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Abstract

Pythium wilt, caused by Pythium uncinulatum, represents a threat to the sustainability and future
of lettuce production in Monterey County. In 2020 and 2021, this disease caused the industry
unprecedented and devastating yield losses in numerous commercial fields. Within the same
timeframe, Impatiens necrotic spot virus (INSV) has dramatically increased in the Salinas Valley,
causing significant crop loss in lettuce production. Existing control methods for Pythium wilt
rely primarily on soil applications of chemical- and microbial-pesticides, while control of INSV
is currently limited to insecticide applications for control of thrips vectors (Frankliniella
occidentalis). In general, applications of pesticides have shown to be inconsistent for the control
of Pythium wilt or INSV, and genetic resistance to neither of the diseases is yet available in
commercial lettuce cultivars. An enhanced understanding of the co-occurrence of Pythium wilt
and INSV, as well as the relationship between Pythium wilt incidence and temperature are
imperative to develop predictive models and management strategies that can reduce the onset
and dispersal of these diseases. This project focuses on advancing our present understanding of
biotic and abiotic determinants of Pythium wilt incidence and its management, along with INSV,
in Monterey County's lettuce production. The proposed work will include a thorough
characterization of: 1) the frequency of Pythium wilt and INSV co-infection occurrence in
commercial lettuce fields in Monterey County; and ii) the role of temperature on Pythium wilt
incidence and pathogen development. This research will include a combination of field and
growth chamber experiments in which above and belowground symptom development across
plant developmental stages will be monitored and characterized

Objectives:
Objective 1. Evaluate the frequency of Pythium wilt and INSV co-infection occurrence in
commercial lettuce fields

Objective 2. Evaluate the influence of temperature on Pythium wilt incidence.

Procedures:

Objective 1. Six on-farm trials were established in commercial field sites throughout the Salinas
Valley with a history of INSV and Pythium wilt infections (Table 1). Plots consisting of 4 beds
by 50 feet were measured and established at the edge of each of the fields, where the disease
tends to be most prevalent. Within each bed, a seedline was flagged for visual evaluations of
aboveground symptoms, while a second, adjacent seedline was established as a destructive



sampling line to collect lettuce plants for determining the presence of pathogens in symptomatic
lettuce plants (Figure 1). An estimated 229 lettuce plants per sampling site (1,374 total plants
assessed across 6 field sites) were evaluated weekly for aboveground symptoms of Pythium wilt,
INSV, and both diseases and flagged accordingly based presence of foliar symptoms. Counts for
each of the disease categories were recorded per bed each week to calculate disease incidence for
each field. Additionally, 20 lettuce plants were sampled and transported to the lab for processing
(780 total plants collected from 6 sampling fields). Plants were selected to be representative of
the disease incidence recorded through the visual evaluation in their corresponding field site each
week. In the laboratory, plants were washed and air-dried before 0.5g of leaf tissue and 0.25g of
root tissue were collected for testing the presence of INSV using the serological enzyme-linked
immunosorbent assay (ELISA). The remaining root tissue was surface sterilized using 10%
sodium hypochlorite before plating in Pythium semi-selective media (PARP-B). Root cultures
were observed under a microscope every 24 hours for Pythium spp. growth. Pythium spp. growth
was isolated and cleaned to create an isolate collection, which was further characterized by
sequencing.

Table 1. Metadata for 6 on-farm trials, including farming practice and lettuce type and variety
planted. All fields were direct-seeded.

