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Macrophomina crown rot

Fusarium wilt

Verticillium wilt



Fusarium wilt

Fusarium oxysporum



All plants are infected Infection ≠ Disease

 Fusarium oxysporum is common in soil

 Most strains are not pathogenic

 Non-pathogenic strains colonize roots

 Pathogen ID requires further testing
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Sugars



Fusarium wilt

Fusarium oxysporum

Infection of  root tips

Sugars



Effect Of  Fumigation Treatment 
And Chilling On Fruit Yield Of  Strawberry
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Fumigation effect

10-15% yield increase by eliminating non-pathogenic fungi on roots
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Sheet1

		Soil Counts of Verticillium dahliae at Lassen Canyon Nursery (number of colonies per plate)

		1996 Fumigation Trial - samples taken 9/28/96 just prior to harvest

		961E and 961W = MBPic, 2:1@350#/a; 962W and 962E = Pic@150#/a;963W and 963E = Pic@300#/a;

		964W and 964E = Pic/Telone, 70:30@400#/a;965W and 965E = Pic/Telone, 30:70@460#/a; 966W and 966E = Nonfumigated

		One ml/plate (corresponding to 50 mg of soil) except where noted

		Plot		961E		961W		962E		962W		963E		963W		964E		964W		965E		965W		966E		966W		966E (.5ml/plate)				966W (.5ml/plate)

		Plate #1		0		0		1		0		0		1		0		0		2		0		0		1		3				0

		Plate #2		1		0		2		0		0		1		0		0		1		0		3		1		0				2

		Plate #3		0		0		0		0		1		0		0		0		1		0		1		1		3				0

		Plate #4		0		0		0		0		0		0		0		0		0		0		2		0		1				0

		Plate #5		0		0		0		0		0		0		0		0		1		0		2		0		0				0

		1/16/97 counts - second assay of samples collected 9/28/96

		Plate #1		0		0		3		2		1		2		0		0		1		0		0		0		0				1

		Plate #2		0		0		0		0		0		2		0		0		1		0		1		0		1				1

		Plate #3		0		0		1		0		1		2		0		0		1		0		2		0		2				1

		Plate #4		0		0		0		1		1		4		0		0		2		0		5		1		5				0

		Plate #5		0		0		1		2		1		3		0		0		0		0		2		2		2				0

		Samples taken 5/27/97; soil plated out 7/30/97										3g of soil/30 mls of 0.1% water agar, 1 ml/plate; 100 mg soil per plate

		Plate #1		0		0		0		0		-		-		-		-		-		-		3		2

		Plate #2		0		0		0		0		-		-		-		-		-		-		5		1

		Plate #3		0		0		0		0		-		-		-		-		-		-		7		1

		Plate #4		0		0		0		0		-		-		-		-		-		-		7		3

		Plate #5		0		0		0		0		-		-		-		-		-		-		5		4

		subtotal																						27		11

		Second assay of samples taken on 5/27/97; plated out 10/8/97												3g of soil/30 mls of 0.1% water agar, 1 ml/plate; 100 mg soil per plate

		Plate #1		0		0		0		0		-		-		-		-		-		-		3		3

		Plate #2		0		0		0		0		-		-		-		-		-		-		4		1

		Plate #3		0		0		0		0		-		-		-		-		-		-		6		2

		Plate #4		0		0		0		1		-		-		-		-		-		-		5		2

		Plate #5		0		0		0		1		-		-		-		-		-		-		7		8

		subtotal																						25		16

		7/31/97 samples; assayed 9/2/97

		Plate #1		0		0		1		1														3		3

		Plate #2		0		0		0		0														3		2

		Plate #3		0		0		0		0														3		0

		Plate #4		0		1		0		0														4		0

		Plate #5		0		1		0		0														5		0

		subtotal																						18		5

		Second assay of samples collected on 7/31/97												3g of soil/30 mls of 0.1% water agar, 1 ml/plate; 100 mg soil per plate

		Plate #1		0		0		0		0														3		3

		Plate #2		0		0		0		0														4		1

		Plate #3		0		0		0		0														6		2

		Plate #4		0		0		0		2														5		2

		Plate #5		0		0		0		1														7		8

		subtotal																						25		16

		7/31/97 samples; plated 2/2/98; counted 2/23/98												3g soil/30 mls of 0.1% water agar, 1 ml/plate

		Plate #1		0		0		0		2														7		0

		Plate #2		0		0		0		0														6		2

		Plate #3		0		0		0		0														2		2

		Plate #4		0		0		0		1														4		4

		Plate #5		0		0		0		1														8		6

		subtotal																						27		14

		Overall average								4/gm														49/gm		25/gm

		Three year rotation trial - samples taken 9/28/96; all plots in rye except for fallow plots and those which were cropped to mustard in spring of 1996. Mustard plots were tarped following incorporation 8/5?/96

				F961		F962		F963		F964		F965		F966		F967		F968		F969		F9610		F9611		F9612		F9613		F9614		F9615		F9616		F9617		F9618

		Plate #1		0		1		0		0		3		0		1		1		0		0		1		2		2		0		0		0		0		0

		Plate #2		0		0		2		0		0		2		0		1		0		0		1		1		1		0		1		0		1		0

		Plate #3		0		1		0		1		1		0		0		1		1		1		0		0		1		1		0		0		0		1

		Plate #4		0		0		1		0		1		0		0		0		0		0		0		1		0		0		0		0		0		1

		Plate #5		2		1		0		0		1		1		1		0		0		0		3		0		2		0		0		0		1		0

		Second assay of same samples counted 1/16; 1/21 and 1/22/97

		Plate #1		2		0		2		0		3		0		3		0		0		1		2		3		0		0		0		0		0		2

		Plate #2		1		3		1		1		6		0		5		0		0		0		3		1		1		1		0		0		2		1

		Plate #3		1		0		5		2		2		1		4		0		0		1		2		2		1		2		3		0		3		2

		Plate #4		1		2		1		0		1		0		2		0		0		0		3		4		4		1		3		1		1		2

		Plate #5		2		1		3		1		1		2		3		1		0		1		2		2		2		0		2		2		1		1

		Sum		9		9		15		5		18		6		19		4		1		4		17		16		14		5		9		3		9		10

		Three year rotation trial - samples taken 5/27/97; soil plated out 7/30/97														3g of soil/30 mls of 0.1% water agar, 1 ml/plate; 100 mg soil per plate

				F961		F962		F963		F964		F965		F966		F967		F968		F969		F9610		F9611		F9612		F9613		F9614		F9615		F9616		F9617		F9618

		Plate #1		1		1		0		3		6		1		2		0		0		0		1		1		1		2		1		1		1		4

		Plate #2		1		3		5		2		5		3		2		0		0		0		2		3		0		0		2		0		2		3

		Plate #3		3		0		5		7		7		4		3		0		0		1		1		4		0		1		2		0		2		2

		Plate #4		4		2		2		3		1		2		4		0		0		1		1		3		0		2		1		2		3		1

		Plate #5		2		0		2		8		3		2		5		0		1		3		0		2		0		0		2		5		6		0

		Second assay of 5/27/97 samples - soil plated 9/23/97; 2g/40 mls of 0.1% water agar, 1 ml/plate; 50 mg/plate

		Plate #1		5		5		0		1		1		0		0		0		2		1		5		1		1		1		0		0		2		1

		Plate #2		1		2		2		4		2		3		0		2		0		0		1		1		1		0		0		0		0		0

		Plate #3		3		0		1		2		3		1		1		2		2		1		1		0		1		1		1		0		1		1

		Plate #4		1		1		1		0		2		0		0		4		0		0		0		2		2		1		2		1		1		0

		Plate #5		4		1		1		2		5		5		0		2		0		0		1		0		2		1		1		1		1		0

		First assay of 10/14/97 samples - soil plated 1/12/98; 2 g/40 ml 0.1% water agar; 1ml/plate

		Plate #1		0		0		0		0		1		4		2		6		0		0		0		0		0		0		1		1		1		4

		Plate #2		0		0		0		0		0		3		2		2		0		0		0		0		0		0		1		1		3		4

		Plate #3		0		0		0		0		3		6		4		4		1		0		0		0		0		0		1		2		1		3

		Plate #4		0		0		0		0		0		2		3		1		0		0		0		0		0		0		2		5		2		2

		Plate #5		0		0		0		0		2		3		3		0		1		0		0		0		0		0		1		3		1		3

		Second assay of 10/14/97 samples - soil plated 2/9/98; 2g/40 ml 0.1% water agar;1 ml/plate

		Plate #1		0		0		0		0		3		2		0		5		0		0		0		0		0		0		1		1		2		1

		Plate #2		0		0		0		0		1		1		0		5		1		0		0		0		0		0		4		0		1		0

		Plate #3		0		0		0		0		3		2		1		2		1		0		0		0		0		0		1		1		2		0

		Plate #4		0		0		0		0		3		0		2		1		0		0		0		0		0		0		1		2		1		1

		Plate #5		0		0		0		0		2		2		0		1		0		0		0		0		0		0		0		0		2		1

		Totals for both samples										18		25		17		27		4												13		16		16		19

		Averages		MeBr:Pic		0						20

				Pic		0						20

				Pic:Tel		0						11

				Rye		20						0

				Rye/mustard		20						0

				Fallow		11						0
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				Non-fum		Pic@150		MeBr:Pic
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Cortex
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Region of
fungal growth

Non-pathogenic 
fungi colonize the 

root cortex

Xylem vessels

Fusarium 
oxysporum 

f. sp. fragariae



Region of
fungal growth

Xylem vessels

The Pathogen Moves Into The Shoot With Water

Spores



Colonized vascular tissue

The Pathogen Moves Into The Shoot With Water

Obstruction of  water flow



Pathogen can enter 
crown directly



Management

PREVENTION AVOID INTRODUCTION

  NO CURATIVE MEASURES  
 



Avoid Introductions

Clean plants Don’t move soil 



Same strain of  the
strawberry pathogen

Fusarium Wilt



Transmission of  Fusarium 
to daughter plants



Transmission Of  Fusarium To Daughter Plants
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		San Andreas		Infected		not infected

		1st stolon		38.9		61.1

		1st daughter		18.9		81.1

		2nd stolon		8.5		91.5

		2nd daughter		5.5		94.5
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Infected Daughter Plants Appear Healthy



Infected Daughter Plants

Show no symptoms
in nurseries

Disease may develop
in a fruit production field

Prevention of infection
in nurseries is critical



Reduce 
inoculum levels

Management Of  Soilborne Pathogens

Pre-plant fumigation

Flat fumigation to treat the entire field

Maximize distribution in beds



Efficacy Of  Fumigants

Methyl Bromide:Chloropicrin 2:1 @ 350 pounds/acre

Chloropicrin @ 400 pounds/acre

Telone (1,3-Dichloropropene)

Metam sodium / K-Pam / Dominus



60:40 mix of chloropicrin:telone 



Mortality is not evenly
distributed across beds

Incomplete treatment



60:40 mix of chloropicrin:telone 



 Flat fumigation is best

 Maximize efficacy of  bed fumigation

 Chloropicrin is good

 More is better

 More driplines

 More water

Conclusions



Don’t plant buffer zones



Reduce 
inoculum levels

Management Of  Soilborne Pathogens

Pre-plant fumigation

Flat fumigation to treat the entire field

Maximize distribution in beds

Crop rotation



Crop Rotation

 Inoculum levels decline when NO crops are grown
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Survival of  F. o. lactucae in Fallow Soil
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Crop Rotation

Fusarium oxysporum 
f. sp. fragariae

Specific to Strawberry

 Inoculum levels decline when OTHER crops are grown

 Inoculum levels decline when NO crops are grown

Colonize rotation crops

Colonize crop residue
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Fusarium wilt

Blackberry

Fusarium oxysporum

Effect of  blackberry 
pathogen on strawberry

Albion
Monterey
San Andreas
Portola
Petaluma



Albion        3.0  5.0 

Monterey        2.1  5.0 

Cultivar  F. o. mori   F. o. fragariae  

Susceptibility Of  Strawberry To Blackberry Pathogen

San Andreas       1.0  1.0 

Portola        1.0  1.0 

Petaluma        1.0  5.0 

1 – 5 scale





Rotation Crops

HIGH RISK

 Raspberry

 Blackberry

LOW RISK

 Spinach

 Wheat

 Broccoli

 Cilantro



P
ro

p
o

rt
io

n
 o

f 
ro

o
t 

ti
p

s 
in

fe
c

te
d NeutralAcidified

Albion San Andreas

The Effect Of  Soil PH On Root Infection
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		pH 5		0.0099290639		0.0099290639

		pH 7		0.0093759185		0.0093759185
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		pH 7		0.0144242074		0.0144242074
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				pH										Root plate ID				KM ID plate		PCR test		Proportion		Proportion		Proportion		Mean total infections								Summary based on PCR test										Summary based on PCR test by block										Total identified as F. oxysporum, based on colony morphology on isolation plates

		Cv		Target		Start		End		Block		Rep		Tips infected		Total tips		tips infected		Tips infected		PCR test		KM ID plate		total infections				SE						Albion				San Andreas						Block one												pH 5		pH 7

		Albion		5		4.835		5.1533333333		1		1		41		60		10		5		0.0833333333		0.1666666667		0.6833333333										pH 5		pH 7		pH 5		pH 7				Albion				San Andreas						Albion		317		140

		Albion		5		4.835		5.05		1		2		25		60		2		1		0.0166666667		0.0333333333		0.4166666667										0.0833333333		0		0.1		0.0444444444				pH 5		pH 7		pH 5		pH 7				San Andreas		342		221

		Albion		5		4.835		5.1733333333		1		3		45		60		1		2		0.0333333333		0.0166666667		0.75										0.0166666667		0		0.1111111111		0.0222222222				0.0833333333		0		0.1		0.0444444444				Total		659		361										Total tips infected

