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EXECUTIVE SUMMARY

Safflower plays a critical role in rotational cropping systems in the southern San Joaquin Valley of California.
Safflower is capable of thriving under harsh conditions with poor water quality due to a taproot system that is
extremely effective at mining residual moisture and nutrients in the soil. This contributes to many “soil health”
benefits including building organic matter, improving soil tilth, promoting water percolation and managing salinity.
Many agencies, including the US Environmental Protection Agency (EPA), are currently communicating the need to
more carefully understand and manage soil health as a natural resource.

Without the soil conditioning provided by safflower, growers in the lake bed subregions of California would not
be able to grow high yielding and high quality crops such as processing tomatoes and pima cotton. These premium
food and fiber crops are economic drivers for many rural communities in San Joaquin Valley as the vast majority of
people in this region depend on local jobs related to the agricultural economy.

The ability to efficiently manage natural resources including soil health, air quality and groundwater will become
increasingly important in the Southern San Joaquin Valley. It is for this reason that safflower must remain a
functional part of the agricultural portfolio of the local rotational system. Without this tool, this farming area would
have few crops it could economically grow and much of the local processing infrastructure and labor force would
not be sustainable.

While there are many soil health benefits of growing safflower in this region, it is also important to understand
the role safflower plays as a trap crop to expand and refine regional IPM strategies. Safflower acts as a vast
reservoir and insectary for many pest species which subsequently migrate to other crops. As a “minor crop” with
relatively few acres of production on a national scale, pest control options in safflower are limited. As the costs to
commercially develop new materials increases, registrants are less willing to focus on minor crop commaodities as
compared to major crops (e.g., corn, soybeans), simply because of lower returns on their investment. In addition,
new chemistries under consideration are facing extreme regulatory scrutiny for potential impacts on non-target
organisms such as pollinators.

In 2015, stakeholders in IPM met to discuss safflower pest management in the rotational cropping system of
the Southern San Joaquin Valley and safflower’s value in managing soil health. The Western Integrated Pest
Management Center and the Western Region IR-4 Program led the discussions to develop a pest management
strategic plan (PMSP) for safflower production in the lake bed subregions. The work group coalition included
growers, pest control advisors (PCAs), cooperative extension farm advisors, researchers,federal and state agency
personnel, a pesticide applicator and a beekeeper to collectively summarize and evaluate management of safflower
pests, including insects, diseases and weeds. In addition, the critical research, regulatory, and educational needs of
the California safflower industry in the Southern San Joaquin Valley were documented focusing on the most
important pest species.

The work group intentionally expanded their discussions beyond a traditional Pest Management Strategic Plan
(PMSP) to include important regional crops that are impacted by safflower production. We explored how safflower
intersects with the complex production systems of cotton and processing tomatoes and what research and outreach
could optimize area-wide IPM approaches in concert with safflower production. Thus, this Pest Management
Strategic Plan is unique in that it approaches agricultural production in a systemic manner.

The California safflower industry in the Southern San Joaquin Valley intends this document be used as a
resource by EPA, IR-4, United States Department of Agriculture (USDA), California Department of Pesticide
Regulation (CDPR), pesticide registrants, government agencies, universities and others interested in learning about
safflower production and area-wide pest management issues in the lake bed subregions.

The information will be periodically updated to reflect industry developments and to monitor success in
addressing industry needs. Contact information for all participants in the Southern San Joaquin Valley Safflower
work group is found in the Appendix 8 and can be a resource for additional information.

Stakeholder Recommendations

As a result of the meeting held in June 2015 in Corcoran, California, the California Safflower Work Group
identified the following research, regulatory, and educational priorities needed by safflower growers in the Southern
San Joaquin Valley.

California Safflower Pest Management Strategic Plan - Southern San Joaquin Valley 2



Research Priorities

Finding effective solutions to highly migratory pests such as lygus bugs, stinkbugs and beet leafhopper is the
most immediate and serious concern of California safflower growers. Of paramount importance is the need to find
alternatives to organophosphate and pyrethroid insecticides. Rotational products, including reduced risk biological,
biopesticide and chemical active ingredients are needed. New product research must include development labels
and plant back dates which allow use in the rotational cropping systems in the lake bed subregions.

* Quantify benefits of area-wide pest and crop management approaches in the lake bed subregion system

* Research practices and approaches to systemically improve soil health, water quality and pest
management

* Develop new tools for insect control especially products targeting lygus bug, stink bug, beet leafhopper
and thrips

* Evaluate and develop tolerances for flupyradifurone (piercing sucking insects) and indoxacarb (lygus)

* Evaluate and develop pheromone systems and degree day models to predict and manage pest species

* Evaluate new tools including biopesticides, biological and new chemistries for insect management

e Evaluate new herbicides

e Evaluate alternatives to flubendiamide for insect control

* Develop stewardship programs for new RoundUp Ready technologies

* Develop criteria for evaluation of pollutants and greenhouse gases

* Study conservation lands (idled land) as a source of weeds and develop information on biology of beet
leafhopper and whiteflies developing on those weeds

* Create partnerships to collaborate on adaptive management programs to address air quality, water quality,
pollinator health and climate change issues

* Research and document soil health benefits of safflower to fit into soil conservation

* Develop practical IPM programs considering area-wide pest management issues, wild lands, fallowed
ground, farmed systems and need for flexibility of growers

* Develop information to support/amend labels which are compatible with rotational crops in lake bed
subregions

* Leverage the PMSP to gain resources for agronomic and pest research in safflower

* Support University of California (UC) and University of California Cooperative Extension (UCCE) programs
and personnel that work on safflower and lake bed subregion issues

Regulatory Priorities

The Safflower Work Group identified the need for coordinated efforts to register new active ingredients
(conventional and biopesticides) which have the flexibility to be used within the rotational cropping system of the
lake bed subregions. Coordinated efforts to work with IR-4, EPA and pesticide registrants to optimize registration
requests on the lake bed subregions are vital to the success of the industry.

¢ Register flonicamid, novaluron, sulfoxaflor for lygus bug management in safflower

* Register new active ingredients for weed management in safflower

* Update labels so that plant back restrictions are compatible with rotational crops in the lake bed
subregions

* Engage registrants as early as possible to identify researchable chemistries

* Coordinate with registrants and state and federal agencies to avoid “risk cup” issues (e.g. lambda-
cyhalothrin)

* Retain use of flubendiamide (Belt) as an insecticide

e Coordinate with EPA and IR-4 to streamline continuous pipeline into annual work plans

e Create synergy utilizing Crop Grouping strategies with sunflower projects to expand registration
opportunities for safflower through IR-4 and EPA activities

e Participate in annual IR-4 Food Use Workshop to set priorities for research projects

e Work with IR-4 and EPA to identify active ingredients which have opportunities for future safflower
registrations

e Communicate with registrants to establish long term registration objectives for active ingredients which
have opportunities for future safflower registrations.

e Support registration approaches that allow multiple crops on Section 18 requests

* Utilize the PMSP to educate regulatory agencies about pest management issues and registration needs
in the lake bed subregions

* Utilize the PMSP to inform pesticide registrants about specific IPM issues and registration needs in the
lake bed subregions
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Educational Priorities

Regulators and natural resource managers must be educated about how safflower benefits soil health in the
lake bed subregions and how the local economy depends on the agricultural productivity of the crops produced in
the safflower, pima cotton and processing tomato rotation. Grower and PCA education should focus on
stewardship, best management practices and resistance management strategies in light of pest movement and
migration to regional crops.

* Educate agency personnel on the soil health benefits of safflower as a key rotational crop in the lake
bed subregions of the San Joaquin Valley

* Educate agency personnel on the benefits of area-wide crop and pest management needs and
practices in the lake bed subregions

* Provide field tours and outreach to regulators to share regional crop and IPM challenges

* Educate stakeholders about the complexities of area-wide crop and pest management and insect
migration to neighboring crops

e Educate all producers (row crop and orchard) in the lake bed subregions on role of weeds in
harboring pests

* Promote the positive aspects of safflower production (e.g., air quality and salinity management)

* Reach out to regulators frequently and loop them into conversations about IPM, nutrient
management plans and sustainable management practices

¢ Communicate to registrants the need to develop products and labels which are compatible with
rotational cropping system in the lake bed subregions

e Coordinate and communicate with registrants about “risk cup” issues for safflower

e Communicate to EPA and CDPR the need to establish labels which are flexible and compatible with
rotational cropping system in the lake bed subregions

* Establish stewardship programs for new RoundUp Ready technologies

e Utilize the PMSP process to educate regulatory agencies and other stakeholders in agriculture
about pest management issues and registration needs in the lake bed subregions

* Promote good communication between growers, PCAs, applicators and beekeepers in order to
protect pollinators

*  Work with IR-4 and US EPA to identify active ingredients (sunflower crop group and others) which
have opportunities for future safflower registrations

* Develop comprehensive list of long term registration priorities (specific active ingredients that are
registerable in California)

* Gain support of regulatory scientists/ chemical registrants for specific product registrations for the
California safflower industry

* Coordinate and track progress towards registration objectives

* Educate stakeholders on adaptive management programs to address air quality, water quality,
pollinator health and climate change issues

Area-Wide Approaches to Integrated Pest Management

The work group agreed that sustainable area-wide pest management in the rotational cropping system of the
Tulare Lake subregions integrates the following key elements:

* |PM decision-making must take into account the migratory capacity of pests.

