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What do we know?
General

· California produced 78% of the total US production of spinach in 2007 (fresh market and processed)
· Spinach seed cannot be produced in California because of inadequate day length for bolting
· Salinas and parts of Pajaro valleys flooded in the winter of 1995.

· Salinas Valley has had a serious problem with Verticillium wilt on lettuce since 1995.
· There are at least 73 blocks throughout the Salinas and Pajaro Valleys from Watsonville to King City that cannot grow lettuce due to too high levels of V. dahliae. 
· Host seasonality influences dynamics of Verticillium wilt (i.e., increased symptom development in warmer conditions - summer vs. spring).
· Spinach seed isolates are virulent on lettuce and are of both race 1 and 2 types.

· V. dahliae can be dispersed by root contact, soil, vegetative material, equipment, water, seed, air, and people. 

· Mexico is the only country with a phytosanitary certification of 10% or less Verticillium threshold on spinach seed. 
· At least one field in the Salinas Valley has Vert with no crop history of spinach - cropping history for that field was fumigation, strawberry, 3 crops of lettuce with the last crop lettuce killed by Vert.

· Verticillium wilt of spinach is only observed after bolting has been initiated, so symptoms of the disease are not observed in fresh market or processing spinach crops.
· Populations of V. dahliae can rebound by the third lettuce crop following strawberries that were planted on fumigated ground  
· Lettuce seed lots tested for V. dahliae on average had 2-4% infection of positive seed lots with a maximum of 8%.  No “baby leaf” lettuce types evaluated carried V. dahliae.
· In vegetative compatibility group analysis of V. dahliae isolates from spinach seed approximately 60-70% have been VCG4B with 20-30% being VCG2B.  Isolates off spinach seed produced in USA and Netherlands were predominantly VCG4B while isolates off of seed produced in Denmark were predominantly VCG2B.
Host Range
· Over 300 woody and herbaceous plant species.

· Over 100 weed species are alternative hosts for V. dahliae
· There is some host specificity of isolates that may affect or limit host range:
· Vegetative compatibility group (VCG) designations.

· Race designations (e.g., cotton, hop, lettuce and tomato) 
Economic Thresholds

· Thresholds for soilborne inoculum of V. dahliae have been estimated for several crop hosts (based on microsclerotia [ms] per gram of soil):
· Strawberry - 3 ms/g (approx. 50% loss)
· Artichoke - 5-9 ms/g (approx. 50% loss)
· Lettuce (Iceberg) - 150 ms/g 
· Spinach – no threshold determined
· Cauliflower – 1 ms/g (approx. 5% loss)
· Cotton – 19 ms/g (approx. 50% loss)
· The potential influence of soil type, soil microflora, soil pH, temperature, etc. on thresholds for soilborne V. dahliae on various crop hosts is unknown.
Inoculum sources
· Infested seed of various host crop or weed species -
· Microsclerotia - 
· Viable for up to 10 years with reports of >14 years. Soil type and microflora composition can affect microsclerotia longevity
· Non-host plants - can contribute to maintenance of soilborne populations of V. dahliae
· Alternative host crops
· Conidia – primarily produced inside the vascular tissue.  Cutting, harvesting, or in any way damaging the vascular tissue could release developed conidia in sap or small tissue pieces.
· Nematodes – 
· Although nematodes do not appear to transmit V. dahliae, research has shown that various species (Pratylenchus penetrans, Pratylench minyus) seem to exacerbate Verticillium wilt development.   There is evidence of synergistic responses in mint, potato, tomato, strawberry, and cotton.  Some researchers think that nematodes provide additional injury sites and release plant materials beneficial to fungal growth.  
Field/Crop Management Options
1. pH – Where acidic soils are limed disease severity usually increases.  This exaserbating effect may be because of a reduction in Mn and Al ions as pH increases.  Mn and Al ions have been shown to have inhibitory effects on V. dahliae.  In cotton, researchers found that at pH of 5.5 and below growth and survival of V. dahliae are inhibited thought to be due to accumulations of Mn and Al ions under acidic conditions.
2. Soil Amendments:
Biological soil disinfection (i.e., incorporation of fresh organic amendments and mulching with airtight plastic). Note that Food Safety issues must be addressed with regards to manure use.
Liquid manure

i. Liquid swine manure kills microsclerotia due to volatile

fatty acids, and/or nitrous acid toxicity or in the case of alkaline soils, by ammonia toxicity to the pathogen. – but is beset with problems such as the availability of material close to needed fields, increased transportation and dispersal costs, and food safety issues. Although this is not a management option for leafy greens production it may have merit for seed production.  Consult local agricultural extension advisor. 
ii. Plant residue 

1. Addition of residue (e.g., rye, pea, mustard, clover, pepper, cucumber, barley straw, broccoli) has been shown to lower V. dahliae inoculum levels

2. Mustard seed meals have been shown to inhibit V. dahliae.  
3. Crop rotation - typical crops rotated with spinach/lettuce in the Salinas & PajaroValleys are broccoli, cauliflower, celery, and sometimes with strawberries in fumigated ground.

a. Broccoli acreage is significantly lower than leafy greens acreage. 
b. Crop rotations with broccoli are effective at reducing losses to V. dahliae 

4. Planting clean seed or using seed treatments to clean up infested seed.

Recent Cropping Changes
· There have been dramatic changes in what is now called the leafy greens market since the mid 80’s or 90’s. 