		Albion		5		4.835		5.13		1		4		32		60		5		6		0.1		0.0833333333		0.5333333333		0.5958333333		0.0749614098						0.0333333333		0.0666666667		0.027027027		0.0166666667				0.0166666667		0		0.1111111111		0.0222222222																		Albion pH 5		Albion pH 7

		Albion		7		7.16		6.53		1		1		1		30		0		0		0		0		0.0333333333										0.1		0.0333333333		0.0666666667		0.0833333333				0.0333333333		0.0666666667		0.027027027		0.0166666667				Proprtion of tips infected by F. oxysporum

		Albion		7		7.16		6.5966666667		1		2		13		30		3		0		0		0.1		0.4333333333										0.05		0.0444444444		0.0555555556		0.1111111111				0.1		0.0333333333		0.0666666667		0.0833333333

		Albion		7		7.16		6.45		1		3		13		30		2		2		0.0666666667		0.0666666667		0.4333333333										0.0666666667		0		0.0833333333		0.0666666667				0.0583333333		0.025		0.0762012012		0.0416666667		Mean				pH 5		pH 7

		Albion		7		7.16		6.61		1		4		9		30		0		1		0.0333333333		0		0.3		0.3		0.0942809042						0.0333333333		0		0.0111111111		0				0.0198373012		0.0159571185		0.0189166844		0.0151297543		SE		Albion		0.6604166667		0.4946996466

		Albion		5		4.9325		5.3033333333		2		1		20		60		3		3		0.05		0.05		0.3333333333										0.0666666667		0		0.0222222222		0														San Andreas		0.5074183976		0.4092592593

		Albion		5		4.9325		5.2675		2		2		16		60		7		4		0.0666666667		0.1166666667		0.2666666667								Mean		0.05625		0.0180555556		0.0596283784		0.0430555556				Block two										Total

		Albion		5		4.9325		5.345		2		3		18		60		1		2		0.0333333333		0.0166666667		0.3								SE		0.0099290639		0.0093759185		0.0131776215		0.0144242074				Albion				San Andreas

		Albion		5		4.9325		5.12		2		4		18		60		5		4		0.0666666667		0.0833333333		0.3		0.2722222222		0.0136082763																pH 5		pH 7		pH 5		pH 7				Total number of infected tips (all fungi included)

		Albion		7		7.05		6.97		2		1		10		45		0		2		0.0444444444		0		0.2222222222																				0.05		0.0444444444		0.0555555556		0.1111111111

		Albion		7		7.05		7.0966666667		2		2		6		45		2		0		0		0.0444444444		0.1333333333																				0.0666666667		0		0.0833333333		0.0666666667						pH 5		pH 7

		Albion		7		7.05		6.79		2		3		9		38		2		0		0		0.0526315789		0.2368421053										Summary based on Colony morphology										0.0333333333		0		0.0111111111		0				Albion		380		185

		Albion		7		7.05		6.8666666667		2		4		5		35		0		0		0		0		0.1428571429		0.1838137009		0.0266347726						Albion				San Andreas						0.0666666667		0		0.0222222222		0				San Andreas		588		380

		San Andreas		5		4.93		5.3075		1		1		40		90		4		9		0.1		0.0444444444		0.4444444444										pH 5		pH 7		pH 5		pH 7				0.0541666667		0.0111111111		0.0430555556		0.0444444444		Mean		Total

		San Andreas		5		4.93		5.37		1		2		32		90		7		10		0.1111111111		0.0777777778		0.3555555556										0.1666666667		0		0.0444444444		0.0555555556				0.0079785592		0.0111111111		0.0164139795		0.0272165527		SE

		San Andreas		5		4.93		5.4775		1		3		18		74		2		2		0.027027027		0.027027027		0.2432432432										0.0333333333		0.1		0.0777777778		0														Proprtion of tips infected (all fungi included)

		San Andreas		5		4.93		5.3525		1		4		27		90		17		6		0.0666666667		0.1888888889		0.3		0.3358108108		0.0428585756						0.0166666667		0.0666666667		0.027027027		0.0333333333

		San Andreas		7		7.005		6.88		1		1		21		90		5		4		0.0444444444		0.0555555556		0.2333333333										0.0833333333		0		0.1888888889		0.05																pH 5		pH 7

		San Andreas		7		7.005		6.93		1		2		18		90		0		2		0.0222222222		0		0.2										0.05		0		0.0444444444		0.0444444444														Albion		0.7916666667		0.6537102473

		San Andreas		7		7.005		7.07		1		3		11		60		2		1		0.0166666667		0.0333333333		0.1833333333										0.1166666667		0.0444444444		0		0														San Andreas		0.8724035608		0.7037037037

		San Andreas		7		7.005		7.195		1		4		8		60		3		5		0.0833333333		0.05		0.1333333333		0.1875		0.0208333333						0.0166666667		0.0526315789		0.0222222222		0														Total

		San Andreas		5		4.9		5.1366666667		2		1		12		90		4		5		0.0555555556		0.0444444444		0.1333333333										0.0833333333		0		0.0777777778		0								Water supplied to plants

		San Andreas		5		4.9		5.022		2		2		7		60		0		5		0.0833333333		0		0.1166666667								Mean		0.0708333333		0.0329678363		0.0603228228		0.0229166667														Proportion infections represented by F. oxysporum

		San Andreas		5		4.9		5.2		2		3		10		90		2		1		0.0111111111		0.0222222222		0.1111111111																								Acidified		Neutral

		San Andreas		5		4.9		5.1166666667		2		4		16		90		7		2		0.0222222222		0.0777777778		0.1777777778		0.1347222222		0.0151084897																				4.94		7.16						pH 5		pH 7

		San Andreas		7		7.11		6.65		2		1		10		90		4		10		0.1111111111		0.0444444444		0.1111111111										Final pH														4.94		7.17				Albion		0.8342105263		0.7567567568

		San Andreas		7		7.11		6.5666666667		2		2		6		60		0		4		0.0666666667		0		0.1														Target pH										4.96		7.16				San Andreas		0.5816326531		0.5815789474

		San Andreas		7		7.11		6.7066666667		2		3		8		60		0		0		0		0		0.1333333333										Final pH		Block		pH		Mean		SE						4.94		7.15				Total

		San Andreas		7		7.11		6.76		2		4		0		30		0		0		0		0		0		0.0861111111		0.0295281828						Albion		1		5		5.1266666667		0.0270459143				Mean		4.945		7.16

																		100		98																Albion		2		5		5.2589583333		0.0489512406				SE		0.005		0.0040824829				Proportion of F oxysporum colonies that were F. o. fragariae

																																				Albion		1		7		6.5466666667		0.0366666667

																																				Albion		2		7		6.9308333333		0.0664492984												0.0960784314

																90		45		90		90		90												San Andreas		1		5		5.376875		0.0360320315

																90		45		60		90		60												San Andreas		2		5		5.1188333333		0.0368413767

																74		38		90		60		60												San Andreas		1		7		7.01875		0.0711914964

																90		35		90		60		30												San Andreas		2		7		6.6708333333		0.0413515865

																344		163		330		300		240

																																				Starting pH												Measures of pH before soil was dispensed

																																								Target pH								Albion 1				Albion 2				San Andreas 1				San Andreas 2

																																				Final pH		Block		pH		Mean		SE				pH 5		pH 7		pH 5		pH 7		pH 5		pH 7		pH 5		pH 7

																																				Albion		1		5								4.79		7.14		4.88		7.08		4.95		7.11		5.04		7.09

																																				Albion		2		5								4.85		7.13		4.96		7.07		4.96		7.02		4.92		7.16

																																				Albion		1		7								4.78		7.2		4.99		7.03		4.85		6.98		4.82		7.07

																																				Albion		2		7								4.92		7.17		4.9		7.02		4.96		6.91		4.82		7.02

																																				San Andreas		1		5						Mean		4.835		7.16		4.9325		7.05		4.93		7.005		4.9		7.085

																																				San Andreas		2		5						SE		0.0322748612		0.0158113883		0.0256173769		0.0147196014		0.0267706307		0.0417332801		0.0522812905		0.029011492

																																				San Andreas		1		7

																																				San Andreas		2		7





For SAS

		pH		CV		block		rep		infections		Arcsinsqrt		Reverse transformed								pH		CV		block		rep		Arcsinsqrt

		5		Albion		1		1		0.0833333333		0.2928427717										5		Albion		1		1		0.2928427717

		5		Albion		1		2		0.0166666667		0.129460771										5		Albion		1		2		0.129460771

		5		Albion		1		3		0.0333333333		0.1836040103										5		Albion		1		3		0.1836040103

		5		Albion		1		4		0.1		0.3217505544										5		Albion		1		4		0.3217505544

		5		Albion		2		1		0.05		0.2255134059										5		Albion		2		1		0.2255134059

		5		Albion		2		2		0.0666666667		0.2611574109										5		Albion		2		2		0.2611574109

		5		Albion		2		3		0.0333333333		0.1836040103										5		Albion		2		3		0.1836040103

		5		Albion		2		4		0.0666666667		0.2611574109										5		Albion		2		4		0.2611574109

		7		Albion		1		1		0		0										7		Albion		1		1		0

		7		Albion		1		2		0		0										7		Albion		1		2		0

		7		Albion		1		3		0.0666666667		0.2611574109										7		Albion		1		3		0.2611574109

		7		Albion		1		4		0.0333333333		0.1836040103										7		Albion		1		4		0.1836040103

		7		Albion		2		1		0.0444444444		0.2124122137										7		Albion		2		1		0.2124122137

		7		Albion		2		2		0		0										7		Albion		2		2		0

		7		Albion		2		3		0		0										7		Albion		2		3		0

		7		Albion		2		4		0		0										7		Albion		2		4		0

		5		San Andreas		1		1		0.1		0.3217505544										5		San Andreas		1		1		0.3217505544

		5		San Andreas		1		2		0.1111111111		0.3398369095										5		San Andreas		1		2		0.3398369095

		5		San Andreas		1		3		0.027027027		0.1651486774										5		San Andreas		1		3		0.1651486774

		5		San Andreas		1		4		0.0666666667		0.2611574109										5		San Andreas		1		4		0.2611574109

		5		San Andreas		2		1		0.0555555556		0.2379411248										5		San Andreas		2		1		0.2379411248

		5		San Andreas		2		2		0.0833333333		0.2928427717										5		San Andreas		2		2		0.2928427717

		5		San Andreas		2		3		0.0111111111		0.1056054402										5		San Andreas		2		3		0.1056054402

		5		San Andreas		2		4		0.0222222222		0.1496289094										5		San Andreas		2		4		0.1496289094

		7		San Andreas		1		1		0.0444444444		0.2124122137										7		San Andreas		1		1		0.2124122137

		7		San Andreas		1		2		0.0222222222		0.1496289094										7		San Andreas		1		2		0.1496289094

		7		San Andreas		1		3		0.0166666667		0.129460771										7		San Andreas		1		3		0.129460771

		7		San Andreas		1		4		0.0833333333		0.2928427717										7		San Andreas		1		4		0.2928427717

		7		San Andreas		2		1		0.1111111111		0.3398369095										7		San Andreas		2		1		0.3398369095

		7		San Andreas		2		2		0.0666666667		0.2611574109										7		San Andreas		2		2		0.2611574109

		7		San Andreas		2		3		0		0										7		San Andreas		2		3		0

		7		San Andreas		2		4		0		0										7		San Andreas		2		4		0





Correlation

		Test for correlation of total infections w fof infections																										Test for correlation of fof infections with infections by all other fungi

		Total		F.o. fragariae																								Including all reps as data points

		0.59		0.058

		0.27		0.054																								Tips infected by Fof				Tips infected (all fungi)						All fungi - Fof				All-Fof		Fof				Regression

		0.3		0.025																								5				41						36				0		10

		0.18		0.011																								1				25						24				0		0				SUMMARY OUTPUT

		0.34		0.076																								2				45						43				1		0

		0.13		0.043																								6				32						26				2		5				Regression Statistics

		0.19		0.041																								0				1						1				2		4				Multiple R		0.6906890283

		0.09		0.044																								0				13						13				3		5				R Square		0.4770513338

																												2				13						11				5		0				Adjusted R Square		0.4447932692

																												1				9						8				6		0				Standard Error		3.0680736615

		Ordered by total						SUMMARY OUTPUT																				3				20						17				7		5				Observations		32

		Total		F.o. fragariae																								4				16						12				8		1

		0.09		0.044				Regression Statistics																				2				18						16				8		2				ANOVA

		0.13		0.043				Multiple R		0.8846122539																		4				18						14				8		0						df		SS		MS		F		Significance F

		0.18		0.011				R Square		0.7825388398																		2				10						8				9		0				Regression		1		266.1946442403		266.1946442403		28.2792409686		0.0000094945

		0.19		0.041				Adjusted R Square		0.6396816969																		0				6						6				9		1				Residual		31		291.8053557597		9.4130759922

		0.27		0.054				Standard Error		0.0238224998																		0				9						9				10		1				Total		32		558

		0.3		0.025				Observations		8																		0				5						5				11		2

		0.34		0.076																								9				40						31				12		4						Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		0.59		0.058				ANOVA																				10				32						22				13		0				Intercept		0

										df		SS		MS		F		Significance F										2				18						16				14		4				X Variable 1		0.1716277526		0.0322740629		5.3178229539		0.0000086327		0.1058043673		0.2374511379		0.1058043673		0.2374511379

								Regression		1		0.0142954195		0.0142954195		25.1896562718		0.0024066113										6				27						21				14		2

