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2023 Research Priorities of the
California Strawberry Commission

. Farming without fumigants

. Management of soilborne diseases

. Integrated pest management of lygus bug and mites
. Water quality and nutrient management

. Breeding for improved fruit quality and disease and
insect resistance

. Improved control of major pests and pathogens:

a. Lygus bug, light brown apple moth, spotted wing Drosophila,
two-spotted mite, Lewis mites, thrips, whitefly, worms,
Charcoal rot, Fusarium wilt, Botrytis fruit rot, powder
mildew, antﬁracnose, Phytophthora crown rot, Verticilium

wilt, angular leaf spot, virus, phytoplasma and weeds
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Outline

* Botrytis fruit rot
* Fungicide efficacy and resistance

* Powdery mildew
* Fungicide efficacy and resistance
* Host resistance

* Box Rot (Botrytis, etc.)

* Soilborne diseases/pathogens
* Macrophomina root rot
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Botrytis fruit rot (gray mold)
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Effect of wetness duration and temperature at flower inoculation on the predicted

proportion of ripe strawberry fruit infected by Botrytis cinerea.
Modified from: Bulger, Ellis and Madden. 1987. Phytopathology 77:1225
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3 important factors

* Environment: Timing

* Pathogen:
* Fungicide efficacy
* Fungicide resistance Amount
of
* Host: susceptibility Disease

Host
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BRF incidence (%)
in non-treated plots

Spring | Summer
(Mar-Apr) (Apr-May)

0.0
10.5 3.3
2.7 1.1
3.4 0.0

2.4 one week
0.1 apart




Summary of fungicide evaluations

* 202 unique products
* 28% (57) unregistered;

* 91 biological; 111 conventional

Organic,
45%

e Results available in publications
* Plant Disease Management Reports

 Efficacy tables
* strawberry.calpoly.edu (Our Work tab)
* ipm.ucanr.edu
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Botrytis fruit rot incidence (%)

Postharvest
Treatment (amount/A) Application Sequence” Asiarvesg 6 DAH* AUDPCY
Non-treated control ( 24 ) 727 ab 4672 ab
™ "Miravis Prime SC (13.4 fl 0z) ABCDE
Induce (16 fl oz) ABCDE 2.3 148 i 168.8 ¢
Captan 80 WG (3 Ib) ABCDE
Elevate 50 WG (1.5 1b) A
Kenja 400 SC (15.5 fl 0z) B
Switch 62.5 WG (14 0z) CE
Merivon SC (11 fl 0z) D 0.0 189 hi 1747 ¢
Kenja 400 SC (15.5 ] 0z) ABCDE 0.0 190 hi 2180 fg
Switch 62.5 WG (14 0z) ACE
EXP 14 WP (4.21 1b) BD
Liberate (8 fl 0z) BD 0.6 244 ghi 225.1 fg
Switch 62.5 WG (14 0z) ACE
water (150 gal) BD 2.4 289 fi 267.1 ef
Switch 62.5 WG (14 0z) ACE
EXP 14 WP (4.21 Ib) BD 3.6 311 e 2925 ef
Switch 62.5 WG (14 0z) ACE .
Captan 80 WG (3 Ib) BD 12 315 ed 2784 of K.A. Blauer and Holmes, G.J. 2023. Evaluation
Switch 62.5 WG (14 02) ACE of fungicides for Botrytis fruit rot management
Liberate (8 fl 0z) BD 2.8 344 e-h 3133 de on strawberry, earIy season 2022.
Captan 80 WG (3 Ib) A
SA-0650004 SC (28 fl 0z) BD
Switch 62.5 WG (14 0z) C
Merivon SC (11 fl 0z) E 0.7 346 eh 287.0 ef
™= UC-2SC (10 fl 0z) ABCDE 0.9 39.0 dg 3157 de
UC-2 SC (8 fl 0z) ABCDE 52 451 of 3316 de
Captan 80 WG (3 Ib) A
Merivon SC (11 fl oz) BE
Switch 62.5 WG (14 0z) C
Pristine WG (23 oz) D 1.9 464 cde 3448 de
SA-0650004 SC (28 fl 0z) AC
Captan 80 WG (3 Ib) BD
Switch 62.5 WG (14 0z) E 4.9 539 cd 382.1 «cd
~ UC3SC(9.1floz) ABCDE 3.9 56.5 be 3859 bed
Protocol SC (1.33 pt) ABCDE
Liberate (3 pt) ABCDE 0.5 60.9 be 387.8 bed
IEIn  SA-0650004 SC (28 fl 0z) ABCDE 3.7 72.6 ab 4518 abc
S2Z8] Berezi WP (5 Ib) ABCDE 25 792 a 4676 ab
Berezi WP (3 1b) ABCDE 1.9 829 a 503.1 a

