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Abstract: Pythium wilt has recently become one of the main soilborne diseases of lettuce in the 
Central Coast. Yield losses up to 30% have been previously recorded, though, it is estimated that 
the economic cost of Pythium wilt of lettuce has increased in recent years due to greater 
incidence, and broader distribution of the disease throughout Salinas Valley. Despite the many 
negative impacts of this disease affecting the local lettuce industry, relatively little is known 
about the biology and ecology of the pathogen, and epidemiology of the disease. This project had 
the goal to monitoring the occurrence and development of Pythium wilt, evaluate the efficacy 
commercial fungicides to control the disease, and characterize local populations of the pathogen. 
This project generated novel information that has provided lettuce growers with a better 
understanding of the conditions that favor the establishment, development, and management of 
the disease.  
 
Objectives:  
Objective 1. Monitoring the occurrence of Pythium wilt of lettuce.  
Objective 2. Determine the sensitivity of Pythium isolates obtained from lettuce to commercial 
fungicides, and their efficacy against Pythium wilt 
Objective 3. Characterize Pythium isolates affecting lettuce in the Salinas Valley. 
 
Procedures:  
Objective 1: From April to November 2021 Pythium wilt occurrence was monitored by 
surveying commercial fields across the Salinas Valley. Observed symptoms on symptomatic 
plants included stunted and wilted plants, with characteristic yellowing of the outer leaves 
collapsing onto the ground, while younger leaves often remain upright until complete death of 
the plant (Figure 1, top). Severe root rot was commonly observed, with characteristic necrotic 
lesions on root tips, fine feeder roots and, on tap roots, though rotting was usually limited to the 
root cortex (Figure 1, bottom). Samples of symptomatic plants were collected from over 55 
commercial fields expanding from King City to Castroville. Additional plant material was 
received directly from growers and/or PCAs. Sample-associated information was obtained for 
each sample, including locations/areas/GPS coordinates where the disease is occurring, presence 
of a single or mixed infection with other lettuce diseases, and relevant agronomic and crop 
protection information (soil type, organic or conventional production, irrigation practices, lettuce 
type, and plant developmental stage). All samples were promptly processed, including pressure-
washing, surface sterilization, and air drying of roots. Then, 1-inch length root sections (tap or 
auxiliary feeder roots showing discoloration) were cut and plated on standard Pythium selective 
agar medium PARP. Moreover, soil and air temperatures were monitored through the 2020 crop 
season. Additionally, lettuce varieties were informally (visually) evaluated for their susceptibility 



to Pythium wilt in several commercial production fields and one seed company variety trial. The 
evaluations were made at or near crop maturity, and varieties were rated on a 1-10 scale, in 
which the lower numbers indicate less infection and potentially greater resistance.   
 
Objective 2: In late September, we conducted Pythium wilt control trials in commercial fields 
with cooperating growers and PCA’s. Each trial consisted of areas treated with 2-pints/A of 
Ridomil Gold which was compared with an untreated control. Ridomil Gold applications were 
tested at the following timings: 2-true leaf stage (one trial), at thinning (2 trials) and at the rosette 
stage (3 trials), in combination with different lettuce types (multileaf, romaine, head) and 
application method (product sprayed over the top of the plants or applied via drip irrigation) (See 
Table 3 for more details). Trials focusing on testing these application timings of Ridomil Gold 
were strategically selected as potential alternatives to provide protection against Pythium wilt 
later in the season. This was recognized by industry representatives as a key priority considering 
the product is currently registered, and traditionally used for at-planting soil directed 
applications. Fields were irrigated (sprinkler or drip) within 24 hrs to further enhance 
incorporation of the chemical product. Due to COVID restrictions, these trials were not initiated 
until late in the planting season, reason why at-planting treatments were not included for 
comparisons. The trials were evaluated by counting plants infected with Pythium wilt at least 3 
times (See Tables 4-5 for more details). Additionally, a subset of 35 representative Pythium 
isolates, previously collected in Objective 1, were tested for their sensitivity to Ridomil Gold. 
Pathogen sensitivity was assessed following previously described methods, in which an agar 
plug with mycelial growth from the edge of a pure culture was placed at the center of replicated 
agar plates amended with increasing fungicide concentrations. For each isolate, in-vitro 
mycelium growth was determined by measuring colony diameters over time, and compared to 
the mycelium growth observed on nonamended control plates.  
 
