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Stop the Rot:Combating onion bacterial diseases with pathogenon
tools & enhanced management strategies
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Stop the Rot

https://alliumnet.com/projects/stoghe-rot/

A $4,044,300 + $4,200,000 matching (universities, stakeholders)
A 4 yearproject: September 2018 ugust 2023
A 24 collaborators
A PD = Lindsey du Toit, WSU —Z N
ACot LQa I . KIO0SaK 5dzidl 9 . NAI [
Christy Hoepting, Cornell Extension; Bremaigerter University
of California; Mark Uchanski, Colorado State University (/=
A 12 states + Teresa Coutinho, University of Pretoria, South Africgfi//
A 14-member national Stakeholder Advisory Panel (
A Onion growers, seed company breeders & pathologists, consultf

Stop the RotCombating onion bacterial diseases widthogenomidools and enhanced management strateg



Stop the Rot

https://alliumnet.com/projects/stoghe-rot/

Washington State University team members:

Lindsey du Toit, Plant Pathologist

Tim Waters, Extension Specialist & Entomologist
Gabriel LaHue, Soil Scientist

Kirti Rajagopalan, Computer Scientist
AnanthKalyanamaranData Modeler

Heather MacKay, Project Manager

Graduate studentpostdoctorate & technical staff

Too o o o o o o

A Onion bacterial samples, crops surveyed
A Field trial participation

A Economic assessment of bacterial issues/needs

A Bacterial disease risk modeling/prediction

A Feedback on project direction, progress, results, etc
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Stop the Rot

https://alliumnet.com/projects/stoghe-rot/

A Objective A: Onion bacterial disease characterization
A Alc¢ Survey onion crops nationally for bacterial pathogens
A A2¢ Genetic analyses, virulence factors, bacterial communities
A A3¢ Develop molecular diagnostic tools
A A4c¢ Develop methods to screen for resistance to bacterial diseases

A Obijective B: Onion bacterial disease management
B1c Irrigation practices

B2¢ Fertility practices

B3¢ Pesticide programs

B4¢ Cultural practices

B5¢ Postharvest practices

B6¢ Bacterial disease modeling/risk prediction

B7c¢ Economic assessments, Extension/outreach

MacKay, H., and du Toit, L. 2021. Onion World, May/June 2022.12
MacKay et al. 2022. Onion World, May/June 2022:64

Too o Jo I I I I
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Bacterial surveys in 12 states:

Stop the Rot

https://alliumnet.com/projects/stoghe-rot/

Objective Al: Survey onion crops nationally

2020: 5 fields sampled 2x each in WA: <0.1 to 10% incidence
2021: 5 fields sampled 1x each in WA: <0.1% to >50% incidence (heat stref
2022: 5 fields sampled 1x each in WA: <0.1% to 15% incidence 8
Isolated from tissues, purified bacteria, identified to genus/species (16S rDNA -
sequencing), tested pathogenicity on onion (scale, foliar, & bulb tests)
Similar surveys in 11 other states

Diversity of bacteria recovered, but most are NOT pathogens of onion
Pathogenic & noipathogenic strains sent to National Onion Bacterial Strain
Collection at UGA
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Prevalence of onion bacteria
identified in 20120 & 202621
iIn CA, CO, GA, ID, NM, NY, OR

Pantoea24%

PA, TX, UT, WA it 280
(n = 3,846 strains) =R
Kosakonia2%

Klebsiellas%\

Acinetobacter4%

Rahnella3% /
O\ | Pseudomonasl3%
Stenotrophomonas3?

Enterobacter8%
y

du Toit et al. 2022. _ .
_ '
Presented at APS BacillusS ~—— Burkholderia7%

meeting, Pittsburgh, PA
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du Toit et al. 2022. Presented at APS meeting, Pittsburgh, PA

Onion bacterial genera identified
>
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Stop the Rot

Bacterial genera isolated from symptomatic onion leaves & bulbs monthly in Georgia fro
January to June 2020 (Dutta and Zhao, UGA)

January (n=7) Foliage February (n=18) Foliage March (n=69) Foliage
H 28%
86%
O Pantoea O Pseudomonas
O Pseudomonas [OXanthomonas O Pseudomonas O Pantoea O Xanthomonas @ Rahnella @ Erwinia
April (n=31) Foliage May (n=6) Foliage May & June (n=66) Bulb

’ 68%

O Pantoea O Pseudomonas O Burkholderia @ Rahnella
@ Rahnella B Microbacterium OPantoea O Burkholderia O Pantoea O Enterobacter

Stop the RotCombating onion bacterial diseases widthogenomidools and enhanced management strateg




