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Abstract 
In 2020 the incidence of Pythium wilt of lettuce increased dramatically, with catastrophic yield 
losses up to 100% observed across numerous commercial fields. Unfortunately, despite ongoing 
efforts, the lack of basic understanding of the biology of the pathogen and plant infection 
mechanisms limits our ability to design and deliver effective and novel management strategies. 
This project has the goal to improve understanding of plant susceptibility and disease 
development across developmental stages, and inform the selection and timing of a broader 
range of control strategies, including fungicide, phosphorous fertilizers, and biological products. 
Proposed work will include thorough characterization of the initial infection process and 
progression, as well as above and belowground symptom development across plant 
developmental stages. Moreover, proposed research will include a combination of field and 
greenhouse trails testing the efficacy of commercial and previously untested chemical and 
biological products. 
 
 



Main Body 
 
Rationale 
A. Significance, need, and benefit to lettuce industry 
Pythium wilt disease of lettuce (Lactuca sativa) is a current and economically relevant issue 
affecting the leafy greens industry in the Central Coast of California. Although the disease was 
first reported in the Coachella Valley in 1995 (Davis et al, 1995), and later in Monterey County 
(2011, Koike, 2015), the disease has traditionally been ignored and considered a low priority. 
However, in 2020 Pythium wilt of lettuce increased dramatically in incidence and severity, 
leading to extreme crop losses that threatened the local production of lettuce (Smith and 
Dundore-Arias, 2020).  
 
Previous studies have reported the soilborne oomycete pathogen Pythium uncinulatum as the 
primary organism causing Pythium wilt. When infecting lettuce, the most characteristic 
symptoms of this disease include general stunting of mature plants with rotted root 
systems. As the disease develops, the outer leaves turn yellow and brown necrotic spots develop, 
until the leaves are completely wilted and the plant collapses. Root rot is primarily observed in 
lateral roots that become necrotic; though, external brown discoloration, without significant 
vascular discoloration, ic commonly observed along the taproot (Koike, 2015, Raid, 2016, 
(Smith and Dundore-Arias, 2020). 
 
Additional studies are needed to advance our understanding of the biology and management of 
Pythium wilt of lettuce, and specifically in the Central Coast/Salinas Valley of California, one of 
the main lettuce-producing regions in the World. Greater comprehension of the infection and 
colonization of roots by the pathogen, as well as the effect of plant phenological growth stages 
on disease and symptom development are crucial in order to minimize the risk of (re)occurrence 
of severe disease outbreaks by designing and implementing effective management strategies. In 
order to accomplish this goal, it is critical to generate experimental information on fungicide 
efficacy to control Pythium wilt, and to assess the potential dual effect of phosphorous-based 
fertilizers contributing to plant nutrition as well as offering a protective effect against oomycete 
pathogens. Likewise, equivalent information is necessary for biological products that can 
complement chemical products in integrated pest management programs, or serve as stand-alone 
methods for protecting plants from diseases in organic agriculture.  
 
Procedures 
Objective 1. Characterize disease development of lettuce roots by Pythium spp.  
Artificial microplots will be established to assess how plant phenological growth stage and age 
of roots influence root rot infection and severity. Lettuce will be sown directly at rate of ~60 
seeds/ft in rectangular plastic containers (60cm long) containing sterilized and inoculated soil to 
compare and monitoring infection and symptom development. Soil will be inoculated with a mix 
of 5 isolates obtained from infected plants. A mixture of different isolates of the pathogen will 
represent the breadth of variability observed among isolates collected from multiple commercial 
fields across the Salinas Valley. Soil will be mixed with sterile sand to help with drainage and 
prevent soil compaction, and a subsample from each soil will be collected to further confirm 
post-inoculation presence and absence of the pathogen. Two weeks later (at the field thinning 
stage) plants will be thinned down and leaving a minimum of 32 plants distributed across the 