* Plants in the ecological landscape can be a significant source of infestation.

» Safflower can be effectively used as a trap crop to manage pests if sufficient IPM tools are made
available to growers.

» Safflower is a major contributor to soil health, water quality and air quality in the rotational
cropping system of the Tulare Lake Bed subregions.

* Regulatory flexibility is needed to develop area-wide IPM solutions that are both practical and effective.

* |PMis best done cooperatively and at the landscape/community level.

The Safflower Work Group sincerely appreciates the support of the
Western IPM Center, UC Statewide IPM Program, UC and UCCE scientists, IR-4, EPA, USDA, CDFA, County
Ag Commissioners, and CDPR throughout the development of this strategic plan.
The industry looks forward to ongoing partnerships and collaborations.

April 2016

The mention of any product in this document does not represent endorsement by any member or organization in the work group
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A Pest Management Strategic Plan for Safflower Production in the
Southern San Joaquin Valley of California

SAFFLOWER PRODUCTION OVERVIEW

Safflower is extremely well adapted to arid regions of the Southern San Joaquin Valley. The upright annual
broadleaved plant stands at 2-4 feet upon maturity and the taproot can extend 2-12 feet into the soil. Yields in
California range from 1000-3600 pounds per acre.

* There are about 180,000 acres of safflower production in the US.

* Annually, there are about 50,000 acres of safflower grown in California.

e Kings County and Kern County comprise the majority of safflower production in the state (Appendix 1).

* More than half of the US production (tonnage) is in California.

e California is the primary state of production in the US although more acreage has transitioned to higher value
crops since the 1970’s.

» California varieties have been bred to produce the highest quality oleic oil and highest yielding safflower in the
United States.

* Byproducts of the crushed seed are fed to cattle.

e The crop is grown for its soil health and rotational benefits; it is not considered a high value crop, especially
compared to other crops that can be grown in the Southern San Joaquin Valley.

* Despite efforts on the part of the industry to identify efficacious biological control agents and biopesticides, there
are few, if any effective biological tools that provide commercially acceptable levels of control, therefore, there is
no organic production of safflower in the lake bed subregions.

I San Joaguin Valley
I Southern San Joaquin Valley Area

Counties of Safflower Production in the San Joaquin Valley of California
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LAKE BED SUB REGIONS OF THE TULARE LAKE BASIN

The geographical area referred to as the lake bed subregions consists of dry lakes with residual wetlands and
marshes in the southern San Joaquin Valley. Land in this area is used for agricultural production, wild land
preservation, fallow ground or for flood control.

£g

sy Modoc M Southern San Joaquin Valley Area
M Lake Bed Subregions of Southern San Joaquin Valley

Humboldt

\ San Diego Imperial

Lake Bed Sub Regions of the Southern Joaquin Valley

The Tulare Lake Basin encompasses approximately 10.5 million acres, of which 3.25 million acres are in Federal
ownership and nearly 4.0 million acres in irrigated agriculture. The basin is 170 miles in length and 140 miles in
width.
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Tulare Lake Bed Subregion at the southern tip of the San Joaquin Valley.

The subregion is a closed system situated in the topographic horseshoe formed by the Diablo and Temblor Ranges
on the West, by the San Emigelio and Tehachapi Mountains on the South, and the Sierra Nevada Mountains on the
East and northeast.

There is no surface or subsurface outflow of water in the basin. Due to this, there is a natural tendency for salts to
concentrate over time, creating water and soil quality problems. These issues seriously limit the selection of crops
that can be successfully grown in this area. The degree to which salts can be managed limits the yield and quality
of adapted crops to this harsh environment.

As water becomes scarce in California, the availability to use less water overall and the ability to utilize water of
lower water quality (higher salt content) has become increasingly important in all parts of the state, particularly in
the lake bed subregions. This area has extremely low annual rainfall (< 4 in.) and soils subject to compaction.

Safflower Production in the Lake Bed Subregions

* Despite being called a lake basin, this area is usually dry with the exception of years of excessive
moisture or flooding (rare).

» Safflower can be used to reclaim the lake bottom areas after a flood.

* The lake bed subregions comprise a unique production area in the southern San Joaquin Valley of
California which is severely limited by soil and water quality (salinity).

* The lake bed subregions are a key production area in the Southern San Joaquin Valley which account
for approximately 50-75% of the annual safflower production in California.

» Safflower is exclusively grown in the lake bed subregion as a rotational crop with cotton and
processing tomatoes for environmental benefits, particularly soil health.

* Safflower helps to break up hard pan layers and compaction caused by machinery and aids in drying
out wet soils by causing cracking and aeration of the soil profile.

Typical rotations in the lake bed subregions are one year safflower, two years pima cotton and one year processing
tomatoes. This rotation has been proven to be extremely beneficial in opening up the soil profile to improve soils
tilth, increase organic matter and allow percolation of salts below the crop root zones. See Appendix 3 for seasonal
profiles of crop development and cultural practices for this area.
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SOIL HEALTH BENEFITS OF SAFFLOWER

Safflower, a key rotational crop in the lake bed subregions, provides significant soil health benefits to sandy and
heavy clay soils in the area. The following attributes of safflower are why it is so valuable in the rotational cropping
system which includes processing tomatoes and cotton.

The strong tap root of safflower is why it is such an effective rotational crop in the Southern San Joaquin Valley.
The tap root, extending down to 12 -18 inches, opens up the soil profile. Safflower is a very drought tolerant crop
and can live on residual moisture and nutrients in the soil.

* Increased Biomass - Builds total mass of living matter within the soil by adding plant material and
encouraging new organisms to grow in the soil.

e Organic Matter — Serves as a reservoir of nutrients and water, aids in
reducing compaction, and increases water infiltration.

* Bio Tillage — The deep tap root of safflower penetrates through sandy and
heavy clay soils, breaking up the hard pan and/or compaction caused by
machinery; Creates space in profile to allow water to move down.

*  Soil Conditioning — Improvement of soil structure contributes to ease of
land leveling and gives flexibility to perform other farming equipment
operations.

e Salinity Management - Gives growers options in areas where water quality
is poor and cropland reclamation tools are needed. The deep tap root as noted above, creates channels to
“wash” salt buildup in soil down and out of root zone of rotational crops.

*  Water Quality Management - Gives growers options in areas where water quality is poor.

* Disease Management — Safflower is a crop which provides a period in summer without irrigation; this
creates an environment unfavorable to soilborne pathogens such as Rhizoctonia and Pythium.

The strong tap root of safflower (at left) is why safflower is such an effective rotational
crop in the Southern San Joaquin Valley. The tap root extends down 12 — 18 inches
and feeder roots can be found extending over ten feet into the soil. Safflower is a very
drought tolerant crop and can live on residual moisture and nutrients.

The arid environment and dry soils of the Tulare Lake Bed subregions are evident in
photo taken in Kern County (bottom left). Safflower as a rotational crop allows for
growers to explore minimum tillage approaches as shown.

The soil conditioning provided by safflower helps to create an environment where
rotational crops such as cotton can thrive (bottom-middle).

Safflower, shown in full bloom (bottom right), provides an abundance of habitat for
pests that can migrate into nearby cotton and processing tomato fields.
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PEST MANAGEMENT IN SAFFLOWER

Pest management is generally less intensive in safflower than in other higher value crops. Fields and areas are
actively monitored throughout the season for insect pests either by sweep net sampling in crops or on sticky traps
located in agricultural and other rural areas.

Many species of insects are found in safflower fields, especially since this is virtually the only green plant material
available in the spring (February — March). Few insects affect safflower yield and treatments are thus relatively few.
Insect damage to the crop can occur at seedling establishment, vegetative development and throughout flowering.
Safflower has diverse yield components (number of heads, size of heads per plant, number and size of seed, etc.)
along with the ability to developing additional buds if primary buds are damaged. Due to these factors, most
problems with early season pests can be outgrown or overcome by the plants. The most susceptible phase of
safflower development is during the bud to flowering stage when chewing and piercing sucking insects directly feed
on the developing buds causing seed shrinkage or blasting of heads. Calendars for crop development and pest
presence in the lake bed subregions are provided in Appendices 2 and 3.

Many insect pests (lygus bugs, stink bugs and
others) build up early in the safflower season
and subsequently migrate to neighboring
crops such as cotton and tomatoes. These
crops are extremely attractive as host feeding
material.

Safflower can be an excellent soil health and
pest management tool if carefully managed.

If not, it can be a serious pest management liability.

Safflower also is a host to beet leafhopper
(BLH), a vector of the crop destroying curly top
virus in tomatoes. This devastating disease severely limits yield. Due to the seriousness of this disease, California
Department of Food and Agriculture maintains an ongoing program to monitor and treat crop and non-crop land to
keep BLH populations low so as to reduce or eliminate spread of curly top virus by BLH.