Stop the Rot

Bacterial genera isolated from symptomatic onion leaves & bulbs monthly in Gedrgia
January to June 202(Dutta and Zhao, UGA)

January (n=20) | Foliage February (n=14) | Foliage March (n=47) Foliage
O Pseudomonas [OPantoea O Pseudomonas [OPantoea

OPantoea [@E@Pseudomonas M Erwinia

April (n=80) Foliage July (n=8) | bulb

D

OPantoea M@Burkholderia

75

O Pantoea @ Pseudomonas @ Rahnella @ Burkholderia ERouxiella
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All states
reporting as of
July 2022 Georgia New York Texas Washington

No. of Strains Strains Strains Strains
Isolates RSN+ identified RSN+ identified RSN+ identified RSN+ identified RSN+

271  83% 58 90% 111 83% 9 100% 1 100%

325 2% 3 33% 69 6% 35 0% 32 0%
921  30% 365 47% 50 36% 108 6% 38 8%
501 17% 119 51% 68 10% 42 7% 65 0%
184 5% 2 0% 3 0% 23 0% 14 0%

RSN+ = Red scale necrosis assay positive result
Follow up with foliar and bulb pathogenicity tests
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Bacterial genera submitted to the National Onion Bacteria
Strain Collection (NOBSC) at UGA as of Feb. 2022

500

432
400

300
200

100 /3 65 52
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Stop the Rot

Objective A2: Bacterial communities in symptomatic vs. asymptomatic onion bulk
(Teresa Coutinho, University of Pretoria)

GA healthy GA diseased WA healthy bulbs WA diseased bulbs

Onion bulbs are not sterile, even asymptomatlc bulbs
How do bacteria interact in these communities?
What influence do they have on development of bulb rotsZ=s
How are the communities affected by environmental conditicg
and production practices?

Relative abundance
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Stop the Rot

Objective A2: Bacterial communities in onion bulbs (Teresa Coutinho, Univ. of Pret

A7 Rahnellaspecieddentified from diseasednion bulbsandleaves(basedon
4 housekeepinggenes rpoB InfB, gyrBand atpD):

AR perminowiaeand R aceris(mostfrequent), R aquatilis R victoriana R variigena
R rivi, andR bonaserana

A Purified, sequenced, and characterizebdaateriophage
(virus)that infects and kill®antoea ananatigut not P.
agglomeransor other onion bacterial pathogens

A In the virus familAutographiviridag similar to phages isolated //
In South Korea for control &rwiniapyrifoliae
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Objective A3Pathogenomicand Diagnosis

1. Genetic analysi$o identify virulence factors (Brian Kvitko, Bhabesh Dutta, Gina Shin, M
Zhao at UGA)what enables some bacteria to cause disease in onions
2. Developmolecular diagnostic toolgor onion bacterial pathogens (James Woodhall, Ul)

Whole genome analysis d?antoeastrains:
A Find genes associated with pathogenicity on onion
A Pantoea agglomeraris everywhere but few strains are onion pathogens
- 58 Pantoeagenomes assembled
- 48 P. agglomeransof which 24 are pathogens of onion
A Pathogenic strains have théVir gene clustefl1 genes) that produces
pantaphos a phytotoxin that rots onion bulbs | F
A Design molecular diagnostic tools based on specific genes in the HiVir clus{Ahvr w/ purified
A Test for detection oPantoeastrains pathogenic on onion pantaphos

e L O R e e e e

Asselin et al. 2018alidoreet al. 2021
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Stop the Rot

Objective A4: Develop methods to screen for resistance to bacterial diseas

Season 1 (2020):

A Georgia:Greenhousdest of 2 inoculation methods on 2 cultivars (Bhabesh Dutta)
A Inability to differentiate susceptibility of cultivars effectively
A New York: Various methods of screening imgeowth chambei(Steve Beer)
A Inconsistent results
A Washington:Fieldtrial in Columbia Basin with 12 cultivars (3 in each of 4 maturity
groups, each group inoculated at early tops down & 2 weeks later)

b ! iy Ly i ’ iy i '
e i SRR Grl ! ! » i‘* ;
gt i ol e ] 3 “
gl i Wl }yy 8 s

[t )
’
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Stop the Rot

Objective A4: Develop methods to screen for resistance to bacterial diseast

Season 2 (2021):

A Georgia:
1. Compare shortay sweet, longlay sweet, shortlay dehydration, & longlay dehydration cultivars
In greenhouse with 2 inoculation methodqsut leattip method & spray inoculation witR. ananatis
2. Field screening of USDA Allium germplasm collectionRvitmanatisnoculated on seed & in field

A New York:
A 16 onion cultivars planted in Elba, NY on 2 dates (2 trials), half of each plot treated with insectici

