Supplementary table 1 Effect of products on incidence of apple clusters diseased with fire blight and fruit russet in pathogen-inoculated trials conducted in Wenatchee, WA, in 2013 z

	Treatment
	Rate per 378 L
(100 gal) water
	Application timings
	Infections per 100 clusters
	Relative disease suppression (%)
	Fruit russet

	Firewall 17 WP (Streptomycin standard)
	0.45 kg (16 oz)
	Full bloom (FB)
	8.6
	±
	3.7
	a y
	81.7
	±
	7.8
	a y
	NRx

	Fireline 17 WP (Oxytetracycline standard)
	0.45 kg (16 oz)
	FB
	11.5
	±
	2.5
	a
	75.6
	±
	5.4
	a
	NR

	Blossom Protect + Buffer Protect  
	0.61 kg (21.4 oz) + 4.24 kg (149.4 oz)
	60% bloom, FB
	4
	±
	0.4
	a
	91.5
	±
	0.8
	a
	NR

	Water-treated control
	NA
	FB
	54.8
	±
	12.0
	b
	0
	±
	25.6
	b
	NR


z Inoculation was conducted at full bloom (of king blooms) using a suspension of live cells of Erwinia amylovora strain Ea153 (streptomycin and oxytetracycline sensitive strain) prepared at 1x106 CFU ml-1.  
y Means within a column followed by the same letter do not differ significantly (P = 0.05) as based on a Tukey honest significance test.
x NR= Not rated.


Supplementary table 2 Effect of products on incidence of apple clusters diseased with fire blight and fruit russet in pathogen-inoculated trials conducted in Wenatchee, WA, in 2014 z

	Treatment
	Rate per 378 L
(100 gal) water
	Application timings
	Infections per 100 clusters
	Relative disease suppression (%)
	Fruit russet

	Firewall 17 WP (Streptomycin standard)
	0.23 kg (8 oz)
	Full bloom (FB)
	13.8
	±
	6.8
	ab y
	70.7
	±
	14.5
	a y
	NRx

	Fireline 17 WP (Oxytetracycline standard)
	0.45 kg (16 oz)
	50% bloom, FB
	24.7
	±
	7.9
	abcd
	47.5
	±
	16.8
	abc
	NR

	Blossom Protect + Buffer Protect
	0.57 kg (20 oz) + 4.24 kg (149.6 oz)
	50% bloom, FB
	5.4
	±
	3.3
	a
	88.6
	±
	6.9
	a
	NR

	Bacteriophage (A & B)
	0.5 L (16.96 fl oz)
	FB – 1w, FB
	38.0
	±
	6.0
	cd
	19.1
	±
	12.7
	bc
	NR

	Double Nickel 
	1.89 – 2.84 L (64 – 96 fl oz)
	FB – 1, FB + 1
	34.3
	±
	5.5
	bcd
	27.0
	±
	11.8
	bc
	NR

	Serenade Opti
	0.57 kg (20 oz)
	50% bloom, FB, petal fall (PF)
	19.4
	±
	7.2
	abc
	58.7
	±
	15.4
	ab
	NR

	Cueva
	2.84 – 3.79 L (96 – 128 fl oz)
	FB – 1, FB + 1
	8.5
	±
	3.0
	a
	82.0
	±
	6.3
	a
	NR

	Instill
	0.95 L (32 fl oz)
	FB – 1, FB + 1
	13.6
	±
	3.7
	a
	71.2
	±
	7.8
	a
	NR

	Water-treated control
	Water 
	FB
	47.6
	±
	4.7
	d
	0
	±
	10.1
	c
	NR


z Inoculation was conducted at full bloom (of king blooms) using a suspension of live cells of Erwinia amylovora strain Ea153 (streptomycin and oxytetracycline sensitive strain) prepared at 1x106 CFU ml-1.  
y Means within a column followed by the same letter do not differ significantly (P = 0.05) as based on a Tukey honest significance test.
x NR= Not rated.
w+ and – 1 day.
 


Supplementary table 3 Effect of products on incidence of apple clusters diseased with fire blight and fruit russet in pathogen-inoculated trials conducted in Wenatchee, WA, in 2016 z

	Treatment
	Rate per 378 L
(100 gal) water
	Application timings
	Infections per 100 clusters
	Relative disease suppression (%)
	Fruit russet y

	Firewall 17 WP
(Streptomycin standard) x
	0.68 kg (24 oz)

	50% bloom, full bloom (FB), petal fall (PF)
	1.2
	±
	0.8
	a w
	97.3
	±
	1.7
	a w
	0

	Fireline 17 WP 
(Oxytetracycline standard) x
	0.68 kg (24 oz)
	50% bloom, FB, PF
	4.5
	±
	1.9
	ab
	90.0
	±
	4.2
	ab
	0

	Blossom Protect + 
Buffer Protect v
	0.57 kg (20 oz) 
+ 3.97 kg (140 oz)
	20% and 50% bloom, FB, PF
	5.7
	±
	2.4
	ab
	87.4
	±
	5.2
	ab
	0

	Bacteriophage (A & B & C) v
	0.91 kg (32 oz)
	20% and 50% bloom, FB, PF
	33.3
	±
	4.2
	cd
	26.0
	±
	9.3
	c
	0

	Serenade Opti v
	0.57 kg (20 oz)
	50% bloom, FB
	24.3
	±
	6.6
	abcd
	46.1
	±
	14.7
	bc
	0

	Previsto x
	2.84 L (96 fl oz)
	FB – 1, FB + 1u
	9.0
	±
	1.9
	ab
	80.0
	±
	4.1
	ab
	0

	Cueva v
	2.84 L (96 fl oz)
	FB
	27.0
	±
	9.1
	bcd
	40.0
	±
	20.1
	bc
	0

	Instill x
	0.89 L (30 fl oz)
	FB – 1, FB + 1
	18.7
	±
	6.7
	abc
	58.6
	±
	14.9
	abc
	0

	Alum v
	3.78 kg (133.5 oz)
	FB, PF
	13.2
	±
	6.3
	abc
	70.8
	±
	14.1
	ab
	0

	Water-treated control
	Water 
	FB
	45.0
	±
	10.9
	d
	0
	±
	24.2
	c
	0


z Application dates: Apr 8 (20% bloom), Apr 9 (50% bloom), Apr 11 (FB), Apr 15 (PF). Inoculation was conducted at FB of the king blooms with E. amylovora strain 153N (live inoculum) prepared at 1x106 CFU ml-1. 
y Fruit russet is rated from an average of 25 fruit per tree. Rated on a 0 to 15 scale where ratings below 3 indicate no commercial downgrades. No statistical differences were observed between treatments.
x Amended with Regulaid: 0.9 L per 378 L (100 gal). 
w Means within a column followed by the same letter do not differ significantly (P = 0.05) as based on a Tukey honest significance test.
v Amended with Biolink: 112 ml per 378 L (100 gal).
u+ and – 1 day.




Supplementary table 4 Effect of products on incidence of apple clusters diseased with fire blight and fruit russet in pathogen-inoculated trials conducted in Wenatchee, WA, in 2017 z
	Treatment
	Rate per 378 L
(100 gal) water
	Application timings
	Infections per 100 clusters
	Relative disease suppression (%)
	Fruit russet y

	
	
	
	
	
	Apple
	Pear

	Firewall 17 WP 
(Streptomycin standard) xw
	0.82 kg (28.8 oz)
	50% bloom, full bloom (FB), petal fall (PF)
	0.3
	±
	0.3
	a v
	98.8
	±
	1.2
	a v
	0
	b v
	0.96
	a v

	Fireline 17 WP 
(Oxytetracycline standard) xw
	0.68 kg (24 oz)
	50% bloom, FB, PF
	3.8
	±
	1.7
	a
	83.0
	±
	7.6
	a
	0
	b
	0.65
	a

	Blossom Protect 
+ Buffer Protect
	0.57 kg (20 oz) 
+ 3.97 kg (140 oz)
	20% and 80% bloom
	10.1
	±
	3.9
	ab
	55.0
	±
	17.4
	ab
	0
	b
	1.03
	a

	Double Nickel u
	1.89 L (64 fl oz)
	FB – 1, FB + 1s
	15.1
	±
	5.7
	ab
	33.0
	±
	25.5
	ab
	0.03
	b
	---
	

	Previsto u
	2.84 L (96 fl oz)
	FB – 1, FB + 1
	6.1
	±
	2.3
	a
	73.0
	±
	10.4
	ab
	0.05
	b
	1.13
	a

