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method was developed to measure differences in foliar
cadmium levels among spinach cultivars, accurately
reflecting differences observed in field and greenhouse
trials. Furthermore, 340 F2 plants from a bi-parental
mapping population were analyzed in hydroponics to
identify QTLs and potential candidate genes associated
with cadmium uptake.

Development of a molecular assay for

Fusarium oxysporum f. sp. lactucae

Frank N. Martin, USDA-ARS

Two DNA-based tests to detect Fusarium oxysporum f.
sp. lactucae race 1 have been developed.

» Lab-based test: Very sensitive and accurate but
requires DNA extraction and more time. It can
also measure pathogen levels in soil.

e Field test: Quick and easy, taking only 20
minutes without DNA extraction. While less
sensitive than the lab test, it is highly specific
and useful for rapid detection.

Both tests include built-in controls to ensure accurate re-
sults and are available to labs in California and Arizona
Additionally, advanced methods are being used to bet-
ter understand different races of the pathogen, track
evolutionary relationships, and identify new variants or
introductions.

Development of a molecular diagnostic assay

for Pythium uncinulatum

Frank Martin, USDA-ARS

Validation experiments show that the qPCR test for
Pythium uncinulatum is both sensitive and specific. The
gqPCR test has been successfully shared with collabora-
tors and confirmed to work effectively. Additionally,
primers and a probe for an RPA testhave been developed,
validated, and are ready for diagnosing P. uncinulatum.

Evaluation of INSV and Pythium wilt

(Pythium uncinulatum) on spinach.

Jim Correll, University of Arkansas

Progress has been made in testing field samples for
Impatiens Necrotic Spot Virus (INSV) and conducting
mechanical inoculations on spinach under controlled
conditions, with symptoms developing within two

weeks and leading to plant mortality. Additionally, ref-
erence strains of Pythium uncinulatum were used to
develop an assay for its effect on spinach seedlings and
roots, showing it can infect spinach roots but is less
aggressive than other Pythium species. These efforts
aim to better understand the combined impact of these
pathogens on spinach health.

Insecticide resistance, spray coverage, and
monitoring: Collection of critical information for
regional management of western flower thrips

in lettuce

Ian Grettenberger, UC Davis

Thrips’ tendency to develop insecticide resistance high-
lights the need for effective resistance management
strategies, including resistance monitoring and optimiz-
ing pesticide coverage based on plant morphology and
thrips distribution. This project focuses on evaluating
pesticide efficacy, understanding how thrips distribution
within plants and lettuce morphology influence pesticide
application, and monitoring thrips populations in the
Salinas Valley to improve pest management strategies.

Monitoring the population of the lettuce Fusarium
wilt pathogen in California and occurrence of the
isease with Pythium wilt

Alex Putman, UC Riverside

Fusarium wilt of lettuce, caused by Fusarium oxyspo-
rum f. sp. lactucae (FOL), remains a significant issue
in California’s lettuce production, with increasing con-
cern in coastal areas. A novel race variant, tentatively
named Costa Rica #4 FOL variant, was identified in
the Salinas and Santa Maria districts, raising concerns
about new pathogenic challenges. Field trials revealed
variability in cultivar susceptibility, with some iceberg
and romaine varieties showing high marketability de-
spite high disease pressure in certain areas. Unexpected
symptoms in some trials suggested the involvement of
an unidentified fungus, warranting further investiga-
tion.

T 5 .

CALIFORNIA LEAFY GREENS
RESEARCH PROGRAM

1140 Abbott Street, Ste. C
Salinas, CA 93901

2024-25 MEMBERS AND ALTERNATES

BOARD MEMBERS

Adam Soares
The Nunes Company

Todd Brendlin
Grimmway Farms

Adrian Zendejas
Ocean Mist Farms/Desert Mist Farms

Tom Ikeda
Pismo-Oceano Vegetable Exchange

Joe Jorge
Fresh Kist

Colby Pereira
Braga Fresh Family Farms

Martin Jefferson
Duda Farm Fresh Foods, Inc.

