5 oz/A + 1.4 oz/A 3x: 21-day interval 7/2, 7/23, 8/13/14 
 
7) Tenacity + Xonerate 5 oz/A + 2.8 oz/A 3x: 21-day interval 7/2, 7/23, 8/13/14 
 
8) SZ Southern5 + QuickSilver6 5 pt/A + 2.7 oz/A 3x: 21-day interval 7/2, 7/23, 8/13/14 
 
9) SZS + QuickSilver + Turflon 5 pt/A + 2.7 oz/A + 8 oz/A 3x: 21-day interval 7/2, 7/23, 8/13/14 
 
10) Grass-Getter7 0.2 oz/M 3x: 21-day interval 7/2, 7/23, 8/13/14 
 
11) Fusilade8 + NIS 16 oz/A + 0.5% v/v 2x: 28-day interval 9/24, 10/22/14 
 
12) GF-142 + MSO9 0.044 lb/A + 24 oz/A 3x: 6-week intervals 7/2, 8/13, 9/24/14 
 
13) GF-142 + MSO 0.066 b/A + 24 oz/A 3x: 6-week intervals 7/2, 8/13, 9/24/14 
 
14) GF-142 + MSO 0.088 lb/A + 24 oz/A 3x: 6-week intervals 7/2, 8/13, 9/24/14 
 
15) Roundup Pro10 3 oz/A 3x: 21-day interval 7/9, 7/30, 8/20/14 

 
1 Mesotrione 
2 Activator 90 
3 Triclopyr 
4 Amicarbazone 
5 2,4-D, MCPP, Dicamba, Carfentrazone 
6 Carfentrazone 
7 Sethoxydim 
8 Fluazifop 
9 Methylated Seed Oil 
10 Glyphosate 

 
Key Results and Discussion 
 
 Treatment Effects on Fine Fescue Injury (Table 2) 

 
• The most severe and highly unacceptable injury was observed with Treatment 7, 

Tenacity 5 oz/A + Xonerate 2.8 oz/A, Treatment 6, Tenacity 5 oz/A + Xonerate 
1.4 oz/A, Treatment 5, Xonerate 2.8 oz/A and Treatment 4, Tenacity 5 oz/A + 
Turflon 16 oz/A. Differences were statistically significant when compared to the 
untreated check. It is hypothesized that within these tank mix combinations, 
Xonerate (amicarbazone) and Turflon (triclopyr) were the individual active 
ingredients which contributed most significantly to this increasing injury.  
 

• The severity of the fine fescue injury in Treatments 4, 5, 6 and 7 would 
completely negate the potential use of these treatments in fine fescue fairways, 
regardless of their potential to control bentgrass or Poa annua. 
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Table 2. Treatment effects on fine fescue injury. California Golf Club. 2014. Mark M. Mahady & Associates, Inc. 

 
 Fescue Fescue Fescue Fescue Fescue Fescue Fescue Fescue Fescue Fescue 
   Injury1 Injury Injury Injury Injury Injury Injury Injury Injury Injury 
   7/9/14 7/23/14 8/13/14 8/20/14 9/3/14 9/24/14 10/1/14 10/22/14 11/21/14 12/22/14 
Treatments 7DAA12 21DAA1 21DAA2 7DAA3 21DAA3 42DAA3 49DAA3 70DAA3 100DAA3 131DAA3 
 
1 Untreated Check 0.0 b3 0.0 b 0.0 c 0.0 f 0.0 d 0.0 d 0.0 c 0.0 b 0.0 b 0.0 a 
 
2 Tenacity 5 oz/A 0.0 b 0.0 b 16.3 bc 23.3 de 11.3 d 0.0 d 0.0 c 0.0 b 0.0 b 0.0 a 
 
3 Tenacity+Turflon 5+8 oz/A 0.0 b 0.0 b 10.5 bc 19.5 def 34.8 c 11.3 d 1.3 c 7.5 b 6.3 b 0.0 a 
 
4 Tenacity+Turflon 5+16 oz/A 0.0 b 14.5 a 33.5 b 39.5 bc 49.0 bc 27.5 c 13.8 c 10.8 b 8.5 b 0.0 a 
 
5 Xonerate 2.8 oz/A 1.3 b 6.3 b 21.8 bc 31.0 cd 44.3 bc 32.5 c 17.3 c 10.0 b 5.0 b 0.0 a 
 
6 Tenacity+Xon 5+ 1.4 oz/A 0.0 b 6.0 b 30.0 bc 47.8 d 60.0 b 61.3 b 41.3 b 17.5 b 9.3 b 0.0 a 
 
7 Tenacity+Xon 5+ 2.8 oz/A 5.5 a 14.0 a 56.0 a 82.5 a 90.0 a 87.8 a 83.0 a 72.8 a 71.3 a 5.0 a 
 
8 SZS+QS 5 pt+2.7 oz/A 1.3 b 0.0 b 0.0 c 0.0 f 0.0 d 0.0 d 0.0 c 0.0 b 0.0 b 0.0 a 
 
9 SZS+QS+Tf 5 pt+2.7+8 oz/A0.8 b 1.3 b 3.8 bc 10.0 ef 7.5 d 0.0 d 5.0 c 6.3 b 5.0 b 0.0 a 
 
10 Grass-Getter 0.2 oz/M 1.3 b 1.3 b 5.0 bc 1.5 f 0.0 d 0.0 d 0.0 c 0.0 b 0.0 b 0.0 a 
 

 
Treatments **** **** **** **** **** DOA1 7DAA1 DOA2 30DAA2 61DAA2 
 
11 Fusilade 16 oz/A 0.0 b 0.0 b 0.0 c 0.0 f 0.0 d 0.0 d 0.0 c 0.0 b 0.0 b 0.0 a 

 
Treatments 7DAA12 21DAA1 DOA2 7DAA2 21DAA2 DOA3 7DAA3 28DAA3 58DAA3 89DAA3 
 
12 GF-142 0.044 lb/A 0.0 b 0.0 b 14.5 bc 0.0 f 0.0 d 0.0 d 2.5 c 0.0 b 0.0 b 0.0 a 
 
13 GF-142 0.066 lb/A 0.0 b 0.0 b 11.0 bc 0.0 f 0.0 d 0.0 d 3.8 c 0.0 b 0.0 b 0.0 a 
 
14 GF-142 0.088 lb/A 0.0 b 0.0 b 8.8 bc 0.0 f 0.0 d 0.0 d 3.8 c 0.0 b 0.0 b 0.0 a 

 
Treatments DOA1 14DAA1 14DAA2 DOA3 14DAA3 35DAA3 42DAA3 63DAA3 93DAA3 124DAA3 
 
15 Roundup Pro 3 oz/A 0.0 b 0.0 b 0.0 c 0.0 f 7.0 d 5.0 d 3.8 c 0.0 b 0.0 b 0.0 a 

 
LSD (P=.05) 2.89 4.84 18.01 12.67 14.26 14.62 14.08 13.87 9.69 3.69 
Standard Dev. 2.02 3.39 12.60 8.87 9.98 10.23 9.85 9.71 6.78 2.58 
CV   303.67 117.43 89.58 52.16 49.27 68.12 84.31 116.72 96.64 774.6 

 
1 Fine fescue injury: 0-100 scale with 0 representing no injury, 30 a maximum level of acceptable injury and 100 dead turf. 
2 Days after application one. 
3 Means followed by the same letter do not differ significantly (P=0.05, Student-Newman-Keuls). 

 
• Treatment 2, Tenacity 5 oz/A also exhibited low levels of fine fescue injury 21 

days after application two (DAA2) and 21 DAA3, with marginally acceptable fine 
fescue injury levels 7 DAA3. Differences were statistically significant 7 DAA3 
when compared to the untreated check. 
 

• While several of the remaining treatments including Treatments 12-14, GF-142, 
Treatment 10, Grass-Getter and Treatment 9, SpeedZone Southern + QuickSilver 
+ Turflon showed subtle and short term turfgrass color effects, none exhibited 
fine fescue injury levels that would cause concern to golf course superintendents. 
Treatment 11, Fusilade exhibited no visual injury to fine fescue on any evaluation 
date over a 12-week period. 
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 Treatment Effects on Percent Bentgrass Cover and Control (Table 3) 
 

• Table 3 shows the influence of key treatment effects on percent bentgrass cover 
and statistically calculated percent bentgrass control. 
 

Table 3. Treatment effects on percent bentgrass cover and percent bentgrass control. California Golf Club. 2014. 
 

 Bent Bent Bent Bent Bent Bent Bent Bent 
   %Cover %Cover %Cover %Cover %Cover %Cover %Cover % Control 
   **** (%Control) (%Control) (%Control)  (%Control) (%Control) (%Control) Ranking 1-15 
   7/2/14 8/20/14 9/3/14 9/24/14 10/22/14 11/21/14 12/22/14 12/22/14 
Treatments DOA1 7DAA3 21DAA3 42DAA3 70DAA3 100DAA3 131DAA3 131DAA3 
 

1 Untreated Check 19.0 a 19.5 a 22.5 a 22.5 a 22.5 a 23.8 a 27.5 a 15 
 **** (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) 
 

2 Tenacity 5 oz/A 19.3 a 6.5 b 10.0 ab 5.0 cd 4.5 bc 4.8 bc 6.0 bcd 9 
 **** (66.7%) (55.6%) (77.8%) (80.0%) (80.0%) (78.2%) (78.2%) 
 

3 Tenacity+Turflon 5+8 oz/A 20.3 a 1.0 b 2.8 b 2.3 d 2.3 c 1.8 c 2.5 cd 6 
 **** (94.9%) (87.8%) (90.0%) (90.0%) (92.6%) (90.9%) (90.9%) 
 

4 Tenacity+Turflon 5+16 oz/A 19.5 a 0.0 b 1.0 b 1.0 d 1.0 c 0.8 c 1.5 cd 4 
 **** (100.0%) (95.6%) (95.6%) (95.6%) (96.8%) (94.5%) (94.5%) 
 

5 Xonerate 2.8 oz/A 19.5 a 19.5 a 21.3 a 20.0 ab 19.3 ab 23.0 a 23.8 ab 12 
 **** (0.0%) (5.6%) (11.1%) (14.4%) (3.2%) (13.6%) (13.6%) 
 

6 Tenacity+Xonerate 5+1.4 oz/A 19.8 a 0.8 b 1.0 b 1.5 d 1.3 c 1.0 c 2.0 cd 5 
 **** (96.2%) (95.6%) (93.3%) (94.4%) (95.8%) (92.7%) (92.7%) 
 

7 Tenacity+Xonerate 5+2.8 oz/A 18.8 a 0.0 b 0.8 b 0.3 d 0.3 c 0.0 c 3.0 cd 7 
 **** (100.0%) (96.7%) (98.9%) (98.9%) (100.0%) (89.1%) (89.1%) 
 

8 SZS+QS 5 pt+2.7 oz/A 19.5 a 19.5 a 19.5 a 19.5 abc 19.5 ab 23.3 a 24.5 ab 13 
 **** (0.0%) (13.3%) (13.3%) (13.3%) (2.1%) (10.9%) (10.9%) 
 

9 SZS+QS+Turf 5 pt+2.7+8 oz/A 19.8 a 19.0 a 19.0 a 19.3 abc 19.3 ab 19.5 ab 20.0 abc 11 
 **** (2.6%) (15.6%) (14.4%) (14.4%) (17.9%) (27.3%) (27.3%) 
 

10 Grass-Getter 0.2 oz/M 18.8 a 10.8 ab 8.0 ab 7.0 bcd 8.3 abc 8.0 abc 9.3 a-d 10 
 **** (44.9%) (64.4%) (68.9%) (63.3%) (66.3%) (66.4%) (66.4%) 

 
 Bent Bent Bent Bent Bent Bent Bent Bent 
   %Cover %Cover %Cover %Cover %Cover %Cover %Cover % Control 
   **** (%Control) (%Control) (%Control)  (%Control) (%Control) (%Control) Ranking 1-15 
   7/2/14 8/20/14 9/3/14 9/24/14 10/22/14 11/21/14 12/22/14 12/22/14 
Treatments **** **** **** DOA1 DOA2 30DAA2 61DAA2 61DAA2 
 

11 Fusilade 16 oz/A 19.8 a 19.8 a 20.3 a 20.3 ab 1.0 c 0.5 c 4.3 cd 8 
 **** **** **** **** (95.6%) (97.9%) (84.5%) (84.5%) 

 
 Bent Bent Bent Bent Bent Bent Bent Bent 
   %Cover %Cover %Cover %Cover %Cover %Cover %Cover % Control 
   **** (%Control) (%Control) (%Control)  (%Control) (%Control) (%Control) Ranking 1-15 
   7/2/14 8/20/14 9/3/14 9/24/14 10/22/14 11/21/14 12/22/14 12/22/14 
Treatments DOA1 7DAA2 21DAA2 DOA3 28DAA3 58DAA3 89DAA3 89DAA3 
 

12 GF-142 0.044 lb/A 19.8 a 1.5 b 0.3 b 0.3 d 0.0 c 0.0 c 0.0 d 1 (tie) 
 **** (92.3%) (98.9%) (98.9%) (100.0%) (100.0%) (100.0%) (100.0%) 
 

13 GF-142 0.066 lb/A 21.0 a 2.0 b 0.0 b 0.8 d 0.0 c 0.0 c 0.5 cd 3 
 **** (89.7%) (100.0%) (96.7%) (100.0%) (100.0%) (98.2%) (98.2%) 
 

14 GF-142 0.088 lb/A 20.5 a 0.8 b 0.0 b 0.0 d 0.0 c 0.0 c 0.0 d 1 (tie) 
 **** (96.2%) (100.0%) (100.0%) (100.0%) (100.0%) (100.0%) (100.0%) 

 
 Bent Bent Bent Bent Bent Bent Bent Bent 
   %Cover %Cover %Cover %Cover %Cover %Cover %Cover % Control 
   **** (%Control) (%Control) (%Control)  (%Control) (%Control) (%Control) Ranking 1-15 
   7/2/14 8/20/14 9/3/14 9/24/14 10/22/14 11/21/14 12/22/14 12/22/14 
Treatments DOA1 DOA3 14DAA3 35DAA3 63DAA3 93DAA3 124DAA3 124DAA3 
 

15 Roundup Pro 3 oz/A 18.5 a 3.5 b 18.5 a 17.5 abc 20.0 a 23.5 a 24.8 ab 14 
 **** (82.1%) (17.8%) (22.2%) (11.1%) (1.1%) (10.0%) (10.0%) 

 
LSD (P=.05) 18.72 10.56 13.39 13.26 13.66 15.55 16.88 
Standard Dev. 13.10 7.39 9.37 9.28 9.56 10.88 11.81 
CV   66.94 89.41 97.1 101.62 120.49 125.79 118.51 
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• The highest levels of bentgrass control were observed with the following 

treatments: 
 
 Treatment 12, GF-142 0.044 lb/A: 131 DAA3    100.0% Control 

 
 Treatments 14, GF-142 0.088 lb/A: 131 DAA3    100.0% Control 

 
 Treatments 13, GF-142 0.066 lb/A: 131 DAA3      98.2% Control 

 
 Treatment 4, Tenacity 5 oz/A + Turflon 16 oz/A: 131 DAA3    94.5% Control 

 
 Treatment 6, Tenacity 5 oz/A + Xonerate 1.4 oz/A: 131 DAA3    92.7% Control 

 
 Treatment 3, Tenacity 5 oz/A + Turflon 16 oz/A: 131 DAA3    90.9% Control 

 
 Treatment 7, Tenacity 5 oz/A + Xonerate 2.8 oz/A: 131 DAA3    89.1% Control 

 
 Treatment 11, Fusilade 16 oz/A: 61 DAA2      84.5% Control 

 
• Although all three GF-142 treatments exhibited the highest bentgrass control 

following three sequential applications at six-week intervals and was very safe for 
use on fine fescue fairways, this experimental product is not yet registered in 
California or the United States. 
 

• Unfortunately, several of the other treatments that showed some of the highest 
levels of bentgrass control also exhibited severe and highly unacceptable fine 
fescue injury and could never be recommended for use on fine fescue fairways. 
These treatments included Treatment 7, Tenacity 5 oz/A + Xonerate 2.8 oz/A 
(89.1% bentgrass control), Treatment 6, Tenacity 5 oz/A + Xonerate 1.4 oz/A 
(92.7% bentgrass control), Treatment 4, Tenacity 5 oz/A + Turflon 16 oz/A 
(94.5% bentgrass control), and Treatment 3, Tenacity 5 oz/A + Turflon 16 oz/A 
(90.9% control). 

 
• Of the registered products and treatments evaluated, two sequential applications 

of Treatment 11, Fusilade deployed at a rate of 16 oz/A at four-week intervals 
exhibited the highest level of bentgrass control (84.5%) of all treatments that 
showed no potential to injure fine fescue.  

 
 Treatment Effects on Percent Poa annua Cover and Control (Table 4) 
 

• Table 4 shows the influence of key treatment effects on percent Poa annua cover 
and statistically calculated percent Poa annua control. 

 
• Treatment 14, GF-142 0.088 lb/A was the only treatment to exhibit an actual 

reduction in percent Poa annua cover (-9.1%) from the day of application one, 
July 2, 2014, to December 22, 2014. 
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Table 4. Treatment effects on percent Poa annua cover and percent Poa annua control. California Golf Club. 2014. 
 

 Poa Poa Poa Poa Poa Poa Poa Actual % ∆ 
   %Cover %Cover %Cover %Cover %Cover %Cover %Cover Poa Cover 
   **** (%Control) (%Control) (%Control) (%Control) (%Control) (%Control) 7/2/14 to 12/22/14 
   7/2/14 8/20/14 9/3/14 9/24/14 10/22/14 11/21/14 12/22/14 Ranking 1-15 
Treatments DOA1 7DAA3 21DAA3 42DAA3 70DAA3 100DAA3 131DAA3 1 is Best 
 
1 Untreated Check 30.0 a 30.5 a 30.0 abc 30.5 abc 35.0 a-e 36.5 a-d 43.8 a-d +46.0% 
 **** (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) 4 
 
2 Tenacity 5 oz/A 37.8 a 37.3 a 37.8 ab 38.5 ab 54.0 ab 58.3 ab 72.5 ab +91.8% 
 **** (-22.1%) (-25.8%) (-26.2%) (-54.3%) (-59.6%) (-65.7%) 6 
 
3 Tenacity+Turflon 5+8 oz/A 22.0 a 22.5 a 30.3 abc 32.3 abc 47.0 abc 56.3 abc 66.5 a-d +202.3% 
 **** (26.2%) (-0.8%) (-5.7%) (-34.3%) (-54.1%) (-52.0%) 13 
 
4 Tenacity+Turflon 5+16 oz/A 27.3 a 28.0 a 40.5 a 46.5 a 57.5 a 63.5 a 74.5 a +172.9% 
 **** (8.2%) (-35.0%) (-52.5%) (-64.3%) (-74.0%) (-70.3%) 12 
 
5 Xonerate 2.8 oz/A 12.8 a 10.0 a 4.8 c 8.3 c 16.0 cde 17.3 d 25.8 d +101.6% 
 **** (67.2%) (84.2%) (73.0%) (54.3%) (52.7%) (41.1%) 7 
 
6 Tenacity+Xonerate 5+ 1.4 oz/A 19.0 a 17.8 a 6.5 c 17.0 bc 35.8 a-e 39.5 a-d 63.5 a-d +234.2% 
 **** (41.8%) (78.3%) (44.3%) (-2.1%) (-8.2%) (-45.1%) 14 
 
7 Tenacity+Xonerate 5+ 2.8 oz/A 16.3 a 9.0 a 3.8 c 11.0 c 44.5 a-d 64.3 a 72.0 abc +341.7% 
 **** (70.5%) (87.5%) (63.9%) (-27.1%) (-76.0%) (-64.6%) 15 
 
8 SZS+QS 5 pt+2.7/A 14.0 a 14.0 a 14.0 bc 14.8 bc 18.8 cde 20.3 cd 30.8 d +120.0% 
 **** (54.1%) (53.3%) (51.6%) (46.4%) (44.5%) (29.7%) 10 
 
9 SZS+QS+Turf 5 pt+2.7+8 oz/A 27.0 a 27.0 a 27.0 abc 26.5 abc 27.5 a-e 32.8 a-d 35.0 a-d +29.6% 
 **** (11.5%) (10.0%) (13.1%) (21.4%) (10.3%) (20.0%) 3 
 
10 Grass-Getter 0.2 oz/M 34.0 a 34.0 a 34.8 ab 38.5 ab 45.3 a-d 48.0 a-d 58.8 a-d +72.9% 
 **** (-11.5%) (-15.8%) (-26.2%) (-29.3%) (-31.5%) (-34.3%) 5 

 
 Poa Poa Poa Poa Poa Poa Poa Actual % ∆ 
 %Cover %Cover %Cover %Cover %Cover %Cover %Cover Poa Cover 
   **** (%Control) (%Control) (%Control) (%Control) (%Control) (%Control) 7/2/14 to 12/22/14 
   7/2/14 8/20/14 9/3/14 9/24/14 10/22/14 11/21/14 12/22/14 Ranking 1-15 
Treatments **** **** **** DOA1 DOA2 30DAA2 61DAA2 1 is Best 
 
11 Fusilade 16 oz/A 15.0 a 16.8 a 18.0 abc 21.0 abc 22.3 cde 29.8 a-d 32.8 bcd +118.7% 
 **** **** **** **** (36.4%) (18.5%) (25.1%) 9 

 
 Poa Poa Poa Poa Poa Poa Poa Actual % ∆ 
   %Cover %Cover %Cover %Cover %Cover %Cover %Cover Poa Cover 
   **** (%Control) (%Control) (%Control) (%Control) (%Control) (%Control) 7/2/14 to 12/22/14 
   7/2/14 8/20/14 9/3/14 9/24/14 10/22/14 11/21/14 12/22/14 Ranking 1-15 
Treatments DOA12 7DAA2 21DAA2 DOA3 28DAA3 58DAA3 89DAA3 1 is Best 
 
12 GF-142 0.044 lb/A 23.3 a 25.8 a 21.8 abc 21.5 abc 29.3 a-e 42.5 a-d 52.3 a-d +124.5 
 **** (15.6%) (27.5%) (29.5%) (16.4%) (-16.4%) (-19.4%) 11 
 
13 GF-142 0.066 lb/A 28.0 a 28.0 a 12.5 bc 12.5 bc 23.0 b-e 26.8 bcd 34.3 a-d +22.4% 
 **** (8.2%) (58.3%) (59.0%) (34.3%) (26.7%) (21.7%) 2 
 
14 GF-142 0.088 lb/A 30.8 a 30.8 a 7.5 c 8.5 c 12.3 e 17.8 d 28.0 d -9.1% 
 **** (-0.8%) (75.0%) (72.1%) (65.0%) (51.4%) (36.0%) 1 

 
 Poa Poa Poa Poa Poa Poa Poa Actual % ∆ 
   %Cover %Cover %Cover %Cover %Cover %Cover %Cover Poa Cover 
   **** (%Control) (%Control) (%Control) (%Control) (%Control) (%Control) 7/2/14 to 12/22/14 
   7/2/14 8/20/14 9/3/14 9/24/14 10/22/14 11/21/14 12/22/14 Ranking 1-15 
Treatments DOA1 DOA3 14DAA3 35DAA3 63DAA3 93DAA3 124DAA3 1 is Best 
 
15 Roundup Pro 3 oz/A 15.0 a 13.8 a 11.8 bc 10.3 c 14.5 de 21.5 cd 31.3 cd +108.7% 
 **** (54.9%) (60.8%) (66.4%) (58.6%) (41.1%) (28.6%) 8 

 
LSD (P=.05) 25.68 25.31 22.60 22.65 26.78 31.16 34.86 
Standard Dev. 17.97 17.71 15.82 15.85 18.74 21.81 24.39 
CV   76.59 77.0 78.89 70.45 58.25 56.91 50.71 
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• From these data it would appear that GF-142 at 0.088 lb/A exhibits some degree 
of postemergent activity on Poa annua. GF-142 is an experimental product and is 
not yet registered in California or the United States. No other treatment exhibited 
acceptable levels of Poa annua control. 
 