	Cueva u
	2.84 – 4.73 L 
(96 – 160 fl oz)
	FB – 1, FB + 1
	10.2
	±
	2.4
	ab
	54.6
	±
	10.5
	ab
	0-0.03t
	b
	0.81-1.02t
	a

	Instill u
	0.89 L (30 fl oz)
	FB – 1, FB + 1
	6.2
	±
	3.1
	a
	72.5
	±
	13.9
	ab
	0.05
	b
	---
	

	Mastercop x
	1.18 L (40 fl oz)
	FB – 1, FB + 1
	3.5
	±
	1.8
	a
	84.3
	±
	7.8
	a
	0.1
	b
	---
	

	Alum u
	3.78 – 4.54 kg (133.5 – 160 oz)
	FB, PF
	6.0
	±
	1.6
	a
	73.5
	±
	7.1
	a
	0.33-0.45t
	a
	0.31-0.8t
	a

	Water-treated control
	Water 
	FB
	22.6
	±
	5.0
	b
	0
	±
	22.1
	b
	0.03
	b
	0.53
	a


z Application dates: Apr 28 (20% bloom), Apr 29 (50% bloom), Apr 30 (80% bloom), May 2 (FB), May 9 (PF). Inoculation was conducted at FB of the king blooms with E. amylovora strain 153N (live inoculum) prepared at 1x106 CFU ml-1. 
y Fruit russet is rated from an average of 25 fruit per tree. Rated on a 0 to 15 scale where ratings below 3 indicate no commercial downgrades. Transformed sqrt(x + 1) prior to analysis of variance; non-transformed means are shown.
x Amended with Regulaid: 0.95 L (32 fl oz) per 378 L (100 gal).
w Buffered to 5.6 pH.
v Means within a column followed by the same letter do not differ significantly (P = 0.05) as based on a Tukey honest significance test.
u Amended with Biolink: 0.12 L (4 fl oz) per 378 L (100 gal).
t Russet rating mean of the low rate to the mean of the high rate.
s+ and – 1 day.



Supplementary table 5 Effect of products on incidence of apple clusters diseased with fire blight and fruit russet in pathogen-inoculated trials conducted in Wenatchee, WA, in 2019 z
	Treatment
	Rate per 378 L
(100 gal) water
	Application timings
	Infections per 100 clusters
	Relative disease suppression (%)
	Fruit russet y

	
	
	
	
	
	Apple
	Pear

	Firewall 17 WP 
(Streptomycin standard) xw
	0.79 kg (28 oz)
	50% bloom, full bloom (FB), petal fall (PF)
	4.6
	±
	2.7
	a v
	78.0
	±
	13.0
	ab v
	0
	b w
	0.27
	a v

	Fireline 17 WP 
(Oxytetracycline standard) xw
	0.68 kg (24 oz)
	50% bloom, FB, PF
	5.5
	±
	1.7
	a
	73.9
	±
	8.1
	ab
	0
	b
	0.2
	a

	Lime Sulfur
Blossom Protect 
+ Buffer Protect, 
Previsto
(organic standard)
	22.7 L (6 gal)
0.57 kg (20 oz) + 3.97 kg (140 oz)
3.79 L (128 fl oz)

	70% bloom
20%, 80% bloom

FB, PF

	6.1
	±
	1.2
	ab
	71.1
	±
	5.5
	ab
	0.05
	b
	---
	

	Blossom Protect 
+ Buffer Protect
	0.57 kg (20 oz) 
+ 3.97 kg (140 oz)
	20% and 80% bloom
	15.1
	±
	7.4
	ab
	28.3
	±
	35.2
	abc
	0.02
	b
	0.27
	a

	Agriphage 
	0.95 l (32 oz)
	50% bloom, FB, PF
	17.3
	±
	3.7
	ab
	17.5
	±
	17.4
	c
	0
	b
	---
	

	Serenade Opti
	0.57 kg (20 oz)
	FB – 1t, FB + 1t, PF
	16.3
	±
	3.3
	ab
	22.5
	±
	15.8
	c
	0
	b
	---
	

	Previsto
	2.84 L (96 fl oz)
	FB – 1, FB + 1, PF
	7.8
	±
	3.7
	ab
	62.6
	±
	17.8
	abc
	0.04
	b
	0.08
	a

	Cueva
	2.84 – 4.73 L 
(96 – 160 fl oz)
	FB – 1, FB + 1, PF
	14.4
	±
	3.7
	ab
	31.5
	±
	17.6
	bc
	0-0.11 u
	b
	0.12-0.17 u
	a

	Instill
	0.84 kg (30 oz)
	FB – 1, FB + 1, PF
	10.5
	±
	4.6
	ab
	50.0
	±
	21.7
	abc
	0.04
	b
	---
	

	Mastercop
	1.18 L (40 fl oz)
	FB – 1, FB + 1, PF
	9.2
	±
	3.3
	ab
	56.2
	±
	15.9
	abc
	0.01
	b
	---
	

	Thyme Guard 
	1.89 L (64 fl oz)
	50% bloom, FB, PF,
PF + 3, PF + 5, PF + 10
	9.2
	±
	5.3
	ab
	56.4
	±
	25.2
	abc
	4.08
	a
	---
	

	Alum x
	3.78 – 4.54 kg 
(133.5 – 160 oz)
	FB, PF
	4.4
	±
	1.7
	a
	79.2
	±
	7.9
	a
	0
	b
	0.25-0.65 u
	a

	Water-treated control
	Water 
	FB
	20.9
	±
	11.1
	b
	0
	±
	52.8
	bc
	0
	b
	0.1
	a


z Application dates: Apr 23 (20% bloom), Apr 24-25 (50% bloom), Apr 27 (FB), May 1 (PF). Inoculation was conducted at FB of the king blooms with E. amylovora strain 153N (freeze-dried inoculum) prepared at 1.3x106 CFU ml-1, and repeated on May 1 with E. amylovora strain 153N (live inoculum) prepared at 1 x 106 CFU ml-1. 
y Fruit russet is rated from an average of 25 fruit per tree. Rated on a 0 to 15 scale where ratings below 3 indicate no commercial downgrades. Transformed sqrt(x + 1) prior to analysis of variance; non-transformed means are shown.
x Amended with Regulaid: 0.95 L (32 fl oz) per 378 L (100 gal). 
w Buffered to 5.6 pH.
v Means within a column followed by the same letter do not differ significantly (P = 0.05) as based on a Tukey honest significance test.
u Russet rating mean of the low rate to the mean of the high rate.
t+ and – 1 day.
Supplementary table 6 Effect of products on incidence of apple clusters diseased with fire blight and fruit russet in pathogen-inoculated trials conducted in Wenatchee, WA, in 2020 z

	Treatment
	Rate per 378 L
(100 gal) water
	Application timings
	Infections per 100 clusters
	Relative disease suppression (%)
	Fruit russet y

	Firewall 17 WP 
(Streptomycin standard) xw
	0.82 kg (28.8 oz)
	50% bloom, full bloom (FB), petal fall (PF)
	2.7
	±
	1.2
	a v
	91.1
	±
	3.9
	a v
	0
	ab v

	Fireline 17 WP 
(Oxytetracycline standard) xw
	0.82 kg (28.8 oz)
	50% bloom, FB, PF
	8.2
	±
	2.0
	ab
	73.5
	±
	6.4
	ab
	0
	ab

	Lime Sulfur
Blossom Protect 
+ Buffer Protect, 
Previsto
(organic standard)
	22.7 L (6 gal)
0.57 kg (20 oz) + 3.97 kg (140 oz)
2.84 L (96 fl oz)

	10%, 70% bloom
50%, 80% bloom

FB, PF

	12.2
	±
	3.0
	abc
	60.4
	±
	9.7
	abc
	0.02
	ab

	Agriphage
	1.89 L (64 fl oz)
	FB, FB + 1u, PF
	27.0
	±
	3.1
	cd
	12.1
	±
	10.0
	c
	0
	b

	OxiDate 5.0
	3.79 L (128 fl oz)
	FB + 1, PF
	24.1
	±
	3.9
	bcd
	21.5
	±
	12.5
	c
	0.04
	a

	Jet Ag
	3.79 L (128 fl oz)
	FB + 1, PF
	27.8
	±
	3.9
	cd
	9.6
	±
	12.6
	c
	0
	ab

	Cinnerate 
	0.95 L (32 fl oz)
	50% bloom, FB + 1, PF
	19.3
	±
	3.6
	abcd
	37.2
	±
	11.7
	bc
	0
	ab