A Cultivar characteristics and weather data evaluate for rlsk assessment (Objectlve B6)

A Washington:
Repeated field trial with 12 cultivars (4
maturity groups), inoculated based on
maturity, irrigated with sprinklersto
terminate irrigation at same maturity for
each group.
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Stop the Rot

Objective A4: Develop methods to screen for resistance to bacterial diseas

2020 Washington Cultivar Trial

J e Confounded by
g *° T @inoculated g = Inoculated timing of final
5__?5 40 |8 Non-inoculated % 20 Non-inoculated irrigation l-,lndel’
L : = | centerpivot
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% ‘\(g i \ \ g I
o 5 \ \ 7 l
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Stop the Rot

Objective A4: Develop methods to screen for resistance to bacterial diseas
2020 Washington Cultivar Trial
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Stop the Rot

https://alliumnet.com/projects/stoghe-rot/
Objective A4: Develop methods to screen for resistance to bacterial diseas

Seasor8 (2022
Georgia
A EvaluateUSDAonion germplasm,including speciesother than Allium cepa for
resistancdo P ananatisin inoculatedfield trial

New York

A Cultivartrial with 2 plantingdates
Washington

A Repeatectultivarfield trial

A Assessonsistencyn susceptibilityof cultivarsover seasons
A Bulbsin storageto be evaluatedin Feh 2023
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Objective B1: Effects of irrigation practices on bacterial diseas

Irrigation methods:
w {LINAY]1f SN gad RGEASSasbiiNIndD) adhGSgasod2)Y LI NER A Y
wGA:Drip irrigation reduced total yield in Season 2 but not in Season 1, and reduced internal bacterial
rot in Season 1 (not in Season 2)
wCA:Drip irrigation increased bulb yield, and decreased bacterial leaf blight and bulb rots

Irrigation frequency:
w {K2ZNISNE Y2NB FTNBIljdzSyld @ao f 2y 3SOREndEplEklér T NB
irrigation inWAIn Seasons 1 and 2
wWA: Irrigation frequency had no effect on marketable yield or bacterial bulb rot
wOR:More frequent irrigation increased Botrytis neck rot by 50% in Season 1, but not bulb yield or
iIncidence of bacterial bulb rots; marketable yield decreased with more frequent irrigation

Timing of final irrigation:
W 9YRAYI ANNAIFGAZY S| NI &3 ORagdepinkiedirriggtdrbinvA | 0 S dz
wWA: Timing of final sprinkler irrigation did not affect yield, but the late timing of final irrigation increase
bacterial bulb rot
wOR:Ending drip irrigation earlier reduced bulb yield compared to normal and late timings, but timing ¢
final drip irrigation did not impact the bacterial bulb rots

Belo et al. 2021Plant Disease Management Reports 15:V109. g




Objective B1: Effects of irrigation practices on bacterial diseas

2021 California irrigation trial: Drip vs. solset irrigation

Foliar Foliar
bacterial bacterial Total Average
disease disease bulb bulb Bacterial bulb  Omnion stand
incidence severity yield s1Ze rot mcidence at harvest
Treatment AUDPC” AUDPC (t/A) (0z) (% by weight)  (#/ bed-ft)
Solid-set irrigation ~ 339a 269 a 48.5b 9.5 b 2225 a 113a
Drip urigation 96 b 24 b 59.1 a 11.1a 0.67 b 11.8 a

Wilson et al. 2022. Plant Disease Management Reports 16:V154. ’




Objective B2: Effects of fertility practices on bacterial diseas

Nitrogen application rates:
wGA:75¢1351b N appliedacret! increased bulb yield with increasing N, but no effect on bacterial bulb ro
wNY:No difference in bulb yield or bacterial bulb rot atc@@0Ib N appliedacre?!
wOR:Bacterial bulb rot not affected by 50, 100, and 150% of recommended N application rele (%2 N
appliedacrel) in Season 1, but high N increased Botrytis neck rot, and yield decreased with increasing
wWWA:8¢168 and @3191b N appliedacre! (194354 and 4&360Ib N availableacre?) in Seasons 1 and 2,
respectively (high irrigation water nitrate in Season 1), had no effects on bulb yield or bacterial bulb rof

Nitrogen application timing:
wGA:Making the finaN application before bulb initiation increased buylield and reduced bacterial bulb
rot compared to final N application at or after bulb initiation
wNY:Applying all N at planting, sietressing at 31 leaf stage, or siddressing after bulb initiation had no
effect on bulb yield or bacterial bulb rot on muck soll
wWA: Timing of final N application (at bulb initiation, 1 week after, or 2 weeks after) did not affect bulb
yield or bacterial bulb rots

Stop the RotCombating onion bacterial diseases widthogenomidools and enhanced management strateg