								Residual		7		0.0039725805		0.0005675115														4				21						17				16		2

								Total		8		0.018268																2				18						16				16		2

																												1				11						10				16		2

										Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%				5				8						3				17		3

								Intercept		0																		5				12						7				17		4

								X Variable 1		0.1408970976		0.0280731358		5.0189297935		0.0015322946		0.0745146799		0.2072795153		0.0745146799		0.2072795153				5				7						2				21		6

																												1				10						9				22		10

																												2				16						14				24		1

																												10				10						0				26		6

																												4				6						2				31		9

																												0				8						8				36		5

																												0				0						0				43		2





Graphs

				Summary based on PCR test

				Albion				San Andreas

				pH 5		pH 7		pH 5		pH 7

				0.0833333333		0		0.1		0.0444444444

				0.0166666667		0		0.1111111111		0.0222222222

				0.0333333333		0.0666666667		0.027027027		0.0166666667

				0.1		0.0333333333		0.0666666667		0.0833333333

				0.05		0.0444444444		0.0555555556		0.1111111111

				0.0666666667		0		0.0833333333		0.0666666667

				0.0333333333		0		0.0111111111		0

				0.0666666667		0		0.0222222222		0

		Mean		0.05625		0.0180555556		0.0596283784		0.0430555556

		SE		0.0099290639		0.0093759185		0.0131776215		0.0144242074

				Albion pH 5 versus pH 7								San Andreas pH 5 versus pH 7										San Andreas pH 5 versus pH 7 - block one only												San Andreas pH 5 versus pH 7 - block two only

				t-Test: Paired Two Sample for Means								t-Test: Paired Two Sample for Means										t-Test: Paired Two Sample for Means												t-Test: Paired Two Sample for Means

						Variable 1		Variable 2						Variable 1		Variable 2								Variable 1		Variable 2										Variable 1		Variable 2

				Mean		0.05625		0.0180555556				Mean		0.0596283784		0.0430555556						Mean		0.0762012012		0.0416666667								Mean		0.0430555556		0.0444444444

				Variance		0.0007886905		0.0007032628				Variance		0.0013891977		0.0016644621						Variance		0.0014313638		0.0009156379								Variance		0.0010776749		0.002962963

				Observations		8		8				Observations		8		8						Observations		4		4								Observations		4		4

				Pearson Correlation		-0.0666035465						Pearson Correlation		0.3860581247								Pearson Correlation		0.0638779359										Pearson Correlation		0.7599773894

				Hypothesized Mean Difference		0						Hypothesized Mean Difference		0								Hypothesized Mean Difference		0										Hypothesized Mean Difference		0

				df		7						df		7								df		3										df		3

				t Stat		2.708247292						t Stat		1.0812157022								t Stat		1.4723084711										t Stat		-0.0763232777

				P(T<=t) one-tail		0.0151378275						P(T<=t) one-tail		0.157718483								P(T<=t) one-tail		0.1186684913										P(T<=t) one-tail		0.4719834321

				t Critical one-tail		1.8945786051						t Critical one-tail		1.8945786051								t Critical one-tail		2.3533634348										t Critical one-tail		2.3533634348

				P(T<=t) two-tail		0.0302756551						P(T<=t) two-tail		0.3154369659								P(T<=t) two-tail		0.2373369827										P(T<=t) two-tail		0.9439668641

				t Critical two-tail		2.3646242516						t Critical two-tail		2.3646242516								t Critical two-tail		3.1824463053										t Critical two-tail		3.1824463053





Graphs

				0.0099290639		0.0099290639

				0.0093759185		0.0093759185

				0.0131776215		0.0131776215

				0.0144242074		0.0144242074







Albion San Andreas

M
ic

ro
b

ia
l r

e
sp

ir
at

io
n

Experiment 1 Experiment 2 Experiment 1 Experiment 2

NeutralAcidified

Bacterial respiration is higher in neutral soils


Chart1

		0.036525		0.0669166667		0.0107553185		0.0134006115		0.0134006115		0.0134006115

		0.0495833333		0.0934166667		0.008094494		0.0032264101		0.0032264101		0.0032264101

		0.04975		0.0924166667		0.0092657524		0.0021905732		0.0021905732		0.0021905732

		0.0330833333		0.0461666667		0.0079350663		0.0076467132		0.0076467132		0.0076467132



0.066916667 0.093416667 0.092416667 0.046166667



Sheet1

				Michelle's Soil				N=neutral		A=acidified

		ALBION #6		rep		1		2		3		Average		St Dev						ALL FOUR EXPs		rep		ALBION #6		ALBION #5		SAN ANDREAS #3		SAN ANDREAS #4

		Neutral		1		0.077		0.058		0.066		0.067		0.009539392						Neutral		1		0.067		0.0953333333		0.0943333333		0.0493333333

				2		0.042		0.051		0.046		0.0463333333		0.0045092498								2		0.0463333333		0.0976666667		0.092		0.0346666667

				3		0.08		0.088		0.083		0.0836666667		0.0040414519								3		0.0836666667		0.0896666667		0.0943333333		0.0556666667

				4		0.069		0.072		0.071		0.0706666667		0.0015275252								4		0.0706666667		0.091		0.089		0.045

		Acidified		1		0.022		0.021		0.017		0.02		0.0026457513						Acidified		1		0.02		0.038		0.04		0.032

				2		0.059		0.0443		0.032		0.0451		0.0135177661								2		0.0451		0.057		0.0446666667		0.0366666667

				3		0.032		0.037		0.033		0.034		0.0026457513								3		0.034		0.046		0.0646666667		0.021

				4		0.046		0.046		0.049		0.047		0.0017320508								4		0.047		0.0573333333		0.0496666667		0.0426666667

		ALBION #5		rep		1		2		3		Average		St Dev										ALBION #6		ALBION #5		SAN ANDREAS #3		SAN ANDREAS #4

		Neutral		1		0.092		0.103		0.091		0.0953333333		0.0066583281								Neutral average		0.0669166667		0.0934166667		0.0924166667		0.0461666667

				2		0.106		0.08		0.107		0.0976666667		0.01530795								Acidified average		0.036525		0.0495833333		0.04975		0.0330833333

				3		0.089		0.095		0.085		0.0896666667		0.005033223

				4		0.091		0.083		0.099		0.091		0.008								Neutral stdev		0.0134006115		0.0032264101		0.0021905732		0.0076467132

		Acidified		1		0.04		0.028		0.046		0.038		0.0091651514								Acidified stdev		0.0107553185		0.008094494		0.0092657524		0.0079350663

				2		0.067		0.06		0.044		0.057		0.0117898261

				3		0.05		0.048		0.04		0.046		0.0052915026

				4		0.064		0.052		0.056		0.0573333333		0.0061101009

																								ALBION #6		ALBION #5		SAN ANDREAS #3		SAN ANDREAS #4

		SAN ANDREAS #3		rep		1		2		3		Average		St Dev								Acidified average		0.036525		0.0495833333		0.04975		0.0330833333

		Neutral		1		0.108		0.088		0.087		0.0943333333		0.0118462371								Neutral average		0.0669166667		0.0934166667		0.0924166667		0.0461666667

				2		0.101		0.086		0.089		0.092		0.0079372539

				3		0.098		0.089		0.096		0.0943333333		0.0047258156								Acidified stdev		0.0107553185		0.008094494		0.0092657524		0.0079350663

				4		0.1		0.088		0.079		0.089		0.0105356538								Neutral stdev		0.0134006115		0.0032264101		0.0021905732		0.0076467132

		Acidified		1		0.044		0.037		0.039		0.04		0.0036055513

				2		0.035		0.025		0.074		0.0446666667		0.0258907963

				3		0.072		0.06		0.062		0.0646666667		0.0064291005

				4		0.053		0.039		0.057		0.0496666667		0.0094516313

		SAN ANDREAS #4		rep		1		2		3		Average		St Dev

		Neutral		1		0.042		0.051		0.055		0.0493333333		0.0066583281

				2		0.039		0.025		0.04		0.0346666667		0.0083864971

				3		0.06		0.053		0.054		0.0556666667		0.0037859389

				4		0.043		0.044		0.048		0.045		0.0026457513

		Acidified		1		0.033		0.033		0.03		0.032		0.0017320508

				2		0.026		0.046		0.038		0.0366666667		0.0100664459

				3		0.021		0.023		0.019		0.021		0.002

				4		0.031		0.035		0.062		0.0426666667		0.0168621865





Sheet1

						0.0107553185		0.0134006115		0.0134006115		0.0134006115

						0.008094494		0.0032264101		0.0032264101		0.0032264101

						0.0092657524		0.0021905732		0.0021905732		0.0021905732

						0.0079350663		0.0076467132		0.0076467132		0.0076467132



0.066916667 0.093416667 0.092416667 0.046166667



for SAS

		Same data set as on sheet 1																				pH		Cv		Block		Rep		Activity

				Michelle's Soil				N=neutral		A=acidified												7		Albion		1		1		0.067

		ALBION #6		rep		1		2		3		Average		St Dev								7		Albion		1		2		0.0463333333

		Neutral		1		0.077		0.058		0.066		0.067		0.009539392								7		Albion		1		3		0.0836666667

				2		0.042		0.051		0.046		0.0463333333		0.0045092498								7		Albion		1		4		0.0706666667

				3		0.08		0.088		0.083		0.0836666667		0.0040414519								5		Albion		1		1		0.02

				4		0.069		0.072		0.071		0.0706666667		0.0015275252								5		Albion		1		2		0.0451

		Acidified		1		0.022		0.021		0.017		0.02		0.0026457513								5		Albion		1		3		0.034

				2		0.059		0.0443		0.032		0.0451		0.0135177661								5		Albion		1		4		0.047

				3		0.032		0.037		0.033		0.034		0.0026457513								7		Albion		2		1		0.0953333333

				4		0.046		0.046		0.049		0.047		0.0017320508								7		Albion		2		2		0.0976666667

																						7		Albion		2		3		0.0896666667

		ALBION #5		rep		1		2		3		Average		St Dev								7		Albion		2		4		0.091

		Neutral		1		0.092		0.103		0.091		0.0953333333		0.0066583281								5		Albion		2		1		0.038

				2		0.106		0.08		0.107		0.0976666667		0.01530795								5		Albion		2		2		0.057

				3		0.089		0.095		0.085		0.0896666667		0.005033223								5		Albion		2		3		0.046

				4		0.091		0.083		0.099		0.091		0.008								5		Albion		2		4		0.0573333333

		Acidified		1		0.04		0.028		0.046		0.038		0.0091651514								7		SanAndreas		1		1		0.0943333333

				2		0.067		0.06		0.044		0.057		0.0117898261								7		SanAndreas		1		2		0.092

				3		0.05		0.048		0.04		0.046		0.0052915026								7		SanAndreas		1		3		0.0943333333

				4		0.064		0.052		0.056		0.0573333333		0.0061101009								7		SanAndreas		1		4		0.089

																						5		SanAndreas		1		1		0.04

		SAN ANDREAS #3		rep		1		2		3		Average		St Dev								5		SanAndreas		1		2		0.0446666667

		Neutral		1		0.108		0.088		0.087		0.0943333333		0.0118462371								5		SanAndreas		1		3		0.0646666667

				2		0.101		0.086		0.089		0.092		0.0079372539								5		SanAndreas		1		4		0.0496666667

				3		0.098		0.089		0.096		0.0943333333		0.0047258156								7		SanAndreas		2		1		0.0493333333

				4		0.1		0.088		0.079		0.089		0.0105356538								7		SanAndreas		2		2		0.0346666667

		Acidified		1		0.044		0.037		0.039		0.04		0.0036055513								7		SanAndreas		2		3		0.0556666667

				2		0.035		0.025		0.074		0.0446666667		0.0258907963								7		SanAndreas		2		4		0.045

				3		0.072		0.06		0.062		0.0646666667		0.0064291005								5		SanAndreas		2		1		0.032

				4		0.053		0.039		0.057		0.0496666667		0.0094516313								5		SanAndreas		2		2		0.0366666667

																						5		SanAndreas		2		3		0.021

		SAN ANDREAS #4		rep		1		2		3		Average		St Dev								5		SanAndreas		2		4		0.0426666667

		Neutral		1		0.042		0.051		0.055		0.0493333333		0.0066583281

				2		0.039		0.025		0.04		0.0346666667		0.0083864971

				3		0.06		0.053		0.054		0.0556666667		0.0037859389

				4		0.043		0.044		0.048		0.045		0.0026457513

		Acidified		1		0.033		0.033		0.03		0.032		0.0017320508

				2		0.026		0.046		0.038		0.0366666667		0.0100664459

				3		0.021		0.023		0.019		0.021		0.002

				4		0.031		0.035		0.062		0.0426666667		0.0168621865





Corr w root infection

		pH		Cv		Block		Rep		Activity		Infections		Soil pH								pH		CV		block		rep		infections		Arcsinsqrt

