Optimization of steam soil disinfestation for healthy soils and
communities around the ag-urban interface of coastal
California

* A new project to control soilborne diseases and weeds by developing
and demonstrating alternatives to pre-plant soil fumigation in
strawberry.

* Funded by CDFA to demonstrate a biologically integrated farming
system (BIFS) for strawberry.

* The CSC and Cal Poly also contributed federal funds to the USDA ARS
to support the building of the new self propelled strawberry soil
steam applicator, thanks to support from US Congressmen Panetta
and Carbajal.
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Main focus

* Four main soilborne diseases: Fusarium wilt (Fusarium
oxysporum f. sp. fragariae) race 1 & 2, Macrophomina
charcoal rot (Macrophomina phaseolina), Verticillium wilt
(Verticillium dahliae), and Phytophthora root rot
(Phytophthora cactorum).

* Weeds reduce strawberry yields by competition for
nutrients and light. Annual weeds (little mallow, bur clover,
sweet clover, filaree, hairy fleabane, annual sowthistle,
common groundsel) and perennial (yellow nutsedge)
weeds.

* Costs: $95,613/acre for conventional soil grown
strawberries, and $103,445/acre for organic soil grown
strawberry. Broadcast fumigation 1.5 to 2 acres per hour for
a cost of $5,000/acre. Hand weeding costs in organic
strawberry are $5,372/A per season (Bolda et al. 2024).




The 2025 California strawberry biologically integrated
farming system

1.

Use a field’s disease history and rapid pre-plant soil pathogen
quantification and assessment of beneficial microbial communities.

. Use pre-plant soil steam disinfestation to reduce risk of crop loss on

fields near sensitive sites (schools, daycare, eldercare facilities).

Plant the most appropriate disease resistant variety possible based
on past disease and current pathogen(s) in a field and grower and
shipper other priorities (yield, flavor, post harvest shelf life, etc.).

Increase biological diversity on farms through strategic rotations
with broccoli and other beneficial crops based on a field’s past
disease history and soil pathogen profiles. Plant of non-crops (field
edges, roads, etc.) where it is beneficial for pest management and
resource conservation (water quality). Assess if any holdover effect
of soil steam treatment for later crop rotation partners.



Watsonville-Salinas
District soilborne
pathogen survey,
2021 by the Cal
Poly Strawberry
Center

Macrophomina
Fusarium race 1
Verticillium
Phytophthora

Watsonville-Salinas District (Aug - Oct 2021)

74 plant samples
33% of 2020 fall-planted acreage



UC Davis varieties and susceptibility to soilborne pathogens

Type Macrophomina  Verticillium Fusarium Phytophthora

Monterey DN 3

Albion DN 2

UCD Finn EDMN 3 2
Merced sD 3 2
Cabrillo DN 2 3
UCD Royal Royce | DN 2 3
UCD Valiant DN 2 2
UCD Mojo EDN 2 3
Petaluma sD 2 3 3
UCD Moxie DN 2 1 3
San Andreas DN 2 1 3
Partola EDN 3 1 2
UCD Victor sD 3 1 2
UC Eclipse EDN 2 1 2
UCD Warrior SD 3 1 2
UC Monarch sD 2 1 2
UC Keystone DN 2 1 2
UC Golden Gate | DN 2 1 2
Fronteras 5D 2 1 2
UC surfline sD 2 1 1




Mobile soil steam pasteurization
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Strawberry pre-plant trials — Soil steam disinfestation

* TARGET: 20 — 30 mins. at 65-70°C (149- 158°F) down to 12 inch (30
cm) = weed and pathogen kill. Cost $3,500 to $5,000/A, Speed 8
hr/A.

» Started in 2011-2012 with Steve Fennimore, UC Davis collaborating
with Driscoll’s Inc. and RAC’s Nathan Dorn.

* Prototype l. Bed treating mobile marine boiler & steam shanked into
soil and mixed by rototiller. Unit is pulled by tractor, fueled by
propane, water held in tanks and drawn into boiler via hose. Blanket
holds steam in beds.

* Prototype llI- Bed treatment but with hot vapor/air, based on fracking
technology, but did not control weeds, abandoned.

* Prototype Ill - Back to real steam, broadcast/flat treatment, focus
on strawberry nursery use, also fruit production.