entire surface area. Additional seedling samples will be evaluated at this stage to assess potential 
early disease occurrence in inoculated soils, and compared to the non-inoculated control. Over 
the next 8 weeks, two plants will be sampled every 4 days from each microplot (n=8, 4 sterile 
and 4 inoculated), evaluating root length and biomass, as well as disease symptoms (root 
browning and rotting size and location on the tap and/or lateral roots). Roots will also be rated 
for root rot according to one of three categories: healthy = dense, white or tan root system with 
<10% root rot; moderate root rot = patchy or partially rotted root system with 10% to 75% of the 
roots appearing dark brown; and, severe root rot = sparse, mostly or completely rotted root 
system with >75% of the roots appearing dark brown, having little structural integrity or non-
existing (Weiland et al. 2018). Roots visual evaluations will be paired with digital scanning of 
roots. Tissue samples will be collected from symptomatic roots, and isolation and culturing 
methods optimized during the 2020 season will be used to confirm the presence/absence of the 
inoculated pathogen. In parallel, bench-top minirhizotron systems (rhizoboxes) with transparent 
root observation windows (Neumann et al.  2014) will be used for non-destructive observation 
and monitoring of symptom onset and development overtime. Microplots and minirhizotron will 
be replicated 4 times for each inoculation treatment (n=8). Symptom development changes in 
foliage patterns will also be monitored over the course of the experiments in the artificial 
microplots and minirhizotrons. All experiments will be repeated at least 3 times.  
 
Objective 2. Evaluate the efficacy of chemical products against Pythium wilt 
Six fungicides and two phosphorous-based fertilizer with claimed effect against pathogens will 
be tested for their ability to protect lettuce against Pythium wilt. These field trials will focus on 
testing additional application methods, timing and rates, continuing work started in 2020 (Smith 
and Dundore-Arias, 2020). Field trials will be established in at least two field locations with high 
disease severity in 2020, following standard commercial production practices. Before 
establishing field trials, soil samples will be collected and analyzed in the laboratory to ensure 
the presence and viability of the pathogen, and therefore, minimize the risk that the disease 
would not develop, or that differences between treatments would be masked due to low pathogen 
inoculum. Romaine and/or green leaf lettuce susceptible to Pythium wilt will be planted in 80” 
bed (5 seed lines per bed). Applications will be made through drip irrigation system 
(chemigation) or using a backpack sprayer trying to maximize the amount of fungicide that 
would reach the roots. Phosphorous-based fertilizers, combining both phosphate and phosphite 
compounds, will be applied in foliar sprays or chemigation following practices currently used by 
commercial growers, to assess their potential dual fertilizer and protective effect against 
oomycete pathogens.  
 
Objective 3. Evaluate the efficacy of biological products against Pythium wilt 
Three commercial biofungicides and plant health promoters, as well as one private bacterial 
isolate (in the pipeline for product development provide by Dr. Johan Leveau, UC Davis) will be 
evaluated in greenhouse experiments for their ability to protect lettuce against Pythium wilt and 
promote healthy root systems. These products were strategically selected for their versatile 
biological functions, with goal of comparing the efficacy of multiple modes of action to control 
the casual organisms of Pythium wild. For example, Serenade (Bacillus subtillis) provides 
fungicidal and antibacterial metabolites that are present in the product and produced in the soil 
during root colonization. The organism in Actinovate (Steptomyces lydicus) establishes a 
synergistic relationship with plants, and while the bacterium feeds off the root’s secretions it 



produces toxins that keep other microbes (including pathogens) out. Rootshield (Trichoderma 

