
• Ventura county

Ventura County update on soil disinfestation trials



What’s in our soils
Documented fields during last 8 years with:
Fusarium oxysporum:  16
Macrophomina phaseolina:  11
Verticillium dahliae:   5
Phytophthora fragariae  3
Undocumented:  30%? 60%? 100%?

• ‘Minor’ pathogens: 
cause 10-50% reduction in yield when soil is 
untreated
• Yellow nutsedge: 25-30% of fields

In both: winter and summer strawberries



Summer-planted
Portola, 
200lbs/A Pic



‘Fronteras’ is resistant to F.oxysporum ?!



CONVENTIONAL
 PRODUC TION

FUMIGATION COSTS:
Flat fumigation = $3,000-3,700/Acre
Drip (bed) fumigation = $ 1,200-1,800/Acre (>70% of all fumigated acres)



Adding lines for drip fumigation



2014 Oxnard trial 
with Tri-Clor EC
Full rate: 
224 lbs/ac

− CT value is accumulated (fumigant concentration * fumigation time)
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2015 Oxnard trial 
with Tri-Clor EC:
full rate: 200 lbs/ac
half rate: 100 lbs/ac

2L/full/TIF

Bed width (cm)

-40 -20 0 20 40

So
il 

de
pt

h 
(c

m
)

0

5

10

15

20

25

30

35

40

100 
150 
200 
250 
300 
350 

2L/full/PE

Bed width (cm)

-40 -20 0 20 40

So
il 

de
pt

h 
(c

m
)

0

5

10

15

20

25

30

35

40

100
150 
200 
250
300
350 

12”



FUSARIUM survivorship
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FUSARIUM survivorship



Fusarium in sand inoculum 
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		Sample		CFUs/gram				rep		trt		loc		depth		CFUs/gram

		1 C-6		0				1		2		1		6		0

		1 C-12		76666.6666666667				1		2		1		12		76666.6666666667

		1 S-6		296.2962962963				1		2		2		6		296.2962962963

		1 S-12		0				1		2		2		12		0

		2 C-6		2222.2222222222				1		3		1		6		2222.2222222222						1666.6666666667

		2 C-12		182666.666666667				1		3		1		12		182666.666666667														0-6"		6-12"		avg		p=0.05								0-6"		6-12"

		2 S-6		0				1		3		2		6		0										1		TIF Non-fumigated		69296		308166		188731		a				1		TIF Non-fumigated		69259		340166

		2 S-12		0				1		3		2		12		0										2		PE Full 2 Lines		11851		131000		71425.5		b				2		PE Full 2 Lines		17148		55833

																										3		TIF Full 2 Lines		1666		30583		16124.5		b				3		TIF Full 2 Lines		2703		15333

		3 C-6		148.1481481481				1		7		1		6		148.1481481481										4		TIF 1/2 rate 4 Lines (2 shallow+2 deep)		12111		112250		62180.5		b				4		TIF 1/2 rate 4 Lines (2 shallow+2 deep)		23703		141000

		3 C-12		105333.333333333				1		7		1		12		105333.333333333										5		TIF Full 4 Lines (shallow)		370		61666		31018		b				5		TIF Full 4 Lines (shallow)		333		3833

		3 S-6		0				1		7		2		6		0										6		TIF 1/2 rate 4 Lines (shallow)		740		219500		110120		b				6		TIF 1/2 rate 4 Lines (shallow)		1481		333333

		3 S-12		0				1		7		2		12		0										7		TIF Full 4 lines (2 shallow +2 deep)		14111		35833		24972		b				7		TIF Full 4 lines (2 shallow +2 deep)		25666		31166