Objective 3: Collection of local isolates generated in Objective 1 was characterized using 
traditional morphological. Briefly, Pythium isolates obtained from each lettuce samples were 
transferred to V8 agar media to further promote the production of characteristic reproductive 
structures (sporangia and oospores). Subsequently, isolates were observed under the microscope 
and characterized morphologically as Pythium uncinulatum or Pythium spp. using the taxonomic 
key of the genus Pythium by Van der Plaats‐Niterink (1981). Classification of isolates based on 
morphological characteristics was supposed to be confirmed by molecular sequencing of each 
isolate. However, COVID-19 and the CSUMB campus shutdown interrupted our work and 
restricted our ability to complete the proposed molecular work in a timely manner.  
 
Results and Discussion:  
Objective 1: Observations of Pythium wilt started off rather slowly in spring of 2020, when 
symptomatic plants were only observed occasionally. By mid-late summer, infestations grew to 
devastating outbreaks in fields across the Salinas Valley, from King City to Castroville. In an 
effort to better understand the factors that influence the geographical distribution, establishment 
and development of the disease in the Salinas Valley, over 55 commercial fields were surveyed, 
collecting and processing over 300 plant samples, and analyzing over 2000 root tissue samples 
(consisting of tap and/or lateral roots). Due to the slow growing nature of Pythium spp. collected 
from lettuce, work within this objective included the optimization of sampling processing and 
testing of selective media and culture conditions to reduce growth of fast-growing fungal 



pathogens and saprophytes. The distribution of Pythium wilt in a lettuce field can be variable. 
While the majority of samples were collected from commercial fields under conventional 
production, disease was also reported and observed in organic production fields. A large 
percentage of the fields with heavy disease severity were observed in fields with Chualar loam 
and Salinas clay loam soils. Another observation we have made is that at times, the disease 
mostly aggregates in the fine roots higher up on the root system and in other situations it is more 
severe at the bottom of the taproot (which may indicate where the disease initiated on the root 
system. Given that the disease needs a period of soil saturation for the motile spores to travel to 
the roots, issues of soil preparation, drainage and irrigation may affect the severity of the disease. 
In fact, fields with this disease typically were more severely affected along the upper or lower 
tail-ends of the field, further indicating that the disease may be responding to saturated soil 
conditions due to irrigation or drainage issues (Figure 2). Interestingly, while differences in the 
level of infection between sprinkler and drip irrigated fields were observed early on (April-June), 
those differences were not as evident later in the season (July-September). Similarly, greater 
disease severity was observed in older plants collapsing right around harvest time during the first 
crop season, consistent with previous field observations and reporting that Pythium wilt tends to 
affect more strongly mature plants. However, during the 2nd crop season, wilted and completely 
collapsed plants with severe root rot damage were observed at multiple developmental stages, 
including rosette, mid-growth and full maturity (Figure 3). These results suggest that the 
intensification of disease incidence and severity was the result of inoculum buildup and greater 
plant stress in response to the heat spells and as the result of extra water applied to the fields to 
address the heat. This was further demonstrated when monitoring the seasonal soil and air 
temperatures, identifying key events that contributed to the onset and spread of the disease 
outbreak (Figure 4). For example, the observation of early infected fields with low level of 
infection were characterized by soil and air temperatures under 60F and 70F, respectively. Then, 
as soil and air temperatures increased over 60F and 80F, respectively, more moderate to high 
infection was observed. However, heat spells characterized for temperatures higher than100F 
over 2-3 consecutive days, appear to have triggered the widespread severe infection and 
catastrophic yield losses. Field observations also revealed clear varietal differences in 
susceptibility to Pythium wilt (Table 1). None of the varieties were completely resistant to 
Pythium wilt, but several had greater tolerance. In general, the red leaf types showed strong 
tolerance, green leaf types and head lettuce varieties showed great variability in susceptibility 
and tolerance, while no tolerant romaine lettuce varieties were observed (Figure 5). It appears to 
be some reasonably good genetic material available for seed companies and breeders to work 
with to develop resistance to Pythium wilt. Infections with Pythium wilt frequently occurred in 
association with Impatiens Necrotic Spot Virus (INSV) infections. For example, in one trial 
conducted in summer of 2020, nearly all the plants (>85%) with Pythium wilt symptoms were 
also infected with INSV (Table 2). This also coincided with observations from growers and 
PCAs. However, this pattern was not observed in another trial conducted at a different location. 
Coinfection with Sclerotinia was also observed in commercial fields.  
 
Objective 2:  In field trials, Ridomil Gold applied at thinning and at the rosette stages provided 
limited control of Pythium wilt. Specifically, a significant reduction in disease incidence of 
Pythium wilt was observed in response to Ridomil Gold applications in 2 of the field trials 
(Table 3). However, no significant reduction in infected lettuce plants was observed in other four 
trials.  