• Those treatments that exhibited the greatest degree of fine fescue injury over the 
course of the 25-week trial (Treatments 3, 4, 6 and 7), also showed the greatest 
increases in percent Poa annua cover. It is hypothesized that these injury effects 
reduced fine fescue vigor and shifted the competitive balance in the stand from 
fine fescue to Poa annua. 

 
Summary and Practical Perspectives 
 

• There was a wide range of variance in fine fescue safety among the treatments 
and active ingredients evaluated in this replicated field trial. 
 

• Unfortunately, several treatments that showed high levels of bentgrass control 
also exhibited severe and highly unacceptable fine fescue injury and should never 
be used on fine fescue fairways. Those treatments that exhibited unacceptable fine 
fescue injury included the following: Tenacity 5 oz/A + Xonerate 2.8 oz/A, 
Tenacity 5 oz/A + Xonerate 1.4 oz/A, Tenacity 5 oz/A + Turflon 16 oz/A and 
Xonerate 2.8 oz/A. 

 
• GF-142 deployed at 0.044, 0.066 and 0.088 lb/A, exhibited the highest bentgrass 

control of all treatments following three sequential applications at six-week 
intervals and was very safe for use on fine fescue fairways. However, this 
experimental product is not yet registered in California or the United States. 

 
• Of the registered products and treatments evaluated, two sequential applications 

of Fusilade deployed at a rate of 16 oz/A at four-week intervals exhibited the 
highest level of bentgrass control (84.5%). Fusilade was very safe for use on fine 
fescue fairways at the 16 oz/A rate and showed absolutely no observed visual fine 
fescue injury during any of four evaluation dates over an eight-week period. 
 

• GF-142 deployed at 0.088 lb/A was the only treatment to exhibit an actual 
reduction in percent Poa annua cover (-9.1%) from the day of application one, 
July 2, 2014, to December 22, 2014. From these data it would appear that GF-142 
at 0.088 lb/A exhibits some degree of postemergent activity on Poa annua. 

 
• Those treatments that exhibited the greatest degree of fine fescue injury over the 

course of the 25-week trial also showed the greatest increases in percent Poa 
annua cover. It is hypothesized that these injury effects reduced fine fescue vigor 
and shifted the competitive balance in the stand from fine fescue to Poa annua. 
For this reason, selecting products and programs that are very safe for use on fine 
fescue is a critically essential component of a sound agronomic program for both 
bentgrass control and Poa annua suppression. 
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Is Glyphosate Injury to Roundup Ready Alfalfa Possible?  Steve Orloff*1 and Rob 
Wilson2.  1University of California Cooperative Extension, Siskiyou County, CA, 
USA, 2University of California Intermountain Research and Extension Center, Tulelake, CA, USA. 
*Corresponding author: sborloff@ucanr.edu 
 

 
     Roundup Ready (RR) alfalfa has become a popular weed management strategy for alfalfa 
producers in western states.  Considerable research was conducted before and shortly after its 
commercial release to evaluate its value in terms of weed control and crop safety.  The research 
showed properly timed applications of glyphosate provided excellent weed control with essentially 
no perceptible crop injury, which was further confirmed by grower experience in commercial 
fields.  However, during the spring of 2014 and 2015, we observed significant crop injury in RR 
alfalfa fields in the Scott Valley (Intermountain area of Northern California).  Logical potential 
causes for the poor growth such as spray-tank contamination, a bad batch of glyphosate, or non-
herbicide related management practices were systematically ruled out, and the theory was 
developed that cold temperatures after an application of glyphosate was the cause.  Yield was 
monitored in three commercial fields in the Scott Valley in 2015 by harvesting three treated and 
untreated areas in the affected RR alfalfa fields with a plot harvester and averaging the yield. A 
first cutting yield reduction up to 0.8 tons/acre was observed (alfalfa recovered by second cutting).  
Replicated field experiments were conducted in the spring and fall of 2015 to further evaluate the 
theory that cold temperatures following an application of glyphosate to RR alfalfa can cause injury.  
Alfalfa was treated with 22 and 44 ounces of Roundup PowerMax per acre prior to cold 
temperatures.  In the spring trial a reduction in height was observed as well as a yield reduction of 
0.3 and 0.4 tons/acre for the 22 and 44 ounce rates of Roundup, respectively.  Injury did not carry 
over into second cutting.  Four additional trials were conducted in the fall of 2015 where alfalfa 
was treated on weekly intervals at the same rates as above from mid-September through October.  
Within a week after treatment, the same injury symptoms that were observed in the spring were 
found in some of the trials.  The tips of affected shoots drooped in a typical "shepherd's crook" and 
eventually turned neurotic.  Later as the temperatures dropped further, some of the plants in treated 
plots turned chlorotic.   
 
     Research results and field observations to date suggests that the injury is related to the degree 
and number of frosts after application, the height of the alfalfa (taller alfalfa being more prone to 
injury), and stand age (injury was has not been observed in seedling alfalfa and fields established 
for over a year appear to be more prone to injury).  Research is ongoing and will be expanded to 
better understand the conditions that lead to injury so that it can be avoided in the future and to 
understand the biochemical mechanism responsible for cell injury.  These results do not question 
the value of the RR technology in cold climates, but rather demonstrate the need for further 
research to identify management practices (such as application timing) that should be employed to 
avoid damage in the future. 
 

mailto:sborloff@ucanr.edu
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Influence of Environmental Factors on the Efficacy of Postemergence 
Herbicides. Anil Shrestha, California State University, Fresno, CA  
 
     The Weed Science Society of America has classified herbicides into 29 groups based on 
their mode of action. Most of these herbicides fall under one of the following eight major 
physiological modes of action: cell membrane disrupters, growth regulators, amino acid 
synthesis inhibitors, lipid synthesis inhibitors, glutamine synthesis inhibitors, photosynthesis 
inhibitors, pigment inhibitors, and seedling growth inhibitors.  Among these, the first five 
modes of action listed are mostly found in post-emergence herbicides, whereas the last three 
are mostly found in pre-emergence herbicides.  

     Factors that strongly influence post-emergence herbicide efficacy include characteristics of 
the plant (leaf orientation, leaf area, pubescence, cuticular wax, growth stage etc.), 
characteristics of the spray (surface tension, droplet size, spray volume etc.), and environmental 
conditions during spray application (temperature, moisture, relative humidity, light etc.). Of 
the post-emergence herbicides, some are contact type while others are systemic. Contact 
herbicides only directly kill plant parts on which the chemical is deposited, and thus are most 
effective against small weed seedlings and annual weeds. Therefore, plant and spray solution 
characteristics may affect efficacy of contact herbicides more strongly than environmental 
factors.  Systemic herbicides are absorbed either by roots or foliar parts of a plant and are then 
translocated to other parts of the plant system.  This suggests that characteristics of the plant, 
spray solution, and environmental factors may have equally important influence on the efficacy 
of systemic herbicides. Environmental factors (both physical and chemical) influence the 
amount of herbicidal penetration and translocation, and ultimate toxicity. Thus, not only short-
term but long-term effects induced by environmental factors are important for herbicide 
efficacy. 

     Photosynthesis and respiration are temperature dependent and higher temperatures 
generally enhance herbicide penetration and translocation within plants. However, certain 
herbicides are less effective at high temperatures and some herbicides (e.g. dicamba) can 
volatilize at temperatures >77°F. Generally, under warmer temperatures the waxy cuticle is 
more permeable which allows herbicides to penetrate through this layer more easily and enter 
plant cells. Lower temperatures can reduce cuticle permeability and also reduce herbicide 
translocation. For herbicides to translocate more rapidly, the plants must be actively growing 
for the herbicide to inhibit the targeted process. However, very high temperatures can result in 
reduction in herbicide activity due to lack of metabolic activity in the plants.  Generally, contact 
herbicides are less influenced by cool air temperatures than systemic ones because they do not 
need to be translocated.  In the case of glyphosate efficacy on hairy fleabane (Conyza 
bonariensis), it was reported that the herbicide provided better control of the plants when it 
was applied on plants that were grown in 60/50 and 78/68°F day/night temperature than plants 
that were grown in 95/85°F. Under the low temperatures some of the glyphosate- and paraquat-
resistant hairy fleabane plants were also controlled (Dennis et al. 2016).   

     Similarly, relative humidity can also influence the efficacy of post-emergence herbicides. 
Plants growing under low relative humidity tend to have thicker cuticles and thus herbicide 
penetration would be reduced under such conditions.  Low relative humidity combined with 
high air temperatures can make the cuticle thicker and less penetrable. 

     Light (both quantity and quality) is another important environmental factor that influences 
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the effectiveness of post-emergence herbicides. Plant response to foliar applied herbicides is 
usually more rapid on sunny days.  Light intensity will directly and indirectly effect herbicide 
performance through many processes.  For example, high light intensity directly improves 
herbicide penetration into leaves and promote systemic movement of herbicide in the phloem.  
Furthermore, light influences leaf shape and plant architecture.  For example, under high light 
intensity plants tend to have short internodes, smaller, and thicker leaves with a waxier cuticle 
than plants growing under low light intensity which have larger, thinner leaves with thinner 
cuticles and less wax.  These factors will influence the amount of herbicide that penetrates and 
thus their efficacy.  Light is an essential factor for the activity of some herbicides such as 
paraquat and PPO inhibitors.  A study by Dennis et al. (2016) reported that glyphosate provided 
better control of hairy fleabane plants when applied in fall than in spring indicating the role of 
light intensity even for glyphosate. Similarly, a study by Cox et al. (2016) reported that 
junglerice (Echinochloa colona) control by sethoxydim was reduced under shade compared to 
full sun conditions.   

     Along with the environmental factors discussed above, soil moisture is another factor 
influencing weed control with postemergence herbicides. Dry conditions can cause the plants 
to develop thicker cuticles, reduce absorption, retention, and translocation of the herbicides, 
and alter plant metabolisms, ultimately influencing the efficacy of postemergence herbicides. 
Recommendations from Purdue University (Legleiter and Johnson, 2012) for weed control 
under drought conditions suggest using maximum label rates, making herbicide applications in 
the morning when weeds are most active and before leaves begin to curl and roll, applying 
contact herbicides at higher carrier volumes and in the morning when leaf surface exposure is 
most favorable for contact, and maximizing adjuvant rates.  Cox et al. (2016) reported that the 
efficacy of glyphosate on junglerice was affected by soil moisture levels.  The efficacy was 
generally greater under shade than under full sun conditions and mortality was greater at 100% 
and 75% Field Capacity (FC) than at 50% FC.  However, control of junglerice with sethoxydim 
was lower under shaded and low moisture conditions.  Therefore, this study suggested that both 
shade and soil moisture conditions should be taken into consideration when selecting 
postemergence herbicides for control of junglerice.       

     In summary, environmental conditions along with the type of weed species present have to 
be taken into consideration while selecting postemergence herbicides.  Although it is difficult 
to make specific recommendations, as a general rule for best weed control with postemergence 
herbicides, they have to be applied under ideal temperatures (65 to 85°F), when the weeds are 
actively growing, and the relative humidity is higher.  The soil moisture needs to be adequate 
for active growth of the weed for successful translocation of systemic herbicides.  

References: 
Cox, R., L. de Souza, M. To, and A. Shrestha. 2016. Effect of shade and soil moisture level on 

the efficacy of selected postemergence herbicides in control of junglerice (Echinochloa 
colona). In Proc. California Weed Science Society, Jan. 13-15, 2016, Sacramento, CA. 

Dennis, M., K. J. Hembree, J. Bushoven, and A. Shrestha. 2016. Growth stage, temperature, 
and time of year affects the control of glyphosate-resistant and glyphosate-paraquat 
resistant Conyza bonariensis with saflufenacil. Crop Prot. 81:129-137. 

Legleiter, T. and B. Johnson. 2012. Herbicide applications in dry conditions. Online: 
https://ag.purdue.edu/btny/weedscience/Documents/Dry_Conditions.pdf 
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Scotch Broom Gall Mite: A New Natural Enemy to California. Scott Oneto, 
University of California Cooperative Extension 
 
     The broom gall mite has recently taken residence on the invasive plant Scotch broom (Cytisus 
scoparius) in California. Scotch broom was first introduced into North America as an ornamental 
and for erosion control back in the mid 1800’s. The bright yellow flowers and rapid growth made 
it a desirable ornamental; however its ability to out-compete native plants and form dense stands 
has also made it one of California's worst wildland weeds.  
 
     Controlling Scotch broom hasn’t been an easy task. The shrubs can form dense monotypic 
stands that make it difficult for hand removal.  The shrubs also grow on steep terrain making 
accessibility difficult for either chemical or non-chemical control.  As a mostly wildland weed, 
chemical control is not always an option especially in sensitive areas and on sometimes on 
federal lands.  Previous attempts at biological control have been only partially effective. 
 
     Native to Europe, the Scotch broom gall mite was first found on Scotch broom in the Tacoma, 
Washington and Portland, Oregon regions in 2005. Since that time the mite has become 
established throughout western Washington and Oregon and even into parts of British 
Columbia.  Up until 2013, the mite had been found as far south as Ashland, Oregon with no 
occurrences in California.  In 2014, the mite was found in the central portion of the Sierra 
Nevada range in El Dorado County, California. 
 
     The mite forms small growths on the plants buds, greatly reducing Scotch broom’s ability to 
grow and reproduce. The mite is considered to be an ideal biological control agent due its largely 
specialized feeding habits and the debilitating damage they cause to plants. In some areas, the 
gall mite has even killed large stands of broom.  
 
     Further research is being conducted to understand the potential impact the mite might have on 
Scotch broom populations throughout the state. For more information on the mite, 
visit; http://cecentralsierra.ucanr.edu 
 

http://cecentralsierra.ucanr.edu/
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Weed Management in Potatoes and Onions in Tulelake.  Rob G. Wilson*, Darrin Culp, 
Skyler Peterson, & Kevin Nicholson.  University of California Intermountain Research & Extension 
Center, 2816 Havlina Rd. Tulelake, CA. 96134 *rgwilson@ucdavis.edu 
 
 
     Weeds are a perennial pest in potatoes and onions grown in Tulelake, CA.  Historically, growers have 
tried to avoid planting vegetables in fields with a history of high weed populations, but limited water 
availability and wide-spread disease and nematode problems have restricted suitable vegetable acreage 
to a point where growers are obligated to plant in certain fields regardless of weed pressure.  Weed 
control in onions is particularly difficult due to the early emergence of weeds and the slow emergence 
and growth of onions.  Herbicide screening studies were conducted in Tulelake, CA from 2011 to 2014 
with funding support from the California Garlic and Onion Research Advisory Board, California Potato 
Research Board, and private industry.  Studies were designed to evaluate preemergence and 
postemergence herbicides applied at several rates and application times on two distinct soil types, silty 
clay loam and sandy loam.  Weed density, crop stand, crop injury, and crop yield were measured to 
determine treatments’ influence weeds and crop yield.     
 
     In potatoes, treatments with the highest control of hairy nightshade (Solanum physalifolium), common 
lambsquarters (Chenopodium album), redroot pigweed (Amaranthus retroflexus), and redstem filaree 
(Erodium cicutarium) included EPTC (Eptam), dimethenamid (Outlook), dimethenamid + 
pendimethalin (Prowl H20), rimsulfuron (Matrix) + metribuzin (Sencor), and fomesafen (Reflex) applied 
preemergence at hilling followed by rimsulfuron early postemergence.   One postemergence application 
of rimsulfuron + methylated seed oil (MSO) applied early or late did not provide greater than 90% 
control of all weed species.  Rimsulfuron split-applied early and late postemergence provided good 
control of hairy nightshade and lambsquarters on silty clay loam soil, but this treatment did not provide 
a high level of hairy nightshade control on sandy loam soil.   
 
     Top-performing herbicide treatments shared the common theme of combining a preemergence 
herbicide(s) with rimsulfuron + MSO applied early postemergence. Treatments that relied solely on 
postemergence applications failed to provide greater than 90% control of all weed species.  All 
preemergence treatments failed to provide greater than 90% weed control at potato emergence 
suggesting rimsulfuron applied postemergence was critical to achieving 90% weed control regardless of 
the preemergence program.  Metribuzin remains a popular herbicide used in potatoes because it controls 
several weeds that rimsulfuron does not.  In these trials, metribuzin improved control of common mallow 
(Malva neglecta), redstem filaree, and common lambsquarters compared to applying rimsulfuron early 
postemergence alone.    

mailto:rgwilson@ucdavis.edu
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     Herbicide treatments did not cause visual injury or a reduction in potato stand compared to the 
untreated control on multiple soil types.  At sites with silty clay loam soil, all herbicide treatments 
had similar total yield and US # 1 yield compared to the control.  At sites with sandy loam soil, all 
herbicide treatments except fomesafen had similar total yield and US # 1 yield compared to the 
control.  
 
     In onions, DCPA (Dacthal) applied post-plant and pendimethalin (Prowl H20) applied at or 
before the loop stage reduced kochia (Kochia scoparia), lambsquarters, and hairy nightshade 
density compared to the untreated control.  There was an additive effect when these two herbicide 
treatments were used in combination especially for kochia control.  DCPA and pendimethalin at 
labeled rates did not reduce onion stand or onion yield compared to hand-weeded plots in multiple 
trials on multiple soil types.  Tulelake growers have long thought that DCPA was not effective on 
Tulelake soils believing that the herbicide was tied up due to the fine soil texture and high organic 
matter content.  This research refutes this previously held belief and demonstrates that DCPA 
applied after planting can be effective and economical when used at low rates and combined with 
pendimethalin.  Herbicide programs incorporating both preemergence and postemergence 
herbicide treatments were capable of reducing weed density by more than 90% compared to the 
untreated control.  Unfortunately no single herbicide or herbicide combination treatment provided 
100% weed control at multiple sites, suggesting hand-weeding may be necessary for follow-up 
weed control in fields with high weed seedbanks.   
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Management of Weeds in Cool Season Vegetables. Richard Smith, Vegetable Crop 
and Weed Science Farm Advisor, University of California Cooperative Extension, Monterey 
County 
 
     The summer-time cool season vegetable production areas of California include the coastal 
production districts of the Salinas, Santa Maria and Oxnard valleys. Cool season vegetable 
production in these areas is characterized by short-season crops with short turn around intervals. 
The high-value nature of these crops allows for excellent production practices such as precise 
cultivation and rotations with crops that generally also have good weed control. As a result, weed 
populations in these areas tend to be relatively lower than other areas dominated by long-season 
crops which are subject to multiple flushes of weeds that often set seeds. Weed seed populations 
tend to be lowest in cropping systems that specialize in production of high density vegetables 
such as spinach, baby lettuces and spring mix crops. These crops mature before many weeds set 
viable seed. The end result is a reduction in weed seed populations in the soil seed banks. Other 
rotations with crops such as broccoli allow for more weed seed set and soil seed banks will be 
tend to be higher where this crop is common in rotations. In spite of the generally lower weed 
populations in the cool season vegetable production areas, there is a continuous need of effective 
weed control strategies to maintain the economic viability of these crops.  
 
     There have been few new herbicides registered in the last 10 years for use on cool season 
vegetables. Exceptions include flumioxazin on artichokes, asparagus, celery and garlic, and 
carfentrazone for use in thinning lettuce. New uses of older chemistries such as linuron and 
prometryn for use on crops like cilantro and other carrot family crops have been approved. 
Retaining registrations for key herbicides such as pronamide on leaf lettuce which was lost in 
2009 has been a struggle; however, much progress has been accomplished by Dow AgroSciences 
and it looks like pronamide will soon be reregistered.  
 
     New production practices such as the potential for expanded use of transplants in lettuce 
production may affect weed control practices in this crop. Currently transplanting lettuce costs 
approximately $397 more than direct seeded romaine lettuce on 80-inch wide beds with 6 
seedlines. Recently developed automated transplanters such as Plant Tape® and the AutoPlanter® 
transplanters, have the potential to reduce the cost of transplanting lettuce and thus make it a 
more realistic option for general lettuce production. Pendimethalin and S-metolachlor are both in 
the registration process for use on transplanted lettuce. The combination of the shorter season for 
transplanted lettuce and the use of these herbicides has the potential to nearly eliminate the need 
for hand weeding in transplanted lettuce. 
 
     The following are two examples of weed control research that is underway in cool season 
vegetables. Phenmedipham is currently registered for use on freezer and seed spinach, but not for 
fresh market spinach. The fresh market spinach industry is completely intolerant of phytotoxicity 
on the leaves; in addition, there are not enough days in the production cycle to allow the plants to 
grow out of any damage. However, research indicates that applying phenmedipham in the 
evening can reduce phytotoxicity. We evaluated 0.5 and 1.0 pint rates of phenmedipham in trials 
conducted in commercial spinach production fields with cooperating growers in 2015. Both 0.5 
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and 1.0 pint/A of phenmedipham controlled purslane and black nightshade. The 1.0 pint/A 
treatment reduced the yield of spinach in one trial. No necrosis or other signs of phytotoxicity 
were observed in either trial even in the morning applications. Given the value and sensitivity of 
this crop more evaluations will need to be conducted to confirm the safety of phenmedipham on 
fresh market spinach and if evening applications can improve its safety.  
 