Matt Donangelo
Taylor Farms California, Inc

Susanne Klose
Church Brothers, LLC

Tom A. Bengard
Hartnell Packing Company

Ed Mora

D’Arrigo Bros. of California

Otto Kramm
Dole Fresh Vegetable

Nick Huntington
Steinbeck Country Produce

John DeCarli
Tanimura & Antle

Ramy Colfer
Public Member

ALTERNATE MEMBERS
Eric Morgan
Braga Fresh Family Farms

John Jackson
Beachside Produce, LLC

Jon Freitas
Fresh Kist

Bryson Daniels
Boskovich Farm

Larry Knerr
Daud Farm Fresh Foods, Inc

Jim Wilkinson
Dole Fresh Vegetables

Saul Lopez, Jr.
D’Arrigo Bros. of California

Allyn Goldsmith
Fresh Express

Scott Rossi
Tanimura & Antle

Mark Mason
Steinbeck Country Produce

Nancy Armenta
Taylor Farms California, Inc

Francisco Munoz
Church Brothers, LLC

Gina Colfer
Public Member

2 0 2 4 CALIFORNIA LEAFY GREENS

RESEARCH PROGRAM

Todd Brendlin, Chair

Adrian Zendejas, Vice Chair

Jennifer Clarke, Executive Director

RESEARCH REPORT SUMMARIES

Executive Director’s Comments

The California Leafy Greens Research Program
(CLGRP) continues to make substantial strides in
addressing some of the industry’s most pressing
challenges. With strong industry support, we are
advancingcriticalknowledgeandinnovative solutions
to ensure the sustainability and resilience of leafy
greens production.

This year’s research projects have yielded significant
progress. Highlights include:

Breakthroughs in Disease Resistance/Tolerance:
Breeding programs have identified promising germ-
plasm with improved tolerance to key threats such
as Impatiens Necrotic Spot Virus (INSV), Pythium
wilt, and Fusarium wilt. Genome editing and map-
ping are laying the groundwork for developing vari-
eties with robust multi-disease resistance.

Promising Biotechnological Approaches: The use
of RNA interference (RNAi) as a biopesticide for
managing INSV shows potential.

Integrated Management Strategies: Research
on plant elicitors, soil amendments, and biological

controls for thrips, INSV, and Pythium wilt contin-
ues to evolve. These findings will guide strategies
for managing these persistent challenges.

Enhanced Diagnostic Tools: New molecular assays
for pathogens like Fusarium oxysporum and Pythi-
um uncinulatum provide rapid and accurate diagnos-
tics, empowering growers with tools to make timely
management decisions.

Looking ahead, the Annual Research Conference is
scheduled for March 25, 2025, at The Cliffs Hotel
and Resort in Pismo Beach. This event underscores
the importance of industry-funded research and our
shared commitment to advancing the science that
supports California’s leafy greens industry.

On behalf of the Board, I extend our gratitude to the
dedicated researchers and industry members who
make these advancements possible. Together, we
are fostering innovation, improving resilience, and
ensuring the continued success of leafy greens
production

The full research reports are available on our website:

www.calgreens.org

1140 ABBOTT STREET, STE. C .
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Breeding Crisphead and Leafy Lettuce

Richard W. Michelmore and Maria José Truco,

UC Davis

This project focuses on incorporating disease resistance
genes into crisphead and leafy lettuce types, particu-
larly for downy mildew, Verticillium wilt, Fusarium
wilt, and INSV. New sources of resistance are being
introduced from 39 sources, with a strategy to combine
multiple resistance genes to prevent pathogen adapta-
tion. Significant progress has been made in identifying
loci for Fusarium resistance and screening germplasm
for INSV resistance. Additionally, screening methods
for Pythium resistance have been developed.

Genetic Variation in Lettuce

Richard W. Michelmore, UC Davis

This research aims to apply genomic and biotechnolog-
ical techniques to improve lettuce breeding. The team
is advancing genome editing, transgene expression, and
genetic mapping to identify disease resistance genes.
A new near-gapless genome assembly (v14) is nearing
completion, which will contribute to a pangenome for
lettuce. The project also focuses on comparative ge-
nomics to identify genes controlling key horticultural
traits.

USDA Lettuce Breeding for Improved Resistance
Kelley L. Richardson, USDA-ARS

This USDA-led project aims to develop lettuce ger-
mplasm with improved resistance to INSV, Pythium
wilt, Verticillium wilt (races 1 and 2), and Fusarium
wilt. The team has validated field results for INSV
in greenhouse settings and optimized a protocol for
Pythium inoculation. They have also identified a new
aggressive Fusarium isolate (VSP-0916), which poses
a potential threat to California lettuce production.