This strategic plan will follow the major stages of safflower production identified by the Safflower Work Group. The
critical research, regulatory, and educational issues discussed by the work group, are summarized at the end of
each section.

The pest management activities that generally occur during these stages will be presented throughout the
document.

* Planting to Seedling Emergence

* Rosette

* Stem Elongation to Full Branching

* Bud Formation to Flowering

* Seed Maturation

e Harvest

Generalized Timing for the Stages of Safflower Development in the Lake Bed Sub Regions of California

Planting to . Bud Formation to .
Emergence Rosette Stem Elongation Flowering Seed Maturation Harvest
Feb - April Mar - May Mar - May Apr—Jun May - Jun Jul - Aug

It is important to note that safflower provides a crop that gives a great deal of flexibility to growers in terms of
planting date and still provides the many benefits of a rotational crop. This allows for more options when planning
crop rotations and/or adjusting to local conditions such as poor water quality, drought, and market conditions.
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Stage Emergence Roseite Stem Initial Full Flowering
elongation branchting  branching
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"‘:I".,._.‘;‘.
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Yield Bud and Flower Stamen, pistil, Fertilization Seed maturation
components floret petal & pollen
formation formation formation
Root
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Rust [ o — e e
P —
root rot
it N
lygus bugs

Stages of Safflower Development (from Kaffka and Kearney 1998 UC ANR Publ. 21565)

Before Planting
(Late Fall — Early February)

Field selection runs from late Fall to Winter. Pre-plant weed control is an important tool for weed management. This
is usually done late in the fall the year prior to planting safflower the following year. Irrigation is applied after pre-
plant herbicide application to activate the material.

Pendimethalin (Prowl) was registered in September of 2015; this is a very promising tool to provide another
herbicide tool for grasses, some broadleaves and dodder control. This active ingredient will not appear on CDPR
use reports due to the recent registration.

Worker and field activities during this period:

* Pre-plant herbicide applications

*  Spot spraying of herbicides

* Discing and chiseling with heavy equipment
* lIrrigation

Planting to Seedling Emergence
(February - April)

The wide window of time that safflower can be planted in the Southern San Joaquin Valley gives growers a great
deal of flexibility to adjust crop selection according to water availability and market conditions of other crops that
can be grown in this area. This is a tremendous advantage unique to safflower, adding to the value of this crop in
the rotational system.

The crop can be dry planted and watered up or planted to moisture, depending upon local conditions. Emergence
can take one to three weeks.
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Early planting dates for safflower favor excellent growth, development and yield potential of safflower. An early
planted stand is more competitive during the season and is able to outgrow negative impacts of weed, insect and
disease pressure.

Between planting and seedling emergence, weed control may be necessary around field edges and ditches.
Cultivation (1-2 times) may be used to minimize soil water loss by eliminating soil cracks. This also promotes water
drainage, aiding in reduction incidence of Phytophthora root rot.

Worker and field activities:

* Pre-plant herbicide applications
* Spot spraying of herbicides

e Cultivation

* lIrrigation

Important insect pests:

* Darkling ground beetle

e Cutworm (Agrotis spp.)

e Cabbage looper (Trichoplusia ni)

* Armyworms (Spodoptera spp.)

*  Wireworms (Limonius spp.)

* Seed corn maggot (Delia platura)

e Green peach aphid (Myzus persicae)
* Black bean aphids (Aphis fabae)

*  Onion thrips (Thrips tabaci)

Occasional pests such as armyworm are controlled using Belt (flubendiamide) insecticide, but this is rare.

Critical Insect Issues: Planting to Seedling Emergence
* Develop data needed to reduce plant back restrictions governing the use of
insecticides in cotton and tomato and subsequent planting to safflower
* Study population dynamics and movement beet leafhopper (BLH) populations
» Study movement of BLH between plant hosts (natural areas and weedy hosts)
Update labels to allow use of insecticides in cotton and tomato and subsequent
Regulatory planting to safflower
* Retain use of flubendiamide (Belt)
* Disseminate research findings on insect movement among host plants
* Communicate to registrants the need for develop data and labels which are
Outreach compatible with rotational cropping system in the lake bed subregions
e Communicate to EPA and CDPR the need for labels which are compatible with
rotational cropping system in the lake bed subregions

Research

Important weeds:

*  Winter grasses * Fleabane (Conyza bonariensis)
* Rabbitsfoots grass (Polypogon * Pigweed (Amaranthus palmeri)
monspeliensis) .

Lambsquarters (Chenopodium album)
* London rocket (Sisymbrium irio)

* Bindweed (Convolvulus arvensis)

* Dodder (Cuscuta species)

* Yellow foxtail (Setaria lutescens)
* Mexican sprangletop (Leptochloa fusca)
*  Prickly lettuce (Lactuca serriola)

* Marestail (Conyza canadensis)
Key Herbicides: Pre-plant materials include trifluralin (Treflan and several generic formulations, Dual, and Sonalan

(ethalfluralin)). Preemergence applications (as necessary) include ET (pyraflufen-ethyl), paraquat, glyphosate, and
Shark (carfentrazone-ethyl) for control of weeds that have emerged prior to the crop.
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Pendimethalin (Prowl) was registered late in 2015 for grasses, broadleaves and dodder control. This active
ingredient will not appear on CDPR use reports due to the recent registration.

Critical Weed Issues: Planting to Emergence

* Evaluate soil type and herbicide efficacy interactions

Research * Develop data needed to reduce plant back restrictions governing the use of
insecticides in cotton and tomato and subsequent planting to safflower

* Update labels to allow use of herbicides in cotton and tomato and subsequent
planting to safflower (plant back restrictions and rotational crop restrictions)

* Develop label language which clarifies both plant back restrictions and rotational crop
restrictions

» Disseminate research findings on soil type by herbicide efficacy interaction

* Communicate to registrants the need for develop data and labels which are

Outreach compatible with rotational cropping system in the lake bed subregions

e Communicate to EPA and CDPR the need for labels which are compatible with
rotational cropping system in the lake bed subregions

Regulatory

Important disease: Phytophthora root rot

Diseases are managed through well-timed planting dates, proper irrigation, and seed treatment with a thiazole
fungicide, Nusan.

Critical Disease Issues for the Safflower Industry (Planting to Seedling Emergence): None currently noted

Rosette Stage
(March— April)

Worker and Field Activities During Rosette Stage: cultivation (1-2 times), hand weeding (1-2 times), monitoring for
beet leafhopper (BLH), cabbage looper, stink bugs, and lygus. Insect management is highly coordinated within the
Southern San Joaquin Valley to minimize the ability of the highly mobile insect targets (lygus, beet leafhopper,
thrips) to avoid control measures either in time or space. The decision for treatment is coordinated among
producers in the region and is effected over a limited amount of time (two days) area wide.

Worker and field activities during this period:

* Hand weeding
e Spot spraying of herbicides
* Insect monitoring (weekly)

Important insects:

* Lygus bugs (Lygus hersperus), official common name is western tarnished plant bug

* Beet leafhopper (Circulifer tenellus)

*  Stink bug complex (Consperse stink bug: Euschistus conspersus redshouldered stink bug: Thyanta
pallidovirens (= T. accerra), Say stink bug complex: Chlorochroa sayi and Chlorochroa uhleri, southern
green stink bug (Nezara viridula)

e Cabbage looper (Trichoplusia ni)

*  Armyworms (Spodoptera spp.)

e Grasshoppers (Melanoplus spp., Schistocera spp.)

* Field crickets (Gryllus spp.)

Key products used during this period: Mustang (zeta cypermethrin), dimethoate, and Dibrom (Naled). Applications
at this time are not common. Timing of application against lygus, beet leafhopper, and thrips is based on the
development of the insect populations, and applications are made before populations cycle to prevent movement of
adults and broadly overlapping generations.
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Critical Insect Issues: Rosette Stage

* Study movement patterns of insect pests (lygus, whiteflies, beet leafhopper)
among plant hosts (natural areas, weeds, safflower, cotton and tomato)

 Study lygus life cycle development and develop degree day models

* Develop lygus pheromone as monitoring tool

* Develop action thresholds based on potential area wide impact; current
thresholds are traditional in the sense that they consider only the impact of the
insect on yield of the individual crop

* Develop resistance monitoring tools

* Develop resistance management program

» Evaluate new modes of action and new low VOC formulations

* Resistance management as area wide management issue

Regulatory * Register new modes of action

* Register new low VOC formulations

* Disseminate research findings on movement patterns, life cycle development
patterns, and new monitoring tools, resistance monitoring

Outreach * Degree day models broadly available

* Develop outreach programs to communicate resistance management as area
wide management issue

Research

Important weeds:

*  Winter grasses * Fleabane (Conyza bonariensis)
* Rabbitsfoots grass (Polypogon + Pigweed (Amaranthus palmeri)
monspeliensis) .

Lambsquarters (Chenopodium album)
* London rocket (Sisymbrium irio)

* Bindweed (Convolvulus arvensis)

* Dodder (Cuscuta species)

* Yellow foxtail (Setaria lutescens)

* Mexican sprangletop (Leptochloa fusca)
e Prickly lettuce (Lactuca serriola)

* Marestail (Conyza canadensis)

Key product used during this period: Select Max (clethodim) as a postemergence herbicide.