		4 C-6		0				1		4		1		6		0

		4 C-12		0				1		4		1		12		0

		4 S-6		0				1		4		2		6		0

		4 S-12		89333.3333333333				1		4		2		12		89333.3333333333

		5 C-6		0				1		6		1		6		0

		5 C-12		666.6666666667				1		6		1		12		666.6666666667

		5 S-6		0				1		6		2		6		0

		5 S-12		46000				1		6		2		12		46000

		6 C-6		65185.1851851852				1		1		1		6		65185.1851851852

		6 C-12		183333.333333333				1		1		1		12		183333.333333333

		6 S-6		88592.5925925926				1		1		2		6		88592.5925925926

		6 S-12		380666.666666667				1		1		2		12		380666.666666667

		7 C-6		0				1		5		1		6		0

		7 C-12		1333.3333333333				1		5		1		12		1333.3333333333

		7 S-6		0				1		5		2		6		0

		7 S-12						1		5		2		12

		8 C-6		0				2		3		1		6		0

		8 C-12		0				2		3		1		12		0

		8 S-6		296.2962962963				2		3		2		6		296.2962962963

		8 S-12		666.6666666667				2		3		2		12		666.6666666667

		9 C-6		25925.9259259259				2		2		1		6		25925.9259259259

		9 C-12		748000				2		2		1		12		748000

		9 S-6		0				2		2		2		6		0

		9 S-12		0				2		2		2		12		0

		10 C-6		148.1481481481				2		5		1		6		148.1481481481

		10 C-12		181333.333333333				2		5		1		12		181333.333333333

		10 S-6		1481.4814814815				2		5		2		6		1481.4814814815

		10 S-12		295333.333333333				2		5		2		12		295333.333333333

		11 C-6		10074.0740740741				2		7		1		6		10074.0740740741

		11 C-12		56666.6666666667				2		7		1		12		56666.6666666667

		11 S-6		0				2		7		2		6		0

		11 S-12		0				2		7		2		12		0

		12 C-6		0				2		6		1		6		0																												0-6"		6-12"

		12 C-12		238000				2		6		1		12		238000																										TIF Full 2 Lines		2703		15333

		12 S-6		0				2		6		2		6		0																										TIF Full 4 Lines (shallow)		333		3833

		12 S-12		138000				2		6		2		12		138000

		13 C-6		2074.0740740741				2		4		1		6		2074.0740740741

		13 C-12		244666.666666667				2		4		1		12		244666.666666667

		13 S-6		0				2		4		2		6		0

		13 S-12		0				2		4		2		12		0

		14 C-6		86222.2222222222				2		1		1		6		86222.2222222222

		14 C-12		214000				2		1		1		12		214000

		14 S-6		37333.3333333333				2		1		2		6		37333.3333333333

		14 S-12		326666.666666667				2		1		2		12		326666.666666667

		15 C-6		40296.2962962963				3		2		1		6		40296.2962962963

		15 C-12		204666.666666667				3		2		1		12		204666.666666667

		15 S-6		0				3		2		2		6		0

		15 S-12		0				3		2		2		12		0

		16 C-6		67259.2592592593				3		1		1		6		67259.2592592593

		16 C-12		336000				3		1		1		12		336000

		16 S-6		40888.8888888889				3		1		2		6		40888.8888888889

		16 S-12		157333.333333333				3		1		2		12		157333.333333333

		17 C-6		0				3		3		1		6		0

		17 C-12		0				3		3		1		12		0

		17 S-6		0				3		3		2		6		0

		17 S-12		0				3		3		2		12		0

		18 C-6		0				3		5		1		6		0

		18 C-12		2000				3		5		1		12		2000

		18 S-6		148.1481481481				3		5		2		6		148.1481481481

		18 S-12		4000				3		5		2		12		4000

		19 C-6		81925.9259259259				3		7		1		6		81925.9259259259

		19 C-12		98000				3		7		1		12		98000

		19 S-6		20740.7407407407				3		7		2		6		20740.7407407407

		19 S-12		26666.6666666667				3		7		2		12		26666.6666666667

		20 C-6		1777.7777777778				3		6		1		6		1777.7777777778

		20 C-12		276666.666666667				3		6		1		12		276666.666666667

		20 S-6		0				3		6		2		6		0

		20 S-12		246000				3		6		2		12		246000

		21 C-6		31407.4074074074				3		4		1		6		31407.4074074074

		21 C-12		213333.333333333				3		4		1		12		213333.333333333

		21 S-6		0				3		4		2		6		0

		21 S-12		169333.333333333				3		4		2		12		169333.333333333

		22 C-6		63407.4074074074				4		4		1		6		63407.4074074074

		22 C-12		181333.333333333				4		4		1		12		181333.333333333

		22 S-6		0				4		4		2		6		0

		22 S-12		0				4		4		2		12		0

		23 C-6		0				4		6		1		6		0

		23 C-12		0				4		6		1		12		0

		23 S-6		4148.1481481481				4		6		2		6		4148.1481481481

		23 S-12		810666.666666667				4		6		2		12		810666.666666667

		24 C-6		10814.8148148148				4		3		1		6		10814.8148148148