	Thyme Guard (i), Thymox (ii) 
	1.89 L (64 fl oz)
	(i) 80% bloom, FB + 1, PF
(ii) 50% bloom, FB + 1, PF
	19.7
	±
	2.2
	bcd
	35.8
	±
	7.1
	bc
	0
	b

	Alum x
	3.78 kg (133.5 oz)
	FB, PF
	22.1
	±
	4.2
	bcd
	27.9
	±
	13.7
	bc
	0.02
	ab

	Water-treated control
	Water 
	50% bloom, FB, PF
	30.7
	±
	7.2
	d
	0.1
	±
	23.4
	c
	0
	ab


z Application dates: Apr 14 (20% bloom), Apr 16 (50% bloom), Apr 17 (80% bloom), Apr 18 (FB), Apr 22 (PF). Inoculation was conducted at FB of the king blooms with E. amylovora strain 153N (50% freeze-dried inoculum and 50% live inoculum) prepared at 1x106 CFU ml-1 (verified at 24x106 CFU ml-1).   
y Fruit russet is rated from an average of 25 fruit per tree. Rated on a 0 to 15 scale where ratings below 3 indicate no commercial downgrades. Transformed sqrt(x + 1) prior to analysis of variance; non-transformed means are shown.
x Amended with Regulaid: 0.95 L (32 fl oz) per 378 L (100 gal). 
w Buffered to 5.6 pH.
v Means within a column followed by the same letter do not differ significantly (P = 0.05) as based on a Tukey honest significance test.
u+ and – 1 day.



Supplementary table 7 Effect of products on incidence of apple clusters diseased with fire blight and fruit russet in pathogen-inoculated trials conducted in Wenatchee, WA, in 2021 z

	Treatment
	Rate per 378 L
(100 gal) water
	Application timings
	Infections per 100 clusters
	Relative disease suppression (%)
	Fruit russet y

	Firewall 17 WP 
(Streptomycin standard) xw
	0.23 kg (8 oz)
	Full bloom (FB)
	16.1
	±
	2.3
	a v
	58.4
	±
	5.9
	a v
	0.06
	cd v

	Fireline 17 WP 
(Oxytetracycline standard) xw
	0.45 kg (16 oz)
	FB, petal fall (PF)
	17.0
	±
	5.7
	a
	55.9
	±
	14.9
	a
	0
	cd

	Blossom Protect 
+ Buffer Protect, 
Previsto
(organic standard)
	0.57 kg (20 oz) + 3.97 kg (140 oz)
2.84 L (96 fl oz)

	80% bloom, FB
FB+1, PF
	17.8
	±
	4.5
	a
	54.0
	±
	11.6
	a
	0.69
	ab

	OxiDate 5.0
	3.79 L (128 fl oz)
	FB + 1t, PF, PF + 3
	14.2
	±
	1.2
	a
	63.1
	±
	3.0
	a
	0.51
	abc

	Jet Ag
	3.79 L (128 fl oz)
	FB + 1, PF, PF + 3
	12.8
	±
	1.6
	a
	67.0
	±
	4.2
	a
	0.75
	a

	Cinnerate 
	0.95 L (32 fl oz)
	FB, FB + 1, PF, PF + 3
	21.4
	±
	2.9
	a
	44.6
	±
	7.6
	ab
	0.01
	cd

	Thymox, Thyme Guard u 
	1.89 L (64 fl oz)
	FB, FB + 1, PF
	22.2
	±
	3.3
	a
	42.5
	±
	8.4
	ab
	0.24-0.35
	abcd

	Alum x
	3.78 kg (133.5 oz)
	FB, FB + 1, PF
	19.3
	±
	2.4
	a
	49.9
	±
	6.2
	ab
	0.18
	bcd

	Water-treated control
	Water 
	FB + 1, PF, PF + 3
	38.6
	±
	5.1
	b
	0
	±
	13.1
	b
	0
	d


z Application dates: Apr 18 (70% bloom), Apr 19 (FB), Apr 23 (PF). Inoculation was conducted at FB of the king blooms with E. amylovora strain 153N (50% freeze-dried inoculum and 50% live inoculum) prepared at 1x106 CFU ml-1 (verified at 67x106 CFU ml-1).  
y Fruit russet is rated from an average of 25 fruit per tree. Rated on a 0 to 15 scale where ratings below 3 indicate no commercial downgrades. Transformed sqrt(x + 1) prior to analysis of variance; non-transformed means are shown.
x Amended with Regulaid: 0.47 L (16 fl oz) per 378 L (100 gal). 
w Buffered to 5.6 pH.
v Means within a column followed by the same letter do not differ significantly (P = 0.05) as based on a Tukey honest significance test.
u Buffered to 4 pH.
t+ and – 1 or 3 days.



Supplementary table 8 Effect of products on incidence of apple clusters diseased with fire blight and fruit russet in pathogen-inoculated trials conducted in Wenatchee, WA, in 2022 z

	Treatment
	Rate per 378 L
(100 gal) water
	Application timings
	Infections per 100 clusters
	Relative disease suppression (%)
	Fruit russet y

	Firewall 50 WP 
(Streptomycin standard) xw
	0.23 kg (8 oz)
	Full bloom (FB)
	4.4
	±
	1.2
	a v
	87.6
	±
	3.4
	a v
	0.18
	a v

	Fireline 45 WP (Oxytetracycline standard) xw
	0.26 kg (9 oz)
	FB + 1, petal fall (PF)
	15.7
	±
	4.8
	a
	55.7
	±
	13.6
	ab
	0.19
	a

	Blossom Protect 
+ Buffer Protect NT, 
Previsto
(organic standard)
	0.57 kg (20 oz) + 2.27 kg (80 oz)
2.84 L (96 fl oz)

	70% bloom, 90% bloom
FB, PF
	11.0
	±
	4.0
	a
	68.8
	±
	11.3
	a
	1.07
	a

	Blossom Protect 
+ Buffer Protect 
	0.57 kg (20 oz) + 2.27 kg (80 oz)
	70% bloom, 90% bloom
	15.5
	±
	4.4
	a
	56.2
	±
	12.4
	ab
	0.30
	a

	Agriphage
	1.89 L (64 fl oz)
	FB, FB + 1s, PF
	14.9
	±
	1.2
	a
	57.9
	±
	3.5
	ab
	0.15
	a

	Serenade ASO u
	2.84 L (96 fl oz)
	FB, FB + 1, PF
	16.7
	±
	2.8
	a
	52.8
	±
	7.8
	ab
	0.64
	a

	OxiDate 5.0
	3.79 L (128 fl oz)
	FB, FB + 1, PF
	20.4
	±
	5.7
	ab
	42.4
	±
	16
	ab
	0.78
	a

	
	
	FB + 1, PF, PF + 3
	16.7
	±
	3
	a
	52.9
	±
	8.4
	ab
	0.58
	a

	Jet Ag
	3.79 L (128 fl oz)
	FB + 1, PF, PF + 3
	13.5
	±
	3.3
	a
	61.9
	±
	9.3
	a
	0.39
	a

	Cinnerate 
	0.95 L (32 fl oz)
	FB, FB + 1, PF
	18.5
	±
	3.3
	ab
	47.9
	±
	9.4
	ab
	0.54
	a

	
	
	FB - 1, FB + 1, PF, PF + 1 week, PF + 2 weeks
	16.1
	±
	4
	a
	54.6
	±
	11.2
	ab
	0.87
	a

	Thyme Guard t
	1.89 L (64 fl oz)
	FB, FB + 1, PF
	11.2
	±
	2.3
	a
	68.4
	±
	6.4
	a
	0.93
	a

	Alum x
	3.78 kg (133.5 oz)
	FB, FB + 1, PF
	3.9
	±
	1.4
	a
	89.1
	±
	4.1
	a
	0.51
	a

	
	
	FB - 1, FB + 1, PF, PF + 1 week, PF + 2 weeks
	4.1
	±
	0.4
	a
	88.4
	±
	1.2
	a
	1.84
	a

	Water-treated control
	Water
	FB, FB + 1, PF
	35.5
	±
	5.4
	b
	0
	±
	15.3
	b
	0.27
	a


z Application dates: Apr 17 (70% bloom), Apr 20 (90% bloom), Apr 22 (FB), Apr 26 (PF). Inoculation was conducted
 at FB of the king blooms with E. amylovora strain 153N (freeze-dried inoculum) prepared at 1x106 CFU ml-1 (verified at 17x106 CFU ml-1).  
y Fruit russet is rated from an average of 25 fruit per tree. In 2022 less than 25 fruit were often present. Rated on a 0 to 15 scale where ratings below 3 indicate no commercial downgrades. Transformed sqrt(x + 1) prior to analysis of variance; non-transformed means are shown.
x Amended with Regulaid: 0.47 L (16 fl oz) per 378 L (100 gal). 
w Buffered to 5.6 pH.
v Means within a column followed by the same letter do not differ significantly (P = 0.05) as based on a Tukey honest significance test.
u Amended with NuFilm: 0.47 L (16 fl oz) per 378 L (100 gal). 
t Buffered to 4 pH.
s+ and – 1 day.



