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Non-fumigant alternatives

 Generally rely on system
changes/practices to alter soil
chemical, physical & biological
properties directly and indirectly ey

— Crop rotation and/or cover crop use
— Soil heating (solarization, steam)

— Organic amendments
(anaerobic/biological soil
disinfestation, brassica biofumigation,
biosolarization)

— Biological controls

Solarization, ASD 6wks

(photos: Shennan et al., 2011; U. Shrestha)



Non-fumigant systems

- Many advantages, but require more research
& development

- Anaerobic soil disinfestation (ASD) or
anaerobically-mediated biological soil
disinfestation

1. Incorporate easily-decomposable organic
material

2. Tarp with polyethylene mulch
3. lIrrigate to saturation of topsoil

(Butler et al., Plant & Soil, 2012)



ASD treatment mechanisms

 Microbial growth and respiration creates
anaerobic conditions

e By-products of anaerobic decomposition
accumulate and have activity against soilborne
pathogens

e Creates environment favorable for many soil
biocontrol microbes during and post treatment
(e.g., Trichoderma spp.)

 Multiple impacts on soil chemical, physical and
biological properties

(Butler et al., Plant & Soil, 2012; Shrestha et al., Phytopathology, 2018; Momma et al., 2006, J. Gen. Pathol.)



Meta-analysis: pathogen effect sizes

<— suppression 0 promotion —

(Shrestha et al., Front. Plant Sci., 2016)
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Background

e

e Fermentation biochemistry has been well-described in
industrial fermentation research

 Fermentation in soils inherently more complex

— Environmental conditions (e.g., pH, temperature, moisture,
nutrients) are variable in space and time

— Soil colloids affect chemical properties of soil solution (e.g.,
pH, nutrients, VFA concentration, etc.)

— Diverse indigenous microbial community, that changes
with C input and resulting metabolite
production/environmental conditions in space & time

— Available soil amendments have variable chemical and
physical properties

— Post-treatment soil effects not well-described for crop
production
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Background

 ASD treatment efficacy is affected by type and
rate of amendment

— Direct impacts on soil microbial activity or activity
of potential mycoparasites such as Trichoderma
Spp.

— Direct and indirect effects on formation of
anaerobic decomposition by-products (e.g., rice
straw =2 acetic acid and phenols, green manure =2
isovaleric acid and alcohols, and ethanol = acetic
acid)

(Hewavitharana et al., 2014; Huang et al., 2016; Fernando et al., 2005;
Kai et al., 2009; Tsutsuki & Ponnamperuma, 1987; Shrestha et al., 2016)



Methods: C rates and C:N ratios

e Crates, pot studies (C source: dry molasses)
— ASD Crates: 2,4,6 & 8 mg C gt soil
— Controls (0 mg C g sail)
e (A) Irrigated, polyethylene-mulched (anaerobic control)
e (B) Non-irrigated, bare (aerobic control)

e C:N ratio, pot and field studies

— ASD (C-source mixtures)
e 10:1 C:N ratio, 4 mg C g'* soil
e 20:1 C:N ratio, 4 mg C g'* soil
30:1 C:N ratio, 4 mg C g'* soil
40:1 C:N ratio, 4 mg C g* soil
e 30:1 C:N ratio, 2 mg C g'* soil (field only)
— Control (irrigated, polyethylene-mulched)

— Fumigant (MeBr/chloropicrin, field only)
e Pests: S. rolfsii, F. oxysporum, yellow nutsedge

(Shrestha et al., Phytopathology, 2018) (Photos: U. Shrestha, J. Leduc)



C rate effects

ASD C amendment rate (mg C g1 of soil)

(Shrestha et al., Phytopathology, 2018)



C rate effects

ASD C amendment rate (mg C g of soil)

(Shrestha et al., Phytopathology, 2018)



C:N ratio effects

ASD C amendment C:N ratio

(Shrestha et al., Phytopathology, 2018)



Amendment C:N ratio, field studies

(Shrestha et al., Phytopathology, 2021)



Temperature and C source effects

(Shrestha et al., Phytopathology, 2021)



C source effects

(Shrestha et al., Acta Horticulturae, 2020; VFA structure image from Krzyzowski et al., 2019)
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VFAs and S. rolfsii germination

* Soil solutions
— VFAs (acetic, n-butyric, etc.)
— Inorganic acid control (HCI)
— Sterile water control