Two automated weeders that are capable of cultivating the seedline were available for the first 
time in the Salinas Valley in 2105. Both machines use cameras to detect plants, and a computer 
to process the image and calculate which plants to keep and which to remove. The computer 
activates split knives which close between the crop plants and open up to go around the crop 
plants. The two machines used in these studies were the Robovator, Frank Poulsen 
Engineering: http://www.visionweeding.com/Products/Intra%20Row%20Weeding/ROBOVATO
R.htm , Denmark and Steketee IC Weeder, the Netherlands: http://portal.steketee.com/ . On 
average there is a trend that indicates that the automated weeders reduced the stand of lettuce by 
5.6%. This may be due to incidental damage from the knives opening or closing at the wrong 
time. This type of damage can be managed by adjustments on the machine that affect the 
aggressiveness of the blades. On average, mechanical weeders removed 51.4% of the weeds in 
the seedlines and reduced follow up hand weeding in the fields by 37.1%. These machines did 
not completely eliminate the need for hand weeding, but they did reduce the time to hand weed 
the crop in these evaluations over hand weeding alone.  
 

http://www.visionweeding.com/Products/Intra%20Row%20Weeding/ROBOVATOR.htm
http://www.visionweeding.com/Products/Intra%20Row%20Weeding/ROBOVATOR.htm
http://portal.steketee.com/
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Evaluation of Pyroxasulfone in Cool-Season Vegetables on the Central Coast. 
Steven A. Fennimore*1, John S. Rachuy1, 1University of California, Davis, at Salinas, CA. 
 *Corresponding author email safennimore@ucdavis.edu    
 

 Pyroxasulfone (Zidua) was evaluated in green bunching and bulb onion, as well as celery 
during 2015 at Salinas, CA. Green bunching onion ‘White Spear’ and bulb onion ‘Wala Wala’ 
were direct-seeded February 23, 2015. Celery ‘White Spear’ was transplanted May 12, 2015. 
Green onion treatments were:  Zidua at 0.5, 1.0 and 2.0 oz. ai/A PRE and DCPA (Dacthal) at 8 
pts/A PRE and split treatments of Zidua PRE followed by (fb) POST were: 0.5 fb 0.5 and 1.0 fb 
1.0 oz. ai/A. Bulb onion treatments were:  Zidua at 2.0 and 3.0 oz. ai/A PRE, and POST on 1st 
leaf,  2-3 leaf and 4-6 leaf stage; and Dacthal PRE at 8 pts fb bromoxynil (Buctril) at 1.5 pts/A + 
oxyfluorfen (GoalTender) at 0.5 pts POST on 2-3 leaf onion. Zidua was applied as a split 
treatment on bulb onion at 1.5 fb 1.5 oz. ai/A POST on 2-3 fb 4-6 leaf stage. Celery treatments 
were:  Zidua at 2.0 and 3.0 oz. ai/A, 1-day, 2 weeks and 4 weeks POST and prometryn (Caparol 
4F) at 3.2 pt./A, 2-weeks POST. Zidua was also applied at 2.0 fb 2.0 oz. ai/A, at 1-day fb 2-
weeks POST, and at 2-weeks fb 4-weeks POST.  Treatments were spray applied at 40 GPA using 
a single nozzle CO2 backpack sprayer. Treatments were replicated four times and arranged in a 
randomized complete block design. Data collected were weed densities, crop injury estimates, 0 
= safe, 10 = dead, crop height and yield. Green onion was harvested May 19, 2015 and celery 
was harvested August 12, 2015. Bulb onions were harvested August 20, 2015 and field cured for 
a week. The onions were graded: prepack (<2¼” diameter), medium (2¼-3”), jumbo (3-3¾”), 
colossal (3¾-4¼”), super colossal (>4¼”) and culls. Data were subjected to analysis of variance, 
and mean separation was performed using LSD’s (P=0.05). 

Green onion results. None of the Zidua treatments controlled bur clover but did control 
purslane and hairy nightshade.  Zidua at 0.5 oz. ai/A PRE is safe on green onion; causing only 
minor injury and no significant yield loss. Zidua at 0.5 fb 0.5 oz. ai/A PRE fb POST was safe on 
green onion; having caused slight injury which the crop outgrew and there was no significant 
yield loss. All other Zidua treatments caused moderate to severe injury and yield loss.  

Bulb onion results. Primary weeds were bur clover (Medicago polymorpha) and hairy 
nightshade (Solanum physalifolium). Zidua PRE and 1st leaf POST provided the best weed 
control. Zidua POST at the 4-6 leaf onion stage provided poor weed control. However, Zidua 
POST applications to 4-6 leaf bulb onions were the only Zidua treatments that were safe to 
onion. All other Zidua treatments caused moderate to severe leaf stunting, twisting and 
distortion. The discussion on yield will focus on the super colossal grade which we assume is the 
most sensitive to herbicide injury. All Zidua treatments produced super colossal bulb weights 
and individual bulb weights equal to the Dacthal PRE fb GoalTender + Buctril POST treatment 
or the nontreated. Zidua at 3 oz./A appears to be too injurious to onion at the early growth stages. 
Consider use of lower rates of Zidua such as 1 to 1.5 oz. Onion tolerates Zidua best at late 
growth stages e.g. 4-6 leaf POST, but the weeds are too large to wait this late. Sequential 
applications of a PRE or early POST material fb Zidua at the 4-6 leaf stage should be considered.  

Celery results. Weeds present were burning nettle (Urtica urens) common purslane (Portulaca 
oleracea), little mallow (Malva parvaflora), and shepherd’s-purse (Capsella bursa-pastoris). All 

mailto:safennimore@ucdavis.edu
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Zidua treatments partially controlled burning nettle; however, Caparol provided excellent control 
of burning nettle. Zidua at 2.0 and 3.0 oz. ai/A 1 day POST and 2.0 fb 2.0 oz. ai/A 1 day POST 
fb 2 weeks POST controlled purslane at levels similar to Caparol.  Zidua applied 4 weeks POST 
did not control purslane. Zidua applied at 2.0 fb 2.0 oz. ai/A at 1 day fb 2 weeks POST and 
Caparol reduced mallow compared to the nontreated.  Zidua applied at 2.0 and 3.0 oz. ai/A 1 day 
POST and at 2.0 fb 2.0 oz. ai/A at 1 day fb 2 weeks POST caused minor injury to celery that it 
later outgrew. All other Zidua treatments were safe on transplanted celery, and all Zidua 
treatments produced celery yields similar to Caparol. 
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Egyptian Broomrape:  First Discovery in United States (aka: Damn this Parasitic 
Weed)! Gene M. Miyao, University of California Cooperative Extension, Yolo, Solano & 
Sacramento Counties, 70 Cottonwood Street, Woodland, CA, USA.  95695   emmiyao@ucanr.edu 
 
 
     A July 2014 discovery of an infestation of broomrape in a local 
processing tomato field (in Solano County, California) is a stark example 
of unknowingly introducing a harmful parasitic weed pest.  In this case, 
the consequence of this discovery was a CDFA/USDA quarantine 
resulting in crop destruction of the host tomato crop without harvest. 
Supportively, the processing tomato industry through California Tomato 
Growers Association, the California Tomato Research Institute and 
California tomato processors organized with CDFA to fund a control 
effort to eradicate the first reported introduction of this broomrape 
species, Orobanche aegyptiaca, into the United States.  Fumigation is 
costly at ~$4K per acre.  Subsequently, in order to remove the 
quarantine, the grower must plant susceptible host crops to monitor 
broomrape emergence as escapes.  There are limited economic crop 
choices until the grower demonstrates successful eradication. How would anyone know ahead of 
time that a field was infested with the tiny speck of a broomrape seed? And before these parasitic 
weeds emerged as a foreign-looking plant to trigger an alert, how many tractors and people passed 
through the field as unaware potential carriers to spread the seeds?   
 
     Bottom Line: Vigilance with sanitation may reduce the introduction of unwanted pests.  
Perhaps field sanitation should be an adopted routine when leaving a field.  This might apply to all 
of us as field personnel scouting fields as well as equipment operators and irrigators.  An ounce of 
prevention is worth… 
 
     The Industry Response? What will be the tact if additional fields are infested in the future? 
Can we move as an industry to accept the presence of broomrape without quarantine? The 
Australian and the Israeli tomato industries approach is to control the pest much like another weed 
within the season because eradication attempts failed.  The question remains for us in California: 
left unchecked and without government quarantine, how big of an 
agronomic problem will broomrape become?  If the new species 
outbreak in the Solano field represents the norm, the problem is serious 
and would likely worsen without a unified eradication effort. A 
quarantine program without an economic means to eradicate the pest is 
not a solution. If the problem becomes worse, the industry needs to 
rally.   
 
Below are links to broomrape information.  

http://www.aphis.usda.gov/plant_health/plant_pest_info/weeds/downloads/orobanche-aegyptiaca-
factsheet.pdf   
http://www.ipm.ucdavis.edu/EXOTIC/egyptianbroomrape.html 

http://www.aphis.usda.gov/plant_health/plant_pest_info/weeds/downloads/orobanche-aegyptiaca-factsheet.pdf
http://www.aphis.usda.gov/plant_health/plant_pest_info/weeds/downloads/orobanche-aegyptiaca-factsheet.pdf
http://www.ipm.ucdavis.edu/EXOTIC/egyptianbroomrape.html
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Breaking Bindweed: Have We Met Our Match? Lynn M. Sosnoskie, Ph.D. Project 
Scientist, UC-Davis, Plant Sciences, MS-4, One Shields Avenue, Davis, CA 95616 
@LynnSosnoskie on Twitter  Phone: 229-326-2676 

     Processing tomato production in California has changed, dramatically, over the last half-
century. Improved cultivars, conversion from seeded to transplanted production, 
commercialization of the mechanical harvester, and the steady adoption of drip irrigation have 
helped to expand the size and economic value of the industry. In 2013, California led the nation 
in the production of processing tomatoes in terms of hectares planted and harvested (105,000 ha), 
total yield (10 million metric tons), and total value of production ($918 million). The adoption of 
drip irrigation also reduced in-crop weed densities (small-seeded annual species) and the need 
for subsequent cultivation. One weed that has been less impacted by the swith to drip systems is 
field bindweed (Convovulous arvensis),  a deep-rooted and drought-tolerant perennial that can be 
difficult to control once it has become established. 

     Field studies were conducted in 2013 and 2014 to evaluate the efficacy of currently registered 
PPI, PRE and POST herbicides for field bindweed management in processing tomatoes in 
California. Results show that bindweed cover was reduced >50% in early-planted tomatoes, 
relative to the control (0 to 30% cover up to 6 WAT), when using trifluralin, alone, or in 
combination with rimsulfuron, S-metolachlor or sulfentrazone (0 to 10% cover up to 6 WAT). 
Similar trends were observed with respect to field bindweed density. Pre-plant applications of 
glyphosate to emerged bindweed in late-planted tomatoes, coupled with PPI/PRE herbicide 
applications, reduced weed cover (1 to 13% up to 6 WAT) by more than half when compared to 
plots treated with residual herbicides, alone (1 to 43% up to 6 WAT). Similar trends were also 
observed for weed density in late-planted tomatoes. Herbicide tank-mixes and sequential 
herbicide treatments can broaden the spectrum of weeds controlled in processing tomato, 
including field bindweed emerging from seed. However, the most simple and cost-effective 
approach for managing field bindweed emerging from perennial structures may be to combine 
glyphosate treatments before final bed preparation and later transplanting dates in tomato fields 
with heavy field bindweed infestations. 

     The successful control of deep-rooted perennials, such as field bindweed, is dependent upon 
herbicides reaching latent root and shoot buds. The majority of root/rhizome biomass for field 
bindweed is located within the top 2 feet of the soil profile, although some vertical roots can 
reach depths of more than 10 feet. Conversely, Treflan and other residual herbicides registered 
for use in processing tomatoes are usually incorporated into the top 2 to 3 inches of the soil 
profile. Because of their shallow placement, these herbicides may not suppress bindweed vines 
that are emerging from deeply buried rhizomes. In 2015, we undertook a similar study in 
processing tomatoes. Specifically, our research was focused on describing how sub-surface 
applications of trifluralin interacted with surface applied herbicides (trifluralin, S-metolachlor, 
and sulfentrazone with respect to field bindweed control. Results from our study show that 
broadcast (trifluralin to the entire width of the bed) sub-surface herbicide applications can 
significantly reduce field bindweed cover relative to the untreated check (no sub-surface 
trifluralin) or banded (trifluralin applied, sub-surface, only to the outermost 6 inches of the bed) 
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treatments. When averaged over PPI and PRE herbicides, field bindweed cover in the broadcast 
treatment ranged from 7 to 36%, whereas bindweed cover in the banded and the trifluralin-free 
(sub-surface) plots ranged from 10 to 50%. An evaluation of the data achieved from these trials 
suggests that we do have herbicides that are able to suppress field bindweed in processing tomato 
systems, however, the efficacy of these products are likely to vary with respect to both placement 
and activation strategy.  

     Continuing research is being conducted to evaluate the how the type and timing of herbicide 
applications affect in-crop perennial bindweed control. 
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Best Practices to Keep Pesticides out of Water.  Sam S. Sandoval Professor and 
Cooperative Extension Specialist in Water Resources, UC Davis and UC Agriculture and Natural 
Resources, 1 Shields Ave. Dept. LAWR, Bldg. PES 1111, Daivs, CA, 
95616 samsandoval@ucdavis.edu 
 
 
     What is Hydrology? How can we keep pesticides out of water? This presentation describes 
basic concepts of hydrology, from main climatic drivers such as Atmospheric Rivers, to how 
water moves in the landscape, as well as surface water and groundwater interactions.  This 
presentation provides best management practices on how to keep any contaminant (including 
pesticides) out of our water, such as storing, loading and manipulating any pesticide over an 
impermeable layer and 100 feet away from any stream or well. The objective of this presentation 
is to make available the fundamental knowledge regarding Hydrology and how to keep our water 
free of contaminants. 
 
 

mailto:samsandoval@ucdavis.edu
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Pesticides Detected in Ground Water and Surface Water. Nels C. Ruud, 
Environmental Scientist and Michael P. Ensminger, Senior Environmental Scientist (Specialist), 
California Department of Pesticide Regulation, 1001 I Street, P.O. Box 4015, Sacramento, CA 
95812. Nels.Ruud@cdpr.ca.gov, Michael.Ensminger@cdpr.ca.gov 
 
 
     The California Department of Pesticide Regulation (DPR) includes the Ground Water 
Protection Program (GWPP) and the Surface Water Protection Program (SWPP) within its 
Environmental Monitoring Branch.   The GWPP began addressing pesticide contamination of 
groundwater in the early 1980s, spurred by the discovery of contamination of groundwater from 
the legal applications of the fumigant DBCP. Reports of additional pesticides in groundwater led 
to the passage of the Pesticide Contamination Prevention Act (PCPA) in 1985. The purpose of 
the PCPA is to prevent further pollution by agricultural pesticides of groundwater used for 
drinking water supplies. It established a program to identify pesticides that have the potential to 
pollute groundwater, requires sampling to determine if those pesticides are present in 
groundwater, directs DPR to maintain a database of all wells sampled by all agencies for 
pesticides, and requires DPR to conduct a formal review to determine whether the use of the 
detected pesticides can be modified to protect groundwater. During 2013 and 2014, more than 
6,600 unique wells in California were sampled between DPR and other agencies with 27 
different agricultural chemicals (i.e., active ingredients or their degradation products) being 
found in groundwater.  About 60% of the detected chemicals were active ingredients (or their 
degradation products) from DPR’s Ground Water Protection List (3 CCR Sections 6800(a) and 
6800(b)). Recent legislative changes to the PCPA will allow for formal review and possible re-
regulation of certain parent active ingredients (alachlor, metolachlor, DCPA) based on the 
detection of their degradation products in groundwater.  
 
     SWPP conducts monitoring studies in several major urban and agricultural areas in the state. 
In addition, SWPP collects monitoring data from outside agencies, which is housed in the 
Surface Water Database (http://www.cdpr.ca.gov/docs/emon/surfwtr/surfcont.htm). Perusing this 
data, between 2010 and 2014, 90 studies by eight major organizations have monitored almost 
200 chemicals. Differences exist between urban and agricultural (ag) monitoring programs. More 
pesticides have been monitored in ag areas (182 pesticides) than in urban areas (140 pesticides). 
Herbicides (57 urban; 67 ag) are most frequently monitored, followed by insecticides (46 urban; 
61 ag), pesticide degradates (29 urban; 35 ag), and fungicides (6 urban; 14 ag). A few fumigants 
and synergists are also monitored (2 urban; 5 ag). Pesticides detected frequently are cause for 
concern, especially those with a higher potential for aquatic toxicity. Of herbicides, in ag 
monitoring, metolachlor, pendimethalin, oxyfluorfen, diuron, and trifluralin are frequently 
detected at concentrations that have potential toxicity to aquatic organisms. In urban areas, only 
diuron and pendimethalin meet these criteria. Synthetic auxin herbicides frequently detected in 
urban runoff do not pose a high aquatic toxicity potential. Of insecticides, imidacloprid and 
pyrethroids (ag, bifenthrin, lambda-cyhalothrin; urban, bifenthrin, cyfluthrin, permethrin) are 
frequently detected at levels potentially toxic to aquatic organisms. In ag monitoring, 

http://www.cdpr.ca.gov/docs/emon/surfwtr/surfcont.htm
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chlorpyrifos and methoxyfenozide are also a concern, but in urban monitoring, fipronil (and its 
degradates) are. Reducing or preventing runoff of these pesticides is prudent.  
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California Pesticide Residue Monitoring Program: How We Do It. Thom M. 
Cate*, M. Pappathakis, A. Hawatky, California Department of Pesticide Regulation, 
Enforcement Branch, Northern Regional Office.  * Thomas.Cate@cdpr.ca.gov 
 
 
     California’s Pesticide Residue Program provides a near real-time sample and response in the 
effort to detect illegal pesticide residues on fresh produce for human consumption in California. 
The program targets commodities preferentially consumed by children, various ethnic and 
cultural groups, and women aged 13-49, in an effort to prevent harmful pesticide residues 
reaching California consumers. Fourteen to eighteen different commodities are sampled up to six 
times per week throughout California, and submitted to analytic laboratories in Anaheim and 
Sacramento; results are typically available within 24-28 hours. This rapid turnaround allows the 
California Department of Pesticide Regulation (CDPR) to quarantine and remove from streams 
of trade any commodity with illegal or possibly harmful pesticide residues before it reaches the 
consumer.  Violative findings may either be an excess of a permitted residue, or any amount of a 
residue for which no Federal tolerance has been established. 
  
     The CDPR Residue program samples only fresh, unprocessed plant products destined for 
human consumption. Approximately 3.5 tons of produce was sampled in 2014, the most recent 
year for which data are available. These pesticide screens determined that of 2,255 domestic 
samples, only 57 (~2.5%) were carrying illegal levels of pesticide residue; for imported 
commodities, 171 of 1,155 samples (~15%) were similarly violative. Commodities with frequent 
rates of violation included spinach, kale, nectarines, limes, ginger, snow peas and cactus pads 
and fruit. 
 
 

mailto:Thomas.Cate@cdpr.ca.gov
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Healthy Schools Act 101 For Landscape. Eric Denemark, Environmental Scientist, 
Department of Pesticide Regulation. 1001 I St. Sacramento CA 
95814. Eric.Denemark@cdpr.ca.gov 
 
 
     This presentation focuses on the California Healthy Schools Act (HSA). First I will answer 
the question I am asked the most: can we use Glyphosate at a California school site? Yes, it can 
be used because it is not on the list of Pesticide Products Prohibited from use on California 
Schoolsites. Any product containing glyphosate is subject to all of the requirements of the 
HSA. Then, I will discuss the new training and reporting requirements from the perspective of 
school staff and contractors. The requirements include: identifying a School IPM Coordinator; 
developing an IPM plan; providing annual written notification; posting warning signs; keeping 
records of pesticide applications; submitting pesticide use reports, and completing a school IPM 
training.  Next, I will present a simple case study to demonstrate a legal herbicide application at a 
California school site. In accordance with the HSA, I will promote low risk integrated pest 
management methods. I will use flame weeding as an example of how the HSA relates to non-
chemical pest management strategies. I will also present new information from the School 
Pesticide Use Report database on the number of applications targeting gophers, and use that as 
an opportunity to promote gopher trapping as a low risk control method. 
 

mailto:Eric.Denemark@cdpr.ca.gov


72 
 

Chemical Resistant Glove Selection. Lisa A. Blecker, Pesticide Safety Education 
Program Coordinator, University of California Agriculture and Natural Resources Statewide 
IPM Program, 2801 Second Street #157, Davis, CA 95618-7774, lblecker@ucanr.edu 
 
 
      Chemical resistant gloves are commonly used personal protective equipment (PPE) worn by 
pesticide handlers – those who mix, load and apply pesticides. The U.S. Environmental 
Protection Agency (U.S. EPA) Chemical Resistance Category Selection Chart for Gloves is used 
to determine the type of gloves to be listed on pesticide labels, based on glove material resistance 
to solvents used in pesticide formulations. Agricultural pesticide product labels are required to 
reference the different glove materials on labels, and they do so either by specifying by name 
(e.g., nitrile, butyl, etc.) or by code (A through H). California regulations require employees to 
wear chemical resistant gloves for most pesticide handling tasks, even if the label does not 
require them. The consequences of not wearing gloves and other required PPE can be great. For 
example, a query of the California Pesticide Illness surveillance Program (PISP) database from 
1992-2011 showed that 33% of reported handler pesticide illnesses that involved skin or 
systemic symptoms corresponded to a failure to wear required PPE.  Participants in this session 
were asked to identify 10 different gloves – each made of one of the eight resistant materials. We 
displayed photos of each glove, in addition to distributing example gloves to some participants. 
The majority of the gloves were miss-identified. This activity highlighted some of the 
impediments to selecting and wearing the appropriate chemical-resistant gloves, which include: 
unclear or missing pesticide label statements, difficulty in distinguishing among different glove 
materials, and lack of identifying information on the actual gloves. Participants were instructed 
how to use the Glove Category Selection Key (California Department of Pesticide Regulation) to 
better understand label statements, and were shown how to use product information from glove 
distributers to make more informed decisions. Participants were reminded to keep themselves 
safe from pesticide exposure by following these practices: wear chemical resistant gloves for all 
handling activities; consult the label and California requirements for the appropriate glove 
material, and check manufacturers’ specifications for thickness, uses, lining type, and other 
details that may affect the safety of the glove.  
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Updates to the Worker Protection Standards and Impacts on California. Leslie 
A. Crowl, Department of Pesticide Regulation, Worker Health and Safety Branch, 1001 I Street 
Sacramento CA, 95812. leslie.crowl@cdpr.ca.gov 

 

     In 1992 the United States Environmental Protection Agency (U.S. EPA) implemented a set of 
regulations known as the Worker Protection Standards (WPS) to address worker safety concerns 
in the agricultural industry. On November 2, 2015, EPA published revisions to the WPS to 
address continuing concerns for the safety of agricultural workers and bring the regulations up to 
other industry safety standards. Several revisions to the WPS will affect certain California 
regulations relating to: pesticide safety training for workers and handlers, notification, hazard 
communication, drift, age, displaying pesticide safety information, decontamination, and 
agricultural exemptions. Not all of the U.S. EPA’s revisions to the WPS will impact California 
regulations however some adjustments will need to be made. 

