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Objectives 

1. Collect FOL samples representing the population from outbreaks of concern in the Imperial 
Valley, Huron area, and the Salinas Valley 
Deliverable: list of samples along with associated source information  

2. Characterize race, phenotypic, and genetic variation of the sampled isolates 
Deliverable: race, vegetative compatibility group, and DNA sequence type of FOL samples 

3. Assess the influence of the lettuce Fusarium wilt pathogen on development of INSV and 
Pythium wilt in a set of indicator cultivars in the Salinas Valley 
Deliverable: a list of fields and cultivars with frequency of pathogen colonization of roots 
on three sample dates, and with incidence of disease symptoms (Fusarium wilt, Pythium 
wilt, other soilborne diseases, and INSV) at maturity 

4. Evaluate susceptibility of cultivars to Fusarium wilt in a field trial 
Deliverable: a list of cultivars with Fusarium wilt incidence and severity, and percent 
marketable heads 

  



Abstract 

Fusarium wilt of lettuce, caused by the soilborne fungus Fusarium oxysporum f. sp. lactucae 
(FOL), can cause significant losses and has been a recurring pest problem in the fall to spring 
production regions of California.  Recently, concern over Fusarium wilt has increased in coastal 
production areas.  In addition, reports of unexpected differential reactions on cultivars known to 
be tolerant or susceptible to Fusarium wilt race 1 have raised concerns that a new pathogen race 
has been introduced.  Little recent information is available on the FOL population causing these 
outbreaks.  Symptoms suggestive of a vascular wilt are occasionally observed in conjunction 
with INSV and Pythium wilt, but the extent of this association is unknown.  The objectives of 
this proposal were to: 1) collect a recent and representative sample of FOL from outbreaks of 
concern in the Imperial Valley, the Huron area, and the Salinas Valley; 2) characterize the 
sample for pathogenic race, vegetative compatibility group, and DNA sequence type; 3) assess 
the influence of the lettuce Fusarium wilt pathogen on development of INSV and Pythium wilt in 
a set of indicator cultivars in the Salinas Valley; and 4) evaluate susceptibility of cultivars to 
Fusarium wilt in a field trial.    For Objective 1, a total of 558 F. oxysporum isolates have been 
collected from 72 fields to date, with 81% and 12% of the isolates obtained from Monterey 
County and the Santa Maria region, respectively.  A novel race variant, temporarily called the 
Costa Rica #4 FOL variant, was detected based on a susceptible reaction in differential cultivar 
Costa Rica #4 and a highly resistant reaction to San Miguel.  A total of 49 isolates have been 
subjected to partial race typing to date using San Miguel as an unofficial indicator, of which 13 
were identified to be the Costa Rica #4 FOL variant.  This variant was identified from 3 locations 
in the Salinas district and 4 locations in the Santa Maria district.  For Objective 3, three field 
trials were conducted.  Incidence of INSV or Pythium was 0.8% and 2.8-5.1% in Trials A and B, 
respectively, and no significant differences were observed, therefore no conclusions were drawn.  
Trial C was not completed as the field was terminated early due to high disease pressure.  For 
Objective 4, a trial was conducted in each of King City and Santa Maria to evaluate 28 iceberg 
and 28 romaine cultivars.  Four iceberg and six romaine cultivars exhibited 90% marketability at 
both locations.  Disease severity was unexpectedly high at King City in some cultivars.  Affected 
cultivars exhibited symptoms not typical for Fusarium wilt, and in the lab, a fungus not known to 
be a pathogen of lettuce was consistently isolated.  The pathogenicity of this fungus requires 
further investigation and results at this location should be interpreted with caution. 

