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Anaerobic Soil Disinfestation (ASD)

Also known as...
" ey Biological Soil Disinfestation (BSD)

g Reductive Soil Disinfestation (RSD)

ry ~2000: Developed as alternative to methyl bromide
fumigation in Netherlands and Japan independently
2002- : Optimizing ASD for CA strawberries

Lo Principles

¥: > Acid fermentation in anaerobic soil

> Integrating principles of solarization and flooding for
creating a fermentation process in the soil to suppress

soilborne pathogens and weeds in places where either
practice is not effective or feasible

(Chiba prefecture

2)

(greenhouses and open fields), tree nuts and fruits, and nurseries

ASD has been adopted in California organic strawberries at commercial scale

ASD research in CA, FL, TN, NC, WA, OR, OH, PA, SC, MI, and VA in the US, and in the Netherlands,
Japan, China, Italy, Spain, Mexico, Argentina, Sri Lanka, and Nepal for strawberries, vegetables




ASD: Three Steps

1.Incorporate organic material

> Provides C source for soil microbes
(rice bran 6-9 T/A in coastal CA)

2.Cover with oxygen impermeable tarp
> Limit the gas exchange and oxygen supply

3.Irrigate to saturation -NOT FLOODING- and
maintain the fermentation process for 3 weeks

» Maintain above the field capacity

» Create anaerobic conditions and stimulate
anaerobic decomposition of incorporated organic
nEIEE]

Open field in CA



ASD:
Mechanisms

Anaerobiosis

Soil type/management
history?

Organic acids

3
M retrosen B

=

Microbial shifts

Crop
genotype
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Depth and time

ASD Management Triangle (Shennan et al, 2014)



Level of Anaerobicity and Temperature Matter in ASD

V. dahliae threshold
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(Shennan et al., 2018, Plant Path.)



Organic acid production increases with
soil temperature
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Thresholds to control soilborne pathogens in
strawberries by ASD

Environmental | Verticillium Fusarium Macrophomina
threshold dahliae oxysporum phaseolina

Cumulative Eh 50 V hrs 100 V hrs To be
<0.2V (V hrs) (Shennan et al, 2018)  (Henry et al, 2020) developed

Soll [> ~68 °F] >467 hrs above To be
temperatfure 86 °F (Muramoto developed

(20 cm depth) et al, 2020)

Fall ASD



Caution: Don’t Use Fall-ASD at Fusarium oxysporum f. sp. fragariae-infested
fields! Use summer-ASD!!

ASD Summer ASD Fall
RB 9t/ac RB 9t/ac



Field Trial (USDA Spence, Salinas. Apr. 2022-Oct. 2023)

Mp naturally Infested degraded granite sandy loam soil
Split plot design w/ 4 replicates (4’ x 60’ plot)

 Main: Fallow, Wheat (Summit 515), ASD rice bran
9T/ac, ASD- Wheat 2.5 T/ac + Rice bran 6.5 T/ac

e Sub: w/and w/o bed fumigation (Pic-CIor 60EC 25
gal/ac)

May-Jul. 22: Summit 515 wheat (2.5 T/ac dry mass)
July-Aug. 22: Summer Broadcast ASD

Oct. 22: Fumigation

Nov. 22: Strawberry (Monterey) planting

June-Oct. 23: Fruit yield monitoring

Soil Mp test: pre/post-ASD, and May 2023




Cumulative soil Eh and cumulative soil temperature
in ASD treatments

Cumulative soil Eh Cumulative soil temp. duﬁ:fili)on
Trial below 0.2V above 30 °C
. . Weeks
Mean (min.-max.) V hrs. Mean (min.-max.) hrs. .
(period)

USDA Field trial 278 (230-327) 1224 (1200-1248)

> 100 > 467
(Henry et al., 2020) (Muramoto et al., 2020)

Threshold for Fof




Mp Field Trial
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Mp Field Trial

Wilt score
(Sep 2023)

1: healthy —
5: dead

Wilt Score

Non-fumigated

Fallow

Fumigated

Fallow

Non-fumigated

Fumigated

Non-fumigated

Fumigated

Non-fumigated

Wheat ASD

Fumigated

Wheat ASD




Mp Field Trial [

Average of Cum Bueno (g)
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Mp Field Trial