harzianum and T. virens), in addition to producing antimicrobial compounds, it works primarily 
through competitive exclusion in which the fungi colonize root tissues and outcompete 
pathogens for available resources. Moreover, Collimonas have a broad-spectrum of antifungal 
activity and plant-protective properties. These commercial products are registered for the control 
of oomycete pathogens on leafy vegetables including lettuce. Likewise, the inhibitory capacity of 
CA-strains of Collimonas against oomycete pathogens has been reported (Doan et al. 2019). 
These products will be evaluated in greenhouse experiments in which romaine lettuce seeds 
(susceptible to Pythium wilt) will be sown directly into previously sterilized soil mix in 
germination trays. After germination, seedlings will be thinned down to leave one per cell, and 
let the plants grow for couple of weeks. Seedlings (with two true leaves) will be gently removed 
from the germination tray, and root-dipped for 5-min in either sterile water (control) or a 
suspension (10^6 cfu/mL) of Actinovate, Serenade, Rootshield or Collimonas, and then 
transferred to1-gallon pots (7 ½” wide * 7” tall) containing soil from commercial fields with 
history of natural (and severe) Pythium infestation in 2020. Subsample from each soil will be 
collected to determine baseline pathogen populations in each soil. Three days after transplanting, 
each plant (except for the only dip treatment) will receive a drench application of 100 mL of 
water or a suspension of each of the biological products poured onto the soil surrounding the 
base of the plant. One week later, plants in the dip+drench+drench treatment will receive a 
second drench application as previously described. Four weeks after transplanting, individual 
plants will be harvested to assess plant and root length and biomass, as well as disease symptoms 
(root browning and rotting size and location on the tap and/or lateral roots). Tissue samples will 
be collected from symptomatic roots, and isolation and culturing methods optimized during the 
2020 season will be used to confirm the presence/absence of the inoculated pathogen. Pots will 
be arranged in a randomized complete block design with six replicates per treatment. Plants will 
be maintained in the greenhouse under natural lighting and ambient temperature (~20-22C), and 
will be watered daily.  
 
Results and discussion  
 
Objective 1. Characterize disease development of lettuce roots by Pythium spp.  
Work within this objective focused on developing optimized assays to investigate and 
characterize the development of Pythium wilt of lettuce, including in-vitro and in-vivo assays as 
described below.  
In-vivo assay: 
We developed an in-vitro pathogenicity assay aimed at assessing seedling root rot incidence to 
identify pathogenic Pythium isolates in the absence of other confounding factors. Briefly, 1-mm 
diameter agar plugs of Pythium isolates growing on selective media are placed in contact with 
previously germinated lettuce seedlings (7-10 days) in 90mm diameter Petri dishes, and 
maintained at room temperature. Seedlings are evaluated after 5-days and the number of 
seedlings showing root discoloration within each Petri dish is recorded and compared to the 
control consisting of Pythium-free agar plugs (Figure 1). This method was tested extensively 
(n=294 seedlings) with seedlings of the Duquesne variety (known to be susceptible to Pythium 
wilt and INSV) and four confirmed Pythium uncinulatum isolates (isolates #3, #9, #38, #41) 
obtained from infected lettuce plants collected from the Salinas Valley. Results from these 
experiments confirmed that the 4 isolates were pathogenic and that nearly all seedlings showed 



extensive root rot after 4 days of inoculation, while root rot was not observed in the control 
treatments. A modified version of this method is currently being tested in order to make this in-

vitro assay more relevant and adaptable for future in-vivo assays. Here, lettuce seedlings (7-10 
days old) are added to a 35mm diameter Petri dish and inoculated with 3 mL of a soil extract 
zoospore suspension inoculum (see below inoculation assay), and monitored for symptom 
development for 7 days (Figure 2). This assay has been validated by testing 3 P. uncinulatum 

isolates alone, or in combination. Results so far have shown that disease development was 
observed much more quickly with more severe symptoms in treatments consisting of a 
combination of two or more different isolates. As a way to reduce the variability across plates 
and to maximize the number of seedlings assessed on each trial, we have modified a differential 
box assay developed for determining the virulence phenotype of Bremia lactucae isolates (R. 
Michelmore, UC Davis). Here, lettuce seedlings (Duquesne, 7-day old) are placed in individual 
wells within a single plastic container (ArtBins) (Figure 3). Each container consists of 10 wells, 
and a single lettuce seedling and 2 mL of liquid inoculum (zoospore suspension) were added to 
each well. Disease development was monitored for 7-days. This method will be scaled up and 
used to test different lettuce cultivars against 2 previously confirmed pathogenic P. uncinulatum 
isolates (#3 and #29) to monitor disease development and to identify potential commercial 
materials with noticeable tolerance/resistance.  
 