		7		Albion		1		1		0.067		0										5		Albion		1		1		0.0833333333		0.2928427717

		7		Albion		1		2		0.0463333333		0										5		Albion		1		2		0.0166666667		0.129460771

		7		Albion		1		3		0.0836666667		0.0666666667										5		Albion		1		3		0.0333333333		0.1836040103

		7		Albion		1		4		0.0706666667		0.0333333333										5		Albion		1		4		0.1		0.3217505544

		5		Albion		1		1		0.02		0.0833333333										5		Albion		2		1		0.05		0.2255134059

		5		Albion		1		2		0.0451		0.0166666667										5		Albion		2		2		0.0666666667		0.2611574109

		5		Albion		1		3		0.034		0.0333333333										5		Albion		2		3		0.0333333333		0.1836040103

		5		Albion		1		4		0.047		0.1										5		Albion		2		4		0.0666666667		0.2611574109

		7		Albion		2		1		0.0953333333		0.0476666667										7		Albion		1		1		0		0

		7		Albion		2		2		0.0976666667		0.0488333333										7		Albion		1		2		0		0

		7		Albion		2		3		0.0896666667		0.0448333333										7		Albion		1		3		0.0666666667		0.2611574109

		7		Albion		2		4		0.091		0.0455										7		Albion		1		4		0.0333333333		0.1836040103

		5		Albion		2		1		0.038		0.019										7		Albion		2		1		0.0444444444		0.2124122137

		5		Albion		2		2		0.057		0.0285										7		Albion		2		2		0		0

		5		Albion		2		3		0.046		0.023										7		Albion		2		3		0		0

		5		Albion		2		4		0.0573333333		0.0286666667										7		Albion		2		4		0		0

		7		SanAndreas		1		1		0.0943333333		0.0444444444										5		San Andreas		1		1		0.1		0.3217505544

		7		SanAndreas		1		2		0.092		0.0222222222										5		San Andreas		1		2		0.1111111111		0.3398369095

		7		SanAndreas		1		3		0.0943333333		0.0166666667										5		San Andreas		1		3		0.027027027		0.1651486774

		7		SanAndreas		1		4		0.089		0.0833333333										5		San Andreas		1		4		0.0666666667		0.2611574109

		5		SanAndreas		1		1		0.04		0.1										5		San Andreas		2		1		0.0555555556		0.2379411248

		5		SanAndreas		1		2		0.0446666667		0.1111111111										5		San Andreas		2		2		0.0833333333		0.2928427717

		5		SanAndreas		1		3		0.0646666667		0.027027027										5		San Andreas		2		3		0.0111111111		0.1056054402

		5		SanAndreas		1		4		0.0496666667		0.0666666667										5		San Andreas		2		4		0.0222222222		0.1496289094

		7		SanAndreas		2		1		0.0493333333		0.2239791047										7		San Andreas		1		1		0.0444444444		0.2124122137

		7		SanAndreas		2		2		0.0346666667		0.1872827675										7		San Andreas		1		2		0.0222222222		0.1496289094

		7		SanAndreas		2		3		0.0556666667		0.2381835464										7		San Andreas		1		3		0.0166666667		0.129460771

		7		SanAndreas		2		4		0.045		0.2137561325										7		San Andreas		1		4		0.0833333333		0.2928427717

		5		SanAndreas		2		1		0.032		0.0555555556										7		San Andreas		2		1		0.1111111111		0.3398369095

		5		SanAndreas		2		2		0.0366666667		0.0833333333										7		San Andreas		2		2		0.0666666667		0.2611574109

		5		SanAndreas		2		3		0.021		0.0111111111										7		San Andreas		2		3		0		0

		5		SanAndreas		2		4		0.0426666667		0.0222222222										7		San Andreas		2		4		0		0

																						Albion experiment initiated on 4/9/17 = Albion 6





Graph

		Sorted based on activity																																														Unsorted																Albion - sorted based on activity										San Andreas - sorted based on activity																										Unsorted

		Activity		Infection frequency																																												pH		Cv		Block		Rep		Activity		Infections						Activity		Infections								Activity		Infections																								pH		Cv		Block		Rep		Activity		Infections

		0.02		0.0833333333								SUMMARY OUTPUT																																				7		Albion		1		1		0.067		0						0.02		0.0833333333								0.021		0.0111111111																								5		Albion		1		1		0.02		0.0833333333

		0.021		0.0111111111																																												7		Albion		1		2		0.0463333333		0						0.034		0.0333333333								0.032		0.0555555556																								5		Albion		1		2		0.0451		0.0166666667

		0.032		0.0555555556								Regression Statistics																																				7		Albion		1		3		0.0836666667		0.0666666667						0.038		0.019								0.0346666667		0.1872827675																								5		Albion		1		3		0.034		0.0333333333

		0.034		0.0333333333								Multiple R		0.2072186305																																		7		Albion		1		4		0.0706666667		0.0333333333						0.0451		0.0166666667								0.0366666667		0.0833333333																								5		Albion		1		4		0.047		0.1

		0.0346666667		0.1872827675								R Square		0.0429395608																																		5		Albion		1		1		0.02		0.0833333333						0.046		0.023								0.04		0.1																								5		Albion		2		1		0.038		0.019

		0.0366666667		0.0833333333								Adjusted R Square		0.0110375462																																		5		Albion		1		2		0.0451		0.0166666667						0.0463333333		0								0.0426666667		0.0222222222																								5		Albion		2		2		0.057		0.0285

		0.038		0.019								Standard Error		0.0642499939																																		5		Albion		1		3		0.034		0.0333333333						0.047		0.1								0.0446666667		0.1111111111																								5		Albion		2		3		0.046		0.023

		0.04		0.1								Observations		32																																		5		Albion		1		4		0.047		0.1						0.057		0.0285								0.045		0.2137561325																								5		Albion		2		4		0.0573333333		0.0286666667

		0.0426666667		0.0222222222																																												7		Albion		2		1		0.0953333333		0.0476666667						0.0573333333		0.0286666667								0.0493333333		0.2239791047																								5		SanAndreas		1		1		0.04		0.1

		0.0446666667		0.1111111111								ANOVA																																				7		Albion		2		2		0.0976666667		0.0488333333						0.067		0								0.0496666667		0.0666666667																								5		SanAndreas		1		2		0.0446666667		0.1111111111

		0.045		0.2137561325										df		SS		MS		F		Significance F																										7		Albion		2		3		0.0896666667		0.0448333333						0.0706666667		0.0333333333								0.0556666667		0.2381835464																								5		SanAndreas		1		3		0.0646666667		0.027027027

		0.0451		0.0166666667								Regression		1		0.0055562998		0.0055562998		1.3459827328		0.2551315393																										7		Albion		2		4		0.091		0.0455						0.0836666667		0.0666666667								0.0646666667		0.027027027																								5		SanAndreas		1		4		0.0496666667		0.0666666667

		0.046		0.023								Residual		30		0.1238418514		0.0041280617																														5		Albion		2		1		0.038		0.019						0.0896666667		0.0448333333								0.089		0.0833333333																								5		SanAndreas		2		1		0.032		0.0555555556

		0.0463333333		0								Total		31		0.1293981512																																5		Albion		2		2		0.057		0.0285						0.091		0.0455								0.092		0.0222222222																								5		SanAndreas		2		2		0.0366666667		0.0833333333

		0.047		0.1																																												5		Albion		2		3		0.046		0.023						0.0953333333		0.0476666667								0.0943333333		0.0444444444																								5		SanAndreas		2		3		0.021		0.0111111111

		0.0493333333		0.2239791047										Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%																				5		Albion		2		4		0.0573333333		0.0286666667						0.0976666667		0.0488333333								0.0943333333		0.0166666667																								5		SanAndreas		2		4		0.0426666667		0.0222222222

		0.0496666667		0.0666666667								Intercept		0.0990797498		0.0303361608		3.2660609354		0.0027299151		0.0371250441		0.1610344555		0.0371250441		0.1610344555																				7		SanAndreas		1		1		0.0943333333		0.0444444444																																										7		Albion		1		1		0.067		0

		0.0556666667		0.2381835464								X Variable 1		-0.5580339934		0.4809953869		-1.1601649593		0.2551315393		-1.5403576237		0.4242896368		-1.5403576237		0.4242896368																				7		SanAndreas		1		2		0.092		0.0222222222																																										7		Albion		1		2		0.0463333333		0

		0.057		0.0285																																												7		SanAndreas		1		3		0.0943333333		0.0166666667																																										7		Albion		1		3		0.0836666667		0.0666666667

		0.0573333333		0.0286666667																																												7		SanAndreas		1		4		0.089		0.0833333333																																										7		Albion		1		4		0.0706666667		0.0333333333

		0.0646666667		0.027027027																																												5		SanAndreas		1		1		0.04		0.1																																										7		Albion		2		1		0.0953333333		0.0476666667

		0.067		0																																												5		SanAndreas		1		2		0.0446666667		0.1111111111																																										7		Albion		2		2		0.0976666667		0.0488333333

		0.0706666667		0.0333333333																																												5		SanAndreas		1		3		0.0646666667		0.027027027																																										7		Albion		2		3		0.0896666667		0.0448333333

		0.0836666667		0.0666666667																																												5		SanAndreas		1		4		0.0496666667		0.0666666667																																										7		Albion		2		4		0.091		0.0455

		0.089		0.0833333333																																												7		SanAndreas		2		1		0.0493333333		0.2239791047																																										7		SanAndreas		1		1		0.0943333333		0.0444444444

		0.0896666667		0.0448333333																																												7		SanAndreas		2		2		0.0346666667		0.1872827675																																										7		SanAndreas		1		2		0.092		0.0222222222

		0.091		0.0455																																												7		SanAndreas		2		3		0.0556666667		0.2381835464																																										7		SanAndreas		1		3		0.0943333333		0.0166666667

		0.092		0.0222222222																																												7		SanAndreas		2		4		0.045		0.2137561325																																										7		SanAndreas		1		4		0.089		0.0833333333

		0.0943333333		0.0444444444																																												5		SanAndreas		2		1		0.032		0.0555555556																																										7		SanAndreas		2		1		0.0493333333		0.2239791047

		0.0943333333		0.0166666667																																												5		SanAndreas		2		2		0.0366666667		0.0833333333																																										7		SanAndreas		2		2		0.0346666667		0.1872827675

		0.0953333333		0.0476666667																																												5		SanAndreas		2		3		0.021		0.0111111111																																										7		SanAndreas		2		3		0.0556666667		0.2381835464

		0.0976666667		0.0488333333																																												5		SanAndreas		2		4		0.0426666667		0.0222222222																																										7		SanAndreas		2		4		0.045		0.2137561325

																																																														SUMMARY OUTPUT																				SUMMARY OUTPUT

																																																														Regression Statistics																				Regression Statistics

																																																														Multiple R		0.0556329797																		Multiple R		0.2694979823

																																																														R Square		0.0030950284																		R Square		0.0726291625

																																																														Adjusted R Square		-0.0681124695																		Adjusted R Square		0.0063883884

																																																														Standard Error		0.0282109995																		Standard Error		0.0787425521

																																																														Observations		16																		Observations		16

																																																														ANOVA																				ANOVA

																																																																df		SS		MS		F		Significance F												df		SS		MS		F		Significance F

																																																														Regression		1		0.000034592		0.000034592		0.0434649232		0.8378550019										Regression		1		0.0067983671		0.0067983671		1.0964419339		0.3127905365

																																																														Residual		14		0.0111420469		0.0007958605														Residual		14		0.0868054531		0.0062003895

																																																														Total		15		0.0111766389																Total		15		0.0936038202

																																																																Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%						Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

																																																														Intercept		0.0348322273		0.0198847649		1.751704251		0.1016905154		-0.0078163519		0.0774808064		-0.0078163519		0.0774808064				Intercept		0.1428615179		0.0504864017		2.8297029118		0.0133745744		0.0345789556		0.2511440802		0.0345789556		0.2511440802

																																																														X Variable 1		0.062913161		0.3017672101		0.2084824291		0.8378550019		-0.584313134		0.710139456		-0.584313134		0.710139456				X Variable 1		-0.8794381352		0.839870787		-1.0471112328		0.3127905365		-2.6807818187		0.9219055484		-2.6807818187		0.9219055484
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		Composite disease resistance scores for Fusarium																Rating scale is 1 - 5, with 5 being healthy and 1 being dead or nearly so

		Cultivar		2013		2012		2011		2010		Mean																Cultivar		2014		2013		2012		2011		2010		Mean

		Albion		2.3		4.25		2.5		4.1		3.2875		0.5149332481														Albion				2.3		4.25		2.5		4.1

		Benicia		4		2.875		2.5				3.125		0.4506939094														Benicia				4		2.875		2.5

		Camarosa		2.4		3.375		3.5		3.9		3.29375		0.3182594264														Camarosa				2.4		3.375		3.5		3.9

		Camino Real		4.3		4.25		3.5		4.9		4.2375		0.2867744468														Camino Real				4.3		4.25		3.5		4.9

		Monterey		2.5		2.5		3		4		3		0.3535533906														Monterey				2.5		2.5		3		4

		Palomar		4.1		4.375		4		4.2		4.16875		0.0799576711														Palomar				4.1		4.375		4		4.2

		Portola		4.7		5		5		5		4.925		0.075														Portola				4.7		5		5		5

		San Andreas		4.8		5		5		4.9		4.925		0.0478713554														San Andreas				4.8		5		5		4.9

		Ventana		4.8		3.625		5		4.4		4.45625		0.3038597196														Ventana				4.8		3.625		5		4.4

		Monterey		3

		Benicia		3.125

		Albion		3.2875

		Camarosa		3.29375

		Palomar		4.16875

		Camino Real		4.2375

		Ventana		4.45625

		Portola		4.925

		San Andreas		4.925

																																						75504
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		2014 ratings

				Mean		SE

		Albion		2.7		0.063

		Benicia		4.2		0.063

		Cabrillo		3.5		1.000

		Camarosa		3.6		0.875

		Camino Real		4.7		0.313

		Diamante		5.0		0.000

		Fronteras		4.9		0.063

		Grenada		2.4		1.000

		Monterey		3.6		0.813

		Palomar		3.7		0.688

		Petaluma		3.8		0.813

		Portola		4.6		0.250

		San Andreas		4.9		0.063

		Ventana		5.0		0.000





Sheet3

		Cultivar		2014		2013		2012		2011		2010		Mean		SE								Converted to disease severity

		Albion		2.7		2.3		4.25		2.5		4.1		3.2		0.4165258095

		Benicia		4.2		4		2.875		2.5				3.4		0.3710731902								Cultivar		2014		2013		2012		2011		2010		Mean		SE