LSD 39 17.9 84.2
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Phylﬂ- Fungicide Resis. risk/  Powderyl| Gray nthrac- Common Rhizopus/ Phytophthora Angular
Resistance risk Powdery | Gray Anthrac- Common Rhizopus/ phthora Angular trade Active ingredient FRAC code!  mildew?l mold nose leaf spot  Mucor rot diseases® leaf spot
. il . . Actinovate Streptomyces lydicus low/BM 02 2 0 NL NL NL 0 1
Fungicide (FRAC) mildew | mold nose leaf spot  Mucor rot  diseases  leaf spot WYEC 108
Bumper, Tilt high (3) 5 NL (0) NL (3) 4 NL (0) NL NL ilf_o, elc_-" iaﬂ“; Oil i :Ow{Eﬁ g; NzD NUD NOD \]l?;j P?L NOD VlL
Luna Privilege (foliar)/ high (7) 513 52 NL ND ND ND NL v, e anBsos e o ‘ ‘
Velum One (soil)!” Botector Aureobasidium low/BM 02 NL 0 ND NL 1 NL NL
Luna Sensation medium (7/11) 5 4 3k ND 2 NL NL ‘g;ﬁ!]?;?SM 14990:
Luna Tranquility* medium (7/9) 5 4 NL ND 1 NL NL gmnemle ] gnnamon oil lu]w»-‘%l\hf}[ 101 NOD g I\{I)L NDL I\{I)L I\{l) L ?iL
- - - - = = opper, etc. opper low.
Miravis Prime medium (7/12) 5 4 3 NL 3 NL NL DoEPble Bafﬁhm amylo- low/BM 02 2 0 0 NL NL 0
Mct[lc, Perissim hlgh {3} 5 NL NL ND NL NL NL Nickel liquefaciens 13_?47
Procure high (3) 5 NL NL(2)  NL(0) NL NL NL R T low/NC 3 2 NE NE NL N NE
Quadris Top® medium (3/11) 5 NL (3)* 4R 0 NL NL NL Howler Pseudomonas low/BM 02 NL 0 ND ND NL ND 0
. : . r chlororaphis AFS009
Qu}ll Xcel, Avaris 2X8 n?edlum (3/11) 5 3 4 NL 2 NL NL Kaligreen, potassin o s 3 ND ND NL NI NI NL
Quintec high (13) 5 NL (0) NL (0) NL (0) NL (0) NL NL MilStop, etc.  bicarbonate
Ral]y hlgh (3) 3 NL [0} NL (3] 4 NL NL NL M-Pede, ete. 1}3‘311‘:'5::'1]1‘1;: salts of medium/28 2 NL NL NL NL NL NL
Rhyme high (3) 5 0 NL NL NL NL NL Oso, etc. Polyoxin D zinc salt  medium/19 4 3 3 NL NL NL NL
Tﬂl"illO hlgh (Uﬁ] 5 NL NL NL NL NL NL I(:J}xide?te, N Hydrug'e-n r}:tén.{x:'ide; low/NC ND 0 NL NL NL NL 2
Protocol medium (1/3) 4 4R 3 NL NL NL NL Procidic, ete.  citric acid low/NC ND 0 NL NL NL 0 NL
Abound? medium (11) 4 s 4% NL NL(2) NL NL Rango cold pressed neem oil ___low/NC ND 2 ND 2 NL & NL
Cabrio? medium (11) 4 A 4R 0 NL (2) NL NL e s;g;;j,f;;*;’s,s extract o
Gatten* high? (U13) 4 NL NL NL NL NL NL Serenade Bacillus subtilis low/BM 02 3 2 0 NL (0) NL (0) NL (0) NL
Evito*? medium (11) 4 2% 3 NL NL NL NL gl:?:;l: © gj;f.‘?uls}pumﬁfs low/BM 02 3 2 0 NL NL NL NL
Fontelis high (7) - e ND NL NL NL NL QST 2808
Reers high (7) 4 5 ND ND NL {2) NL NL Stargus Bacillus amylo- low/BM 02 NL 0 ND NL NL NL NL