Supplementary table 9 Environmental conditions during the bloom period for Washington state trials

	Dates 2013
	Air temperature (°C)
	Relative Humidity (%)
	Leaf Wetness (u)
	Wind (km/h)
	Total precipitation (mm)
	Total solar radiation (MJ/m2)

	
	Min
	Avg
	Max
	Avg 1.5m
	Avg 1.5m
	Avg Direction
	Avg Speed
	2m max gust
	
	

	14 Apr
	2.1
	6.9
	12.3
	54.5
	0.01
	S
	7.2
	32.2
	0
	20.71

	15 Apr
	2.9
	5.2
	9.8
	74.5
	0.27
	S
	6.1
	38.5
	3.048
	11.87

	16 Apr
	2.9
	7.3
	12.3
	51.0
	0.14
	S
	8.9
	25.7
	0
	21.69

	17 Apr
	0.3
	8.4
	16.4
	48.4
	0.01
	S
	6.6
	35.6
	0
	21.15

	18 Apr
	6.3
	12.1
	18.8
	49.7
	0.00
	S
	6.6
	24.6
	0
	17.37

	19 Apr
	8.2
	13.4
	18.9
	50.8
	0.00
	S
	7.7
	31.5
	0
	15.64

	20 Apr
	9.2
	13.2
	18.2
	43.5
	0.00
	SW
	8.0
	31.5
	0
	22.50

	21 Apr
	3.5
	8.6
	16.2
	59.0
	0.02
	S
	9.3
	41.4
	0
	19.46

	22 Apr
	1.6
	9.2
	17.5
	43.1
	0.11
	S
	6.1
	17.2
	0
	26.38

	23 Apr
	2.7
	10.2
	18.5
	42.9
	0.00
	S
	6.8
	26.4
	0
	20.74

	24 Apr
	2.9
	13.1
	22.6
	43.3
	0.00
	S
	6.0
	21.2
	0
	25.63

	25 Apr
	8.1
	17.1
	24.9
	37.5
	0.00
	S
	6.3
	30.9
	0
	25.68

	26 Apr
	11.9
	19.4
	28.1
	34.5
	0.00
	S
	6.6
	30.9
	0
	24.59

	27 Apr
	9.6
	14.7
	22.4
	44.7
	0.00
	S
	7.7
	28.6
	0
	24.87

	28 Apr
	6.6
	12.9
	19.9
	49.3
	0.02
	SW
	7.6
	26.4
	0
	24.63

	29 Apr
	7.1
	10.2
	13.9
	37.9
	0.00
	SW
	11.6
	43.6
	0.254
	26.90

	30 Apr
	4.2
	8.7
	15.4
	38.8
	0.00
	S
	6.8
	35.6
	0
	16.79

	1 May
	1.3
	10.9
	19.2
	38.9
	0.00
	S
	6.3
	22.9
	0
	27.57

	2 May
	4.6
	14.6
	22.8
	40.2
	0.00
	S
	5.1
	17.7
	0
	24.93

	3 May
	9.8
	18.4
	25.9
	36.4
	0.00
	S
	8.2
	25.7
	0
	27.54

	4 May
	10.4
	18.2
	26.1
	37.0
	0.00
	S
	12.6
	35.1
	0
	26.11

	5 May
	10.1
	19.2
	28.2
	35.1
	0.00
	SE
	10.1
	33.3
	0
	28.11

	6 May
	9.2
	20.7
	32.4
	33.9
	0.00
	S
	4.3
	12.6
	0
	28.22

	7 May
	12.4
	23.1
	33.0
	35.1
	0.00
	SW
	6.3
	18.8
	0
	27.80

	8 May
	13.6
	23.6
	33.9
	41.9
	0.01
	S
	4.3
	14.8
	0
	27.61

	9 May
	12.3
	23.6
	35.3
	33.6
	0.00
	S
	4.2
	13.2
	0
	28.68

	10 May
	12.2
	23.8
	35.2
	31.0
	0.00
	SE
	5.1
	23.5
	0
	27.51

	11 May
	16.6
	24.3
	33.2
	34.9
	0.00
	SE
	4.3
	15.4
	0
	23.91

	12 May
	17.4
	21.3
	27.3
	47.3
	0.00
	S
	4.8
	18.3
	0
	15.32

	13 May
	8.1
	16.1
	22.1
	52.6
	0.00
	S
	8.2
	41.4
	0
	11.76

	14 May
	7.4
	14.3
	22.7
	42.4
	0.00
	S
	6.0
	19.5
	0
	26.52

	Dates 2014
	Air temperature (°C)
	Relative Humidity (%)
	Leaf Wetness (u)
	Wind (km/h)
	Total precipitation (mm)
	Total solar radiation (MJ/m2)

	
	Min
	Avg
	Max
	Avg 1.5m
	Avg 1.5m
	Avg Direction
	Avg Speed
	2m max gust
	
	

	14 Apr
	2.2
	11.1
	19.5
	40.5
	0.00
	SW
	4.8
	22.9
	0
	18.65

	15 Apr
	8.6
	13.1
	17.4
	32.1
	0.00
	NW
	9.7
	35.6
	0
	23.71

	16 Apr
	6.5
	11.6
	16.1
	52.8
	0.00
	SW
	5.5
	19.5
	0
	11.79

	17 Apr
	8.0
	11.2
	15.8
	67.0
	0.02
	S
	8.4
	28.6
	0
	10.69

	18 Apr
	5.8
	10.6
	15.9
	39.4
	0.00
	SW
	9.2
	40.2
	0
	22.67

	19 Apr
	1.2
	8.8
	17.5
	52.4
	0.00
	S
	6.6
	27.5
	0
	18.04

	20 Apr
	4.1
	12.2
	20.3
	42.4
	0.00
	S
	8.2
	32.2
	0
	21.78

	21 Apr
	7.3
	12.6
	18.9
	48.1
	0.00
	N
	8.4
	28.6
	0
	14.56

	22 Apr
	6.1
	11.2
	15.3
	53.5
	0.18
	SW
	8.2
	31.5
	3.048
	20.18

	23 Apr
	3.9
	10.0
	15.7
	55.3
	0.02
	S
	8.4
	26.4
	0
	19.62

	24 Apr
	6.7
	11.1
	18.4
	65.9
	0.42
	S
	6.9
	29.3
	1.016
	19.55

	25 Apr
	6.7
	11.4
	17.9
	49.0
	0.00
	NW
	6.3
	27.5
	0
	24.72

	26 Apr
	4.4
	10.9
	18.4
	44.1
	0.01
	SW
	5.6
	22.4
	0
	23.11

	27 Apr
	6.9
	11.2
	16.7
	44.6
	0.00
	S
	8.7
	30.4
	0
	23.21

	28 Apr
	4.6
	12.4
	19.6
	37.9
	0.00
	S
	6.8
	28.2
	0
	27.15

	29 Apr
	3.6
	13.5
	22.3
	40.6
	0.00
	NW
	4.3
	15.4
	0
	25.91

	30 Apr
	7.1
	16.5
	26.4
	36.1
	0.00
	N
	5.0
	18.3
	0
	26.28

	1 May
	8.4
	18.4
	28.7
	39.9
	0.00
	S
	4.7
	16.6
	0
	24.77

	2 May
	12.9
	20.4
	28.8
	38.6
	0.00
	E
	6.0
	25.3
	0
	20.19

	3 May
	12.1
	16.7
	21.2
	41.2
	0.00
	S
	8.4
	28.2
	0
	26.86

	4 May
	8.9
	13.2
	18.3
	60.9
	0.01
	S
	6.9
	23.5
	1.016
	13.76

	5 May
	9.9
	14.6
	21.9
	48.7
	0.00
	S
	7.1
	36.7
	0
	23.90

	6 May
	6.8
	14.2
	20.8
	45.8
	0.00
	N
	5.8
	27.5
	0
	21.76

	7 May
	5.9
	15.3
	24.4
	43.5
	0.01
	S
	5.0
	26.4
	0
	27.79

	8 May
	8.7
	12.4
	19.6
	66.2
	0.24
	S
	4.0
	30.9
	4.318
	13.32

	9 May
	8.2
	13.4
	18.9
	54.6
	0.33
	SW
	6.6
	24.6
	0.254
	24.23

	10 May
	7.2
	13.5
	20.6
	45.5
	0.00
	S
	5.1
	18.8
	0
	25.80

	11 May
	6.6
	15.2
	23.4
	41.6
	0.00
	N
	5.6
	18.3
	0
	28.55

	12 May
	6.2
	15.6
	24.4
	37.3
	0.00
	SW
	5.6
	20.0
	0
	28.41

	13 May
	8.0
	17.9
	28.4
	35.6
	0.00
	SW
	4.8
	14.8
	0
	27.80

	14 May
	10.8
	21.1
	31.7
	40.5
	0.00
	SW
	5.3
	17.7
	0
	27.29

	Dates 2016
	Air temperature (°C)
	Relative Humidity (%)
	Leaf Wetness (u)
	Wind (km/h)
	Total precipitation (mm)
	Total solar radiation (MJ/m2)

