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Fusarium wilt

Verticillium wilt

Macrophomina crown rot
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Management

Avoid introduction

Soil on equipment

Clean plants






Transmission of Fusarium to daughter plants
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Transmission of Fusarium to daughter plants

Tag stolons and
daughter plants




Transmission of Fusarium to daughter plants

Test for infection
by the pathogen
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No transmission in resistant cultivars

Cultivar Crown Petiole Runner Daughter
Albion + + + +

San Andreas +

Fronteras +

Petaluma + + + +
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Verticillium wilt in high elevation nurseries

Mother plants may show
show symptoms only
late in the season

Overgrown by
daughter plants







Infected daughter plants

Show no symptoms

Disease may develop
in fruit production field




Management

Avoid introduction
Reduce inoculum levels in soil
Pre-plant fumigation

Flat fumigation to treat the entire field



Mortality is not evenly
distributed across beds

Incomplete treatment
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Sheet1

		Soil Pouch Assay, from fumigation trial

		Ventura County- Oleg

		Soil pouches inoculated with Fusarium

		All rec'd Pic60 through drip line; however, pouches were dug up too soon, fumigant should have had more time

		Four reps

		Sample locations:

		C= center of bed				D= under the drip line						S= shoulder of bed

														Calculation:				(# total cols/# plates)				*(1 plate/2.35mg soil)				*(1000mg/1g) = #cols per gram soil

		Sample		Code		Avg # cols per gram

		Label				soil

		Rep 1 F-C 6''		A1		24851.2				* Assayed at 1/4 normal conc; actual= avg 6212.8 cols per gram. Will multiply by 4 to keep units consistent for graph

		Rep 1 F-C 12''		A2		60255.2				* Assayed at 1/4 normal conc; actual= avg 15063.8 cols per gram. Will multiply by 4 to keep units consistent for graph

		Rep 1 F-D 6''		A3		0

		Rep 1 F-D 12''		A4		0

		Rep 1 F-S 6''		A5		103148.8				* Assayed at 1/4 normal conc; actual= avg 25787.2 cols per gram. Will multiply by 4 to keep units consistent for graph

		Rep 1 F-S 12''		A6		795234.4				* Assayed at 1/8 normal conc; actual= avg 99404.3 cols per gram. Will multiply by 8 to keep units consistent for graph

		Rep 2 F-C 6''		B1		0

		Rep 2 F-C 12''		B2		0

		Rep 2 F-D 6''		B3		0

		Rep 2 F-D 12''		B4		0

		Rep 2 F-S 6''		B5		0

		Rep 2 F-S 12''		B6		42.6

		Rep 3 F-C 6''		C1		0

		Rep 3 F-C 12''		C2		148.9

		Rep 3 F-D 6''		C3		0

		Rep 3 F-D 12''		C4		0

		Rep 3 F-S 6''		C5		127.7

		Rep 3 F-S 12''		C6		2744.7

		Rep 4 F-C 6''		D1		0

		Rep 4 F-C 12''		D2		5085.1

		Rep 4 F-D 6''		D3		0

		Rep 4 F-D 12''		D4		0

		Rep 4 F-S 6''		D5		0

		Rep 4 F-S 12''		D6		2063.8

				** Soil samples assayed using different amts of soil. See page 43 of Lab notebook #3
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										Center				Shoulder				Under drip tape

		Rep 1 F-C 6''		A1		24851.2				6"		12"		6"		12"		6"		12"				6"				12"				6"				12"

		Rep 1 F-C 12''		A2		60255.2				24851.2		60255.2		103148.8		795234.4		0		0

		Rep 1 F-D 6''		A3		0				0		0		0		42.6		0		0				Mean		6212.8		Mean		16372.3		Mean		25819.125		Mean		200021.375

		Rep 1 F-D 12''		A4		0				0		148.9		127.7		2744.7		0		0				Standard Error		4812.4141866635		Standard Error		11367.4111192918		Standard Error		19966.4498417564		Standard Error		153683.984783563

		Rep 1 F-S 6''		A5		103148.8				0		5085.1		0		2063.8		0		0				Median		0		Median		5085.1		Median		127.7		Median		2744.7

		Rep 1 F-S 12''		A6		795234.4				6212.8		16372.3		25819.125		200021.375		0		0				Mode		0		Mode				Mode		0		Mode

		Rep 2 F-C 6''		B1		0																		Standard Deviation		10760.8852572639		Standard Deviation		25418.3039909235		Standard Deviation		44646.3391155073		Standard Deviation		343647.83702909

		Rep 2 F-C 12''		B2		0																		Sample Variance		115796651.52		Sample Variance		646090177.775		Sample Variance		1993295596.41688		Sample Variance		118093835894.772

		Rep 2 F-D 6''		B3		0																		Kurtosis		3.6666666667		Kurtosis		3.5758571177		Kurtosis		3.6666484715		Kurtosis		3.6665553414

		Rep 2 F-D 12''		B4		0						6"		12"										Skewness		1.9245008973		Skewness		1.8878826902		Skewness		1.9244930272		Skewness		1.9244525941

		Rep 2 F-S 6''		B5		0				Center		6212.8		16372.3										Range		24851.2		Range		60255.2		Range		103148.8		Range		795191.8

		Rep 2 F-S 12''		B6		42.6				Shoulder		25819.125		200021.375										Minimum		0		Minimum		0		Minimum		0		Minimum		42.6

		Rep 3 F-C 6''		C1		0				Under tape		0		0										Maximum		24851.2		Maximum		60255.2		Maximum		103148.8		Maximum		795234.4

		Rep 3 F-C 12''		C2		148.9																		Sum		31064		Sum		81861.5		Sum		129095.625		Sum		1000106.875

