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Apple Replant Disease

Virgin Replant 2nd leaf



Rootstocks vary in Rootstocks vary in 
susceptibility to pathogenssusceptibility to pathogens
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Pathogens commonly responsible for Pathogens commonly responsible for 
apple replant disease:apple replant disease:

FungiFungi
RhizoctoniaRhizoctonia solanisolani

OomycetesOomycetes
PythiumPythium spp.spp.

NematodesNematodes
PratylenchusPratylenchus penetranspenetrans



Soil amendment with Soil amendment with BrassicaceaeBrassicaceae
seed meals (BSM)seed meals (BSM)



Disease control following BSM applicationDisease control following BSM application

BiofumigationBiofumigation by by isothiocyanatesisothiocyanates
Important in control of nematodes and 
oomycetes

Enhancement of plant disease resistance Enhancement of plant disease resistance 
BSM-induced shift in the soil microbial 
community



Release of ITC from BSM amended soilRelease of ITC from BSM amended soil

Mazzola et al. (2007) Phytopathology 97:454-460 



ITC release from ITC release from glucosinolateglucosinolate hydrolysishydrolysis

+ HSO-
4



ITC toxicityITC toxicity

Type of ITCType of ITC

Concentration of ITCConcentration of ITC

Nematode speciesNematode species



BSM glucosinolate composition varies



phenyl ITC

phenylethyl ITC



BSM glucosinolate levels vary
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Cellular effects of Cellular effects of ITCsITCs

Nematode cell membrane



BSM application in BSM application in 
nematode control:nematode control:

Apple replant disease 



Two mechanisms of initial BSMTwo mechanisms of initial BSM--
induced nematode suppressioninduced nematode suppression

R-NH2 NH3

glucosinolate ITC



Seed meal nutrientsSeed meal nutrients

ElementElement Percent compositionPercent composition

NitrogenNitrogen 5.6 5.6 –– 6.8%6.8%

PhosphorusPhosphorus 1.2 1.2 –– 1.4%1.4%

PotassiumPotassium 1.1 1.1 –– 1.5%1.5%

SulfurSulfur 0.9 0.9 –– 1.6%1.6%



Superior protection conferred by Superior protection conferred by 
BrassicaBrassica junceajuncea seed mealseed meal

0.5% (vol/vol)

Experiment 1

Experiment 2

Greenhouse 
GC orchard soil
Various rootstocks Mazzola et al. (2009) 

Plant Disease 93:51-57 



Orchard results: Control of lesion Orchard results: Control of lesion 
nematode by a BSM mixturenematode by a BSM mixture

Commercial organic orchard
Planted May 2006 with M26 rootstock; harvested October 2006

Mazzola & Brown (2009) unpublished



Orchard results: Sustained control of Orchard results: Sustained control of 
lesion nematodelesion nematode
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BSM induction of systemic plant BSM induction of systemic plant 
disease resistancedisease resistance



10-week old Gala seedling
w/

pathogen
w/ or w/o
additive

SplitSplit--root assays to assess root assays to assess 
systemic resistancesystemic resistance



BSM induces BSM induces systemicsystemic resistance against resistance against 
RhizoctoniaRhizoctonia solanisolani infectioninfection
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ConclusionConclusion

BSM mixtures have potential application BSM mixtures have potential application 
as preas pre--plant soil treatments for control of plant soil treatments for control of 
replant diseases.replant diseases.



Immediate postImmediate post--application application phytotoxicityphytotoxicity
of BSM controls weedsof BSM controls weeds
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BSM for control of vine replant disease?

M.V. McKenry, 1999



Use of Use of BjSMBjSM on existing vineyardson existing vineyards

Rahman & Somers (2005) Australian J. Plant Path. 34:77-83 



Integrating vineyard pathogen Integrating vineyard pathogen 
control with control with sustainable nutrient and sustainable nutrient and 

energy managementenergy management



Application of composts to improve Application of composts to improve 
soil propertiessoil properties

porosityporosity
water holding capacitywater holding capacity
bulk densitybulk density
improves plant capacity to improves plant capacity to 
withstand pathogenswithstand pathogens



Anaerobic digestionAnaerobic digestion

provides substrate for compostingprovides substrate for composting
reduces solid waste volumereduces solid waste volume
provides energy for onprovides energy for on--site usessite uses

SimiClos du Bois



Harvested 
aquatic biomass

Irrigation

Digestate

Heat, power

Effluent water



Anaerobic digestionAnaerobic digestion

Feedstocks: Dairy waste Aquatic vegetation Winery waste



Laboratory assessment of Laboratory assessment of feedstocksfeedstocks
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Aquatic vegetation: Aquatic vegetation: 
drainage channelsdrainage channels





Vineyard constructed wetlandsVineyard constructed wetlands

“This year we saved 4 million gallons of water I was able to 
use for irrigation instead of buying it or pulling it out of the river”
-- Tim Thornhill, Parducci Winery (The Press Democrat, 1/17/2010)



Channelized Aquatic Scrubbers (CAS) at the Channelized Aquatic Scrubbers (CAS) at the 
Laguna Treatment PlantLaguna Treatment Plant

Inflow

Outflow



Native vegetationNative vegetation



Comparative nitrate removal efficienciesComparative nitrate removal efficiencies

Treatment SystemsTreatment Systems Average nitrate Average nitrate 
removal efficiency removal efficiency 
(mg N m(mg N m--2 2 dayday--11))

Arcata WetlandsArcata Wetlands 800800

Kelly Farm WetlandsKelly Farm Wetlands 625625

Prado WetlandsPrado Wetlands 522522

Channelized Aquatic ScrubbersChannelized Aquatic Scrubbers
(1 July 2008 (1 July 2008 –– 30 June 2009 )30 June 2009 )

988988



Removal of organic contaminantsRemoval of organic contaminants
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COD reduction by vineyard COD reduction by vineyard 
constructed wetlandsconstructed wetlands
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Harvested 
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