Field | Farming Practice | Lettuce Type | Variety | Start Date | End Date
Field 1 Conventional Romaine Abilene 06/10/22| 07/14/22
Field2  |Conventional Iceberg Lucky 06/10/22| 07/21/22
Field 3 Conventional Iceberg Somerset 07/19/22| 08/29/22
Field 4 |Conventional Iceberg San Miguel 07/19/22| 08/30/22
Field 5 |Conventional Romaine Duquesne 08/03/22| 09/06/22
Field 6 Conventional Romaine Duquesne 08/03/22] 09/06/22

Figure 1. Layout of 6 on-farm trials established across the Salinas Valley including visual and
destructive sampling seedlines.
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Objective 2.1 Effect of temperature on P. uncinulatum growth. Five P. uncinulatum isolates
(5 from the Salinas Valley and one from Ventura, CA), along with one P. aphanidermatum
isolate from Arizona and one P. oligandrum from Salinas Valley (Table 2), were plated on corn
meal agar (CMA) and incubated in the dark at room temperature until the plate was fully
colonized. From each culture, forty 6.35-mm plugs were taken using a sterile round drive punch
and plated upside down onto the center of 100mm x 15mm CMA petri dish plates. Ten CMA
plates were prepared for each isolate and stored upside down in the dark at one following
temperatures: 9°C (48°F), 21°C (lab room temperature, (70°F), 25°C (77°F), and 28°C (82.4°F).
Growth was evaluated every 24 hours by marking growth on each plate and measuring using
digital calipers (Figure 2).

Objective 2.2 Effect of air temperature on disease expression. This sub-objective had the goal
of assessing the effect of temperature on disease incidence by placing lettuce plants (v.
Duquesne) growing in P. uncinulatum-inoculated and non-inoculated soil, and incubated in a
growth chamber set at 20C/68F, 25C/77F, 30C/86F and adjusted to the corresponding average
seasonal night time temperatures.

Table 2. Source and species of isolates used in temperature trials.

Isolate ID | Source Pythium species
Isolate 1 Arizona P.aphanidermatum
Isolate 2 Salinas Valley P uncinulatum
Isolate 3 Salinas Valley P uncinulatum
Isolate 4 Ventura P uncinulatum

Isolate 5 SB-170 — 2022 field trial | P. uncinulatum
Isolate 6 SB-170 — 2022 field trial | P. oligandrum
Isolate 7 SB-170 — 2022 field trial | P. uncinulatum




Figure 2. Pictures showing daily growth of isolates at four different temperatures.




Results and Discussion:

Objective 1. Aboveground visual evaluations indicated that INSV was observed in 4 out the 6
total fields before any symptoms of Pythium were observed, regardless of total disease incidence
observed (Figure 3). Field 6 had the lowest overall disease incidence, with less than 1% of the
lettuce plants in the evaluation rows displaying any aboveground symptoms by the end of the
trial; only INSV symptoms were recorded on Week 6 of sampling (Figure 3f). Plants in Fields 2
and 3 began displaying INSV symptoms beginning Week 4, but did not display Pythium wilt
symptoms until Week 5 (Figure 3b, 3c). For Field 5, INSV symptoms were recorded during the
first sampling with ~10% of plants within the visual evaluation seedlines displaying symptoms.
However, Pythium wilt symptoms were not observed until Week 4 of the trial; all Pythium wilt
symptoms were observed on plants already previously infected with INSV (Figure 3e). Both
Pythium wilt and INSV were observed in early samplings for Fields 1 and 4, with symptoms of
both diseases appearing Week 1 and Week 2 for Fields 1 and 4, respectively (Figure 3a, 3d).

Figure 3. Percent symptomatic plants for Fields 1 (a), Field 2 (b), Field 3 (c), Field 4 (d), Field 5
(e), and Field 6 (f). Symptoms displayed for INSV, Pythium wilt and INSV and wilt are based on
weekly aboveground visual symptom evaluation.
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Pythium wilt infections can be detected through culture-based testing weeks before
symptoms are displayed, suggesting that detection and treatment of Pythium wilt based on

aboveground symptom evaluations is not reliable. Through laboratory testing of both

asymptomatic and symptomatic tissue from lettuce plants sampled from destructive sampling
seedlines, we observed Pythium wilt infections occurring before INSV infections, though