	
	Min
	Avg
	Max
	Avg 1.5m
	Avg 1.5m
	Avg Direction
	Avg Speed
	2m max gust
	
	

	4 Apr
	7.8
	12.4
	15.7
	49.6
	0.00
	SW
	9.7
	32.7
	0
	17.37

	5 Apr
	7.2
	11.2
	14.8
	48.3
	0.00
	S
	4.8
	22.9
	0
	9.60

	6 Apr
	7.6
	14.2
	23.1
	48.4
	0.00
	E
	5.8
	17.2
	0
	16.85

	7 Apr
	7.8
	16.1
	24.7
	51.9
	0.01
	N
	6.6
	18.3
	0
	20.68

	8 Apr
	8.1
	18.2
	28.2
	48.1
	0.01
	SE
	4.8
	19.5
	0
	21.16

	9 Apr
	10.9
	19.2
	26.8
	35.3
	0.00
	N
	6.4
	20.6
	0
	22.26

	10 Apr
	7.6
	16.2
	25.4
	42.6
	0.00
	SW
	4.0
	12.6
	0
	22.11

	11 Apr
	10.6
	16.9
	25.3
	36.6
	0.00
	S
	6.4
	24.1
	0
	21.42

	12 Apr
	11.7
	14.4
	19.2
	41.7
	0.00
	S
	6.0
	17.7
	0
	13.63

	13 Apr
	7.8
	12.9
	17.9
	40.1
	0.00
	SE
	6.8
	26.4
	0
	18.09

	14 Apr
	4.8
	9.5
	14.1
	69.7
	0.14
	N
	8.4
	22.9
	10.16
	17.85

	15 Apr
	3.8
	11.8
	20.7
	63.2
	0.22
	S
	4.7
	18.3
	0
	19.69

	16 Apr
	4.8
	13.3
	21.2
	54.4
	0.01
	S
	4.5
	16.6
	0
	20.39

	17 Apr
	7.8
	15.9
	23.6
	54.2
	0.04
	N
	5.3
	16.6
	0
	22.71

	18 Apr
	9.5
	18.4
	28.0
	48.2
	0.00
	N
	4.7
	15.9
	0
	23.26

	19 Apr
	9.2
	18.7
	29.1
	49.0
	0.03
	S
	3.2
	12.6
	0
	23.60

	20 Apr
	9.9
	19.8
	30.2
	48.0
	0.02
	N
	4.5
	20.6
	0
	23.44

	21 Apr
	13.7
	20.0
	27.3
	45.9
	0.00
	E
	5.5
	31.5
	0
	19.11

	22 Apr
	12.7
	18.4
	26.2
	46.3
	0.00
	S
	5.3
	26.4
	0
	20.35

	23 Apr
	10.2
	16.2
	22.6
	47.6
	0.00
	W
	5.5
	24.6
	0
	23.73

	24 Apr
	9.7
	14.8
	20.7
	39.6
	0.00
	S
	7.2
	23.5
	0
	22.25

	25 Apr
	5.6
	12.9
	20.8
	41.2
	0.00
	S
	5.8
	25.7
	0
	25.23

	26 Apr
	5.9
	14.3
	23.7
	43.9
	0.00
	S
	6.3
	22.9
	0
	24.82

	27 Apr
	9.8
	13.4
	17.2
	58.3
	0.03
	SE
	3.2
	15.4
	0
	9.23

	28 Apr
	8.6
	16.0
	24.6
	53.6
	0.05
	S
	5.3
	20.6
	0
	22.95

	29 Apr
	10.3
	15.4
	21.8
	48.8
	0.00
	S
	4.7
	22.4
	0
	18.29

	30 Apr
	10.1
	17.6
	25.9
	39.5
	0.00
	SW
	4.8
	20.6
	0
	25.57

	1 May
	8.7
	18.1
	26.3
	43.3
	0.00
	N
	5.6
	21.7
	0
	25.62

	2 May
	10.4
	20.2
	30.1
	40.3
	0.00
	NE
	4.2
	20.6
	0
	25.70

	3 May
	13.8
	20.8
	29.1
	40.5
	0.00
	NE
	6.8
	26.9
	0
	19.89

	4 May
	14.3
	19.4
	25.1
	55.5
	0.00
	S
	6.0
	25.3
	0
	18.38

	Dates 2017
	Air temperature (°C)
	Relative Humidity (%)
	Leaf Wetness (u)
	Wind (km/h)
	Total precipitation (mm)
	Total solar radiation (MJ/m2)

	
	Min
	Avg
	Max
	Avg 1.5m
	Avg 1.5m
	Avg Direction
	Avg Speed
	2m max gust
	
	

	26 Apr
	7.8
	11.7
	18.1
	51.9
	0.00
	S
	7.2
	32.7
	0
	16.35

	27 Apr
	5.1
	11.2
	16.9
	37.8
	0.00
	NW
	7.6
	29.8
	0
	24.78

	28 Apr
	6.2
	12.7
	20.4
	40.7
	0.00
	S
	5.8
	22.4
	0
	25.46

	29 Apr
	3.2
	10.9
	17.2
	50.6
	0.00
	S
	5.3
	18.8
	0
	15.83

	30 Apr
	7.3
	12.0
	17.1
	47.7
	0.02
	NW
	8.7
	40.2
	0
	24.50

	1 May
	5.9
	10.2
	14.1
	53.5
	0.00
	S
	6.3
	25.7
	0
	13.04

	2 May
	3.2
	12.1
	19.2
	57.7
	0.08
	S
	6.0
	25.3
	0
	22.18

	3 May
	11.8
	18.3
	25.9
	55.4
	0.00
	SW
	4.8
	16.6
	0
	23.11

	4 May
	12.3
	19.9
	27.6
	59.8
	0.09
	N
	6.8
	63.2
	5.842
	22.16

	5 May
	11.1
	16.9
	23.0
	63.6
	0.32
	SE
	6.0
	36.2
	4.318
	16.88

	6 May
	8.0
	13.1
	18.6
	37.2
	0.00
	S
	6.4
	24.1
	0
	27.15

	7 May
	4.1
	12.7
	21.3
	39.9
	0.00
	S
	5.0
	15.9
	0
	27.09

	8 May
	5.8
	14.0
	22.8
	47.6
	0.00
	SW
	4.5
	18.3
	0
	23.75

	9 May
	7.3
	16.4
	24.6
	48.7
	0.01
	SW
	5.3
	20.0
	0
	25.63

	10 May
	9.7
	18.3
	26.8
	50.2
	0.02
	SE
	4.2
	21.2
	0
	25.10

	11 May
	8.9
	13.6
	17.1
	75.3
	0.27
	NE
	5.5
	28.2
	4.572
	6.86

	12 May
	5.7
	10.4
	16.2
	58.2
	0.05
	S
	6.4
	23.5
	0
	18.23

	13 May
	4.1
	8.8
	16.5
	65.8
	0.04
	SE
	6.0
	26.4
	5.588
	17.63

	14 May
	3.5
	9.6
	17.1
	66.4
	0.13
	S
	6.3
	22.9
	2.032
	21.09

	15 May
	3.2
	10.7
	16.8
	62.7
	0.16
	S
	4.5
	18.3
	0
	18.11

	16 May
	8.0
	10.1
	15.1
	63.0
	0.06
	N
	7.1
	32.7
	0.508
	13.83

	17 May
	4.3
	13.9
	22.5
	55.3
	0.14
	SE
	6.4
	24.1
	0.254
	28.09

	18 May
	8.0
	15.4
	24.0
	56.0
	0.02
	N
	6.3
	37.3
	0
	26.33

	19 May
	8.6
	17.7
	26.2
	49.5
	0.06
	E
	5.1
	25.7
	0
	25.98

	20 May
	14.6
	19.8
	26.1
	49.0
	0.00
	SW
	4.2
	21.2
	0
	25.71

	21 May
	10.8
	20.2
	29.9
	49.6
	0.05
	SW
	3.9
	11.4
	0
	27.58

	22 May
	11.8
	22.0
	32.1
	41.8
	0.00
	SW
	3.5
	14.3
	0
	27.38

	23 May
	13.2
	22.1
	33.7
	41.3
	0.00
	SW
	6.4
	31.5
	0
	28.29

	24 May
	10.5
	14.9
	20.2
	34.6
	0.00
	NW
	9.0
	32.7
	0
	25.82

	25 May
	9.1
	16.3
	24.8
	49.2
	0.00
	S
	5.5
	40.2
	0
	21.43

	26 May
	8.9
	19.2
	29.1
	46.9
	0.06
	SW
	4.2
	11.4
	0
	28.95

	Dates 2019
	Air temperature (°C)
	Relative Humidity (%)
	Leaf Wetness (u)
	Wind (km/h)
	Total precipitation (mm)
	Total solar radiation (MJ/m2)