Procedures, Results, and Discussion 

Objective 1 - Collect FOL samples representing the population in the Imperial Valley and Huron 
area, and areas of concern in the Salinas Valley 

Fields sampled in the survey were arbitrarily selected based on responses to sample requests and 
observations of disease activity.  Plants exhibiting symptoms of Fusarium wilt were arbitrarily 
selected and collected from each field.  Plants were shipped or transported to the lab and were 
subjected to standard plant pathology techniques to isolate FOL from symptomatic taproot tissue 
onto Komada’s semi-selective culture medium.  To date, a total of 558 Fusarium oxysporum 
isolates from 72 fields have been collected and stored in the lab (Table 1).  A total of 81% and 
12% of the isolates were obtained from Monterey County and the Santa Maria region, 
respectively.  A total of 71% and 19% of the isolates were obtained from iceberg and romaine 
types, respectively (data not shown).   



Objective 2 - Characterize race, phenotypic, and genetic variation of the sampled isolates 

In the course of the population survey (Objective 1), we received samples from locations in 
which reactions of cultivars to Fusarium wilt were not expected based on past experience on the 
Central Coast.  An unexpected field reaction is defined as either a known susceptible cultivar 
exhibiting tolerance, a known tolerant cultivar exhibiting susceptibility, or both.  Specifically, the 
iceberg cultivar San Miguel is known to be highly tolerant of FOL, but has been observed to be 
highly susceptible in some fields.  Our experiments determined that the unexpected field reaction 
was caused by FOL race 1, to which San Miguel is susceptible and Costa Rica #4 is highly 
resistant (Table 2).  In contrast, the expected field reaction was caused by a novel race of FOL, to 
which San Miguel is highly resistant and Costa Rica #4 is susceptible.  These results agree with 
those from Dr. Richardson.  We are temporarily referring to this novel race as the “Costa Rica #4 
variant” until race is officially named as a result of the upcoming ring test.  Due to its consistent 
and strong differential reaction, we used San Miguel in our race typing tests as an informal 
indicator in our initial experiments.  The iceberg cultivar Grizzly was used as the susceptible 
control.  Additional experiments evaluated a subset of isolates against four cultivars: Grizzly, 
San Miguel, Costa Rica #4, and Banchu Red Fire.  Because the full differential set was not used, 
the race designations from these experiments are tentative. 

F. oxysporum isolates were subjected to pathogenicity testing using methods described by Paugh 
and Gordon (2020) and Scott et al. (2010).  Briefly, lettuce seedlings at the 1-2 leaf stage were 
gently removed from the germination tray, the roots trimmed, and trimmed roots were dipped in 
a suspension containing 1 × 107 spores mL-1 of FOL for 10 minutes.  Inoculated seedlings were 
planted into 5” foam containers at three plants per pot with sterile potting mix and maintained in 
a greenhouse with a day/night cycle of 91oF/73oF.  Pots were arranged in a randomized complete 
block with 4 replications.  After 28 days, exterior symptoms of Fusarium wilt severity were 
assessed on a 1 to 4 scale where 1 = healthy and 4 = dead.  Each isolate was evaluated in two 
repeated experiments.  For this preliminary analysis, the criterion for pathogenicity on each 
cultivar was killing at least one of twelve replicate plants in both experimental repeats.  Race 
type was assigned as follows: race 1 = pathogenic against Grizzly and San Miguel; Costa Rica #4 
variant = pathogenic against Grizzly but not San Miguel; non-path = not pathogenic against 
either cultivar. 

A total of 49 isolates were tested against Grizzly and San Miguel.  Of these, 30 isolates 
originating from 8 locations in the Salinas region and 3 in the Santa Maria region were 
tentatively identified as race 1 (Table 1).  A total of 13 isolates from 3 locations in the Salinas 
region and 4 locations in the Santa Maria region were tentatively identified as the Costa Rica #4 
variant.  Both race 1 and the variant were detected at two locations.  The locations tested to date 
were prioritized for screening based on anecdotal observations of commercial crops or 
demonstration trials.  Therefore, the high percentage of race 1 isolates identified in the sample 
set to date likely represents a sampling bias. 