     U.S. EPA is shortening the retraining interval for workers and handlers from once every five 
years to annually. California requires annual training for handlers and will now be requiring 
annual training for field workers. U.S. EPA will be requiring employers to keep and maintain 
records of pesticide safety training(s) for their workers and handlers for two years. California 
requires record keeping for handlers and will now be requiring recordkeeping for workers. U.S. 
EPA is expanding the pesticide safety topics that workers and handlers are required to be trained 
on to include topics such as: take home exposure, application exclusion zones, and minimum age 
requirements. California has most of these topics covered in their Pesticide Safety Information 
Series (PSIS) but will need to codify the topics into regulation. 

     U.S. EPA is requiring field posting of pesticide warning signs for all applications of 
pesticides with a Restricted Entry Interval (REI) greater than 48 hours. California will now 
require posting for REI’s greater than 48 hours instead of the current seven-day requirement. 

     U.S. EPA is requiring the employer to display pesticide hazard information (Safety Data 
Sheets) at the central display along with application information. California will now require 
Safety Data Sheets to be available at the central display instead of being provided upon request. 
U.S. EPA is requiring employers to maintain pesticide application information and pesticide 
hazard information for two years (information still only needs to be at the central display for 30 
days + REI). California already has this requirement but must now allow for “designated 
representatives“ to formally request this information in writing. 

     U.S. EPA is expanding their requirements for “entry restricted areas” to include outdoor 
production areas and has renamed these areas “application exclusion zones.” For outdoor 
production, these zones may extend up to 100 feet around the application equipment during the 
application. California will incorporate U.S. EPA’s exclusion zones into California regulations. 

     U.S. EPA is requiring all pesticide handlers and early entry workers, working in an 
agricultural setting, to be at least 18 years old. California will expand their current age 
requirements to require agricultural handlers and early entry workers to be at least 18 years old. 
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     U.S. EPA is requiring employers to post pesticide safety information at all decontamination 
sites servicing 11 or more workers in addition to their current requirement for the information to 
be at a central location. California will now require employers to post an A-8 and/or A-9 at each 
decontamination site servicing 11 or more workers. 

     U.S. EPA is codifying into their decontamination regulations required amounts of water to be 
provided to workers and handlers measured at the start of their workday. Workers must be 
supplied with at least 1 gallon of water per worker; early entry workers and handlers must be 
supplied with 3 gallons of water per early entry worker/handler. California will codify U.S. 
EPA’s water requirements into regulation. U.S. EPA is requiring an ocular decontamination 
system, capable of flushing the eyes gently with water for 15 minutes, to be available at all 
mixing and loading sites when the handler is mixing/loading a pesticide that requires protective 
eyewear or operating a closed system. California will add this requirement to regulation. 

     U.S. EPA is removing their exemption that allows employees working under a Certified Crop 
Advisor, performing crop advising tasks, to be exempt from certain PPE and re-entry worker 
requirements. California will now no longer allow this exemption either. U.S. EPA is removing 
their exemption that allows applicators to forego respiratory protection in an “enclosed cab 
approved for respiratory protection.” Handlers will be required to wear the label required 
respirator unless the only label-specified respiratory protection is a filtering facepiece respirator 
(NIOSH approval number prefix TC–84A) or dust/mist filtering respirator. California will mirror 
U.S. EPA’s change and remove the exemption for “enclosed cabs approved for respiratory 
protection.”  

     U.S. EPA’s new WPS requirements will go into effect in two rounds. The first round will be 
implemented January 2017 and will include all changes except the requirement to train workers 
on the new pesticide safety topics. U.S. EPA is delaying implementing their required training 
topics until January 2018 to allow time for U.S. EPA to generate new training materials. 
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Pesticide Jeopardy. Sarah P. Risorto, Pesticide Safety Educator, University of California, 
Agriculture and Natural Resources Statewide IPM Program, 2801 Second Street, Davis CA 
95618, sprisorto@ucanr.edu 
 
 
     To reemphasize information delivered in prior sessions, a game of Pesticide Jeopardy was 
played at the end of the Laws and Regulations Session.  Questions were based on information 
presented earlier in the Session and sourced from all speakers that day. Questions were presented 
in the following categories: School IPM (based on Eric Denemark's presentation: Healthy 
Schools Act 101 for Landscape), Pesticides and Hydrology (based on Sam Sandoval's 
presentation: Best Practices to Keep Pesticides out of Water), Pesticides in Ground and Surface 
Water (based on Nels Ruud's and Michael Ensminger's Presentation: Pesticides Detected in 
Ground Water and Surface Water), Residue Monitoring (based on Thom Cate's presentation: 
California Pesticide Residue Monitoring: How We Do It and Cheryl Reynold's presentation: 
How to Avoid Illegal Residues), Worker Protection Standards (based on of Leslie Crowl's 
presentation: Updates to the Worker Protection Standards & Impacts on California) and a Final 
Category, Gloves (based on of Lisa Blecker's presentation: Pesticide Protective Gloves).  All 
questions were reviewed and revised as appropriate.   
 
     There were 143 participating audience members.  The participants were divided and assigned 
into four teams: Monocots, Dicots, Systemic and Contact.  Every participant was given an 
audience response devise, or a “clicker”, that they used to answer multiple choice and true/false 
formatted questions.  The participants answered 73% of School IPM, 80% of Pesticide and 
Hydrology, 76% of Pesticides in Ground and Surface Water, 72% of Residue Monitoring and 
76% of Worker Protection Standard questions correctly.  
 
     Team Contact won Pesticide Jeopardy and was rewarded with an English/Spanish bilingual 
UC IPM publication, "Understanding Pesticide Labels for Making Proper Applications".  This 
booklet was reviewed during Cheryl Reynold's presentation on How to Avoid Illegal Residues.  
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Temperature-dependent Germination Rates Among Several California  
Accessions of Echinochloa colona. Alex Ceseski1, Lynn Sosnoskie PhD1, Sarah Morran 
PhD1, Brad Hanson PhD1 1University of California, Davis 
 

     The purpose of this study was to determine how temperature affects the germination of 
junglerice (Echinochloa colona) from the Central Valley of California. Seeds from six junglerice 
accessions (A3, A8, C6 all from the Sacramento Valley and  H5, L2, SV2 from the San Joaquin 
Valley), were scarified in concentrated sulfuric acid for 30 minutes; 50 seeds of each biotype were 
placed in Petri dishes containing 7.0mL of 0.2% Captan fungicide solution. The trials were 
conducted in two growth chambers with temperatures ranging from 15°C to 40°C, and set to a 
16/8-hour light/dark cycle and 50% RH. The Petri dishes were held in nested cardboard flats to 
exclude intense, direct light and minimize desiccation potential.   
  

Seeds were monitored, daily, until germination slowed to <1 seedling in three days or until 
all seeds had germinated. A seed was considered germinated when the emerged radicle was as long 
as the seed coat, about 2mm; germinated seeds were counted and then discarded at each 
observation point. The 20°C trial was run concurrently with the 15°C trial, so it was not terminated 
until the 15°C trial was. The 25°C, 30°C, 35°C, and 40°C trials were terminated at 10 days after 
plating. Each biotype was replicated four times per temperature, with a total of 24 petri dishes per 
temperature. 

 
The rate of germination increased with increased temperature. At 15°C, 50% germination was 

achieved in a timespan ranging from 5 days after plating (SV2) to 37 days after plating (L2). At 
20°C, 50% germination was achieved 2 to 4 days after plating for all biotypes. At 25°C, 30°C, and 
35°C, 50% germination had occurred by 2 days after plating. At 40°C, all biotypes but SV2 reached 
50% germination by 3 days after plating; SV2 reached 50% at 4 days. With the exception of SV2 
at 35°C  and 40°C, and L2 at all temperatures, maximum germination percentages ranged from 
84% to 98% and were achieved in as soon as 3 days after plating (30° & 35°C) and as long as 49 
days after plating (15°C). The least amount of germination occurred with accession L2; maximum 
germination for L2 ranged from 59% to 76%.  Total germination percentages for SV2 were 94%, 
97%, 96%, 92%, 71% and 67% at 15°C, 20°C, 25°C, 30°C, 35°C, and 40°C, respectively. It is 
unknown if the reductions in germination in SV2 at higher temperatures were the result of maternal 
factors affecting seed development/maturation, differences in seed dormancy mechanisms, or seed 
injury in response to scarification. 

 
All of the temperature treatments will be evaluated at least twice more. With future data and 

analysis we hope to provide an adequate profile on junglerice germination potentials under 
different environmental conditions, which will further our ability to describe the species’ invasion 
potential. 
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Weed Community Dynamics and Agronomic Productivity in Alternative 
Irrigation Systems in California Rice.  Whitney B. Brim-DeForest1*, Bruce A. 
Linquist1, Kassim Al-Khatib1, and Albert J. Fischer1. 1Department of Plant Sciences, University 
of California, Davis *wbrimdeforest@ucdavis.edu 
 

The composition of weed communities and relative abundance of weed species in 
agricultural environments is affected by a number of factors, both abiotic and biotic. In rice, two 
of the primary abiotic factors are soil moisture and oxygen saturation. Flood irrigation favors 
species that tolerate anaerobic (low oxygen) environments, while flush irrigation and drain 
events favor species that are better adapted to aerobic (high oxygen) environments. Since 2000, 
California has experienced a series of ever-worsening droughts. Rice, a traditionally flooded 
crop, has come under increasing scrutiny. A number of alternative irrigation systems have been 
proposed, including continuous flushing and flooding with an early drain. For growers, weed 
competition is one of the most limiting factors to maintaining high yields, so understanding the 
shifts among species in weed communities under the proposed alternative irrigation systems is 
vital. The primary objectives of this research were: 1) to determine weed community 
composition in rice under alternative irrigation systems at canopy closure and at harvest and 2) to 
quantify differences in yields between irrigation systems in both the presence and absence of 
weed competition.  

 
The experiment took place from 2013-2014 at the Rice Experiment Station in Biggs, CA. 

Three irrigation systems were compared: 1) Drill-Seeded Alternate Wet and Dry (DS-AWD); 2) 
Water-Seeded Alternate Wet and Dry (WS-AWD); and 3) Water-Seeded Conventional (WS-
Control). The DS-AWD was seeded by drill into dry soil to a depth of approximately 2 cm. It 
was flushed for emergence, and again whenever Volumetric Water Content (VWC, in cm3 cm-3) 
reached 35%. The WS-AWD and WS-Control were broadcast-seeded onto dry soil, and flooded 
to 10 cm above the soil surface within 24 hours. The WS-AWD treatment remained flooded until 
canopy closure of the rice, at which point water was allowed to drain. After draining, the WS-
AWD treatment was flushed again whenever soil VWC reached 35%. Dominant weed species 
were evaluated at canopy closure and at harvest: watergrass (Echinochloa (L.) Beauv. spp)., 
smallflower umbrella sedge (Cyperus difformis L.), sprangletop (Leptochloa fusca (L.) Kunth), 
ricefield bulrush (Schoenoplectus mucronatus (L.) Palla), ducksalad (Heteranthera rotundifolia 
(Kunth) Griseb.) and redstem (Ammannia L. spp.). Relative cover and dry biomass at harvest of 
each species were assessed in nine quadrats per treatment plot. Weedy and weed-free rice yields 
were harvested and adjusted to 14% moisture.  

 
Over both years, weed-free yields were not significantly different across the three irrigation 

systems (ANOVA, p > 0.05). Weedy yields were significantly less in the DS-AWD than in the 
WS-AWD and WS-Control across both years (Tukey-Kramer HSD Mean Separation, p < 0.05). 
Ducksalad and watergrass were the predominant weed species present in the WS-AWD and WS-
Control at canopy closure over both years. In the DS-AWD, watergrass and sprangletop were the 
only two species present at canopy closure. At harvest, ducksalad had completed its life cycle, so 
watergrass was the predominant species across all irrigation systems, though the relative biomass 
was significantly greater in the DS-AWD than in the other systems (p < 0.05). The only 
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significant difference found in species composition between the WS-AWD and WS-Control was 
the significant increase in biomass of smallflower umbrella sedge in the WS-AWD at harvest in 
both 2013 and 2014 (p < 0.05). The increase may be due to the biphasic emergence pattern of 
smallflower umbrella sedge, which could be stimulated by the drain at canopy closure in the WS-
AWD treatment.  
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Preliminary Evaluation of Suspected Paraquat-resistant Italian Ryegrass in a 
California Orchard. Caio Brunharo1, Bradley Hanson1 1University of California at Davis 

 
     Paraquat is widely used as a nonselective herbicide for the control of weeds in row, vegetable 
and orchard crops. This quaternary ammonium acts by siphoning electrons from the plant’s 
photosystem I and donating them to O2, generating toxic molecules that lead to rapid plant cell 
membrane disruption. The present experiment was carried out following reported failures in 
controlling Italian ryegrass with paraquat in a prune orchard near Hamilton City, California. The 
15 treatments in the experiment were commonly used herbicides for pre- and post-emergence 
grass-weed control in California, and included: (1) Untreated control; (2) Roundup PowerMax; 
(3) Gramoxone SL (2.5 pt/A); (4) Gramoxone SL (4 pt/A); (5) Rely 280; (6) Roundup 
PowerMax + Poast; (7) Roundup PowerMax + Fusilade; (8) Roundup PowerMax + Envoy; (9) 
Roundup PowerMax + Matrix; (10) Rely 280 + Poast; (11) Rely 280 + Fusilade; (12) Rely 280 + 
Envoy; (13) Rely 280 + Matrix; (14) Rely 280 + Alion;  and (15) Gramoxone 2 + Surflan AS. 
Treatments were applied on May 23rd, 2015, when the ryegrass was 10 inches tall.  Visual 
evaluations were carried out at 7, 14, 21 and 28 days after treatment, based on a 0-100 scale, 
where 0 represents no visible injury and 100 represent complete plant death. Overall, Roundup 
PowerMax exhibited poor visual control of Italian ryegrass in all treatment combinations. The 
treatments that performed statistically best were Rely 280 + Envoy (56 fl oz/A + 16 fl oz/A), 
Rely 280 + Fusilade (56 fl oz/A + 12 fl oz/A), Rely 280 + Matrix (56 fl oz/A + 2 oz/A) and Rely 
280 (56 fl oz/A). In this field study, paraquat only provided 68-73% control of ryegrass which 
strongly supports the previously reported concerns about glyphosate-paraquat resistance in 
Italian ryegrass in California orchards 
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A Comparison of Remote Sensing Methods for Estimating Summer Annual 
Plant Cover. Roxanne Foss, Department of Environmental Science, Policy & Management, 
University of California, Berkeley, CA 
 
     Yellow star-thistle (Centaurea solstitialis; YST) is a noxious weed invading 
California’s grasslands statewide, outcompeting native grasses, native forbs, and non-
native annual grass forage (Bradley et al 2009, Pitcairn et al 2006).  A considerable amount of 
research and a number of integrated pest management (IPM) programs have sought to reduce the 
density and extent of YST by burning, grazing, applying herbicide, and mechanically removing 
individuals (DiTomaso et al. 2006).  This case study examines the accuracy of multiple 
classification methods in identification of potential YST cover across Briones Regional Park, 
within Contra Costa County, CA.  Late summer annual plant cover was estimated with 2014 
National Agriculture Imagery Program (NAIP) imagery and Landsat 8 near-infrared data using 
unsupervised, supervised, machine learning, and decision tree classification methods.  All 
methods initially had low overall accuracy (less than 63%), but accuracy improved when cover 
classes with similar spectral signatures were combined. The vector machine learning classification 
method had the highest overall accuracy of all tested classification schemes (84.66% overall 
accuracy).  However, the supervised classification method had the highest user and producer 
accuracy in identifying herbaceous cover with a high infrared signature (79.67% user; 
89.09% producer).  The classification of plant cover with high NIR signatures corresponds to a 
suite of summer annual species of management concern at Briones Regional  
Park. This replicable approach is applicable to land managers across  
California that face similar invasions of YST and other summer-maturing invasive plants.  
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Effect of Green Waste Compost and Tomato Pomace Soil Amendments on 
Weed Seed Inactivation with Biosolarization. Kate Hernandez1*, Dlinka G. McCurry1, 
Ruth M. Dahlquist-Willard1, and James J.  Stapleton2. 1University of California Cooperative 
Extension Fresno County, Fresno, CA; 2Statewide Integrated Pest Management Program, UC 
Kearney Agricultural Research and Extension Center, Parlier, CA. *kt.hernandez@hotmail.com 

     Weed pests pose a formidable problem for farmers without the help of fumigants and 
herbicides. Biosolarization, or solarization with soil amendments such as compost or other sources 
of organic matter, has the potential to increase the utility of solarization for weed control by 
reducing the time and/or temperature regimen needed to achieve mortality of weed seeds and other 
soilborne pests. The effect of biosolarization on seeds of black mustard (Brassica nigra) and black 
nightshade (Solanum nigrum) was evaluated as a sustainable alternative to pesticides. A field trial 
was performed in Parlier, California, using solarized and nonsolarized soil amended with tomato 
pomace (2.5% or 5% w/w), and green waste compost (2% w/w) combined with tomato pomace 
(2.5% or 5% w/w) to test weed seed inactivation efficacy.  Solarized treatments with both compost 
and pomace amendment, as well as pomace alone, had nearly 100% mortality after 7 days, as 
opposed to treatments without amendments and treatments that were not solarized.  Tetrazolium 
testing confirmed that nongerminated weed seeds were dead and not dormant. These results 
indicate that control of certain weeds with biosolarization can be achieved in much less time than 
is normally required for solarization without soil amendments (usually 6-8 weeks).  
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Effects of Simulated Rice Herbicide Drift Rates on Walnuts. 
Mariano F Galla*, Kassim Al-Khatib and Bradley D Hanson. Plant Sciences Department, 
University of California, Davis, CA, USA. *Corresponding author mfgalla@ucdavis.edu 

 

English walnut is one of the top commodities grown in California and its importance has 
been increasing in the last decade. Often walnut trees are fairly close to rice fields; thus 
herbicides used on rice may contact walnut trees by either drift or accidental direct 
application. There are many complains about yellow spotting observed on young walnut 
leaves that are alleged to be related to rice herbicide drifting following aerial application. In 
the walnut growing Sacramento Valley counties, the majority of the rice herbicides are 
sprayed between the end of May and early July. This timing coincides with a period of rapid 
growth for walnuts and flower bud initiation. Two field experiments were conducted at the 
UC Davis experimental station to evaluate simulated drift rates of selected rice herbicide on 
two years old chandler walnuts. On June 24, 2015, bispyribac sodium, bensulfuron and 
propanil were applied at four rates representing 0.5%, 1%, 3% and 10% of the use rate in 
rice. The use rate was 44.8, 70.2, and 6725.1 g ai/ha for bispyribac sodium, bensulfuron and 
propanil, respectively. All herbicides caused significant damage and delayed growth of the 
young walnut leaves and shoots. The severity of symptoms peaked 21 days after treatment 
then plants started to recover from injury symptoms. At the end of the growing season, 
however, herbicide symptoms were still evident. The effects of multiple bispyribac sodium 
exposure were evaluated in a separate study. Two years old walnut trees were treated with 
four sequential applications of two rates (0.5% and 3% of the rice use rate) of bispyribac 
sodium on a weekly interval, starting on June 11, 2015. Bispyribac sodium, at both rates 
caused significant damage to walnuts leaves and growth. Symptoms were still apparent four 
months after the last bispyribac sodium treatment. 
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Mortality of Brassica nigra Seeds At Temperatures in the Low Range of 
Biosolarization Conditions. Dlinka G. McCurry1*, Kate Hernandez1, Ruth M. Dahlquist-
Willard1, and James J.  Stapleton2. 1University of California Cooperative Extension Fresno 
County, Fresno, CA; 2Statewide Integrated Pest Management Program, UC Kearney Agricultural 
Research and Extension Center, Parlier, CA. *dlinka.mccurry@gmail.com 
 

     Soil solarization is an organically acceptable technique that helps reduce the weed seedbank 
without using fumigation or herbicides.  Biosolarization (solarizing soil amended with green waste 
compost and/or tomato pomace) could help shorten the time required for solarization by increasing 
mortality of weed seeds. We exposed Brassica nigra (black mustard) seeds to two constant 
temperatures in three   soil preparations (field soil, field soil plus tomato pomace, and field soil 
plus green waste compost and tomato pomace). The soil preparations were exposed to moderate 
temperatures of 39 C and 42 C for periods of 48 and 72 hours in replicated, laboratory microcosm 
experiments.  Seed samples were removed from microcosms and incubated for 14 days in a growth 
chamber to determine germination percentage. Mortality was determined as (1 –germination %) 
and verified with tetrazolium staining. Both heat treatment and soil mixture type had an effect on 
weed seed mortality, with higher mortality in heat-treated soil mixtures and higher mortality in 
amended soil mixtures (P<0.01). Weed seed mortality in both pomace- and compost+pomace- 
amended soil reached 98-100% at 42 C in 72 hours, indicating that biosolarization for weed seed 
control would be effective within a few days of treatment and at temperatures lower than those 
required for solarization in non-amended soil.  
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Screening the San Joaquin Valley for Glyphosate-resistant Palmer amaranth 
in Perennial and Annual Cropping Systems. Eduardo Padilla1, Sonia Rios2, Steve 
Wright3, and Anil Shrestha1: 1California State University Fresno, 2UCCE Riverside/San Diego 
Co., 3UCCE Tulare/Kings Co., 5241 North Maple Avenue, Fresno, CA 93740 
Phone and email: (559) 310-0686, eduardopadilla@ymail.com 

