
Effect of Fusarium oxysporum f.sp. fragariae and 
Macrophomina phaseolina inoculum density on 

strawberry cultivar performance

Oleg Daugovish (UCCE-Ventura), Ana M. Pastrana, Tom Gordon,  Akif Esajklem and Karina Elfar (Dept. Plant 
Pathology, University of California, Davis). Steve Knapp, Glenn Cole (UC-Davis strawberry breeding)



Ability to produce fruit in presence of pathogens

• Cultivar resistance
• Fumigation optimization
• Environmental considerations (cool soils slow disease development)
• Non-fumigant approaches (ASD, steam, solarization, biocides)
• Crop rotations
• Soilless culture/hydroponics



How much Fusarium in soil can 
strawberry handle?

Can susceptible 
cultivars perform at low 
pathogen levels? 

Can resistant resistant 
cultivars perform at high 
pathogen level?



Treatments
• Soil flat fumigated with Chloropicrin at 300 lbs/A, beds 

made with black TIF , holes cut
• Soil excavated from planting holes (1L) is mixed with 

Fusarium-inoculated or Macrophomina-inoculated sand 
(0.1L) and returned to planting holes

• 3 cultivars Planted in RCBD plots with 4 reps

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).



Fruit yield (total) in response to Fusarium
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		2		4		Mont		5		15		0		2		4		Mont				0		17				16		3						0		10		0		31		0		10						2		4		Mont		0		8		0		5		35		0		50		0		99		40		828		5		165.6		2		4		Mont		0		0		78		0		153		0		208		50		81		58		223		29		184		58		261		19		125		17		178		51		128		83		201		0		279		10		162		20		67		0		55		7		2		4		Mont		156		8		143		19		52		9		14		54		15		4		16		0				2		4		2		719		3595				Mont		5

		2		4		Alb								2		4		Alb										0		6										17		36						0		2		2		4		Alb		18		0						0		0						80		0		658		3		219.3333333333		2		4		Alb		153		70		87		10		33		6		140		0		151		43		197		21		171		10		83		0		71		15						58		0		108		20		51		0		88		55						96		12		2		4		Alb		44		5		0		21		18		14						48		10								2		4		3		687.3333333333		2062				Alb		3

		3		0		U45								3		0		U45																																		3		0		U45																		0		0		.		.		.		3		0		U45		0		0						24		0																																																						3		0		U45														14		0												3		0		1		.		38				U45		.

		3		0		Mont		3		27		16		3		0		Mont				0		16																38		0		18		11						3		0		Mont																		18		0		402		3		134		3		0		Mont		43		30		85		0		58		0		42		0		45		42		55		0		124		0		46		0		68		0		57		41		81		14		107		0		105		0		237		28		20		0		90		30		3		0		Mont		106		47		226		21		157		15		52		10		120		10		44		0				3		0		2		800		2400				Mont		3

		3		0		Alb								3		0		Alb																																		3		0		Alb		0		4														80		0		686		7		98		3		0		Alb		111		112		135		37		19		37		90		61		157		0		186		0		100		34		221		10		241		62		161		101		300		22		146		0		276		29		219		22		113		10		160		14		3		0		Alb		143		35		297		118		206		47		55		0		165		10		141		0				3		0		3		641		4487				Alb		7

		3		1		U45								3		1		U45																																		3		1		U45																		0		6		173		2		86.5		3		1		U45		0		16		62		0						89		0		42		0		90		10		54		10		56		0		27		33		50		20		17		11		21		0		141		0		93		0		97		0		0		45		3		1		U45		51		25		126		0		80		0		40		0		55		10		20		12				3		1		1		704.5		1409				U45		2

		3		1		Mont		5		22		63		3		1		Mont				0		45				0		2																						3		1		Mont		20		3						0		19		41		14		14		15		715		5		143		3		1		Mont		38		30		0		11		74		115		167		22		83		41		122		56		127		27		136		20		169		20		48		85		62		0		146		20		240		0		175		16		88		0		148		85		3		1		Mont		97		38		233		43		281		20		124		26		144		21		155		16				3		1		2		765		3825				Mont		5

		3		1		Alb								3		1		Alb				0		16																0		8										3		1		Alb		0		2										0		23		21		0		202		3		67.3333333333		3		1		Alb		35		21						57		0		0		19		27		12		56		0		118		0		121		0		0		51		65		13		37		6		66		0		122		51						27		0		64		43		3		1		Alb		13		20		31		11		0		18		40		0												3		1		3		404.6666666667		1214				Alb		3