® Concentrations
— 4, 8, and 16 mmol VFA/kg dry soil

* Soil pH

— 4,5,6

* Soil texture
— Sandy, sandy loam, silt loam

(Swilling et al., 2021, Eur. J. Plant Pathology; photos: K. Swilling)



VFAs and S. rolfsii germination

]
Acetic & n-butyric

Sandy soil texture

(Swilling et al., 2021, Eur. J. Plant Pathology)



VFAs and S. rolfsii germination
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(Swilling et al., 2021, Eur. J. Plant Pathology)



VFAs and S. rolfsii germination

]
Sandy, | Sandyloam, | Sandy, pH Sandy loam, pH
pH5.0 | pH5.0 6.0 6.0
Acetic acid
16 mmol/kg soil 0 h* Oh Oh 28 f
4 mmol/kg soil 1.3 gh 55e 19 fg 80 bc

n-butyric acid

16 mmol/kg soil Oh Oh Oh 2.5gh
4 mmol/kg soil Oh 63 cde Oh 61 de
Control**

HCl (16 mmol/kg soil) 100 2 100 a N/A N/A

*Differences between means according to Tukey’s HSD, P < 0.05
**Unbuffered water controls, 81% (ab; sand) and 89% (a; soil) (Swilling et al., 2021, Eur. J. Plant Pathology)



Log (CFU/ml)

VFAs, Fe, Mn and Fusarium suppression
|

sand sand+lime sandy loam Sandy loam+lime siltloam siltloam+lime

sovaleric+Mn Isovaleric+Fe

B Water only H Mn only Feonly Elsovaleric only

(Littrell et al., 2022, in preparation)
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Methods

Q Treatments
a ASD with/without antagonists at

time of ASD treatment

0 T asperellum (field isolate)
a T. harzianum (RootShield”)

0 Streptomyces griseoviridis (Mycostop®)

Q T harzianum + S.griseoviridis

0 Antagonists only (aerobic)
0 Anaerobic control

0 Aerobic control

(Photos: U. Shrestha)



S. rolfsii germination/colonization

A 0 20 40 60 80 100

ASD+T.asp
ASD+T.har
ASD+S.gri
ASD+S.gri+T.har
ASD
T.asp —J—ab
T.har =——b
S.gri =—— bc
S.gri+T.har =—a

Anaerobic control ab
Aerobic control ab

Sclerotial germination (%) on PDA

(Shrestha et al., Applied Soil Ecology, 2020)



S. rolfsii germination/colonization

Percentage colonization of sclerotia by
Trichoderma (%)
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(Shrestha et al., Applied Soil Ecology, 2020)




Trichoderma soil abundance

(adapted from Shrestha et al., Applied Soil Ecology, 2020)
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Objectives

e Evaluate optimized ASD under varying rotation
systems [systems: a) strawberry-
cucurbit/wheat cover crop, b) strawberry-
summer cover crop, and c) continuous

strawberry]



a. Cucurbits/winter cover crop

September

Baby boo)

e Winter wheat 5.2 B T Strawberry
(C. pepo cv. Fallow August to mid-



b. Summer cover crop

Sorghum-sudan Strawberry Sorghum-sudan = ASD treatment Strawberry
cover crop cover crop mid-August to

mid- September




c. Fallow-Continuous strawberry

ASD treatment
-------- 2 ' mid-August to
: mid-
September

Strawberry






Anaerobic conditions

(Shrestha et al., 2022, in preparation)



VFA production

(Shrestha et al., 2022, in preparation)



F. oxysporum mortality

(Shrestha et al., 2022, in preparation)



ASD effect on strawberry biomass

ASD treatment Control treatment



ASD effect on strawberry biomass

Mean Control

(Shrestha et al., 2022, in preparation)



ASD effect on strawberry yield

Fruit weight (g/plant)

500

400 -

300 -

200 -

100 -

ASD |Control| ASD |Control] ASD |[Control

Pumpkin-Wheat-| Sorghum- Fallow-

Fallow-ASD Strawberry- Strawberry-
Sorghum-ASD | Fallow-ASD

Control

(Shrestha et al., 2022, in preparation)



How to implement ASD treatment

 ASD methods generally need optimized to
specific production systems and amendment
availability
— Weed control likely not adequate alone
— Be mindful of soil fertility
— How can it be integrated with other pest management

tactics?

e Recommend producers trial on a small area (a
few beds) in the first year in comparison to
standard practices to modify ASD to fit
production system




Resources
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