     Glyphosate has been a popular herbicide for weed management in agriculture 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 difficult 
weeds to control 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. Palmer amaranth seeds from 6 annual and biannual cropping systems from different 
locations of the SJV were collected for evaluation of glyphosate resistance. The SJV Palmer 
amaranth 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= 840 g ae ha-1 (labeled rate). The study was 
repeated. All the SJV populations had 100% mortality at the 840 g ae ha-1 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. 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.  
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Life Cycle of Fall- and Spring-planted Biotypes of Conyza spp. Described in 
Growing Degree Days. Katrina Steinhauer1, Marie Jasieniuk2, Brad Hanson2, and Anil 
Shrestha1  1Department of Plant Science, California State University, Fresno, CA 
2Department of Plant Science, University of California, Davis, CA 
 

     Horseweed (Conyza canadensis) and hairy fleabane (C. bonariensis) are two common weeds in 
perennial cropping systems and non-crop areas of California. Glyphosate-resistant (GR) populations 
of these species were documented in 2005 and 2007, respectively. In the Central Valley, these 
species generally have two major times of emergence, in late fall and late winter.  The fall-emerging 
plants overwinter as a rosette and start rapid growth in late winter.  The spring-emerging plants start 
rapid growth soon after emergence but both the fall- and the spring-emerging plants flower and set 
seed in late summer. However, the difference in growth and phenological development of the plants 
emerging at these two times of the year has not been studied. Also, it is not known if emergence 
characteristics or phenological differences are different between the GR and glyphosate-susceptible 
(GS) biotypes of these two species. The use of growing degree days (GDDs) is common in 
describing phonological development of crops and insect pests.  In the case of weeds, the 
development of some species have also been described in GDDs.  Control measures with herbicides 
may be better if application timings were based on GDD rather than on growth stage.  Therefore, a 
two-year study was conducted at Fresno, CA to compare the growth and development of fall- and 
spring-planted GR and GS horseweed and hairy fleabane. The time taken to reach various 
phenological stages (rosette, bolting, initial appearance of flower bud, initial flowering, and initial 
seeding) was recorded days after transplanting and converted to GDDs using a base temperature of 
13° C and 4.2° C, for horseweed and hairy fleabane growth, respectively.  Dry mass of the plants at 
initial seed set was also recorded. Results showed that, the GDDs required to reach various 
phenological stages was different between the fall- and spring-planted hairy fleabane. The fall-
planted hairy fleabane plants required more GDDs to set seed than the spring-planted ones.  
However, there was no difference between the GR and the GS hairy fleabane for the number of 
GDDs required to reach the various phonological stages.  In contrast, both the fall- and spring-
planted horseweed required similar GDDs to reach the various phenological stages.  Furthermore, 
the GR horseweed plants required fewer GDDs to reach the various phenological stages than the GS 
plants. Planting date had no effect on final aboveground hairy fleabane biomass but fall-planted 
horseweed amassed more dry matter than the spring-planted individuals.  Studies have reported 
that postemergence herbicides control these species better when applied at or before the rosette 
stage.  Once the plants bolt, they become somewhat tolerant to herbicides, in general.  Biological 
information generated from this study could help in the management of horseweed and hairy 
fleabane, especially with postemergence herbicides under various winter and spring temperature 
conditions.   
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Allelochemical Pest Control in Strawberry Production. Eli M. Weissman*1, Dr. 
Scott Steinmaus, Dr. Kelly Ivors, Dr. Steven Fennimore, Dr. Matt Ritter 
1California Polytechnic State University, HCS Dept., Bldg. 11 Rm. 106, 1 Grand Ave, San Luis 
Obispo, CA 93407 *Corresponding author (eweissma@calpoly.edu) 
 
     Strawberry (Fragaria x ananassa) production relies predominantly on synthetic pesticide 
applications to control pests. Due to mandated reductions in methyl bromide use, and the 
subsequent emergence of pests previously controlled by this fumigant, strawberry growers must 
find novel pest control options. Allelochemicals, compounds produced by one organism that 
suppress the growth and/or development of another, are an appealing solution because research 
suggests they have fewer environmental impacts than traditional pesticides. In water agar, we 
produced 1000, 500, 100, and 10 parts per million (ppm) concentrations of gallic acid, ferulic 
acid, p-Coumaric acid, and juglone. We tested the in vitro dose-response of little mallow (Malva 
parviflora), common groundsel (Senecio vulgaris), annual blue grass (Poa annua), and romaine 
lettuce (Lactuca sativa ‘Inferno’) to these four putative allelochemicals. We subjected seedling 
length and percent germination data to analysis of variance, Tukey’s HSD tests, and nonlinear 
regressions. Juglone inhibited M. parviflora germination (EC50: 87 ppm) whereas the other 
compounds did not. Seedling length was a more sensitive response variable (M. parviflora 
seedling length EC50s for juglone, p-Coumaric acid, ferulic acid, and gallic acid were 71 ppm, 
115 ppm, 267 ppm, and 165 ppm, respectively). Enhanced juglone phytotoxicity was likely due 
to the greater lipophilicity of quinones, such as juglone, relative to the three phenolic acids. 
Generally, the phytotoxicity of the compounds fell into the following order: juglone>p-Coumaric 
acid>ferulic acid>gallic acid (e.g. S. vulgaris germination EC50s listed in the compound 
phyotoxicity order: 69 ppm, 147 ppm, 666 ppm, and no inhibition). To further assess the 
suitability of the four suspected allelochemicals as pre-plant pesticides in strawberry production, 
we are performing additional weed and fungal assays in field soil. 
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Competition Between a Glyphosate-resistant and Susceptible Biotype of 
junglerice (Echinochloa colona). Pahoua Yang, Larissa Larocca de Souza, and Anil 
Shrestha,  Department of Plant Science, California State University, Fresno, CA 93740 
 

     Junglerice (Echinochloa colona) is a problematic weed in annual and perennial cropping 
systems as well as non-crop areas of California.  This problem has been further aggravated by the 
discovery of glyphosate-resistant (GR) biotypes in the Central Valley. Development of effective 
management strategies for herbicide-resistant weeds requires an understanding of population 
dynamics and potential impacts of the resistant biotype. For example, some herbicide-resistant 
biotypes carry a fitness penalty and can have reduced competitive ability than the herbicide-
susceptible biotypes.  Therefore, study of the competitive ability of resistant and susceptible 
biotypes of weeds is of ecological significance and can impact weed management decisions.  Some 
studies have found that the GR horseweed (Conyza canadensis) was more competitive than the 
glyphosate-susceptible (GS) biotype.  However, it is not known if it is the same case with 
junglerice. This needs to be determined as the findings may have ecological significance to the 
population dynamics of these two biotypes of junglerice in the Central Valley.  Therefore, a study 
was conducted in summer 2015 in Fresno to compare the competitive ability of GR and GS 
junglerice. 

     Two- to 3-leaf seedlings of a confirmed GR and a GS junglerice biotype were obtained from 
University of California, Davis and were transplanted into 15.1 l (4 gal) plastic pots containing 
field soil. In each pot, the GR and GS plants were planted at different ratios in a replacement series 
experiment style.  The ratios were 4:0, 3:1, 2:2, 1:3, and 0:4 of GR and GS plants, respectively.  
Each plant was labelled with a small plastic stake for identification. Each treatment was replicated 
four times and the experiment was arranged as a randomized complete block.  All the pots were 
irrigated with 1.1 l/pot (0.3 gal/pot) of water every two days. Each pot was also fertilized with 100 
ml (0.1 qt) of a solution containing 4 g (0.14 oz) of commercial fertilizer (Miracle-Gro) twice 
during the growing season. The plants were grown for six weeks. At the early flowering stage, the 
plants from each pot were individually harvested at the soil surface.  After harvest, the plants were 
individually stored in paper bags, oven dried at 60° C for 3 days and shoot dry weights was 
recorded. Data were analyzed using analysis of variance procedures in SAS at a 0.05 level of 
significance and graphs were prepared using SigmaPlot. 

     The total average aboveground biomass and total dry weight of the inflorescence was greater 
in the GS than in the GR type.  However, the number of flower heads was greater in the GR than 
in the GS type. This indicated that the biomass allocation patterns to the reproductive structures 
and total seed production could be different in the GS and the GR junglerice.  However, this cannot 
be ascertained as the experiment was terminated before seed set.  The replacement series data 
showed that the GS junglerice was more competitive than the GR biotypes and produced more 
biomass at all densities.  Therefore, this study indicated that the GS was more competitive than the 
GR junglerice biotypes tested.  However, it cannot be generalized if this is the case with all GR 
and GS biotypes of junglerice in California. The study will be repeated in 2016. 
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CWSS FINANCIAL STATEMENT 7/1/15-5/1/16  
 Ordinary Income  
  4000 · Registration Income 113,908.00 

  4001 · Membership Income 875.00 

  4020 · Exhibit Income 23,600.00 

  4030 · Sponsor Income 11,350.00 

  4040 · CWSS Textbook Income 1,516.56 

  4065 · Orchid Fundraiser 864.20 

  4290 · Refunds -2,243.00 

 Total Income 149,870.76 

 Expense  
  4300 · Conference Accreditation 165.00 

  4320 · Conference Catering Expense 48,290.24 

  4330 · Conference Equipment Expense 4,364.87 

  4360 · Student Awards/Poster Expense 2,200.00 

  4370 · Scholarship Expense 0.00 

  4380 · Conference Supplies 645.56 

  6090 · Advertising 2,000.00 

  6105 · Merchant Services Fees 1,941.77 

  6130 · Board Meeting Expenses 268.88 

  6140 · Contributions 5,000.00 

  6240 · Insurance - General 3,303.00 

  6270 · Legal & Accounting 1,919.36 

  6280 · Mail Box Rental Expense 43.00 

  6300 · Office Expense 14.97 

  6307 · Outside Services - PAPA 40,261.60 

  6340 · Postage/Shipping Expense 1,247.14 

  6345 · Printing Expense - Newsletter 1,607.98 

  6355 · Website Expense 999.40 

  6360 · Storage Rental Expense 528.00 

  6390 · CWSS Textbook -10.00 

  6500 · Taxes - Other 10.00 

  6520 · Telephone/Internet Expense 795.58 

  6530 · Travel - Transport/Lodging 1,315.50 

  6540 · Travel - Meals/Entertainment 595.58 

  6545 · Student Travel - Transport/Lodg 1,572.80 

  6550 · Student Travel - Meals 139.25 

  
6555 · Speaker Lodging/Travel 
Expense 818.41 

 Total Expense 120,037.89 

Net Ordinary Income 29,832.87 
   29,832.87 
    

    
Edward Jones Investment Account Balance 3/24/16 - $279,194 
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Jim McHenry 
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Jesse Richardson (2000) 
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1992 Don Colbert & Ron Kelley 
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1994 Jim Cook & Robert Norris 
1995 Mick Canevari & Rich Waegner 
1996 Galen Hiett & Bill Tidwell 
1997 David Haskell & Louis Hearn 
1998 Jim Helmer & Jim Hill 
1999 Joe DiTomaso 
2000 Kurt Hembree 
2001 Steven Fennimore, Wanda Graves & Scott Steinmaus 
2002 Carl Bell & Harry Kline 
2003 Dave Cudney & Clyde Elmore* 
2004 Michelle LeStrange & Mark Mahady 
2005 Scott Johnson & Richard Smith 
2006 Bruce Kidd, Judy Letterman & Celeste Elliott  
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Deb Shatley & Barry Tickes 
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*President’s Award for Lifetime Achievement in Weed Science 
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California Weed SCienCe SoCiety 
Conference History 

 
CONFERENCE DATE HELD    LOCATION    PRESIDENT 
 
1st   February 16, 17, 1949  Sacramento  Walter Ball   
2nd   April 4, 5, 6, 1950   Pomona  Walter Ball 
3rd   January 30, 31, Feb. 1, 1951  Fresno   Alden Crafts 
4th   January 22, 23, 24, 1952  San Luis Obispo Murray Pryor 
5th   January 20, 21, 22, 1953  San Jose  Bill Harvey 
6th   January 27, 28, 1954   Sacramento  Marcus Cravens 
7th   January 26, 27, 1955   Santa Barbara  Lester Berry 
8th   February 15, 16, 17, 1956  Sacramento  Paul Dresher 
9th   January 22, 23, 24, 1957  Fresno   James Koehler 
10th   January 21, 22, 23, 1958  San Jose  Vernon Cheadle 
11th   January 20, 21, 22, 1959  Santa Barbara  J. T. Vedder 
12th   January 19, 20, 21, 1960  Sacramento  Bruce Wade 
13th   January 24, 25, 26, 1961  Fresno   Stan Strew 
14th   January 23, 24, 25, 1962  San Jose  Oliver Leonard 
15th   January 22, 23, 24, 1963  Santa Barbara  Charles Siebe 
16th   January 21, 22, 23, 1964  Sacramento  Bill Hopkins 
17th   January 19, 20, 21, 1965  Fresno   Jim Dewlen 
18th   January 18, 19, 20, 1966  San Jose  Norman Akesson 
19th   January 24, 25, 26, 1967  San Diego  Cecil Pratt 
20th   January 22, 23, 24, 1968  Sacramento  Warren Johnson 
21st   January 20, 21, 22, 1969  Fresno   Floyd Holmes 
22nd   January 19, 20, 21, 1970  Anaheim  Vince Schweers 
23rd   January 18, 19, 20, 1971  Sacramento  Dell Clark 
24th   January 16, 17, 18, 19, 1972  Fresno   Bryant Washburn 
25th   January 15, 16, 17, 1973  Anaheim  Howard Rhoads 
26th   January 21, 22, 23, 24, 1974  Sacramento  Tom Fuller 
27th   January 20, 21, 22, 1975  Fresno   Dick Fosse 
28th   January 19, 20, 21, 1976  San Diego  Jim McHenry 
29th   January 17, 18, 19, 1977  Sacramento  Les Sonder 
30th   January 16, 17, 18, 1978  Monterey  Floyd Colbert 
31st   January 15, 16, 17, 18, 1979  Los Angeles  Harry Agamalian 
32nd   January 21, 22, 23, 24, 1980  Sacramento  Conrad Schilling 
33rd   January 19, 20, 21, 22, 1981  Monterey  Lee Van Deren 
34th   January 18, 19, 20, 21, 1982  San Diego  Dave Bayer 
35th   January 17, 18, 19, 20, 1983  San Jose  Butch Kreps 
36th   January 16, 17, 18, 19, 1984  Sacramento  Ed Rose 
37th   January 21, 22, 23, 24, 1985  Anaheim  Hal Kempen 
38th   January 27, 28, 19, 30, 1986  Fresno   Ray Ottoson 
39th   January 26, 27, 28, 29, 1987  San Jose  Ken Dunster 
40th   January 18, 19, 20, 21, 1988  Sacramento  George Gowgani 
41st   January 16, 17, 18, 1989  Ontario  Ed Kurtz 
42nd   January 15, 16, 17, 1990  San Jose  Dennis Stroud 
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California Weed SCienCe SoCiety – Conference History 
 
 
CONFERENCE DATE HELD    LOCATION  PRESIDENT 
 
43rd   January 21, 22, 23, 1991  Santa Barbara  Jack Orr 
44th   January 20, 21, 22, 1992  Sacramento  Nate Dechoretz 
45th   January 18, 19, 20, 1993  Costa Mesa  Alvin A. Baber 
46th   January 17, 18, 19, 1994  San Jose  James Greil 
47th   January 16, 17, 19, 1995  Santa Barbara  Nelroy Jackson 
48th   January 22, 23, 24, 1996  Sacramento  David Cudney 
49th   January 20, 21, 22, 1997  Santa Barbara  Jesse Richardson 
50th   January 12, 13, 14, 1998  Monterey  Ron Vargas 
51st   January 11, 12, 13, 1999  Anaheim  Scott Johnson 
52nd   January 10, 11, 12, 2000  Sacramento  Steve Wright 
53rd   January   8,   9, 10, 2001  Monterey  Matt Ehlhardt 
54th   January 14, 15, 16, 2002  San Jose  Lars Anderson 
55th                         January 20, 21, 22, 2003  Santa Barbara  Bruce Kidd 
56th   January 12, 13, 14, 2004  Sacramento  Pam Geisel 
57th   January 10, 11, 12, 2005  Monterey  Debra Keenan 
58th   January 16, 17, 18  2006  Ventura  L. Robert Leavitt 
59th   January   8,   9, 10, 2007  San Diego  Deb Shatley 
60th   January 28, 29, 30, 2008  Monterey  Carl Bell 
61st   January 12, 13, 14  2009  Sacramento  Stephen Colbert 
62nd                         January 11. 12. 13  2010                   Visalia                        Stephen Colbert  
63rd    January 19, 20, 21, 2011   Monterey                    Dave Cheetham 
64th                         January 23, 24, 25  2012  Santa Barbara  Michelle LeStrange 
65th    January 23, 24, 25  2013  Sacramento  Chuck Synold 
66th   January 22, 23, 24  2014  Monterey  Steve Fennimore 
67th   January 21, 22, 23, 2015  Santa Barbara  Rick Miller 
68th            January 13, 14, 15, 2016  Sacramento  John Roncoroni 
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VALENT USA 
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manso@valent.com 
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CDPR 
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 JOE ARMSTRONG 
DOW AGROSCIENCES 
1945 CAROLINA AVE 
CLOVIS, CA 93611 
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BAYER CROP SCIENCE 
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robert.austin1@bayer.com 
 

 JOE BALLMER 
SYNGENTA 
207 MARSH HAWK DR 
FOLSOM, CA 95630 
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DUPONT CROP PROTECTION 
3590 PAYDIRT DR 
PLACERVILLE, CA 95667 
carl.d.bannon@dupont.com 
 

 GERARDO BANUELOS 
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ORO AGRI INC 
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GILBERT, CA 85296 
805-428-4725 
casey.butler@syngenta.com 
 

 JOSE CABRERA 
BAYER CROP SCIENCE 
2726 NIVERTH PLACE 
SANTA MARIA, CA 93456 
408-840-1091 
jose.cabrera@syngenta.com 
 

JOSE CABRERA-MOTTA 
BAYER 
2491 ALLUVIAL AVE #64 
CLOVIS, CA 93611 
alfonso.cabrera@bayer.com 
 

 MARC CAMINO 
GAR TOOTELIAN 
2890 17TH AVE 
KINGSBURG, CA 93631 
559-908-3654 
mcamino@gtipros.com 
 

 DAKOTA CAMINO 
SYNGENTA 
304 E BEECH AVE 
REEDLEY, CA 93654 
559-246-2612 
dakota.camino@syngenta.com 
 

AMBER CANDELA-COONEY 
DWR 
5280 BRUNS RD 
BYRON, CA 94514 
707-437-5105 
acooney@water.ca.gov 
 

 DAVID CANNELLA 
SIMPLOT GROWER SOLUTIONS 
8961 ROAD 272 
TERRA BELLA, CA 93270 
559-535-4012 
dave.cannella@simplot.com 
 

 JERRY CARDOSO 
BUTTE COUNTY RICE GROWERS ASSOC 
3105 SIERRA VISTA DR 
YUBA CITY, CA 95993 
530-218-3241 
jwcardoso@comcast.net 
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MARTIN CARILLO 
BRANDT 
PO BOX 35000 
FRESNO, CA 93745 
559-499-2102 
helen.crumpler@brandt.co 
 

 RICK CAROTHERS 
AGRICULTURAL ADVISORS, INC. 
3995 E BUTTE RD 
LIVE OAK, CA 95953 
530-674-1255 
agadvisors@succeed.net 
 

 ANDY CARRIGER 
DOW AGROSCIENCES 
8021 NW LAKEVIEW DR 
PARKVILLE, MO 64152 
avcarriger@dow.com 
 

JOSH CARTWRIGHT 
BEAR RIVER SUPPLY INC 
218 PLEASANT GROVE RD 
RIO OSO, CA 95674 
530-682-7762 
josh@bearriversupply.com 
 

 VINCE CARVALHO 
COUNTY OF SONOMA PUBLIC WORKS 
2175 AIRPORT BLVD 
SANTA ROSA, CA 95403 
707-565-7579 
greg.chiossi@sonoma-county.org 
 

 NINO CARVALHO 
NINO CARVALHO FARMS & AG SPRAYING 
7696 S. JAMES RD. 
TRANQUILLITY, CA 93668 
559-240-5070 
ncas@rocketmail.com 
 

MAX CASSIE 
EYENON WEED CONTROL 
600 AIRPORT RD 
OCEANSIDE, CA 92058 
760-601-4381 
max.cassie@eynonweed.com 
 

 TIM CASTANEDA 
TREMONT AG 
1029 SYCAMORE LN. 
WOODLAND, CA 95695 
530-681-9426 
tcastaneda@tremontag.com 
 

 VICTOR CAVAZOS 
KERN DELTA WATER DISTRICT 
501 TAFT HWY 
BAKERSFIELD, CA 93307 
661-834-4658 
terrys@kerndelta.org 
 

ROBERT CENTERS 
AG CONSULTING INC. 
29284 THE HORSESHOE 
WINTERS, CA 95694 
530-681-5816 
agcon6238@gmail.com 
 

 RALPH CERVANTES 
WELL PICT, INC. 
4300 ETTING RD 
OXNARD, CA 93033 
805-488-8726 
ralph@wellpict.com 
 

 RILEY CHANEY 
RILEY CHANEY FARMS 
2706 W ESCALON 
FRESNO, CA 93711 
559-269-6001 
rileychaneyfarms@gmail.com 
 

DAVE CHEETHAM 
HELENA CHEMICAL COMPANY 
3155 SOUTHGATE LN. 
CHICO, CA 95928 
530-570-4070 
cheethamd@helenachemical.com 
 

 JAMES CHEETHAM 
HELENA CHEMICAL CO 
3155 SOUTHGATE LN 
CHICO, CA 95928 
530-513-0361 
cheethamj@helenachemical.com 
 

 GREG CHIOSSI 
COUNTY OF SONOMA PUBLIC WORKS 
2175 AIRPORT BLVD 
SANTA ROSA, CA 95403 
707-565-7579 
gchiossi@sonoma-county.org 
 

DALE CHRISTENSEN 
PLANT PROTECTION CONSULTING 
1951 CHATEAU CT 
WALNUT CREEK, CA 0 
925-689-8991 
mdccc59@att.net 
 

 KEVIN CHUMAN 
CROP PRODUCTION SERVICES 
5466 N. FELAND AVE. 
FRESNO, CA 93711 
559-232-8236 
kchuman@sprynet.com 
 