Understanding Viral Infection Mechanisms

in Lettuce

Renee Erisen, USDA-ARS

The goal of this project is to sequence the expressed
genes of lettuce when exposed to thrips herbivory, aim-
ing to develop hypotheses regarding the lettuce immune
system’s response mechanisms. Initial efforts were

delayed, and the team is currently repeating the
experimentto obtain higher-quality data. The anticipated
results are expected to show quantitative differences
in gene expression related to the biosynthesis of plant
secondary metabolites, such as polyphenols, which
will help develop hypotheses on defense mechanisms
against thrips.

Characterizing INSV Accumulation in

Lettuce Tissues

William M. Wintermantel and Daniel K. Hasegawa,
USDA-ARS

This study examines how INSV accumulates in differ-
ent lettuce tissues and its impact on thrips populations,
which spread the virus. The research aims to standard-
ize methods for comparing virus accumulation across
different lettuce varieties, providing insights into how
tissue-specific virus accumulation may influence virus
spread by thrips.

Towards RNAi-Based Biopesticides for

Managing Viruses in Lettuce

Daniel K. Hasegawa and Hanu R. Pappu,
USDA-ARS/Washington State University

This project explores RNA interference (RNAi) tech-
nology as a biopesticide to manage INSV in lettuce.
Initial trials using dsRNAs delivered via root drench
and silica-based nanoparticles showed promise but
were inconclusive due to low natural disease incidence
during field trials. Laboratory tests demonstrated some
success in suppressing INSV gene expression in tobac-
co plants.

Understanding Thrips Dispersal Using

Gut Content Analysis

Daniel K. Hasegawa and William Rodney Cooper,
USDA-ARS

This research uses molecular gut content analysis to
study the feeding preferences and movement patterns
of western flower thrips, the primary vector of INSV.
The method helps identify plants that thrips previous-
ly fed on, providing insights into their dispersal across
agricultural landscapes, which could improve manage-
ment strategies for INSV.
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Assessing Winter Weeds as Refuges of
INSV-Positive Thrips

Daniel K. Hasegawa and Kirsten Pearsons,
USDA-ARS / UCCE

This study investigates the role of winter weeds as
potential refuges for INSV-positive thrips during the
off-season in the Salinas Valley. Results show that
while thrips populations were present on winter weeds,
only a small percentage tested positive for INSV, indi-
cating that weeds may play a minor role as reservoirs
of the virus.

Tackling the triple threat of thrips, pythium, and
impatiens necrotic spot virus using plant elicitors
and soil amendments with biological control activity
Kerry Mauck, UC Riverside

Previous CLGRB-funded research (2023) found two
commercial compounds that reduce INSV infections
and explored immunity-boosting soil amendments
from insect decomposers. This project will test these
solutions in lab, greenhouse, and field trials to evaluate
their impact on INSV, thrips, Pythium wilt, and dis-
ease-suppressive soil bacteria. Results will guide rec-
ommendations for integrated management strategies.

Lettuce Variety Evaluation for Tolerance to
Pythium Wilt and INSV Coinfection

Yu-Chen Wang, UCCE Monterey

The objective of thisresearchis to screen lettuce varieties
for susceptibility to both Pythium wilt and INSV
coinfection. Trials conducted in 2023 identified several
varietieswithlowsusceptibility toPythiumwilt;however,
low overall INSV incidence limited reliable evalua-
tions of resistance against the virus.

Comprehensive Assessment of INSV and

Soilborne Pathogen Outbreaks

Yu-Chen Wang, UCCE Monterey

This project surveyed fields in the Salinas Valley to as-
sess the co-occurrence of INSV with soilborne patho-
gens such as Fusarium wilt and Verticillium wilt. The
survey found that Pythium wilt was most commonly
associated with INSV-positive fields, highlighting the
need for integrated management strategies targeting
both diseases.

Screening Lettuce CRISPR Lines for

Resistance Against Human Pathogens

Maeli Melotto, UC Davis

Using CRISPR/Cas9 technology, this project aims to
identify genes that make lettuce leaves susceptible to
human pathogens like E. coli. Several gene knockouts
have been created, with one line showing significant
resistance to pathogens tested so far, potentially improving
food safety in lettuce production.

Using Sudangrass as a Cover Crop Following

Leafy Greens- Salinas

Michael Cahn, UCCE Monterey

Field trials in the Salinas and Pajaro Valleys evaluated the
efficacy of warm-season adapted cover crops, specifically
sudangrass, and sorghum sudangrass, planted in the fall
for water quality improvements and soil nitrate manage-
ment. Termination and incorporation of cover crops in
early spring were effectively achieved using mulching
equipment. These findings highlight the potential of these
cover crops to enhance soil and water conservation, par-
ticularly in erosion-prone, sloped landscapes.