Critical Weed Issues: Stem Elongation to Full Branching
» Evaluate new materials and use rates to control dodder and glyphosate resistant
Research weed populations
» Evaluate soil type by herbicide efficacy interaction
* Develop resistance monitoring and management programs for weeds
* Register products with new modes of action for dodder and glyphosate resistant
Regulatory )
weed populations
* Disseminate research findings on new modes of action against dodder,
Outreach . o X - ; : )
resistance monitoring, and soil type by herbicide efficacy interactions

Important diseases: Rust is considered of minor importance, and Phytophthora can be a problem if irrigation is
required or in the case of a rain event.

Key products used during this period: None currently noted

Critical disease issues for the safflower industry (Rosette Stage): None currently noted
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Stem Elongation to Full Branching
(March — May)

Insect management is highly coordinated within the Southern San Joaquin Valley to minimize the incidence and
movement of highly mobile insects such as beet leafhoppers from crop and non-crop lands to reduce the
devastating curly top virus of tomatoes. The decision for treatment is coordinated among producers on an area-
wide basis. Annually, there are several thousands of acres treated in the region.

Worker and field activities during this period:

* Hand weeding

* Spot spraying of herbicides

* Insect monitoring (two times per week)
* Insecticide applications

e Cultivation

* lIrrigation

Important insects:

* Lygus bugs (Lygus hersperus), official common name is western tarnished plant bug

* Beet leafhopper (Circulifer tenellus)

»  Stink bug complex (Consperse stink bug: Euschistus conspersus redshouldered stink bug: Thyanta
pallidovirens (= T. accerra), Say stink bug complex: Chlorochroa sayi and Chlorochroa uhleri, southern
green stink bug: Nezara viridula)

e Thrips

Key products used during this period: Mustang (zeta cypermethrin), dimethoate, and Dibrom (naled). Applications
at this time are more common than at the rosette plant growth state. Timing of application is based on the
development of the insect populations, and applications are made before populations cycle to prevent movement of
adults and broadly overlapping generations.

Critical Insect Issues: Stem Elongation to Full Branching

» Study biology and movement patterns of insect pests (lygus, beet leafhopper,
whiteflies, stink bugs) among plant hosts (weeds, safflower, cotton and tomato)

 Study the life cycle and development of lygus in the lake bed subregions

» Develop degree day models for lygus in the lake bed subregions

* Develop action thresholds based on potential area wide impact; current
thresholds are traditional in the sense that they consider only the impact of the

Research insect on yield of the individual crop

* Develop resistance monitoring tools for major pests in safflower and the lake bed
subregions

» Evaluate new modes of action for lygus and stinkbugs

* Evaluate low VOC formulations of insecticides for lygus and stinkbugs

* See area wide discussion below for additional area-wide cropping-system issues
that remain unresolved

* Register new modes of action for lygus and stinkbugs

* Register low VOC formulations of insecticides for lygus and stinkbugs

* Disseminate research findings on movement patterns, life cycle development
patterns, and new monitoring tools, resistance monitoring

* Degree day models broadly available

Outreach ¢ Communicate that resistance management is area wide management issue

* Educate regulators about the importance of managing lygus populations in
safflower and how this impacts pest buildup, crop damage and potential
pesticide use in other crops grown in the lake bed subregions

Regulatory
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Important weeds:

*  Winter grasses monspeliensis)

* Rabbitsfoots grass (Polypogon *  Yellow foxtail (Setaria lutescens)

* Mexican sprangletop (Leptochloa fusca) * Lambsquarters (Chenopodium album)
*  Prickly lettuce (Lactuca serriola) * London rocket (Sisymbrium irio)

* Marestail (Conyza canadensis) * Bindweed (Convolvulus arvensis)

* Fleabane (Conyza bonariensis) * Dodder (Cuscuta species)

* Pigweed (Amaranthus palmeri)

Key products used during this period: Select Max (clethodim) as a postemergence herbicide.

Critical Weed Issues: Stem Elongation to Full Branching
* Evaluate new herbicides and use rates to control dodder
Research * Evaluate soil type by herbicide efficacy interaction
* Monitor resistance development in weed populations
* Register new modes of action for use against dodder and glyphosate resistant

RegieteR weed populations
* Disseminate research findings new modes of action against dodder
Outreach * Educate PCAs on use of Prowl! (pendimethalin) for dodder control

* Educate growers and PCAs on importance of resistance management
* Educate growers and PCAs about soil type by herbicide efficacy interactions

Important diseases:

Phytophthora root rot at later crop stages can occur with irrigation or with rain events when average soil
temperatures are above 60 F, air temperatures average above 80 F and plants are at least 8 inches tall.

Key products used during this period: None identified
Critical disease issues for the safflower industry (Stem Elongation to Full Branching): None currently noted
Bud Formation to Flowering
(April = June)

Insect management is highly coordinated within the Southern San Joaquin Valley to minimize the migration of
highly mobile insects. The decision for treatment is carefully coordinated amongst growers in the region.

Pollinators can be found at this time, but pollinator services are not contracted. Rather, beekeepers seek out
safflower at this time as a nutritional resource.

Worker and field activities during this period:

* Insect monitoring (two times per week)
* Insecticide applications

Important insects:

* Lygus bugs (Lygus hersperus), official common name is western tarnished plant bug

* Beet leafhopper (Circulifer tenellus)

»  Stink bug complex (Consperse stink bug: Euschistus conspersus redshouldered stink bug: Thyanta
pallidovirens (= T. accerra), Say stink bug complex (Chlorochroa sayi and Chlorochroa uhleri), southern
green stink bug (Nezara viridula)

*  Thrips (various)

*  Whitefly (Bemisia tabaci) — pests can move to cotton and tomatoes
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Key products used during this period: Mustang (zeta cypermethrin), dimethoate, and Dibrom (naled). Applications
at this time are more common than at the rosette plant growth state. Timing of application is based on the
development of the insect populations, and applications are made before populations cycle to prevent movement of
adults and broadly overlapping generations.

Critical Insect Issues: Bud Formation to Flowering

» Study movement patterns of insect pests (lygus, beet leafhopper, whiteflies, stink
bugs) among plant hosts (weeds, safflower, cotton and tomato)

* Study biology and movement patterns of insect pests (lygus, beet leafhopper,
whiteflies, stink bugs) among plant hosts (weeds, safflower, cotton & tomato)

 Study the life cycle and development of lygus in the lake bed subregions

* Develop degree day models for lygus in the lake bed subregions

Research * Research lygus pheromone as monitoring tool

* Develop action thresholds based on potential area wide impact; current
thresholds are traditional in the sense that they consider only the impact of the
insect on yield of the individual crop

* Develop resistance monitoring tools

* Evaluate new modes of action for lygus and stinkbugs

» Evaluate low VOC formulations of insecticides for lygus and stinkbugs

* Educate all stakeholders that resistance management is area-wide management
issue

ReguiEey * Register of new modes of action

* Register low VOC insecticides

* Disseminate research findings on movement patterns, life cycle development
Outreach patterns, and new monitoring tools, resistance monitoring

* Educate about use of degree day models broadly available for lygus and
stinkbugs

Important weeds: All weed management activity completed by this time.

Important disease pests: Phytophthora root rot at later crop stages can occur with irrigation or with rain events
when average soil temperatures are above 60 F, air temperatures average above 80 F and plants are at least 8
inches tall.

Key products used during this period: None reported
Important diseases: None currently noted

Seed Maturation
(May — June)

The canopy has closed and therefore any applications are made by air.
Worker and field activities during this period:

* Hand weeding

* Spot spraying of herbicides
* Insect monitoring (weekly)
* Insecticide applications

Important insects: Mites are an occasional problem after the use of either organophosphate or pyrethroid
insecticides used to control other insect targets. Lygus bugs can also continue to feed on developing seeds at this
time.

Key products used during this period: None reported

Critical insect issues for the safflower industry (Seed Maturation): None reported
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Important weeds: All weed management activity completed by this time.

Key products used during this period: None
Weed issues for the safflower industry (Seed Maturation): None reported

Key products used during this period: None

Important disease issues for the safflower industry (Seed Maturation): None reported
Harvest and Post-Harvest
(July — August)
Worker and field activities during this period:
* Harvest by combine

Important insects: Whiteflies (Bemisia tabaci) can migrate to neighboring crops such as cotton.

Key products used during this period: None reported
Critical insect issues for the safflower industry (Harvest to Post-Harvest): None currently noted

Important weeds: dodder

Key products used during this period: None reported

Critical Weed Issues: Harvest to Post-Harvest

* Evaluate new methods (high temperature, etc.) to destroy dodder plant

RESEENE material/residue removed by hand weeding

Regulatory * Register new herbicides for dodder control

* Educate growers and PCAs on new dodder control techniques and use of

Outreach pendimethalin

Important disease pests: None

Key products used during this period: None reported

Critical disease issues for the safflower industry (Harvest to Post-Harvest): None reported
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PESTICIDE REGISTRATION NEEDS IN SAFFLOWER
Minor Use Classification of Safflower

Safflower is classified a “minor use” crop by USDA and EPA standards. The number of acres of this crop have low
return on investment for chemical companies and therefore, there tend to be very few products or technologies
developed for this particular market.