	
	Min
	Avg
	Max
	Avg 1.5m
	Avg 1.5m
	Avg Direction
	Avg Speed
	2m max gust
	
	

	21 Apr
	5.0
	14.2
	23.4
	42.9
	0.00
	S
	5.8
	18.8
	0
	23.66

	22 Apr
	6.3
	14.5
	22.2
	46.3
	0.00
	S
	7.4
	27.5
	0
	17.68

	23 Apr
	8.7
	14.9
	21.7
	48.7
	0.00
	W
	8.0
	33.3
	0
	20.80

	24 Apr
	8.7
	15.2
	23.2
	29.2
	0.00
	S
	7.4
	26.4
	0
	24.73

	25 Apr
	4.3
	12.8
	20.8
	36.2
	0.00
	SW
	4.2
	12.6
	0
	19.02

	26 Apr
	10.3
	15.5
	21.1
	31.2
	0.00
	SW
	7.4
	36.2
	0
	24.55

	27 Apr
	7.5
	10.5
	13.1
	32.7
	0.00
	W
	10.6
	41.8
	0
	24.24

	28 Apr
	3.7
	9.7
	16.4
	42.1
	0.00
	NE
	9.2
	46.0
	0
	18.04

	29 Apr
	4.8
	10.3
	16.8
	48.9
	0.00
	N
	8.0
	28.6
	0
	22.15

	30 Apr
	1.3
	11.2
	19.6
	35.1
	0.00
	NE
	6.0
	25.7
	0
	24.42

	1 May
	6.6
	13.3
	21.2
	27.8
	0.00
	S
	6.4
	22.4
	0
	21.56

	2 May
	9.4
	14.9
	21.4
	32.0
	0.00
	SW
	7.6
	25.3
	0
	25.44

	3 May
	6.1
	15.3
	23.7
	37.9
	0.00
	S
	6.8
	23.5
	0
	25.02

	4 May
	7.6
	17.1
	26.6
	39.7
	0.00
	S
	6.1
	20.6
	0
	24.95

	5 May
	9.6
	18.4
	26.5
	36.2
	0.00
	N
	5.6
	19.5
	0
	24.38

	6 May
	9.8
	18.8
	27.8
	40.1
	0.00
	S
	5.8
	15.9
	0
	24.02

	7 May
	11.6
	20.4
	28.4
	30.4
	0.00
	N
	5.5
	26.4
	0
	26.18

	8 May
	12.6
	19.7
	27.3
	38.7
	0.00
	N
	5.6
	20.0
	0
	20.63

	9 May
	11.7
	20.3
	27.3
	30.3
	0.00
	W
	7.1
	28.2
	0
	26.53

	10 May
	9.4
	20.3
	29.8
	34.7
	0.00
	S
	6.4
	29.3
	0
	26.33

	11 May
	11.7
	22.2
	32.3
	34.7
	0.00
	S
	6.1
	21.7
	0
	26.40

	12 May
	16.5
	23.0
	30.8
	28.6
	0.00
	S
	6.8
	22.9
	0
	22.93

	13 May
	14.3
	21.1
	29.1
	23.3
	0.00
	S
	6.1
	17.7
	0
	23.50

	14 May
	11.5
	15.7
	19.1
	44.2
	0.00
	S
	5.3
	25.3
	0
	7.31

	15 May
	8.4
	14.4
	20.6
	58.2
	0.06
	NE
	5.8
	25.7
	0.254
	14.99

	16 May
	12.1
	14.3
	17.5
	86.4
	0.54
	N
	5.6
	21.7
	7.874
	8.29

	17 May
	12.3
	15.2
	20.4
	57.1
	0.28
	S
	6.3
	32.2
	0.508
	16.69

	18 May
	7.8
	15.0
	22.4
	46.8
	0.00
	E
	9.3
	55.7
	0
	20.43

	19 May
	11.4
	17.1
	25.1
	49.8
	0.00
	N
	7.7
	33.3
	1.016
	19.40

	20 May
	12.5
	15.8
	19.3
	57.2
	0.04
	NW
	2.7
	11.4
	0.254
	12.38

	21 May
	11.0
	16.3
	20.8
	49.0
	0.01
	N
	6.0
	19.5
	0
	17.53

	Dates 2020
	Air temperature (°C)
	Relative Humidity (%)
	Leaf Wetness (u)
	Wind (km/h)
	Total precipitation (mm)
	Total solar radiation (MJ/m2)

	
	Min
	Avg
	Max
	Avg 1.5m
	Avg 1.5m
	Avg Direction
	Avg Speed
	2m max gust
	
	

