Non-Antibiotic Control of Fire Blight:
What Works As We Head Into a New Era
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eOrganic

eXtension

more mind reach

Fire blight suppression
without antibiotics:

Antibiotics:
Streptomycin
Oxytetracycline

Removed from NOP approved materials list:

October, 2014
October, 2014

Non-antibiotic methods must be used in certified organic in 2015

Our focus has been on controlling fire blight in susceptible cultivars
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Example PNW non-antibiotic program with
considerations for fruit safety:
1) Prebloom (just prior to green tip):
Fixed copper sanitation if fire blight was in orchard last year (5 to 6 Ib/A)

2) Early bloom apple: (crop load thinning)
Lime sulfur (plus oil) early bloom at 20 and 70% bloom
Reapply biological if LS goes on after biological

3) Early bloom pear and apple Blossom Protect:

One full, or two half apps, or two full apps if blight in orchard last year
In apple, Blossom Protect immediately after 2nd LS.

In smooth-skinned pears in wetter areas, russet risk might be unacceptably high
- Bloomtime Biological is an alternative, fruit-safe biological material

4) Full bloom to petal fall, depending on cultivar russet risk/CougarBlight model risk:
Serenade Optimum every 2 to 5 days (most fruit safe)
Improved control: Mix Serenade Opt with Cueva (2 to 3 qts/A)

Cueva every 3 to 6 days (3 to 4 gts/A) (least fruit safe)

Q2: Does delayed dormant copper effect pathogen activity?
* Delayed dormant oil plus
CuOH+CuOCI (6 lbs/A)
(just prior to green tip)

/

For four seasons, we split
~fourteen 10-acre blocks

* Delayed dormant oil

Rachel Elkins

Pomology Farm Advisor
UC Lake County




Q1: When is the fire blight pathogen active in orchards?

Is the fire blight pathogen

in this bag of flowers? Answered by ‘LAMP

T assay that detects
pathogen DNA:

Does delayed dormant copper effect pathogen detectability?
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Does delayed dormant copper effect pathogen detectability?

100% -

A B

50% - | //T ! /;

Overall probability of pathogen detection ~ 16%

Mid-bloom P(detect Ea) < 5%

0% | petal fall  P(detect Ea) ~ 50%
100%

P(detect Ea) in ‘Copper + Oil’ 1/2 of ‘Oil alone’

50% - 4 - Oilonly

Flower samples with positive LAMP assay (%)

Q: Can effective non-antibiotic control be achieved?

Early bloom
30 & 70%

Combining a stigma product with a
floral cup product improves control

Antibiotic approach:
e.g., Bloomtime Biological then
Oxytetracycline

on-antibiotic approach:
e.g., Bloomtime Biological

Full bloom then Serenade Opti

to

Petal Fall e.g., Lime sulfur

then Blossom protect
then Serenade Opti or

‘Integrated control’ Cueva copper

very good to excellent control

3/16/2015



Summary of Efficacy - % Control Fire Blight

Innoculated Treated Flowers

Blos. Protect —

Previsto 14 *
Cueva * 5
Oxytetracycline _17

Kasumin
Serenade |
Other Coppers —
0 20 80 100
Tim Smith
WSU Percent Control Compared to Inoc. Check
Wenatchee * Number of Trials Product Tested

A. pullulans Yeast "Blossom Protect" Performance

Percent Control Re: Check

14 Apple Full 2 Apl.

13 Apple Full 2 Apl

14 Apple FUIl 2 Apl.

pple Full 2 Apl

12 Pear, Full, 3 apl.,

08 Fear, FuII, 4 apl,

08 Apples, Full, 4 apl.

11 Pear, Full 3 apl.

11Pear 3/4 1/2 Buf 3 ap

12 Pear, Oxytet.

10 Pr, Full, 1/2 Buffer, 3 apl.
10 Pr, Full, 3 apl.

09 Apple, Full, 4 apl

10 Apl, 1/2 rates, 3 apl

10 Pear Oxytet.

09 Apple, Full, 2 apl.

8 Pear, Oxytet.
09 Pear Oxytet.
10 Apl, Full, 2 apl.
08 Apple, Oxytet.

08 Apple, Full, No Buffer A
09 Pear, Full, 2 apl.

10 Pr, Full, Alt Buffer, 3 apl
10 Apple Oxytet

10 Apl, Full, Alt. Buffer, 3
09 Pear, Full, No Buffer A

0O 10 20 30 40 50 60 70 80 90 100

08 = Year, Full =Rate of Product and Buffer A, apl. = Number of Applications to Bloom
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Copper Compound Performance inTrials