Safflower is classified as an oilseed in the Qilseed Crop Group (Crop Group 20, Sunflower Subgroup 20B)
according to EPA guidelines published in the Federal Code (40 CRR 180.41). Using the crop grouping approach is
very helpful to gain efficiencies in registrations.

The California industry has been actively engaged with the IR-4 program to elevate the needs of growers in the
state. As a follow-up to the PMSP process and the annual IR-4 Food Use Workshop, the Work Group will discuss
all potential long-term projects with IR-4. A subsequent meeting with registrants will be scheduled in 2016 to
discuss specific product and registration objectives and timelines. Through the efforts of the California Safflower
Growers Association, the industry intends to aggressively pursue registrations and new technologies which support
safflower IPM in the Southern San Joaquin Valley.

Critical Issues to Coordinate Through Western Region IR-4 Program

Work closely with Western Region IR-4 Field Program to monitor and track progress of

research and registration efforts in progress:

* Flonicamid (IRAC 9C); lygus; initiated 2014

* Novaluron (IRAC 15); lygus; initiated 2015

* Pyroxasulfone; request ND only; initiated 2013

Sulfoxaflor (IRAC 4C); lygus; initiated 2013

* Sulfentrazone; annual broadleaf and grasses; tolerance established; crop safety data
to label

Monitor and track progress of research and registration projects in IR-4 system

* Flupyradifurone (IRAC 4D); piercing and sucking insects

* Bifenthrin (IRAC 3A); lygus

* Cyclaniliprole (assuming IRAC 28); lygus

* Indoxacarb (IRAC 22A); lygus

* Retain use of flubendiamide (Belt) (IRAC 28) and/or find alternatives

Research

Registration

* Participate in annual IR-4 Food Use Workshop to set priorities for research projects

*  Work with IR-4 and EPA to identify active ingredients (sunflower crop group and
others) which have opportunities for future safflower registrations

Outreach * Develop comprehensive list of long term registration priorities (specific active
ingredients that are registerable in California)

* Meet with and gain support of regulatory scientists and chemical registrants for specific
product registrations for the California safflower industry
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“IPM FIT" — CRITERIA FOR NEW REGISTRATIONS

The Regional Integrated Pest Management Centers and IR-4 have developed criteria to describe the “IPM Fit” of
new products. This approach provides a more comprehensive understanding of direct and indirect benefits of
pesticides taking into account multiple factors in addition to efficacy.

* Value in Overall Management of Pesticide Load in the Environment
* Mode of Action

* Resistance Management

* Impacts on Beneficial Species

* Price

e Compatibility with Other Techniques

The work group supports this approach, especially as it seeks to address area-wide pest issues for highly migratory
pest species (lygus, stinkbugs and beet leafhopper) in the Southern San Joaquin Valley.

In 2015 the California safflower industry was a part of a pilot effort led by the Western IPM Center and the Western
Region IR-4 Program to evaluate the IPM fit of sulfoxaflor based on the new criteria. The product received
favorable review, enabling the industry to further pursue prioritization for the IR-4 research program.

Indoxacarb and flupyradifurone is currently being considered using the same approach as products which have
good fits for IPM programs. Indoxacarb is needed as an effective insecticide to control early season pests such as
lygus, green stink bugs, cabbage loopers and armyworm species. Indoxacarb is a unique insecticide that controls
pests in the Lepidoptera and Hemiptera insect orders. Early season use of Indoxacarb can be accomplished
without negatively impacting beneficial organisms and exacerbating secondary pest infestations in safflower and
surrounding high value crops such as processing tomatoes and cotton. This cannot be accomplished with the
insecticides currently available.

MAXIMUM RESIDUE LEVELS (MRLs) FOR INTERNATIONAL REGISTRATIONS

A maximum residue level or MRL is the maximum amount of residue legally permitted on food. MRLs are trading
standards that act as indicator of the correct use of pesticides and ensure compliance with legal requirements for
low residues on food. Approximately 40% of the safflower oil produced in California is shipped to international
markets, primarily India (30%) and Japan (10%). The industry will communicate with registrants, IR-4 personnel
and EPA regulators to ensure that new chemistries in the registration process will have MRLs established for key
export markets.
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STEWARDSHIP: AIR QUALITY, WATER QUALITY, POLLINATOR PROTECTION AND CLIMATE CHANGE

Growers in the Southern San Joaquin Valley are aware of stewardship issues necessary to improve environmental
quality, protect pollinators and manage anticipated pest shifts due to climate change.

Air Quality

Air quality is a significant issue in the Southern part of the San Joaquin Valley. The rotational cropping system
benefits from reduced tillage due to bio-tillage of soil from safflower (hence, reduced cultivation) reduces potential
for particulate matter in the air (PM-10) and the use of low volatile organic compound formulations of pesticides
aids in contributions towards improved air quality.

Addressing Air Quality Management
» Develop criteria for evaluation of pollutants and greenhouse gases
Research e Evaluate new low VOC materials/formulations
* Research new methods to reduce fugitive dust from cultivation
* New ozone air quality standards will expand the amount of time low VOC

MBI materials will be needed
* Educate growers and PCAs on new application timing as ozone air quality
standards are updated
Outreach * Educate agency personnel on the potential positive air quality benefits of
safflower as a key rotational crop in the lake bed subregions of the San Joaquin
Valley

Water Quality

Limited water supplies and high salinity water will be an increasing problem for growers to manage in the future. In
addition, nutrient management and fertilizer applications will become more highly regulated.

Addressing Water Quality Management
* Develop nutrient management plans for crop rotations in the lake bed subregions
* Document how improved infiltration rates relate to water quality
Regulatory * None reported
* Educate regulators about the benefits of growing safflower on water quality
Outreach » Drying out the profile for leaching of salts
» Buffer area providing basis for drainage

Research

Pollinator Protection

Safflower is generally considered to be a self-pollinated crop, but bees (and other insects) are generally necessary
for optimum fertilization and maximum yield. Cross pollination typically ranges from 5-40 percent and honey bees
comprise the largest portion of pollinating species foraging in the crop; minimal numbers of solitary bees, fly
species and moths may also be found in safflower. Safflower is an excellent source of nectar and pollen for honey
bees, therefore beekeepers frequently place their colonies near safflower fields.

Addressing Pollinator Protection

* Identify effective insecticides with short residual

* |dentify products with narrow spectrum

* Identify products with low bee toxicity

* Develop effective solutions to manage timing of applications

* Hive registration and notification is key/critical to pollinator protection

* Develop pollinator protection plan

* Educate beekeepers and natural resource conservation personnel that
safflower is significant nutritional resource for bees

e Communicate to beekeepers and ag industry that hive registration and
notification of applications are critical to pollinator protection

* Promote good communication through partnerships with growers, PCAs,
applicators and beekeepers in order to protect pollinators

Research

Regulatory

Outreach
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Climate Change

Elevated carbon dioxide levels in the atmosphere and increasing temperatures will impact crop development and
plant-insect interactions in agriculture. Insect biology in terms of reproduction, feeding, nitrogen-based plant
defenses and other characteristics will be impacted.

“Adaptive management” approaches (short term, incremental gains based on current knowledge used for long term
benefits) will be required develop sustainable strategies for agriculture in the southern San Joaquin Valley.

Addressing Climate Change
* Conduct research to understand how changes in rainfall and temperature will
impact safflower crop production, soil health and pest management in the
southern San Joaquin Valley
Develop drought tolerant crop varieties to adapt to changing environmental
conditions in the lake bed subregions
Identify best management practices to enable growers to continue farming in the
lake bed sub regions
Understand components of crop, water, soil and insect management in order to
develop adaptive management approaches for improved crop production, salinity
Research management, water quality management, soil health management and
integrated pest management programs
Develop appropriate models to measure, anticipate and best manage climate
change
Develop policy and funding mechanisms to support adaptive management
approaches
Synergize research efforts on climate change through efficient partnerships with
a broad array of agencies, research institutions and private industry
Research approaches should be collaborative and through partnerships with
multiple institutions, organizations and agencies
Develop clear regulatory goals and policies to support adaptive management
approaches to climate change
Develop practical metrics to improve agricultural production and pest
management while improving environmental health
Establish sound regulatory science and transparency in regulations related to
climate change and climate change affects
Educate regulators about how changes in rainfall and temperature will impact
crop production, soil health and pest management in the southern San Joaquin
Valley
Educate the regulatory community on the importance of communicating with the
agricultural community on climate change-related issues and the need for
flexibility to respond to anticipated issues (invasive species, water quality, soil
Outreach health, etc.)
Educate growers on use of new varieties, practices and IPM techniques as new
information and technologies are developed
Support adoption of adaptive management practices by adequately funding
research, extension, and agency programs
Outreach should be developed through partnerships and collaborative efforts
with multiple institutions, organizations and agencies

Regulatory
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CRITICAL ISSUES FOR THE SAFFLOWER INDUSTRY IN THE SOUTHERN SAN JOAQUIN VALLEY

The Safflower Work Group identified the following issues as the most critical to the sustained viability of the
safflower industry as an integral component of the rotational cropping system of the Southern San Joaquin Valley.