Using Sudangrass as a Cover Crop Following

Leafy Greens- Imperial

Ali Montazar, UCCE Imperial

This study evaluated the use of sudangrass as a cover crop
(CC) after lettuce in the Imperial Valley to address soil and
water management challenges. Sudangrass demonstrated
strong biomass production under drought conditions, sug-
gesting its potential to improve soil drainage and support
water conservation goals in desert environments. This
first-year study provides insights into sudangrass growth
expectations, water requirements, and soil health benefits
in the low desert region.

Nitrogen Availability from Cereal Cover Crops
Daniel Geisseler, UC Davis

This study examined how varying carbon-to-nitrogen
(C:N) ratios in cereal cover crops affect nitrogen miner-
alization in soils. Results showed that cover crops with
narrow C:N ratios facilitated immediate nitrogen release,
while those with wider ratios initially immobilized nitro-
gen before releasing it later in the season.
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Application of Soil Amendments for

Improved Soil Health

Nick LeBlanc, USDA-ARS

This research tested the effects of compost applica-
tions on soil health and fusarium wilt severity in lettuce
fields. Compost increased bacterial diversity but also
raised levels of Verticillium dahliae, a soilborne patho-
gen. Biofungicides tested under high disease pressure
showed no significant impact on fusarium wilt severity.

Soil Disinfestation with Steam for Leafy Greens
Steve Fennimore, UC Davis

Steam treatment was evaluated as a method for con-
trolling soilborne pathogens and weed seeds before
planting leafy greens like lettuce and spinach. Results
showed that steam disinfestation reduced hand-weed-
ing times by over 80% without harming beneficial soil
organisms, making it an effective organic treatment op-
tion.

Downy Mildew Epidemiology and Control

Steven J. Klosterman, USDA-ARS

This study focused on understanding downy mildew
epidemiology in lettuce and spinach by quantifying
airborne spores in California’s Imperial and Salinas
Valleys. Results indicated that spore dispersal cor-
relates with crop cycles and weather conditions like
solar radiation levels. Biopesticides tested showed
promise in reducing downy mildew incidence under
controlled conditions.

Race diversity and the biology of the

spinach downy mildew pathogen

Jim Correll, University of Arkansas

There are currently 20 identified races of the disease,
and their reactions on the standard set of spinach dif-
ferentials were re-examined. Race 20 was officially
named through efforts with the International Working
Group on Peronospora (IWGP). A field trial tested 70
spinach varieties under natural disease conditions to
assess how well they hold up to downy mildew in re-
al-world settings.

Screening Commercial Lettuce Cultivars for
Resistance Against Verticillium Wilt Races

Krishna V. Subbarao, UC Davis

This project screened 48 commercial lettuce cultivars
for resistance against Verticillium wilt races 1,2, 3, and
an unclassified isolate (VdLs17). Two crisphead lines
showed partial resistance against races 1 and 2, while
most lines exhibited higher resistance against race 3,
guiding future breeding efforts against these pathogens.

Carbon Nanoparticle Addition to Fertilizers as a
Strategy to Improve Lettuce Yields and Nitrogen
Recovery while Reducing Nitrate Leaching

Arun D. Jani, CSUMB

This research tested a low-cost carbon nanoparticle
(CNP) product designed to improve romaine lettuce
yields and nitrogen recovery when added to liquid
fertilizer. The CNPs are highly porous and easy to
mix without changing farming practices. Greenhouse
experiments were conducted using soils from the Cen-
tral Coast and Imperial Valley. Results showed that
CNPs generally did not impact lettuce yields, nitrogen
uptake, or nitrate leaching.

Selecting for improved water and nitrogen uptake
by focusing on root characteristics.

David Still, Cal Poly Pomona

This project aims to enhance water and nitrogen effi-
ciency in lettuce through breeding. A lettuce line (D221
x W34) was studied under normal and low nitrogen con-
ditions. Findings support the goal of breeding lettuce
with better nitrogen uptake, higher leaf nitrogen,
and stronger roots under low nitrogen conditions.
Future work will focus on identifying genetic markers
linked to rooting traits to simplify and improve selec-
tion processes.

Breeding Baby Leaf Spinach for California Growers
Charles Brummer, UC Davis

The long-term goal of our spinach breeding program
is to create publicly available germplasm and cultivars
for the baby leaf market with broad-spectrum resistance
to downy mildew, while meeting high standards for
quality and production. Using hydroponics, a reliable