		3		2		U45								3		2		U45																		20		0		0		21		0		24		0		8		3		2		U45						66		12		0		62		65		0		63		0		753		4		188.25		3		2		U45		74		0		63		0		85		24		150		16		116		7		139		24		96		0		60		0		92		48		30		78		22		40		137		0		140		0		140		24		129		0		147		54		3		2		U45		88		3		308		104		264		12		100		0		75		0		60		18				3		2		1		827		3308				U45		4

		3		2		Mont		5		17		49		3		2		Mont				0		16												0		7						0		21		18		10		3		2		Mont		0		25										15		0		35		47		648		5		129.6		3		2		Mont		0		35		68		22		128		0		102		33		65		24		121		0		107		0		121		53		162		90		20		14		16		79		137		0		129		0		228		11		43		0		112		44		3		2		Mont		16		0		265		56		161		16		142		0		111		20		88		27				3		2		2		625.2		3126				Mont		5

		3		2		Alb		1		0		6		3		2		Alb				0		2																								0		6		3		2		Alb		0		10														32		0		320		1		320		3		2		Alb		26		0		152		60		26		0						51		0		63		0		44		0		19		0		24		10		34		11		29		0		19		0		16		0														3		2		Alb																												3		2		3		640		640				Alb		1

		3		3		U45								3		3		U45				0		16												0		5		0		8										3		3		U45						0		12		48		0						16		31		421		2		210.5		3		3		U45		88		44		26		0		30		0		81		16		61		0		92		0						75		0						0		110		12		15		160		10		177		0		116		14		51		0		80		33		3		3		U45		39		10		270		65		20		11		56		13		75		0		76		8				3		3		1		1035		2070				U45		2

		3		3		Mont								3		3		Mont				0		17																												3		3		Mont																		0		0		.		.		.		3		3		Mont		0		0																																																														3		3		Mont																												3		3		2		.		17				Mont		.

		3		3		Alb		7		0		12		3		3		Alb																						0		2		0		24		16		13		3		3		Alb		21		9		0		5						30		30		114		52		770		4		192.5		3		3		Alb		77		26						124		0		147		68		189		0		104		0		173		48		155		47		160		14		42		53		73		49		252		0		126		33		125		52		61		0		65		39		3		3		Alb		24		52		85		119		0		18		14		14												3		3		3		739		2956				Alb		4

		3		4		U45								3		4		U45										17		0						0		17		0		18										3		4		U45										0		41						37		0		406		2		203		3		4		U45		76		0		49		0		61		0		90		0		136		0		65		40		37		0		106		5		100		30		0		107		45		21		121		0		202		10		190		30		69		0		104		42		3		4		U45		67		18		198		37		56		0		28		37						0		10				3		4		1		1150		2300				U45		2

		3		4		Mont								3		4		Mont																		0		5														3		4		Mont		0		4														0		0		.		.		.		3		4		Mont		0		0						0		0						54		0														0		0																						15		0						3		4		Mont																												3		4		2		.		78				Mont		.

		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

		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
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																																																		Victor		Albion		Monterey
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MORTALITY CAUSED BY F. OXYSPORUM F. SP. FRAGARIAE AT THE END OF THE EXPERIMENT
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2019-2020 Season: short day cultivars

• Petaluma  (Fusarium susceptible)
• Victor (Fusarium resistant)
• Warrior (Fusarium resistant)

PLANT SIZES, DEC 11   CM² 
    
• Petaluma      168 a
• Victor     113 b
• Warrior     138 b
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4/28/2020

Petaluma - 4
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Warrior - 0 Warrior - 1
4/28/2020

Warrior - 2 Warrior - 3 Warrior - 4



Fruit yields Jan-April 2020 
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Fruit yields Jan-July 2020

Inoculum levels
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Percent mortality, July 2020 Level 4 vs 0
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How much Macrophomina in soil 
can 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).
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No significant differences among levels, 
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No significant differences among levels, 
Warrior > Victor > Petaluma;  (P=0.05)
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Cultivar resistance 

• Victor and Warrior resistance at high Fusarium density in soil (no 
yielded losses or moratlity)

• Susceptible cultivars (Albion, Monterey , Petaluma)  can produce 
most of the season in low-level Fusarium infested soils. Mortality 
increases rapidly with pathogen density late in the seaoson 

• Macrophomina?
•  ALL CULTIVARS SUPPORT PATHOGENS
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Colonized vascular tissue

The Pathogen Moves Into The Shoot With Water

Obstruction of  water flow
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Population growth on living tissues

• Soil: high F.o. fragariae 
population

• Very low population growth 
detected on tissues of rotation 
crops

• Exception: Raspberry primary 
roots 0
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