In order to further confirm the pathogenicity of the isolates tested in-vitro, we have completed 
Koch’s postulates as a way to confirm the causation of the observed symptoms. Specifically, for 
each trial, we have selected seedlings inoculated 7-days prior in the zoospore seedling assays and 
cut two 1cm sections of roots with a sterilized scalpel, which were then placed on a water agar 
plate. The same procedure was repeated for non-inoculated control seedlings. Plates were 
monitored and evaluated for mycelial growth and spore production for approximately 5-7 days. 
Mycelial growth resembling Pythium was sub-cultured and used in further seedling assays as 
described above. Additionally, root sections of both symptomatic and asymptomatic (control) 
seedlings were collected and observed under the microscope to further confirm the presence of 
Pythium spores in symptomatic tissues (Figure 4).  
 
In-vivo assay: 
A major limitation in the study of Pythium wilt has been the lack of a method to replicate disease 
development under control conditions (including efforts to set up the proposed artificial 
microplots described above). For example, plating susceptible lettuce varieties in heavily 
infested field soil (based on observation and quantification of pathogen’s spores and disease 
development in the previous season) has not resulted in disease development. This is likely due 
to the need for specific environmental conditions or stresses to activate presumably dormant 
pathogen survival structures. Thus, we have been working on optimizing an inoculation protocol 
using presumably active, short-lived, and motile zoospores (asexual) instead of long-term 
survival oospores (sexual). This method consists of saturating Pythium cultures with a filter-
sterilized soil extract solution aimed at stimulating the production of the asexual spores 
simulating the conditions in saturated soils. We have successfully observed the production of 
zoospores using this method, and inoculum quantification using a hemocytometer and Trypan 
blue dye (to stain spores) has revealed zoospore concentrations for four P. uncinulatum isolates 
averaging 5.5x105 spores/mL, which is comparable to a highly pathogenic and fast-growing P. 



aphanidermatum isolate (6.8x105) previously described in Spinach Damping-off studies (J. 
Correll, U. of Arkansas) and used as a reference for method validation. 
 
This inoculation method is currently being tested in ongoing trials using potted plants. 
Specifically, 5-week lettuce plants grown in conetainers were inoculated with a 25mL inoculum 
mixture of 3 P. uncinulatum isolates (#3, #38, #41) (Figure 5). Control plants were inoculated 
with either sterile water or with a filter-sterilized soil extract without Pythium. Symptom 
development and plant size will be monitored over time. 

 
 
 
Figure 1. Pathogenicity test consisting of placing in contact 
lettuce seedlings and P. uncinulatum isolates, and 
monitoring symptom development and disease 
progression. Left:  No evidence of symptom development 
or infection on day 1 after inoculation. Right: Severe 
seedling radicle discoloration in response to isolate 1 on 
day 5, in comparison with modest discoloration with 
isolate 2 and no discoloration in control. 
 
 
 
 
 
 

 

 
Figure 2. Seedling assay immediately after inoculation with P. uncinulatum isolates alone or in 
combination (Top; Day 0; May 31, 2022), and 5 days post-inoculation (Bottom; Day 7; June 6, 
2022).  
 



 
Figure 3. Isolates of P. uncinulatum one day after inoculation (left) compared to five days after 
inoculation (right). Consistently, seedling discoloration and decay (death) was observed to 
develop on roots over time. 
 

 
Figure 4. Lettuce roots observed under the microscope. Healthy lettuce seedling root from 
inoculated sterile water control (left) compared to a symptomatic seedling root inoculated with P. 

uncinulatum (right) viewed under 10x magnification. The healthy root has an intact epidermis 
and shows no discoloration. The infected root has a decaying epidermis and is discolored due to 
necrosis. Plenty of Pythium spores (oospores and sporangia) are observed in the infected roots. 
 