Of the 49 isolates, 11 were tested against Grizzly, San Miguel, Costa Rica #4, and Banchu Red 
Fire.  These experiments indicated that for all but one isolate, susceptibility to San Miguel and 
Costa Rica #4 was inversely correlated: against tentative race 1 isolates, San Miguel was 
susceptible and Costa Rica #4 was highly resistant; against tentative Costa Rica #4 variant 
isolates, San Miguel was highly resistant and Costa Rica #4 was susceptible (Figure 1).    



Reference isolates of FOL were obtained from Dr. Gordon’s collection and from Dr. LeBlanc to 
be used as controls (Table 3).  Some of these isolates had previously been race typed against 
three (Patriot, Banchu Red Fire, and Costa Rica #4) of the four original differential cultivars 
(Paugh and Gordon, 2020) and determined to be race 1.  In our experiments, San Miguel was 
susceptible and Costa Rica #4 highly resistant to these isolates, except for isolate 0717 in which 
one Costa Rica #4 plant died.  Overall, however, the results from these reference isolates support 
the tentative race 1 assignments of isolates in our survey. 

Although our experiment was designed to only detect qualitative differences in pathogenicity, 
non-statistical trends in virulence (quantitative disease severity) were observed.  These trends 
suggest that the overall severity of disease caused by the Costa Rica #4 variant in susceptible 
cultivar Grizzly was higher compared to race 1 isolates (Figure 2).  This trend requires further 
confirmation in experiments designed for this purpose.   

A subset of isolates was assigned to a vegetative compatibility group (VCG) using methods 
described by Correll et al. (1987) and Paugh and Gordon (2020).  VCG is a method to 
characterize populations and in F. oxysporum often correlates with forma specialis and 
pathogenic race.  Briefly, nitrogen non-utilizing (nit) mutants were obtained for each isolate by 
culturing on minimal media amended with chlorate.  Each isolate was paired on minimal media 
with known tester strains, and the reaction between the isolates and testers was assessed after 14 
days of growth.  Reactions were scored on a 0 to 4 scale where 0 = no reaction, 1 = weakly 
positive reaction, and 4 = fully compatible reaction.  Isolates were assigned to a VCG based on a 
minimum score of 1, and were assigned to a VCG subgroup based on a minimum score of 4.  
The experiment was conducted with two replicate mutants and at least two replicate plates.  A 
total of 11 isolates have been subjected to VCG testing to date.  Of these 11 isolates, all were 
assigned to F. oxysporum VCG 0300.  To date, all FOL isolates from California and in a parallel 
project in Arizona have been assigned to VCG 0300. 

Objective 3 - Assess the influence of the lettuce Fusarium wilt pathogen on development of 
INSV and Pythium wilt in a set of indicator cultivars in the Salinas Valley   

Three field trials were established in commercial fields.  A set of 5 iceberg cultivars (Table 4) 
with a range of perceived tolerances to the Costa Rica #4 FOL variant and INSV-Pythium were 
selected to allow differential comparisons.  Three of these cultivars have intermediate tolerance 
to INSV-Pythium wilt and FOL tolerance ranging from intermediate (Primo), intermediate to 
good (Armstrong), and good (San Miguel).  If the hypothesis that FOL plays a role in INSV-
Pythium wilt incidence, the expected result is higher INSV-Pythium incidence in cultivars more 
susceptible to Fusarium wilt.  Two additional cultivars with contrasting reactions to the two 
diseases were included: Powerball, with very good tolerance to FOL and poor tolerance to 
INSV-Pythium; and Telluride, with very good tolerance to INSV-Pythium and intermediate 
tolerance to FOL.  Plots measured 1 plant line x 40 ft, and treatments were arranged in a 
randomized complete block with four replications.  Cultivars were direct seeded using a hand 
push planter.  Trial A was conducted in Soledad with a wet date of July 31 and an evaluation 
date of September 26.  Trial B was conducted in Salinas with a wet date of August 2 and an 
evaluation date of October 10.  Trial C was conducted in Gonzales with a wet date of August 2, 
but was not evaluated because the field was terminated due to high disease pressure.  A total of 
40 plants in each plot were visually assessed for the presence of the following foliar disease 



symptoms: INSV, wilt indicative of Fusarium wilt, wilt indicative of Pythium wilt, stunting 
without wilt, rot or collapse due to Botrytis grey mold or Sclerotinia lettuce drop, or healthy.  
Incidence of foliar symptoms were analyzed using an analysis of variance.     