symptoms did not develop until later in the season (Figure 4). Samples in which the Pythium
reproductive structures (oospores or sporangia) and mycelia were observed were classified as
positive for Pythium spp. and later confirmed for P. uncinulatum based on the observation of
ornamented oospores in pure culture. Lettuce plants from all 6 fields tested positive for Pythium
spp. beginning Week 1, when the majority of fields did not have any Pythium wilt symptomatic
plants. Plants consistently tested positive for Pythium spp. throughout the season, with the
majority of plants testing positive by Week 4. Fields with less Pythium spp. observations in
earlier weeks (Fields 1, 2, and 6) had more than half of the sampled plants testing positive at
Week 3 and increasing to nearly 100% positive by the end of the trial (Figure 4a, 4b, 4f).

Clinical evaluations of lettuce plants using ELISA assays revealed that INSV infections
can be detected in both leaf and root tissues. INSV infections detected with ELISA assays more
closely resembled aboveground symptoms visually assessed in the field. Root ELISA assays
captured more infections than evaluations of leaf tissue for fields with lower disease incidence
recorded based on aboveground symptom evaluations (Fields 2, 3 and 6). Additionally, less than
1% of plants in Field 6 with visual INSV symptoms were evaluated during the last week of
sampling, yet INSV was detected through ELISA assays beginning at Week 3 (Figure 4f).

Figure 4. Percent of plants infected with Pythium spp. and INSV (in leaf and root tissues),
confirmed through culture-based and ELISA testing, respectively. Fields 1 (a), 5 (e), and 6 (f)
were direct-seeded with romaine varieties Abilene and Duquesne. Fields 2 (b), 3 (c), and 4 (d)
were direct-seeded with iceberg varieties Lucky, Somerset, and San Miguel, respectively.
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Objective 2.1 Effect of temperature on P. uncinulatum growth. Overall, isolates (#5-7)
collected during the 2022 field trials grew more vigorously than isolates (#2-4) collected in 2020.
All Pythium isolates, despite the species, grew consistently at 9°C and 21°C in all three trials
(Figure 5). More variation was observed at 25°C and 28°C. While all P. aphanidermatum and
oligandrum (isolates 1 and 6) grew consistently in both lower and higher temperatures, the



majority of P. uncinulatum isolates didn’t grow at 25°C and 28°C. These findings show that P.
uncinulatum is better suited to growing in mild to low-temperature environments, yet individual
populations may be acclimated to warmer temperatures.

Figure 5. Percent of isolates grown at each temperature by the end of Trial 1 (a), Trial 2 (b), and

Trial 3 (c).
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Generally, P. aphanidermatum grew quicker than the other species at all temps tested (Figure 6
and 7). Moreover, P. oligandrum was the second fastest-growing isolate, along with one isolate
of P. uncinulatum (#5). The rest of the P. uncinulatum isolates reached their maximum growth by
day 10 of the experiment.

Objective 2.2 Effect of air temperature on disease expression. The work part of this sub-
objective was significantly affected by the 8 months delay in receiving the proposed benchtop
mini-growth chambers due to supply chain issues such as the prototypes being temporarily out of
stock and on backorder. In the meantime, a soil inoculation method was developed to mimic the
natural soil infection. The inoculation protocol follows a previously described assay with
modifications (Del Castillo Munera et al., 2016). Briefly, P. uncinulatum cultures were mixed
with autoclaved millet seeds and incubated for 10-days. Infested millet seeds are then mixed with
potting soil mix, where lettuce seedlings were transplanted. This method is currently under
optimization and tested with different P. uncinulatum isolates and lettuce growing under natural
conditions and will be further tested under warming conditions. Ongoing and future experiments
will complement these findings and enhance our understanding of the effect of temperature on
Pythium wilt incidence and symptom development.



Figure 6. Average growth of Pythium spp. isolates throughout Trial 1 at four temperatures: 9°C
(a), 21°C (b), 25°C (c), and 28°C (d).
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Figure 7. Average growth of Pythium spp. isolates throughout Trial 2 at four temperatures: 9°C
(a), 21°C (b), 25°C (c), and 28°C (d).
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