 
Figure 5. Conetainers containing experimental and control plants on the day of inoculation. Daily 
height measurements are taken and plants are observed for symptom development (stunting, 
yellowing of outer leaves). 
 
 
Objective 2. Evaluate the efficacy of chemical products against Pythium wilt 
Twelve field trials were conducted in 2021 to test the efficacy of fungicides and biologicals for 
controlling Pythium wilt of lettuce. These trials were conducted in collaboration with Richard 
Smith (UCCE) and cooperating growers on commercial lettuce farms. Details of each trial 
(application technique and timing) are shown in Table 1. The materials were applied in Trials 1 
through 10 at planting, thinning and/or at the rosette stages. Products were applied by spraying 
the fungicides over-the-top of the lettuce 1-2 days prior to sprinkler irrigation which incorporated 
the material into the soil. Given that Pythium wilt is often more prevalent on lettuce at the tail-
ends of the field where water drains more slowly, the trials were located at the bottom end of the 
fields within 60ft of the fields’ edge. This was done to maximize the possibility of getting 
sufficient disease to be able to observe differences among treatments. Each plot was one 80-inch 
bed wide by 20ft long and was replicated four times in a randomized complete block design. 
Table 2 shows which treatments were included in each trial. High label-recommended rates of 
each product were used to increase the chances of observing a significant treatment effect. 
Fungicides tested included Ridomil Gold, Previcur, Alliette and Ranman. Biologicals tested were 
Minuet (Bacillus subtilis) and LifeGuard (Bacillus mycoides). In trial 5, Ridomil Gold was 
applied in all combinations of timing including planting, thinning, and rosette stages to 
determine the optimal time to apply this material. At each time, the product was applied at the 2 
pints/acr rate. In trials 11 and 12 Ridomil Gold was applied by injecting 2 pints/acr into the drip 
irrigation system (timings shown in Table 1). Applications were made with an injection pump 
applying the material into a static mixer before it was distributed through a separate manifold 
that took the material to the test beds. The material was applied towards the end of the irrigation 
cycle allowing an additional hour of irrigation with clean water to push the material out of the 
drip lines and into the soil. At or near harvest, all trials were evaluated by counting the total 
number of plants per plot as well as Pythium wilt infected plants to calculate the percent infected 



plants. Trials conducted earlier in the season (June-July) prior to Trial 7 did not develop 
sufficient disease to detect significant differences among treatments, possibly due to cool 
temperatures that occurred during the 2021 growing season. Trial 7 was conducted later in the 
growing season and significant Pythium wilt developed in this field. 
 
Table 3 shows the percent of infected plants in each treatment at or near the end of the crop 
cycle. In trials 1 through 10 there were no statistical differences among the applied 
fungicide/biological treatments, and with the exception of Trial 7, none of the materials had 
fewer infected plants than the untreated control. Trial 7 was the only trial where over-the-top 
applications showed reduced levels of Pythium wilt. Here, all materials tested (Previcur Flex, 
Ridomil Gold, Alliette, LifeGuard and Ranman) reduced levels of Pythium Wilt infection 
compared to the control. Three Trials consisting of over-the-top applications were conducted 
after Trial 7 (Trials 8, 9, and 10), but none developed significant disease pressure. This was 
likely due to the fact that these Trials were planted with the variety Teen Green, which appears to 
have some field tolerance to Pythium wilt. The results in Trial 7 provide modest evidence that 
over-the-top applications may be an effective method for applying fungicides/biologicals for 
controlling Pythium wilt. Trial 5 was an evaluation to specifically evaluate the influence of 
timing of the Pythium wilt control, but it was conducted too early during the crop cycle and there 
were no differences among treatments (Table 4). In trials 11 and 12, Ridomil Gold was applied 
by injecting it into the drip system, and there was a modest reduction in the number of wilted 
plants in the treated plots vs. the control. Although the level of control was modest, these results 
suggest that drip injection of Ridomil Gold may be more effective than over-the-top applications. 
In summary, there was a modest level of control of Pythium wilt with the applied fungicides and 
biologicals. Injection into the drip system appeared more effective than over-the-top 
applications. More effective means of applying these materials may result in better control.  
   