In Trial A, although incidence of foliar symptoms of vascular wilt ranged from 1.9% to 10.0% 
among cultivars, differences were not statistically significant (Table 5).  Furthermore, no 
Pythium wilt was observed at this location, and overall incidence of INSV was 0.8%.  In Trial B, 
incidence of vascular wilt symptoms was high in two cultivars (66.0% and 74.7%), with the 
remainder of plants missing, suggesting they died as small plants.  Vascular wilt symptoms, 
which most closely resembled Fusarium wilt, were low in three cultivars (1.9% to 7.1%).  In 
these three cultivars, the incidence of INSV-Pythium symptoms ranged from 2.8% to 5.1% but 
these values were not statistically different.  

Overall, conclusions cannot be drawn from these results due to the low incidence of INSV-
Pythium wilt and high incidence of Fusarium wilt in one trial.  The chances of success for this 
objective could benefit from switching to romaine cultivars, which on average are less 
susceptible to Fusarium wilt and more susceptible to INSV-Pythium wilt than iceberg cultivars. 

Objective 4 - Evaluate susceptibility of cultivars to Fusarium wilt in a field trial 

Two field trials were conducted to evaluate 28 iceberg and 28 romaine cultivars for tolerance to 
Fusarium wilt.  Trials were established in commercial fields in King City, CA and Santa Maria, 
CA.  At King City, bed center spacing was 40 inches, and plots were 1 plant line wide and 100 ft. 
long.  Due to space constraints, 4 iceberg and 4 romaine varieties were not included at King City.  
At Santa Maria, bed center spacing was 80 inches, and plots were 2 plant lines wide and 100 ft. 
long.  Plots were arranged in a randomized complete block with four replications, and the 
iceberg and romaine varieties were evaluated separately.  Treatments were direct seeded using 
the grower-cooperators’ planters, and the wet date for both trials was May 20, 2023.  The trials 
were maintained to commercial standards for lettuce production in each region.  After thinning 
by the commercial crews, 50 plants in the center of each plot were counted, and the section was 
marked with stakes.  Data were collected from this center section of 50 plants.  Evaluations were 
performed on July 24-25 at Santa Maria and July 26-27 at King City.  Foliar disease severity was 
assessed on a 0 to 4 scale where: 0 = healthy; 1 = slight chlorosis on outer leaves, stunting; 2 = 
more extensive chlorosis and stunting, in-slot varieties have stunted head; 3 = severe stunting, 
chlorosis, and no head formation; and 4 = remaining leaves are chlorotic and nearly dead, or 
plant is entirely dead.  For analysis, foliar disease severity was converted to marketability, 
where: disease severity of 0 or 1 = marketable; and disease severity of 2, 3, or 4 = not 
marketable.  Marketability data was analyzed by an analysis of variance (P < 0.05), and cultivar 
means were separated using Tukey’s honestly significant difference test. 

Disease pressure was moderate at Santa Maria and high at King City.  Iceberg cultivars that 
exceeded 90% marketability at both locations were Armstrong, Paraiso, San Andreas, and San 
Miguel (Table 6).  Seven additional cultivars exceeded 90% marketability at Santa Maria but not 
King City.  Except for Armstrong at King City, marketability of these cultivars was statistically 
significantly higher than all other cultivar in each respective trial location.  For romaine, the six 
varieties that exceeded 90% marketability at both locations were Abilene, Arroyo, Cardinal, 
Holbrook, Inferno, and Patton (Table 7).  Nine additional cultivars exceeded 90% marketability 



at Santa Maria but not King City.  Statistical separation between these cultivars and those with 
less than 90% marketability was less clear for romaine compared to iceberg.   