 CHRIS CLEMENS 
SYNGENTA CROP PROTECTION 
1616 VENICE LN 
RICHLAND, WA 99352 
509-308-5599 
christopher.clemens@syngenta.com 
 

VALERIE CLEVENGER 
DWR 
31770 GONZAGA RD 
GUSTINE, CA 95322 
209-827-5123 
irma.clevenger@water.ca.gov 
 

 TERESA COE 
CDPR 
1001 I ST P.O. BOX 4015 
SACRAMENTO, CA 95812 
916-323-9905 
tcoe@cdpr.ca.gov 
 

 STEPHEN COLBERT 
DUPONT CROP PROTECTION 
1413 SIERRA DR 
ESCALON, CA 95320 
559-287-3360 
stephen.f.colbert@dupont.com 
 

JERRY CONDREN 
CROP PRODUCTION SVCS 
9355 COPUS RD 
BAKERSFIELD, CA 93313 
661-858-2278 
jerry.condren@cpsagu.com 
 

 THOMAS COOPER 
CALTRANS DISTRICT 11 
4050 TAYLOR ST 
SAN DIEGO, CA 92110 
619-688-3325 
thomas.cooper@dot.ca.gov 
 

 CYNTHIA COSSI 
VALLEY LANDSCAPES 
4325B ORANGE GROVE AVE 
SACRAMENTO, CA 95841 
916-826-5805 
valleylandscapes4@gmail.com 
 

MICHAEL COX 
BASF CORPORATION 
1536 E. PRINCETON CT. 
VISALIA, CA 93292 
559-284-7555 
michael.cox@basf.com 
 

 DAVID COX 
SYNGENTA 
14446 HUNTINGTON RD 
MADERA, CA 93638 
559-822-4597 
david.cox@syngenta.com 
 

 WILL CRITES 
WILL CRITES CONSULTING 
4565 GREEN VALLEY RD. 
FAIRFIELD, CA 94534 
925-683-0595 
bugkiller@aol.com 
 

CURTIS CROSBY 
DOT 
500 S MAIN ST 
BISHOP, CA 93514 
760-872-1369 
 

 WES CROXEN 
ALLIGARE, LLC 
PO BOX 1175 
MADERA, CA 93639 
559-706-2460 
wcroxen@alligare.com 
 

 HELEN CRUMPLER 
BRANDT 
PO BOX 35000 
FRESNO, CA 93745 
559-499-2102 
helen.crumpler@brandt.co 
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BRAD CUQUET 
BEAR RIVER SUPPLY 
218 PLEASANT GROVE RD 
RIO OSO, CA 95674 
530-633-2554 
brad@bearriversupply.com 
 

 RUTH DALQUIST-WILLARD 
UCCE FRESNO COUNTY 
550 E SHAW AVE STE 210-B 
FRESNO, CA 93710 
559-241-7513 
rdahlquistwillard@ucanr.edu 
 

 DONALD DAVIS 
DAVIS FAMILY FARMS 
1295 HIDDEN RIVER CT 
RENO, NV 89523 
661-333-1952 
ddavis7114@gmail.com 
 

KEN DE LEO 
VALENT USA 
5026 W SPRUCE AVE 
FRESNO, CA 93722 
559-269-4515 
kdele@valent.com 
 

 BRIAN DEETER 
GOWAN CO. 
35124 QUALLS PRATHER RD. 
AUBERRY, CA 93602 
559-779-3624 
bdeeter@gowanco.com 
 

 STEVE DEITZ 
SAWTOOTH AG RESEARCH 
PO BOX 314 
WOODLAKE, CA 93286 
559-564-3209 
stevesdeitz@gmail.com 
 

GILBERT DEL ROSARIO 
DOW AGROSCIENCES 
14581 LIVINGSTON ST 
TUSTIN, CA 92780 
949-878-7371 
gmdelrosario@dow.com 
 

 DANIEL DESMOND 
BUTTE COUNTY RICE GROWERS ASSOCIATION 
1121 RICHVALE HWY 
RICHVALE, CA 95974 
530-682-6695 
jdesmond@bucra.com 
 

 GEORGE DIAZ 
DWR 
4201 SABODAN ST 
BAKERSFIELD, CA 93313 
661-858-5536 
george.diaz@water.ca.gov 
 

STEVE DOLAR 
COUNTY OF SONOMA PUBLIC WORKS 
2175 AIRPORT BLVD 
SANTA ROSA, CA 95403 
707-565-7579 
steve.dolar@sonoma-county.org 
 

 NEIL DONAT 
SPRAYTEC 
PO BOX 2951 
LIVERMORE, CA 94551 
510-483-7394 
neil@spraytec.us 
 

 JON DRUCKS II 
HELENA CHEMICAL 
7946 N MAPLE #114 
FRESNO, CA 93720 
559-960-1524 
drucksj@helenachemical.com 
 

ROBERT DUFFEY 
DWR 
6908 COLUSA HWY P.O. BOX 40 
SUTTER, CA 95982 
916-802-8293 
rduffey@water.ca.gov 
 

 JESS DURAN 
SAN LUIS & DELTA MENDOTA WATER  
PO BOX 2157 
LOS BANOS, CA 93635 
209-826-4788 
jess.duran@sldmwa.org 
 

 RICK EBBINGHAUSEN 
NICHINO AMERICA, INC. 
1315 HARLEY DR 
WOODLAND, CA 95695 
530-668-6070 
rebbinghausen@nichino.net 
 

FRED ECKERT 
BASF TURF & ORNAMENTAL 
3604 PINE AVE. 
MANHATTAN BEACH, CA 90266 
310-220-9159 
fred.eckert@basf.com 
 

 DANA EDSON 
UNIVERSITY OF CALIFORNIA 
300 WILSON LANE 
WINDSOR, CA 95492 
707-838-3899 
danaedson@att.net 
 

 TONY ENCALADE 
SSJID 
PO BOX 747 
RIPON, CA 95366 
209-993-7971 
jima@ssjid.com 
 

JARED ENOS 
AGRICULTURAL ADVISORS, INC 
2995 E BUTTE RD 
LIVE OAK, CA 95933 
530-674-1255 
agadvisors@succeed.net 
 

 MIKE ENSMINGER 
CDPR 
1001 I ST. P.O. BOX 4015 
SACRAMENTO, CA 95812 
916-324-4186 
mensminger@cdpr.ca.gov 
 

 PAUL ESCOBAR 
SSI MAXIM CO. 
4832 N ARROW CREST WAY 
BOISE, ID 83703 
208-331-3189 
pescobar@ssimaxim.com 
 

PATRICIA ESPINOSA 
CALI CONSULTING SERVICE 
PO BOX 393 
HERALD, CA 95638 
209-810-2538 
caliag@att.net 
 

 MAGDY FAM 
CENTRAL CA WEED CONTROL 
2543 E POWERS AVE 
FRESNO, CA 93720 
559-283-6721 
magdyfam2000@yahoo.com 
 

 JIM FARRAR 
UC IPM 
2801 SECOND ST 
DAVIS, CA 95618 
530-750-1249 
jjfarrar@ucanr.edu 
 

STEVE FENNIMORE 
UNIVERSITY OF CALIFORNIA 
1636 E ALISAL ST 
SALINAS, CA 93905 
831-755-2896 
safennimore@ucdavis.edu 
 

 LOUIS FONTES 
KERN DELTA WATER DISTRICT 
501 TAFT HWY 
BAKERSFIELD, CA 93307 
661-834-4656 
terrys@kerndelta.org 
 

 DAN FOREY 
EUROFINS AGROSCIENCE SVCS 
465 E SAMPLE AVE 
FRESNO, CA 93710 
559-399-4510 
danforey@eurofins.com 
 

JAMES FOWLER 
CALTRANS 
4821 ADOHR LN. 
CAMARILLO, CA 93012 
818-599-7912 
james_fowler@dot.ca.gov 
 

 DAVID FRYE 
17637 RIVER RUN RD 
SALINAS, CA 93908 
831-737-9886 
dfrye@isagro-usa.com 
 

 JOSEPH GALLAGHER 
VALENT USA 
P.O. BOX 7987 
CHICO, CA 95927 
530-662-5016 
joseph.gallagher@valent.com 
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LIBERTY GALVIN 
UC DAVIS 
611 LESSLEY PL 
DAVIS, CA 95616 
918-766-4164 
lbgalvin@ucdavis.edu 
 

 DEWITT GARLOCK 
DHVCS_INC 
1211 GARDEN AVE 
ST HELENA, CA 94574 
707-486-6118 
dewitt.garlock@gmail.com 
 

 CHERYL GARTNER 
UNIVERSITY OF CALIFORNIA 
1413 SIERRA DR 
ESCALON, CA 95320 
512-308-5800 
cheryl.gartner@yahoo.com 
 

KEVIN GASH 
TREMONT AG 
1439 PABLA CT. 
YUBA CITY, CA 95993 
530-681-9648 
kgash@tremontag.com 
 

 SETH GERSDORF 
HELENA CHEMICAL COMPANY 
793 S TRACY BLVD PMB 301 
TRACY, CA 95376 
916-201-9558 
gersdorfs@helenachemical.com 
 

 TOM GETTS 
UCCE 
707 NEVADA ST 
SUSANVILLE, CA 96130 
530-251-2650 
tjgetts@ucanr.edu 
 

NEAL GIFFIN 
BRANDT 
P.O. BOX 35000 
FRESNO, CA 93745 
559-499-2100 
helen.crumpler@brandt.co 
 

 CELESTE GILBERT 
UNITED PHOSPHORUS 
PO BOX 1151 
DAVIS, CA 95618 
530-708-0403 
celeste.gilbert@uniphos.com 
 

 GARRETT GILCREASE 
SYNGENTA 
13970 GRANITE CIR 
HANFORD, CA 93230 
559-212-8240 
garrett.gilcrease@syngenta.com 
 

JOHN GLEASON 
U.S. FOREST SERVICE 
2375 FRUITRIDGE RD 
CAMINO, CA 95709 
530-642-5067 
jgleason@fs.fed.us 
 

 BRIAN GLENN 
EYENON WEED CONTROL 
600 AIRPORT DR 
OCEANSIDE, CA 92058 
951-317-3526 
brian.glenn@eynonweed.com 
 

 KEAN GOH 
CDPR 
1001 I ST. 
SACRAMENTO, CA 95812 
916-324-4072 
kgoh@cdpr.ca.gov 
 

JOHNNIE GOMEZ 
STATE OF CALIFORNIA - DWR 
4201 SABODAN ST 
BAKERSFIELD, CA 93313 
661-858-5537 
johnnie.gomez@water.ca.gov 
 

 NICK GONZALES 
TRICAL, INC. 
171 WESTSIDE RD 
HOLLISTER, CA 95023 
831-245-9936 
n.kgonzales@yahoo.com 
 

 JOE GONZALEZ 
STATE OF CALIFORNIA - DWR 
1111 GROMER AVE 
WASCO, CA 93280 
661-316-8581 
joeg@water.ca.gov 
 

ANGEL GONZALEZ 
CROP PRODUCTION SERVICES 
63251 ARGYLE RD 
KING CITY, CA 93930 
831-385-0728 
jagonzal2002@yahoo.com 
 

 KENNY GONZALEZ 
CALTRANS 
691 S TUSTIN AVE 
ORANGE, CA 92866 
714-288-2686 
kenny.gonzalez@dot.ca.gov 
 

 STUART GRAY 
SIERRA PACIFIC INDUSTRIES 
8246 CHURN CREEK RD. 
REDDING, CA 96002 
530-604-1288 
sjgray@spi-ind.com 
 

STEPHEN GRUENWALD 
GROWERS CHOICE CROP CONSULTING 
25800 POST AVE 
ORLAND, CA 95963 
530-519-8377 
steve@growers-choice.net 
 

 LARRY GUIDOTTI 
AG RX 
9908 FLYROD DR 
PASO ROBLES, CA 93446 
805-331-4680 
larryg@agrx.com 
 

 ADAM GUINN 
BUENA VISTA WATER STORAGE DISTRICT 
338 HOLLYHILL DR 
BAKERSFIELD, CA 93312 
661-809-4619 
adamguinn13@yahoo.com 
 

JOSE GUTIERREZ 
NICHINO AMERICA, INC 
2257 S MIAMI AVE 
FRESNO, CA 93727 
559-760-6497 
jgutierrez@nichino.net 
 

 MICHAEL HAILE 
LINWOOD SUPPLY, INC. 
PO BOX 463 
DIXON, CA 95620 
707-678-5087 
michael@linwoodsupply.com 
 

 GREG HALLQUIST 
ORO AGRI INC. 
3816 S WILLOW AVE #101 
FRESNO, CA 93725 
559-442-4996 
ghallquist@oroagri.com 
 

BYRON HAMILTON 
VENTURA COUNTY DEPT OF AIRPORTS 
555 AIRPORT WAY STE. B 
CAMARILLO, CA 93010 
805-388-4200 
byron.hamilton@ventura.org 
 

 JERAD HAMILTON 
CLARK PEST CONTROL 
555 N GUILD AVE 
LODI, CA 95240 
530-401-6940 
jhamilton@clarkpest.com 
 

 MARK HANSEN 
CPS-TIMBERLAND DIVISION 
328 7TH AVE 
SEASIDE, OR 97138 
503-703-6315 
mark.hansen@cpsagu.com 
 

BONNIE HANSEN 
STUDENT 
710 CATALINA DR 
LIVERMORE, CA 94550 
925-918-2069 
bonnie@comcast.net 
 

 DAVID HANSON 
VALLEYCREST LANDSCAPE MAINTENANCE 
825 MABURY RD 
SAN JOSE, CA 95133 
408-888-9716 
dhanson@valleycrest.com 
 

 BRAD HANSON 
UC DAVIS 
PLANT SCI DEPT MS4 ONE SHIELDS AVE 
DAVIS, CA 95616 
530-752-8115 
bhanson@ucdavis.edu 
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STEVE HARCOURT 
CONSULTING FORESTER 
PO BOX 9956 
SOUTH LAKE TAHOE, CA 96158 
530-577-1689 
altosteam1@yahoo.com 
 

 RON HARDING 
HARDING FARMING 
242 N. HARDING RD 
MODESTO, CA 95357 
209-531-5462 
rharding@bigvalley.net 
 

 LARRY HARRIS 
KINNIKINNICK SERVICE CO 
150 N DANA FOOTHILL RD 
NIPOMO, CA 93444 
805-451-8698 
kinnikinnservice@sbcglobal.net 
 

CYNTHIA HARRIS 
J.G. BOSWELL COMPANY 
27922 S DAIRY AVE 
CORCORAN, CA 93212 
559-992-5011 
charris@jgboswell.com 
 

 WILL HARRISON 
TARGET SPECIALTY PRODUCTS 
14861 LAURELGROVE CIR 
IRVINE, CA 92604 
562-412-6094 
will.harrison@target-specialty.com 
 

 LEAH ANN HARRISON 
BASF 
5132 N PALM AVE #65 
FRESNO, CA 93704 
559-314-4374 
leigh.ann.harrison@basf.com 
 

DAVE HATTEM 
RETIRED 
1515 WILLOWSIDE RD 
SANTA ROSA, CA 94903 
415-713-5075 
 

 JEANETTE HEINRICHS 
VAN BUERDEN INSURANCE SVC INC 
PO BOX 67 
KINGSBURG, CA 93631 
559-634-7113 
jheinric@vanbeurden.com 
 

 RODNEY HEINRICHS 
CLEAR VIEW OF THE CENTRAL VALLEY 
4225 W DAYTON AVE 
FRESNO, CA 93722 
559-779-3295 
rjhinc@sbcglobal.net 
 

JONATHAN HEINTZ 
CDFA 
3294 MEADOWVIEW RD 
SACRAMENTO, CA 95832 
916-628-1514 
jheintz@cdfa.ca.gov 
 

 JOHN HELM 
WESTERN AG RESEARCH PROS 
7187 VIA MARIA 
SAN JOSE, CA 95139 
408-643-3015 
jhwarp@gmail.com 
 

 MATT HELM 
MONTEREY PACIFIC INC 
2275 HOLLY DR 
PASO ROBLES, CA 93446 
831-821-2980 
matt@montereypacific.com 
 

KURT HEMBREE 
UCCE 
550 E SHAW AVE STE 210-B 
FRESNO, CA 93710 
559-392-6095 
kjhembree@ucanr.edu 
 

 HANS HERKERT 
GROWERS AG SERVICE 
2100 EVERGLADE RD 
YUBA CITY, CA 95993 
530-510-5315 
hans@tremontag.com 
 

 PEDRO HERNANDEZ 
NICHINO AMERICA, INC. 
37385 MILKWOOD 
WOODLAKE, CA 93286 
559-905-4593 
phernandez@nichino.net 
 

DAN HICKS 
HULST RESEARCH FARM SERVICES, INC. 
4449 TULLY RD 
HUGHSON, CA 95326 
209-883-0464 
hrfs@att.net 
 

 MAHLON HILE 
EMERITUS - CSU FRESNO 
6309 N. 9TH ST. 
FRESNO, CA 93710 
559-284-4254 
mahlon_hile@csufresno.edu 
 

 NICK HOFFMAN 
ECO-PAK LLC 
640 ORRCREST DR 
RENO, NV 89506 
765-228-9243 
nhoffman@ecopakllc.com 
 

ALBERT HOM 
COUNTY OF MARIN 
1688 10TH AVE 
SAN FRANCISCO, CA 94122 
415-473-4295 
ahom@marincounty.org 
 

 SARAH HOWARD 
BASF 
1142 VERONA AVE 
LIVERMORE, CA 94550 
209-272-5530 
sarah.howard@basf.com 
 

 JAMES HRUSKOCI 
BAYER CROP SCIENCE 
15610 CALISTOGA AVE 
BAKERSFIELD, CA 93314 
308-379-1776 
jim.hruskoci@bayer.com 
 

JOSIE HUGIE 
WILBUR ELLIS CO. 
1137 PRINCETON AVE 
MODESTO, CA 95350 
916-216-8744 
jhugie@wilburellis.com 
 

 GEORGE HULBERT 
WESTERN MILLING 
2280 WESTCOTT RD 
COLUSA, CA 95932 
530-437-2394 
ghulbert@westernmilling.com 
 

 BRANDON HULST 
HULST RESEARCH FARM SVCS 
4449 TULLY RD 
HUGHSON, CA 95326 
209-883-0464 
hrfs@att.net 
 

KEN HUMES 
ROCKWOOD CHEMICAL 
PO BOX 34 47 W RUTHERFORD RD 
BRAWLEY, CA 92227 
760-344-0916 
danv@rockwoodchemical.com 
 

 LAWRENCE HUNN 
HUNN, MERWIN, MERWIN, INC. 
47560 N. COURTLAND RD 
CLARKSBURG, CA 95612 
916-775-1254 
aug3174@aol.com 
 

 SHAUN HYDE 
SEPRO CORPORATION 
11550 N. MERIDIAN ST. #600 
CARMEL, IN 46032 
317-580-8097 
shaunh@sepro.com 
 

ROBERT IMBACH 
THE TREMONT GROUP, INC. 
102 MARSHALL AVE 
WOODLAND, CA 95695 
707-678-5564 
rimbach@tremontag.com 
 

 JOHN INOUYE 
CDPR 
6840 ROCKLEDGE CIRCLE 
ELK GROVE, CA 95758 
916-324-3538 
jinouye@cdpr.ca.gov 
 

 LYNDON INOUYE 
VALENT USA 
P O BOX 183 
KINGSBURG, CA 93631 
559-269-0324 
linou@valent.com 
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ED ISHIDA 
BAYER CROP SCIENCE 
1773 POWELL DR 
VENTURA, CA 93004 
805-701-4994 
ed.ishida@bayer.com 
 

 RONALD JACKSON 
STATE OF CALIFORNIA - DWR 
4201 SABODAN ST 
BAKERSFIELD, CA 93313 
661-858-5657 
ronald.jackson@water.ca.gov 
 

 NISREEN JARADAT 
CDPR 
1001 I ST 
SACRAMENTO, CA 95812 
916-324-3952 
njaradat@cdpr.ca.gov 
 

CHRIS JENNINGS 
UPI 
PO BOX 1627 
TEMPLETON, CA 93465 
805-202-6704 
chris.jennings@uniphos.com 
 

 LINDSAY JENNISON 
CROP PRODUCTION SERVICES 
P O BOX 1645 
HOLLISTER, CA 95024 
831-596-8540 
lindsay.jennison@cpsagu.com 
 

 ANDERS JERNER 
HULST RESEARCH FARM SVCS 
4449 TULLY RD 
HUGHSON, CA 95326 
209-883-0464 
hrfs@att.net 
 

MANUEL JIMENEZ 
BAYER CROP SCIENCE 
323 OLD LINE AVE. 
EXETER, CA 93221 
559-592-5643 
manuel.jimenez@bayer.com 
 

 CHRISTOPHER JOHNSON 
BUTCH JOHNSON FARMS 
7802 S. JAMES RD. 
TRANQUILLITY, CA 93668 
559-906-8932 
chrisjjohnson@me.com 
 

 SUEANNE JOHNSON 
UCANR 
2801 SECOND ST 
DAVIS, CA 95618 
530-750-1213 
suejohnson@ucanr.edu 
 

JOHNNIE JOHNSON 
SOLANO COUNTY 
PO BOX 248 
ST. HELENA, CA 94574 
916-217-8353 
johjohnson@tfewines.com 
 

 DUSTIN JOHNSON 
SISKIYOU COUNTY DEPT OF AGRICULTURE 
525 S FOOTHILL DR 
YREKA, CA 96097 
530-841-4113 
djohnson@co.siskiyou.ca.us 
 

 RICHARD JONES 
STATE OF CALIFORNIA - DWR 
36623 PEARL PLACE 
PALMDALE, CA 93550 
661-400-0321 
richjons@water.ca.gov 
 

MICHAEL JONES 
WESTERN MILLING 
PO BOX 2 
GRIMES, CA 95950 
530-437-2394 
mjones@westernmilling.com 
 

 GREG KAZARIAN 
FOWLER PACKING CO. 
1298 W FREMONT 
FRESNO, CA 93711 
559-281-8472 
greg@fowlerpacking.com 
 

 DEBRA KEENAN 
RESEARCH 2000 
13834 WINESAP CT 
CHICO, CA 95973 
530-892-1829 
research2000@sunset.net 
 

MARTIN KEIL 
MATSUDA'S BY GREEN ACRES 
10600 FLORIN RD 
SACRAMENTO, CA 95830 
916-423-3157 
marty@matsudasnursery.com 
 