		Camarosa		3.6		2.4		3.375		3.5		3.9		3.4		0.2552694655								Monterey		2.4		3.5		3.5		3.0		2.0		2.9		0.3

		Camino Real		4.7		4.3		4.25		3.5		4.9		4.3		0.2396742581								Albion		3.3		3.7		1.8		3.5		1.9		2.8		0.4

		Monterey		3.6		2.5		2.5		3		4		3.1		0.2960679821								Camarosa		2.4		3.6		2.6		2.5		2.1		2.6		0.3

		Palomar		3.7		4.1		4.375		4		4.2		4.1		0.1144552314								Benicia		1.8		2.0		3.1		3.5		6.0		3.3		0.8

		Portola		4.6		4.7		5		5		5		4.9		0.0835164654								Palomar		2.3		1.9		1.6		2.0		1.8		1.9		0.1

		San Andreas		4.9		4.8		5		5		4.9		4.9		0.0371651719								Camino Real		1.3		1.7		1.8		2.5		1.1		1.7		0.2

		Ventana		5.0		4.8		3.625		5		4.4		4.6		0.2592778432								Ventana		1.0		1.2		2.4		1.0		1.6		1.4		0.3

																								Portola		1.4		1.3		1.0		1.0		1.0		1.1		0.1

																								San Andreas		1.1		1.2		1.0		1.0		1.1		1.1		0.0

		Ranked by mean																						Ranked by mean

		Cultivar		2014		2013		2012		2011		2010		Mean		SE

		Monterey		3.6		2.5		2.5		3		4		3.1		0.2960679821								Cultivar		2014		2013		2012		2011		2010		Mean		SE

		Albion		2.7		2.3		4.25		2.5		4.1		3.2		0.4165258095								San Andreas		1.0625		1.2		1		1		1.1		1.0725		0.0371651719

		Camarosa		3.6		2.4		3.375		3.5		3.9		3.4		0.2552694655								Portola		1.375		1.3		1		1		1		1.135		0.0835164654

		Benicia		4.2		4		2.875		2.5				3.4		0.3710731902								Ventana		1		1.2		2.375		1		1.6		1.435		0.2592778432

		Palomar		3.7		4.1		4.375		4		4.2		4.1		0.1144552314								Camino Real		1.3125		1.7		1.75		2.5		1.1		1.6725		0.2396742581

		Camino Real		4.7		4.3		4.25		3.5		4.9		4.3		0.2396742581								Palomar		2.3125		1.9		1.625		2		1.8		1.9275		0.1144552314

		Ventana		5.0		4.8		3.625		5		4.4		4.6		0.2592778432								Camarosa		2.375		3.6		2.625		2.5		2.1		2.64		0.2552694655

		Portola		4.6		4.7		5		5		5		4.9		0.0835164654								Albion		3.3125		3.7		1.75		3.5		1.9		2.8325		0.4165258095

		San Andreas		4.9		4.8		5		5		4.9		4.9		0.0371651719								Monterey		2.4375		3.5		3.5		3		2		2.8875		0.2960679821

																								Benicia		1.8125		2		3.125		3.5		6		3.2875		0.750416551
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Sheet1

		Composite disease resistance scores for Fusarium																Rating scale is 1 - 5, with 5 being healthy and 1 being dead or nearly so

		Cultivar		2013		2012		2011		2010		Mean																Cultivar		2014		2013		2012		2011		2010		Mean

		Albion		2.3		4.25		2.5		4.1		3.2875		0.5149332481														Albion				2.3		4.25		2.5		4.1

		Benicia		4		2.875		2.5				3.125		0.4506939094														Benicia				4		2.875		2.5

		Camarosa		2.4		3.375		3.5		3.9		3.29375		0.3182594264														Camarosa				2.4		3.375		3.5		3.9

		Camino Real		4.3		4.25		3.5		4.9		4.2375		0.2867744468														Camino Real				4.3		4.25		3.5		4.9

		Monterey		2.5		2.5		3		4		3		0.3535533906														Monterey				2.5		2.5		3		4

		Palomar		4.1		4.375		4		4.2		4.16875		0.0799576711														Palomar				4.1		4.375		4		4.2

		Portola		4.7		5		5		5		4.925		0.075														Portola				4.7		5		5		5

		San Andreas		4.8		5		5		4.9		4.925		0.0478713554														San Andreas				4.8		5		5		4.9

		Ventana		4.8		3.625		5		4.4		4.45625		0.3038597196														Ventana				4.8		3.625		5		4.4

		Monterey		3

		Benicia		3.125

		Albion		3.2875

		Camarosa		3.29375

		Palomar		4.16875

		Camino Real		4.2375

		Ventana		4.45625

		Portola		4.925

		San Andreas		4.925
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		2014 ratings

				Mean		SE

		Albion		2.7		0.063

		Benicia		4.2		0.063

		Cabrillo		3.5		1.000

		Camarosa		3.6		0.875

		Camino Real		4.7		0.313

		Diamante		5.0		0.000

		Fronteras		4.9		0.063

		Grenada		2.4		1.000

		Monterey		3.6		0.813

		Palomar		3.7		0.688

		Petaluma		3.8		0.813

		Portola		4.6		0.250

		San Andreas		4.9		0.063

		Ventana		5.0		0.000
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		Cultivar		2014		2013		2012		2011		2010		Mean		SE								Converted to disease severity

		Albion		2.7		2.3		4.25		2.5		4.1		3.2		0.4165258095

		Benicia		4.2		4		2.875		2.5				3.4		0.3710731902								Cultivar		2014		2013		2012		2011		2010		Mean		SE

		Camarosa		3.6		2.4		3.375		3.5		3.9		3.4		0.2552694655								Monterey		2.4		3.5		3.5		3.0		2.0		2.9		0.3

		Camino Real		4.7		4.3		4.25		3.5		4.9		4.3		0.2396742581								Albion		3.3		3.7		1.8		3.5		1.9		2.8		0.4

		Monterey		3.6		2.5		2.5		3		4		3.1		0.2960679821								Camarosa		2.4		3.6		2.6		2.5		2.1		2.6		0.3

		Palomar		3.7		4.1		4.375		4		4.2		4.1		0.1144552314								Benicia		1.8		2.0		3.1		3.5		6.0		3.3		0.8

		Portola		4.6		4.7		5		5		5		4.9		0.0835164654								Palomar		2.3		1.9		1.6		2.0		1.8		1.9		0.1

		San Andreas		4.9		4.8		5		5		4.9		4.9		0.0371651719								Camino Real		1.3		1.7		1.8		2.5		1.1		1.7		0.2

		Ventana		5.0		4.8		3.625		5		4.4		4.6		0.2592778432								Ventana		1.0		1.2		2.4		1.0		1.6		1.4		0.3

																								Portola		1.4		1.3		1.0		1.0		1.0		1.1		0.1

																								San Andreas		1.1		1.2		1.0		1.0		1.1		1.1		0.0

		Ranked by mean																						Ranked by mean

		Cultivar		2014		2013		2012		2011		2010		Mean		SE

		Monterey		3.6		2.5		2.5		3		4		3.1		0.2960679821								Cultivar		2014		2013		2012		2011		2010		Mean		SE

		Albion		2.7		2.3		4.25		2.5		4.1		3.2		0.4165258095								San Andreas		1.0625		1.2		1		1		1.1		1.0725		0.0371651719

		Camarosa		3.6		2.4		3.375		3.5		3.9		3.4		0.2552694655								Portola		1.375		1.3		1		1		1		1.135		0.0835164654

		Benicia		4.2		4		2.875		2.5				3.4		0.3710731902								Ventana		1		1.2		2.375		1		1.6		1.435		0.2592778432

		Palomar		3.7		4.1		4.375		4		4.2		4.1		0.1144552314								Camino Real		1.3125		1.7		1.75		2.5		1.1		1.6725		0.2396742581

		Camino Real		4.7		4.3		4.25		3.5		4.9		4.3		0.2396742581								Palomar		2.3125		1.9		1.625		2		1.8		1.9275		0.1144552314

		Ventana		5.0		4.8		3.625		5		4.4		4.6		0.2592778432								Camarosa		2.375		3.6		2.625		2.5		2.1		2.64		0.2552694655

		Portola		4.6		4.7		5		5		5		4.9		0.0835164654								Albion		3.3125		3.7		1.75		3.5		1.9		2.8325		0.4165258095

		San Andreas		4.9		4.8		5		5		4.9		4.9		0.0371651719								Monterey		2.4375		3.5		3.5		3		2		2.8875		0.2960679821

																								Benicia		1.8125		2		3.125		3.5		6		3.2875		0.750416551
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																								Benicia		3.2875		0.750416551
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mean rating



Correlation with MBA

		Cultivar				Mean ratings						STD Error

						Wolfskill		MBA				Wolfskill		MBA																								Mean		SE

		San Andreas				1.0725		1.0233942414				0.0371651719		0.0164449264																						Fronteras		1.0179640719		0.0059156585

		Portola				1.135		1.0632183908				0.0835164654		0.0302293752																						Portola		1.083090379		0.012687119

		Ventana				1.435		1.184774117				0.2592778432		0.0322840384																						San Andreas		1.1044117647		0.0135119636

		Albion				2.8325		2.7987529796				0.4165258095		0.259021893																						Festival		1.1148255814		0.0166511077

		Monterey				2.8875		3.1057203956				0.2960679821		0.2321202405																						Safari		1.1246376812		0.0133465703

																																				Petaluma		1.2326283988		0.0208725733

																																				Ventana		1.2359882006		0.0203864122

				SUMMARY OUTPUT																																Winterstar		1.2835820896		0.0390429457

																																				Sensation		1.4660766962		0.0487990811

				Regression Statistics																																Sabrina		1.6847507331		0.0604637292

				Multiple R		0.9953735702																														Grenada		1.7432432432		0.0537831502

				R Square		0.9907685442																														Albion		2.0680473373		0.0756824696

				Adjusted R Square		0.9876913923																														Radiance		2.0964912281		0.0615503283

				Standard Error		0.1011835339																														Monterey		2.2321428571		0.0732163442

				Observations		5																														Sweet Ann		3.929022082		0.0715382938

				ANOVA

						df		SS		MS		F		Significance F

				Regression		1		3.2964231774		3.2964231774		321.9758303866		0.0003774863

				Residual		3		0.0307143226		0.0102381075

				Total		4		3.3271375

						Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

				Intercept		0.1614179866		0.1055502524		1.5292998633		0.2236674426		-0.1744900242		0.4973259974		-0.1744900242		0.4973259974														San Andreas		1.0625		1.2		1		1		1.1		1.0725		0.0371651719

				X Variable 1		0.9123097802		0.0508429446		17.9436849723		0.0003774863		0.7505048391		1.0741147213		0.7505048391		1.0741147213														Portola		1.375		1.3		1		1		1		1.135		0.0835164654

																																		Ventana		1		1.2		2.375		1		1.6		1.435		0.2592778432

														MBA																				Camino Real		1.3125		1.7		1.75		2.5		1.1		1.6725		0.2396742581

														San Andreas		1.0233942414		0.0164449264		Monterey		3.1057203956												Palomar		2.3125		1.9		1.625		2		1.8		1.9275		0.1144552314

														Portola		1.0632183908		0.0302293752		Albion		2.7987529796												Camarosa		2.375		3.6		2.625		2.5		2.1		2.64		0.2552694655

														Ventana		1.184774117		0.0322840384		San Andreas		1.0351605759												Albion		3.3125		3.7		1.75		3.5		1.9		2.8325		0.4165258095

														Albion		2.7987529796		0.259021893		Portola		1.1034482759												Monterey		2.4375		3.5		3.5		3		2		2.8875		0.2960679821

														Monterey		3.1057203956		0.2321202405		Ventana		1.334664513												Benicia		1.8125		2		3.125		3.5		6		3.2875		0.750416551
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														Albion		2.8325		0.4165258095

														Monterey		2.8875		0.2960679821

														Benicia		3.2875		0.750416551





Correlation with MBA
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 Major gene resistance

 Can be moved into other cultivars

 Does not prevent colonization

 May allow inoculum build-up in soil



 Reduce inoculum levels

Management Of  Soilborne Pathogens

 Use resistant cultivars

 Avoid introductions

Clean plants

Don’t move soil

Flat fumigation is best

Maximize distribution in beds

Avoid cane berries and lettuce





Thank You!



How much Fusarium in soil 
can my strawberry handle?

