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ÅPlant pathogens:
ÅGrowth, infection, dispersal, survival

ÅHost plants:
ÅOverlap with pathogen
ÅGrowth stage(s) of plant
ÅPlant stress ςopportunistic pathogens
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Diseases of onion bulb crops in the Columbia Basin
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Bacterial pathogens, Aspergillus , Fusarium spp., Setophoma

Botrytis , downy mildews, Phytophthora infestans

Temperature Effects on Vegetable Diseases in the 
Columbia Basin

Pythium, Aphanomyces



Damping-off/seedling blights:
Aphanomyces, Fusarium, Pythium, Rhizoctonia

Oospores of Pythium



Rhizoctonia solani

Fusarium oxysporum f. sp. 
spinaciae

Pythium ultimum



Damping-off & Seedling Blights
ωPythium spp., Rhizoctonia spp., Fusarium spp.
ωPromoted by:
ωWet, poorly drained soils, low spots, compaction
ωSlow germination/emergence (cold and/or wet soils)
ωDecomposing organic matter
ωYoung, succulent roots/hypocotyl are susceptible

ωPythium& Rhizoctoniaare not seedborne
ωSpread:
ωWith soil, irrigation water, splashing water, run-off
ωTransplants



Management of Seedling Blights/Damping-off
ωCrop rotation:Limited efficacy because of broad host range of 
most of these pathogen(s)
ωCultural practices: Promote rapid germination & emergence
ωAvoid poorly-drained soils & compaction, use raised beds 
(especially for Pythium spp.)
ωAvoid cold soils
ωLƴŎƻǊǇƻǊŀǘŜ ŎǊƻǇ ǊŜǎƛŘǳŜǎ όҔуέ ŘŜŜǇύ
ωPlant clean (treated?) seed lots of high vigor

ωPlant partially resistant cultivars: Rapid germination
ωSeed/drench treatments
ωProtection against seedborne &/or soilborne inoculum
ωLimited duration of protection, especially soilborne inoculum
ωSome highly effective conventional fungicides
ωOrganic: More limited efficacy, limited independent studies



ωFungicide seed treatments/drenches:
ωPythium spp.
ωmefenoxam/metalaxyl (FRAC group 4), e.g., Apron, Allegiance
ωethaboxam (FRAC group 22), e.g., Intego
ωphosphorus acid (FRAC group 33), e.g., Phostrol, Alliette (only class 

of phloem-translocated fungicides = fully systemic)
ωfungicide resistance management!!

ωRhizoctonia spp.
ωPCNB (FRAC group 14), e.g., TerraClor
ωstrobilurins(FRAC group 11), e.g., azoxystrobin (Dynasty, Quadris)
ωfludioxonil (FRAC group 12), e.g., Maxim
ωbiologicals, e.g., T-22 Planter Box, Kodiak

ωFusarium spp.
ωfludioxonil (e.g., Maxim), FRAC group 1, e.g., thiabendazole 

(Mertect) and benzimidazoles like thiophanate-methyl (e.g., Topsin)

ωBroad spectrum fungicides, e.g., captan(FRAC group M4), 
thiram (M3) = critical for fungicide resistance management



ωFumigants:
ωaŜǘŀƳ ǎƻŘƛǳƳΣ ŎƘƭƻǊƻǇƛŎǊƛƴΣ Χ
ωTemporary reduction
ωBiological vacuum readily filled by primary colonizing 
microorganisms, including pathogens like Rhizoctonia

ωCultivar resistance?
ωAssociated primarily with vigor of cultivars
ωPoor quality seed lots:
ωHigh electrolyte leakage = increased susceptibility to 

Pythium (chemotaxis of swimming spores = zoospores)
ωEC used as a predictor of risk of damping-off in pea, 

others?