 ELI KERSH 
AQUATIC ENVIRONMENTS, INC. 
PO BOX 606 
CONCORD, CA 94520 
415-307-0943 
ekersh@aquamog.com 
 

 KEN KETCHER 
DWR 
31770 GONZAGA RD 
GUSTINE, CA 95322 
209-827-5134 
ken.ketcher@water.ca.gov 
 

KYLE KEYAWA 
CSU CHICO 
3958 COUNTY RD H 
ORLAND, CA 95963 
530-624-3874 
keyawa_11@hotmail.com 
 

 MARYAM KHOSRAVIFARD 
CALIFORNIA WATER BOARD 
1001 I ST. 13TH FLOOR 
SACRAMENTO, CA 95814 
916-323-3427 
maryam.khosravifard@waterboards.ca.gov 
 

 CONRAD KIERNAN 
STATE OF CALIFORNIA 
100 S MAIN ST MS3-332 
LOS ANGELES, CA 90012 
213-897-2583 
conrad.kiernan@dot.ca.gov 
 

COURTNEY KITE 
SILENT FIRE INC. 
2371 E VENTURA BLVD SPC 77 
OXNARD, CA 93036 
323-244-7144 
silentfirewildflowers@gmail.com 
 

 DOUG KLEWENO 
CYGNET ENTERPRISES WEST, INC. 
5040 COMMERCIAL CIRCLE STE E 
CONCORD, CA 94520 
509-263-0027 
dkleweno@cygnetenterprises.com 
 

 DAVID KLUTTZ 
LAKELAND RESTORATION SVCS 
78 E RIVER SPUR 
PRIEST RIVER, ID 83856 
208-448-2222 
lakeland@lakelandrs.com 
 

RUSSEL KODET 
1721 SAN JUAN HWY 
SAN JUAN BAUTISTA, CA 95045 
831-784-3114 
 

 DAVID KRATVILLE 
CDFA 
P.O. BOX 711 
THORNTON, CA 95686 
916-654-0768 
dkratville@cdfa.ca.gov 
 

 MIKE KREBSBACH 
INDEPENDENT 
11905 CENEGAL RD 
ATASCADERO, CA 93422 
805-903-3787 
krebsbachmichael@gmail.com 
 

SCOTT KREIGHBAUM 
SYNGENTA 
5593 ELLIOTT AVE 
ATWATER, CA 95301 
916-783-1600 
scott.kreighbaum@syngenta.com 
 

 ARLENE KUROKAWA 
BAYER CROP SCIENCE 
5194 N. VIA TREVI 
FRESNO, CA 93711 
559-907-4587 
arlene.kurokawa@bayer.com 
 

 MATT LAGORIO 
GROWERS AG SERVICE 
2100 EVERGLADE RD 
YUBA CITY, CA 95993 
530-681-1265 
miagorio@tremontag.com 
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PAUL LANCASTER 
LANCASTER AG TECH 
195 PALM CIRCLE 
TULARE, CA 93274 
559-735-9963 
lancasterpauld@gmail.com 
 

 LANE LARUE 
LARUE AG CONSULTING 
PO BOX 8314 
WOODLAND, CA 95776 
530-681-8338 
lanelpca@aol.com 
 

 JOHN LAW JR 
VALLEYCREST COMPANIES 
379 EUCLID AVE 
OAKLAND, CA 95610 
510-305-1101 
jlawjr@msn.com 
 

BEN LEACOX 
UCCE YOLO COUNTY 
70 COTTONWOOD 
WOODLAND, CA 95695 
530-383-2951 
bgleacox@ucanr.edu 
 

 ROGER LEAFGREN 
PIONEER HI-BRED 
18369 COUNTY ROAD 96 
WOODLAND, CA 95695 
530-669-5119 
roger.leafgren@pioneer.com 
 

 CURT LEATHERS 
AGRIFORM 
13488 CO RD 98 
WOODLAND, CA 95695 
cleathers@tremontag.com 
 

ERIC LEER 
20263 S ELLIS RD 
ESCALON, CA 95320 
209-838-7730 
eric.leer@yahoo.com 
 

 STEPHEN LEE-THOMAS 
SOILFUME, INC. 
34339 ROAD 162 
VISALIA, CA 93292 
559-358-1432 
steve@soilfume.com 
 

 KENT LEGGE 
CROP PRODUCTION SERVICES 
930 WOOLLOMES 
DELANO, CA 93215 
661-979-3497 
kent.legge@cpsagu.com 
 

ROBERT LEMOS 
LEMOS ORCHARDS 
PO BOX 8312 
WOODLAND, CA 95776 
530-908-6136 
rjllemos@gmail.com 
 

 RICK LEONARD 
BAYER CROP SCIENCE 
12204 MARSHFIELD WY 
BAKERSFIELD, CA 93312 
661-203-6427 
rick.leonard@bayer.com 
 

 DON LEWIS 
SYNGENTA CROP PROTECTION 
61 BROOKVINE CIR 
CHICO, CA 95973 
530-513-8870 
don.lewis@syngenta.com 
 

ARON LINDGREN 
CDPR 
1001 I ST 
SACRAMENTO, CA 95814 
916-324-3950 
alindgren@cdpr.ca.gov 
 

 ANGELA LLABAN 
STATE OF CALIFORNIA - DBW 
1 CAPITOL MALL STE 410 
SACRAMENTO, CA 95814 
angela.llaban@parks.ca.gov 
 

 MICHAEL LOCATELLI 
WILBUR ELLIS CO. 
1850 N 1ST ST 
DIXON, CA 95620 
707-678-2858 
mlocatelli@wilburellis.com 
 

PAUL LOFTHOUSE 
CALTRANS 
PO BOX 3733 
PASADENA, CA 91031 
626-201-0666 
manfordway@hotmail.com 
 

 TINO LOPEZ 
VALENT USA 
403 W. OMAHA AVE. 
CLOVIS, CA 93611 
559-696-7334 
tino.lopez@valent.com 
 

 STEPHEN LUCICH 
NORCAL NURSERY 
PO BOX 1012 
RED BLUFF, CA 96080 
805-801-8565 
stevel@sakumabros.com 
 

GABRIEL LUDWIG 
HELENA CHEMICAL COMPANY 
18307 W WOODROW LN 
SURPRISE, AZ 85388 
951-703-8678 
ludwigg@helenachemical.com 
 

 WALT LUIHN 
SO SAN JOAQUIN IRRIGATION DISTRICT 
PO BOX 747 
RIPON, CA 95366 
209-249-4623 
 

 LAURI MACDONALD 
COUNTY OF SACRAMENTO 
4040 BRADSHAW ST 
SACRAMENTO, CA 95827 
916-875-4193 
macdonaldl@saccounty.net 
 

MATT MACEDO 
SOUTH SAN JOAQUIN IRRIGATION DISTRICT 
P.O. BOX 747 
RIPON, CA 95366 
209-993-9276 
mmacedo@ssjid.com 
 

 RICK MACK 
CROP PRODUCTION SERVICES 
2149 VISTA VALLE VERDE 
FALLBROOK, CA 92028 
951-203-4994 
rick.mack@cpsagu.com 
 

 JOHN MADSEN 
USDA-ARS EIWRU 
PLANT SCI M/S 4 1 SHIELDS AVE 274 ROBBINS  
DAVIS, CA 95616 
530-752-7870 
jmadsen@ucdavis.edu 
 

MARK MAHADY 
MARK M. MAHADY & ASSOCIATES INC. 
P.O. BOX 1290 
CARMEL VALLEY, CA 93924 
831-236-2929 
markmahady@aol.com 
 

 EILEEN MAHONEY 
CDPR 
1001 I ST P.O. BOX 4015 
SACRAMENTO, CA 95812 
916-324-3563 
emahoney@cdpr.ca.gov 
 

 BRIANNA MAKINSTER 
APPLIED BIOCHEMISTS 
1200 BLUEGRASS LAKES PKWY 
ALPHARETTA, GA 30004 
678-624-4633 
brianna.makinster@lonza.com 
 

MARK MANCL 
DUPONT PIONEER 
18369 COUNTY RD 96 
WOODLAND, CA 95695 
530-308-2136 
mark.mancl@pioneer.com 
 

 LARRY MARQUES 
SAN LUIS DELTA-MENDOTA WATER AUTHORITY 
PO BOX 2157 
LOS BANOS, CA 93635 
209-826-4788 
larry.marques@sldmwa.org 
 

 DAVID MARTIN 
DOW AGROSCIENCES 
6466 RIVIERA DR 
IRVING, TX 75039 
912-682-9935 
dpmartin2@dow.com 
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JOE MARTINEZ 
MARTINEZ AG SERVICES 
9337 CAMPBELL ROAD 
WINTERS, CA 95694 
530-681-8322 
jmagservice@icloud.com 
 

 WALTER MARTINEZ 
UCCE TULARE COUNTY 
4437B S. LASPINA 
TULARE, CA 93274 
559-786-9338 
wmartinez@co.tulare.ca.us 
 

 DANIEL MARTINEZ 
DWR 
19642 CRYSTAL SPRINGS CT 
NEWHALL, CA 91321 
661-702-1136 
dmartine@water.ca.gov 
 

MARK MAY 
CAL WESTERN WEED 
10047 CIRCLE R DR STE B 
VALLEY CENTER, CA 92082 
760-802-4691 
calwesternweed@yahoo.com 
 

 BRYAN MCCLEERY 
AMVAC CHEMICAL 
10581 S DEL GOLFO 
YUMA, AZ 85367 
760-525-4430 
bryanm@amvac-chemical.com 
 

 RYAN MCCOON 
DOW AGRO SCIENCES 
2508 MISSION CT 
ESCALON, CA 95320 
209-484-4408 
rmmcoonpca@gmail.com 
 

GREG MCCOWN 
DOT 
500 S MAIN ST 
BISHOP, CA 93514 
760-872-1369 
 

 DAVID MCEUEN 
CORCORAN RANCH 
P.O. BOX 877 
CORCORAN, CA 93212 
559-992-5011 
dmceuen@jgboswell.com 
 

 ALISTAIR MCKAY 
DOW AGROSCIENCES 
3196 SAN GABRIEL AVE 
CLOVIS, CA 93619 
559-349-1804 
ahmckay@dow.com 
 

THOMAS MCNABB 
CLEAN LAKES, INC 
2150 FRANKLIN CANYON RD 
MARTINEZ, CA 94553 
925-766-8862 
tmcnabb@cleanlake.com 
 

 DREW MCNABB 
CLEAN LAKES, INC 
2150 FRANKLIN CANYON RD 
MARTINEZ, CA 94553 
925-957-1905 
dmcnabb@cleanlake.com 
 

 PHIL MCNALLY 
BAYER CROP SCIENCE 
840 FLAMING ARROW 
PRESCOTT, AZ 86301 
949-887-6463 
phil.mcnally@bayer.com 
 

JIM MCNUTT 
AMVAC CHEMICAL 
9930 N ROWELL AVE 
FRESNO, CA 93720 
928-920-4061 
jimm@amvac-chemical.com 
 

 SHAWN MEADOWS 
12109 HIGHWAY 166 
BAKERSFIELD, CA 93313 
smeadows@wrdwsd.com 
 

 SHERI MELKONIAN 
M & S AG CONSULTING 
5714 FOLSOM BLVD #107 
SACRAMENTO, CA 95819 
559-908-7892 
sheri@msagconsulting.com 
 

ALLAN MELTON 
SOILFUME, INC. 
5575 BROADWAY 
LIVE OAK, CA 95953 
530-695-2541 
meltonaem@gmail.com 
 

 JASON MENDES 
J.G. BOSWELL COMPANY 
26085 RD 192 
EXETER, CA 93221 
559-331-6733 
jmendes@jgboswell.com 
 

 MIKE MESKE 
CDFA 
893 LAKEPORT BLVD 
LAKEPORT, CA 95453 
 

LEANNE MILA 
EL DORADO COUNTY 
311 FAIR LN 
PLACERVILLE, CA 95667 
530-621-5520 
myrna.tow@edcgov.us 
 

 JEFFREY MILLER 
MILLER RANCH 
376 JOHN SCHOOL RD 
ARBUCKLE, CA 95912 
530-682-1806 
millerbeanjeff@gmail.com 
 

 TODD MILLER 
AGRIFORM 
440 WEST RD 
ARBUCKLE, CA 95912 
530-681-8341 
tmiller@tremontag.com 
 

BEAU MILLER 
DOW AGRO SCIENCES 
3733 ELSINORE CT 
WEST SACRAMENTO, CA 95691 
916-296-2811 
bjmiller@dow.com 
 

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

 FRANK MIRANDA 
ROCKWOOD CHEMICAL 
PO BOX 34 
BRAWLEY, CA 92227 
760-344-0916 
fmiranda@rockwoodchemical.com 
 

JOHN MISKELLA 
USDA-ARS EIWRU 
PLANT SCI MS4 1 SHIELD AVE 
DAVIS, CA 95616 
530-752-5602 
jmiskella@ucdavis.edu 
 

 JOHN MITCHELL 
RETIRED 
15101 VIA NAPOLI DR 
BAKERSFIELD, CA 93305 
661-871-8729 
jcmplm@msn.com 
 

 KRIS MITCHELL 
CALTRANS 
6575 NAVAJOA AVE 
ATASCADERO, CA 93422 
805-549-3124 
kris.mitchell@dot.ca.gov 
 

WILLIAM MONTNA 
GROWERS AG SERVICE 
2100 EVERGLADE 
YUBA CITY, CA 95991 
530-681-5195 
pete@tremontag.com 
 

 JOHN MOORE 
GROWERS CROP CONSULTING 
7816 CAROL SUE CT 
BAKERSFIELD, CA 93308 
661-399-8813 
growers@bak.rr.com 
 

 SHERYL MOORE 
DWR 
31770 GONZAGA RD 
GUSTINE, CA 95322 
209-827-5138 
sheryl.moore@water.ca.gov 
 



102 
 

DAVID MOORE 
NEUDORFF USA 
PO BOX 2264 
APTOS, CA 95001 
831-331-3847 
david.moore@neudorff.us 
 

 TOM MOORHOUSE 
CLEAN LAKES, INC 
31320 VIA COLINAS #114 
WESTLAKE VILLAGE, CA 91362 
818-201-5982 
tmoorhouse@cleanlake.com 
 

 JUAN MORALES 
WILBUR-ELLIS CO. 
841 W ELKHORN BLVD 
RIO LINDA, CA 95673 
916-826-9538 
jamorales@wilburellis.com 
 

POLO MORENO 
CDPR 
PO BOX 4015 
SACRAMENTO, CA 0 
916-324-3888 
 

 JOSE MORENO 
MONSANTO 
37437 STATE HWY 16 
WOODLAND, CA 95695 
530-681-5490 
ben.moreno@monsanto.com 
 

 DEAN MOSDELL 
SYNGENTA 
501-I S. REINO RD. #183 
NEWBURY PARK, CA 91320 
805-480-0514 
dean.mosdell@syngenta.com 
 

JAMES MUELLER 
DOW AGROSCIENCES 
316 MT SIERRA PL 
CLAYTON, CA 94517 
925-672-2286 
jpmueller@dow.com 
 

 LONNIE MUNSON 
L.A. COUNTY FLOOD CONTROL 
20639 CALORA ST 
COVINA, CA 91724 
626-915-8479 
lcmunson52@gmail.com 
 

 KEN MURRAY 
CALTRANS 
1120 N ST. 
SACRAMENTO, CA 94581 
916-653-0086 
kenneth.murray@dot.ca.gov 
 

GLENN MURTA 
NPS 
1700 BROADWAY # 102 
SAN FRANCISCO, CA 94109 
415-533-9929 
glenn.murta@gmail.com 
 

 RICH NAGAOKA 
THE GRAPE DOCTOR 
1171 EDWARDS ST 
ST HELENA, CA 94574 
707-337-3580 
grapedoctor@grapedoctor.com 
 

 WILLIAM NAIRN 
BASF 
7081 N MARKS #341 
FRESNO, CA 93711 
559-289-7737 
william.nairn@basf.com 
 

CRAIG NAKAHARA 
NAKAHARA FARMS 
41600 RYER AVE 
CLARKSBURG, CA 95612 
916-775-1022 
nakaharafarms@gmail.com 
 

 BEN NAKAYAMA 
WARP 
7258 E LINCOLN AVE 
FOWLER, CA 93625 
831-596-1068 
ben.nakayama@gmail.com 
 

 BILL NANTT 
CALTRANS 
111 GRAND AVE 
OAKLAND, CA 94612 
510-715-6852 
bill.nantt@dot.ca.gov 
 

MIGUEL NEGRETE 
RIVERSIDE COUNTY FLOOD CONTROL 
1995 MARKET ST 
RIVERSIDE, CA 92501 
951-955-4348 
manegrete@rcflood.org 
 

 STEWART NELSON 
ALL SEASONS WEED CONTROL 
P O BOX 1548 
GRASS VALLEY, CA 95945 
530-273-2323 
stewart@allseasonsweedcontrol.com 
 

 DIANA NISBET 
SYNGENTA 
2500 CATTAIL CT. 
COOL, CA 95614 
530-613-5307 
dmnisbet@comcast.net 
 

GREGORY NOWELL 
ALL SEASONS WEED CONTROL 
P.O. BOX 1548 
GRASS VALLEY, CA 95945 
530-273-2323 
greg@allseasonsweedcontrol.com 
 

 JEFF NULL 
SOLANO IRRIGATION DISTRICT 
940 SOMMER DR 
DIXON, CA 95620 
77-673-6993 
jeffnull@fastmail.net 
 

 RAY O'BOSKY 
GOWAN USA 
100 N ROEBEN ST 
VISALIA, CA 93291 
559-901-9911 
robosky@gowanco.com 
 

STEVE OLIVEIRA 
PANCHO RICO VINEYARDS 
PO BOX 272 
SAN ARDO, CA 93450 
831-809-4422 
steve_cross_oliveira@yahoo.com 
 

 CRAIG OLIVER 
J.G. BOSWELL COMPANY 
21101 BEAR MOUNTAIN BLVD 
BAKERSFIELD, CA 93389 
661-865-6762 
coliver@jgboswell.com 
 

 HANS OLSEN 
BAYER CROPSCIENCE 
24371 VERONA CT 
WILDOMAR, CA 92595 
909-261-8228 
chris.olsen@bayer.com 
 

RICHARD O'MALLEY 
SYNGENTA SEEDS 
21345 CR 98 
WOODLAND, CA 95695 
530-382-0981 
richard.o'malley@syngenta.com 
 

 SCOTT ONETO 
UCCE 
12200B AIRPORT RD 
JACKSON, CA 95642 
209-223-6834 
sroneto@ucdavis.edu 
 

 STEVE ORLOFF 
UCCE SISKIYOU 
1655 S MAIN ST 
YREKA, CA 96097 
530-842-6949 
sborloff@ucanr.edu 
 

GARY OSTEEN 
RUSH, MARCROFT & ASSOCIATES 
P O BOX 20006 
BAKERSFIELD, CA 93390 
661-665-2824 
gwosteen@aol.com 
 

 PAUL OSTERLIE 
AMERICAN FERTILIZER & FOLIAR CO., LLC 
2505 SHERIDAN WAY 
STOCKTON, CA 95207 
209-481-2308 
peagcon@aol.com 
 

 GARY OTTO 
TARGET-SPECIALTY PRODUCTS 
10895 SUTTER CIRCLE 
SUTTER CREEK, CA 95685 
916-494-1091 
gary.otto@target-specialty.com 
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JEFFREY PACHECO 
DUPONT CROP PROTECTION 
2740 E MOUNTAIN SKY AVE 
PHOENIX, AZ 85048 
480-695-4615 
jeffrey.l.pacheco@.dupont.com 
 

 ANDREW PALRANG 
BAYER CROP SCIENCE 
740 S LUM AVE 
KERMAN, CA 93630 
559-567-7184 
drew1bcs@gmail.com 
 

 LARRY PARKER 
WESTBRIDGE AGRICULTURAL PRODUCTS 
1260 AVENIDA CHELSEA 
VISTA, CA 92081 
800-876-2767 
wrg@westbridge.com 
 

MICHAEL PARKS 
WILBUR-ELLIS CO 
160 GRANT AVE 
HEALDSBURG, CA 95448 
707-486-8431 
mparks@wilburellis.com 
 

 JON PASQUINELLI 
ORO AGRI 
3816 S WILLOW AVE STE 101 
FRESNO, CA 93725 
928-580-0929 
jpasquinelli@oroagri.com 
 

 JOHN PATINO 
CPS 
PO BOX 669 
SANTA MARIA, CA 93456 
805-922-5848 
john.patino@cpsagu.com 
 

DAVE PATTERSON 
TARGET SPECIALTY PRODUCTS 
524 GALVESTON ST 
WEST SACRAMENTO, CA 95691 
916-799-0231 
dave.patterson@target-specialty.com 
 

 ANNE-MARIE PATTERSON 
SIERRA WEED SERVICES 
326 RIVERSIDE AVE 
ROSEVILLE, CA 95678 
916-717-9631 
annemariepatterson22@yahoo.com 
 

 BRIAN PATZ 
CALTRANS DIST 9 
500 S. MAIN ST. 
BISHOP, CA 93514 
760-872-1369 
brian.patz@dot.ca.gov 
 

CRAIG PAULY 
BASF CORPORATION 
16791 S. AVENUE 2 1/4 E. 
YUMA, AZ 85365 
928-210-3363 
craig.pauly@basf.com 
 

 ANDREW PEDERSEN 
BRANDT MONTEREY 
PO BOX 35000 
FRESNO, CA 93745 
559-499-2100 
andrew.pedersen@brandt.co 
 

 ASHLEE PEDRO 
WONDERFUL ORCHARDS 
17817 LOST HILLS RD 
MCKITTRICK, CA 93251 
661-858-4154 
ashlee.pedro@wonderful.com 
 

FRIEDRICH PELTZER 
UC DAVIS 
1554 GARNET WAY 
PLUMAS LAKE, CA 95961 
209-404-2642 
fpeltzer@ucdavis.edu 
 

 DENNIS PENNER 
ABATE-A-WEED 
9411 ROSEDALE HWY 
BAKERSFIELD, CA 93312 
661-979-7077 
dennis@abateaweed.com 
 

 ROGER PENNER 
PENNER ADVISORY SERVICE 
26124 WALCH AVE 
ORLAND, CA 95963 
530-865-7260 
dennis@abateaweed.com 
 

RICHARD PERONA 
GOLDEN RAIN FOUNDATION 
1882 BUENA TIERRA ST 
BENICIA, CA 0 
925-260-4977 
rperona@rossmoor.com 
 