Percent Control Re: Check

2013 Apple PhytunZT 60 o

2014 GWN 10373 4 qt 2x
2009 Pear-Previstodqt.. |} |
2014 GWN-10374 4 qt 2x
2009 Pear-Previsto2qt .} |

2012 Pear Previsto 3 gt.
2013 Azpple GWN 10276141 (5 |

2010 Apple Previsto 6qt..
2012 Pear-Previsto 4 qf.L 7

2009 Apple Previsto 2qt..]
2014Queva3qt. 2x.| | |
2013 Apple Provisto 3 gt|
2011 Pear Previsto 4 qt.

2011 Pear Cueva 4 qt.
2012 Pear- KocideosSI1b.f . ... 1 |
2012 Pear Phyton 27- 1.25 qt.
2012 Pear- Previsto2qt. | |

2010 Apple Previsto 1 qt..

2009 Pear Kocide 0.5 |b...
2010 Apple Kocide 0.5 Ib.|
2011 Pear KocideOS5I. . |
2009 Apple Previsto 1 qt..
2009 Pear Previsto 1 qgt..| _ ]

2004 Apple Kocide 0.5 Ib.|
005

Apple Kocide 0.5 |b

* Rates Per 100 gal.

0 10 20 30 40 50 60 70 80 90 100

Bacillus subtilis Product Performance

Percent Control Re: Check

2013 Companion 32 o

2005 Apple Serenade 2 |b twi
Average Oxytet..

2013 Apple, Optimum 24 oz
2011 Pear Double Nickel 55
2009 Pear Serenade

2009 Apple Serenade

2005 Apple Serenade

2014 Serenade Optimum 20 oz 3
2011 Pear Serenade 2x Conc.
2009 Pear Serenade

2011 Serenade Max

2005 Apple Serenade

2009 Apple Serenade

2004 Apple Serenad

2003 Apple Serenade

2014 Serenade Optimum 320z 3
2012 Apple Serenade

54

37.5

* Rates Per 100 gal.

0 10 20 30 40 50 60 70 80 90 100
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Q3: How does bloom thinning effect fire blight control?

Pathogen inoculated
after second LS+FO

Replicated, inoculated orchard trials:
Golden/Gala 20 / Gala 2010

BlightBan 2X then Oxytet 1X
Lime sulfur & Fish oil 2.5X

Water
t

r T T T
0 30 60 90 120 150 0 40 80 120

Golden Delici 2011 Gala 2011

T
160

200

Bloomtime 1X then Oxytet 1X

Lime sulfur & Fish oil 2X

Water

0 40 80 120 160 200 0 20 40

Fire blight strikes per tree

Primary effect of LS+FO is fewer flowers

60

Second, LS+FO is toxic to epiphytic pathogen cells (and epiphytic biologicals)

Third, LS+FO probably makes orchard somewhat less attractive to bees

80

Why the sequence is important:

Lime sulfur suppresses biological agents

Population size of A. pullulans

600000

500000

400000 -

300000 -

200000 -

Yeast cells per flower

100000 -

UTC LSFO2% LS LS LS ATS
3% 6% 9% 1.6%

Biologicals should be applied (re-applied)

after lime sulfur treatments
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Blossom Protect is an excellent
colonizer of flowers

Sampled mid-
June

OR: Incidence of BP on Pear CA: Incidence of BP on Pear
100 -| 100 nE
- L -
X 75 S
Q [
Q %)
S 50 c
3 3
2 H

Control BP +Buffer A BP +Buffer A BP + Buffer A
(untreated) @ 20% @50%  @20% 8 50% ampled between Control  BP +Buffer A BP +Buffer A BT @30%,

FB and PF ntreated)  @20% @80%  70%; BP@ FB

WA: Incidence of BP on Apple

§ OR: Incidence of BP on Apple

~
@

75 1

Incidence (%)

Incidence (%)

~
@

Control  BP +Buffer A BP +Buffer A BP +Buffer A Control BP +Buffer A BP +Buffer A BP +Buffer A
(untreated) @ 20% @80% @20% & 80% (untreated) @ 20% @80%  @20%&80%

Integrated control v
Blossom Protect v/
Followed by new Previsto copper v/

Replicated, inoculated orchard trials:

Bartlett Pear | (Corvallis) 2013 Bartlett Pear Il (Corvallis) 2013

Streptomycin 1X
Bloomtime Biological then Oxytet —

Blossom Protect then Previsto

Water —
0 6 12 18 24 30 0 20 40 60 80 100
Braeburn Apple (Corvallis) 2013 Apple (Wenatchee) 2013