2000 CFUs per gram (4), 
1000 CFUs per gram (3), 
500 CFUs per gram (2),
100 CFUs per gram (1),
0 CFU (just sand) (0).



Treatments

• Soil excavated from planting holes (1L) 
is mixed with Fusarium-inoculated 
sand (0.1L) and returned to planting 
holes

• 3 cultivars Planted in RCBD plots with 4 
reps



Plant size in response to Fusarium (01/05/2018)
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		Plant Sizes

		Avg area, cm²

		Rep		Inoc		var#		avg		Variety		1				2				3				4						Rep		Inoc		var#		avg		Variety		1				2				3				4

		1		0		1		196		U45		14		14																2		0		1		268		U45		20		20		15		12		15		15

		1		0		2		225		Mont		15		15																2		0		2		182		Mont		11		8		17		16		17		11

		1		0		3		131		Alb		144		140		100		90		88		224								2		0		3		112		Alb		14		9		11		12		8		10		12		9

		1		1		1		210		U45		15		14																2		1		1		115		U45		13		8		14		9

		1		1		2		160		Mont		11		9		14		14		14		15		11		12				2		1		2		292		Mont		21		19		21		19		10		8

		1		1		3		108.4		Alb		72		132		154		96		88										2		1		3		115		Alb		56		108		110		121		180

		1		2		1		48		U45		8		6																2		2		1		.		U45

		1		2		2		143		Mont		14		10		14		12		10		12								2		2		2		177		Mont		17		15		11		10		15		11

		1		2		3		93		Alb		9		10		8		11		11		11		8		9				2		2		3		125		Alb		110		196		144		96		110		90		131

		1		3		1		.		U45																				2		3		1		134		U45		12		11		8		5		14		16

		1		3		2		204		Mont		19		20		19		18		8		9								2		3		2		140		Mont		13		14		9		11

		1		3		3		66		Alb		99		56		42		54		70		99		40						2		3		3		87.6		Alb		80		126		108		88		36

		1		4		1		289		U45		16		17		17		18												2		4		1		165		U45		10		9		16		15

		1		4		2		68		Mont		9		6		9		9												2		4		2		107.4		Mont		99		56		169		117		96

		1		4		3		84		Alb		64		72		80		99		90		100								2		4		3		159		Alb		13		16		8		13		11		15

																																																														avg size, cm²

																																																														trt

		Rep		Inoc		var#		avg		Variety		1				2				3				4						Rep		Inoc		var#		avg.		Variety		1				2				3				4										0		1		2		3		4

		3		0		1		.		U45																				4		0		1		100		U45		10		10																		UC45		187.371053		155		127.938104		142.630787		221.060056

		3		0		2		178		Mont		12		6		13		12		18		17								4		0		2		153		Mont		9		11		16		15		12		10										Monterey		184.5		205.35		149.95		159		109.837719

		3		0		3		60		Alb		30		25		77		70		80		99		42						4		0		3		75		Alb		117		36		48		24		110		117										Albion		94.5		114.85		115.5		88.15		113.9

		3		1		1		100		U45		8		10		12		10												4		1		1		195		U45		15		19		15		14		10		9

		3		1		2		237		Mont		336		256		198		143		252										4		1		2		132.4		Mont		132		210		120		80		120

		3		1		3		123		Alb		7		10		13		11		12		13								4		1		3		113		Alb		11		11		8		13

		3		2		1		157		U45		11		9		14		11		15		11		15		14				4		2		1		169		U45		15		13		11		13

		3		2		2		176.8		Mont		168		156		196		182		182										4		2		2		103		Mont		11		10		10		12		13		6

		3		2		3		144		Alb		12		12																4		2		3		100		Alb		11		10		10		9

		3		3		1		162		U45		15		15		9		11												4		3		1		132		U45		11		11		11		13

		3		3		2		99		Mont		9		11																4		3		2		193		Mont		13		9		15		18

		3		3		3		95		Alb		90		117		77		90		100		90		99						4		3		3		104		Alb		81		130		108		90		81		132

		3		4		1		217		U45		15		14		14		16												4		4		1		.		U45

		3		4		2		.		Mont																				4		4		2		156		Mont		8		7		16		16		13		12

		3		4		3		99		Alb		91		126		108		91		80		100		99		143				4		4		3		113.6		Alb		77		156		143		80		112





Sheet1

		



UC45

Monterey

Albion

Inoculum levels

cm²

Plant size on 01-05-2018





Albion in response to Fusarium (12/02/2018)
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Monterey in response to Fusarium (12/02/2018)
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Victor in response to Fusarium (12/02/2018)
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Albion without Fusarium - May
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Albion in response to Fusarium - May
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Fruit yield (total) in response to Fusarium
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Sheet1

								date		1/10/19										date		1/22/18				date		2/1/18								2/8/18				2/15/18				2/22/18				2/28/18										3/5/18				3/11/18				3/25/18				3/29/18				4/3/18				total m+un thru 4/22		#plants										4/8/18				4/12/19				4/17/19				4/22/19				4/27/19				5/1/19				5/6/19				5/10/19				5/15/19				5/21/19				5/24/19				5/28/19				6/3/19						6/7/19				6/10/19				6/14/19								6/18/19				6/21/19				6/25/19				6/28/19				7/1/19				7/4/19

		rep		inoc#		Variety		plant #/plot		Mark,g		Unmarket, g		rep		inoc#		Variety		plant #/plot		Mark,g		Unmarket, g		plant #/plot		Mark,g		Unmarket, g						Mark,g		Unmarket, g		Mark,g		Unmarket, g		Mark,g		Unmarket, g		Mark,g		Unmarket, g		rep		inoc#		Variety		Mark,g		Unmarket, g		Mark,g		Unmarket, g		Mark,g		Unmarket, g		Mark,g		Unmarket, g		Mark,g		Unmarket, g								rep		inoc#		Variety		Mark,g		Unmarket, g		Mark,g		Unmarket, g		Mark,g		Unmarket, g		Mark,g		Unmarket, g		Mark,g		Unmarket, g		Mark,g		Unmarket, g		Mark,g		Unmarket, g		Mark,g		Unmarket, g		Mark,g		Unmarket, g		Mark,g		Unmarket, g		Mark,g		Unmarket, g		Mark,g		Unmarket, g		Mark,g		Unmarket, g		Mark,g		Unmarket, g		Mark,g		Unmarket, g		Mark,g		Unmarket, g		rep		inoc		var		Mark,g		Unmarket, g		Mark,g		Unmarket, g		Mark,g		Unmarket, g		Mark,g		Unmarket, g		Mark,g		Unmarket, g		Mark,g		Unmarket, g				rep		inoc#		var		yld/plant		total yield				Variety		plant #/plot

		1		0		U45								1		0		U45																																		1		0		U45										56		0		25		30		15		0		299		1		299		1		0		U45		55		0		74		0		11		2		31		0		31		0		29		0		28		0		0		0		30		0		59		0		56		0		52		0		65		0		16		0		38		0		48		0		1		0		U45		58		0		16		3		27		20		32		0		34		9		32		15				1		0		1		997		997				U45		1

		1		0		Mont		1		29		8		1		0		Mont																																		1		0		Mont																						146		1		146		1		0		Mont		0		31		29		0						49		0		67		15						23		17		0		10		0		12						25		22		26		0		47		0		33		0						38		0		1		0		Mont		111		43		98		0		19		0						30		20		63		0				1		0		2		865		865				Mont		1

		1		0		Alb								1		0		Alb				0		8				26		0										29		10		25		0						1		0		Alb										0		76		90		24		164		20		977		6		162.8333333333		1		0		Alb		134		32		74		0		66		0		169		30		110		29		202		25		75		0		51		16		156		0		124		98		129		0		213		55		314		0		93		38		117		27		221		36		1		0		Alb		115		20		107		42		280		41		118		23		245		16		119		15				1		0		3		703.5		4221				Alb		6

		1		1		U45								1		1		U45				0		9																												1		1		U45		0		19		0		7										44		0		249		1		249		1		1		U45		20		35		26		0		17		37		35		0		41		0		40		0						0		17		0		58		24		0		20		0		22		0		92		0		99		0		33		0		0		28		1		1		U45		0		35		12		0		42		0		18		13						28		0				1		1		1		871		871				U45		1

		1		1		Mont		5		57		0		1		1		Mont				0		20				0		5														0		9						1		1		Mont		0		39		0		29		54		28		55		7		40		15		886		5		177.2		1		1		Mont		89		53		104		0		136		20		126		0		143		0		129		21		85		0		125		20		82		33		32		59		68		14		51		0		132		38		135		0		0		21		65		19		1		1		Mont						43		0		76		11		38		39		68		56		67		10				1		1		2		512.2		2561				Mont		5

		1		1		Alb		4		18		23		1		1		Alb				18		5																				7		5		0		20		1		1		Alb														28		29		58		0		614		4		153.5		1		1		Alb		116		30		37		0		96		42		67		15		140		0		127		41		158		0		94		8		100		4		75		30		46		24		103		0		197		0		202		55		38		0		111		49		1		1		Alb		0		12		81		48		37		30		87		0		119		28		119		39				1		1		3		704		2816				Alb		4

		1		2		U45								1		2		U45																																		1		2		U45		0		38										0		5						132		1		132		1		2		U45		0		6		16		0						48		19		18		0						72		0		39		10		98		0		11		0		152		28		110		0		51		0		63		27		25		0		0		20		1		2		U45														0		10												1		2		1		866		866				U45		1

		1		2		Mont		3		13		30		1		2		Mont				0		13				0		3																		0		25		1		2		Mont										25		8		44		0		86		46		640		3		213.3333333333		1		2		Mont		0		7		33		13		164		0		101		29		126		0		95		19		77		0		55		0		94		42		25		71		34		0		22		0		67		0		57		35		0		0		0		30		1		2		Mont		0		13						0		40		0		15						0		24				1		2		2		526		1578				Mont		3

		1		2		Alb		4		0		38		1		2		Alb																						28		15										1		2		Alb						0		7										102		0		532		4		133		1		2		Alb		90		54		55		0		96		0		47		0		167		0		198		0		65		0		82		29		184		43		101		25		15		0		113		23		116		29		93		30		15		0		60		38		1		2		Alb		0		46		91		0		119		10		45		13		85		10		29		0				1		2		3		601.5		2406				Alb		4

		1		3		U45								1		3		U45																																		1		3		U45																						.		.		.		1		3		U45		0		0																																																														1		3		U45																						.		.				1		3		1		.		0				U45		.
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		3		4		Alb		8		17		11		3		4		Alb				0		20																								9		12		3		4		Alb						0		6		0		17		42		0		119		1		911		8		113.875		3		4		Alb		145		8		75		0		177		24		162		66		176		13		249		51		209		36		120		43		113		59		33		58		71		63		93		35		42		0		202		47		44		0		144		34		3		4		Alb		32		0		212		40		66		10		36		0		134		25		18		0				3		4		3		427.375		3419				Alb		8

																																																																																																																																																																																																		0

		4		0		U45								4		0		U45																														16		0		4		0		U45														0		7		0		0		.		.		.		4		0		U45		23		0		0		10		9		0														19		0																						38		0		61		9						0		32		4		0		U45		18		52		167		107		0		31						10		0								4		0		1		.		609				U45		.

		4		0		Mont								4		0		Mont				0		20																0		9		0		6		0		20		4		0		Mont		0		54										39		0		52		0		490		3		163.3333333333		4		0		Mont		0		55		36		28		27		0		144		0		40		30		58		12		70		0		96		10		105		8		50		22		68		87		143		0		100		0		116		0		18		0		81		0		4		0		Mont		36		4		249		97		93		21		71		0		92		0		102		40				4		0		2		803		2409				Mont		3

		4		0		Alb								4		0		Alb																						0		9		0		14						4		0		Alb		0		9		14		4						116		17		23		30		1008		6		168		4		0		Alb		32		0		255		0		225		0		211		49		181		0		237		36		185		73		156		0		139		0		223		90		155		11		202		0		184		0		159		82		68		0		167		77		4		0		Alb		51		22		98		0		186		10		68		10		128		0		140		0				4		0		3		691		4146				Alb		6

		4		1		U45		3		18		0		4		1		U45				0		21																0		10		0		24						4		1		U45		0		6		0		19						113		0		113		0		866		3		288.6666666667		4		1		U45		85		15		74		0		148		0		210		10		159		16		187		0		152		8		82		2		28		8		0		128		81		0		165		0		152		0		199		518		86		0		86		64		4		1		U45		23		0		170		88		135		30		112		14		96		18		141		31				4		1		1		1281.6666666667		3845				U45		3

		4		1		Mont		5		62		11		4		1		Mont				0		27																0		13		0		37		10		0		4		1		Mont														67		3		44		21		899		5		179.8		4		1		Mont		68		65		71		24		212		0		114		50		12		64		89		52		138		8		158		0		106		28		0		27		74		110		80		0		89		20		127		40		54		0		95		40		4		1		Mont		28		44		169		91		132		0		82		9		252		20		82		5				4		1		2		644.8		3224				Mont		5

		4		1		Alb								4		1		Alb																		0		25														4		1		Alb																		22		0		355		2		177.5		4		1		Alb		24		0		128		21		19		0		86		30		0		38		152		0		93		0		143		0		238		65		0		70		46		0		30		0		195		0		102		0		64		0		164		11		4		1		Alb		67		20		124		44		55		19		44		0		16		6		19		16				4		1		3		1098		2196				Alb		2

		4		2		U45								4		2		U45																						21		0		0		14		11		20		4		2		U45						0		15						0		3		0		25		219		2		109.5		4		2		U45		30		56		0		11		0		0		13		0		0		31		84		0						63				82		14		0		62		17		9		56		20		84		20		93		9		33		0		25		43		4		2		U45		38		26						0		34																4		2		1		531		1062				U45		2

		4		2		Mont		2		23		22		4		2		Mont																										0		11						4		2		Mont						27		0						39		0		40		30		454		3		151.3333333333		4		2		Mont		20		0		44		0		68		0		106		24		85		16		179		0		22		28		73		8		40		0		54		12		26		0		54		22		61		0		0		25						45		0		4		2		Mont		15		3		30		0						22		11						32		0				4		2		2		439		1317				Mont		3

		4		2		Alb								4		2		Alb																																		4		2		Alb														48		0		53		0		579		2		289.5		4		2		Alb		148		111		64		0		66		35		25		29		43		32		40		20		124		47		42		7		99		27		12		19		22		20		104		0		0		27		69		25						0		18		4		2		Alb		0		12		35		68		29		9						29		0		0		2				4		2		3		780		1560				Alb		2

		4		3		U45								4		3		U45																										0		6						4		3		U45														45		0		39		20		248		2		124		4		3		U45		12		10		25		0		11		0		0		80		31		57		42		0														0		66		94		0		34		0		92		0		111		24		48		0		70		8		4		3		U45		39		0		220		80		95		17						54		17		43		0				4		3		1		745		1490				U45		2

		4		3		Mont								4		3		Mont				0		13																0		29						0		22		4		3		Mont		0		11		0		13						53		25		27		21		563		2		281.5		4		3		Mont		0		72		67		0		91		42		77		0		20		18		81		0		231		6		71		23		139		0		0		112		99		0		81		0		105		0		108		0		30		0		106		26		4		3		Mont		21		13		116		20		88		0		61		10		52		20		52		0				4		3		2		1136		2272				Mont		2

		4		3		Alb								4		3		Alb				10		14																				0		16						4		3		Alb						0		4						43		0		131		29		953		6		158.8333333333		4		3		Alb		0		0		165		63		136		0		249		93		106		13		274		28		145		33		191		28		342		43		38		121		138		106		227		22		191		0		312		53		84		0		181		48		4		3		Alb		75		0		16		214		83		82		130		21		147		0		94		0				4		3		3		756.5		4539				Alb		6

		4		4		U45								4		4		U45																																		4		4		U45																		0		0		.		.		.		4		4		U45		0		0						14		0		19		22										39		0						0		0																														4		4		U45																												4		4		1		.		.				U45		.