Plants infected with Pythium wilt were counted in each trial in order to assess disease occurrence 
and progression (Tables 4-5). The best control was observed in the at-thinning application in 
Trial 3 with romaine lettuce (Table 5). It is not clear why it did not provide better control in the 
other trials, but it is likely that differences in natural disease pressure influenced treatment 
responses. We did not have the opportunity to examine at-planting applications in this year’s 
trials, but it will be examined in 2021. While Pythium wilt is known to affect equally feeder and 
tap roots on lettuce plants, it is evident that infections can occur (and start) either higher up or 
deeper in the soil profile, and thus, the mobile nature of Ridomil Gold in the soil should allow it 
to distribute throughout the root zone providing greater protection. Overall, these fungicide trials 
demonstrated that off label applications of Ridomil Gol offered a measurable but not consistent 
effect controlling Pythium wilt, and further studies are needed to have a more realistic 
understanding of the potential of this product, as well as others, to control this disease. In-vitro 
pathogen sensitivity assays conducted with Pythium spp. isolates obtained from infected lettuce 
plants, revealed that growth of the vast majority of isolates (88%) was significantly reduced 
while cultured in growth media amended with the chemical product (1, 10 or 100 ug/mL of 
mefenoxam, the active ingredient, a. i., Figure 6) compared to the unamended media (Table 6). 
However, a modest number of field isolates (12%) showed insensitivity to the chemistry, and no 
differences were observed between cultures grown in amended or non-amended media, even at 
the two higher doses of a.i. Moreover, the in-vitro growth-inhibitory effect of the product 
declined over time (17% and 11% with 10 or 100 ug/mL of a.i concentration, respectively). 
Collectively, results from both laboratory and field trials indicate the critical need to determine 
the most efficacious rates and timing of application to improve the efficacy of the product to 
suppress Pythium wilt, while preventing the further emergence and spread of resistant 
phenotypes. 
 
Objective 3: Over 130 Pythium spp. isolates were collected from infected plants, and purified 
either by hyphae tipping or by single spore isolation. Pure isolates were characterized 
morphologically looking under the microscope for characteristic reproductive structures. 
Observed structures in the majority of isolates (80%) coincided with the morphological 
characterization of Pythium uncinulatum, including the presence of encysted zoospores, swollen 
hypha, and the distinctive ornamented oogonia, with conical projections resembling rose thorns, 
as well as globose and aplerotic (~30.5 μm diameter, 3-4 μm thick walls) oospores (Figure 7). 
These results are consistent with a small field survey conducted in collaboration with CDFA 
personal, where 9 out of 11 isolates were sequenced and identified by the CDFA Plant Pest 
Diagnostics Lab (Fall 2020) as P. uncinulatum, while the others were just classified as Pythium 
spp. Unfortunately, the molecular characterization of the field isolates was disrupted by the 
COVID-19 pandemic and campus shutdown that prevented us from accomplishing this portion 
of the objective. However, all isolates have been transferred to long-term cultures and DNA 
extraction and sequencing will be resumed once additional funding to support this effort is 
secured. Once completed, we will have much more power to make inferences about the diversity 
of the local pathogen populations, as well as associations with specific functional phenotypes. 
 
In summary, this project significantly advanced our understanding of Pythium wilt, and the 
factors that contribute to the establishment, development and spread of the disease. Moreover, 
our study shed light on critical aspects that need to be considered in order to enhance the in-field 
efficacy and sustainability of disease control strategies such as fungicide applications. Our next 



efforts will focus on advancing the understanding of the biology of the pathogen and plant 
infection mechanisms, as well as the efficacy of traditional and novel pathogen and disease 
suppression strategies. 



Tables 
 
Table 1. Informal evaluations of varieties for Pythium wilt of lettuce.  