		Rep 3 F-D 6''		C3		0																		Count		5		Count		5		Count		5		Count		5

		Rep 3 F-D 12''		C4		0

		Rep 3 F-S 6''		C5		127.7

		Rep 3 F-S 12''		C6		2744.7

		Rep 4 F-C 6''		D1		0

		Rep 4 F-C 12''		D2		5085.1																						4812.4141866635		2406.2070933317

		Rep 4 F-D 6''		D3		0																						11367.4111192918		5683.7055596459

		Rep 4 F-D 12''		D4		0																						19966.4498417564		9983.2249208782

		Rep 4 F-S 6''		D5		0																						153683.984783563		76841.9923917814

		Rep 4 F-S 12''		D6		2063.8
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Anaerobic soil disinfestation

Effect on survival of Fusarium oxysporum
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Anaerobic soil disinfestation

Effect on survival of Fusarium oxysporum

Rice hulls at 9 tons per acre

Cool conditions
Day/night = 77/64°F

Mustard seed meal

None 3 tons/acre

+ 310% - 74%
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Crop rotation

Inoculum levels decline when other crops are grown

Rotation crops do not support pathogen development



Colonization of rotation crops




Colonization of rotation crops

Broccoli
Lettuce
Spinach
Cilantro
Wheat
Raspberry



Percentage of root tips infected

Root tip




Colonization of root tips (%)
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Colony forming units per gram
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Fusarium wilt

Fusarium oxysporum

Effect of blackberry
pathogen on strawberry

Albion
Monterey
San Andreas
Portola
Petaluma

Blackberry



Susceptibility of strawberry to blackberry pathogen
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Susceptibility of strawberry to blackberry pathogen
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Susceptibility of strawberry to blackberry pathogen

1 -5 scale
Cultivar F. o. mori
Albion 3.0

Monterey 2.1 5.0
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Susceptibility of strawberry to blackberry pathogen

1-5scale
Cultivar F. o. mori  F. o. fragariae
Albion 3.0 5.0
Monterey 2.1 5.0
San Andreas 1.0 1.0
Portola 1.0 1.0

Petaluma 1.0 5.0



Management

Disease resistance



The Population of Fusarium oxysporum f. sp. fragariae, Cause of Fusarium Wilt

of Strawberry, in California

P. M. Henry, S. C. Kirkpatrick, C. M. Islas, A. M. Pastrana, and J. A. Yoshisato, Department of Plant Pathology, University of California,
Davis 95616; S. T. Koike, University of California Cooperative Extension, Salinas 93901; Q. Daugovish, University of California Cooperative
Extension, Ventura 93003; and T. R. Gordon, Department of Plant Pathology, University of California, Davis

Abstract

The objectives of this study were to investigate the structure of the pop
ulation of Fusarium oxysporum f. sp. fragariae in California and to eval
uate methods for its detection. Fifty-nine isolates of F. oxysporum f. sp.
fragariae were obtained from diseased strawberry plants and their iden
tity was confirmed by pathogenicity testing. The full nuclear ribosomal
intergenic spacer (IGS) and elongation factor 1-a gene (EF-1a) were am
plified by polymerase chain reaction (PCR) and sequenced to elucidate
phylogenetic relationships among isolates. IGS and EF-la sequences
revealed three main lineages, which corresponded to three somatic
compatibility groups. Primers designed to detect F. oxysporum f. sp.

fragariae in Japan amplified a 239-bp product from 55 of 59 California

isolates of F. oxysporum f. sp. fragariae and from no nonpathogenic iso
lates of F. oxysporum. The sequence of this PCR product was identical
to the sequence obtained from F. oxysporum f. sp. fragariae isolates
in Japan. Intensive sampling at two locations in California showed
results of tests based on PCR and somatic compatibility to be in agree
ment for 97% (257 of 264) of isolates tested. Our findings revealed con
siderable diversity in the California population of F. oxysporum f. sp.

fragariae, and indications that horizontal gene transfer may have

occurred.

Three strains of Fusarium oxysporumf. sp. fragariae




GL 1080
GL1059 |
GL 1315

Genome
sequenced

GLO878

GL1080
- sca1 F, 0. fragariae
GL1162
24 Il GL1385
MAFF727510
91
GL1704 Non-pathogenic
GL1059 Iscc.z
GL1702
- F. 0. fragariae
2 GL1270 f 9
SCG2
GL1381
GL1703 Non-pathogenic
L GL1268
79 .
10 Lr scaa F. 0. fragariae
5 GL1315
MAFF712071
L MAFF744009

—— 0.005 substitutions/site

FvNRRL22172



Multiple introductions
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Do F. o. fragariae strains differ in virulence?

Genotype * strain test

Albion

Benicia GL 1315
Fronteras GL 1381

SELRNA e [CER AMP 132

5.165



Disease severity

Genotype * strain test

m 1315

m 1381
m AMP132

Fronteras

San Andreas Albion Benicia 5.165

Strains differ in virulence



Disease severity

Genotype * strain test

GL1381 GL1315

Strains differ in virulence

AMP132




Genotype * strain test

m 1315

m 1381
m AMP132

Resistant to
all strains

Disease severity
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Strains differ in virulence
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Disease severity

0
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Susceptibility to Fusarium wilt

San Andreas

Portola Highly resistant
Fronteras

Ventana Resistant
Monterey Susceptible

Albion



Disease severity
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Pathogen can colonize resistant crops
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Colony forming units per gram
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Colony forming units per gram
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Resistance may be overcome

Risk is proportional to pathogen
growth and reproduction

Every cell is a reproductive unit

Suppression of pathogen
populations still important



Management of soilborne pathogens

Reduce inoculum levels

Avoid introductions

Disease resistance
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