		4		4		Mont		3		0		20		4		4		Mont				0		6																28		0										4		4		Mont														19		0		0		0		350		3		116.6666666667		4		4		Mont		0		52		83		40		77		0		25		0		57		26		67		10		16		0		35		4		64		0		21		13		52		0		48		0		0		0		39		20						38		24		4		4		Mont		0		15		24		74		10		18		35		0		37		0		0		10				4		4		2		369		1107				Mont		3

		4		4		Alb		4		11		4		4		4		Alb				0		10																				0		8		15		15		4		4		Alb		0		26										85		0		109		0		692		5		138.4		4		4		Alb		58		74		86				96		0		57		38		94		64		85		0		91		44		84		14		140		49		75		51		45		0		64		16		0		10		103		26		55		0		45		34		4		4		Alb		18		49		19		17		0		74		24		17		57		0		54		0				4		4		3		442		2210				Alb		5

								7/   /2019												date		7/   /2019						MORTALITY												dead on						total

		rep		inoc#		Variety		Mark,g		Unmarket, g				rep		inoc#		Variety				Mark,g		Unmarket, g																6/4/19		6/21/19		7/5/19										rep		inoc#																										avg										rep		inoc#		var		g/plant 4/22		Variety

		1		0		U45								1		0		U45										rep		inoc#		var		% mortality		Variety		plant #/plot																1		0																								0		U45		334.6666666667								1		0		1		299		U45

		1		0		Mont								1		0		Mont										1		0		1		0		U45		1								0								1		0																								0		Mont		167.4166666667								1		0		2		146		Mont

		1		0		Alb								1		0		Alb										1		0		2		0		Mont		1								0								1		0																								0		Alb		147.2083333333								1		0		3		162.8333333333		Alb

		1		1		U45								1		1		U45										1		0		3		16.6666666667		Alb		6						1		1								1		1																								1		U45		191.9166666667								1		1		1		249		U45

		1		1		Mont								1		1		Mont										1		1		1		0		U45		1								0								1		1																								1		Mont		197.9166666667								1		1		2		177.2		Mont

		1		1		Alb								1		1		Alb										1		1		2		40		Mont		5		2						2								1		1																								1		Alb		118.3333333333								1		1		3		153.5		Alb

		1		2		U45								1		2		U45										1		1		3		25		Alb		4				1				1								1		2																								2		U45		143.25								1		2		1		132		U45

		1		2		Mont								1		2		Mont										1		2		1		0		U45		1								0								1		2																								2		Mont		192.15								1		2		2		213.3333333333		Mont

		1		2		Alb								1		2		Alb										1		2		2		66.6666666667		Mont		3		1				1		2								1		2																								2		Alb		266.5625								1		2		3		133		Alb

		1		3		U45								1		3		U45										1		2		3		75		Alb		4				1		2		3								1		3																								3		U45		149.2777777778								1		3		1		.		U45

		1		3		Mont								1		3		Mont										1		3		1		.		U45		.								0								1		3																								3		Mont		305.5555555556								1		3		2		331.6666666667		Mont

		1		3		Alb								1		3		Alb										1		3		2		66.6666666667		Mont		3		2						2								1		3																								3		Alb		203.5458333333								1		3		3		321.25		Alb

		1		4		U45								1		4		U45										1		3		3		100		Alb		4		3				1		4								1		4																								4		U45		237.1666666667								1		4		1		350.5		U45

		1		4		Mont								1		4		Mont										1		4		1		0		U45		2								0								1		4																								4		Mont		116.0888888889								1		4		2		66		Mont

		1		4		Alb								1		4		Alb										1		4		2		50		Mont		2						1		1								1		4																								4		Alb		162.9645833333								1		4		3		180.25		Alb

		2		0		U45								2		0		U45										1		4		3		100		Alb		4				2		2		4								2		0																																				2		0		1		370.3333333333		U45

		2		0		Mont								2		0		Mont										2		0		1		0		U45		3								0								2		0																												yield/plant								2		0		2		226.3333333333		Mont

		2		0		Alb								2		0		Alb										2		0		2		0		Mont		3								0								2		0																												UC 45		Albion		Monterey				2		0		3		160		Alb

		2		1		U45								2		1		U45										2		0		3		0		Alb		4								0								2		1																										0		322		147		167				2		1		1		143.5		U45

		2		1		Mont								2		1		Mont										2		1		1		0		U45		2								0								2		1																										1		192		118		198				2		1		2		291.6666666667		Mont

		2		1		Alb								2		1		Alb										2		1		2		33.3333333333		Mont		3						1		1								2		1																										2		148		266		192				2		1		3		75		Alb

		2		2		U45								2		2		U45										2		1		3		0		Alb		5								0								2		2																										3		153		203		297				2		2		1		.		U45

		2		2		Mont								2		2		Mont										2		2		1		.		U45		.								0								2		2																										4		237		163		108				2		2		2		274.3333333333		Mont

		2		2		Alb								2		2		Alb										2		2		2		0		Mont		3								0								2		2																																				2		2		3		323.75		Alb

		2		3		U45								2		3		U45										2		2		3		100		Alb		4		1		1		2		4								2		3																																				2		3		1		113.3333333333		U45

		2		3		Mont								2		3		Mont										2		3		1		33.3333333333		U45		3						1		1								2		3																																				2		3		2		303.5		Mont

		2		3		Alb								2		3		Alb										2		3		2		0		Mont		2								0								2		3																																				2		3		3		141.6		Alb

		2		4		U45								2		4		U45										2		3		3		20		Alb		5		1						1								2		4																																				2		4		1		158		U45

		2		4		Mont								2		4		Mont										2		4		1		0		U45		2								0								2		4																																				2		4		2		165.6		Mont

		2		4		Alb								2		4		Alb										2		4		2		60		Mont		5		1				2		3								2		4																																				2		4		3		219.3333333333		Alb

		3		0		U45								3		0		U45										2		4		3		100		Alb		3				1		2		3								3		0																																				3		0		1		.		U45

		3		0		Mont								3		0		Mont										3		0		1		.		U45		.								0								3		0																																				3		0		2		134		Mont

		3		0		Alb								3		0		Alb										3		0		2		0		Mont		3								0								3		0																																				3		0		3		98		Alb

		3		1		U45								3		1		U45										3		0		3		0		Alb		7								0								3		1																																				3		1		1		86.5		U45

		3		1		Mont								3		1		Mont										3		1		1		0		U45		2								0								3		1																																				3		1		2		143		Mont

		3		1		Alb								3		1		Alb										3		1		2		0		Mont		5								0								3		1																																				3		1		3		67.3333333333		Alb

		3		2		U45								3		2		U45										3		1		3		0		Alb		3								0								3		2																																				3		2		1		188.25		U45

		3		2		Mont								3		2		Mont										3		2		1		0		U45		4								0								3		2																																				3		2		2		129.6		Mont

		3		2		Alb								3		2		Alb										3		2		2		60		Mont		5				1		2		3								3		2																																				3		2		3		320		Alb

		3		3		U45								3		3		U45										3		2		3		0		Alb		1								0								3		3																																				3		3		1		210.5		U45

		3		3		Mont								3		3		Mont										3		3		1		0		U45		2								0								3		3																																				3		3		2		.		Mont

		3		3		Alb								3		3		Alb										3		3		2		.		Mont		.								0								3		3																																				3		3		3		192.5		Alb

		3		4		U45								3		4		U45										3		3		3		100		Alb		4		1		2		1		4								3		4																														yield/plant						3		4		1		203		U45

		3		4		Mont								3		4		Mont										3		4		1		0		U45		2								0								3		4																														Victor		Albion		Monterey		3		4		2		.		Mont

		3		4		Alb								3		4		Alb										3		4		2		.		Mont		.								0								3		4																												0		1099		717		841		3		4		3		113.875		Alb

																												3		4		3		87.5		Alb		8		4		1		2		7																																						1		895		721		644

																																														0																																						2		748		805		588		4		0		1		.		U45

																												4		0		1		.		U45		.								0																																						3		781		773		797		4		0		2		163.3333333333		Mont

		4		0		U45								4		0		U45										4		0		2		0		Mont		3								0								4		0																												4		1031		556		429		4		0		3		168		Alb

		4		0		Mont								4		0		Mont										4		0		3		0		Alb		6								0								4		0																												avg all levels		910.8		714.4		659.8		4		1		1		288.6666666667		U45
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		1		1		Alb		4		18		23		1		1		Alb				18		5																				7		5		0		20		1		1		Alb														28		29		58		0		614		4		153.5		1		1		Alb		116		30		37		0		96		42		67		15		140		0		127		41		158		0		94		8		100		4		75		30		46		24		103		0		197		0		202		55		38		0		111		49		1		1		Alb		0		12		81		48		37		30		87		0		119		28		119		39				1		1		3		704		2816				Alb		4

		1		2		U45								1		2		U45																																		1		2		U45		0		38										0		5						132		1		132		1		2		U45		0		6		16		0						48		19		18		0						72		0		39		10		98		0		11		0		152		28		110		0		51		0		63		27		25		0		0		20		1		2		U45														0		10												1		2		1		866		866				U45		1

		1		2		Mont		3		13		30		1		2		Mont				0		13				0		3																		0		25		1		2		Mont										25		8		44		0		86		46		640		3		213.3333333333		1		2		Mont		0		7		33		13		164		0		101		29		126		0		95		19		77		0		55		0		94		42		25		71		34		0		22		0		67		0		57		35		0		0		0		30		1		2		Mont		0		13						0		40		0		15						0		24				1		2		2		526		1578				Mont		3

		1		2		Alb		4		0		38		1		2		Alb																						28		15										1		2		Alb						0		7										102		0		532		4		133		1		2		Alb		90		54		55		0		96		0		47		0		167		0		198		0		65		0		82		29		184		43		101		25		15		0		113		23		116		29		93		30		15		0		60		38		1		2		Alb		0		46		91		0		119		10		45		13		85		10		29		0				1		2		3		601.5		2406				Alb		4

		1		3		U45								1		3		U45																																		1		3		U45																						.		.		.		1		3		U45		0		0																																																														1		3		U45																						.		.				1		3		1		.		0				U45		.

		1		3		Mont		3		62		37		1		3		Mont				24		32				14		3														0		13		0		7		1		3		Mont		0		15														43		23		995		3		331.6666666667		1		3		Mont		50		97		152		20		176		5		206		16		87		45		198		0		32		10		71		0		24		42		0		66		73		0		28		17		62		10		0		35										1		3		Mont										41		15		30		0						.		.				1		3		2		621.3333333333		1864				Mont		3

		1		3		Alb		7		10		11		1		3		Alb				12		0				0		5										0		10		10		23		18		3		1		3		Alb		0		14										61		35		148		8		1285		4		321.25		1		3		Alb		95		134		156		65		95		26		293		53		352		0		298		41		158		34		188		41		147		14		78		108		0		91		202		12		138		0		158		32		36		0		52		54		1		3		Alb		0		9		21		25		88		14		49		0		24		21		.		.				1		3		3		941.25		3765				Alb		4

		1		4		U45								1		4		U45				0		61												0		24		0		7						38		27		1		4		U45		0		45		0		42		96		38		45		6		31		0		701		2		350.5		1		4		U45		0		41		0		7		63		44		86		0		95		0		57		0		58		0		46		0		0		27		16		146		62		57		104		0		106		0		210		77		135		20		25		23		1		4		U45		87		12		104		0		57		0		58		9		88		0		16		23				1		4		1		1209.5		2419				U45		2

		1		4		Mont								1		4		Mont				0		5																0		5						17		0		1		4		Mont										20		0						0		14		132		2		66		1		4		Mont		0		0		0		5		36		0		30		0		0		20		21		14		50		0		0		7		0		26						77		0						60		0		29		0		0		10		13		0		1		4		Mont																												1		4		2		229.5		459				Mont		2

		1		4		Alb		6		0		7		1		4		Alb				0		18																14		0						0		10		1		4		Alb						0		11		40		0		63		0		122		46		721		4		180.25		1		4		Alb		53		0		96		66		70		0		89		16		65		20		177		0		187		0		74		0		57		39		42		0		76		0		182		17		207		0		141		39						144		45		1		4		Alb		15		42		116		5		100		15		36		10		43		12		47		0				1		4		3		668.5		2674				Alb		4

		2		0		U45								2		0		U45				0		45				0		13										19		19						24		30		2		0		U45		0		10		58		0		100		0		55		0		24		0		1111		3		370.3333333333		2		0		U45		124		0		139		0		209		0		242		0		61		19		219		23		93		0		27		23		183		77		31		130		87		43		120		6		202		0		134		38		100		0		106		35		2		0		U45		231		17		82		1		167		10		18		13		108		48		44		0				2		0		1		1198		3594				U45		3