Damping-off & Seedling Blights



Pea electrolyte leakage study (Alcala 2013)

0

10

20

30

40

50

60

70

80

90

100

5 10 15 20 25 30 35 40

%
 E

m
e
rg

e
n

c
e
 2

8
 d

a
p

EC levels 

Inoculated with P. ultimum

100cfu/g soil

Y = 109.7-1.33x

R2 = 0.8035

p = 0.0011
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Inoculated with P. ultimum

50 cfu/g soil

Y = 108.6 - 0.96x

R2 = 0.8165

p = 0.0008
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Inoculated with P. ultimum

500 cfu/g soil

Y =  89.0267 - 1.87x

R2 = 0.9368

p = <0.0001
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P. ultimum

P. torulosum

P. irregulare
P. abappressorium

P. adhaerens

P. middletonii

P. dissotocum

P. violae

P. echinulatum

P. inflatun

P. sylvaticum

P.aristosporum

P. oligandrum
P. catenulatum

P. intermedium

P. splendens
P. camurandrum

P. diclinum

P. radiosum

To be

identified

Pythiumspp. associated with poor stands in organic vegetable crops 
in the Columbia Basin (Alcala et al. 2016 Plant Disease 100:916-925)

Pythiumspecies isolated from 37 certified organic fields in Columbia Basin

P. ultimum

24.6 %

P. irregulare 

15.1%

P. abappressorium

4.9 %

P. violae

3.3 %



2018 Sweet Corn Stand vs. Planting Date in the 
Columbia Basin(Solemslie 2020)



Rhizoctonia (n = 66):

ÅR. solani AG-4 (69.7%)

ÅR. solani AG-2 (10.6%)

ÅR. solani AG-3 (9.1%)

ÅCeratobasidiumsp. AG-K (6.1%)

ÅCeratobasidium sp. AG-A (4.5%)

(Berger and Wolf 1974; Ohkura et al. 2009; 
Sumner and Bell 1982)

(Paulitz and Schroeder 2005)

Fusarium (n = 350):
ÅF. oxysporum(32.0%)

ÅF. verticillioides(25.7%)

ÅF. solani (14.0%)

ÅF. equiseti(10.6%)

ÅF. proliferatum(4.6%)

ÅF. fujikuroi (4.0%)

ÅF. lacertarum (3.4%)

ÅF. graminearum(3.1%)

ÅF. avenaceum (0.6%)

ÅF. commune(0.6%)

ÅF. acuminatum(0.3%)

ÅF. concolor(0.3%)

ÅF. redolens (0.3%)

ÅF. torulosum(0.3%)
(Bacon et al. 1994; Gai et al. 2018; Munkvold 
and White 2016)

(Moussa et al. 2017)

Fungal and Oomycete Genera and Species Isolated from
2018 Columbia Basin Sweet Corn Survey

Pythium (n = 63):
ÅP. ultimum (95.2%)

ÅP. irregulare(1.6%)

ÅP. rostratifingens (1.6%)

ÅP. sulcatum (1.6%)

(Deep and Lipps1996; Hendrix and 
Campbell 1973; Matthiesen et al. 2016; 
Munkvold and White 2016) (Ayers and Lumsden 1975)



Sensitivity of Columbia Basin 
Pythium Isolates to Mefenoxam

(Solemslie 2020)

ÅAlternatives to mefenoxamseed treatment for 
conventional sweet corn: captan, ethaboxam

Number (%) of isolates resistant to mefenoxam

(Porter et al. 2009; Wang et al. 2020; White et al. 2019)

Chickpea damping-off from 
mefenoxam-resistant Pythiumin 

2012 (80% stand loss)  
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Boardman Trial
- Cv. Bistro
- Priming: 16 h soaking + 
8 h drying

- High disease pressure 

Soap Lake Trial
- Cv. Boogie
- Priming: 16 h soaking +
12 h drying

- Low disease pressure           

Alcala et al. 2011. PDMR 6:ST012



Pea seedling blights(Alcala 2013)

Most organic treatments  were  ineffective or inconsistent,  
and most drench treatments had a negative effect on 
emergence.