	12 Apr
	0.6
	8.2
	14.7
	24.5
	0.00
	N
	8.7
	24.1
	0
	22.34

	13 Apr
	-0.1
	9.9
	19.6
	25.2
	0.00
	SE
	6.3
	24.1
	0
	22.43

	14 Apr
	8.8
	15.5
	23.3
	25.5
	0.00
	S
	7.9
	33.3
	0
	17.43

	15 Apr
	8.4
	13.2
	18.6
	38.6
	0.00
	NE
	9.5
	64.4
	0
	20.62

	16 Apr
	2.8
	10.9
	18.6
	39.5
	0.00
	S
	7.1
	27.5
	0
	23.10

	17 Apr
	2.2
	13.3
	24.1
	36.1
	0.00
	E
	7.2
	27.5
	0
	21.34

	18 Apr
	10.7
	14.7
	20.6
	47.4
	0.00
	N
	6.9
	21.2
	0
	13.92

	19 Apr
	7.9
	15.1
	22.7
	45.5
	0.00
	S
	6.6
	26.4
	0
	21.48

	20 Apr
	6.1
	15.4
	25.2
	42.0
	0.00
	SE
	6.4
	27.5
	0
	23.55

	21 Apr
	9.8
	15.4
	21.1
	34.9
	0.00
	SW
	10.1
	41.4
	0
	23.14

	22 Apr
	9.6
	11.6
	13.5
	65.4
	0.17
	S
	5.0
	18.8
	2.032
	8.15

	23 Apr
	8.3
	13.9
	19.8
	49.0
	0.08
	NW
	8.7
	37.3
	0.254
	20.88

	24 Apr
	6.2
	13.0
	20.7
	46.4
	0.00
	S
	5.5
	20.6
	0
	16.89

	25 Apr
	9.1
	13.4
	20.4
	50.7
	0.00
	S
	8.4
	32.2
	0
	17.70

	26 Apr
	6.7
	14.3
	19.8
	33.1
	0.00
	S
	7.1
	25.7
	0
	19.64

	27 Apr
	9.7
	14.9
	20.3
	39.6
	0.00
	SW
	9.3
	29.8
	0
	23.60

	28 Apr
	5.6
	14.0
	22.2
	44.5
	0.00
	SW
	6.1
	21.7
	0
	21.42

	29 Apr
	10.4
	16.5
	23.9
	39.0
	0.00
	N
	5.1
	16.6
	0
	15.96

	30 Apr
	10.4
	15.4
	18.6
	36.8
	0.00
	S
	7.7
	35.6
	0
	19.81

	1 May
	5.3
	13.8
	21.4
	37.6
	0.00
	S
	7.2
	26.9
	0
	24.28

	2 May
	9.2
	12.8
	19.7
	47.9
	0.02
	N
	9.3
	29.8
	2.032
	13.21

	3 May
	6.1
	11.6
	17.9
	40.7
	0.00
	S
	7.2
	28.2
	0
	21.59

	4 May
	3.2
	12.1
	20.8
	40.9
	0.00
	S
	5.6
	20.0
	0
	25.18

	5 May
	9.8
	17.0
	25.3
	38.4
	0.00
	NE
	5.6
	18.3
	0.254
	22.55

	6 May
	9.7
	13.9
	17.1
	39.1
	0.01
	SW
	11.9
	48.3
	0.254
	24.28

	7 May
	4.8
	14.2
	23.7
	38.2
	0.00
	SW
	5.1
	18.3
	0
	26.73

	8 May
	6.9
	16.4
	24.7
	41.4
	0.00
	N
	7.2
	23.5
	0
	26.79

	9 May
	9.6
	19.3
	27.7
	36.1
	0.00
	N
	8.0
	29.8
	0
	25.33

	10 May
	10.7
	19.9
	27.9
	30.8
	0.00
	NE
	8.4
	50.1
	0
	24.62

	11 May
	12.1
	19.0
	24.3
	32.7
	0.00
	NE
	7.2
	34.4
	0
	20.79

	12 May
	13.8
	16.9
	21.8
	44.1
	0.00
	S
	7.4
	31.5
	0
	16.86

	Dates 2021
	Air temperature (°C)
	Relative Humidity (%)
	Leaf Wetness (u)
	Wind (km/h)
	Total precipitation (mm)
	Total solar radiation (MJ/m2)

	
	Min
	Avg
	Max
	Avg 1.5m
	Avg 1.5m
	Avg Direction
	Avg Speed
	2m max gust
	
	

	14 Apr
	1.8
	12.5
	21.4
	30.0
	0.00
	N
	8.5
	29.3
	0
	21.31

	15 Apr
	7.0
	15.3
	24.3
	29.9
	0.00
	N
	6.9
	24.1
	0
	22.88

	16 Apr
	6.1
	14.8
	23.9
	32.0
	0.00
	N
	4.8
	17.2
	0
	22.95

	17 Apr
	5.7
	16.0
	26.6
	32.8
	0.00
	S
	5.8
	20.0
	0
	23.29

	18 Apr
	7.6
	18.0
	28.7
	30.7
	0.00
	N
	7.4
	46.5
	0
	23.77

	19 Apr
	9.4
	14.9
	19.1
	23.6
	0.00
	NE
	11.4
	50.5
	0
	23.89

	20 Apr
	2.9
	11.6
	20.6
	33.1
	0.00
	NW
	4.5
	15.4
	0
	23.72

	21 Apr
	3.9
	14.6
	25.7
	36.3
	0.00
	S
	6.0
	26.9
	0
	23.53

	22 Apr
	9.2
	16.6
	22.7
	30.1
	0.00
	N
	6.4
	26.9
	0
	20.29

	23 Apr
	5.5
	13.7
	21.0
	36.4
	0.00
	S
	5.3
	23.5
	0
	20.80

	24 Apr
	9.3
	12.1
	14.4
	57.2
	0.04
	S
	6.6
	22.4
	0.508
	7.84

	25 Apr
	6.3
	12.1
	18.3
	47.0
	0.00
	S
	6.8
	22.9
	0
	19.46

	26 Apr
	3.2
	11.7
	19.6
	47.0
	0.00
	NE
	4.8
	26.4
	0
	18.32

	27 Apr
	6.2
	14.1
	21.9
	36.0
	0.00
	SW
	6.8
	24.6
	0
	21.83

	28 Apr
	9.9
	14.9
	20.3
	40.4
	0.00
	S
	5.1
	22.9
	0
	10.87

	29 Apr
	10.8
	18.6
	27.3
	35.1
	0.00
	S
	4.7
	18.8
	0
	21.87

	30 Apr
	14.4
	18.9
	25.3
	35.0
	0.00
	SW
	5.8
	22.9
	0
	20.48

	1 May
	11.4
	15.5
	20.1
	30.4
	0.00
	NW
	9.5
	37.8
	0
	19.96

	2 May
	6.6
	14.8
	23.1
	30.4
	0.00
	S
	5.5
	23.5
	0
	26.48

	3 May
	6.7
	14.1
	20.8
	41.5
	0.00
	S
	6.3
	28.2
	0
	17.93

	4 May
	8.2
	15.8
	23.7
	37.1
	0.00
	S
	6.9
	29.3
	0
	26.43

	5 May
	5.6
	15.3
	24.2
	35.8
	0.00
	N
	5.0
	23.5
	0
	20.34

	6 May
	12.4
	17.8
	27.4
	35.1
	0.00
	NW
	9.5
	32.7
	0
	20.64

	7 May
	7.2
	12.2
	17.1
	31.9
	0.00
	SW
	9.2
	39.6
	0
	24.23

	8 May
	5.8
	12.7
	19.0
	32.4
	0.00
	S
	7.1
	30.4
	0
	26.95

	9 May
	5.1
	13.9
	22.7
	37.5
	0.00
	SW
	5.0
	20.0
	0
	26.41

	10 May
	6.8
	15.3
	23.8
	39.0
	0.00
	SE
	6.0
	22.9
	0
	25.17

	11 May
	7.0
	16.5
	25.7
	35.6
	0.00
	N
	4.2
	15.9
	0
	27.09

	12 May
	10.9
	17.4
	26.2
	38.3
	0.00
	N
	5.1
	22.4
	0
	17.70

	13 May
	10.0
	19.1
	27.3
	39.0
	0.00
	NW
	4.8
	15.4
	0
	27.09

	14 May
	10.3
	19.4
	28.0
	37.9
	0.00
	N
	4.3
	15.4
	0
	24.08

	Dates 2022
	Air temperature (°C)
	Relative Humidity (%)
	Leaf Wetness (u)
	Wind (km/h)
	Total precipitation (mm)
	Total solar radiation (MJ/m2)

	
	Min
	Avg
	Max
	Avg 1.5m
	Avg 1.5m
	Avg Direction
	Avg Speed
	2m max gust
	
	