Mkt yield vs.
Wilt score
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Ongoing Demonstration Trials

e Two demonstration trials for Mp control by ASD (Aug. 23 — Sep. 24)
Mp naturally infested fields in Ventura and Orange Counties, CA

ol /ac vs. Wheat bran * Wheat bran 7 T/ac vs. UTC
25-30% less cost than RB)
* 1 acre each

. Beq ASD (Black mulich)

e 0.2 acre each
 Bed A§_(_Carmu|ch)
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Sandy loam soil




Cumulative soil Eh and cumulative soil temperature
in Mp-infested ASD field trials

Trial’s soil ASD tvbe Cumulative soil Eh Cumulative soil
e (muz: ASD duration below 0.2V temp. above 30 °C
(CZEnt ) lor) Weeks (time) Mean (min.-max.) Mean (min.-max.)
4 o V hrs. hrs.
Sandy loam Broadcast
(Monterey) (Clear) -8 (Ul-Aug) 278 (230-327) 1224 (1200-1248)
Sandy loam Bed
(Ventura) (Black) 0 (Avg-Ocl) 470 (329-538) 190 (145-237)
Clay loam Bed
(Orange) (Clear) &3 (Aug-Oci) 50 (12-136) 584 (509-702)
fhreshodfor >100 (Mura::)étz et al
Fof (Henry et al., 2020) "

2020)
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Macrophomina phaseolina population in the soil
(The Ecology Center, Oct, 2023)
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Clay loam field




Cumulative soil Eh and cumulative soil temperature
in Mp-infested ASD field trials

Irial i ASD t Cumulative soil Eh Cumulative soil
m: SZOI (m I::e ASD duration below 0.2V temp. above 30 °C
yP N Weeks (time) Mean (min.-max.) Mean (min.-max.)
(County) color) V hrs hrs.
Sandy loam =
‘ . . ift? )
(Monterey) my, /| Microbiome shift? [¢PIIRPLT)
Sandy loam
(enlug) m—a  Voloties? R
Clay loam
(Orange) 50 (12-134) 584 (509-702)
Threshold for >100 L
(Muramoto et al.,
Creducing¥of (Henry et al., 2020) 2020)




Integrated Soil-borne Disease Management
In Organic Strawberries

« Use ASD as a part of integrated soilborne disease management
« Should be integrated with
« Sanitation and prevention (washing equipment, using clean
nlant stocks)
* Disease identification (molecular approach)
* Host resistance (use of resistant or tolerant cultivars)
* Crop rotation (Fusarium and Macrophomina:
minimum 2 year break;
Verticillium: avoid host plants or ASD after host
crop)




Acknowledgements

» USDA-Methyl Bromide Transition Grants 2020-51102-32955
» Anonymous collaborative growers

» Peter Henry, Polly Goldman, USDA-ARS, Salinas

» Darryl Wong, Jan Perez, Center for Agroecology, UCSC
» Oleg Daugovish, Mark Bolda, Chris Greer, UCCE

» Rachael Goodhue, UC Davis

» Carol Shennan, Clara Qin, Margherita Zavatta, Students and
volunteers, Dept. Environmental Studies, UCSC

» Mike Stanghellini, Robb Pappani, TriCal MA




o

S

' VERSITY OF CLIAFRNIA UG SANTH CRUZ

Agriculture and Natural Resources’ [REtSIRy¥e-n"

- o
| 'fj‘:;’ \* PRI R ™ A o
o Sl A R e
Mhs 4 " 3 . -



mailto:joji@ucsc.edu

	Slide 1: Anaerobic Soil Disinfestation (ASD):  Suppressing Macrophomina phaseolina  in Organic Strawberries  UCCE Fumigants and Non-Fumigant Alternatives Meeting May  23, 2024  
	Slide 2: Anaerobic Soil Disinfestation (ASD)
	Slide 3:      ASD: Three Steps
	Slide 4
	Slide 5: Level of Anaerobicity and Temperature Matter in ASD
	Slide 6: Organic acid production increases with soil temperature
	Slide 7: Thresholds to control soilborne pathogens in strawberries by ASD
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21: Acknowledgements
	Slide 22: Thank you! Question?  joji@ucsc.edu 