Research

Quantify benefits of area-wide integrated pest and crop management approaches in the lake bed
subregion system

Research practices and approaches to systemically improve soil health, water quality and integrated
pest management

Develop new tools for insect control especially products targeting lygus, stink bug, beet leafhopper
and thrips

Evaluate and develop tolerances for flupyradifurone (piercing sucking insects) and indoxacarb (lygus)
Evaluate and develop pheromone systems and degree day models to predict and manage pest
species

Evaluate new tools including biopesticides, biological and new chemistries for insect management
Evaluate new herbicides

Develop stewardship programs for new RoundUp Ready technologies

Develop criteria for evaluation of pollutants and greenhouse gases

Study conservation lands (idled land) as a source of weeds and develop information on biology of
beet leafhopper and whiteflies developing on those weeds

Create partnerships to collaborate on adaptive management programs to address air quality, water
quality, pollinator health and climate change issues

Research and document soil health benefits of safflower to fit into soil conservation

Develop practical IPM programs considering area-wide pest management issues, wild lands, fallowed
ground, farmed systems and need for flexibility of growers

Develop information to support/amend labels which are compatible with rotational crops in lake bed
subregions

Leverage PMSP to gain resources for agronomic and pest research in safflower

Support UC and UCCE programs and personnel that work on safflower and lake bed subregion
issues

Regulatory

Register flonicamid, novaluron, sulfoxaflor for lygus management in safflower

Register new active ingredients for weed management in safflower

Update labels so that plant back restrictions are compatible with rotational crops in the lake bed
subregions

Engage registrants as early as possible to identify researchable chemistries

Coordinate with registrants to avoid “risk cup” issues (e.g. lambda-cyhalothrin)

Coordinate with state and federal agencies to avoid “risk cup” issues (e.g. lymbda-cyhalothrin)

Retain use of flubendiamide (Belt) as an insecticide
Coordinate with EPA and IR-4 to streamline continuous pipeline into annual work plans

Create synergy utilizing Crop Grouping strategies with sunflower projects to expand registration
opportunities for safflower through IR-4 and EPA activities

Participate in annual IR-4 Food Use Workshop to set priorities for research projects

Work with IR-4 and EPA to identify active ingredients which have opportunities for future safflower
registrations

Communicate with registrants to establish long term registration objectives for active ingredients
which have opportunities for future safflower registrations.

Support registration approaches that allow multiple crops on Section 18 requests

Utilize the PMSP to educate regulatory agencies about pest management issues and registration
needs in the lake bed subregions

Utilize the PMSP to inform pesticide registrants about specific IPM issues and registration needs in
the lake bed subregions
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* Educate agency personnel on the soil health benefits of safflower as a key rotational crop in the lake
bed subregions of the San Joaquin Valley

* Educate agency personnel on the benefits of area-wide crop and pest management needs and
practices in the lake bed subregions

* Provide field tours and outreach to regulators to share regional crop and IPM challenges

e Educate stakeholders about the complexities of area-wide crop and pest management and insect
migration to neighboring crops

* Educate all producers (row crop and orchard) in the lake bed sub regions on role of weeds in
harboring pests

* Promote the positive aspects of safflower production (e.g., air quality and salinity management)

* Reach out to regulators frequently and loop them in conversations about IPM, nutrient management
plans and sustainable management practices

* Communicate to registrants the need to develop products and labels which are compatible with
rotational cropping system in the lake bed subregions

e Coordinate and communicate with registrants about “risk cup” issues for safflower

Outreach * Communicate to EPA and CDPR the need to establish labels which are flexible and compatible with
rotational cropping system in the lake bed subregions

* Establish stewardship programs for new RoundUp Ready technologies

» Utilize the PMSP process to educate regulatory agencies and other stakeholders in agriculture about
pest management issues and registration needs in the lake bed subregions

* Promote good communication between growers, PCAs, applicators and beekeepers in order to protect
pollinators

* Work with IR-4 and US EPA to identify active ingredients (sunflower crop group and others) which
have opportunities for future safflower registrations

* Develop comprehensive list of long term registration priorities (specific active ingredients that are
registerable in California)

* Gain support of regulatory scientists/ chemical registrants for specific product registrations for the
California safflower industry

* Coordinate and track progress towards registration objectives

* Educate stakeholders on adaptive management programs to address air quality, water quality,
pollinator health and climate change issues
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AREA-WIDE IPM CONSIDERATIONS FOR THE SOUTHERN SAN JOAQUIN VALLEY

As the California safflower industry continues to advance the understanding of the value of this crop in area-
wide IPM and soil health management in the lake bed subregions, IPM considerations of each of the individual
rotational crops must be recognized.

All stakeholders must anticipate, integrate and manage the overlapping issues that impact overall crop
production in the lake bed subregions. The Safflower Work Group identified common themes and practical
concerns:

* |PM Decision-Making must take into account that insect pests are migratory and that plants in the
ecological landscape can act as a source (where pests build up) or sink (where pest move into).

* Some hosts are preferred more than others.

e Safflower can be a trap crop to manage insect pests in cotton and tomatoes.

* There are insufficient insecticide tools available; many products have “risk cup” issues.

* The regulatory system lacks flexibility to deal with area-wide IPM approaches to pest
management.

* The degree of pest threat is determined by host suitability, distance to target sink (fields) and
mobility of pests.

* Resistance management must be considered as insects carry a history of insecticide exposure
throughout the season. If insecticide selection is limited in a crop landscape, selection pressure
can increase.

* Managing insecticide resistance is best done cooperatively at the landscape/ community level.

Since lygus, stinkbugs, beet leafhopper and other insect pests build up in safflower and many other plant
species during the Spring, management of these species, particularly lygus, within the source crop has been
recognized as an ecosystem-based approach to minimize area-wide use of insecticides (Adamczyk, JJ Jr. and GM
Lorenz (2009), Goodell and Lynn-Patterson (2010a) and Goodell (2010a)).

California growers have had to increasingly explore additional rotational crops due to the historic drought,
which, as of 2015, was in its fourth year. Profitability of cotton has gone down and growers, especially those in the
Southern San Joaquin Valley, have transitioned to higher value crops such as processing tomatoes and nut crops
to justify the cost of water.

The work group dedicated a portion of their meeting to identify crop specific pest issues and opportunities to
develop information to more effectively coordinate pest management tactics using area-wide approaches. The
following information summarizes core information needs and complexities to address safflower, processing
tomato, cotton and alfalfa IPM in the lake bed subregions.

Safflower is a vast resource of habitat for many insect species in early season. lygus bugs, stinkbugs, beet leafhoppers,
whiteflies and other pests build up and migrate to nearby cotton and tomato fields in the sub lake subregions.

Note abundance of stinkbugs in young safflower in middle photo.

California Safflower Pest Management Strategic Plan - Southern San Joaquin Valley 24



Crop Type

[ aeara :E)
[ ] corron

[ | sarrLower

Il rovao

Map showing patchwork of adjacent safflower, cotton, tomato and alfalfa fields
typical in the Southern San Joaquin Valley rotational cropping system.

Lygus bugs and stink bugs cause bud browning and blasting by direct feeding on the developing safflower seed
head prior to bloom. These species then migrate to nearby cotton and tomato fields. The use of broad spectrum
insecticides such as pyrethroids and organophosphates is disruptive to beneficial insects that provide natural
control mechanisms for other pests such as mites, aphids and Lepidopteran species. Lygus bugs are the single
most important pest species which drives pesticide use in safflower. A complex of stink bug species have become
more abundant in recent years. These pests cause severe damage and crop loss in the lake bed sub regions.
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The cotton plant at left has had its leaves removed to
show the severe lack of boll set. This damage is typical
from pests such as lygus and stinkbug which pierce
developing plant parts, causing them to prematurely shed
the developing squares (fruiting bodies).

In contrast, a healthy, productive cotton plant would have
several bolls set on the lower portion of the plant.

Whiteflies and aphids move from safflower to cotton.
Secretions from the insects make the cotton fibers sticky,
causing severe reductions in quality. Pima cotton grown
in the Southern San Joaquin Valley relies on a reputation
of clean fibers that are widely sought after in premium
and international markets.

Safflower is one of many plant hosts which harbors beet leafhopper (BLH), a vector of beet curly top virus. This
pest is of such economic importance to multiple crops in the state that California Department of Food and
Agriculture coordinates control programs in crop and foothill areas throughout the San Joaquin Valley. Pests are
detected by field checking and with use of sticky traps. Weekly communications alert growers and other
stakeholders regarding recommended treatment timings. The beet leafhopper is an introduced pest and migratory
by nature.

Photo at left shows crop loss of 40% due to curly top virus transmitted by the beet leafhopper (center).
Processing tomatoes are a major economic driver in the rotational cropping system of the Southern San Joaquin Valley.
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The Safflower Work Group identified the most important “cross cutting” issues to be addressed in Area-Wide
approaches to IPM in the lake bed subregions.