Stop the Rot

https://alliumnet.com/projects/stoghe-rot/

Objective B3: Effects of pesticide programs on bacterial diseases of onio

A 7 field trials in 2020CO, GA, NY, OR, TX, UT, WA
A 6 onion cultivars plantedAvalon,Calibra CenturyGranerq Salute, Vaguero

A 22 products evaluated:
Actigard50WG Agrititan, Aliette, Badge S@lightBanA506, Champ, Cuev@uprofixUltra 40Dispersgiry flowable,
Harbour Kocide3000 (ManzateMax or +tifegard, LeaplifegardWG,ManKocide Mastercop(2 rates), NanéMgO,
Nordox Nucophb coppers, Oxidate 2.0, Oxidate 5.0, Serenade, Water contiokrétol2.0

A Applications4 to 6 applications at-4o 10-day application intervals, maximum label rate

A Inoculation:GA, NY, TX trials not inoculated; CO, OR, WA, UT inoculated 2x late seasc

A Inoculum:Burkholderia gladiolpv. alliicola, Pantoea agglomeran& Pantoea ananatis

A Data collectedFoliar disease incidence & severity, phytotoxicity from treatments,
marketable bulb yield, bulb rot incidence & severity

Stop the RotCombating onion bacterial diseases widthogenomidools and enhanced management strateg



Stop the Rot

Objective B3: 2020 Washington bactenmde trial

Foliar bacterial symptoms

Foliar
18 Au
o ( ¢)

toxicity  Incidence (% Severity (% B
Main plot and split plot treatments (4 Aug) of plants) of canopy)
Main plot treatment

Inoculated 8.2 17.4 a 3.7a
Noninoculated 8.3 45Db 05b
LSD 2.9 RanK Rank
P value 0.9335 0.0001 0.0001
Split-plot treatment and rate/A
Kocide3000 1.9b 7.0 22.4 3.8
ManKocide2.251b 16.9 b 12.0 3.5
Badge SC 2.18 33.0a 14.4 3.0
CuprofixUltra 40DispersDry 9.0b 11.2 2.2
Flowable 2.3b
Oxidate 2.0 1.28 0z/2 gal water 0.0c 16.8 3.4
LifegardWG4.5 0z/100 gal 0.0c 22.4 3.5
NanoMgO 1,000 ppm 0.0c 22.4 5.0
Control 0.0c 17.6 4.8
LSD Rank Rank Rank

P value 0.0001 0.5242 0.7184



Stop the Rot

https://alliumnet.com/projects/stoghe-rot/

Objective B3: 2020 WSU Bactericide TgdWarketable bulb yield

45 50
P=0.0110 P=0.8998
40 i T
S 40
— 3 T
35 —— — I — 2 I | I
3 g oo
S 30 +— —] — T 30 —
= g
= >
w25 — — — %
>
2 920 u
3 20 +——- ———— — E
@ ko
L v
=] E-.
15— ——— ] F -
f =
m 1{] i E— — —_—
=
0
5 +— ———————— — Kocide |ManKocide| Badge SC | Cuprofix |Oxidate 2.0, Lifegard Nano-MgO| Control
3000 Ultra 40 WG
0 | Disperss
Non-inoculated Inoculated Bactericide

du Toit, Derie, Gundersen, Waters, and Darner. 2021. Plant Disease Management Reports 15:V107.
du Toit, Waters, Derie, and Darner. 20B@ttlingonion bacteriadiseasesvith bactericides Onion WorldDec 2020:611.



Stop the Rot

Objective B3: 2020 WSU Bactericide Tgdacterial bulb rot at harvest

18 18
1Incidence (%) O Incidence (%) P=0.1740
g\°,16 N Mean severity (%) §16 N Mean severity (%) P= 0.3093
@ O]
S 1o P=0.0001 S 12
2 for both 2
+§10 §10
=3 s 2 3
3 § 3 N
< 6 \ © 6 %}\ l
(D) o \ W
g 4 \ e N N | § X
8 N T N A S A o €S i S B\ S O N\
I \ \
o LI s \ OIN TN TN TN N N TN IS
Non-inoculated Inoculated Kocide 3000 ManKocide Badge SC Cuprofix Oxidate 2.0 Lifegard WG Nano-MgO  Control
Ultra 40
Disperss

du Toit, Derie, Gundersen, Waters, and Darner. 2021. Plant Disease Management Reports 15:V107.
du Toit, Waters, Derie, and Darner. 20B@ttlingonion bacteriadiseasesvith bactericides Onion WorldDec 2020:611.