· Baby leaf spinach is planted at populations as high as 3- 4 million seeds/acre

· Spinach production is year round in the Salinas Valley
· Planting densities on the beds has more than doubled with growers commonly using 80” beds, whereas spinach was previously planted on 40” beds.
· Crop rotation options are limited in the Salinas and Pajaro Valleys because of high land rent prices
· Soil fumigation (methyl bromide/chloropicrin) to control Verticillium wilt of strawberries is dropping in California. 

Seed Issues 
· V. dahliae is seed borne in spinach and lettuce seed (and other crops, e.g., radish seed – the strain that infects radish does not infect lettuce and vice versa, potato seed tubers, not planted in the Salinas Valley). 
· V. dahliae can be present in and perhaps just below the pericarp as well as on the embryo+seed coat even after the pericarp and embryo+seed coat are surface-sterilized individually for 30-60 seconds.   (This is based on seed testing observations.)
· Spinach seed production is limited to specific regions with long summer days & cool summer temps (i.e., Denmark, Pacific NW, New Zealand). V. dahliae infected seed has been found in seed lots from all three major seed production locations.
· Verticillium has been found on spinach seed of some PI lines maintained in the USDA Crop Germplasm Center (CGC).

· Other Verticillium spp. have been found associated with spinach seed, including V. tricorpus, and V. nigrescens.  The significance of these other species in terms of seed borne disease testing has yet to be determined. 
· In contaminated seed the smaller seed may have higher level of V. dahliae inoculum.
Seed Testing 
· Spinach
· There are 2 seed assays accredited by the National Seed Health System:

Agar Plate test (CDFA) - using water agar

Modified Agar Plate Test – using Sorbose Agar

· Accrediting lab tests nationally and internationally can take 6 months to a few years.

· A PCR based assay is currently being developed.
· A freeze-blotter seed health assay is being used by some labs, and enables detection of Verticillium in addition to other seed borne necrotrophic fungi on spinach seed (e.g., Stemphylium botryosum and Cladosporium variabile).
· There is no standardized seed assay approved by the ISTA. A preliminary ‘blind’ ring test of three spinach seed lots sent to 6 labs (1 research lab and 5 seed testing labs in 3 countries) that stated they can test for Verticillium on spinach seed, revealed significant discrepancies in results as well as seed testing protocols.

· Seed assay protocols must be suited to the type of seed being tested (i.e., treated or raw seed).  A surface-sterilization step should not be included when evaluating seed treatments. 

· The type of seed treatments (biological, chemical or physical) must be taken into consideration when selecting the assay or specific protocol. Agar media to which antibiotics are added are not appropriate for testing seed that has been treated with biological control agents.
· Communication by clientele with the seed testing lab is critical in determining the appropriate test method and protocol.
· Lettuce

· Currently lettuce seed is not tested for Verticillium, so there is no standardized assay. Some research labs are using NP-10 agar to test lettuce seed.
Disease Resistance

· Lettuce
· 4 lines were released in 2007 with resistance to Race 1.

· Romaine and leaf lettuce appear to be tolerant or have higher thresholds, as they can be harvested with no economic loss.

· Lettuce resistance gene sequence seems to be identical or nearly identical to V. dahliae resistance gene in tomato.
· Spinach
· Half of the PI germplasm collection has been screened with no immunity identified.

· Preliminary evidence suggests earlier bolting lines may be more susceptible, but this may be related to the fact that they show symptoms earlier than later bolting lines, as bolting is necessary for disease symptom expression.

What about treatments?

Seed Treatments  

· Natural II, AgriCoat's organic seed treatment, is currently the only product on the market that has multiple organic approvals necessary for organic production. 

Agricoat has an additional product that will be available soon.

· Topsin M 70WP (a.i. thiophanate methyl) 

· Topsin M 70WP has an approved SLN in Washington State for spinach “crops grown for seed” as of February 2009 (United Phosphorus Inc. is the registrant). 

· Topsin M 70WP was highly effective at cleaning up spinach seed infected with Verticillium in several trials.

· Topsin M 70WP has recently (April 2009) completed re-registration by the US EPA.

· Topsin M 70WP is currently approved for use on spinach seed in the European Union, so residue data from the EU may be valuable for seeking a federal seed treatment registration on spinach (and lettuce?) in the US.

· Topsin M is registered in France as seed treatment for all vegetable seeds, so including parent and commercial spinach at a rate of 4 ml/kg seed. 

· Topsin M  is registered in NL as seed treatment on onion, but not for other crops


· The “risk cup” for Topsin M 70WP is full therefore;  residue data (required for Section 18) would need to indicate no residue on commercial crop in order to seek registration.  

· Germain’s Technology Group is in the final testing stages for a seed conditioning process that has shown efficacy in reducing the ‘burden’ from seed and soil borne pathogens.