enja ugni /) R I 1 liguefaciens F727
Merivon®* medum (7/11) 5 3 ND 0 NL (4) NL NL Serifel f_ﬂfﬂ}m_ﬂmﬁ;}l 600 low/BM 02 2 0 0 ND NL 0 2
) . iquefaciens
Ph-D,D?a medium (19) 4 3 3 NL NL NL NL Taegro Bacillus amylo- low/BM 02 2 0 0 NL NL ND NL (2)
Pristine®* medium (7/11) 4 st ND 0 NL NL NL L, liguefaciens FZB24
Su lfllf low (M2} 4 NL NL NL NL NL NL Theia iz;c;g;l;;‘;fnfu low/BM 02 2 0 0 NL NL 0 NL
Topsin-M, T-Methyl, very high (1) 4 4R 0 NL (3) NL NL NL Timorex Act__tea tree oil low/BM 01 3 0 ND NL 0 ND ND
Incngnitnz Rating: ) 5= e)_(cellenl fmd con_sislent, 4 = good and reliable, 3 = moderate and variable, 2 = limited and/or erratic, | = minimal and often
Flint Extra hlgh {1 1 ) 4 R L NL NL NL NL jneffe.(:llw—:, 0=‘ II'IE-lTBCT.]\"-E. Nlj =not on label, ND = no data.
Intll]l.l}’z medium (l ]} 2 3R NL NL [0) NL NL NL :* ng.f:;ilsttl::eﬂﬂlj:l:zlg\;?t:::::;“::innctive in California.
Cap[an very IDW {M‘“ NL (” 4 NL (4} 0 NL {2) NL NL ! Group numbers ‘;,1re assigned by the Fungicide Resistance Action Committee {(FRAC) according to different modes of actions (for
Elevate$ high (17) NL() | s NL() NL(©O)  NL NL NL more information, see g /hwww oo o), tee (FRAS) . 1 toms
gt ads T sy FF ? Efficacy rating determined with fungicide susceptible populations of pathogen.
Alette ', Legion low (P07.33) NL NL NL NL NL 4 NL  Bffe =Y ” gr e lgl P Ph1h popula X pathog
Captevate: medium (Md"”?) NL 4 4 NL NL NL NSL 4 Generigprudl.ﬁ:ls may nlﬁpbe all listed and 'ilcg' indicates that ol-her products may be available that have the same active ingredient.
Coppcl— low (M 1 } 0 0 0 0 0 0 4 * More than 4 applications cause severe stunting
Fungi-Phite, K-Phite, low (P07.33) NL NL NL NL NL 4 NL (2)
Prophyt . . - - :
Ridomil Gold SL24 high (4) NL NL NL NL NL 4 NL Table C|'ted from: FunglFldes, Bacte.r|C|des, Biocontrol, and Natural Pr.oduct
Rovral, Iprodione, Nevado  low (2) NL (0) 4 0 0 NL NL NL for Deciduous Tree Fruit and Nut Citrus, Strawberry, and Vine Crops in
Scala high (9) 2 3 NL NL NL NL NL California 2022. http://ipm.ucanr.edu/PDF/PMG/fungicideefficacytiming.pdf
Switch’ high (9/12) 2 e 4 NL NL (4) NL NL
Thiram low (M3) NL (0) 2 3 0 NL NL NL
Zivion § low (48) ND 3 4 NL 3 NL NL
Actigard low (P1) NL NL NL NL NL NL 3
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Fenhexamid (17)
Fludioxonil (12)
Pyraclostrobin (11)
Cyprodinil (9)
Penthiopyrad (7)
Isofetamid (7)
Fluopyram (7)
Boscalid (7)