Stop the Rot: Washington State Season 2 Field Triz

Objective B3: Bactericide trials for management of onion bacterial disease

2021 WA Bactericidélerbicide Trial:
A Location: Pasco
A Splitsplit plot RCBD
A Main plots:Inoculated Burkholderia gladiokk
Pantoea agglomeran®r not inoculated A 4
A Split plots:Herbicide (Outlook on 12 July) or not| \\\\\\X\ Wk Y
A Splitsplit plots:Bactericides (5x,-day intervals) KN ‘
1. Badge SC
2. ManKocide

3. LifeGardaWwG
4. Control (no treatment)

A Inoculation at early tops down & 2 weeks later
A Trial under center pivot irrigation
A Extremely hot, dry season (1°Fin late June)

‘-l-ll|

du Toit et al. 2022. Plant Disease Management Reports 16:V150.



Stop the Rot

Objective B3, Season 2 (2021): Washington State Bactericide Tri

Incidence (%) of plants with phytotoxicity (20 August) Incidence (%) of bacterial leaf blight"(dating)

O Inoculated Factor Pvalue O Inoculated Factor Pvalue

25

AN
(6]

Non-inoculated. Inoculation 1.0000 40 Non-inoculateq Inoculation 0.0001

20 Herbicide | 0.8757 35 | l Herbicide | 0.5404
* .

Bactericide 0.0159 l Bactericide 0.0244

w
o

2- & 3-way interactions all NS

2- & 3-way interactions all NS

=
(6]

N

ol

Q
Q

|_\
o
Foliar rating (% incidence)

- N
(6 (@)
—

A

Phytotoxicity (% of plants)

%%

ol

%

(@)
W

Badg

0]

SC  ManKocide Lifegard WG Control Badge SC  ManKocide Lifegard WG Control

du Toit et al. 2022. Plant Disease Management Reports 16:V150. ’




Stop the Rot

Objective B3, Season 2 (2021): Washington State Bactericide Tri

- Marketable bulb yield at harvest (tons/acre) 4;Jl'otal bacterial bulb rot (% of bulbs at harvest + in storag
3 Sinoculated S Harvest
S 45 Non-inoculated - 35 IS Inocu-la.ltlon 0.0001 Storage
S 40 IS a 30 \ Herbicide 0.6017
7 \ 28 § | Bactericide | 0.0216
¢ 35 \ EREEREN \ —L
> 1 \ = O \ 2- & 3-way interactions all NS
@ \ g e \
< 30 ! § S 520 \l §
© o X
D 25 § g 15 a ] ab b ab
2o [N -

3 15 § Inoculation 0.0001
% § Herbicide 0.1436 > Fﬁ
Q 10 § Bactericide | 0.4197 0 5 dum 5 o o ? o ?—
‘25 5 x 2- & 3-way interactions all NS E _g E g E g g _g
% N S S S S
0 ! p b Z Z
Badge SC ManKocide Lifegard WG Control Badge SC ManKocide | Lifegard WG Control

du Toit et al. 2022. Plant Disease Management Reports 16:V150. ’




2020 Bactericide trial for management of onion center rot in Georg

Dutta, B., and Foster, M. J. 2021. Plant Disease Management Reports 15:V027.

Treatment and rate of product per acre Application Initial disease Final disease AUDPC* Center rot
No. ? severity severity (%) incidence in
(%) on25 Mar  on 28 AprY bulb (%)
Mankocide 2.5 Ib 1-6 10.7b* 43.8¢C 358.8 c 9.1¢
Kocide 3000 1.5 1b 1-6 28.9ab 50.0bc 540.7 bc 29.8 bc
Champl.51b 1-6 15.1 ab 51.3b 464.8bc 18.0 c
Oxidate 5.032 fl oz per 100 gal 1-6 40.0a 71.3a 791.2ab 55.2a
Agrititan 800 ppm 1-6 29.4ab 58.8 b 602.8 bc 19.5c
LifeGuard 2 fl oz 1-6 22.7 ab 48.8 & 469.2 bc 26.8 bc
Nordox 1 Ib 1-6 18.0 ab 53.8 b 502.4 bc 17.2 C
Mastercopl pt 1-6 23.7 ab 48.9 Ir 489.6 bc 12.2 C
Leap 1 qt 1-6 32.4 ab 70.0 a 703.8 ab 52.5 ab
Actigard 0.5 fl oz 1-6 34.9 ab 70.0 a 699.5 ab 57.5 ab
NUCop 1.51b 1-6 15.2 ab 55.0b 485.4 bc 18.8 ¢
Non-treated check - 44.9a 87.5a 1012.2 a 74.8 a