		2		0		Mont								2		0		Mont				0		64												0		19						0		23		15		13		2		0		Mont		30		10						43		20		40		3		49		35		679		3		226.3333333333		2		0		Mont		0		72		36		20		0		13		154		20		116		18		31		0		170		0		133		0		114		0		176		66		27		31		16		0		143		0		183		42		85		0		68		11		2		0		Mont		65		25		49		10		83		0		116		0		87		13		139		0				2		0		2		898.6666666667		2696				Mont		3

		2		0		Alb								2		0		Alb				0		10				0		2																						2		0		Alb																		71		0		640		4		160		2		0		Alb		74		22		47		0		106		50		206		52		90		0		122		80		127		0		203		22		142		35		16		30		198		48		150		8		287		0		173		10		121		0		141		28		2		0		Alb		53		100		111		0		157		10		64		0		132		15		26		0				2		0		3		834.25		3337				Alb		4

		2		1		U45								2		1		U45																										0		17						2		1		U45										0		31		19		0		0		26		287		2		143.5		2		1		U45		0		15		0		13		35		0		121		10		44		0		59		20		20		0		67		0		76		0		49		0		65		0		38		0		186		0		25		4		61		0		39		82		2		1		U45		36		16		14		19		84		5		104		0		51		0								2		1		1		725.5		1451				U45		2
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		4		4		Alb		4		11		4		4		4		Alb				0		10																				0		8		15		15		4		4		Alb		0		26										85		0		109		0		692		5		138.4		4		4		Alb		58		74		86				96		0		57		38		94		64		85		0		91		44		84		14		140		49		75		51		45		0		64		16		0		10		103		26		55		0		45		34		4		4		Alb		18		49		19		17		0		74		24		17		57		0		54		0				4		4		3		442		2210				Alb		5

								7/   /2019												date		7/   /2019						MORTALITY												dead on						total

		rep		inoc#		Variety		Mark,g		Unmarket, g				rep		inoc#		Variety				Mark,g		Unmarket, g																6/4/19		6/21/19		7/5/19										rep		inoc#																										avg										rep		inoc#		var		g/plant 4/22		Variety

		1		0		U45								1		0		U45										rep		inoc#		var		% mortality		Variety		plant #/plot																1		0																								0		U45		334.6666666667								1		0		1		299		U45

		1		0		Mont								1		0		Mont										1		0		1		0		U45		1								0								1		0																								0		Mont		167.4166666667								1		0		2		146		Mont

		1		0		Alb								1		0		Alb										1		0		2		0		Mont		1								0								1		0																								0		Alb		147.2083333333								1		0		3		162.8333333333		Alb

		1		1		U45								1		1		U45										1		0		3		16.6666666667		Alb		6						1		1								1		1																								1		U45		191.9166666667								1		1		1		249		U45

		1		1		Mont								1		1		Mont										1		1		1		0		U45		1								0								1		1																								1		Mont		197.9166666667								1		1		2		177.2		Mont

		1		1		Alb								1		1		Alb										1		1		2		40		Mont		5		2						2								1		1																								1		Alb		118.3333333333								1		1		3		153.5		Alb

		1		2		U45								1		2		U45										1		1		3		25		Alb		4				1				1								1		2																								2		U45		143.25								1		2		1		132		U45

		1		2		Mont								1		2		Mont										1		2		1		0		U45		1								0								1		2																								2		Mont		192.15								1		2		2		213.3333333333		Mont

		1		2		Alb								1		2		Alb										1		2		2		66.6666666667		Mont		3		1				1		2								1		2																								2		Alb		266.5625								1		2		3		133		Alb

		1		3		U45								1		3		U45										1		2		3		75		Alb		4				1		2		3								1		3																								3		U45		149.2777777778								1		3		1		.		U45

		1		3		Mont								1		3		Mont										1		3		1		.		U45		.								0								1		3																								3		Mont		305.5555555556								1		3		2		331.6666666667		Mont

		1		3		Alb								1		3		Alb										1		3		2		66.6666666667		Mont		3		2						2								1		3																								3		Alb		203.5458333333								1		3		3		321.25		Alb

		1		4		U45								1		4		U45										1		3		3		100		Alb		4		3				1		4								1		4																								4		U45		237.1666666667								1		4		1		350.5		U45

		1		4		Mont								1		4		Mont										1		4		1		0		U45		2								0								1		4																								4		Mont		116.0888888889								1		4		2		66		Mont

		1		4		Alb								1		4		Alb										1		4		2		50		Mont		2						1		1								1		4																								4		Alb		162.9645833333								1		4		3		180.25		Alb

		2		0		U45								2		0		U45										1		4		3		100		Alb		4				2		2		4								2		0																																				2		0		1		370.3333333333		U45

		2		0		Mont								2		0		Mont										2		0		1		0		U45		3								0								2		0																												yield/plant								2		0		2		226.3333333333		Mont

		2		0		Alb								2		0		Alb										2		0		2		0		Mont		3								0								2		0																												UC 45		Albion		Monterey				2		0		3		160		Alb

		2		1		U45								2		1		U45										2		0		3		0		Alb		4								0								2		1																										0		322		147		167				2		1		1		143.5		U45

		2		1		Mont								2		1		Mont										2		1		1		0		U45		2								0								2		1																										1		192		118		198				2		1		2		291.6666666667		Mont

		2		1		Alb								2		1		Alb										2		1		2		33.3333333333		Mont		3						1		1								2		1																										2		148		266		192				2		1		3		75		Alb

		2		2		U45								2		2		U45										2		1		3		0		Alb		5								0								2		2																										3		153		203		297				2		2		1		.		U45

		2		2		Mont								2		2		Mont										2		2		1		.		U45		.								0								2		2																										4		237		163		108				2		2		2		274.3333333333		Mont

		2		2		Alb								2		2		Alb										2		2		2		0		Mont		3								0								2		2																																				2		2		3		323.75		Alb

		2		3		U45								2		3		U45										2		2		3		100		Alb		4		1		1		2		4								2		3																																				2		3		1		113.3333333333		U45

		2		3		Mont								2		3		Mont										2		3		1		33.3333333333		U45		3						1		1								2		3																																				2		3		2		303.5		Mont

		2		3		Alb								2		3		Alb										2		3		2		0		Mont		2								0								2		3																																				2		3		3		141.6		Alb

		2		4		U45								2		4		U45										2		3		3		20		Alb		5		1						1								2		4																																				2		4		1		158		U45

		2		4		Mont								2		4		Mont										2		4		1		0		U45		2								0								2		4																																				2		4		2		165.6		Mont

		2		4		Alb								2		4		Alb										2		4		2		60		Mont		5		1				2		3								2		4																																				2		4		3		219.3333333333		Alb

		3		0		U45								3		0		U45										2		4		3		100		Alb		3				1		2		3								3		0																																				3		0		1		.		U45

		3		0		Mont								3		0		Mont										3		0		1		.		U45		.								0								3		0																																				3		0		2		134		Mont

		3		0		Alb								3		0		Alb										3		0		2		0		Mont		3								0								3		0																																				3		0		3		98		Alb

		3		1		U45								3		1		U45										3		0		3		0		Alb		7								0								3		1																																				3		1		1		86.5		U45

		3		1		Mont								3		1		Mont										3		1		1		0		U45		2								0								3		1																																				3		1		2		143		Mont

		3		1		Alb								3		1		Alb										3		1		2		0		Mont		5								0								3		1																																				3		1		3		67.3333333333		Alb

		3		2		U45								3		2		U45										3		1		3		0		Alb		3								0								3		2																																				3		2		1		188.25		U45

		3		2		Mont								3		2		Mont										3		2		1		0		U45		4								0								3		2																																				3		2		2		129.6		Mont

		3		2		Alb								3		2		Alb										3		2		2		60		Mont		5				1		2		3								3		2																																				3		2		3		320		Alb

		3		3		U45								3		3		U45										3		2		3		0		Alb		1								0								3		3																																				3		3		1		210.5		U45

		3		3		Mont								3		3		Mont										3		3		1		0		U45		2								0								3		3																																				3		3		2		.		Mont

		3		3		Alb								3		3		Alb										3		3		2		.		Mont		.								0								3		3																																				3		3		3		192.5		Alb

		3		4		U45								3		4		U45										3		3		3		100		Alb		4		1		2		1		4								3		4																														yield/plant						3		4		1		203		U45

		3		4		Mont								3		4		Mont										3		4		1		0		U45		2								0								3		4																														Victor		Albion		Monterey		3		4		2		.		Mont

		3		4		Alb								3		4		Alb										3		4		2		.		Mont		.								0								3		4																												0		1099		717		841		3		4		3		113.875		Alb

																												3		4		3		87.5		Alb		8		4		1		2		7																																						1		895		721		644

																																														0																																						2		748		805		588		4		0		1		.		U45

																												4		0		1		.		U45		.								0																																						3		781		773		797		4		0		2		163.3333333333		Mont

		4		0		U45								4		0		U45										4		0		2		0		Mont		3								0								4		0																												4		1031		556		429		4		0		3		168		Alb

		4		0		Mont								4		0		Mont										4		0		3		0		Alb		6								0								4		0																												avg all levels		910.8		714.4		659.8		4		1		1		288.6666666667		U45

		4		0		Alb								4		0		Alb										4		1		1		0		U45		3								0								4		0																																				4		1		2		179.8		Mont

		4		1		U45								4		1		U45										4		1		2		0		Mont		5								0								4		1																																				4		1		3		177.5		Alb

		4		1		Mont								4		1		Mont										4		1		3		0		Alb		2								0								4		1																																				4		2		1		109.5		U45

		4		1		Alb								4		1		Alb										4		2		1		0		U45		2								0								4		1																																				4		2		2		151.3333333333		Mont

		4		2		U45								4		2		U45										4		2		2		33.3333333333		Mont		3		1						1								4		2																																				4		2		3		289.5		Alb

		4		2		Mont								4		2		Mont										4		2		3		0		Alb		2								0								4		2																																				4		3		1		124		U45

		4		2		Alb								4		2		Alb										4		3		1		0		U45		2								0								4		2																																				4		3		2		281.5		Mont

		4		3		U45								4		3		U45										4		3		2		0		Mont		2								0								4		3																																				4		3		3		158.8333333333		Alb

		4		3		Mont								4		3		Mont										4		3		3		50		Alb		6				1		2		3								4		3																																				4		4		1		.		U45

		4		3		Alb								4		3		Alb										4		4		1		.		U45		.								0								4		3																																				4		4		2		116.6666666667		Mont

		4		4		U45								4		4		U45										4		4		2		0		Mont		3								0								4		4																																				4		4		3		138.4		Alb

		4		4		Mont								4		4		Mont										4		4		3		80		Alb		5		3				1		4								4		4

		4		4		Alb								4		4		Alb																																				4		4

																																																		yield/plant

																																																		Victor		Albion		Monterey

																																																0		0		4		0

																																																1		0		6.3		18

																																																2		0		44		40

																																																3		16		68		21
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What’s next?

• Another season of data to help deign 
prediction models = relationship of 
pathogen density with cultivar performance

• Do the same for Macrophomina phaseolina 
(charcoal rot pathogen)



Leaf blotch (Zythia fragariae) an 
emerging problem to California 

strawberry industry
Elfar K1., Hewavitharana, S.S. 2, Holmes, G. 2, Bolda, M. 3, Eskalen, A1

1Department of Plan Pathology, UC Davis
2UCCE, Farm Advisor, Monterey and Santa Cruz Co.

3CalPolly , San Luis Obispo

September 19th, 2019 



Leaf blotch 

• It has been considered a 
minor problem 

• It is an emerging problem 
especially in wet years like 
2019 

Bolda, M



Symptoms 

- Leaf spots that vary 
from purplish to 
brownish blotches to 
light brown necrotic 
spots

- The blotches are 
irregular in shape

Eskalen, A



Symptoms

- The blotches can 
cover pretty well 
the whole leaf 

- Petiole blight 

Eskalen, A



- Lesions on the sepals to 
completely infected 
calyx that turned to 
necrotic and brittle

- As the calyx infections 
appear those fruits 
become unmarketable 
causing economic loss 
to growers and shippers 

Symptoms

Steven Koike, UCCE



- Fairly firm water-soaked brown 
rot on nearly ripe fruits, very like 
the early non-sporulating stage 
Botrytis cinerea infection

- Infected fruit are often invaded by 
secondary rotting organisms as 
B.cinerea

-  Losses due Z. fragariae can been 
attributed to B. cinerea due the 
similarity of symptoms in the 
early stage

Symptoms

Frank J. Louws



Signs

- The pathogen can 
produce numerous 
pycnidia containing 
conidia.

Eskalen, A



Causal organism
- Anamorph:  Zythia fragariae 
- Teleomorph: Gnomonia comari 

Moročko and Fatehi, 2007Scott Mattner DPI Vic, 2019

Perithecia AscosporesPycnidia Conidia

Eskalen, A Steven Koike, UCCE



- Leaf blotch is considered a minor disease, 
nevertheless, minor disease could get to be a major 
issue when appropriate environmental conditions arise.

- It is necessary to be prepared and know the etiology 
and epidemiology of the disease to be able to control it 
correctly if necessary



Proposal (Elfar K., Hewavitharana, S.S., Holmes, G., Bolda, M., Eskalen,A.)

• We propose to study this disease and its pathogen by 

1. collecting and identifying (morphologically and molecularly) isolates 
from all growing districts 

2. determining optimum growth temperature and moisture 
requirements and when and under what environmental conditions 
spores of Zythia sp. are released in California strawberry fields 

3. screening for host plant resistance

4. determining the efficacy of currently labeled fungicides 



79

Thank You

http://ucanr.edu/sites/eskalenlab

http://ucanr.edu/sites/eskalenlab
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