		24 C-12		61333.3333333333				4		3		1		12		61333.3333333333

		24 S-6		0				4		3		2		6		0

		24 S-12		0				4		3		2		12		0

		25 S-6		0				4		7		1		6		0

		25 S-6		0				4		7		1		12		0

		25 S-12		0				4		7		2		6		0

		25 S-12		0				4		7		2		12		0

		26 C-6		91851.8518518518				4		1		1		6		91851.8518518518

		26 C-12		250666.666666667				4		1		1		12		250666.666666667

		26 S-6		77037.037037037				4		1		2		6		77037.037037037

		26 S-12		616666.666666667				4		1		2		12		616666.666666667

		27 C-6		0				4		5		1		6		0

		27 C-12		0				4		5		1		12		0

		27 S-6		1185.1851851852				4		5		2		6		1185.1851851852

		27 S-12		9333.3333333333				4		5		2		12		9333.3333333333

		28 C-6		28296.2962962963				4		2		1		6		28296.2962962963

		28 C-12		18666.6666666667				4		2		1		12		18666.6666666667

		28 S-6		0				4		2		2		6		0

		28 S-12		0				4		2		2		12		0
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Sheet1

														Nov 3 (6 WAP)

																																Mortality through the season 1975 per 20 plants														mortality  of 1975 , dead out of 40 plants								Nov 3 (6 WAP)

				plot#1						plot#2						plot#3						plot#4																								plot		dead #

		1																																5-Apr		19-May		9-Jun								1		11

		2																												1		TIF Non-fumigated		4		19.6		19.8								2		5

		3																												2		PE Full 2 Lines		2.5		12		18.2								3		17

		4																												3		TIF Full 2 Lines		2.8		12.5		17								4		9

		5																												4		TIF 1/2 rate 4 Lines (2 shallow+2 deep)		1.2		12		18								5		5

		6																												5		TIF Full 4 Lines (shallow)		2		12		16								6		4

		7																												6		TIF 1/2 rate 4 Lines (shallow)		1.37		12		18								7		4

		8																												7		TIF Full 4 lines (2 shallow +2 deep)		2.5		15		18								8		0

		9																																												9		7

		10																																												10		9

		11																																												11		9

		12																																												12		9

		13																																												13		5

		14																																												14		5

		15																																												15		9

		16																																												16		14

		17																																												17		4

		18																																												18		8

		19																																												19		3

		20																																												20		2

																																														21		3

				plot#5						plot#6						plot#7						plot#8																								22		0

		1																																												23		0

		2																																												24		2

		3																																												25		4

		4																														Mortality through the season San Andreas per 20 plants														26		5

		5																																5-Apr		19-May		9-Jun								27		1

		6																												1		TIF Non-fumigated		0		1.75		1.75								28		5

		7																												2		PE Full 2 Lines		0		2		2.25

		8																												3		TIF Full 2 Lines		0		1.75		2.25

		9																												4		TIF 1/2 rate 4 Lines (2 shallow+2 deep)		0		2		3.25								plot		weed #/50ft of bed inplantig holes

		10																												5		TIF Full 4 Lines (shallow)		0		0.25		1.5								1		1

		11																												6		TIF 1/2 rate 4 Lines (shallow)		0		1.25		1.25								2		0

		12																												7		TIF Full 4 lines (2 shallow +2 deep)		0		1.75		2.25								3		0

		13																																												4		1

		14																																												5		0

		15																																												6		1

		16																																												7		0
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Sheet1

														Nov 3 (6 WAP)