2021 Bactericide trial for management of onion center rot in Georg

Internal

Treatment and rate of Active i di bulb rot 6 applications at 10- to 14-day interval; first
product/acre ctive ingredient(s) Al application at first leaf senescence (first week of
March 2021)
Maqk00|de2.5lb Mancozeb €uOH 8.3b A Spring 2021 in Vidalia, GA was cool and drier
Kocide 3000 1.5 Ib CuOH 9.0b than 2020, bacterial foliar symptoms did not
Champ 1.51b CuOH 10.3 b appear until a week before harvest
Oxidate 5.0 1.28 fl oz/ge H,O, + peroxyacetic acid 9.5b R Foliar symptom appearance coincided with
Forticept 1.28 fl oz/gal Thyme oill 13.4Db senescence of leaves
A_g”t'tan 800 ppm _ T|Oz/Z_n _ 10.7b A Bulbs were harvested and stored 1 month at 43
LifeGard2 fl oz Bacillus mycoidestraind 7.0Db A Sub-samples of symptomatic bulbs were
Nordox 1 Ib CUZO 4.7b confirmed to be infected with P. ananatis
Mastercop 1 pt CuSQ 14.3 b 5 | | .
Howler 5 Ib Pseudomonashlororaphis 86 b 2020 trial reSLfltS. Morg bulb rot (75% incidence
_ in check plots); ManKocide was the most

Stralvn AFS009 ) effective, then other copper products, AgriTitan,

Theia 3 Ib . OAf fsthath a #RB @b\ f A ifegard
AFS032321

NUCop 1.51b Cupric Hydroxide 55b

Non-reated check . | 373a_




Stop the Rot

Objective B4 Effects of cultural practices

Washington:
A Effects of rolling onion tops or not (2020 & 2021)
A Effects of undercutting bulbs or not (2020 & 2021) :
A Effects of timing of topping onion bulbs (2020 & 2021 trla
A Inoculated withB. gladioli& P. agglomerans
A 2021: Earlier initiation of treatments, 2 undercutting
times & check, 2 topping times & check

Georgia:
A Manual vs. mechanical harvest (2020 & 2021 trials) 57 48
A Two different mechanical harvesters (2020 & 2021 trlals) ,;y« S Ch
A Length of necks with manual topping (2021 trial) > 8
A Natural infection

{\
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Stop the Rot

Objective B4: 2020 WSU trial evaluating rolling of onion tops

InoculationP= 0.0155 InoculationP= 0.0001
45 Rolled tops?= 0.0932 - Rolled tops= 0.1228
1 Control 1 Control
40 | ™ Rolled tops I 20 Rolled Tops
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du Toit, Derie, Gundersen, Waters, and Darner. 2021. Plant Disease Management Reports 15:VV100.




Stop the Rot

Objective B4: 2020 WSU trial evaluating undercutting of bulbs
o0 30 25
[1 Control Undercut [1Control Undercut O Control Undercut
- W Undercut P=0.8599 N Undercut P=0.3253 = Underc[ut P=0.8702
25
= Inoculation 20
3 P=0.0164 o) : [ .
E‘:‘D I E 20 I E l el
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= 2 ' P=0.0001 210
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0 \: : 0 , m 0 | m_
Inoculated Non-inoculated Inoculated Non-inoculated Inoculated Non-inoculated

du Toit, Derie, Gundersen, Waters, and Darner. 2021. Plant Disease Management Reports 15:VV100.




Stop the Rot

Objective B4: 2020 WSU trial evaluating the timing of topping bulk

InoculationP= 0.0035 InoculationP= 0.0001 InoculationP= 0.0001
4 Topping timing®= 0.4339 Topping timing®= 0.7458 45 Topping timing®= 0.3513
O Early 45 T O Early 0 Early
40 i E:tremal T ‘\‘ 40 I:Iormal 40 sNormah
\% ae oLate
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Stop the Rot: Washington State Season 2 Field Trie

Objective B4: 2021 WA cultural practlce trials

1. Rolling the tops of onion bulbs
2. Timing of undercutting onion bulbs
3. Timing of topping onion bulbs

A Pasco, WA

A Each trial was a split plot RCBD, 5 replications
Main plots:Inoculated B. gladioli& P. agglomeransor not
Split plots:

1. Tops rolled (30 Jul.) or not rolled
2. Early (11 Aug.), normal (25 Aug.), or not undercut ==
3. Early (11 Aug.), normal (25 Aug.), or late (8 Sep) toppl

A Inoculation at early tops down & 2 weeks later
A Trials under center pivot irrigation
A Extremely hot, dry season (1°Hin late June!)

ht /b \Q * S NN —— “
s ‘_-lll|‘ " i

du Toit et al. 2022. Plant Disease Management Reports 16:V149. ’