Crop C%L?:V;re;s Research and Outreach Needs Barriers to Address
* Conduct a cost-benefit analysis of crop rotation * Minor crop status of safflower
Need to maintain | ® Evaluate weed hosts for beet leafhopper and movement | ¢ Long registration timelines
safflower as a to other crops * Limited support by registrants
rotational crop to | * Assess bindweed as host for whiteflies and movement * “Risk cup” issues can limit minor
manage soil to other crops uses of certain actives
health in region * Control migrant pests before population cycles; * Plant-back issues for new
preventing overlapping generations products
Need to have * Develop comprehensive nutrient management plan that | ¢ Lack of understanding of role
Safflower effective tools to includes crop sequences and value of safflower in soil
manage safflower | e Assess risk of brown stink bug as a threat to safflower health management
pests so they do (not currently in the region) « Lack of different MOAs creates
not build up and | « Create awareness of positive soil health aspects of resistance management issues
migrate to other safflower (salinity management) while managing the * Lack of flexibility in regulations
crops (both IPM concerns to register and use pesticides
current pests and « Lack of recognition of soil health
new pests such as benefits and ecosystems
bagrada bug) services provided by safflower
as a rotational crop
* lygus, stink bug and whiteflies movement into cotton * Need for economic thresholds
and tomato from safflower for lygus, stink bug, whiteflies
 Thresholds for treatment for lygus, stink bug, whiteflies based on benefit to surrounding
Ability to manage based on benefit to surrounding crops crops
lygus, stink bug * Physiological development models for lygus, stink bugs | * Lack of different MOAs creates
and whitefly and whiteflies to predict population development resistance management issues
movement into » Coordination on the landscape scale of planting,  Applicator availability during
cotton from treatment and Als used based on surrounding field peak season
c safflower. crops and crop stage, irrigation schedules, and  Lack of industry capacity and
otton ; s : s S
applicator availability, this prevents pest escape in time resources due to shrinking
Availability of tools and space acreage base
to manage new * Brown stink bug as a threat to cotton (not currently in
pests such as the valley)
bagrada bug  Sweet potato B and silver leaf whitefly in cotton
¢ lygus sprays and secondary pest resurgence caused by
multiple sprays (specific concern was whitefly)
* Develop comprehensive nutrient management plan for
cotton that includes crop sequences
Ability to manage | ¢ Create awareness for positive aspects of safflower * Coordination between private
lygus, stink bug (salinity management) while managing IPM issues and public (state government)
and whitefly » Develop a management strategy for BLH in source efforts critical to success
movement into crops/weeds as a way to control curly top in tomato * Product supply can be limited in
tomatoes from * Develop a management strategy for stink bug, thrips severe pressure years
safflower (tomato spotted wilt virus) coming out of safflower * Lack of personnel at university
- » Study tomato yellow leaf curl as a threat and whiteflies and cooperative extension to
Processing Ability to manage (sweet potato is the host so cotton could be a threat) conduct research and outreach
Tomat vector and vector | . Agsess safflower as a source of thrips and direct
e habitat for curly : i i i ;
- relationship between population densities and risk of
top virus disease spread.
_ * Monitor/control source populations of BLH in foothills
Availability of tools | ot cultivated or native) and safflower
10 TURTERE M2 * Develop a comprehensive nutrient management plan for
pests such as tomatoes that includes crop sequences
bagrada bug
* Monitor/control source populations of BLH in foothills * Irrigation decisions determine if
Irrigation (not cultivated or native) and safflower alfalfa becomes source or sink
decisions * |dentify irrigation if alfalfa becomes source or sink of of lygus
Alfalfa determine if alfalfa lygus

becomes source
or sink of lygus

Communicate that alfalfa is a good continuous source
of beneficials

Develop comprehensive nutrient management plans for
alfalfa that includes crop sequences
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Many individuals and groups influence grower adoption and access to IPM tools. The reduction in capacity of
university research and extension programs to address minor crops, specialty crops and evolving IPM needs will
need to be addressed. The inclusion of all stakeholders in the public and private sectors will greatly improve
opportunities to support safflower production as a vital component of soil health, IPM and overall agricultural

production in the Southern San Joaquin Valley.

*  Growers (of all crops)

* Pest Control Advisers (PCAS)

* Seed Companies

* Pesticide Registrants

e Soil Conservation Scientists

*  Water Quality Scientists and Regulators
e Air Quality Scientists and Regulators

* Research and Extension Personnel

* Regulatory Agencies
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Local Ag Commissioners

IR-4 Minor Use Registration Program
Environmental Advocacy Groups
Non-Ag Personnel

Beekeepers

Pesticide Applicators

Consultants
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1. California Safflower Production Statistics

APPENDICES

California Acreage, Production and Value 2010-2015

Year Planted Acres Harvested Acres (le)g)g :gtl:?]rés) (1,0(;€)aljuc:ell ars)
2010 56,000 55,500 124,875 21,229
2011 57,000 56,000 106,400 25,004
2012 53,000 52,500 105,000 26,565
2013 50,000 49,500 99,000 26,235
2014 53,000 52,000 105,000 25,620
2015 59,000 59,000 123,900 32,214

USDA-NASS 2016

Planted Acres 2010-2015 (Kings and Kern Counties)

Year Planted Acres
2010 33,800
2011 24,000
2012 32,500
2013 34,500
2014 34,700
2015 39,000

Estimates Provided by CA Safflower Work Group Members

California Safflower Pest Management Strategic Plan - Southern San Joaquin Valley 30

REVIEW

March 2016 DRAFT FOR



2. Southern San Joaquin Valley Rotational Cropping System

Safflower

Field Selection

Soil Testing

Water Testing

Seed Bed Preparation

Planting

Irrigation

Cultivation

Seedling Establishment

Rosette Stage

Stem Elongation

Branching

Flowering

Maturation

Insecticide Applications

Herbicide Applications

Harvest

Storage

Processing Tomatoes

Field Selection

Soil Testing

Water Testing

Seed Bed Prepatration

Irrigation

Planting/Transplanting

Planting to Prebloom

Bloom

Fruit Set

First Red Fruit

Insecticide Applications

Herbicide Applications

Harvest

Cotton

Field Selection

Soil Testing

Water Testing

Preplant Activities

Planting

Irrigation

Cultivation

Crop Emergence

Early Squaring

Bloom

Boll Development

First Open Boll

Insecticide Applications

Herbicide Applications

Defoliation

Harvest

Dates are approximate and vary by year, field conditions and farming operation.

Information is based on collective field observations.
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3. Seasonal Pest Occurrence in Safflower in Southern San Joaquin Valley

Insects/Mites

Armyworms

Beet Leafhopper

Black Bean Aphid

Cabbage Looper

Cutworms

Darkling Ground Beetle

Field Crickets

Grasshoppers

Green Peach Aphid

Lygus Bugs

Seedcorn Maggot

Stinkbugs

Thrips

Wireworms

Diseases

Rust

Phytophthora

Weeds

Grasses

Broadleaves

Perennials

Data based on collective field observations and experiments.
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4. Efficacy of Insect Management Tools Used in California Safflower

Rating System: E = Excellent, G = Good, F = Fair, P = Poor/None (no mark = pest not on label)

@
©
[¢]
m -
— — o o
[} [} c o
ACTIVE TRADE S S| L = Comments
INGREDIENT NAME < o| © 8 2 s |
o § g., (%) E o g_ g’ = 1=
S|ld| s| | ol E |G| 2al o o | S| 8
2l =@ xX| 22| aog|lx| 3|9 2|0| o
EIS| R|S|S|&|ES|&|2|2|2]8|=
<|lm|O|OC|O|la|lOo|d|ZT|S|F|lwn|=2
Conventional Chemistry
Chlorantraniplrole Coragen E E
: Broad Spectrum ;
Dibrom Naled G G|G|P |G Resistance
Broad Spectrum;
Dimethoate Dimethoate G G| G F Poor IPM fit ;
Resistance
L Possible
Fluebendiamide Belt E E cancellation
Imidacloprid Provado,
Methidathion Supracide G Not available in CA
Thiamethoxam Actara
o Seed trt onl
Seed Trt Cruiser G G |G eedtitonly
. Broad Spectrum;
Zeta-Cypermethrin Mustang G|F| G G F F F Resistance
Biopesticides
Azadarachtin Neemix, Poor efficacy
Margosan-o
Bacillus Various Leps only
thuringiensis
Beauvaria bassiana Botaniguard, Poor Efficacy
Mycotrol
Burholderia spp. Venerate Poor Efficacy
Poor Efficacy;
- suppression only;
Chromobacterium Grandevo P PP Not economically
viable
Neem Seed Oil Trilogy
. . Poor Efficacy;
Pyrethrins Pyganic F PP Expensivey
Terpenes Requiem Poor Efficacy
Unregistered Materials
Bifenthrin Capture G| G| G E | E Not available in CA
Cyclaniliprole Cyazypyr
Flonicamid Carbine
Flupyradifurone Sivanto
Imidiacloprid Seed Gaucho G clF
Trt
Indoxacarb Avaunt, Unknown Efficac
Steward Y
Novaluron Novaluron
Spiromesifen grt])\grqoor:' Unknown Efficacy
Sulfoxaflor Transform Unknown Efficacy