Streptomycin 1X

Oxytet (2X Corvallis, 1X Wentachee)

Blossom Protect then Previsto

Water —

0 40 80 120 160 200 o 10 20 30 40 50

Use of Blossom Protect is strategic decision, not model dependent
Use of Previsto is weather/model-dependent
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Putting integrated non-antibiotic
control to the test:

Replicated, inoculated orchard trials:

Bartlett Pear 2014 - Corvallis, OR

Blossom Protect + Buffer then Cueva 3 quart (twice)

Blossom Protect + Buffer then [Serenade Optimum + Cueva 2 quart] (twice)
Rlossom Protect + Buffer then [Serenade Optimum] [twice)

Elossom Protoct + citric acid (once)

Blossom Protect + Butfer (once)

SERENADE OPTIMUM (twice)

Ouytetracycline 200

Streptomydin 100 (once)

Water

o 2 1 6 8 10 12 14
Fire blight strikes per Lree

* In this trial, Blossom Protect (applied once) carried the load

* Corvallis is a wet climate: An amount of russet above water-
control was attributable to Blossom Protect; a bit more to Cueva

Putting integrated non-antibiotic
control to the test:

Replicated, inoculated orchard trials:

Gala apple 2014 - Corvallis, OR

EBlossom Protect + Buffer then Cucva 3 quart (twice) I
Blossom Protect + Buffer then [Serenade Optimum + Cucva 2 quart] (twice) I
Blossom Protect + Buffer then Serenade Optimum (twice)  IE—
Blossom Protect + citric acid (once) I
Blossom Protect + Buffer (once) IR —
SERENADE OPTIMUM (twice)  IEE—
Oxytetracycline 200 IEEEE——
Streptomycin 100 (once) I
Water |
1] 100 200 300 400
Fire blight strikes per tree

* In this trial, Blossom Protect (applied once) was intermediate
» Control improved with Serenade and Cueva oversprays
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Blossom Protect: A potential for fruit russet

Kunz 2011 — Apples in Germany m
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More applications & wetter conditions raise the concern

Pears are more susceptible than apples

Fruit russet severity on pear

Bartlett pear Corvallis . Commice Pear Medford - Bartlett pear Lakeport
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Non-antibiotic fire blight control

Cultivar specific recommendations:

Russet-susceptible, smooth skinned pears (d’Anjou, Comice)
* Avoid Blossom Protect and Cueva
+ Utilize Bloomtime Biological and Serenade Optimum

More russet-tolerant, smooth skinned pears (Bartlett) and apples
» In wet climate, russet risk with Cueva is probably unacceptably high.
Blossom Protect should be restricted to early/mid-bloom.

» Dry climate, create program to minimize Blossom Protect and Cueva apps.
E.g., 1-2 apps. of each is better than 3-4 apps. either alone.

All pear and apple cultivars (including Bosc)
» Sequence copper to follow Blossom Protect
(not the other way around!)

Example PNW non-antibiotic program with
considerations for fruit safety:

1) Prebloom fixed:
Fixed copper sanitation if fire blight was in orchard last year (5 to 6 Ib/A)

2) Early bloom apple: (crop load thinning)
Lime sulfur (plus fish oil) early bloom at 20 and 70% bloom
Reapply biological if LS goes on after biological

3) Early bloom pear and apple Blossom Protect:
One full, or two half apps, or two full apps if blight in orchard last year
In apple, BP immediately after 2nd LS.
In smooth-skinned pears in wetter areas, russet risk might be unacceptably high
- Bloom-time Biological is an alternative, fruit-safe biological material

4) Full bloom to petal fall, depending on cultivar russet risk/CougarBlight model risk:
Serenade Optimum every 2 to 5 days (most fruit safe)
Improved control: Mix Serenade Opt with Cueva (2 to 3 qts/A)
Cueva every 3 to 6 days (3 to 4 qgts/A) (least fruit safe)

3/16/2015
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Questions?

- delayed dormant, fixed copper
- lime sulfur effects on fire blight pathogen
- integrated, non-antibiotic control
- Blossom Protect yeast product
- Bacillus based biorationals
- soluble copper materials during bloom
- fruit russet risk
- other
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Contact information:

e Ken Johnson
johnsonk@science.oregonstate.edu

e Rachel Elkins
rbelkins@ucanr.edu

e Tim Smith
smithtj@wsu.edu

13