Iprodione (2)

Active ingredient (FRAC code)

:

Thiophanate-methyl (1)
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3 important factors

* Environment: Timing

* Pathogen:
* Fungicide efficacy
* Fungicide resistance

Amount

* Host: susceptibility Of

Disease

Host
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Fu ngiide' eficcy under
greenhouse conditions
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Inoculum/spreader plant on day
Plot of disease-free plants on day of transfer into greenhouse of transfer
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Powdery mildew (%)

on 5 Aug AUDPC
Application
Treatment (amount/A) sequence Incidence Severity
Non-treated 29512 a 619.7 a
Biologicals , Serenade ASO SC (4 QT) ABCDE
Liberate (19.2 ]l 07) ABCDE 1506.5 bec 1863 bed
— Breezi WP (3 1b) ABCDE 15858 be 2175 b
— Breezi WP (3 1b) ABCDE 12584 bec 1553 b-e
Cevya SC (5 1l 07) ABCDE 13242 be 1413 b-e
— Microthiol Disperss WP (5 1b) ABCDE 13133 bec 1372 b-e
Rhyme SC (7 ]l 0z) (Drench) ACE 16326 b 2119 be
UC-2 SC (101l 07) ABCDE 881.6 b-ft 729 b-e
UC-3 SC (6.8 fl 07) ABCDE 9159 b-e 925 b-e
Prolivo SC (5 fl 07) ABCDE 8513 c-f 975 b-e
Miravis Prime SC (13.4 ]l 0z) ABCDE
Induce (16 fl 0z) ABCDE 1.5 de 431.5 def 57.8 cde
— ProBlad Verde SC (40 {l 0z) ACE
Luna Sensation SC (7.6 fl 0z) BD 1.3 de 4379 def 36.1 de
Luna Sensation SC (7.6 fl 0z) ABCDE 00 e 1884 ef 145 e
& A Blaver. B. R. Serpa, and 0 Rhyme SC (7 fl 0z) ABCDE 0.0 e 1124 f 74 e
. g1c1aes 10or
strawberry powdery mildew LSD 21.2 .9 775.1 155.5
. Pl 2 Application Timings: A=1 Jul, B=8 Jul Apr, C=15 Jul, D=23 Jul, E=26 Jul.
Disease Management Reports " This disease assessment was made 6 days after final application.
* Treatments that do not share a letter are significantly different according to Fisher’s LSD mean separation test
CALPoOLY (0=0.05) calculated using ARM version 2022.3 (Gylling Data Management, Brookings, SD).
Strawberry Center " Area Under the Disease Progress Curve was calculated for disease incidence at 7 weekly ratings using ARM

version 2022 3.
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Luna Sensation