· Mertect 340 F (a.i. thiabendazole)  

· Mertect 340 F Highly effective against Verticillium on spinach seed in a preliminary trial:

· Possibility of a full registration is being determined by Syngenta Crop Protection for a Section 3, it is currently in trialing stages to determine feasibility of a registration. 

· Mertect 340 F would probably be made available as a component of the FarMore Technology seed treatment package.

· Mertect 340 F is not registered for use in Europe however, Tecto 500 SC (same product as Mertect 340 F) is registered in NL on potatoes 

· Actigard (Blockade) (a.i. acibenzolar–S-methyl) is currently the only product registered for use in CA on leafy greens, including spinach. It is not 100% efficacious for Verticillium wilt on lettuce but does have some efficacy (registrant is Syngenta Crop Protection).

· BASF has a triazole fungicide, triticonazole (BAS 595 XGF) that was highly effective against Verticillium on spinach seed in a preliminary trial (similar to Mertect 340F).                                                                                                                                                                                                                                    

· ThermoSeed (formerly named Seedgard), a process that Incotec will be offering, is an organic steam treatment currently available in Europe and widely used for treating cereal seed. It was highly effective against Verticillium on spinach seed in preliminary trials. This is a surface disinfectant for seed that will require a follow-up seed treatment and has no known effects on seed shelf life.

· A number of other proprietary organic seed treatments (e.g., Seed Support I and II, and Incotec I and II), appear to have good potential for cleaning spinach seed infested with Verticillium, but none of these products is currently registered for this use in the US or EU. More efficacy data is needed.

· Hot water and chlorine seed treatments can reduce the incidence of seed on which Verticillium can be detected, but the efficacy of these treatments varies among seed lots depending on how internal the infection is on the seed.

· Seed treatment(s) effective against Verticillium on spinach seed will need to be combined with seed treatments effective against other important seed borne (e.g., Peronospora farinose and Stemphylium botryosum) and soil borne (e.g., Pythium) pathogens of spinach.

What we don’t know about V. dahliae as it relates to commercial production and/or seed production
· What are the pre-plant levels of V. dahliae in the soil and what is the VCG compostion of the populations detected?  For seed production, what is the relationship between inoculum density, planting V. dahliae contaminated seed and percent infection in the harvested seed?  
· What significance does planting V. dahliae infected spinach seed contribute to inoculum potential/carryover in the soil?
· How big of a role does V. dahliae contaminated seed (i.e., spinach, lettuce, alternative hosts) play in the epidemiology of Verticillium wilt of lettuce?.  How important is seed borne inoculum vs. other sources (soil borne, air borne)?  Were there not lettuce fields with severe Verticillium wilt that reportedly had had no spinach?
· What is the seed transmission rate in V. dahliae resistant varieties compared to susceptible varieties?  There have been reports that seed from resistant (e.g., sunflower) varieties could disseminate V. dahliae. 
· Where is the predominate V. dahliae contamination located on spinach seed? Does this vary by genotype? Does it reside on the surface of the pericarp, within the pericarp, below the pericarp,  on the seed coat, below the seed coat and/or in the embryo?   -  
· What is the effect of soil amendments, salinity, soil type, soil microflora, soil pH, temperature, plant residues, irrigation, and/or plant density on survival and thresholds for soilborne V. dahliae?   (e.g., low nitrogen regimes may decrease wilt severity, sandy soils may have a higher incidence of wilt, nitrogen and irrigation generally increase wilt severity).  Could changes be made in site location or cultural practices to minimize inoculum buildup in the soil for commercial production and/or seed production.
· What was the previous crop history of the 73 blocks that cannot grow lettuce due to V. dahliae?  Was there spinach planted in all of these fields prior to lettuce?
· What is the potential for Verticillium inoculum contributions from other genera included in the baby leaf spring mixes?  What about endive, mizuna, tatsoi, mustards, radicchio, frisee, dandelion, escarole, beet and chard?
· What is the biological/epidemiological significance of other Verticillium sp. (V. albo-atrum, V. tricorpus, V. nigrescens)?  Even if they may not cause serious symptoms on spinach or lettuce could they influence seed testing results or have a suppressive or deleterious effect to V. dahliae?  Some of these other Verticillium sp. have been found on spinach PI’s. How frequently can any of these species be found on spinach or lettuce commercial seed?  How many seed lots have been tested for these species? 

· It may be luck, or the relatively small size of organic production, but why is organic not experiencing a Verticillium wilt problem on lettuce?  Is anyone aware of situations where it is a problem?  It has been pointed out that organic lettuce production is relatively small but, is the sole answer to the question?  If there was more microorganisms in the organic soils would they not tend to decrease the severity of V. dahliae?  There is evidence that earth worms, some nematodes, bacteria, and other fungi can reduce V. dahliae inoculum in the soil.
· In terms of the vegetative competitive groups of V. dahliae isolates contaminating spinach seed so far they have primarily been VCG4B or VCG2B.  Preliminary evidence suggests that VCG4B is pathogenic on lettuce while VCG2B so far does not appear to be pathogenic on lettuce.  Does this VCG/pathogenicity relationship hold up over a much larger group of isolates?
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