The reaction of cultivars at both locations including San Miguel suggest that the Costa Rica #4 
variant of FOL is present at each location.  To confirm, an isolate from each location was 
evaluated in a race typing experiment in the greenhouse: isolate 0788, obtained from the King 
City location in 2021; and isolate 1092, obtained from the Santa Maria location in 2022.  The 
reaction of both isolates (susceptible for Costa Rica #4 and highly resistant for San Miguel) 
supports the tentative designation of the Costa Rica #4 variant at these locations (Figure 1). 

The results of the King City trial should be interpreted with caution due to the possible presence 
of a second pathogen.  Some cultivars in the King City trial exhibited an unexpectedly high level 
of disease.  The high level was unexpected for three reasons.  First, many of the affected iceberg 
cultivars, including Meridian, Molera, Powerball, Fredonia, and one confidential cultivar are 
known to have at least good tolerance to FOL.  Second, the difference in severity between King 
City and Santa Maria was much larger compared to other cultivars.  Third, many of the affected 
cultivars were romaine, which generally have a higher tolerance to FOL.  Affected iceberg 
cultivars exhibited disease symptoms that more closely resemble Verticillium wilt, including: all 
plants reach mature size, yellowing and collapse of outer leaves, green to black discoloration of 
the vascular tissue, and little hollowing of the taproot.  In contrast, other cultivars in the trial 
exhibited symptoms typical of Fusarium wilt: plants missing due to very early death, remaining 
plants have a wide range of sizes, vascular discoloration is a reddish orange to brown, and the 
vascular tissue hollows out and is sometimes filled with white residue.  Plants of the five affected 
cultivars and of two non-affected cultivars were collected from the field and processed in the lab 
for disease diagnosis.  The two non-affected cultivars were positive for FOL.  The five affected 
cultivars were negative for Verticillium, and FOL was isolated at low frequency from these 
plants.  Instead, an unknown fungus identified as a Plectosphaerella species was consistently 
isolated from the five affected cultivars.  Results from the King City trial should be interpreted 
with caution and in the context of forthcoming experiments to determine the pathogenicity of this 
fungus and its interaction with FOL. 
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Table 1 (Obj. 1 and 2).  Summary of Fusarium oxysporum isolates collected and pathogenicity results in project years 1, 2, and 3. 

  
Field Observations1  

(# of locations) 
 Isolates collected and evaluated2 

# of isolates (# of locations) 

Region3 Sub-Region 
Not 

Expected Expected Unknown  Total No Data 

Missing/
Non-

Pathogen Race 1 

Costa 
Rica #4 
Variant 

Central Valley San Joaquin Valley 0 0 2  15 (2) 15 (2) 0 (0) 0 (0) 0 (0) 

Low Desert Imperial Valley 0 0 4  28 (4) 28 (4) 0 (0) 0 (0) 0 (0) 

Salinas Pajaro Valley 0 0 2  7 (2) 7 (2) 0 (0) 0 (0) 0 (0) 

Salinas North County 12 2 18  283 (32) 251 (23) 5 (4) 21 (7) 2 (2) 

Salinas Mid County 1 0 11  106 (12) 103 (11) 1 (1) 0 (0) 0 (0) 

Salinas South County 0 4 2  44 (6) 41 (5) 0 (0) 0 (0) 3 (1) 

Salinas n/a 0 1 3  10 (4) 7 (3) 0 (0) 3 (1) 0 (0) 

Santa Maria Santa Maria Valley 1 6 2  56 (9) 39 (4) 3 (3) 6 (3) 8 (4) 

Santa Maria Lompoc Valley 0 0 1  9 (1) 9 (1) 0 (0) 0 (0) 0 (0) 

 Total 14 13 45  558 (72) 500 (55) 9 (8) 30 (11) 13 (7) 
1  Field observations of cultivar performance at that location. Not Expected = a novel reaction was observed field that is distinct from past 

experience in the Salinas and Santa Maria Valleys. Expected = field reaction is consistent with past experience in these Valleys. 
Unknown = no reports of field reaction available. 