 
 Table 1. Fungicide trial details 

No. Ranch Variety Bed 
width & 

Seedlines 

Soil Planting Application timing and dates 
At-

planting 
Thinning Rosette 

1 Spence 8 Romaine 
Abilene 

80”; 6 Chualar loam June 12 June 12 June 29 --- 

2 Spence 14 Romaine 
Abilene 

80”; 6 Chualar loam June 19 June 19 July 6 --- 

3 Fanoe 4 Romaine 
Mega 

80”; 8 Chualar loam June 21 June 21 July 12 --- 

4 Spence 21 Romaine 
Abilene 

80”; 6 Chualar loam June 24 June 24 July 9 --- 

5 Fanoe 9 Romaine 
Mega 

80”; 8 Chualar loam June 29 June 29 July 20 August 9 

6 Johnson 22 Romaine 
Abilene 

80”; 6 Chualar loam July 27 July 27 --- --- 

7 Hooten 25 Romaine 
Abilene 

80”; 6 Chualar loam July 28 July 28 August 17 August 27 

8 Hooten 34 Teen Green 80”; 8 Chualar loam July 28 July 28 August 18 September 8 
9 Fanoe 53A Teen Green 80”; 8 Chualar loam August 12 August 12 --- September 16 
10 Amaral 7B Teen Green 80”; 8 Chualar loam September 1 --- September 27 October 7 
11 USDA Duquesne 40”; 2 Chualar loam July 27 --- --- September 13 
12 Amaral 7A River Road 80’; 5 Chualar loam August 25 --- September 22 October 6 

1 - Trials 1 – 10: Sprays applied with a CO2 backpack sprayer applying the equivalent of 69 gallons/acre of water using a 1-tip nozzle 
with an 8008EVS tip at 30 psi. Each plot was 20 feet long by one 80-inch bed wide.  
2 – Trials 11 – 12; Material injected into the drip system in the last third of an irrigation  
 
 
 
 
 
 



 
Table 2. Materials and rates of fungicides/biologicals evaluated in 12 trials (boxes with an “x” indicate fungicide used in the trials.  
No.   Treatment Amount/A Trial Number 

1 2 3 4 5 6 7 8 9 10 11 12 
1 Untreated --- x x x x x x x x x x x x 
2 Minuet 12 oz x x x x -- x -- -- -- -- -- -- 
3 Minuet 24 oz x x x x -- x -- -- -- -- -- -- 
4 Previcur Flex 2 pints x x x x -- x x x x x -- -- 
5 Ridomil Gold 2 pints x x x x x x x x x x x x 
6 Alliette 5 lbs x x x x x x x x x x -- -- 
7 LifeGuard 4.5 oz/100 gal x x x x -- x x x x x -- -- 
8 Ranman 2.75 oz/A x x x x -- x x x x x -- -- 

 
 