Stop the Rot

Objective B4, Season 2 (2021): Washington State Cultural Practice

A In all three trials, inoculation:
A Increased bacterial leaf blight
A Decreased marketable bulb yield at harvest (by 7 to 10 tons/acre)
A Increased bacterial bulb rot at harvest & in storage (0383%)
A Rolling tops trial:
A Increased bacterial leaf blight in inoculated plots: 70.4% vs. 41.6% if tops not rolled
A Bulb yield and bacterial bulb rot in storage not affected
A Undercutting trial:
A No effect of early, normal, or no undercutting on BLB, bulb yield, or bacterial bulb rot
A Timing of topping trial:
A Early topping increased bacterial bulb rot (harvest + storage)
- 69% of bulbs vs. 42% for standard and late topping in inoculated plots
A Timing of topping did not affect bacterial leaf blight or marketable bulb yield at harvest

3 trials repeated in 2022 season, with bulbs to be evaluated in Feb. 2023.

Q)

du Toit et al. 2022. Plant Disease Management Reports 16:V149.




Stop the Rot

Objective B4: 2020 & 2021 UGA trials on onion bulb harvest methc

Incidence (%) of bulbs with internal bacterial rot

Method of digging onion bulbs 2020 2021 2022

Chain dlgger'(opAn) 3.5Db 9.0b 1.3b

Stralghtblade undercutter TopAin 10.2 a 205 a 10.7 a
<0.001 <0.001 <0.0001

Method of onion harvest 2020 2021 2022

Mechanical harvestTopAlr) 2.2 Db 45D 3.0b

1054 1452 1254
0.024 0.031 <0.0001

Dutta, B., and Tyson, C. 2020. Plant Disease Management Reports 15:V026.




Stop the Rot

https://alliumnet.com/projects/stoghe-rot/

Objective B4: 2021 UGA trial evaluating the length of topping bulk

Length of neck after topping Internal bacterial bulb rot incidence
manuall

5-inches
3-inches .
1-inch 19.0 z

Stop the RotCombating onion bacterial diseases widithogenomidools and enhanced management strateg



Stop the Rot

Objective B5: Postharvest applications of disinfectants to onion bulbs '
202021 WA trial

A Bulbs harvested from:
1. Plots inoculated with bacterid( gladioli& P. agglomerans
2. Norninoculated plots
A Disinfectants applied postharvest by VI with commercial equipment:
1. JetAg at 24fl oz thermofogged for 1 h, container sealed for 8 h
Sanidateb.0 at 24fl oz thermofogged for 1 h, container sealed for 8 h
StorOx2.0 at 24fl oz thermofogged for 1 h, container sealed for 8 h
Ozone applied at 8,500 mg ozone/hour for 8 h
Nontreated control bulbs thermofogged with water
Nonttreated control bulbs not thermofogged

A Bulbs In commercial storage, evaluated for bacterial rot in February

2021-22 and 20223 WA trials

A Repeat treatments
A Commercial storage evaluation§rowers remove sample of bulbs dur
treatment, replace nofireated bulbs, evaluate for storage rots

2021-22 CO trial Mmark Uchanski, CSU

O UTEWN
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Stop the Rot

Objective B5: 2020 WA trial evaluating postharvest applications of disinfecta

35 25

Olncidence (%) P = O-E:'UU]- O Incidence (%) P=0.8134
30 T Viean severity (%) y Mean severity (%) P = 0.59?4"
P =0.0001

25
E 2
2 20 L 1>
2 a
a0 &
E 15 # E 10 I

7]

=
=

7

0 T i | 0

Non-inoculated Inoculated Non-treated control Jet-Ag

77—
W
T

Sanidate Ozone

du Toit et al. 2021. Plant Disease Management Reports 15:V102.
du Toit and Waters. 20210 disinfect or not®nion World, July/August 2021%



Stop the Rot

Objective B5, Season 2 (2021): WA Postharvest Disinfectant Tri:

25

[ N
ol o

Incidence (%) of bacterial rot in non
treated control bulbs
H
o

Incidence (%) of bacterial rot in control bulbs

Incidence (%) of bacterial leaf blight"(dating)

g 35
0 Non-inoculated © 0 Non-inoculated
* S 30
N Inoculated T = Inoculated
= 3 225 @
T =4
l 5 220 Factor Pvalue
@ S Inoculation | 0.0001
©
: No @ g o Disinfectant | 0.3701
differences =5 10
pre- vs. post ei, S 2—wr2/ interacti?qn NS
O 5
storage 2 1 |—I—‘ m§ |—l—‘§
8 0 N N
= AN AN Q Q
£ &
e & i \O 6& O
I I Q/b Q/b CD&'O +\
1 1 Q/’Z’} ng O
S &
& &
Pre-storage Post-storage <&

du Toit et al. 2022. Plant Disease Management Reports 16:V148.
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Objective B5: 2021 WA trial evaluating postharvest applications of disinfecta
Potential efficacy of treatments to surface of bulbs?