 JOHN PETRONI 
HENRY MILLER RECLAMATION DIST 
11704 HENRY MILLER 
DOS PALOS, CA 93620 
209-761-7223 
john@hmrd.net 
 

 MARK PINHEIRO 
PCA 
5222 COSUMNES DR APT 236 
STOCKTON, CA 95219 
209-481-9063 
markpnhr@yahoo.com 
 

JOSH PIPPITT 
BIG VALLEY AG SERVICES 
954 STATE HWY 99 
GRIDLEY, CA 95948 
530-682-4703 
josh@bigvalleyag.com 
 

 ROGER POCOCK 
GOAT THROAT PUMPS 
60 SHELL AVE 
MILFORD, CT 6460 
212-255-6964 
 

 BARBARA POLLOCK 
POLLOCK FARM 
PO BOX 297 
DIXON, NM 87527 
505-579-9199 
mulchman@cybermesa.com 
 

MICHAEL PRUETT 
LANDSCAPES USA 
9164 REHCO RD 
SAN DIEGO, CA 92121 
619-402-0400 
mpruett@landscapesusa.com 
 

 NICHOEL PRYOR 
SYNGENTA 
480 YOUNG AVE 
ARBUCKLE, CA 95912 
575-405-0841 
nichoel.pryor@syngenta.com 
 

 STEVE PYLE 
SYNGENTA 
410 SWING ROAD 
GREENSBORO, NC 27409 
336-632-2236 
steve.pyle@syngenta.com 
 

HARRY QUICKE 
BAYER 
1140 SHORELINE DR 
WINDSOR, CO 80550 
970-833-0494 
harry.quicke@bayer.com 
 

 JEFFREY QUITER 
HEDGEROW FARMS, INC. 
21905 COUNTY ROAD 88 
WINTERS, CA 95616 
530-662-6847 
info@hedgerowfarms.com 
 

 JOHN RACHUY 
U.C. DAVIS 
1636 E. ALISAL ST 
SALINAS, CA 93905 
831-594-8750 
jsrachuy@ucdavis.edu 
 

HUGO RAMIREZ 
DUPONT CROP PROTECTION 
28687 ROAD 148 
VISALIA, CA 0 
559-246-5833 
hugo.t.ramirez@dupont.com 
 

 JAMES RATHKE 
DEPT OF WATER RESOURCES 
1416 9TH ST 
SACRAMENTO, CA 95814 
916-654-5783 
jrathke@water.ca.gov 
 

 RICH RECORDS 
AGRI-TURF DISTRIBUTING, LLC 
10551 HATHAWAY DR 
SANTA FE SPRINGS, CA 90670 
562-469-5818 
rrecords@agriturfdistributing.com 
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FRED REHRMAN 
DOW AGRO SCIENCES 
1059 COURT ST. #113 
WOODLAND, CA 95695 
530-668-6665 
fred_elysianfields@yahoo.com 
 

 MARGARET REIFF 
CDPR 
P.O. BOX 4015 
SACRAMENTO, CA 95812 
916-445-5977 
margaret.reiff@cdpr.ca.gov 
 

 RILEY REYNOLDS 
ORO AGRI 
3816 N. WILLOW AVE. STE. 101 
FRESNO, CA 93725 
559-779-1270 
rreynolds@oroagri.com 
 

ANDY RICHARD 
STATE OF CALIFORNIA-DOT 
500 S. MAIN ST 
BISHOP, CA 93514 
760-872-1369 
andy.richard@dot.ca.gov 
 

 CHRISTY RICHTER 
ARBORJET 
8420 WINTER GARDENS BLVD 
LAKESIDE, CA 92040 
 

 PETER RIGALI 
DWR 
1100 TELEGRAPH RD #50 
VENTURA, CA 93004 
661-702-1136X27 
prigali@water.ca.gov 
 

SONIA RIOS 
UCCE RIVERSIDE/SAN DIEGO CO 
397 S. STANFORD AVE #97 
RANCHO CUCAMONGA, CA 91739 
559-360-5920 
sirios@ucanr.edu 
 

 AMY RITCHARDSON 
WILBUR-ELLIS 
841 W ELKHORN BLVD 
RIO LINDA, CA 95673 
916-661-0245 
aritchardson@wilburellis.com 
 

 JASON ROBBINS 
TARGET SPECIALTY PRODUCTS 
2478 N SUNNYSIDE 
FRESNO, CA 93727 
559-313-4080 
jason.robbins@target-specialty.com 
 

MARK ROBERTSON 
CDPR 
1001  I  ST. 
SACRAMENTO, CA 95814 
916-324-2451 
mrobertson@cdpr.ca.gov 
 

 MATTHEW ROBINSON 
21 19TH ST 
WEST SACRAMENTO, CA 95691 
530-750-2800 
 

 DYLAN ROGERS 
J.G. BOSWELL CO 
5902 QUEBEC AVE 
BAKERSFIELD, CA 93313 
661-388-9663 
drogers@jgboswell.com 
 

JOHN RONCORONI 
U.C.C.E. NAPA 
1710 SOSCOL AVE STE 4 
NAPA, CA 94559 
707-253-4221 
jaroncoroni@ucanr.edu 
 

 ERNIE RONCORONI SR. 
UC DAVIS - RETIRED 
702 RUBICON PLACE 
WOODLAND, CA 95695 
530-207-7345 
ejr9587@sbcglobal.net 
 

 GIOVANNI ROSSINI 
TANGLE RIDGE FARM SERVICES 
523 W FALLBROOK AVE 
CLOVIS, CA 93611 
209-613-2581 
grossini1769@gmail.com 
 

CODY ROYCE 
CALTRANS DIST 9 
500 S MAIN ST 
BISHOP, CA 93514 
760-878-2481 
cody.royce@dot.ca.gov 
 

 ALLIE RUETTGERS 
J.G. BOSWELL CO 
PO BOX 9759 
BAKERSFIELD, CA 93389 
aruettgers@jgboswell.com 
 

 DALE RUSH 
RUSH & ASSOCIATES 
28951 FALCON RIDGE RD 
SALINAS, CA 93908 
831-484-4834 
ag4n6@comcast.net 
 

BRIANNE SAKATA 
CDWR 
1416 9TH ST RM 620 
SACRAMENTO, CA 95814 
916-653-0258 
bsakata@water.ca.gov 
 

 BRETT SANDERS 
MONSANTO 
216 MARSHALL AVE 
WOODLAND, CA 95695 
530-681-5498 
brett.sanders@monsanto.com 
 

 JOHN SCHEIMER 
PO BOX 248 
ARBUCKLE, CA 95912 
530-476-2663 
jwscheimer@frontiernet.net 
 

L. SCOTT SCHEUFELE 
RESEARCH FOR HIRE 
820 W.  WILLOW 
EXETER, CA 93221 
559-788-7656 
loboag@yahoo.com 
 

 BOB SCHMITT 
RIVERMAID TRADING CO 
PO BOX 551 
LINDEN, CA 95236 
209-401-2844 
 

 SHARON SCHNABEL 
M & S AG CONSULTING 
5714 FOLSOM BLVD #107 
SACRAMENTO, CA 95819 
916-708-2672 
sharon@msagconsulting.com 
 

CORBETT SCHNATMEYER 
BASF 
1662 SNAPDRAGON WAY 
MANTECA, CA 95336 
209-456-9561 
corbett.schnatmeyer@basf.com 
 

 ANDREA SEALOCK 
CYGNET ENTERPRISES WEST, INC. 
5040 COMMERCIAL CIRCLE STE E 
CONCORD, CA 94520 
925-685-8081 
asealock@cygnetenterprises.com 
 

 DAVID SELDEN 
ALL AROUND LANDSCAPE SUPPLY 
4760 CARPINTERIA AVE 
CARPINTERIA, CA 93013 
805-684-3115 
dj.selden@verizon.net 
 

RICHARD SETTON 
BRANDT 
PO BOX 35000 
FRESNO, CA 93745 
559-499-2102 
helen.crumpler@brandt.co 
 

 SCOTT SEVERSON 
MID VALLEY AG SERVICES 
15020 SUNNY ACRES AVE 
TURLOCK, CA 95580 
209-606-2929 
sseverson95@gmail.com 
 

 ADAM SEVIER 
BUENA VISTA WATER DISTRICT 
4108 IRONROCK AVE 
BAKERSFIELD, CA 93313 
661-910-4322 
adams@bvh2o.com 
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ERIC SHELLER 
SYNGENTA 
4632 TILBURY CT 
SANTA MARIA, CA 93455 
916-474-1227 
eric.sheller@syngenta.com 
 

 MARK SHEPHERD 
BASF 
3370 S MCCALL 
SANGER, CA 93657 
559-240-8622 
mark.e.shepherd@basf.com 
 

 ERYN SHIMIZU 
CDPR 
1001 I ST 
SACRAMENTO, CA 95814 
eryn.shimizu@cdpr.ca.gov 
 

KRISTINA SHORT 
WESTBRIDGE AG PRODUCTS 
25 ALAMEDA PARK CIR 
CHICO, CA 95928 
530-520-8377 
kshort@westbridge.com 
 

 ANIL SHRESTHA 
CSU FRESNO 
2415 E SAN RAMON AVE M/S AS 72 
FRESNO, CA 93740 
559-278-5784 
ashrestha@csufresno.edu 
 

 SCOTT SHULER 
SEPRO CORPORATION 
11550 N MERIDIAN ST STE. 600 
CARMEL, IN 46032 
317-388-3316 
scotts@sepro.com 
 

JOSE SILVA 
SIMPLOT GROWER SOLUTIONS 
5106 S ALAMO 
EDINBURG, TX 78542 
956-638-7460 
jose.l.silva@simplot.com 
 

 ROBERT SIMAS 
SIMAS FAMILY VINEYARD 
418 BUENA VISTA WAY 
WOODLAND, CA 95695 
530-662-1343 
rjsimas@sbcglobal.net 
 

 RICHARD SMITH 
UNIVERSITY OF CALIFORNIA 
1432 ABBOTT 
SALINAS, CA 93901 
831-759-7357 
rifsmith@ucdavis.edu 
 

PAUL SMITH 
HELENA CHEMICAL CO. 
3100 ORANGE GROVE AVE 
NORTH HIGHLANDS, CA 95660 
530-864-6443 
smithp@helenachemical.com 
 

 STEPHEN SMITH 
ARVIN EDISON WSD 
PO BOX 212 
ARVIN, CA 93203 
661-378-7850 
stephensmith5295@gmail.com 
 

 RICHARD SPAS 
CDPR 
1001 I ST P.O. BOX 4015 
SACRAMENTO, CA 95812 
916-322-9522 
richard.spas@cdpr.ca.gov 
 

JOHN SPITHORST 
CALTRANS DISTRICT 10 
P.O. BOX 231 
WILTON, CA 95693 
916-601-0739 
john.spithorst@dot.ca.gov 
 

 WAYNE STEELE 
DUPONT CROP PROTECTION 
2114 E OMAHA AVE 
FRESNO, CA 0 
559-323-5375 
wayne.j.steele@dupont.com 
 

 SCOTT STEINMAUS 
CPSU, SAN LUIS OBISPO 
1 GRAND AVE - HORT & CROP SCI DEPT 
SAN LUIS OBISPO, CA 93407 
805-756-5142 
ssteinma@calpoly.edu 
 

FORREST STEPHANIAN 
CALIFORNIA VETERAN SUPPLY INC. 
1109 4TH STREET 
CLOVIS, CA 93612 
888-602-7959 
forrest@veteransupply.com 
 

 FRED STEWART 
UC DAVIS 
PLANT SCI - 1 SHIELDS AVE 
DAVIS, CA 95616 
530-681-6629 
fmstewart@ucdavis.edu 
 

 WADE STEWART 
SUMMIT AGRO 
123 MEADOWVIEW DR 
BRANDON, MS 39047 
601-985-8883 
 

SCOTT STODDARD 
UCCE MERCED 
2145 WARDROBE AVE 
MERCED, CA 95340 
209-385-7403 
csstoddard@ucanr.edu 
 

 JAMES STRONG 
DESERET FARMS OF CALIFORNIA 
6164 ANITA ROAD 
CHICO, CA 95973 
530-343-5365 
jstrong@ari-slc.com 
 

 DEE STROWBRIDGE 
CAPCA 
2300 RIVER PLAZA DR. #120 
SACRAMENTO, CA 95833 
916-928-1625X203 
dee@capca.com 
 

JAMES STURGES 
SUMMIT AGRO 
2831 ASHLAND DR 
ROSEVILLE, CA 95661 
916-952-0105 
jamesesturges@gmail.com 
 

 TERRY SUTTON 
KERN DELTA WATER DISTRICT 
501 TAFT HWY 
BAKERSFIELD, CA 93307 
661-834-4656 
terrys@kerndelta.org 
 

 KB SWAIN 
NORSTAR INDUSTRIES, INC. 
2302 A ST SE 
AUBURN, WA 98002 
253-735-1881 
kbs@norstarind.com 
 

CHUCK SYNOLD 
AGRI-TURF DISTRIBUTING 
2475 N BUNDY DR 
FRESNO, CA 93727 
559-905-2619 
csynold@agriturfdistributing.com 
 

 JACQUELINE TABAREZ 
CAPCA 
2300 RIVER PLAZA DR STE 120 
SACRAMENTO, CA 95833 
916-928-1625 
jackie@capca.com 
 

 BRYAN TAHMAZIAN 
SIMPLOT 
PO BOX 550 
KINGSBURG, CA 93631 
559-897-5151 
bt2644@sbcglobal.net 
 

TERRI THOMAS 
DUPONT CROP PROTECTION 
624 MERLOT AVE 
MADERA, CA 93637 
559-903-7171 
terri.l.thomas@dupont.com 
 

 STEVE THOMAS 
ATTAWAY FIELD RESEARCH 
1050 E. GOBBI 
UKIAH, CA 95482 
707-621-2278 
stevethomas929@gmail.com 
 

 BRYAN THOMPSON 
PEST OPTIONS INC. 
135 N MANCHESTER 
ANAHEIM, CA 92802 
714-224-7378 
bthompson@pestoptions.com 
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JEFF TIENKEN 
T & T AG SERVICES 
1211 S STRATHMORE AVE 
LINDSAY, CA 93247 
559-562-6554 
tienkenj@yahoo.com 
 

 EDWARD TOBIAS 
ET AG SERVICES 
10306 RIO SOMBRA CT 
OAKDALE, CA 95361 
209-840-1868 
fourteenmiler@sbcglobal.net 
 

 LARRY TOKIWA 
CPS 
22392 MONTERA CT. 
SALINAS, CA 93908 
831-809-6935 
larry.tokiwa@cpsagu.com 
 

KEVIN TONG 
CALTRANS 
3347 MICHELSON DR STE 100 
IRVINE, CA 92612 
949-279-8936 
kevin.tong@dot.ca.gov 
 

 TODD TREAT 
WTF ENTERPRISES, INC 
PO BOX 4945 
AUBURN, CA 95604 
530-306-4977 
toddtreat@gmail.com 
 

 JOEL TRUMBO 
CA DEPT FISH & WILDLIFE 
1812 NINTH ST 
SACRAMENTO, CA 95811 
916-445-8544 
joel.trumbo@wildlife.ca.gov 
 

JAMES TUTTLE 
BRANDT 
P.O. BOX 35000 
FRESNO, CA 93745 
559-499-2100 
jim.tuttle@brandt.co 
 

 BUZZ UBER 
CROP INSPECTION SERVICE 
31130 HILLTOP DR 
VALLEY CENTER, CA 92082 
760-805-3255 
buzzuber@cs.com 
 

 ANNETTE UCCELLI 
CROP PRODUCTION SERVICES 
45425 VISTA PL 
KING CITY, CA 93930 
831-674-5512 
annette.uccelli@cpsagu.com 
 

PAUL USSERY 
CPS 
25526 SUNFLOWER CT 
SALINAS, CA 93908 
831-809-6506 
ptussery@gmail.com 
 

 GRADY VAN CLEVE 
SIERRA PACIFIC TURF SUPPLY 
5530 TEE ST. 
SOQUEL, CA 95073 
831-840-9848 
gvancleve@sierrapacificturf.com 
 

 JOE VASSIOS 
UNITED PHOSPHORUS INC. 
2817 CATALINA DR. 
ROCKLIN, CA 95765 
719-740-9291 
joseph.vassios@uniphos.com 
 

KEVIN VAUGHAN 
CROP PRODUCTION SERVICES 
45115 PALOMINO CT 
KING CITY, CA 93930 
831-596-6183 
kevin.vaughan@cpsagu.com 
 

 DANIEL VEIK 
SOILFUME 
PO BOX 1555 
FREEDOM, CA 95076 
831-345-3177 
dan@soilfume.com 
 

 TANYA VELDHUIZEN 
CDWR 
1416 9TH ST RM 620 
SACRAMENTO, CA 95814 
916-657-3609 
tanyav@water.ca.gov 
 

TIMOTHY VERRINDER 
HELENA CHEMICAL CO R & D 
50 E REILLY RD 
MERCED, CA 95341 
209-769-2085 
verrindert@helenachemical.com 
 

 GORDON VOSTI 
BAYER ENVIRONMENTAL SCIENCE 
731 VIA BANDOLERO 
ARROYO GRANDE, CA 93420 
805-455-3102 
gordon.vosti@bayer.com 
 

 GREG WAHL 
3329 MCCOWAN WAY 
CARMICHAEL, CA 95608 
916-519-2193 
gewahl_onroad@hotmail.com 
 

PAUL WALGENBACH 
BAYER CROP SCIENCE 
789 LAKECREST DR. 
EL DORADO HILLS, CA 95762 
916-337-6183 
paul.walgenbach@bayer.com 
 

 GARY WALKER 
GROWERS AG SERVICE 
2100 EVERGLADE RD 
YUBA CITY, CA 95993 
530-681-5284 
gwalker@tremontag.com 
 

 KATHERINE WALKER 
BASF 
318 SEABRIGHT AVE 
SANTA CRUZ, CA 95062 
831-471-8705 
katherine.walker@basf.com 
 

BRIAN WALSH 
SACRAMENTO COUNTY DOT 
4100 TRAFFIC WAY 
SACRAMENTO, CA 95827 
916-875-5398 
walshbr@saccounty.net 
 

 MARK WANDER 
SANTA CLARA VALLEY WATER DISTRICT 
16310 ROBRE LANE 
LOS GATOS, CA 95032 
408-630-3851 
mwander@valleywater.org 
 

 DER WANG 
L & W CONSULTING, INC 
2007A VIA MARIPOSA WEST 
LAGUNA WOODS, CA 92637 
626-203-7222 
derwang@comline.com 
 

RYAN WANN 
SAN DIEGO CO DEPT AG WTS & MEAS 
9325 HAZARD WAY STE 100 
SAN DIEGO, CA 92123 
8586147748 
ryan.wann@sdcounty.ca.gov 
 

 PAUL WASHBURN 
AGRICHEM SERVICES, INC. 
1140 DARTMOUTH PL 
DAVIS, CA 95616 
530-304-4847 
paulwashburn@att.net 
 

 PAUL WESTCOTT 
APPLIED BIOCHEMISTS 
1200 BLUEGRASS LAKES PKWY 
ALPHARETTA, GA 30004 
800-558-5106 
paul.westcott@lonza.com 
 

NANCY WESTCOTT 
GOAT THROAT PUMPS 
60 SHELL AVE 
MILFORD, CT 6460 
212-255-6964 
pr@goatthroat.com 
 

 DANIEL WICKHAM 
WILBUR ELLIS COMPANY 
2275 EAST LOCUST COURT 
ONTARIO, CA 91761 
949-981-0945 
dwickham@wilburellis.com 
 

 CHARLIE WIDLE 
CPS 
5279 SOUTHCREEK CT 
SANTA MARIA, CA 93455 
805-680-6684 
charlie.widle@cpsagu.com 
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DAVID WIIG 
RETIRED 
11310 MCKELLAR DR 
SONORA, CA 95370 
209-536-0864 
alohadavid@goldrush.com 
 

 CHERYL WILEN 
UCCE/UC IPM 
9335 HAZARD WAY STE 201 
SAN DIEGO, CA 92123 
858-822-7795 
cawilen@ucanr.edu 
 

 JOHN WILKINSON 
GROWERS AG SERVICE 
8751 PEDRICK RD 
DIXON, CA 95620 
707-675-5564 
jwilkinson@tremontag.com 
 

FRANK WILLIAMS 
WIND FALL FARMS 1 
3009 E. CARDELLA 
FIREBAUGH, CA 93622 
559-908-1221 
juwil71@comcast.net 
 

 KREIG WILLIAMS 
TRI-CAL INC. 
831 KRAMER DR 
LODI, CA 95242 
209-481-2107 
kwilliams@trical.com 
 

 RYAN WILLIAMS 
AGRIFORM 
201 EAST ST 
WOODLAND, CA 95776 
530-681-2390 
rwilliams@tremontag.com 
 

ROB WILSON 
UC ANR 
PO BOX 850 
TULELAKE, CA 97603 
530-667-5117 
rgwilson@ucdavis.edu 
 

 ERIC WILSON 
FRIANT WATER AUTHORITY 
854 N. HARVARD AVE. 
LINDSAY, CA 93247 
559-562-6305 
ewilson@friantwater.org 
 

 STEVEN WILSON 
HELENA CHEMICAL 
9626 W BARSTOW 
FRESNO, CA 93723 
559-794-0017 
wilsonsl@helenachemical.com 
 

BOB WOLF 
WOLF CONSULTING 
2040 COUNTY RD 125 EAST 
MAHOMET, IL 95215 
217-552-2617 
bob@rewolfconsulting.com 
 

 RON WOLFE 
STATE OF CALIFORNIA - DWR 
4201 SABODAN ST 
BAKERSFIELD, CA 93313 
661-316-8525 
ronaldw@water.ca.gov 
 

 JOE WOODS 
PO BOX 1148 
EL DORADO, CA 95623 
530-306-8877 
woodsjoe53@yahoo.com 
 

KEN YELLE 
AGRI SEARCH 
P O BOX 775 
ELK GROVE, CA 0 
916-689-6500 
agrisearch@comcast.net 
 

 PATRICK YOUNG 
PAT YOUNG VEG MGMT CONSULTING 
31665 ROCK CREEK RD 
MANTON, CA 96059 
530-474-1041 
mantonman1@yahoo.com 
 

 MATT ZOOST 
ALLIGARE 
1407 CONCORD 
SANTA MARIA, CA 93454 
805-717-7020 
mzoost@alligare.com 
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