	14 Apr
	-0.1
	2.7
	7.6
	73.7
	0.11
	N
	8.5
	32.2
	6.604
	17.23

	15 Apr
	-1.7
	3.8
	10.2
	62.4
	0.04
	N
	6.3
	21.2
	0
	20.21

	16 Apr
	1.2
	5.1
	9.7
	59.0
	0.00
	N
	8.0
	22.4
	0
	11.30

	17 Apr
	1.8
	7.8
	13.1
	41.5
	0.00
	N
	8.9
	31.5
	0
	21.54

	18 Apr
	4.5
	6.6
	8.0
	63.1
	0.05
	N
	11.6
	31.5
	0
	7.46

	19 Apr
	3.3
	8.6
	14.6
	43.6
	0.02
	N
	8.4
	28.2
	0
	19.95

	20 Apr
	0.4
	6.4
	11.7
	58.9
	0.05
	N
	5.8
	22.9
	2.794
	11.64

	21 Apr
	5.8
	10.1
	16.1
	62.9
	0.10
	N
	7.6
	24.1
	1.524
	20.05

	22 Apr
	2.4
	10.4
	18.7
	50.2
	0.00
	N
	6.6
	29.8
	0
	22.55

	23 Apr
	4.9
	12.6
	20.1
	41.5
	0.00
	N
	6.0
	20.6
	0
	23.55

	24 Apr
	3.6
	12.7
	21.3
	43.8
	0.00
	N
	7.4
	35.6
	0
	22.71

	25 Apr
	7.7
	12.9
	19.7
	47.0
	0.00
	N
	7.6
	24.1
	0
	16.52

	26 Apr
	6.2
	11.4
	16.6
	35.9
	0.00
	N
	7.2
	35.1
	0
	21.59

	27 Apr
	4.3
	9.7
	17.0
	38.8
	0.00
	N
	6.4
	24.1
	0
	18.66

	28 Apr
	3.0
	9.5
	16.5
	42.5
	0.00
	N
	6.0
	22.9
	0
	17.85

	29 Apr
	7.0
	12.9
	18.8
	35.6
	0.00
	N
	9.5
	36.2
	0
	24.00

	30 Apr
	7.4
	10.7
	14.0
	65.3
	0.11
	N
	7.6
	29.8
	1.778
	13.84

	1 May
	4.1
	13.5
	22.0
	56.3
	0.11
	N
	10.5
	47.6
	0
	24.91

	2 May
	9.1
	11.6
	14.8
	69.8
	0.08
	N
	6.6
	24.1
	3.302
	6.23

	3 May
	7.4
	15.1
	22.6
	48.9
	0.04
	N
	6.8
	27.5
	0
	24.94

	4 May
	10.9
	16.2
	22.6
	51.3
	0.00
	N
	6.8
	16.6
	0
	18.38

	5 May
	9.2
	14.2
	16.4
	56.6
	0.00
	N
	7.6
	24.6
	0
	9.41

	6 May
	5.7
	10.4
	14.6
	63.2
	0.02
	N
	6.1
	17.7
	0.254
	13.31

	7 May
	7.3
	11.7
	17.3
	47.2
	0.00
	N
	9.7
	47.2
	0
	20.74

	8 May
	3.8
	8.4
	14.8
	48.4
	0.01
	N
	7.2
	28.2
	1.778
	17.50

	9 May
	3.6
	10.5
	17.7
	40.6
	0.00
	N
	7.2
	39.6
	0
	25.54

	10 May
	4.0
	11.7
	19.7
	38.3
	0.00
	N
	6.8
	24.6
	0
	26.61

	11 May
	3.3
	12.2
	20.6
	38.5
	0.00
	N
	7.2
	23.5
	0
	26.15

	12 May
	6.1
	11.3
	16.5
	49.5
	0.01
	N
	10.9
	39.1
	1.016
	14.57

	13 May
	4.1
	11.0
	17.6
	38.5
	0.00
	N
	8.4
	31.5
	0
	23.87

	14 May
	8.7
	12.0
	17.4
	62.1
	0.02
	N
	6.4
	34.4
	1.27
	16.50







Supplementary Fig. 1 Erwinia amylovora population in flowers at 1, 4 and 11 days after inoculation in 2020 for water treated control (applications at 50% bloom, full bloom (FB), petal fall (PF)), streptomycin standard - FireWall 17 WP (50% bloom, FB, PF), oxytetracycline standard - FireLine 17 WP (50% bloom, FB, PF), organic standard with Aureobasidium pullulans (BP) - Blossom Protect + Buffer Protect (50% and 80% bloom) and copper hydroxide (CuH) - Previsto (FB, PF), 27 % hydrogen peroxide (HP) and 5 % peroxyacetic acid (PA) - OxiDate 5.0 (FB+1 day, PF), 26.5 % hydrogen peroxide (HP) and 4.9 % peroxyacetic acid (PA) - Jet Ag (FB+1 day, PF), Alum (FB, PF), bacteriophage – Agriphage (FB, FB+1, PF), 23 % thyme oil – Thyme Guard (80% bloom, FB+1 day, PF), 23 % thymol – Thymox (50% bloom, FB+1, PF), 60 % cinnamon oil – Cinnerate (50% bloom, FB+1 day, PF)
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Supplementary Fig. 2 Erwinia amylovora population in flowers at 1, 4 and 11 days after inoculation in 2021 for water treated control (applications at full bloom + 1 day (FB+1), petal fall (PF), PF+3 days), streptomycin standard - FireWall 17 WP (FB), oxytetracycline standard - FireLine 17 WP (FB, PF), organic standard with Aureobasidium pullulans (BP) - Blossom Protect + Buffer Protect (80% bloom, FB) and copper hydroxide (CuH) - Previsto (FB+1 day, PF), 27 % hydrogen peroxide (HP) and 5 % peroxyacetic acid (PA) - OxiDate 5.0 (FB+1 day, PF, PF+3 days), 26.5 % hydrogen peroxide (HP) and 4.9 % peroxyacetic acid (PA) - Jet Ag (FB+1 day, PF, PF+3 days), Alum (FB, FB+1 day, PF), 23 % thyme oil – Thyme Guard (FB, FB+1 day, PF), 23 % thymol – Thymox (FB, FB+1 day, PF), 60 % cinnamon oil – Cinnerate (FB, FB+1 day, PF, PF+3 days)
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Supplementary Fig. 3 Erwinia amylovora population in flowers at 1, 4 and 7 days after inoculation in 2022 for water treated control (applications at full bloom (FB), FB+1 day, PF), streptomycin standard - FireWall 50 WP (FB), oxytetracycline standard - FireLine 45 WP (FB+1 day, petal fall (PF)), organic standard with Aureobasidium pullulans (BP) - Blossom Protect + Buffer Protect (70% and 90% bloom) and copper hydroxide (CuH) - Previsto (FB, PF), 27 % hydrogen peroxide (HP) and 5 % peroxyacetic acid (PA) - OxiDate 5.0 (FB, FB+1, PF and FB+1, PF, PF+3), 26.5 % hydrogen peroxide (HP) and 4.9 % peroxyacetic acid - Jet Ag (FB+1, PF, PF+3), Alum (FB, FB+1, PF), Bacillus subtilis QST 713 – Serenade ASO (FB, FB+1 day, PF), bacteriophage – Agriphage (FB, FB+1 day, PF), 23 % thyme oil – Thyme Guard (FB, FB+1 day, PF), 60 % cinnamon oil – Cinnerate (FB, FB+1 day, PF)
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Supplementary Fig. 4 Total daily Temperature Risk Values (TRV) and precipitation (2013 – 2022) in East Wenatchee Washington, United States. Total daily TRV are the accumulation of hourly TRV for 4 days (the estimated time a flower remains susceptible to infection), and hourly TRV are calculated using the bacterial growth curve for E. amylovora with a lower threshold of 50°F and an upper threshold of 95°F with additional modifications to better fit the physical effect that high temperatures have on flowers (Smith and Pusey 2010). The orange and red lines are the risk thresholds for fire blight, created based on observations of more than 30 years of infection events in Washington and Oregon. The orange line is the high risk threshold (150 TRV), and the red line is the extreme risk threshold (350 TRV). Inoculation occurred at full bloom (FB).


[image: ]
2

image1.jpeg
—@— Water-treated control —@— Water-treated control
—O— Streptomycin standard T —O— Streptomycin standard
—7— Oxytetracycline standard —— Oxytetracycline standard
—A— Org std (BP 2x, CuH 2x) —A— Org std (BP 2x, CuH 2x)
—@— HP (27%), PA (5%) —m— Alum
—m— HP (26.5%), PA (4.9%)

E. amylovora population
log10 (CFU/flower)

—@— Water-treated control T —@— Water-treated control
—O— Streptomycin standard T —O— Streptomycin standard
—7— Oxytetracycline standard —/— Oxytetracycline standard
—A— Org stt_j (BP 2x, CuH 2x) —4A— Org std (BP 2x, CuH 2x)
—l— Bacteriophage —— Thyme oil (23%)
—m— Thymol (23%)
—@— Cinnamon oil (60%)

<+

Days after inoculation





image2.jpeg
E. amylovora population

log4q (CFU/flower)

—@— Water-treated control
—7— Streptomycin standard
—{— Oxytetracycline standard
—®— Org std (BP 2x, CuH 2x)
—A— HP (27%), PA (5%)
—@— HP (26.5%), PA (4.9%)

—@— Water-treated control
—7— Streptomycin standard
—{— Oxytetracycline standard
—O— Org std (BP 2x, CuH 2x)
—A— Alum

—@— Water-treated control
—v— Streptomycin standard
—{— Oxytetracycline standard
—— Org std (BP 2x, CuH 2x)
—&— Thyme oil (23%)
—@— Thymol (23%)
—@— Cinnamon oil (60%)

11

1 4 11

Days after inoculation





image3.jpeg
E. amylovora population
log10 (CFU/flower)

—@— Water-treated control

—O— Streptomycin standard

—— Oxytetracycline standard

—A— Org std (BP 2x, CuH 2x)

—@— HP (27%), PA (5%) (FB, FB+1, PF)
—B— HP (27%), PA (5%) (FB+1, PF, PF+3)
—@— HP (26.5%), PA (4.9%)

—@— Water-treated control
—O— Streptomycin standard
—v— Oxytetracycline standard
—A— Org std (BP 2x, CuH 2x)
—— Alum

—@— Water-treated control
—O— Streptomycin standard
—— Oxytetracycline standard
—A— Org std (BP 2x, CuH 2x)
—l— Bacillus subtilis QST 713
—— Bacteriophage

—@— Water-treated control
—O— Streptomycin standard
—/— Oxytetracycline standard
—A— Org std (BP 2x, CuH 2x)
—O0— Thyme oil (23%)

—l— Cinnamon oil (60%)

Days after inoculation





image4.jpeg
2016

Temperature risk value (TRV)

25
20
15
10

25
20
15
10

Precipitation (mm)

200 ,\J ey \,\J"\

5 FB 5 10 15 -5 FB 5 10 15 5 FB 5 10 15 -5

Days before and after full bloom (FB)