																																Mortality through the season 1975 per 20 plants														mortality  of 1975 , dead out of 40 plants								Nov 3 (6 WAP)

				plot#1						plot#2						plot#3						plot#4																								plot		dead #

		1																																5-Apr		19-May		9-Jun								1		11

		2																												1		TIF Non-fumigated		4		19.6		19.8								2		5

		3																												2		PE Full 2 Lines		2.5		12		18.2								3		17

		4																												3		TIF Full 2 Lines		2.8		12.5		17								4		9

		5																												4		TIF 1/2 rate 4 Lines (2 shallow+2 deep)		1.2		12		18								5		5

		6																												5		TIF Full 4 Lines (shallow)		2		12		16								6		4

		7																												6		TIF 1/2 rate 4 Lines (shallow)		1.37		12		18								7		4

		8																												7		TIF Full 4 lines (2 shallow +2 deep)		2.5		15		18								8		0
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				plot#5						plot#6						plot#7						plot#8																								22		0

		1																																												23		0

		2																																												24		2

		3																																												25		4

		4																														Mortality through the season San Andreas per 20 plants														26		5

		5																																5-Apr		19-May		9-Jun								27		1

		6																												1		TIF Non-fumigated		0		1.75		1.75								28		5
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What else can we do?
• Removal or destruction of infested crowns
• Precision fumigation/or other management based on need
• Using low-cost MITC generators as only pre-plant fumigants
• Getting new varieties with genetic resistance/tolerance



1. Vapam single application of 58 gal/A, 
2. Vapam (58) fb Vapam (36) split application and 
3. Vapam (36) after flat Pic (300) application

Can we sustain production 
with less expensive, bed-applied MITC generators?



Plant early vigor
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What about Fusarium and Macrophomina?
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End-season fumigation 



F. oxysporum  in sand inoculum after end-season fumigation

*

VAPAM 50 GAl Untreated


Chart1

		Vapam 50 gal		Vapam 50 gal		Vapam 50 gal		Vapam 50 gal

		Untreated		Untreated		Untreated		Untreated



Under tape 6 "

Under tape 12 "

Under plant row 6 "

Under plant row 12"

Cfu/g sand

2.5

1.3

8.3

1.7

13335

13767

14545

14650



Crowns

		Buried crown assay

														rec'd 7/9/14

		U = untreated						V = vapam						assay 7/15/14

		t = under tape						p = under plants

		6 = 6 inches						12 = 12 inches																																%recovery from crowns

		U - untreated CROWNS										V - vapam treatment CROWNS																												Under tape 6 "		Under tape 12 "		Under plant row 6 "		Under plant row 12"

				#pieces/crown		# POSITIVE								#pieces/crown		# POSITIVE						blk		trtr		lock		depth		fus recovery								Vapam 50 gal		50		0		50		92

		P-6.1		3		3						P-6.1		3		3						1		0		1		6		100								Untreated		92		92		92		92

		P-6.2		3		3						P-6.2		3		0						2		0		1		6		100

		P-6.3		5		5						P-6.3		3		3						3		0		1		6		100

												P-6.4		3		0

		P-12.1		4		4																1		0		1		12		100

		P-12.2		4		4						P-12.1		3		3						2		0		1		12		100

		P-12.3		3		3						P-12.2		3		2						3		0		1		12		100

												P-12.3		3		3

		T-6.1		3		3						P-12.4		3		3						1		0		0		6		100

		T-6.2		3		3																2		0		0		6		100

		T-6.3		3		3						T-6.1		3		3						3		0		0		6		100

												T-6.2		3		2

		T-12.1		3		3						T-6.3		3		1						1		0		0		12		100

		T-12.2		3		3						T-6.4		3		0						2		0		0		12		100

		T-12.3		3		3																3		0		0		12		100

												T-12.1		3		0

												T-12.2		3		0						1		1		1		6		100

												T-12.3		3		0						2		1		1		6		0

												T-12.4		3		0						3		1		1		6		100

																						4		1		1		6		0

																						1		1		1		12		100

																						2		1		1		12		67

																						3		1		1		12		100

																						4		1		1		12		100

																						1		1		0		6		100

																						2		1		0		6		67

																						3		1		0		6		33

																						4		1		0		6		0

																						1		1		0		12		0

																						2		1		0		12		0

																						3		1		0		12		0

																						4		1		0		12		0
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Under tape 6 "

Under tape 12 "

Under plant row 6 "