Table 3. Percent of plants with Pythium wilt in each trial on evaluation dates near the end of the crop cycle (trial 5 rated separately 
below) 
 Treatment         Trial No.  1 1 2 3 4 4 6 7 7 7 
  Rate Aug 6 Aug 13 Aug 19 Aug 9 Aug 10 Aug 18 Sept 22 Sept 20 Sept 27 Oct 4 
1 Untreated --- 3.1 4.7 5.2 11.8 1.4 2.4 7.8 1.4 9.0 19.1 
2 Minuet 12 oz 3.0 6.3 3.5 10.1 1.0 2.8 8.6 --- --- --- 
3 Minuet 24 oz 3.3 5.2 3.9 12.6 1.7 3.0 8.2 --- --- --- 
4 Previcur Flex 2 pints 5.1 5.9 4.7 11.9 1.2 3.0 7.8 0.9 4.7 14.2 
5 Ridomil Gold 2 pints 4.1 5.7 7.2 9.4 2.1 3.6 9.2 0.2 2.7 14.5 
6 Alliette 5 lbs 2.0 4.4 3.2 11.8 0.8 3.7 10.2 0.0 3.3 14.0 
7 LifeGuard 4.5 oz/100 gal 3.3 4.1 3.3 10.6 1.2 3.0 9.2 1.2 4.0 12.7 
8 Ranman 2.75 oz/A --- --- --- --- --- --- --- 0.7 4.9 13.6 
    Pr>F treat  0.3953 0.5621 0.0921 0.4520 0.5642 0.9567 0.8876 0.0993 0.0346 0.4652 
    LSD0.05  ns ns ns ns ns ns ns ns 3.8 ns 

 
 
 
 
 



 
Table 3 continued. Percent of plants with Pythium wilt in each trial on evaluation dates near the end of the crop cycle (trial 5 rated 
separately below) 
 Treatment Rate 8 9 10 11 12 12 Overall 

mean 
1-10 

Overall 
mean 
11-12 

   Sept 22 Sept 22 Oct 21 Sept 28 Oct 21 Oct 26   
1 Untreated --- 0.0 0.0 0.8 26.7 35.1 58.6 5.1 40.1 
2 Minuet 12 oz --- --- --- --- --- --- 5.0 --- 
3 Minuet 24 oz --- --- --- --- --- --- 5.4 --- 
4 Previcur Flex 2 pints 0.2 0.1 0.8 --- --- --- 4.7 --- 
5 Ridomil Gold 2 pints 0.1 0.1 0.8 20.6 31.7 53.1 4.6 35.1 
6 Alliette 5 lbs 0.1 0.0 0.4 --- --- --- 4.1 --- 
7 LifeGuard 4.5 oz/100 gal 0.2 0.2 0.9 --- --- --- 4.1 --- 
8 Ranman 2.75 oz/A 0.1 0.1 0.7 --- --- --- 3.4 --- 
    Pr>F treat  0.4508 0.6454 0.8119 0.0585 0.5576 0.0769   
    LSD0.05  ns ns ns 6.5 ns 6.9   

 
 
Table 4. Trial No. 5. Timing of Ridomil Gold application and percent wilted plants at end of crop cycle 
Treatments Ridomil Gold at 2 pints/A at each application Alliette untreated  
       Treat. No. 1 2 3 4 5 6 7 8 9 Pr>F treat 
Timing:           
   At planting X X X -- -- -- X X --  
   Thinning -- X X X X -- -- X --  
   Rosette -- -- X -- X X X X --  
Wilt Evaluations:           
   August 18 1.0 2.3 2.0 1.5 2.5 3.0 2.1 2.3 2.6 0.8631 
   August 22 3.1 4.4 3.9 4.9 4.4 4.4 2.8 5.3 4.6 0.7462 
           

 
 



 
Objective 3. Evaluate the efficacy of biological products against Pythium wilt 
Work within this objective focused on testing the efficacy of registered biopesticide products to 
control Pythium wilt. We conducted replicated on-farm field trials at two locations in the Salinas 
Valley (Chualar and Gonzalez) and tested three microbial biopesticides (Rootshield, 2 species of 
Trichoderma sp.; AVIV, Bacillus subtilis; Howler, Pseudomonas chlororaphis) and one plant-
based fertilizer (Chamae, pepper plant extract) products. In general, direct-seeded fields were 
planted (Romaine, variety Arroyo) on August 25, 2021 at the bottom end/edge of a larger field 
with commercial romaine variety. Each plot was one 80-inch bed wide (5 seed lines and 2.5 inch 
spacing) by 20ft long and was replicated three times. Materials were applied by spraying 
(drench) the products in-furrow to the base of the plant at emergence (September 3, 2021) and 
again 2 weeks later (September 17, 2021). During the application, the soil surface was 
thoroughly covered by directing the application and soaking the root zone for greater effective 
biocontrol colonization and disease control or suppression. Each product was applied at the 
recommended label dose: Rootshield: 32 oz/acr, AVIV: 30 fl oz/100 ga of water, Howler 15 
lbs/acr). Fields were evaluated weekly, assessing total and symptomatic stand counts, and 
harvested on November 12, 2021.  
 