1 Balico, CA 89.0 443 11.0 33.0 0.0 11.0 0.0
2 Oxnard, CA 100.0 78.0 67.0 44.7 0.0 44.3 11.0
3 Oxnard, CA 89.0 67.7 55.7 89.0 11.0 78.0 0.0
4 Ventura, CA 77.7 0.0 0.0 0.0 0.0 0.0 0.0
5 Oxnard, CA 100 .0 100.0 || 66.7 78.0 443 55.7 11.0
6 San Luis Obispo, CA |100.0 44.3 223 77.7 22.0 0.0 0.0
7 San Luis Obispo, CA |100.0 33.3 0.0 0.0 11.0 0.0 0.0
8 Santa Maria, CA 100.0 66.7 || 100.0 66.7 0.0 44.3 0.0
9 Santa Maria, CA 89.0 44.3 55.7 77.7 | 89.0 0.0 11.0
10 Santa Maria, CA 89.0 44.3 11.0 22.3 | 11.0 22.3 0.0
11 Santa Maria, CA 77.7 33.0 33.3 66.7 || 33.3 55.7 11.0
12 Santa Maria, CA 100.0 100.0 | 100.0 67.0 | 67.0 0.0 11.0
13 Santa Maria, CA 89.0 66.7 | 66.7 55.7 333 0.0 0.0
14 Santa Maria, CA 100.0 44 .3 78.0 33.3 11.0 0.0 11.0
15 Santa Maria, CA 100.0 89.0 33.3 33.3 22.0 55.3 0.0
16 Watsonville, CA 100.0 22.0 11.0 0.0 11.0 0.0 0.0
17 Salinas, CA 89.0 55.7 43.3 0.0 11.0 0.0 0.0
18 Salinas, CA 89.0 433 33.3 11.0 0.0 0.0 0.0
19 Salinas, CA 100.0 0.0 0.0 0.0 0.0 0.0 0.0
Total number resistant (>66%) 7 6 7 2 1 0
37% 31% 37% 11% 5% 0%
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Host resistance
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Winter green house trial 2022

Cultivar
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Summer greenhouse trial 2021

abcd |

abcd

Foliar disease severity (%)
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Conclusions — Host Resistance

* Range of host resistance
* No cultivars showed full resistance
* Consider host resistance when selecting cultivars
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Box Rot, 2020 Incidence at 6 months

a a a
100.0 g7 ¢ 100.0

100
90
80
70
60
50
40
30
20
10

W Cal Poly
B UCR

Disease incidence (%)

C C C C C C
0.0 0.0 0.0 0.0 0.0 0.0

Washed, Zivion 250 Non-washed, Ph-D6.20z+ Meteor2pt Ph-D6.20z Switch 8 oz Scholar Scholar 10 fl oz
inoc ppm non-inoc Zivion 250 16 fl oz + Zivion 250

ppm ai ppm
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Zivion, 250 ppm Switch, 8 0z/100 gal
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Macrophomina root rot
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Summary of host resistance screening

* Macrophomina crown rot, Verticillium wilt, anthracnose & powdery
mildew

* 6 years
* 437 entries
* 293 genotypes

elite br

. cultivars
* 8 breeding programs 659
e Results available at:
 calstrawberry.org
e strawberry.calpoly.edu
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Variety Type Macrophomina Verticillium Fusarium Phytophthora

CALIFORNIA UCD Warrior

ST RAWB"ERRY“ Grenada

COMMISSION UCD Mojo

17C242P023
Fronteras
UCD Victor
Diamante

https://www.calstrawberry.com Petaluma

UCD Valiant

Palomar

Selva

UCD Royal Royce

Portola

San Andreas

UCD Maoxie

Camino Real

Ventana

Cabrillo

Merced

UCD Finn

Albion

Gaviota

Mojave

Monterey

CALPoLY Benicia

Strawberry Center Camarosa
Seascape
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Products evaluated ot T M, e
nave o o €O pa\
* Ennoble  MycoUp \'e({\c»l\(\;a’ted ot
* Rhyme * TrichoSym Bio o
e TerraStart, TerraClean, WaterMaxx, Pvent, ¢ Terramera biological
TerraGrow, SaniDate, Guarda . SP2700
) VeIu.m * Bio-Tam
* Merivon . Zivion
* Pristine e Serenade
* Boost Biomes A, B, C + Regalia
* Guarda e TerraThrive Pro
* Howler e Sanidate
e All Phase

. * RootShield Plus
* TerraThrive . BW159
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\, Happy New Year!
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