Under plant row 12"

Recovery  of F.oxysporum from crowns after end-season Vapam fumigation



Buried inoculum

		Buried sand assay

		The numbers correspond to colony forming units per gram of sand

		Treatment		Mean		Standard error

		UT6		13335.6		3131.7

		UT12		13767.5		3744.0

		UP6		14545.4		3189.9																%recovery from crowns

		UP12		14650.0		6485.1

		VT6		2.5		1.4																Under tape 6 "		Under tape 12 "		Under plant row 6 "		Under plant row 12"

		VT12		1.3		1.3														Vapam 50 gal		2.5		1.3		8.3		1.7

		VP6		8.3		6.0														Untreated		13335		13767		14545		14650

		VP12		1.7		1.7
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Recovery of F. oxysporum from infested crowns 

*

%


Chart1

		Vapam 50 gal		Vapam 50 gal		Vapam 50 gal		Vapam 50 gal

		Untreated		Untreated		Untreated		Untreated



Under tape 6 "

Under tape 12 "

Under plant row 6 "

Under plant row 12"

50

0

50

92

92

92

92

92



Crowns

		Buried crown assay

														rec'd 7/9/14

		U = untreated						V = vapam						assay 7/15/14

		t = under tape						p = under plants

		6 = 6 inches						12 = 12 inches																																%recovery from crowns

		U - untreated CROWNS										V - vapam treatment CROWNS																												Under tape 6 "		Under tape 12 "		Under plant row 6 "		Under plant row 12"

				#pieces/crown		# POSITIVE								#pieces/crown		# POSITIVE						blk		trtr		lock		depth		fus recovery								Vapam 50 gal		50		0		50		92

		P-6.1		3		3						P-6.1		3		3						1		0		1		6		100								Untreated		92		92		92		92

		P-6.2		3		3						P-6.2		3		0						2		0		1		6		100

		P-6.3		5		5						P-6.3		3		3						3		0		1		6		100

												P-6.4		3		0

		P-12.1		4		4																1		0		1		12		100

		P-12.2		4		4						P-12.1		3		3						2		0		1		12		100

		P-12.3		3		3						P-12.2		3		2						3		0		1		12		100

												P-12.3		3		3

		T-6.1		3		3						P-12.4		3		3						1		0		0		6		100

		T-6.2		3		3																2		0		0		6		100

		T-6.3		3		3						T-6.1		3		3						3		0		0		6		100

												T-6.2		3		2

		T-12.1		3		3						T-6.3		3		1						1		0		0		12		100

		T-12.2		3		3						T-6.4		3		0						2		0		0		12		100

		T-12.3		3		3																3		0		0		12		100

												T-12.1		3		0

												T-12.2		3		0						1		1		1		6		100

												T-12.3		3		0						2		1		1		6		0

												T-12.4		3		0						3		1		1		6		100

																						4		1		1		6		0

																						1		1		1		12		100

																						2		1		1		12		67

																						3		1		1		12		100

																						4		1		1		12		100

																						1		1		0		6		100

																						2		1		0		6		67

																						3		1		0		6		33

																						4		1		0		6		0

																						1		1		0		12		0

																						2		1		0		12		0

																						3		1		0		12		0

																						4		1		0		12		0
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Under tape 6 "

Under tape 12 "

Under plant row 6 "

Under plant row 12"

Recovery  of F.oxysporum from crowns after end-season Vapam fumigation



Buried inoculum

		Buried sand assay

		The numbers correspond to colony forming units per gram of sand

		Treatment		Mean		Standard error

		UT6		13335.6		3131.7

		UT12		13767.5		3744.0

		UP6		14545.4		3189.9

		UP12		14650.0		6485.1

		VT6		2.5		1.4

		VT12		1.3		1.3

		VP6		8.3		6.0

		VP12		1.7		1.7
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No significant 
difference in 
total yield 
between 
treatments
(P = 0.0957)



Marketable 
fruit
-from 
specific 
points
NO 
SIGNIFICANT 
DIFFERENCES 
AMONG RATES



Plant 
early vigor
-from 
specific 
points
NO 
SIGNIFICANT 
DIFFERENCES 
AMONG RATES 
(P=0.21)
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