2 Total = total number of isolates collected; No data = pathogenicity has not been tested; Missing/Non-Pathogen = isolate discarded due 
to poor sporulation, results are inconclusive and need to be repeated, or isolate was determined to be not pathogenic to lettuce; Race 1 = 
isolate is virulent to San Miguel; Costa Rica #4 Variant = isolate is not virulent to San Miguel. Locations in last four columns may not 
sum to Total column if isolates from the same location were assigned to more than one category 

3  Regions include adjacent valleys, for example Salinas includes San Benito and Santa Cruz Counties 
 

 



Table 2 (Obj. 2).  Differential and other cultivars for distinguishing races of Fusarium 
oxysporum f. sp. lactucae and reactions of novel variant isolates observed to date. 
 

Published reactions 
 Results from this 

study 

Cultivar Race 1 Race 2 Race 3 Race 4  Race 1 

Costa 
Rica #4 
Variant2 

Official Differential Set1        
Gisela S S S S  - - 
Ballerina S S S IR  - - 
Patriot S S S IR  S S 
Costa Rica #4 HR S S S  HR S 
Romana Romabella HR HR S IR  HR HR 
Lomeria S HR HR HR  - - 
Palmos HR S IR HR  - - 
        
Additional Cultivars        
Grizzly - - - -  S S 
San Miguel3 - - - -  S HR 
Banchu Red Fire4 S HR S IR  S/IR S 

S = susceptible; IR = intermediate resistance; HR = highly resistant; - = not tested in this research 
1  The differential set cultivars and reactions were updated by International Seed Federation (ISF) in May 2022 
2 Reactions of the novel race variant isolates on differential cultivars observed to date 
3 Reactions based on field observations of FOL endemic to coastal California 
4 Part of the previous differential cultivar set 

  



Table 3 (Obj. 2).  Race type, vegetative compatibility, and sample origin information of 
reference isolates. 

Isolate Other Name 
Date 
Collected Location Race type1 VCG2 

717 JCP-043 1990 Huron race 1  
718 JCP-073 2002 Huron race 1 0300 
719 JCP-024 2004 Wellton race 1  
720 GL-1815 2016 Chualar race 1  
721 GL-1515 2015 Davis n/a  
722 GL-1639 2015 Watsonville race 1 0300 
723 JCP-164 2002 Huron race 1  
827 NRRL 26844 1990 Huron race 1  
828 NRRL 26845 1990 Huron race 1  

1 Race type was determined according to the following: race 1 = pathogenic against Grizzly and San 
Miguel; Costa Rica #4 variant = pathogenic against both Grizzly but not San Miguel; non-path = not 
pathogenic against either cultivar 

2 Assigning isolates to vegetative compatibility group (VCG) is a method to characterize fungal 
populations and in F. oxysporum often correlates with forma specialis and pathogenic race 

  



Table 4 (Obj. 3).  Set of cultivars to be planted in small plot or strip trials to 
investigate interactions of Fusarium wilt and INSV-Pythium wilt. 
 Tolerance1  Resistance 

Cultivar INSV-Pythium2 Fusarium wilt CR4 
variant3 

 Verticillium wilt race 
1 

Primo Intermediate Intermediate  Susceptible 
Armstrong Intermediate Intermediate-Good  Resistant 
San Miguel Intermediate Good  Resistant 
Telluride4 Very good Intermediate  Susceptible 
Powerball4 Poor Very good  Susceptible 

1  Tolerance categories in descending order are: excellent, very good, good, intermediate, poor, none 
2  INSV-Pythium wilt tolerance categories are based on a statistical analysis from Richard Smith’s 2022 