No. Variety Type Evaluation* No. Variety Type Evaluation* 
1 Da Vince Red multi leaf 5 18 Summer set head 6 
2 Extranet Green 7 19 Republic head 8 
3 Expertise Green 9 20 Rebel head 8 
4 91-02 Green 9 21 Somerset head 4 
5 91-01 Green 9 22 Republic head 9 
6 Asak Green Green 1 23 New Castle head 4 
7 Xographi light green 1 24 Lucky head 6 
8 90-57 Green 9.5 25 Salute head 5 
9 Frostex Red 2 26 Steamboat head 4 
10 90-98 Red 2 27 ECS17-412 head 3 
11 Bergmans Green leaf 8 28 E900450.01E head 3 
12 Big Star Green leaf 8 29 Senate head 8 
13 Infinity Green multileaf 1 30 Liberate head 6 
14 Big Sur Green leaf 8 31 PX1681 head 2 
15 Star Struck Green leaf 9 32 Lockwood head 1 
16 Numbered Baby romaine 8 33 Tombstone head 2 
17 Regecey head 2 34 Stage Coach head 5 

* Scale for Pythium wilt infection: 0 = plants all healthy to 10 plants all dead  
 
Table 2. Percent of plants infected with Pythium wilt and other diseases 

Trial 
 No. 

Pythium 
wilt 

INSV Both Pythium  
wilt & INSV 

Sclerotinia 

4 22.6 0.8 --- 6.9 
5 8.4 15.1 7.9 --- 

 
Table 3. Trial details of Pythium wilt (PW) control trials 



Trial  
No.  

Applicatio
n  
Date 

Lettuce  
Type 

Crop Stage Applicatio
n Method 

Method of 
incorporation  

Bed 
Configuratio
n  

Results 

1 Sept 25 Multileaf 2 leaf Spray1 Sprinkler 10 SL2 80” No reduction  
2 Sept 26 Romaine Rosette Drip  Drip 6 SL 80” Reduction in PW 
3 Sept 26 Romaine thinning Spray1 Sprinkler 2SL 40” Reduction in PW 
4 Oct 2 Head Rosette Drip Drip 2 SL 40” No reduction  
5 Oct 2 Head Thinning  Drip Drip 2 SL 40” No reduction  
6 Oct 2 Romaine Rosette Drip  Drip 5 SL 80” No reduction  

1 – Spray = material sprayed over the top of the plants and incorporated by subsequent sprinkler irrigation (within 24 hrs) 
2 – SL = seed lines 
 
Table 4. Number of plants infected with Pythium wilt in each plot in trials 1 and 2 on evaluation dates 

Treatment  Trial No. 1 Trial No. 2 
 25 feet row 50 feet row 
 Oct. 9 Oct. 16 Oct. 20 Oct. 29 Oct. 8 Oct. 13 Oct. 201 
Treated 23.6 31.7 50.0 266.3 0.4 35.2 14.8 
Untreated 15.0 27.2 50.5 217.5 0.2 47.2 20.0 
P value 0.0219 0.06 0.9196 0.0188 0.0586 0.0333 0.0057 

1 – The field had been rogued to remove plants infected with INSV which also reduced the number of Pythium wilt  
infected plants 
 
Table 5. Number of plants infected with Pythium wilt in each plot in trials 3-6 on evaluation dates 

Treatment  Trial No. 3 Trial No. 4 Trial No. 5 Trial No. 6 
 150 feet row 50 feet row 50 feet row 50 feet row 
 Oct. 20 Oct. 26 Oct. 28 Oct. 9 Oct. 9 Oct. 16 Oct. 20 Oct. 28 Oct. 28 
Treated 1.5 10.3 17.0 19.4 9.1 17.5 48.1 8.3 5.3 
Untreated 5.5 20.0 31.0 25.4 9.6 20.3 52.1 10.8 6.3 
P value 0.0534 0.0247 0.0049 0.0766 0.6682 0.389 0.6536 0.1265 0.5727 

 
Table 6. Average % mycelial growth inhibition 

Day 10 ug/mL 100 ug/mL 

2 89% 94% 

5 78.4% 86.4% 



7 72% 83.3% 
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Figure 1. Observed field symptoms of Pythium wilt of lettuce. Top: Older leaves wilt, turn 
yellow, collapse and turn brown onto the ground; younger leaves often remain upright until 
complete death of the plant. Bottom: Outer tissue of the taproot or feeder roots turn dark and are 
rotted. 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Tail ends of fields were often more severely affected by Pythium wilt in drip (left) and 
sprinkler-irrigated (right) fields. 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Frequency of Pythium wilt in plants at multiple developmental stages 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. Seasonal soil and air temperatures and association with the development of Pythium 
wilt of lettuce. Data from South Salinas CIMIS 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Varietal differences in susceptibility to Pythium wilt. 



 
 
 
 
 
 
 
 
 
Figure 6. Sensitivity of Pythium spp. isolates to Ridomil Gold (mefenoxam). 
 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 7. Characteristic reproductive structures of Pythium uncinulatum (left), and classification 
of collected and purified isolates based on morphological characteristics (right).   
  