In general, greater disease incidence was observed in Chualar than in Gonzalez. Differences 
between locations were likely due to a greater impact of fall heavy rain events in Chualar where 
fields were flooded and soils in certain areas of the field remained saturated for several weeks. 
Despite differences between locations, in both trials, AVIV and Chamae consistently reduced the 
incidence of Pythium wilt in comparison with the untreated control. However, this effect only 
resulted in a significant yield increase compared to the control in Chualar where the greater 
disease occurrence was observed (Figure 6). Additionally, severity assessments (Table 5) were 
conducted at harvest within a 10ft section where 20 plants were evaluated individually based on 
the degree of how wilted plants were. Additionally, 10 plants with wilting symptoms were dug 
out and assessed for root symptoms (external rotting and vascular discoloration) to confirm that 
wilted plants were infected with Pythium wilt. A reduction in disease severity was also observed 
with AVIV at both locations and with Chamae in Chualar (Chualar: untreated 3.3, AVIV 2.3, 
Chamae 2; Gonzalez: untreated 2.4, AVIV 1.25, t-test individual comparison, p<0.05). In 
summary, biopesticides and plant-based fertilizers could represent alternatives or complementary 
methods to control Pythium wilt in organic and conventional lettuce production under high 
disease pressure or multiple plant stresses. However, their effects remain inconsistent and further 
studies are needed to determine their efficacy in combination with other practices or under 
varying conditions.  
 
Further registered biopesticides, including Minuet (Bacillus subtilis) and LifeGuard (Bacillus 
mycoides), were tested in separate trials described above (Objective 2).  Lastly, ongoing 
greenhouse trials are further assessing the timing and modes of application of registered 
biopesticides [Rootshield, Minuet, and Actinovate (Streptomyces spp.)] within pathogen-
inoculated soils to observe their effects on disease suppression. Here, plants are being inoculated 
using the zoopore inoculation procedure described above (Objective 1), and commercial products 
will be added following the label recommendations.  
 
 



 
Table 5. Pythium wilt disease severity assessment of plants treated with different microbial 
biopesticides and a plant-based fertilizer. 
Locations Treatments Average Disease Severity 

Rank (out of 5)^ 
Confirmed % of wilted plants confirmed 
with Pythium root infection symptoms 

Chualar Untreated 3.3 100 
Rootshield 2.65 100 

AVIV 2.3* 100 
Howler 2.45 100 
Chamae 2.00* 100 

Gonzalez Untreated 2.35 90 (1 plants with lettuce drop) 
Rootshield 2.5 80 (2 plants with lettuce drop) 

AVIV 1.2* 100 
Howler 1.3 80 (2 plants with lettuce drop) 
Chamae 2 100 

^Disease rank: 
1- No symptoms; 2- Modest foliar yellowing/stunting; 3- Outer/older leaves are yellow and wilted with 
upright/green younger tissues; 4- Stunted wilting plants, with older leaves yellow/brown and upright/green 
younger tissues; 5- Plant dead 
*Significant different from the untreated control (t-test individual comparison, p<0.05) 

 

Figure 6. Effect of microbial and plant-based products on Pythium wilt incidence (left) and yield 
(right). 
 
 
In summary, this project significantly advanced our understanding of Pythium wilt development 
and informs the selection and timing of a broader range of control strategies, including synthetic 
fungicide and biological products. Additionally, the project has generated experimental 
approaches and methods customized for future investigation of this disease, including the 
assessment of lettuce tolerance/resistance across commercial materials (in collaboration with R. 
Smith and K. Richardson).  
 
 
 