Spence cultivar trial; are not recommendations 
3  Fusarium wilt tolerance categories are based on anecdotal observations from unreplicated field trials; are not 

recommendations 
4 Serve as controls that are highly tolerant of one disease but with low tolerance to the other 
  



Table 5 (Obj. 3).  Field trial to identify possible interactions 
between Fusarium and INSV-Pythium wilt diseases using a set of 
indicator cultivars. 
 Foliar Symptoms1 

Cultivar Healthy Pythium 
Vascular 

Wilt 
Trial A    

Armstrong 92.2 0.0 7.8 
Powerball 96.8 0.0 1.9 
Primo 88.7 0.0 8.8 
San Miguel 94.3 0.0 5.0 
Telluride 90.0 0.0 10.0 

P-value2 0.1308 n/a 0.1204 
    
Trial B    

Armstrong 88.7 a 2.8 7.1 b 
Powerball 87.9 a 5.1 5.7 b 
Primo 1.0 b 0.0 66.0 a 
San Miguel 92.5 a 3.8 1.9 b 
Telluride 1.1 b 0.0 74.7 a 

P-value2 <.0001 n/a <.0001 
1 Means within a given symptom and trial followed by the same letter are not 

significantly different according to Tukey’s honestly significant difference 
test at P = 0.05.  Lack of letters indicates the overall effect was not 
significant. 

2 P-value for the main effect of cultivar with significance at the 0.05 level.  n/a 
= analysis did not run due to errors. 

  



Table 6 (Obj. 4).  Percent marketable heads of iceberg lettuce in the presence of Fusarium wilt, 
and possibly the presence of a second pathogen at King City, in 2023.  
  % Marketable Heads1 

Company Cultivar King City2 Santa Maria 
Salinas Valley Seeds San Andreas 100.0 A 99.0 A 
Salinas Valley Seeds Paraiso 100.0 A 99.5 A 
Sakata Confidential 3 na - 99.0 A 
Salinas Valley Seeds San Miguel 95.0 A 98.5 A 
Salinas Valley Seeds Armstrong 92.5 AB 98.5 A 
Seminis Powerball 79.5 BC 99.0 A 
Sakata Meridian 64.0 CD 99.5 A 
Confidential Confidential 2 63.3 CD 98.5 A 
Salinas Valley Seeds Molera 56.5 D 99.0 A 
Confidential Confidential 1 56.5 D 99.5 A 
Greengo Balboa na - 92.0 A 
3-Star Fredonia 12.0 EF 91.5 A 
Enza Pueblo 17.5 E 59.0 B 
Enza Newcastle 5.0 EF 60.0 B 
Salinas Valley Seeds Primo 1.0 F 43.0 BC 
3-Star Oso Flaco 0.5 F 39.5 C 
Enza Telluride 1.0 F 36.5 C 
3-Star Black Horse 1.5 F 36.5 C 
3-Star Roper 0.5 F 35.0 C 
Enza Vail 0.0 F 33.5 CD 
3-Star Tamarack 0.0 F 17.0 DE 
Syngenta Chalone 0.0 F 14.0 EF 
Syngenta Salute 0.0 F 8.0 EFG 
Syngenta Republic 0.0 F 4.5 EFG 
Vilmorin Tombstone 0.5 F 3.0 FG 
Syngenta El Guapo 0.0 F 2.5 EFG 
Syngenta Stagecoach na - 0.5 G 
Syngenta Darlington na - 0.5 FG 

1  Marketability was inferred by calculating the percentage of 50 plants in each of four replicate plots with 
ratings of 0 (no disease) or 1 (slight chlorosis on outer leaves or slight stunting) on the Fusarium wilt 
severity rating scale.  Means within each location followed by the same letter are not significantly different 
at P = 0.05 according to Tukey’s honestly significant different test. 