Data based on collective field observations and experiments.
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5. Efficacy of Non-Chemical Insect Management Tools Used in California Safflower

Rating System: E = Excellent, G = Good, F = Fair, P = Poor/None (no mark = not used)

i)
©
<]
m -
IPM TOOLS 5 | & = = Comments
Q| o S ()]
o8 °| o § c
Els |- O|a c| =
S 8| S|e|El=2|2|2 5| §
S|la|c|T|o|E|G|2]|w w| of =
2l= 22| x|a|[X|2]|8]| 23| o
EIS|R|E|5|=|S|5|2|2|E|8s
S |m|O|G|O0|a|G|a|2|ZS|F|an|=
Cover Crops
Habitat Management
Monitoring/Use of Action =
Thresholds
Natural Enemies p|{P|P|P|P|P|P|P|P|P|P|P]|P
Nutrition Management
Pheromones (Mating Unavailable but
Disruption and Monitoring) needed
Predatory Mites F
Resistant Varieties Not available
Sanitation/ Weeding F|F
Soil/Dust Management Always beneficial
Treatments still
Trap Crops required
The models are
not widely used
F because scouting
Use of Models G provides more
accurate
information
Overall benefit to
Water Management crop strategy

Data based on collective field observations and experiments.

6. Disease Management Tools Used in California Safflower

Phytophthora and Pythium are the major diseases of safflower in the Southern San Joaquin Valley. Management
of these diseases is accomplished through:

* Use of treated seed (Nusan/ benzothiazole)
* Irrigation management (proper timing and temperature)
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7. Efficacy of Weed Management Tools Used in California Safflower

Rating System: E = Excellent, G = Good, F = Fair, P = Poor/None, R = Known Resistance (no mark = pest not on label)

WEEDS
[}
(]
>
? ®
ACTIVE INGREDIENT TRADE NAME @ A g
7 < 2 Comments
3 @ G} o
> (= — —
= o ] ]
5 E c =
© = ) )
o e Pul
= = () (0]
m < o o
Registered Herbicides
Clethodim Select P P E E
Glyphosate Roundup E F-G G F-G
Oxyfluorfen Goal P E P
Paraquat Dichloride Paraquat, Gramoxone E G-E P-F F
Better efficacy and
. . ease of use
Pendimethalin Prowl H20 G G-E P P compared to other
DNAs
Pyraflufen ethyl ET, Edict, Venue, Octane G G G G
S-Metalochlor Dual
. . Prone to
Trifluralin Treflan photodegradation
New Chemistries
Oxyfluorfen Goal P E P F
Pyroxasulfone Anthem, Zidua
Sethoxydim Poast, Prestige, Vantage P P E E
Sulfentrazone
IPM Tools (no mark = not used)
Not practical for
Cover Crops large scale
Crop rotation is
Crop Rotation G G G G used as for weed
management
Cultivation G G G G
Fertilizer Management
Field Sanitation
Hand Weeding G G G G
Irrigation Management G G G G
. . No significant
Timing of Planting impact

Data based on collective field observations and experiments.
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8. Members of the Southern San Joaquin Valley Safflower Working Group

A diverse array of highly qualified stakeholders contributed to the development of a regional IPM “Systems”

approach to controlling pests in the Southern San Joaquin Valley as a part of the Pest Management Strategic Plan
for safflower. The group agreed that farming includes multiple factors for sustainability. Crop rotation, soil health,

salinity management, air quality, water quality, and nutrient cycling are the core concepts that come into
consideration when designing a farming plan that includes safflower.

Farming, Pest Management and Commodity Expertise in Rotational Cropping System of Southern SJV

Growers and Pest Control Advisors

Beau Howard, J.G. Boswell Farming Company
(559)992-5011 Ext. 3639
bhoward@jgboswell.com

Michael Boyett, Boyett Farms
mboyett58@comcast.net
(559)731-9033

Nick Cooper, J.G. Boswell Farming Company
(559)992-5011
ncooper@jgboswell.com

Doug DeVaney, J.G. Boswell Farming Company
(559)992-5011
ddevaney@jgboswell.com

Matt Gilkey, Gilkey Farms
(559)816-0221
matt@gilkeys.com

Nick Groenenberg
(559)259-2591
farmingnick@gmail.com

Erik Hansen, Hansen Ranches
Erik@hansenranches.com

Greg McGowan, CalArco
(559)992-3127
mcgang@gmail.com

Jim Razor, J.G. Boswell Farming Company
(559)992-5011
jrazor@jgboswell.com

Scott Schmidt, Farming D
(559)285-9201
scott@farmingd.com

Safflower Varieties / Seed Industry

John Gilbert, Adams Seed Company
Phone (530) 669-2000
inffo@adamsgrp.com

Safflower Production and Research

Dennis Tristao, CA Safflower Growers Association and J.G. Boswell Farming Co.
(559) 992-2141 Ext. 3259
dtristao@jgboswell.com

Steve Kaffka, University of California Plant Sciences Department
(530) 752-8108
srkaffka@ucdavis.edu

Cotton Production and Research

Roger Isom, CA Cotton Growers and Ginners Assn.
(559)252-0684

roger@ccgga.org

Bob Hutmacher, UC Cooperative Extension Specialist
(559) 884-2411 ext. 206

rbhutmacher@ucdavis.edu

Tomato Production and Research

Chuck Rivara, CA Tomato Research Institute
(209)402-7300
chuck@tomatonet.org

Beet Curly Top Virus Program/
Pink Bollworm Program

Jennifer Willems, CDFA
559.353.4268
jennifer.willems@cdfa.ca.gov

Apiculture

Steve Godlin, Beekeeper
(559) 804- 8680
spgodlin@gmail.com

Pesticide Application

Reid Potter, Lakeland Aviation
(559)992-5716
rpotter@lakelandaviation.net

Continued...
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Appendix 8. Members of the Southern San Joaquin Valley Safflower Work Group (Continued)

Environmental Quality and Natural Resource Conservation

Air Quality

Ryan Hayashi (Compliance)
(559) 230-6000
Ryan.Hayashi@valleyair.org
Suzanne Median

(559) 230-6000
suzanne.medina@valleyair.org
Leland Villavazo

(559) 230-6000
leland.villalvazo@valleyair.org

Water Quality

Casey Creamer, Kings River Water Quality Coalistion
(559) 237-5567
ccreamer@kred.org

Soil Health

Will Horwath, UC Davis Dept. Land, Air and Water Resources
(530)754-6029

wrhorwath@ucdavis.edu

Dennis Chessman, Natural Resources Conservation Service
(530) 792-5659

Dennis.Chessman@ca.usda.gov

Woody Loftis, EPA Region 9 (on detail from NRCS)
Loftis.Wiliam@epa.gov

Integrated Pest Management

Area-Wide IPM and Landscape Ecology

Peter B. Goodell, UC Kearney Ag Research and Extension Center
(559) 646-6515
pbgoodell@ucanr.edu

UC Statewide IPM Program

Jim Farrar, UC Statewide IPM Program (PMSP meeting facilitator)
jifarrar@ucanr.edu
(530) 750-1249

Western IPM Center

Matt Baur, Western IPM Center
(530) 750-1270
mebaur@ucanr.edu

Entomology

Larry Godfrey, UC Davis Department of Entomology
(530) 752-0473
Idgodfrey@ucdavis.edu

Entomology/ PMSP Coordinator

Lori Berger, AgBusiness Resources
(559)799-8266
lori@agbusinessresources.com

Plant Pathology

Tom Turini, UC Cooperative Extension Fresno County
(559) 241-7515
taturini@ucanr.edu

Weed Science

Kurt Hembree, UC Cooperative Extension Fresno County
(559) 241-7515
kjihembree@ucanr.edu

Pesticide Registration and Regulations

Pesticide Policy

Brian Leahy, CA Dept. Pesticide Registration
(916) 445-4000
Brian.Leahy@cdpr.ca.gov

California Registrations

John Inouye, CA Dept. Pesticide Registration
(916) 324-3538
John.Inouye@cdpr.ca.gov

US EPA Registrations

Barbara Madden, US EPA Registration Division
(703) 305-6463
Madden.Barbara@epa.gov

IR-4 Minor Use Program

Becky Sisco, Western Region IR-4 Minor Use Registration Program
(530)752-7634
rsisco@ucdavis.edu

Pesticide Use Reporting

Larry Wilhoit, CA Dept. Pesticide Regulation
(916) 324-4271
Larry.Wilhoit@cdpr.ca.gov

Enforcement

Local Ag Commissioners

Ruben Arroyo, Kern County Ag Commissioner

(661) 868-6300

agcomm@eco.kern.ca.us

Rusty Lantzberberger, Kings County Ag Commissioner Deputy
(559) 852-2830

Rusty.Lantsberger@co.kings.ca.us

Tim Niswander, Kings County Ag Commissioner

(559) 852-2830

tim.niswander@co.kings.ca.us
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