Water thermofog Ozone Oxidate 2.0 Storox2.0
Pa Bo Pa Bg P Bg Pa

B. gladiolior P. agglomeransot recovered from cheesecloth
subjected to all 3 treatments

S——

1.7 x16 | 3.1x16 1.6 x 10
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Stop the Rot

Objective B5, Season 2 (2021). WA Growyoperator Disinfectant Trial

Bacterial bulb rot Black mold & green mold Botrytis neck rot
20 5.0

18 B Black mold
16 @ Green mold

=
o

O Incidence

Mean severity 4.0

8 .
6
1 4 1.0
IR fﬂ : ﬁ
s N 0 0.0
Bay 1 Bayl Bay3 Bay3 Bay 1 Bayl Bay3 Bay3 Bay 1 Bayl Bay3 Bay3
JetAg  control  JetAg  control JetAg  control  JetAg  control JetAg  control  JetAg control

No effects of postharvest application of disinfectants on bacterial or fungal bulb rots (as ¥22P20

N
o

Bacterial bulb rot (%) after storage

o ol N w EAN o1 (o)) ~ (0] O
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Bulbs (%) with fungal sporulation
e el
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o
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Stop the Rot

Objective B6: Bacterial disease modeling and risk prediction
(Noorazar, Rajagopalan, Kalyanaraman, LaHue, Waters, du Toit, MacKay

Irrigation
application
Fertilizer Tests Fer:tlhzler
Applications

Five onion bulb crops grown in 2017 in

Columbia Basin with same cultivar

Field Internal bulb rot External bulb rot
(%) (%)

Al 7.3 4.7 Pre-harvest

A2 3.1 1.9 Defects Defects Defects

A3 4.8 2.9 Planting and

A4 25.5 12.4 Season
A5 15.1 8.2 Multiple

Stop the RotCombating onion bacterial diseases widthogenomidools and enhanced management strateg




Soll moisture status at different depths

né F“z SHLIG-K ¢ R SHLJ0
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Stop the Rot

Objective B6: Bacterial disease modeling and risk prediction

Four categories of variables for calculating risk:
1. Current/cumulative risk variables 3. Environmental variables

a.[lad 6SS1Qa NARa]l aO02NbB a. Air temperature
b. Crop growth stage today b. Wind speed
c. Bacterial disease symptoms observed? c. Humidity
2. Field variables d. Precipitation amount
a. Solil type e. Precipitation timing
b. Irrigation type f. Hail damage
c. Rotation (years out of onion) g. Crop soil moisture status
d. Cultivar h. Etc.
e. Planting density 4. Production variables

a. Cumulative nitrogen

b. Timing of nitrogen application
c. Bactericide program

d. Weed pressure

Stop the RotCombating onion bacterial diseases widthogenomidools and enhanced management strateg



Stop the Rot

Objective B6: Bacterial disease modeling and risk prediction

Plot output (looks up values in V4.0 sheet): Breakdown of risk scores by category (looks up values in V4.0 sheet):
Week |Crop growth stage Assessment Total risk score| Current/cumul | Field variables| Environmental | Production check
date risk variables variables calc
1 (1) Seedling -1 leaf 4/10/2021 28.0 3 12 9 4 28.0
2 (2) 1-4 leaves 5/1/2021 30.0 4 11.5 10.5 4 30.0
3 (3) 4-8 leaves 5/23/2021 30.0 4 11.5 10.5 4 30.0
4 (4) Bulbing, 8-14 leaves 6/16/2021 37.3 6 115 15.75 4 37.3
5 (4) Bulbing, 8-14 leaves 7/6/2021 39.0 7 11.5 16.5 4 39.0
6 (5) 'Soft necks' stage: leg 7/28/2021 47.5 11 11.5 4 47.5
7 (6) 5-50% tops down 8/19/2021 47.5 11 11.5 4 475
8 (7) 50-100% tops down 8/28/2021 44.0 9 11.5 19.5 4 44.0
9 (8) At harvest, prior to stq 10/1/2021 39.0 7 11.5 16.5 4 39.0
10  [(9) In storage, post-harvgst 10/16/2021 30.0 4 11.5 10.5 4 30.0
% 55.0 !
Looking for growers/agronomists willing to test bl
this risk model in 2023 field season (Columbia il
Basin or Treasure Valley) it

15.0

LY : =
3/25/2021 7/23/2021 9/21/2021 Lﬁ'

Date of assessment

5/24/2021 11/20/2021
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