Primingimproved emergence in 3/7 trials; however, 
excessive drying after priming can negate this benefit.

Electroconductivity (EC) and P. ultimum inoculum level show 
potential for predicting the risk of damping-off.

Combining priming with seed treatments had a negative 
effect on emergence, except for priming + Nordox + biochar
treatments (Royal City trials). 



Onion stunting from Rhizoctonia spp. on 
coarse soils with cereal cover crops



Pea crop (2010)



PPI application of Quadris (FRAC group 11) & Fontelis
(FRAC group 7) for Rhizoctonia stunting of onion
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Onion-/ŜǊŜŀƭ ΨDǊŜŜƴ .ǊƛŘƎŜΩ ŦƻǊ Rhizoctonia

4/26/2012

5/9/2012

3 days17 days27 days

3 days 17 days27 days
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Cold soils = slow microbial colonization of cover crop crowns/roots = longer 
duration with high population of Rhizoctonia



Water molds:
Phytophthora, Pythium, 
downy mildews, white rusts



beet

Downy mildews of vegetable crops

chard

spinach

cabbage



Downy mildews





ωClean planting materialςseed, bulbs, transplants, sets

ωCrop rotation 3-4 years out of Allium spp.
ωSpatial & temporal isolation
ςgreen bridge from annual bulb crops & biennial seed crops, fall-

planted & spring-planted bulb crops

ωWell drained fields, rows directed into prevailing wind
ωAvoid dense plantings & windbreaks

ωIrrigation:surface or drip rather than overhead

ωDestroy infested crop residues after harvest
ωAvoid excessive N fertilization
ωPartial resistance to downy mildew

- no choice in onion seed crops

Management of onion downy mildew



ωFungicides:
- seed treatments, in-furrow drenches:e.g., mefenoxam, ethaboxam

- foliar sprays: adjuvants (waxy foliage), coverage

- scouting, accurate & early identification, preventive 
applications

- choices of fungicide(s)
- Limited efficacy but important for managing fungicide 

resistance:coppers, dithiocarbamates(e.g., mancozeb = FRAC Group M3), 

chlorothalonil (FRAC Group M45)

- Better efficacy:
- Phenylamides(FRAC Group 4) ςe.g., mefenoxam (RidomilGold, etc.)
- Phosphonates (FRAC Group 33) ςphosphorus acid (Aliette)
- Carboxylic acid amides (FRAC Group 40) - dimethomorph (e.g., Forum), 

mandipropamid(Revus), dimethomorph + ametoctradin(Zampro= 40 + 45)
- Famoxadone + cymoxanil (FRAC Groups 11 + 27) ςTanos

Management of onion downy mildew



Opportunistic Stemphylium 
vesicarium infection of downy 

mildew lesions



Onion Downy mildew & Stemphylium leaf blight

ωWeather, scouting, & accurate diagnosis
ωFungicide program:
ωtimely applications
ωeffective product(s):
ωDM:FRAC grp 4 (e.g., Ridomil), 33 (e.g., Aliette), 40 (e.g., Revus)
ωSLB: FRAC groups 3 (e.g., Topsin), 7 (e.g., Endura), 9 (e.g., Scala), 

11 (e.g., Quadris), or combinations (e.g., Merivon= 7 + 11, Luna 
Tranquility = 7 + 9) 

ωCrop coverage (chemigated or spray boom vs. aerial)
ω10- to 14-day interval during moist conditions
ωTank-mix or alternate FRAC groups



Effects of cold, wet conditions on plant diseases

ÅPathogens & plants have optimum temperatures for 
growth & development

ÅMost fungi & bacteria are favored by moisture (high 
relative humidity, wet canopy)

ÅTemperature extremes affect both the host & pathogen
ÅPlant growth stage at time of cold stress influences 

disease risk
ÅPlant stress = increases risk of opportunistic pathogens
ÅMinimize stress, where possible
ÅAvoid excessive irrigation, delay planting (if possible)
ÅJudicious selection and relevant method of application 

of fungicides