2 The presence of a second pathogen at King City is suspected based on visible symptoms and lab processing.  



Table 7 (Obj. 4).  Percent marketable heads of romaine lettuce in the presence of Fusarium wilt, 
and possibly the presence of a second pathogen at King City, in 2023.  
  % Marketable Heads1 

Company Cultivar King City Santa Maria 
Syngenta Stampede na - 99.5 A 
Syngenta Inferno 98.0 A 98.0 AB 
- Green Thunder na - 97.0 AB 
Enza Blue Rock na - 97.0 AB 
Enza Arroyo 96.0 A 100.0 A 
Syngenta Abilene 95.5 AB 100.0 A 
Syngenta Cardinal 93.0 ABC 100.0 A 
Syngenta Holbrook 91.0 ABC 96.5 AB 
Greengo Patton 90.0 ABCD 99.0 A 
Central Valley Seeds Golden Forest 88.5 ABCDE 100.0 A 
Central Valley Seeds Sunland 87.5 ABCDE 100.0 A 
Syngenta Duquesne 81.5 BCDE 97.0 AB 
Central Valley Seeds Valencia 79.5 CDE 99.0 A 
Syngenta Boranda 79.5 CDE 99.0 A 
Central Valley Seeds Solid Heart 79.0 CDE 99.5 A 
3-Star Carbine 74.5 DE 95.5 ABC 
Syngenta Rawhide 73.5 E 89.5 ABCD 
BASF Momentous 35.5 F 94.5 ABCD 
Enza Adicamp 20.5 FG 99.0 A 
3-Star Laredo 4.5 HI 89.0 ABCD 
Rijk Zwaan Farmin RZ 5.0 HI 85.5 BCD 
Rijk Zwaan Jammin RZ 4.5 HI 84.0 BCD 
Nunhems Vicious 16.5 GH 82.0 CD 
Central Valley Seeds Fort Romie 2.0 I 81.5 CD 
3-Star Klondike 1.0 I 80.0 D 
Central Valley Seeds Sunbelt 3.5 HI 53.5 E 
Rijk Zwaan Salvius 1.0 I 44.5 E 
- Bondi na - 1.5 F 

1  Marketability was inferred by calculating the percentage of 50 plants in each of four replicate plots with 
ratings of 0 (no disease) or 1 (slight chlorosis on outer leaves or slight stunting) on the Fusarium wilt 
severity rating scale.  Means within each location followed by the same letter are not significantly different 
at P = 0.05 according to Tukey’s honestly significant different test. 

2 The presence of a second pathogen at King City is suspected based on visible symptoms and lab processing.  
  



 
Figure 1 (Obj. 2 and 4).  Race typing of FOL in greenhouse experiments.  Banchu Red Fire 
(susceptible to both races) and Costa Rica #4 (resistant to race 1 and susceptible to the Costa 
Rica #4 variant) are included in the official differential cultivar set, and Grizzly (susceptible to 
both races) and San Miguel (highly susceptible to race 1 but tolerant to the Costa Rica #4 
variant) are used as unofficial indicators.  Data are from two repeats of the same experiment with 
isolates 0794, 0795, 0998, 0791, 0916, and 0966, and a single repeat of an experiment with 
isolates 0717, 0720, 0788, 0919, and 1092.  Plants were dipped in a spore suspension and 
transplanted into four replicate pots each with two plants.  Colored segments of bars indicate the 
number of plants with the given Fusarium wilt severity rating.   
  



Figure 2 (Obj. 2).  Race indicator screening of FOL in greenhouse experiments.  Grizzly 
(susceptible to both races) and San Miguel (highly susceptible to race 1 but tolerant to the Costa 
Rica #4 variant) are used as unofficial indicators.  Plants were dipped in a spore suspension and 
transplanted into four replicate pots each with two plants.  Each data point represents the mean 
mortality of one isolate across two experimental repeats.  Isolates were evaluated in batches of 
six across different seasons.  Data for each season are presented separately due to different levels 
of disease pressure likely driven by temperature.  Except for one isolate serving as a control in 
every batch, no isolate was evaluated in both seasons.   
  