* Prototype IV - Self-propelled steam applicator with ability to
treat flat, bed and spike holes into beds.
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MarketableLbsPerAcr

PROTOTYPE I -2011-2016 - Bed injection

* |Initial research by UC Davis with Reiter,
Driscoll’s and Valley Fabrication

* Tractor drawn, propane tanks on tractor
and hose from water tank

* Yields increased, less disease, weeds
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PROTOTYPE 111 2018-2020 — Broadcast injection - nursery & fruit

Southern Turf Nurseries 2018-2019  Large, very heavy machine.

* |njected steam with a
Northwest reverse tiller 10
f et ft (3 m) wide swath by 10-
T = e B = ] 12 inches deep, 13.7 hr/A

 Targetdepth30cm (12in)

Nrsry Plants: (===  Costs $4,050/A

Treatment Rate Weed Verticillium | Nematodes Daughter . . .

G m2 Number/A % viable #/50 g Number/A ¢ Yield increased 178% with
T5I?:5ic 50 9308a 0 10.8 348,026 steam over UTC
MBPic 40 27518a 2.5 2.0 267,089 * 5% Macrophomina with
o7 steam vs. 28% UTC

Steam 16997 a 0 17.0 323,745



New precision spike steam injection through F
mulch into strawberry beds (research unit).

* Pre-plant soil steam disinfestation has
shown impressive results.

* We need to make it faster and less
expensive. Now testing a “just enough”
soil treatment = precision bed hole
steaming = 8-inch diameter and 8-inch

depth.

e Started in 2022 with Reiter, Driscoll’s Inc.,
UCCE, & USDA ARS with summer plant

trial in Ventura County.

* Trialed in 2022-2023 winter plant in Santa
Cruz and Monterey Counties, and in 2023-
2024 in winter plant in Ventura County.




Pre-plant precision spike soil steam pasteurization through mulch
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PROTOTYPE IV - New strawberry design, February 2025

* A self-propelled steam applicator being built
to inject steam into the soil 3 ways - bed,
spike & broadcast.

 Steam applicator has an articulated chassis
on 6 wheels to clear strawberry beds.

* Mounted on the chassis is a Simox steam
generator and a Kubota engine.

* Engine and steam generator fueled by
propane.

* Propane and water carried on the applicator;
enough to treat Y2 an acre before refueling or
adding more water.



Vegetable band steam applicator 2024 Monterey County trials

* Fennimore and collaborators built a
self-propelled vegetable bed band
applicator (4-in depth x 6-in width).

* |In lettuce field with 1,420 ft runs the
operation speed was 3.07 hours per
acre & treated one 80” bed per pass

* Costs per acre:

Fuel $319.41
Labor $138.15
Machine $150.09
Total $607.65

« Steam suppresses Fusarium best at 90°C

* Steam suppresses weeds, lettuce drop &
Verticillium

* Cost estimate can likely be reduced by
more efficient water handling equipment
and wider treatment width.




Crop rotation and cover crops

« Rotate out of strawberries for at least
two seasons.

 Rotation with broccoli where you can
harvest a crop, incorporate residues
will help reduce V. dahliae inoculum.

* Incorporate cover crops, either grains
(rye, barley) or mustards which can
improve soil structure with dense
stands to outcompete weeds.

« Long-term use of soil amendments
can improve soil biology, soil
structure, and drainage.

Chop, air dry and incorporate all plant residue left
after harvest, can reduce microsclerotia by half.



How does steam influence the soil microbiome?

The soil microbiome can have beneficial Research will focus on how steam influences the
effects on crop and soil health. soil microbiome and how these changes relate to
strawberry health.

How fast does the soil
microbiome recover
post-steaming?

Suppress Does steam have positive
soilborne or negative effects on
diseases beneficial microbes in the
soil microbiome?
Increase crop
growth and Is variation in the soil
. , abiotic stress microbiome across California
Mediate soil b
, tolerance correlated with improved
nutrient

. strawberry production?
cycling



Thank you for listening, please tell us what you
think about this proposed work and help guide it.

* Questions or follow up please contact any of the collaborators

you know, or myself atJenny Broome, jabroome@ucsc.edu, 831
254 8962

Thank you to our funders:
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